APRIL 1976 35p

Valve audiooutput-
transistor drlve |

Malavsla M$3.25 '
New Zealand SNS1.20
~ Norway K1.10.00incl. moms
Portugal Esc. 40.00
~ South Ahiica R.1.10
= Spain Ptas 80.00 3
~ Sweden Kr.6.90incl. moms
U.S.A.51.50
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“It's always been mi

S
e

tor modulation meters.
It still1s-am/tm style.

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

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

frequencies up to 200 kHz) for carrier frequencies up to
1200 MHz. Applications include tests on mono and stereo
broadcast transmitters, mobile radio type approval and
f.m./a.m. production testing. Crystal oscillator TK 2302
plugs into TF 2300B for extra low noise testing.

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

TF2301A Fully programmable, for use in automatic test
systems. Special peak detector designed to follow rapidly
increasing or decreasing modulation depths. Deviation ranges
I.5to 500 kHz and a.m. at carrier frequencies 4 to 1000 MHz.
Accessories A range of accessories specially designed to
make your job easier includes a signal sniffer, power
attenuators, termination unit, r.f. fuse unit and carrying
cases.

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

°
M THE MODULATION EXPERTS

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

A GEC -Morcon Electronics compony.

WW—001 FOR FURTHER DETAILS
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LOW COST TESTERS

INSULATION TESTER

Easl NSAATION TESTER
TYRC Tt

& i D en
Oty b S T °

Veavan

A logarithmic scale covering 6 decades is used to display
either insulation resistance or leakage current at a fixed
stabilised test voltage. The current available is limited to a
maximum value of 3mA for safety and capacitors are
automatically discharged when the instrument is switched
off or to the CAL condition. The instrument operates from a
9V internal battery.

RESISTANCE RANGES

10M Qto 10T Q (10’2 Q) at 250V, 500V, 750V and 1kV.
1M Q1o 1T Qat 25V, 50V and 100V.

100k Qto 100G Q at2.5V,6Vand 10V.

10k Qto10G Qat1V.

Accuracy +15% +800 Q on 6 decade logarithmic scale.
Accuracy of test voltages + 3% £50mV at scale centre.
Fall of test voltages < 2% at 10pA and < 20% at 100pA.
Short circuit current between 500pA and 3mA.
CURRENT RANGE

100pA to 100pA on 6 decade logarithmic scale.
Accuracy of current measurement +15% of indicated value.
Input voltage drop is approximately 20mV at 100pA, 200mV
at 100nA and 400mV at 100uA.

Maximum safe continuous overload is 50mA.
MEASUREMENT TIME

< 3s for resistance on all ranges relative to CAL position.
< 10s for resistance of 10G Q across 1pF on 50V to 500V.
Discharge timeto 1%is 0.1s per uF on CAL position.
RECORDER OUTPUT

1V per decade + 2% with zero output at scale centre.
Maximum output +£3V. Qutputresistance 1k Q.

v, £98

LEVELL ELECTRONICS LTD.

Moxon Street, High Barnet, Herts. EN5 5SD
Tel: 01-449 5028/440 8686

LEVELL

PORTABLE INSTRUMENTS

TRANSISTOR TESTER

S m‘
e st tresssim s mmattprapaso bt
e A

EEG) marestce msee svme ey

Tests bipolar transistors, diodes and zener diodes. Measures
leakage down to 0.5 nA at 2V to 150V. Current gains are
checked from 1pA to 100mA. Breakdown voltages up to
100V are measured at 10pA, 100pA and 1mA. Collector to
emitter saturation voltage is measured at TmA, 10mA, 30mA
and 100mA for | -/l g ratios of 10, 20, 30. The instrument is
powered by a 9V battery.

TRANSISTOR RANGES (PNP OR NPN)

lcgo &lggo:10nA 100nA, TpA, 10pA and 100pAf.s.d.
acc. +2%f.s.d. +1% at voltages of 2V, 5V,
10V, 20V, 30V, 40V, 50V, 60V. 80V, 100V,
120V, and 150V acc. £3% +100mV up to
10pA with fall at 100pA <5%+250mV.

10Vor100Vf.s.d.acc +2%f.sd. +£1%at
currents of 10pA, 100pA and TmA £20%.

10nA, 100nA, 1pA ... 10mAf.s.d. acc. +2%
f.s.d. £1%atfixed | ¢ of 1pA, 10pA, 100pA,
1mA, 10mA, 30mA, and 100mA acc. +1%.

3inverse scales of 2000 to 100, 4C0to 30 and
100to 10 convert | ginto h g readings.

1V f.s.d. acc. £20mV measured at conditions
on hggtest.

1Vf.s.d.acc. £20mV at collector currents of
1mA, 10mA, 30mA and 100mA with | -/l g
selected at 10, 20 or 30 acc. +20%.

DIODE & ZENER DIODE RANGES

IpR: Asig g transistorranges.

Vee(sat)'

Va: Breakdownranges as BV ¢ g o for transistors.

VpE: 1Visd. acc. £20mV atlp g of 1pA, 10pA,
100uA, TmA, 10mA, 30mA and 100mA.

w. £99

Prices include batteries and U.K. delivery, V.A.T. extra.
Optional extras are leather cases and mains power units.
Send for data covering our range of portable instruments.

WW—031 FOR FURTHER DETAILS
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Now further improved by the original designers:

Wireless World, April 1976

It iIs now 2 years since we
published this tuner design in
the Wireless World. Since
then it has been admired, sold
across the world, built by
countless people, talked
about and copied, but this is
still the best F.M. Tuner
available.

* Updated circuitry gives full 88-108 MHz tuning, and reduced hum

level.

New fibreglass P.C.B., fully anotated, drilled and tinned.
Coil now supplied fully assembled and aligned, leaving NO adjustments

after building, for the same price!

lllustrated booklet gives full description and assembly instructions for

50p, refundable on purchase.

New REDUCED prices now INCLUDE U.K. postage and packing.
Assembled modules now competitive with kits from other sources

(Compare our prices!)

Credit facilities now available via BARCLAYCARD AND ACCESS. Just
quote your card number when ordering.
New illustrated leaflet available, drop us a post card.

MAIN BOARD K1-4
KIT £23.30
BUILT £25.30

KITS

K1 All main board resistors, including tuning pot
. .. £5.32

K2 All main board capacitors . . . . £1.98
K3 Main board transistors and diodes ... £3.00
K4 Main P.C.B. i.c’s, filter coil and front end £13.00
K5 Stereo board resistors . £0.76
K6 Stereo board capacitors . e £1.05
K7 Stereo P.C.B. i.c. and transistors £3.55
K8 4 way function switches £4 .59
K9a 6 way channel selector, inc cermet pots P.C.B
£12.75

K10 Power supply mcludmg transtormer and P.CB.
o £5.50

K11 Full metalwork set, front panel, cabinet, plugs
mains iead, wire, etc. "85 A £25.60

K12 Frequency meter and drive components for K9a
. . £10.22

FULL TUNER KIT £85.00
COMPLETED TUNER £92.50

ALL ORDERS ACKNOWLEDGED — EX STOCK DELIVERY

PLEASE ADD 25% VAT TO ALL ORDERS

KiT £5.36
BUILT £6.36

SEPARATE ITEMS (inc. in kits)

P.C.B. for main board .

P.C. B. for stereo

P.C.B. for selector

P.C.B. for power supply
MC1310 or equiv
TBA750B .

SL301B .

SL3046 .

TBA625C (reg) & heat sk
LP1186 front end

Filter SFG10-7MA :

Coil. (assembled & adjusted)
Ten turn tuning pot

Front panel

Teak cabinet .

Meter (scaled 105 or 108 MHz)
Scale only (state which)

STEREO BOARD K5-7\g '

All kits guaranteed to work or free repair!

. Do

33 Restrop View
Purton, WILTS
SN5 9DG

wWW.americanradiohistorv.com
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THE ‘MISTRAL’ 1
DIGITAL CLOCK

* COMPLETE KIT *»

THE ‘MISTRAL’ 2 DIGITAL
ALARM CLOCK

WITH SLEEP-OVER FEATURE

Pleasant green display
Sitent Synchronous Accuracy
Pulsating colon - Push-button setting
Building time 1 Hr.
Easy to follow instructions
Ready drilled PCB to accept components

KIT PRICE £11.57

Inc. P&P + £0.93 VAT

12/24 Hour readout
Fully electronic

Afttractive acrylic case
Size 10.5x5.7x8 cm

@ Soft Green Display

@® 24 Hour Alarm

@® 10 Minute Repetition

@ Alarm Set Indicator

@ Accurate Silent Timekeeping
@ British Designed and Built

COMPLETE PRICE £14.35

Inc. P&P + £1.15 VAT

1419 — ADVANGED

*© Display and Y
able
* Qne accumulating memory

SPECIFICATION :xchange
* 14 dignt LED display

* 10-chgt manussa with sign and

giste

1420 — SENIOR

14-dignt LED display
10-digit mantissa with sign

2.digit exponent with sign for
resulits

data entry or
(10 "'~ 10™)
¢ Automatic selechon ol correct

notation for result display (s
uhic o Hoating point)
* Dome keyboard tor

entry npul

Algebraic mode operation
Chain operations

Change sign operation
Three memories

able
* Tngonometnc
cos. 1an}
* Inverse-ingonomernc
tsin ' cos ' tan
Radian or degree selectable
= constant
Logarithms {in. log)
Anti-ioganthms (e’
Combinatonal tuncuons (n!

functions

tunc

104

* Algebraic mode operation

2-dignt expoient with sign for © Disptay and memory exchange
data, eniry or results able {n
10 ™~10 SPECIAL FUNCTION * Normal distnibution  funi
* Automatic selecton of correct ' Tngonametnc  functig 1 (Prix) )
notation for result display (scien 5 ta * Gamma function (I (:.) )
whic or floating pontl serse 1ng etric funchons * Group operations (Xt
* Dome keyboard for excelient 1 x ) )
response and pi g double “ Hyperbolic funcuons (sinh cosh * Geoup controls (K' K, Y
entry Input 1anh) . Clger) .
BASIC FUNCTION (+ * Inverse-hyperbolic O HEEGS Power function (')
AND MEMORY snh co a * Reciprocal (
Radian or degree selectable * Square root {\ x}

* Constani operations

* Repeat operation:

' Chain operation

* Change sign operaton

Logauthms (in_ log)
Anti-loganthms (e’

F ty
\

100

x)

PRICE £25.89

P&P 75p + VAT £2 13

* Square (x'}

Sum of squares (Xx7)
Summation {XX)

Item count (¢

Mean value (X}

Mixed chain  operations

parentheses approach (up to two

levels}

PRICE £55.63

P&P 75p + VAT £4.51

excellent
response and preventing double

Display and memory exchange

1421 — PROGRAMMABLE

BESIDES HAVING THE

CAPABIUITY OF A SCIENTIFIC

CALCULATOR

 g.dign LED display

* B digis capacity tor data entry or
results (10 }

Full floaing potnt

Automatc dispiay blanking

Theee-register operational slack

Change sign operation

Reverse polish notation

Display and Y-register exchange:
able

One accumulating memory {Me-

mory store. Memory recall M +

and

~1

cien

M X and M + X7}
* Tngonometric  tuncuons (s
sin cos. 1an)
* Inverse-tngonometric  luncuons
(sin cos 1an

1ions

Radians and degrees exchange-
able
T constant
Loganthms {In, tog}
Anu-logarithms te')
Power tunction {y’)
Reciprocal (3/x}
Square root (4 x)
Square {X)
IT CAN LOAD ANY 102 STEPS
PROGRAM TO HELP YOU SOLVE
THE REPEATED ENORMOUS
COMPLEX PROBLEMS
The Quahtron Programmable
Calcutator can be used to memorize
any combination of key entnes
while in the LOAD mode. then
automatically plays back the pro
g q as ohen as
desired in the RUN mode
Up to 102 steps can be stored in
mulliprogram sequence blocks
Each block. or program can be
executed mndividually or you can
make the decision to branch to
specitic program. run each In series
perform intermediate calcula-
tions from the keyboard

PRICE £40.80

P&P 75p + VAT £3.32

clon

wit

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

IMCLA\‘UID‘
=

Company

WNTECH PRODUCTS LU

iIMP HOUSE, ASHFORD ROAD
ASHFORD, MIDDX. TW15 1XB
telephone ASHFORD 44211 (4 lines)
telex 936291 WESSIMP ASHFORD

wawwwamericanradiohistorv.com
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F YMA —
T '\Q_f""ﬂ-ﬂ- A.F Power Meter Type 208%

tmpedance Ohms

npadancy
Mottipdser
** 2 108

The new DymarType 2085. An AFpower meter that
lets you see what you're doing.

"With a mirror-backed 11 cm meter - that's nearly 4% in. - you are never in doubt
about the reading. It's the same with the control settings. Man-sized knobs,

click stops and clear markings make this AF power meter a joy to drive.

Under the bonnet, of course, there's performance to match appearance.

Like: '

Frequency range: 30 Hzto 30 kHz.

Power ranges: Twelve from 150 LW to 50 W (yes, fifty Watts).

Impedance ranges: 39 values, 1.2 ohms to 1000 ohms.

Plus all the little extras that come as standard with Dymar.

Atemperature compensated ‘'square law’ detector for true power reading on the
sensibly linear meter scale.

And the battery power option. A simple module which provides integral battery and
charger for laboratory standard measurements anywhere.

Measure AF power, AF gain loss or signal to noise, or match source impedances,
Whichever way you use the Dymar Type 2085 the answers come out crystal clear.
On a panel thats meant to be looked at. Not simply admired.

The Type 2085. Designed and made in Britain by Dymar. Write or call for details,
or use the Reader Reply Service.

m the name in radiotelephones

Dymar Electronics Limited,
Instruments Division, Colonial Way, Radlett Road, Watford, Herts. WD2 4 LA, England.
Telephone: Watford 37321 Teiex: 923035 Cables. Dymar Watford.

WW — 068 FOR FURTHER DETAILS
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( - . ™\
Gollect wireless world 0|r_cards.
And build a valuable dossier on

o n n Circards is a unique and comprehensive
clrcu It deSI n system, launched by Wireless World, to
B provide professional engineers and
enthusiasts with valuable and
up-to-the-minute data on circuit design —
data not available from any other single
source.

Each Circard is 8 x 5" and usually shows a
specific tested circuit, a description of the
circuit operation; component values and
ranges; circuit limitations and modifications;
performance data and graphs.

The double-sided format enables the
Circard to be filed in standard boxes for easy
reference. And the plastic wallet provided
keeps the cards well protected.

/’.,\ Circard sets (10 cards) come in wallets and
oy cost £2.00. A subscription for 10 consecutive
% sets costs £18.
- "2% . Start your personal dossier on circuit design
Y N by completing and returning the coupon
be below.

: R R :
o o g w“elé§§ fm e T s T @
WF’%Mﬁ'ﬁi reless world | WIE Tt g dereien T i i

g “L___M-——‘*Mw: al :’M oy s i “t“:’:ﬁ; - P

Subjects already covered bv Circards

1. Basic active filters. 2. Switching circuits
comparators and schmitts. o .
3. Waveform generators. 4. AC measurements. e I e e e e e e b e e e e LT LT o

25. RC oscillators — 1. 26. RC oscillators — II.
27. Linear CM.O.S.—1.
28. Linear C.M.O.S.—11.

29. Analogue multipliers
\_ 30. Non-linear functions

Company registered in England. Registered address, Dorset House
Stamford Street, SE1 9LU, England. Registered Number 677128

S SN S AN GISN SN SEED SEED GMGN D GAEN SN MO DED GEN DN GER GEE SER GED G e e we of

5. Audio circl:uits: preamplifiers, mixers, filters and { To: General Sales Dept., [IPC Business Press Ltd., Room 11
tone controls. | ’ N .
6. Constant current circuits. 7. Power amplifiers. | Dorset House, Stamford Street, London SE1 9LU
8. Astables. 9. Opto-electronics. Please send me set no(s o
10. Micropower circuits. 11. Basic logic gates. ! send ) @ EZ.O%;E;%% D+
12. Wideband amplifiers. 13. Alarm circuits. 1 @ £18.00 ]
14. Digital counters. 15. Pulse modulators. | - . . .
16. Current differencing amplifiers — signal I [ wish to subscribe, starting withno ............... ...
rocessing.

37. Curre%t differencing amplifiers — generation. ! I enclose cheque/money order for £
18. Current differencing amplifiers — ..l ;_T(ijCk as required/Cheques_ to be made payable to IPC Business Press
measurement and detection. | td.
19. Monostable circuits. 20. Transistor pairs. |
21. Voltage to frequency converters. I Name ... .
22. Amplitude modulators. 23. Reference circuits. i
24. Voltage regulators " Address ... ...

|

|

t

-

Y L L T

waany americanradiahistonz com.
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Model X25  Point 1 The Antex Range

Near-perfect insulation Ry .

Breakdown voltage 1500 A.C. . .

Leakage current 3-6 uA MODEH{,. C —15 watt miniature soldering iron
Bits slide on and off stainless steel shaft.

‘ Point 2 Elements fitted inside steel shaft for efficient

heat transfer. Length 16 cm. Complete iron

. Top-efficiency in heat with 2.3 mm. iron-coated bit £2-99 (0-22)
transfer

Spare elements £1:20 Spare bits £0-35
(nickel} £0-45 (iron-coated).

Element slides inside the

soldering kit ) ) : B e [y
25 watts but equivalent in — L
heat capacity to 60 watts MODEL G- 18 watt miniature soldering iron
Looks exactly like model C, but because of
P . t3 the extra 3 watts should be kept going all
0'“ day on repairs or production. Stainless stee!
Highgrade phenolic handle shaft fitted with standard iron-coated

; bit 2.3 mm. £3-21(0-22) Spare elements
1
fs‘:;:l;“s;’;’g;'"gh)m £1-69 Spare bits 2.3, 3 or 4.7 mm. £0-45.

— 3 core 0.4 mm flexible lead. o (E";c -

Point 4 MODEL CCN — 15. watt miniature soldering
iron

lron-coated bits that do Unique — ceramic shaft — no measurable
not stick to the shaft but leakage — capacitance 30 pf. Tested at 20_00
e gl e o volts A.C. Length 16 cm. Complete with
3 1ip si 24 3.2 y.47 standard iron-coated bit 2.3 mm. £3-21

tip sizes 2.4, 3.2 and 4.7 mm. (0-22) . 4 other sl.de-on and-off bits available

= 1 from £0-45 Spare elements £1-69 . Suitable
P0|nt 5 for the most delicate soldering job imagin-
Price with standard (3,2 mm) bit | 2°'® P
£2.99 {0-22) B B =iima———— 1
Spare elements £1-47 MODEL X.50 T.C. —- 50 watt temperature
Spare bits £0-47 incl. VAT controlied soldering iron
Leakage current negligible Temperature
P0|nt 6 controlled to 29C either way. Ceramic shaft
inside stainless steel shaft. Tested at 2000
A well balanced tool — volts A.C. Complete with 3 mm. iron-coated
ength 22 cm, weight 50 gr. bit £10-55(0-27) Normally set at 370°C

Length 20 cm. Weight 50 gr.
MODEL SK.1 — SOLDERING KIT
Fitted with model C minigture iron {see
above), 2 spare (?:\ ;;ﬁlts %.3"1?:_(’1
u" heat
- sink,
y ' reel of
solder.
Plastic
base serves as
stand. Booklet “"How
to Solder’ gives useful tips
for beginners. Price £4-62 {0-42)
MODEL MLX—12vo|t—25 watt Soldering
iron with
4%; mtrs. lead and
crocodile clips
Useful for repairs
on motor cars,
. boats, model
== >~ trains, etc. Can
= ¢ * be worked off
w car- type battery.
Ccomplete with 3.2 mm. bit
£3-563 {0-30) Two other bits available 2.4
and 4.7 mm. £0-47 each. Packed in a pilastic
wallet with guide ““How to Solder”.

with ANTEX \
Solderinglrons

For dual-in-line de-soldering
the model X.25 can be fitted with special
bits 14A and 14B.

For other de-soldering jobs, we can supply

our models ESS and GSS de-soldering irons

working on compressed air {or with a footpump).
Qur catalogue gives further particulars.

STAND S.T.3
High grade insulation
material, chromium
plated steel spring.
Suitable for 3
all our models.
Replaceable
spornges,

space for spare tits. g
Complete £1-21 {0-24)

L_ Please send the following

A e F

ANTE X colour catalogue.
From radio or electrical dealers, car accessory shops or in case of difficulty girect from —
ANTEX LTD. FREEPOST, PLYMOUTH PL1 18R (no stamp required) Tel. 0752 67377.

| enclose cheque/P.Q./Cash
{Giro No. 258 1000)

NAME _ e — —
ADDRESS =% e~

wwweamericanradiohistorv.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—-0.5-1-2.5—
—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

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.

Dimensions: H320-1: 285x384x16.5mm
H320-3: 475x384x16.5mm
PRICE: H320-1 £108.00
H320-3 £160.00

Exclusive of VAT

Telex: 261306

WW—066 FOR FURTHER DETAILS

BARR & STROUD MODULAR

Cut-off frequency variable from 0 1Hz 1o 100kHz

EF3-04 Low Pass )

Cut-off frequency variable from 0-1Hz to 100kHz

EF3-03 High Pass } e

EF3-02 Low Pass

Cut-off frequency variable from 0-:01Hz to 10kHz

EF3-01 High Pass

Cut-off frequency variable from 0-01Hz to 10kHz

EF3 Basic Main FrarrF\“\l

FILTERING

Now FOUR Modules-

= Piga'2nd more to come!

The introduction of our EF3 Electronic Filter
System was a breakthrough in electronic filtering,
a System with options and interchangeability.

Now we introduce two additional modules to
extend the scope and versatility of the EF3. To
appreciate fully the technical and economic
merits of the EF3 System you ought to have our
detailed literature which we will be pleased to
send. Continuing development of the EF3 System
means that we will be announcing yet more
modules in the near future.

Send now for full details to:

‘ BARR AND ;

Glasgow and London

Barr & Stroud Limited,
1 Pall Mall East, London SW1Y 5AU
Tel: 01-930 1541 Telex: 261877

WW—065 FOR FURTHER DETAILS
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IN SOLDERING

Iso-Tip Cordless
Soldering Iron

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

The Iso-Tip is powered by
long-hfe nickel cadmium batteries
gving 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—028 FOR FURTHER DETAILS

ELECTRONIC
INDUSTRIAL THERMOMETER

THE MODERN WAY TO MEASURE TEMPERATURE
A Thermometer designed to operate_as an Electronic Test Meter. Will
measure temperature of Air. Metals. Liquids. Machinery. etc.. etc.
Just plug-in the Probe. and read the temperature on the large open
scale meter. Supplied with carrying case, Probe and internal 1%2
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

PRICE £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—023 FOR FURTHER DETAILS

Join the 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
11%‘ x 8%’ and contains 60 pages packed with information,
diagrams and questions designed to lead you step-by-step
through number systems and Boolean algebra. to memories,
counters and simple arithmetic circuits, and on to a complete
understanding of the design and operation of calculators and

' £5.95

plus 50p packing and
surface post anywhere in
the world.

Payments may be made in
foreign currencies.

‘Quantity discounts
available on request.

VAT zero rated.

A

Iso available — a more elementary course assuming no prior
knowledge except simple arithmetic.

£3.95

plus 50p P. & P.

In 4 volumes:

1. Basic Computer Logic
2. Logical Circuit Elements
3. Designing Circuits to

Carry Out Logical Func- Offer Order both courses for
tions ) the bargain price £9.25, plus
4. Flipflops and Registers 50p P. & P.

Designer These courses were written so that you could
teach yourself the theory and application of

Manager digital logic. Learning by self instruction has the
Enthusiast advantages of being quicker and more thorough
. 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

roceeding to the next.
Student ° 9

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 . —————

To. Cambridge Learning Enterprises, Dept COM
FREEPOST, St. lves, Huntingdon. Cambs. PE17 4BR

‘Please send me . . .. set(s) of Design of Digital Systems at£6.45 each.
p & p included

or ... set(s) of Digital Computer Logic and Electronics at£4.45 each,
p & p included /

or ... combined set(s) at £9.75 each. p & p included
Address .. . . e B

“delete as applicable
No need to use a8 stamp — just print FREEPOST on the envelope
wwi4

e e e e e e e

I
I |
| |
I I
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_. V
wantsafety
isolation
for their
voice band
circuits’

"

One more request item. We met it with a neat little
transformer. Now, in two versions, it joins the list of usefu!
Whiteley products,and everyone involved in communications

system design will be interested in the protection they provide.

[nserted in voice band circuits, they effectively isolate
equipment from the hazards of adjacent high voltage
power circuits on the ‘line’ side. High isolation level
between line and equipment windings gives protection
against voltage surges, lightning strikes and fault condit-
tons. One version is designed for 17Hz signalling circuits,
the other with several voltage ratios also suits a 50Hz
ringing circuit. All are Post Office and C.E.G.B. approved,
and the second version is also approved with extra
protection diodes added. Requests for data sheets
welcome. Or if you want to request a product spec of
your own — we're always interested!

Surprising how often you'll find

Whiteley
mal

Whiteley Electrical Radio Co. Ltd

it.

Mansfield, Notts NG18 5RW, England. Tel: 0623 24762.

WW—061 FOR FURTHER DETAILS

brenesll
PROFESSIONAL
TAPE TRANSPORTS

and multi-channel electronics
for studio and industrial use

Type 19
25mm mode/

Tapewidths up to 25mm

Speeds: 3mm/s minimum up to 152cm/s max
Finance Reel Ca icéi]tn duf) Stgeggcf:]Ode'S
available pacty

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
R R T T T T IS T e R S

* K KKK KX

HEPWORTH
ELECTRONICS

Worcester Road, Kidderminster
Tel. 0562 2212 or 3

for
Quick, Clean, Low Cost, No Waste
Breadboarding:
THE SK10 Socket

or its little brother the SKB50
Socket. SK50 Costs £6.95, the
SK10 Costs £12.07.

VAT and Postage extra or from London and South
East Distributors

ASPEN ELECTRONICS
18A High Street, Northwood, Middlesex
Tel. 27688

WW 035 FOR FURTHER DETAILS
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Way out in front!

A great new line of RF-heating triodes from THOMSON-CSF:

e Output power from 100 to 800 kW. ’

o Superior PYROBLOC™ grids and HYPERVAPOTRON® ancde cooling - the latest word
in power-grid tube technology.

Specially designed for industrial thermal treatment and built using rugged metal/ceramic
technology. _
Get the latest advance in the power-grid tube state of the aft from the RF-heating leader:
THOMSON-CSF! :

Contact us today.

A

<&
THOMSON-CSF

THOMSON-CSF ELECTRONIC TUBESLTD
RINGWAY HOUSE / BELL ROAD / DANESHILL
BASINGSTOKE RG 24 OQG
TEL.:(0256) 29155 / TELEX . 858865

2494

WW—090 FOR FURTHER DETAILS
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LITTLE WONDER...THE MINITEST IS PREFERRED

The SEI MINITEST has made a remarkable
impact in the pocket-sized multi-range meter
market, by making itself a firm favourite with
discerning people in the industry.

First, the appearance. Diminutive, neat, wipe-
clean plastic cover with pressed steel case.

Controls are simple and easy to use.

Second, the range. The Minitest measures a.c.

Edgecumbe (Peebles) Limited, Havant Instruments Ltd,
Main Street, Instrument House
Bothwell, 2A Waterloo Road,
Scotland. Havant, Hampshire.

LT.T. Electronic Services A ] Electrics,

S.T.C. Ltd. 64-66 Crossgates Road,
Edinburgh Way, Leeds 15.

Harlow, Essex CM20 2DF.

i

and d.c. voltages d.c. current and resistance over
20 ranges to a sensitivity of 20,000 and 2,000 chms
per volt d.c. and a.c. respectively.

Third, High Voltage Probes. Will extend the
range to 25kV or 30kV d.c. Ideal for T.V. sets and
similar electronic equipment where source
impecance Is high. Little wonder the Minitest is
preferred!

SALFORD ELECTRICAL INSTRUMENTS LIMITED
Peel Works, Barton Lane, Eccles, Manchester M30 OHL sgc

Telephone: 061-789 5081. Telex: 667711

WW — 057 FOR FURTHER DETAILS

A member company of GEC Elecincal Components Lid

Switching problems?
Rely on Zettler.

Groducing 30 basic types Our product range \
of relay and 15.000 variants comprises:
with regard to contact Low profile (flatform) -
stacks, terminals, energizing Timing - Miniature - Low
current and contact contact capacity - Herme-
material, Zettler is among tically sealed - Stepping -
the largest manufacturers Mains switching - Latching
of electro-mechanical Contact stacks - Solenoids
components.

Flatform Relay AZ 535

for reliable insulation between
signal and heavy duty circuits

1 changeover.

Contact material: Silver cadmium
oxide. or fine siiver

Printed circuit mounting
{325x20x 11 mm

Coil voltages: 6 to 110 v DC.
Contact rating

240 V max., 3Amax, 500 vA

_J

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

ZETTLER 43,

UK Division
Brember Road, Harrow, Middx. HA2 8AS
Tel. (01) 4220061

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

WW—006 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.

Telephone 0442-82-4011
Cables RAHNO Tring
Telex 82362

A/B Batelcom Tring

WW—009 FOR FURTHER DETAILS
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Complete the coupon and
wellsend you
our complete,new catalogue.

L LA e

Including our full range of test
cquipment,amateur radio gear hi-fi
equipment and many general
interest Kits,

The new Heathkit catalogue
isnow out. Full as ever with exciting.
new models. To make building a
Heathkit even more interesting and

satisfying, - ' So,when you receive your
And. naturally, being Heathkit. every kit is absolutely catalogue you should have hours of pleasant reading.

complete. Right down to the last nut and bolt. So you won't And.if you happentobe in London or Gloucester, call

find yourself cmbarrassingly short of a vital component inand sce us. The London Heathkit Centre is at 233

ona Saturday evening—when the shops are shut. Tottenham Court Road. The Gloucester showroomis next
Youllalso get avery casy tounderstand instruction toour factory in Bristol Road. :

manual that takes you stepby step through the assembly. At either one you'll be able to see for yourself the
Clip the coupon now (enclosing a 10p stamp for postage)  one thing the catalogue can’t show you.

and we'll send you your copy to browse through. Namely, how wella completed Heathkit performs.
With the world's largest range of electronic kits to Heath (Gloucester) Limited, Dept. W/W - 46 Bristol Road,

choose from, there really is something for everyone. Gloucester, GL2 6EE. Tel: Gloucester (0452) 29451,

Digital electronic stop watch AM/FM 60 watt rim.s. stereo receiver Digital rev counter

———————————————————————————————————————————1

The new Heathkit catalogue.Out now. FREE.

To: Heath (Gloucester) Limited, Dept WW-46, Gloucester, GL.2 6EE. [ weam
Please send me my Heathkit catalogue. l enclose a 10p stamp for postage. w

__Address

Name

Postcode
o Full details in the catalogue. Offer available for limited period only.

o waany americanradiaohistons.cam.
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ANADEX CF-700

1 GHz COUNTER
FOR £475

1 cisadexpriest RESOIUTION mODE

il -
0o l l '
1] 4 . -

Sows
;! o

- -

Features include: —

* 1 GHz count rate with 1Hz resolution

* 30mv sensitivity with high overload capa-

bility

* 8 digit 'SPERRY’ display
Also: Model CF-710 giving 0.001Hz resolution up to

10k Hz

a S p e n electronics limited

418a HIGH STREET, NORTHWOOD, MIDDX
HAG61BN
TELEPHONE NORTHWOOD 27688

WW—034 FOR FURTHER DETAILS

6RoovA

vacuum record cleaner

Vacuum cleaning is the best way to remove dust,
especially fine dust. Now with the Groovac,
vacuum cleaning is available for extracting the
particles from inside record grooves which are
responsible for record and stylus wear — while
your record is playing.

For full details please write to:—

P — Kernick Road, Penryn
) BI Cornwall TR10 8DQ, England ~
——————— ¢ ‘Telephone: Penryn 72753

‘Noisemeter included weighting characteristics: Wide band (flat

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

HIGH SENSITIVITY
AUDIO VOLTMETERS

AND NOISEMETERS

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 10uV for full scale meter deflection to 300V {.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
linearity. calibrated in volts and dBv.

The Audio Voltmeter (HSV 1) become an Audio Noisemeter
(ANM 1) by the inclusion of frequéncy contouring networks having
characteristics recommended by international organisations
concerned with specifications and measurement standards as
being suitable for the quantitative measurement of the subjective
effect of noise in audio systems. The HSV 1 and ANM 1
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 nominatl 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 characteristic to be introduced
in the measuring circuit. This extends the use of the instruments
to vibration and acoustical measurement,as well as to the
measurement of gramophone turntable rumble, f.m. receiver
noise, etc.

Brief Specification:

Frequency response as Voltmeter: 4Hz to 500kHz + 0.5dB

Input impedance: 1M ohm 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

response as voltmeter), DIN. ‘Audio Band’, IEC/DIN. Curve 'A’,
and CCIR.

Size: 112" x 7Va' x 82" deep overall

Please write or phone for descriptive leaflet giving details of the
design and full pertformance 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 LTD.
Ashton Vale Road, Bristol, BS3 2HZ. Telephone 0272
662301

WW—049 FOR FURTHER DETAILS ~

WW—069 FOR FURTHER DETAILS
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EXCLUSIVE — WORLDBEATING 2%&un

NON-AURM £14 INGC. VAT, ETC. TEAK Case 70p extra
@ Built-in Alarm @ Mains failure ind.
@ Photo cell con- )
trolled brightness @ Tilt Snooze Sw.
VAT & ® AM/PM Indicator @ Separate alarm
‘ DEL @® Giant 0.5 LED Control Sw.
Display

N ALARM ¢

9 min. Snooze

® 0

* Or Ready Built & Tested £21.50 @- ® 12/24 hr. mode

CWO, PULSE ELECTRONICS DEPT. WW11, 202 SHEFFORD RD., CLIFTON,
SHEFFORD, BEDS.

S.A.E. for complete price hst

No knowledge of
electronics to
build kit

ELECTRONORGTECHNICA

carbon film
RESISTORS

1% and Yaw 70°C 5% tol. E.12

1-10,000 for same
day shipment
Prices from 49p 100rate

Military grade-
ask for NATO conversion list

Custom design specials-
7-10 days for samples

EX-STOCK 15 years experience

£4.00 PER1.000 s
. OF ONE VALUE VAT
Contact John Gingell
AERO SERVIGES LTD.
4 estbourne Grove
y &Y 5
TEL: 01-727 5641 TELEX 261306

~ WW—059 FOR FURTHER DETAILLS

Equivalents to most European
& U.S.type available

kg (ROMIPDIEMS  reicpnone 058262241

Luton Road, Dunstable, Bedfordshire, LUS 41J England.

WW—062 FOR FURTHER DETAILS

Type A modular system with widest \
e or range of film backs, lenses, viewing
. systems and adaptors to meet virtually
Oscilloscope
p Plus inexpensive Type P {prices from £ 50/
utilising coaterless Polaroid ® film and
‘ ameras ‘Robot with economical 35mm film for
continuous feed.

R T

More complete details available on request from: ®Rey. Trade Mark.

Telford PRODUCTS LTD.

WADSWORTH ROAD PERIVALE GREENFORD MIDDX. ENGLAND Tolephone:01.998 1011 Telox:935524
m AMEMBER COMPANY OF BENTIMA INDUSTRIES LIMITED
K R =
WW—012 FOR FURTHER DETAILS
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’ Introduced to meet the demand for a simple, high
quality, FOR for those who do not require full recording
oscilloscope capabilities; the FOR-7 has a rectangular
CRT which provides strip chart, X-Y plot and single
frame recording on low cost paper.

WIDEBAND BRILLIANCE MODULATION
-for video imaging with good grey scale

HIGH FREQUENCY DEFLECTION AMPLIFIERS
-for trace recording with faithful transient response

. VARIABLE SENSITIVITY AND POLARITY REVERSAL
j . ] D -for easy interfacing with displays and systems
- BENCH, RACK OR BUILD-IN VERSIONS
-for general purpose laboratory or OEM applications

For further information or a demonstration of the FOR-7
or any other Medelec unit please contact:

A MEDELEC LIMITED . Woking . Surrey GU22 9JU
- B P Tel: Woking (048 62) 70331 Telegrams: Medelec Woking

oM the Leadersin
Hore UpticHecording

medelec 3

1972

WW 008 FOR FURTHER DETAILS

TAKE A CLOSE LOOK Servos

synchronous
steppers
dc motors

at a professional recorder that offers high performance,
exceltent reliability and is very easy to maintain. Ask

yourself why so many commercial radio stations and earboxes and ® 9 -
recording studios are doing their best to wear them out,

and not having much success. Decide if you need mono t I t

or stereo, console transportable or rack mounting versions con ro sys ems

and then inquire about prices.

We are sure you will be vety pleasantly surprised. . O
Stockists for IMIPEX Motors ann
LEEVERS-RICH EQUIPMENT LTD.

INC. BIAS ELECTRONICS McLENNAN ENGINEERING LIMITED
319 TRINITY RD., LONDON, SW18 3SL 01-874 9054 Kings Road Crowthorne Berks Telephone: Crowthorne 5757/8
WW-—052 FOR FURTHER DETAILS WW-—041 FOR FURTHER DETAILS
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PETITE PRECISION

'A 12V DC POWER TOOL FOR THE DTSIGN AND RESEARCH ENGINEER
AVAILABLE IN KIT FORM OR SEPARATES

EXAMPLE OF FRENCH PRECISION ENGINEERING.
Diameter 33mm . : :
Weight 160g
Length 125mm
Torque 120cmg 2
RPM stand £3.76
approx. 10,000 . 5 P&P 35p
at 12V DC - Flexikle drive.
Power 9/14V DC = £5.00 UK DISTRIBUTOR .
; P&P 25p
PP K e b he ollowin PRECISION PETITE LTD
tomic Ener,
transformer Authority. British Nucleg 119A HIGH STREET
Fuels, Weekend TV, Ministry TEDDINGTON, MIDDX. UK
NEW IMPROVED MARK I1 £8.00 P&P 35p oof Defence, Hospitals, TEL. 01-977 0878 ¥
plcians, etc, SAE for leaflets, price list and order form

Bridge inathousand

One partinone thousand is the accuracy
of Universal Bridge B224 from 10ohms
to 1gigohm,0.1pF to 10 microfaradsand |
1 nanomho to 100 millimhos.Monitorits 4
1592Hz source frequency and also get
0.1% from 1mH to T0kH. With reducing
accuracy, coverage extends above and
below the ranges quoted,onR,C.Gand L
Resistive and reactive terms read simul-

~ taneously. Sockets for 200Hz—50kHz
operation.Internal rechargeable battery.
Many other valuable features detailed in
Data SheetB224.

WAYNE KERR

A memberof the Wiimot Breeden group

For more information phone Bognor (02433) 26811, or write 10,
Wayne Kerr, Durban Rd., Bognor Regis, Sussex P0O22 9RL

WW—011 FOR FURTHER DETAILS

FREE SUPER SOLDER BOARD WITH EVERY DEC
BUILD CIRCUITS EASILY  PUSH COMPONENT-IN
NO SOLDERING

Designing circuits is easy with DeCs, just plug in your components. Each
DeC breadboard is complete ‘with step-by-step instructions. When circuit

is designed, take components out and use them again OR plug components
mto SUPER SOLDER BOARDS fora perfect finished P.C.B.

S-DeCs + Free Super Solder Board £1.80 |
5 Includes

T-DeCs + Free Super Solder Board £3.87  { gostage + VAT. |

U-DeCA + Free Super Solder Board £4.31 l

P. B Elegtronlcs (Scotland) Ltd., | FULLPOSTALADDRESS . . . ... oot viiit i |

57 High Street, Saffron Walden, Essex. | L. L L o L e

Tel: Saffron Walden (0799) 22876. L_ Allow 31-28 days'detivery, """ TN T T s
. WW—077 FOR FURTHER DETAILS
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by

GRAMPIAN REPRODUCERS LTD. HANWORTH TRADING ESTATE FELTHAM . MIODLESEX TELEPHONE 01-894 9141

X209

WW—027 FOR FURTHER DETAILS

nombrex

MODEL 40
WIDE RANGE AUDIO GENERATOR
£42.49 + VAT

* 4 RANGES, 10Hz-100 KHz.

* SINE AND SQUARE WAVE OUTPUT.
* DUAL CALIBRATED ATTENUATOR.
* STABILIZED OUTPUT LEVEL 1 V.

Trade and Export enquiries weicome
Send for full technical leaflets
Post and packing £1 00 extra

NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET
NEWTON ABBOT, DEVON TQ12 1INE
Tel. Newton Abbot 68297

e &

QUARTZ
GRYSTALS ¥\ 31 B

~FAST!

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

WW—021 FOR FURTHER DETAILS

WW—039 FOR FURTHER DETAILS

Your choice of
Live Sockets-
Instantly!

A Lesor DIS-BOARD gives you up to 6
socka2ts from one power outlet. Portable
or permanent tixing, compact units, with
safety neon Qver 1,000 socket
combinations available trom stock. All
types of fittings and finishes

Brocaure from

LEXOR DIS-BOARDS LIMITED
Alledey Old Road. Coventry
Telephone 72614 or 72207

WW—051 FOR FURTHER DETAILS
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In a range of muitimeters with pointers
whats the point of one without

The point is that for some applications, a digital indi-
cator makes a lot of sense.That's why AVO makes the
the Digital Avometer DA114. It offers youachoice of

DC, ACand resistance ranges at high accuracy. High input
impedance, comprehensive built-in calibration check
facilities, two versions—one for mains operation,the
other with built-in rechargeable battery and mains
operation.

It offers ycu the best of the traditional AVO
features-reliability, ruggedness, range, repairability,
readability and, perhaps above all, AVO accuracy. Plus
the best of the new generation multimeters.

As you can imagine, our designers took a long hard
look at digitals before they produced a Digita!
Avometer. For instance, they realized that the aisplays
on some digital meters could be a positive nuisance in
many applications. After all, you don't always need
accuracy to the nth degree-so where you'd normally
just glance at an analogue pointer you could find
yOurself screwing your eyes up at a diminutive and

B ==

faintly glowing digital. A few hours of that and the
average engineer would be begging for the return of
his old analogue meter.

That'swhy we gave the DA 114 numerals big and
bright enough to read across a room. Andit's the
reason that AvVO, while producing one of the few
serious’ digital multimeters, still produces what [
probably the widest range of analogue multimeters
for the electronics engineer.

The AVO range for Electronics Engineers includes
rodel 8 Mk 5, Model 72, and the high impedance
models EM 272 and EA 113.

For full details of the range, contact
your distributor gr write to:

AVO Limited, Archcliffe Road, Dover,
Kent. CT17 9EN. Telephone: Dover
(0304) 202620.Telex: 96283

}- Thorn Measurement Controland Automation Division

WW —102 FOR FURTHER DETAILS
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SHEET METAL

PUNCHES
FORQUICK CLEAN HOLES

@ Easiest and quickest way of punching
holes in sheet metal (up to 1.625mm)

@® Simple operation ® 100% British

@ Burr-free holes — no jagged edges

. 57 Metl’ic and Linear Sizes {Lists on application)

Used all over the world by: Government
services — Atomic, Military, Naval, Air, G.P.O.
and Ministry of Works; Radio, Motor and
Industrial manufacturers, Plumbing and Sheet
Metal Trades, Garages, etc.

Obtainable from leading tool factors
Wholesale & Export enquiries to:

"Q'MAX"(ELECTRONICS)LTD

44 PENTON STREET-LONDON N19QA Tel:01:278 2500

WW—007 FOR FURTHER DETAILS
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TPA SERIES -D

integrated circuit
power amplifier

TPA 50 - D Specification
100 watts rms into 4 ohms
65 watts rms into 15 ohms

*0.1dB 20Hz to 20KHz into
15 ohms. -1dB at 150KHz2

Less than 0-04% at all levels up to
50 watts rms into 15 ohms

OdBm

-100dB

Rise time 2 u seconds

Price - £77 plus V.A.T.

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

WW—025 FOR FURTHER DETAILS

Power Output

Freq Response
Total harmonic
distortion

Input sensitivity
Noise

Test quipment

Multimeters

The Eagle range of multimeters
covers every possible need of the
B clectrical or electronic engineer.
They cost from about £6 to £58
(inc V.AT.). There's at least one
which suits your job precisely.

We have a lot of other test equipment too.

Send the coupon and we'll send you our

complete catalogue.
lF-------------

|
\
|
|

IPIease send me details of all your test equipment

| vawme
| aooress

Eagle International Ltd., Precision Centre, Heather Park Drive, Wembley HAQ 15U I
Tel(01)-902 8832'

e o oo o o e o e =
WW—029 FOR FURTHER DETAILS
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FREQUENCY COUNTERS

HIGHER PERFORMANCE INSTRUMENTS FROM
1710 Hz to 1.2 GHz. MEASURING FREQUENCY,
PERIOD, TIME, FREQ./RATIO AND CALIBRATED
OUTPUT FACILITY. FAST DELIVERY.

e it 4

R

"TYPE 1001M

CRYSTAL OVEN
OPERATING MANUAL

TWO TONY: BLUE CASE £670 l -2 GHz
Sensitivity 10mV. Stability 5 parts 10."

301M 32MHz S Digit £78 | 401 32MHz 6 Digit £121
501 32MHz 8 Digit £178 | 701A 80MHz 8 Digit £195
801A/M  300MHz 8 Digit £305 | 901M 520MHz 8 Digit £3.75
8018/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 Crystal Standard £8D
Type 103 Dff/Air Standard £78

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

| R.C.S. ELECTRONICS
NATIONAL WORKS, BATH ROAD
| HOUNSLOW, MIDDX. Tw4 7EE
LA

Telephone: 01-572 0933/4

WW-—095 FOR FURTHER DETAILS

AND RUTTER METER TYPE TMZ

Rank

Fully transistorised
for high reliability

Versatile
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 tuning or adjustment

Two models available:
Type 1742 'A’ BS4847: 1972 DIN 45507
CCIR 409-2 Specifications
Type 1742 ‘B’ BS 1988: 1953 Rank Kalee
Specifications

For further information please address your enquiry 1o
xﬁ Mrs B.Nodwell
L Rank Film Equipment, PO Box 70
RANK FILM Great West Road, Brentford

Middlesex TW8 9HR
EQUIPMENT  Tel: 015689222 Telex 24408 Cables Rankaudio Brentford

WW—056 FOR FURTHER DETAILS

-

SI10

®2 x 30 Volts 2 amps

e@variable protection
level

eremote sense fully
protected against
misconnection

@ twin meters monito
voltage or current

\} ewr 5.5 kg

< =

S702 x 30 volts 1 amp

eofixed high & low
protection levels
(100mA and 1 amp}

®twin meters for
voltage or current

®2 x 20 volts 0.5 amp
@fixed protection

leve
@twin output meters
owt 40 kg

‘S’ RANGE

STABILISED TWIN POWER
SUPPLIES TO 30V AT 2 AMP

LINSTEAD

MANUFACTURING LTD.

ROSLYN ROAD LONDON N15 5JB

01- 802 5144

MAIN AGENTS

IRELAND: LENNOX LTD . P.O BOX 2124, DUBLIN 2 DENMARK:
SCANFYSIK AB, 13/15 HJORRINGADE DK-2100, COPENHAGEN
SWEDEN: EM| SVENSKA AB TRITONVAGEN 17, FACK S-171 19
SOLNA 1. NORWAY: EM| NORSK AS POSTBOKS 42, KORSVOLL,
OSLO 8. MALAYSIA: LEC Scn Bhd, P.C. BOX 60, BATU-PAHAT
SOUTH ArRICA: PROTEA (PTY) 38 FARADAY STREET
JOHANNESBURG

WwW--054 FOR FURTHER DETAILS
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EL 3030

The AEL 3030 is a compact, fully solid-state 150 watt
PEP output Transmitter-Receiver covering 2.16 MHz on
4 or 6 channels.

Rugged construction for today’s tough environments.
Easily accessible for simple maintenance

Ten plug-in modules give maximum insurance against
loss of service.

The advanced technology used in the AEL 3030
provides unmatched efficiency in point to point or
mobile communication, minimises size and cost and
maximises reliability!

DESIGNED FOR RELIABILITY

= » e
““~‘55h5§

[N
\x\\\\\,k““
Y

For further information and
colour brochu:re write to

A El‘ GATWICK HOUSE

HOR/IEY, SURREY, ENGLAND
TELEPHONE HORLEY (02934) 5353

Telex 87116 (Aerocon Horley)
Cables Aerocon. Telex Horlev

WW085—FOR FURTHER DETAILS

i -
SOUND INSTALLATIONS Clyg_ | Audio Gonnectars
Design, installation and commissioning of recording and broadcast Broadcist pattern jackfields, jackcords, plugs
studios, sound reinforcement equipment, theatre communication G Rl
and other systems. Quick disconnect microphone connectors
Amphenol (Tuchel} miniature connectors with
SOUND EQUIPMENT o .’} coupling nut
. - Hirschmann Banana plugs and test probes
Supply and, where required, manufacture of equipment to XLR compatible in-line attenuators and
customers’ specifications ~ reversers ;
We also specialise in television, lighting and other systems. M Low cost slider faders by Ruf
PHILIP DRAKE ELEGTRONICS LTD. Future Film Developments Ltd.
165 LANCASTER ROAD, NEW BARNET, HERTS. 90 Wardour Street
Telephone: 01-445 1144 ° London W1V 3LE
01-437 1892/3
WW—080 FOR FURTHER DETAILS WW—070 FOR FURTHER DETAILS
SPECIALISTS IN COIL r '
AND TRANSFORMER
WINDING: ]
Torroidal: ¢ core: high ]
speed high turn bobbin Electronics [:, Limited
winding: chokes and wave
uimeling | 27 STATION ROAD
any quantity, any rating. BRIMINGTON
CHESTERFIELD
- DERBYSHIRE, ENGLAND
TEL: 0246 70297/8/9
Send for new catalogue. TELEX 54284

WW-—004 FOR FURTHER DETAILS
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JES AUDIO INSTRUMENTATION

lllustrated the S$i453 Audio Oscillator
SPECIAL FEATURES:

% very low distortion content—less than 0.03%

% an output conforming to RIAA recording charactenstic
% batiery operation for no ripple or hum loop

% square wave output of fast rise time

£50-00
also available
Sid51 Miilivoltmeter 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
J.E. SUGDEN & CO.LTD., CARR STREET, CLECKHEATON, W. YORKS. BD195LA. Tel. 0274-872501

WW—032 FOR FURTHER DETAILS

HIGH POWER DC-COUPLED AMPLIFIER

* UP TO 500 WATTS RMS FROM ONE CHANNEL
* DC-COUPLED THROUGHOUT

* OPERATES INTO LOADS AS LOW AS 1 OHM

*

FULLY PROTECTED AGAINST SHORT CCT,
MISMATCH, ETC.

* 3 YEAR WARRANTY ON PARTS AND LABOUR

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in
Industrial, and Research applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex
waveforms has established the DC300A as the world’s leading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration
of this fine equipment please let us know.

Power Bandwidth DC-20kHz @ 150 watts + 1db. — Odb. Slewing Rate 8 volts per microsecond

Power at clip point (1 chan} 500 watts rms into 2.5 ohms Load impedance 1 ohm to infinity

Phase Response +0. —15 DC to 20kHz. 1 watt 82 Input sensitivity 1.75 V for 150 watts into 802
Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms

Intermod. Distortion Below 0.05% Q.01 watt to 150 watts Protection Short. mismatch & open cct. protection
Damping Factor Greater than 200 DC to 1kHz at 82 Power supply 120-256V, 50-400Hz

Hum & Noise (20-20kHz) At least 110db below 150 watts Dimensions 19" Rackmount, 7" High, 93" Deep
Other models in the range: D60 — 60 watts per channel D150 — 150 watts per channel

MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE,

MACINNES LABORATORIES LTD  SAxmUNDHAM. SUFFOLK 1P17 2NL

TEL: (0728) 2262 2615
WW—086 FOR FURTHER DETAILS

Drill with 20tools. FREE. Super Solder Board with every DeC.

‘ ‘ i m , —_ Building Circuits? IC or Discreet?
ﬂ H H ‘ ' //_ S Use DeC Breadboards. No soldering.
L o e 208 Contact points. Step by step
; S - ik e instructions. Build hundreds of
5 ot VL i circuits. Use components over and
_& N et = over again. U-DeC ““B" £6.99 inclusive
g of postage and VAT.
PB_ Relliant drill kit 9000 RPM %g U-DeC “B” with sockets for
gg’lw!ﬂ&ig a;zztrtf({/t/:_?ls onfy inserting 2 x 16 DIL Packages.
.40 inclus. .
P.B. Electronics (Scotland) Ltd. All stockists of DeC Breadbeards
57 High Street, Saffron Walden, Essex, CB10 1AA. please note PB are the manufacturers and suppliers,
Tel: 0799 22876. please send all orders, communications direct.

WW—073 FOR FURTHER DETAILS
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Alice Broadcasting Six Channel Stereo
STM6 Transmission Mixer
' (ALICE’S BABY)

INPUTS © OUTPUTS
Microphones Lines
Lines/Tape/Carts P.A.
Pick-ups Headphones
Off Air Recording

£465

excluding
VAT

The definitive DJ/ OB/ Production Mixer

Dimensions : Can you afford to use anything use?
20" x 15" x 44"

Contact Chris Walden on Windsor 51056/7

ALICE (STANCOIL LTD.). 38 ALEXANDRA ROAD. WINDSOR, BERKS, ENGLAND

Also available from Roger Squires, London and Manchester

WW-—045 FOR FURTHER DETAILS

tecknbwledgey in consumer ICs-and their applications|

SGS Audio IC_s C’VC move d l\a?g::!gs & Kits

-Gs- . ' To accomodate expanded R & D gg:); ;I::!:*l‘ly"u:uch tu:ed varicap c9ntr?l:\er‘tl>uilt £14;9|9.
o Lol rsn ol unerset accesory unit, with pilot tone filter
A facilities, AMBIT has moved sales and audio stages, rectifier, IC stabilizer, meter driver
T v and administration to 25 High St. circuits. £4.99 {kit)
/ Brentwood. The existing 37 High 8001 55kHz low pass filter (mpx birdy filter} £2.35 built
/ Street premises are retained for the £1.75 (kit)
engineering activities. 200 Stereo scratch and rumble filter, with continuously
) . variable operating f encies. £5.80 (built)
‘FE' . il ! One of the first products of this 54.'50(“3 S EolbLi
T ] move has been the development of 3000 Stereo control preamp - a wide dynamic range, low
t-oid a TV sound tuner, from an "off distortion AF preamp, with vol, bal, bass and treble
i P air'’ system, using its own varica contrals. kit £5.78
il UHF yTV LT 9 with ICIF am-p 2020k The TDA2020 stereo amp kit photographed on the
i i Hi g . By T left. £7.85
. : plifiers and block filters by - 7700 TV off air UHF sound tuner - built £26.00
The much heralded TDA2020 is here. And just And then one of our best ever @ preset stations)

circuits - an electronic touch tuner,

to T ! i
Make sure that you don't go wrong, so is the with scanning mode, and facilities

SGS application test circuit PCB for a stereo

9000 kit AM/FM mpx tuner chassis, with mech. tuner £17.50
7004 kit MW/LW varicap tuner module, inc. ferrite rod £9.95

15+ 15 (RMS) Hi Fi amplifier. for 6 preset stations. The unit is 7252 HiFi MOSFET FM tuner module by Larsholt  £24.00
P e suitable for use with FM, and now 7253 HiF1 FET FM tuner module inc decoder £24.00
rices : N 5600 Hi Q MOSFET varicap tunerhead by TOKO  £11.25
TBAB10AS +HS 1.09 AUDIO DISCRETES (3] O G, (i offgrs a com EC3302 FET tunerhead from TOKO £5.00
: ZTX107/8/9 14p plete tuner system without any Complete FM Tuner kits, inc case, for use with the above
$g/l\\92%gg +HS lgg ZTX413(LN) 17p moving parts. Selection is by means modules: details SAE pleass. Prices range from £40 - £60.
2 f touch tuning in all cases, with . )
Z2TX212/3/4 16p of tou L Amongst our various accessories for entertainment

| d preset switchi S .
EMICINEAR ics |8D 53365 nprrI 7A/80v ggp :‘atgl::aﬁ?:ry ?:terl‘:)::ked. "8 electronics is a range of FM tuning, frequency and
MC1350 0.70 |BDS pnp P sig. strength meters with 12v, 50mA bulb. £2.50 ea.
CA3089 +QC 1.94 {BD377 npm 3A/50v 29p

Our R&D facilities are available for

BD378 pnp 32p !
TBA120 +QC 1.00 general consultancy to OEMSs: further
BD515 npn] 2A/45v 27p details on application. Standard project
MPX LINEAR ICS [BD516 pnp 30p estimation fee, including project evalua-
BD609 npn, 10A/90v 70 tion comment data is £15.00 payable in
MCI310P  +LED 220 | /080 pf\pl 1022 advance. . .
CA3090AQ +LED 3.75 \, J

Free price list with an SAE, catalogue of modules and parts

-
b t H - 40p.. including postage and VAT.
am I Internatlonﬂ! CWO please, official bodies and companies

General Terms:
H please note min. invoice £7.50. PP for CWO orders 22p per
25 hlgh Street’ brentWOOdl order. (UK and Eire). Overseas customers please include suffi-
tel: (0277) 216029 cient for postage. VAT is not included, and must be added

essex. cm14 4rh_ tix: 995194 at 25%, In stock orders despatched within 48 hours.

WW-—036 FOR FURTHER DETAILS
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Microphone

For over 40 years Beyer Dynamic
microphones and headphones
have served the needs of prof-
essional ‘Sound Men' throughout
the world.

The MS500 (ltlustrated) is only
one of a range of microphones
now serving thousands of users
who still demand high quality
performance and reliability.
Brochure showing the full range
of microphones, headphones and
accessories available on request.

BEYER DYNAMIC (GB) LTD
1 Clair Road, Haywards Heath, Sussex. Tel: 51003

WW — 089 FOR FURTHER DETAILS

When anew ong S negded
Or {1e ld ang negds repairing

Contact the appointed U.K. distributor
with authorized repair service:-

FARNELL INTERNATIONAL INSTRUMENTS LTD
Sandbeck Way, Wetherby
LS22 4DH

Tel.0937 3541 or

01864 7433

Full approval to DEF 0524
Repair contracts welcome

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

WW-—088 FOR FURTHER DETAILS
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SPECIFICATION

HAKUTO
INTERNATIONAL (U.K.) LTD.,

“. Hakuto House, 557/563 Rayleigh Road, Leigh-on-Sea, Essex, SS9 5HP. Telephone (0703) 526622

'ar"
I'

Bias Compensution \
Patented Direct Magnetic
Dialling System
Two Headshells provided
with Gold Plated Contacts
Oftset angle: 210
Tracking error angle
Less than 1.59
Weight runge of suitable
cartridge: 5-30g
Connecting |eads:
Low Capacity — Phono
Plug
Stylus pressure 1s by micro
adjustment graduated
rom 0-3g
Height Adjustment is from
45-60mm
Overall length: 330mm
Effective length: 237mm
Overhang: 15mm

performance.

@ Add LUSTRE to every
' o\ Pertformance

Lustre Pick-up arms have variable Magnetic anti-skating, stylus
overhang adjustment, lateral balance and height adjustment plus
an oil damped arm lifter and two plug-in headshells all to add
Lustre to your HiFi performance.

The Lustre Pick-up Arm is beautifully finished in satin chrome
and black to complement the precision engineering employed

in its manufacture and yet it is (approximately) half the J i =
recommended price of those few other arms which rival its snipe a

Wireless World, April 1976
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*

Red & Green LED applied
Logic Level Indicator

MODEL 320
LOGIC PROBE

Wrong polarity and overload protectors provided

Detection of the peak value of input waveform
Open circuit or faulty IC can be detected
All logic levels are visible at a glance
Powered from circuit under test

Built-in storage circuit

Up to 12 MHz

JH AssociatesLtd Sies Office: 52 iy er Saass

WW—040 FOR FURTHER DETAILS

The CSP200 offers a good
tough and versatile method of
housing electronics at a very low cost.
The case is constructed from moulded
glass fibre with a detachable aluminium
front panel & chassis. A choice of colour
is also avanlable Le. Grey, Red or Blue.
Size 10%"” x 5%" x 5" Available ex-
stock direct
from our
factory

SUPER PROFESSIONAL
esigned for professional use but now also
offered direct to the amatuer enthusiast, and at a
fantastically low price. The main feature of the
cases, are the moulded glass fibre side/handle, this
bemg a major safety factor. The cases are all standard
s and are 312"’ high x 11%4’' deep. Widths are
CS101. 9% (£5 25), CS102.12” (£6.25), CS103.17" &f’l .25)
which when fitted with brackets B103, fits in 19"
rack size. All available ex-stock direct from our factory
A

More details on
request with
S.A.F

.W.0.
adding 60p carnage
per case.

All prices + 8% VAT

Case Systems, 20 Hunt Lane, Chadderton, Lancs. England.
Trade Enquires welcome

WW — 079 FOR FURTHER DETAILS
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'Power Resistors [\

. veX StOCk to 6 weeks Delivery )

* Low cost
% Rated up to 210 watts )

PEEDSERVICE

Hard-to -find tubes and
semiconductors are normally
included in our quotations.

We try to give a complete answer.

AEL GATWICK HOUSE HORLEY SURREY RH6 9SU
Telex 87116 Cables Aerocon Telex Horley Telephone Horley 5353

3
o
—_— WS\ Data on our standard ranges s available on request

Eig GOmMpOnemS reepnone 05s2-62241

Luton Road. Dunstabie. Bedfordshire, LUS 4LJ England

WW—037 FOR FURTHER DETAILS

digital arithmetic tutor

o
ENLOE i o
L L _ Like all it's predecessors, Limrose's Digital
Arithmetic Tutor is an extremely versatile

TRANSDUCER and RECORDER \ and low cost computer training aid. It is

AMPLIFIERS and §YSTEMS very reliable, portable and comes complete

with mains cperated power supplies for just
£174 plus VAT,

WW—064 FOR FURTHER DETAILS

‘| reliable high
performance &
1 practical controls.
{ individually
powered modules—
mains or dc option
single cases and up
to 17 modules in

: standard 19"’ crates
@d o@ small size—low
weight—realistic
= ® prices. s

FY‘ D\l é Fylde For more information, please contact :
- ) Electronic

49/51 Fylde Rosd Prestan Laboratories limrose electronics Itd.
-T—S‘I;pzl'l)(()ge 0772 57560 ree: 241-243 Manchester Road, Northwich, CW9 7NE
e J Tel. 0606 41696 ana 0606 41697.

WW— 93 FOR FURTHER DETAILS

<
£l osse
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|

@ P.A. SYSTEMS FOR AIRPORT, HOTEL. FACTORY.

@ THEATRE AND LECTURE THEATRE AUDIO SYSTEMS

@& AUDIO MIXING EQUIPMENT

@ SIMULTANEOUS TRANSLATION SYSTEMS

@ RADIO AND T.V. BROADCAST SOUND CONTROL EQUIPMENT

@ MARINE INTERCOMMUNICATION AND ENTERTAINMENT EQUIPMENT

@® System design, manufacture and installation.

TEL. Saffron Walden (0799) 40888: TELEX: 817444

i AUDIX LIMITED
l I I X Wenden, Satfron Walden, Essex CB11 4L9

wWwWALamericanradiohistorv.com
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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

WW—075 FOR FURTHER DETAILS

JOYSTICKS

Precise, reliable, long-life Joystick Control Units, in single, dual or
triple axis forms. Sprung to centre, or held by adjustable friction
locks. Choice of wirewound, cermet or plastic film potentiometers
(all standard %'’ bush types) — or rotary switches.

Already in quantity production for remote control, TV games,
electic wheelchairs, audio control panels, etc., etc. Any quantity
from one-off to hundreds per month. Typical one-off prices: Single
axis £4.50. Dual £6.50. Triple £11.00 + VAT.

See our ad. in January issue for details of all our products.

FLIGHT LINK CONTROL LTD.

Bristow Works, Bristow Road
Hounslow, Middlesex, 01-570 4065

“The range of Electro Systems and Timing

electronic chronometers is now available in kit

form.
Send S.A.E. for full details.
Telephone PENN 4661 (STD code

049481).
Trade and quiri ! s
PRICES . KT |- ASSEMBLED & TESTED
401-4 {Hours, minutes) T @38,75 £49.40
401-6 (Hours, minutes. seconds) 0:43.75 }:54 60
401-4-R (As 401-4, with Ni-Cd battery} L_52,50 }:63.70
- 401-6-R (As 401-6, with Ni-Cd battery) £57.50 - £68.90

“"No VAT reaurred for averseas orders, but add 10% for air parcetpost
Add 8% VAT U.K. only; postage and packing included

OUTSTANDING FEATURES OF THE MODEL 401 DIGITAL CHRONOMETER
One second per month accuracy at 20°C
3 MHz AT cut quartz crystal used for best possible temperature stabulny
All versions provide security against timing inaccuracies caused by mains-borha
interference and short term mains frequency variations
* Rechargeable nickel-cadmium battery versions offer not only portability but also
protection against outright mains failure, may be left on charge continuously
Rugged mechanical design ensures reliability for portable use
Large, bright and easy to read LED display; 24 hour or 12 hour modes optional
220/240V matns or external battery operation. 110V version also avatiable
Weight 0.5kg. Width t3cm, depth 5cm. herght 10cm (1 2cm with stand)
No-cost extras include precision engineered adjustable metal stand and power
unit/battery charger
* 12-month guarantee for correctly assembled kits and ready-built chronometers
Low cost ""Get-you-going’" service for kits, if required
* All components needed are supplied in kits, including wire, screws and case
COMPREHENSIVE INSTRUCTIONS SUPPLIED WITH KITS

r———————————————————-

% *

* b % %%

l To ELECTRO SYSTEMS AND TIMING CO.
48 Robi Road, L« . High Wycombe, Bucks., HP13 7BJ I
I . ENGLAND
Please supply _I
I [0 401-4 kat 401-4-R kit [] 401-4 assemb & tested 401-4-R assemb. & lesledl
I [J 401-6 kit 401-6-R kit 401-6 assemb & tested 401-6-R assemb. & tesledI
l (UK residents add B% VAT) I
l Name s ao R .. P l
l Address I
l | ENCLOSE CHEQUE/P.O. FOR £ - - I
L———————_————_—_____J

wassL amoericancadiahictons cam

*high standard.

—TURNER—

STEREO POWER AMPLIFIERS

MODEL A300/VU

A range of protessional stereo power amplifiers designed and manufactured to a very

The A Senes {Professional Studioc Monitor) amplifiers feature dual power supples to
maintain full RMS power on both channels
The B Seres (Professional) amplifiers feature single power supples suitable for most
music applications.

STANDARD WITH VU's

MODEL A500 250+ 250 watts RMS 4 ohms £380.00 £440.00
MODEL A300 150+ 150 watts RMS 4 ohms £262.50 £322.00
MODEL B300 150 watts RMS per channel £210.00 £250.00
MODEL B200 100 watts RMS per channel £170.00 £210.00,

The above prices are hst and exclusive of VAT

Overseas Imbon Agents are invited to make their final applications for allocation of
areas for 1976 exports.

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

WW—046 FOR FURTHER DETAILS
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THE Pew WORLD OF AUDIO

Plans

for the
1976
Audio
Fair
Include:—

1976 INTERNATIONAL AUDIO FESTIVAL & FAIR OLYMPIA LONDON

13th —~19th September (inclusive)

There is a whole new deal for exhibitors at the
1976 Audio Festival & Fair. A new deal designed to ensure
that participation spells success in every way.
The formula has been created by a new management
team comprising people with a real understanding
of Hi-Fiand people possessing deep experience and

expertise in stagm?(\ major exhibitions.

plus —

The backing of
all the key
IPC Business

new —floorplans Press
publications

new —-earlier dates

new -—extended trade
only penod

new —coststructure

new —Biggestever
all-media
promotion

IT'S SOUND SENSE FOR YOUR COMPANY TO BE THERE

Complete and post the coupon below for more details

Please send me a brochure with details for intending exhibitors at the 1976 Audio Festival & Fair.

Name Company
Address lelephone number
Complete and postto:  Audio Festival & Fair, lliffe Promotions Ltd.,

Dorset House, Stamford Street, London SE19LU.
Tel:01-261 8000

www.americanradiohistorv. com
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c RYS |.0 N ELECTRONICS LTD.

for

ALL SOUND & COMMUNICATION
EQUIPMENT

SOUND MIXERS CUE SYSTEMS
TALK-BACK ALL ANCILLARY EQUIPMENT

100 WATT
POWER
AMPLIFIER

FREE STANDING
OR
RACK
MOUNTING

FULL PROTECTION CIRCUITS
SEND OR TELEPHONE FOR DETAILS

CRYSLON ELECTRONIC LTD.
SYDENHAM INDUSTRIAL ESTATE
LEAMINGTON SPA, WARWICKSHIRE
Tel. 37628

Wireless World, April 1976

naim audio

the power amplifier

BE FAIR TO YOUR MUSIC

Reproduction of

sound and its acceptability

is dependent on a combination
of physical parameters not yet
fully explored. We believe that
only a compatible combin-
ation of specifications will
enable a system to

reproduce music. We

have taken care that the
NAC 12 and NAP 160 pre
and power amplifier will do
so faithfully, while accepting
the output of any pickup
cartridge and driving

any loudspeaker.

WW — 026 FOR FURTHER DETAILS

IS CHILTON'’S MIXER THE BEST FOR
YOUR USE?

Magnetic tapes Itd make the 10/2 above as well as
a 16/2 and a 12/4 with all the inherent flexibility
and quality customarily found in big studio mixers.
Most of our mixers are constructed to meet the
varying demands of the customer, perhaps we can
do one for you. Prices start at £400 for the basic
10/2 + VAT @ 8%.

MAGNETIC TAPES LTD.
Chiiton Works, Garden Road, Richmond
Surrey TW9 4NS - 01-876 7957

Naim Audio Ltd. 11 Salt Lane, Salisbury, Wilts. Tel: (0722) 3746

WW — 022 FOR FURTHER DETAILS
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ﬁ:tgf \??Im Resistors tocy

VNNl ey A, A an
Resistance Range 1012 to 150K
Tolerance from£1%
Nominal Watage [@ 70 °C upto 50K$2 125mw

Prices from 9.06p each 100 rate
Temperature Coefficients from 50ppM
Size 4-1mm long 1-8mm diameter

[lg [}l]fIIIJ[JfIEf“S TeI:p;ne;582-62241

Luton Road, Dunstable, Bedfordshire, LU5 4LJ England.

%ok Kotk K
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STEREO IC DECODER

(as in "W.W." July '72)
MOTOROLA MC1310P EX STOCK

DELIVERY
SPECIFICATION
Separation: 40dB 50Hz-15kHz
/P level: 560mV rms O/P level: 485mV rms per channel
Input impedance: 5ok} Power requirements: 8-14V at 16mA
Will drive up to 75mA stereo ‘on’ lamp or LED
KIT COMPRISES FIBREGLASS PCB
(Roller tinned). Resistors, |.C.. Capacitors,

Distortion: 0 3%

ONLY WHY PAY
MORE?

Preset Potim & Comprehensive Instructions £398 post free
LIGHT EMITTING DIODE RED 29p
Suitable as stereo ‘on’ indicator for above GREEN  5gp

MC1310P only £2.15 plus p-p. 10p

NOTe
As the supplier of the first MC1310P decoder kit, of which we have sold literally
thousands, our customers can benetit from our wide experience
V.AT.
_ Please add V.A.T. to all prices
- FI-COMP ELECTRONICS )
PORTWOOD INDUSTRIAL ESTATE, CHURCH GRESLEY
BURTON-ON-TRENT, STAFFS. DE11 9PT

wWwWw-americanradiohistorv.com
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The new P14 range is designed to meet —
the demand for a UK source of high Q-
quality, low cost 10mm wound
components. High quality and low cost

has been achieved by designing
specifically for automatic production
techniques representing a high degree

of capital investment.
The range is designed to provide flexible Type P14
winding and tapping arrangements with
adjustable tuning for IF transformers,
oscillator coils and RF inductors. B

Weyrad are manufacturers of 1omm l-F- COlls und
wound components and assemblies
for the electronics industry. trﬂnSfOrmerS
Capabilities include bobbin,
layer, and toroidal winding,
resin/wave encapsulation,
moulding, varnish and wax
impregnation and vacuum filling.
These manufacturing
capabilities are backed by
design and development
sections which offer industry
the widest possible service
and flexibility.

Weyrad (Electronics) Ltd

Head office
Lynch Lane Weymouth Dorset
Teleohone (03057) 3801 Telex 41165
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2 orthose -
| who |
|

appreciate Quality..
| a complete electronic kit
~ The Forgestone 400
high quality
colour television receiver

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

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

‘ ¢ Ready-built and aligned ® Each module kit available

IF module

separately
® Glass epoxy printed circuit @ Fyll technical construction
panels manual

l

I

[ e High quality components @ LT supply regulator

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

Forgestone Colour Developments Limited
| Ketteringham, Wymondham, Norfolk, NR18 9RY, UK

|
Strumech Engineering Limited ' | Telephone: Norwich 810453 (STD 0603) ,___.__ '
Coppice Side, Brownhills, Walsall, West Midf§hds ; R F}
A ! 1 MAIL ORDER — Barclaycard & Access accepted N==_=4 r

Telephone: Brownhitis 4321
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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. 1’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.

ghulre Electronics Limited ' ®
ccleston Road, Maidstone ME15 6AU I —a = WS — 3§ —
Telephone: Maidstone (0622) 59881 ig :

WW--072 FOR FURTHER DETAILS
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Cassette deck. Design for

-a low-noise (s/n 52dB)

front-loading cassette deck

-which can be built for less

than £40.

The ‘‘walltenna’® — an
array of metal foil dipoles
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Switch to complete protection.

Switchto EEV.

A selection from the EEV range.We have
more than 300 types of duplexer devices

currently in production.

The receiver isone of the most important
components in radar equipment. And one of
the most delicate.

Unless the receiver is completely
protected, sensitivity will be degraded and
performance adversely affected.

You can give vour receiver the protection
it needs — by using EEV duplexer devices.

We can supply high-quality devices for
all power levels and radar functions. The EEV
range includes:

o TR tubes. @ TR limitersiprimed and

primerless). @ Pre-TR tubes. @ Protector tubes.

S8dv1

o PIN switches. @Solid state limiters.
e Balanced duplexers. @ Mixer receivers.
@ RI" heads. @ N lonitor diodes. @ Noise sources.

ELEV appreciates the importance of
duplexer devices. Theyv are a major part of
our total microwave capability.

Backed by Europe’s best research, pro-
duction and test facilitics, we can provide
devices which exactly meet vour needs,

Whatever vou want to protect, try EISV's
range forsize.Write'or 'phone for duplexer
device data. Or, even better. tell us vour
precise requirements.

EEVand M-OV know how.

ENGLISH ELECTRIC VALVE CO LTD. Chelmsford. Essex.England CM1 2QU.Tel: 0245 61777 Telex: 99103.Grams: Enelectico Chelmsford. &FEC E
WW—086 FOR FURTHER DETAILS
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Approach to microwave landing

If your holiday beach last year lay at the end of a journey by air the chances are
that the last few miles were flown along a narrow radio beam known as ILS —
instrument landing system. This has become the standard international
approach aid to airfields, and its performance has been steadily improved to the
extent that it enables suitably equipped aircraft to be landed in virtually zero
visibility. In no other function is the pilot required to put so much trust in the
accuracy and reliability of electronics. But a new development known as MLS —
microwave landing system — now holds the attention of the policy makers in the
International Civil Aviation Organisation. Interest in the possibility of a new
approach aid developed in the late 1960s when communications engineers
realised that microwaves, digital computing and advanced cockpit displays
could be brought together to produce a more accurate and versatile system.

ICAO produced in 1972 a set of technical requirements, and five countries
responded: the USA, Britain, France, West Germany and Australia. Their
proposals are now being studied, and a decision is expected next year. The
schemes fall into two categories: Doppler and scanning beam. Britain, along with-
two US companies, ITT Gilfillan and Hazeltine, has put forward a Doppler-based
system (see March 1974 issue, pp. 25-26) which, supported by the UK
Government in collaboration with Plessey, has already been successfully’
demonstrated in flight tests at the Royal Aircraft Establishment, Bedford. Two
other American companies, Texas Instruments and Bendix, pinned their faith on
the alternative technique. Last year the US Federal Aviation Administration, in a
controversial decision which was hotly contested by Britain and the two losing
US companies, chose the scanning-beam system as its proposal to ICAO. The
reasons given for this decision — there was no airborne experience of
scanning-beam equipment to the technical standard specified by ICAO available
for comparison — are not convincing, particularly since the scanning-beam
system as it stands probably cannot provide the accuracy needed to level the
aircraft and reduce its rate of sink just before it touches the runway. This, of
course, is a critical manoeuvre.

America’s choice cannot but influence the ICAO’s committee, the All Weather
Operations Panel, in its deliberations. If it pleads more time for practical
experiments, the FAA is likely to go ahead anyway and introduce
scanning-beam MLS into some US airfields which cannot be served by ILS. Such
a fait accompli may very well capture the majority vote of the ICAO’s
eleven-man AWOP group which will choose one of the five entries as the basis of
its recommendation for an international standard.

Apart from the rights and wrongs of the decision, the companies involved
stand to make money handsomely. Even those firms which backed the losing
method will have the edge over those which have no experience, because the
C-band techniques, aerial design, data-processing and many other aspects are
similar in both systems. This particularly applies to Britain, whose Government
has spent £3.5 million in developing and demonstrating the so far only workable
MLS.

Michael Wilson,
Technical Editor, Flight International

waany amoricanradinohictory com
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Transnstor driver for valve amplifiers

Design for Williamson and other output stages

by Seth Berglund
Lunds University, Sweden

There are certainly a lot of valve audio

amplifiers still in use, and many of them

have an inherent quality of perfor-
mance that makes it reasonable to give
them a thorough repair, with or without
an accompanying modernization. The
work needed for repair may tend to
grow, however, since it may not be
sufficient to replace valves and a few
electrolytic capacitors. A general
degradation of components may have
taken place, and in nearly all instances
of modernization it should be advanta-
geous to replace the rectifying valve by
silicon or maybe selenium rectifiers. So
there may be some doubt as to what is
really needed and what is worthwhile.

For those who are interested in giving
their valve amplifier a positive moder-
nization that will result in obvious
improvements, a description is here
given of a transistor driving amplifier
that can replace the voltage amplifying
stages of many existing power amph-
fiers. The Williamson amplifier' has
been chosen as a typical example for the
discussion that follows, because it is a
well-known design. Other amplifier
designs that have been used for compa-
rison are those designs by Mullard? and
by GEC*.

The original idea was to design an
amplifier with a bandwidth sufficiently
in excess of the output transformer
bandwidth, so that the only phase shift
to take account of should be that of the
transformer. A d.c. amplifier with a
bandwidth of about 1MHz was thought
to be sufficient. Direct coupling from
the input stage to the signal grids of the
output valves leaves the output trans-
former as the only cause of phase shift
at the low frequency end, and the shift
tends to only 90°. So there are no
problems of instability from negative
feedback at the low frequency end,
provided that the usual precautions as
to supply line filtering are taken.

At the high frequency end of the
transformer passband there is usually
one main resonant frequency, often at
about 100kHz, around which the phase
shift passes 90° by a considerable
amount but does not reach 180°. It was
thought therefore that with a band-
width of at least 1MHz for the driver,
the normal amount of 20dB frequency-
independent feedback should be

Fig. 1. A constant voltage Vgo is in this
circuit added to a normal cathode bias.

L

I
:jr‘ ICR

Fig. 2. Further de-velopr-nent of the

circuit in Fig. 1 by means of a gain

function A.

allowable without instability. This was
found to be the case for several output
transformers, at least with a resistive
load. With the Williamson transformer
and output stage according to the
original design, an essentially flat
amplitude-frequency response was
obtained up to 1MHz, and there was
some stabilitv margain.

If a loudspeaker or some load of a
complex nature is inserted, the phase
shift tends to become too large, and the
only way to stability is then to reduce
the closed-loop gain. So.  extended
bandwidth " is no radical solution for
stability at the high frequency end in
the same way as direct coupling is for
low frequencies. And after all, the aim
should not be amplification up to radio
frequencies, but an 1.f. amplifier with a
defined upper frequency limit. This does
not mean that it is a wasted effort to
start with a large bandwidth for the

AAMANN o ariconradiobhictan, com

driver. On the contrary, by starting with
a bandwidth of 1MHz, the high-fre-
quency response can be exactly formed
up to this frequency, using simple
operational amplifier techniques, and so
it can easily be changed to suit differe nt
output transformers, The output vol-
tage of the driver is sufficient even for
large output tubes such as the KT8S;
they are assumed to work in class A or

ABin the design that follows.

Output valve biasing
When direct coupling to the output
valves is used, the grids can still be kept
at zero potential for the quiescent point,
with a normal cathode bias for class A
or AB operation. But this is not neces-
sary and in my opinion not at all the best
way. Let us therefore look at other ways
of biasing. For the sake of simplicity,
single valve biasing is discussed first,
and the valves shown as triodes with
the usual assumption of zero grid
current, i.e. anode and cathode currents
are identical. If thus I, is the anode
current of a triode and R, the outer
cathode resistance, the negative grid
voltage with a normal cathode bias is
Vgh O IaRk'

It is possible, although not often used

.inpractise, to modify the influence of the

anode current on this bias voltage by
the addition of a constant voltage to the
circuit, either in series with the cathode
or, normally with less effort, in the grid
circuit, shown as the voltage V,, in Fig.
1. The grid bias voltage is now V
= Vg — LR,

It isimportant to note that V,, may be
positive as indicated in the figure, or
negative. In the first case a larger.
resistance R, is required than for simple
cathode bias, which makes the grid
voltage more dependent on the anode
current, i.e. there is a better stabiliza-
tion of the quiescent point In the case

.of negative polarity for Vg, the grid

voltage becomes less dependent on the
anode current, as R, must be dimin-
ished For growing negative values of
Vg0 it becomes in the limit equal to the
desired grid voltage. Then R, must go to
zero and the result is a constant grid
voltage.
A grid bias that has exactly the same
dependence on the combination of a
constant voltage and the anode current
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as that of Fig. I, but with improved
means for the choice, can be obtained
by a circuit as shown in Fig. 2. With the
notations according to this figure, and
provided that the operational amplifier
of voltage gain A has zero offset, the
constant part of the grid bias is V,, =
AV,, and the total grid bias becomes

Vg = AV, — (1+A)LR,

In this circuit R, can be a small
resistance, which is an advantage for
large output tubes where the power
dissipated in R, for a normal bias may
be considerable. Most important is,
however, the ease of adjustment to a
desired bias.

The bypass capacitor Cy has retained
its function, and the time constant R, C,,
is chosen as for normal cathode bias.
However, if R, is small, so that it causes
only negligable feedback by itself, the
bias time-constant may be introduced
by a separate RC-link, either before or
after the amplifier.

In the foregoing figures the bias and
signal voltages have been mixed in the
usual way by a grid resistor R, and a
coupling capacitor C,. If a fulf signal
feedback from R, is wanted, corre-
sponding to an unbypassed cathode
resistance in Fig.l, some other type of
mixing circuit is needed. This also holds,
if direct coupling of the signal to the
valve grid is used.

Arrangement of amplifier
To explain the main features of the
complete push-pull amplifier, its layout
is first shown by the simplified circuit of
Fig. 3. The circuit comprises three
differential stages, namely a signal
input stage, a biasing stage for the
sensing of the currents in the output
valves, and between these a mixing and
amplifying stage that drives the valves.
It is a symmetrical circuit throughout
for the input signals, and the necessary
d.c. balance is obtained at the emitter
side of the input stage, in the figure by
means of the potentiometer R,. Another
important feature is that the differential
stages are all supplied by a current
source at the emitter side, instead of
just by a common emitter resistor. A
high common-mode rejection ratio is
thereby obtained, which means that the
input signal and the negative feedback
around the amplifier can be fed differ-
entially to the input stage without
danger of adverse secondary effects.
The current source for the mixing
stage, a single transistor in Fig.3, acts
with the differenual pair as a com-
mon-mode amplifier for the signals
from the preceding biasing stage, so
that the two stages together give a
common-mode voltage gain from cath-
odes to grids that corresponds to the
gain function denoted by A in Fig. 2. The
gain to a sufficiently good approxima-
tion is )

Ry  Rc

A==t ¢
AI=R, IR,

37

Fig. 3. Circuit principles for a complete
push-pull amplifier, but with output
transformer omitted. The inputs are for
signal input and feedback.

Rc%

Resistance R, is selectable for choice of
voltage gain.
As the amplified part of the bias is a

common-mode one, it corresponds to a-

common cathode resistance with the
value R,A/2, and the time constant of
the RC-link is RC/2. The constant part
of the grid bias is simply an offset
voltage, effected by an adjustment of
the potentiometer R,, which is therefore

found to have the double function of °

determining the gain by its resistance
value and the constant voltage by its
adjustment.

The resistances of R, may be so small

" that their direct influence on the valve

bias becomes negligible. They cause a
small lowering of the effective valve
transconductances.

Because the collector resistances of
the mixing stage become fairly large,
there is ample signal amplification
available in this stage for local feedback
to be applied. This is used in the
amplifier for determining the response
by means of the impedances Z.

Amplifier design

The complete amplifier is shown in the
circuit diagram of Fig. 4. Although the
number of components has grown, the
fundamental simplicity as evidenced by
Fig.3 is retained, and there are not any
hidden difficulties such as the need for
tricky adjustments or special demands
on the power supply voltages, whizh
may vary within large limits. The
demands on filtering are not very large
either, since the current sources for the

waany amaricanradinhictan, caom
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differential stages reduce hum. Only the
negative high tension voltage needs a
certain stabilization.

The input common-emitter long-
tailed pair of Fig. 3 is a dual n-p-n
transistor Tr;, and it is completed by an
n-channel dual f.e.t. Tr,, the two
transistors of which are used as input
source followers. This makes the ampli-
fier compatible with "valve amplifiers
with regard to input impedance as well
as to independency of the characteris-
tics of the driving source. So all that is
required of the preamplifier is that it
shall give sufficient voltage.

The d.c. balancing potentiometer Ry,
a 15-turn trimming potentiometer, has
been moved away from the main signal
path into the f.e.t. source circuit, where
it gives a smooth adjustment of the
differential balance. By this change the ,
two resistors R, and Rg also become
more freely selectable for their function
‘to determine the local feedback of the
stage and the gain of the amplifier. They
should be-matched, so as not to cause
additional asymmetry to be balanced
out. It is the combination of f.e.t. and
bipolar transistor pairs that gives the
good input property, together with an
easily variable amplification and a large
bandwidth. Dual transistors must be
used to reduce temperature drift, see
later.

The mixing stage has been developed
to a cascode configuration, which is
very important with regard to harmonic
distortion because the output voltage
swing is large. It is also important that
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the Miller feedback capacitance is kept
very low so that the loading on the
preceding stage can be controlled as
desired, and the amplifier as a whole be
given sufficient bandwidth. The main
local feedback is by means of the
emitter resistors R;; and Ry, but they
need not be matched as their counter-
parts R; and Ry, as the balancing action
‘of Ry, is amplified by the input stage.
Local feedback by the two impe-
dances Z starts at a value of about 12dB
for low frequencies, but increases
within the frequency range 20 to
200kHz to about 26 dB. It forms the

amplitude response as shown in Fig.5,

curve A, Theimpedances Z do not cause
any common-mode feedback but act
together for the differential feedback, so
they do not need matching for their
action. However, matching is needed
for the collector loads of transistors Trs
and Trg for symmetry in driving the
output valves.'The two collector resis-
tors R;5 and R,g should be matched, and
also the impedances as they also load
the collectors.

As to the valve common-mode bias-
ing, there are only two alterations from
the simplified circuit of Fig.3. One is that
the potentiometer for adjustment of the
canstant voltage part has been spiit up
in two fixed resistors, R,y and Ry, and a
15-turn trimming potentiometer, Ry,
This makes the selection of resistances
for a desired value of the amplification
fairly easy, and provides for a smooth
adjustment of the constant voltage. The
other change, mainly for temperature

drift is that the current source for the
mixing stage, Tryg and Try,, is a
complementary pair amplifier.

The gain as defined by Fig.2 is nearly
70, which means that the bias circuit
corresponds to a common-cathode
resistor of 350 ohms. A common-mode
constant grid voltage of about +5V is
added by adjustment of Ry,. The quies-
cent grid-cathode voltage is about —45V
and the valves work in class A.

A negative feedback that senses the

differential direct voltages across the
cathode resistors has also been added to
the circuit. It consists of the matched
resistor pairs Ry, Ry; and Rs, Rg together
with the capacitors C;, C,. This feed-
back is coupled to the amplifier inputs
and has an upper frequency limit of
about 1Hz. It has the same stabilizing
effect on the balance between the tube
currents as two separate cathode resis-
tors of 200 ohms, connected together in
a long-tailed pair configuration but
without influence on the common-
mode bias.

All the above values are easily
changed for desired bias conditions, but
a general discussion of valve biasing is
outside the scope of this article.

A capacitance of 22 pF was originally
used for Cs, but is omitted in the circuit
of Fig. 4. However, output triodes in

Fig. 4. Complete circuit diagram of the
power amplifier. Valves work in class A
as Cs is made zero (see text).

Wireless World, April 1976

class A with a high load impedanceisthe.
only case where the capacitance may be
omitted to some advantage.

Response and distortion

The amplitude-frequency response of
the complete amplifier is shown in Fig.
5. without feedback by curve B, and
with 20dB overall negative feedback by
curve C. The low-frequency response
for small signals is flat down to"10Hz
both with and without feedback. Exact
curves showing the fall below 10Hz are
not interesting, but it is possible to
select a value for C, that gives an
optimum response to square waves at
low frequencies.

There is a dip in transformer response
at about 50kHz, which cannot be
eliminated by simple feedback circuits.
It causes some ringing in square-wave
tests, which of course has nothing to do
with instability. The capacitance of Cg in
the feedback loop has, however, been
chosen so large that it has a damping
influence on the ringing. The series
resistance of Ry; has been chosen as a
compromise to give about the same
frequency response when loaded by a
certain broadband loadspeaker as with
a resistive load. A capacitance inserted
as Cg in the feedback loop without a
series resistance often gives a good
frequency response with a resistive
load, but oscillations when a load-,
speakeris connected. Itsinfluence on the
feedback must therefore always be
carefully checked.

The branch Ry and C; between the

d,ilnifv—: o
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output terminals has been found valua-
ble with several output transformers,
and is therefore recommended. It has no
effect on the response within the
audible band, but represents a resistive
load at high frequencies. Values are not
critical.

It has been an aim to choose about
the same high frequency limit for the
response without feedback as in the
improved version design by Williamson
to make a comparison of the final result
fairly easy. It could be an advantage,
however, to choose a lower high
frequency limit by a change of the
impedances Z.

Total harmonic distortion of the
driver is quite low. For 30V r.m.s. output
on each side it is only about 0.05% at low
frequencies and rises to about 0.1% at
20kHz. This leads to a low distortion for
the whole amplifier even without
overall feedback: at 1kHz this distortion
is only 0.08% for 10W and 0.2 % for 15W
output power.

The overall feedback works fully
‘within the audible band, but the maxi-
mum output power falls at the low and
high frequency ends. At a distortion of
less than a quarter of a percent the
available output power with resistive
load is 20W at middle frequencies and
15W at 20Hz and 15kHz.

The total harmonic distortion, mea-
sured at 20Hz, 1kHz, and 15kHz and
with an output power of 10 and 15W is
summarized in the table below. The
figures are given in percentage distor-
tion, but include what there may be of
hum and noise in the prototype ampli-
fier.

Power Total harmonic distortion (%)
output

(W) 20Hz |I1kHz 15kHz
10, 0.05 0.0l 0.1
15 0.1 0.02  0.25

Circuit working conditions

In all d.c. amplifiers there is a tempera-
ture drift that must be taken account of.
In this case there are really two, namely
a common-mode drift in the biasing
circuit and a differential drift for the
signal path. Drift in the output valves is
not considered.

An obvious cause of common-mode
bias drift is the difference in change of
base-emitter voltage with temperature
for the transistor pair Tr; and Trg. The
two transistors should be of the same
current amplification class, BC107A in
the prototypes, in which case the
difference may be assumed to be
0.1mV/deg C at the most. The drift
voltage is equal in its effect to a false
reading of the direct input voltage on
the base of Trg, and results in a
corresponding shift of the anode cur-
rents of the valves.

If an ambient temperature change as
large as *20deg C is assumed, the
false reading is not more than*2mV,
which is less than 0.3% of the above-
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Fig. 5. Amplitude frequency response
curves for the driver (A) and for the
complete amplifier without (B) and
with feedback (C).

mentioned d.c. input voltage, being
about 700mV. However, the two tran-
sistors must be mounted close together,
so that they experience the same
ambient temperature change. Prefera-
bly they should be plastics transistors
and clamped together, but a dual
transistor is not necessary.

There is also a temperature drift from
differences in the internal heating of the
transistors, for instance at power supply
variations. This is kept low by means of
low collector currents. For the same
reason the design assures a small
collector current for Try in the current
source, and the transistor drift is partly
balanced out by D4. The balance is not
as good as for a couple of equal
transistors, but here the drift is inside
the feedback loop and has less influence
on the valve currents, about one third of
that of the preceding transistor pair.

waany americanradinhistory com

The main cause of differential drift is
the input dual f.e.t. Atthough its thermal
drift of gate-source voltage difference
for specified working conditions is less
than 40uV/deg C, its drift in the circuit
may be larger, on account of shifts of
quiescent points. There is also up to
10uV/deg C drift in the dual bipolar
transistor, and some additional drift
from the transistor pair Try, Try. As a
summation a temperature drift of up to
100 pV/deg C referred to the input of.
the amplifier will be assumed.

To find what the above drift means as
a drift in quiescent current for the
valves, the d.c. feedback from the
cathodes to the input circuit will first be
assumed inoperative. The differential
voltage amplification to the grids is 450
and the transconductance is 10mA/V,
which gives 0.45mA/deg C differential
drift for the anode currents, or =9mA
for a change in temperature of *20deg
C. This is at the'limit of what should be
allowable, but, on the other hand, fairly
wide limits as to the causes are
assumed.

The picture of drift changes radically,
however, if the d.c. differential feedback
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is inserted. The feedback is 14dB from

d.c. to about 1Hz, and the above anode
drift becomes less than *2mA for a
+20deg C temperature change. The
feedback also reduces d.c. drift from
other causes, such as changes of
component values with time. Its equi-
valence to a pair of separate cathode
resistances has already been shown.

The above feedback may, on the
whole, be regarded as a possibility
rather than a necessity, and 14dB is
certainly more than necessary. The time
constant in the feedback circuit is so
large that temporary deviations from
symmetry in the signal (musical) vol-
tage should not cause appreciable d.c.
shifts.

Stabilization is needed for the nega-
tive high tension voltage, because a
+10% variation of this voltage would
cause too large variations in the valve
bias. A simple stabilization, for instance
by means of a series resistance from
a —300V supply feeding a chain of six
0.4W, 33V zener diodes is sufficient. The
voltage is of course not critical.

Constructional details
The layout of the circuit on a printed
circuit board or otherwise is not critical.
It has already been mentioned that the
two transistors of the pairs Trs, Try and
Tr;, Trg should be mounted for close
thermal connexion, and so should Try be
with D,. To avoid heating effects from
the collector resistors Rjs and Ry,
mount them with the valves, and not on
a p.c. board. The circuit should be
mounted away from the mains trans-
former and filtering choke to avoid
induced hum from stray magnetic
fields. It should also be kept away from
any hot air stream or heat radiation
from the valves. These precautions do
not cause any problem, as the circuit
may be given fairly small dimensions.
Simple metal shields have been used in
the prototype amplifiers.

Five-percent resistors have been
use, and for matched pairs a 2%

Fig. 6. Components in feedback

circuits, Rs, C;, Rs, C4 and C, are not
included on board; neither are R5 and
Rys. Mono printed boards are available
for £2 inclusive from M. R. Sagin, 11
Villiers Road, London NW9.

difference is acceptable, although a
closer tolerance may be required for the
resistor pairs in the d.c. feedback, or the
value of R, may prove not to be
sufficient

In a first construction, the d.c.
feedback should be omitted, and put
into effect only as a finishing touch.

For the positive and negative supply
voltages of 25V in Fig. 4 the recom-
mended, values are 25 to 30V, but there
is no need for symmetry. The value of
collector currents for the cascode stage
is 6 to TmA. The currents of the other
stages are evident from the values of the
resistors Rjs, Ray and Ry, since the
voltage across these is about 4.3V.

Any transistor in the Philips
BFQI10-16 family may be used at the
input, and there are of course also other
replacement types, for instance the
Siliconix E401. There are also a number
of replacements for the Motorola
MPS-A92, for instance MPS-U60, BFT19
(RCA), and BFW43 and BFW44 (SGS-
Ates). There are numerous replace-
ments for BC107 and BC177, and also for
the dual transistor BCY89, which is the
least expensive of the BCY87-89 family.

Concluding remarks
One reason for the choice of KTB88
valves connected as triodes was that
they put high demands on the driver,
and so are suitable for presentation of
driver qualities. The same valves con-
nected as pentodes or with a distributed
load are more easily driven because the
Miller capactiance is lower. An obvious
conclusion is therefore that the driver
should suit most power amplifiers
except for very large ones that require
several output valves in parallel.

The ratio between the negative high
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tension voltage for the cascode stage
and the maximum grid peak-to-peak
voltage is about two. When smaller
output tubes are used, such as EL34,
EL506 or EL84, the negative voltage
should be lowered, but the above ratio
not made smaller — a value between
two and three is preferred. The collector
currents for the cascode stage should be
maintained, and the collector resistors
chosen accordingly.
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Logic design course

Digital System Design is the name of a course
to be held at Chelsea College, Pulton Place,
London SW6, from May 17 to 21. This course
is designed to give practising engineers and
scientists a formal approach to the logical
design of digital systems and should prove
useful to those engineers and scientists
working in the field of digital electronics who
have had no previous training in methods of
logic design. Enquiries should be addressed
to Professor J. E. Houldin at the above
address.
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Mobile radio price fears

According to the Mobile Radio Users’
Association, essential public services as
well as commerce and industry will
experience escalating equipment costs
during the next ten years in the use of
mobile radio. Proposals made by the
Home Office in their preparations for
the 1979 World Administrative Radio
Conference — which will decide the
amount of frequency spectrum required
for the 1980s — suggest even greater
usage of mobile radio frequencies now
available.

Such measures “would entail vastly
more expensive equipment and re-
organization of the present allocated
spectrum at a time when users are
already experiencing increasing inter-
ference in the main conurbations, as’
well as being forced to share facilities.”
The Mobile Radio Users’ Association is
busy gathering support from its
members to prepare a case for the
allocation of more of the spectrum to
.mobile radio. They think that unless this
is done, unfair and costly restrictions
will be imposed on what is an essential
cost-saving and efficiency-improving
tool for the country, resulting in the
“trebling of costs and the curtailing of
growth within the industry.”

S——

BS9000 mandatory for
military equipment

From February 1 the Ministry of
Defence introduced a new contracts
clause requiring electronic components
used in the design of MOD-sponsored
equipment to be approved within the
BS9000 standards system. Any neces-
sary exceptions will be kept to the
minimum. Military forces rely heavily
on electronic equipment, which they
expect to function reliably under exact-
ing conditions, and they therefore
consider it essential to have an effective
system of component specification and
quality assurance.

The BS9000 series was formulated by
the British Standards Institution in
1967, in collaboration with Government
departments, industry and other users,

to specify a range of electronic com-
ponents meeting levels of quality
assurance and performance acceptable
for common use in industry and the
military services. The Ministry of
Defence has supported the scheme,.
believing that a national system offers
greater benefits than one restricted to
military requirements. In particular the
larger volume of components covered
by BS9000 permits economies in reduc-
ing wasteful proliferation of component
types. Although the use of BS9000
components is growing, progress has
been slower than originally hoped.
Since the full advantages of the scheme
will not be realised until BS8000 is more
widely used, the Ministry of Defence is
now taking steps to extend its applica-
tion in the military equipment
industries.

Union for engineers?

Professional engineers need a union,
with strong and experienced leaders
and affiliation to the TUC, according to
Dr G. F. Gainsborough, secretary of the
Institution of Electrical Engineers.
Writing in the February issue of IEE-
News he refers to a recent report* of a
Council of Engineering Institutions
working party which urges that engin-
eers should join a union, and backs a
suggestion that the Electrical Power
Engineers’ Association (EPEA) should
change its name and constitution to
make it representative of all engineer-
ing disciplines. The March issue of
Wireless World (p.43) proposed rather a
union to be formed on an industry-
téchnology basis for technicians and
professional engineers in electronics.
(About half of the unions affiliated to

In the new Radio
London Studio,
Marylebone High
Street. Picture
shows d.j. Robbie
Vincent at his
control desk.

41

the TUC are based on particular crafts,
trades or technologies.)
*“CEl Professional Engineers and Trade

Unions”

Direction finder for
Cape Gris Nez

Following the successful completion of
trials at Cape Gris Nez (between
Boulogne and Calais) the French office
of lighthouses and maritime signals has
ordered a v.h.f. direction finder. The
monitoring of shipping in the English
Channel by radar has not proved itself
to be completely satisfactory as the
unambiguous identification of ships is
not immediate enough and presumes
among other things the manoeuvrabili-
ty of the ships and that the v.h.f.
communication channels are not too
crowded. This led to the additional use
of a v.hf. direction finder which was
tested out for the task. In contrast to
other identification aids, direction
finders possess the advantage of
requiring no extra aids on board ships
except the v.hf. radio systems which
most ships have anyway. Also, in the

.case of emergencies they canimmediate-

ly provide the exact position of
disabled ships. The Rohde & Schwarz
NP7 direction finder used works in the
frequency range of maritime radio (156
to 162 or 174MHz) and delivers bearing
values with a maximum deviation of
only one degree. The NP7 operates on
the Doppler principle and uses an
antenna system made up of 32 dipoles
arranged on a circle plus one antenna in
the centre. An antenna commutator
simulates the rotation of a single
antenna on this circle. The bearing
indicator automatically provides a
three-digit display of the direction to
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the transmitter target, the measured
value being averaged over 180 simulat-
ed rotations of the d.f. antenna.

TV goes underground

Platforms on the new Heathrow Central
underground station at London Airport
will be monitored with a closed-circuit
TV system. This will allow London
Transport observers at Earls Court
station to view the platforms at the last
three stations on the new Piccadilly
Line extension — Heathrow Central,
Hatton Cross, Hounslow West. The
installation consists of a single coaxial
cable linking all stations along the line
and control cables for switching the
selected cameras at the different sta-
tions to two monitors at Earls Court.
The installation contract, awarded to
British Relay TV Ltd, covers video-
switching and modulating equipment at
the “observed” stations, amplifying
equipment for picture transmission, at
h.f. and the receiving and switching
equipment at Earls Court. The system is
capable of carrying three vision chan-
nels in the 3 to 30MHz frequency band.

Sun-tan for components

A solar radiation simulator is in use at’
the Product Assessment Laboratories of

Not the latest
electronic guided
weapon but Jim
Taylor, an
installation
supervisor for
General
Telephone and
Electronics
Company of
Florida who
resorts to the
bowman’s
ancient art
whenever he has
to install
telephone lines in
inaccessible
places.

Plessey in Titchfield. The simulator has
been introduced to meet new specifica-
tions which have been laid down by the
International Electro-Technical
Commission and the British Standards
Institution. Artificially created sun-
shine can be applied to test samples to
determine their ability to withstand
both visible and invisible radiation in
natural sunlight. The simulator will
show the effect of u.v. radiation on
rubbers and plastics such as cable forms
and plastic assemblies and will also
create a temperature rise in equipment
to enable designers to check solar
radiation protection and the operation
of cooling systems. Electronic trackside
railway signalling equipment is under
investigation at the Plessey laboratories
and the facility is expected to be widely
used in testing virtually anything that
stands in the open air. The sun simula-
tor is claimed to be able to reproduce
the worst solar radiation conditions

throughout the world.

Secondary radar for
MRCA

—_— ..
A secondary radar data display system
to be installed at British Aircraft
Corporation’s military aircraft division
flight test centre at Warton is scheduled
to be in service within ten months,
serving BAC and the development
flying programme of the Multi-Role
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Combat Aircraft. The design of the
system is claimed to provide an econo-
mic solution to the surveillance and
control problems of any small airfield
with radar facilities. It will also increase
air safety by providing additional flight
data to the air traffic controllers at
Warton where full flight envelope
testing of supersonic aircraft takes
place relatively close to civil air lanes
and the busy Manchester control zone.

At present, the air traffic control unit
at Warton relies solely on a Marconi
S$264 primary radar, backed up by a
precision approach radar. This has
recently been improved by the addition
of a digital signal processor and pro-
vides primary cover up to a distance of
160 miles. The secondary radar data
display system, to be provided under a
new contract to Marconi Radar Sys-
tems, will take this primary information
in its new form and present it to the
controller combined with secondary
and primary extracted radar data
obtained via landline from Civil Avia-
tion Authority’s St Ahne’s facility about
four miles away. The ability to revert to
a local primary picture is retained. The
facilities available at each radar display
positioninclude raw local primary radar
data, video and digital map data,
reference marks, emergency indications
plus full control over range, off-centre
and presentation parameters.

Colour TV deliveries
for ‘75

Deliveries to UK distributors of UK
made and imported colour television
receivers reached 150,000 in December,
a fall of 7% on December 1974, accord-
ing to the latest statistics compiled by
the 'British Radio- Equipment Manu-
facturers’ Association. This brought the
total for the year to 1,590,000, a fall of
28% compared with the same period in
1974. Total monochrome set deliveries

for December. were 67,000, an increase

of 52% compared with December 1974;
this brings the year’s total to 938,000, a
15% increase on the same period of last
year. These figures include deliveries to
rental and relay companies.

Leeds electronics
exhibition

Visitors to the 1976 Leeds Electronics
Exhibition will be able to hear about
current technology and applications of
microprocessors. Three lectures on this
subject are being arranged for day two
of the show and one lecture for day
three. Also in the programme of lectures
which traditionally accompanies the
Leeds show is one on switched mode
power supplies. The exhibition will take
place in the Department of Electrical
and Electronic Engineering at Leeds
University on June 29, 30 and July 1.
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Communication theory

1 — Information is finite

by D. A. Bell

University of Hull

A generation ago one might have said
that language was one of the main
features distinguishing man from the
animals. But now it is known that most
animals, from chimpanzees to bees,
have systematic methods of communi-
cation by sounds and gestures; and the
unfortunate person who is deaf and
dumb (and therefore would a few
centuries ago have been regarded as
stupid) can communicate by “deaf and
dumb language.” All of this goes to
show that communication can be
effected by various means; and the
superiority of human speech lies in its
speed and flexibility which enable it to
convey a very wide range of messages,
including abstract ideas.

The introduction of the word idea is a
cue to point out that the communica-
tion or information theory of engineers
is not concerned with “ideas”: it handles
only “messages.” This might sound like
a severe limitation but in fact it is not,
since any set of words, for example, can
be regarded as a message; and the “set
of words” might be the Bible, the
collected works of Shakespeare, or the
works of your favourite science-fiction
author. By choosing a set of words we
have made the number of possible
messages finite in the mathematical
sense though inconceivably large: there
are some 35,000 words in an English
dictionary so the number of different
sets of, say, 100,000 words is rather more
than 10 to the power of 400,000. If I
assume that every reader has a copy of
the Concise Oxford Dictionary (5th
edition, 1964) I can represent any word
by a code of the form n, a n, where n, is
the page number, a is L or R for
left-hand or right-hand column and n, is
the serial number of the word in the
column. The opening words of this
articie would then be represented by:
1L2 509R4 26L13 544R7 767L6.

This is very clumsy and time-con-
suming as it means looking up every
word in the dictionary (though I am
sure one would soon get to recognise
the codes for common words, like 1L2
and 544R7) but it has several
noteworthy features:

(1) It reminds us that communication

requires that sender and receiver agree
on the code to be used, even if only on a
common language.

(2) It is more precise than words. 767L6
in the dictionary reads “might’. See
MAY ', thus distinguishing it from
“might'” meaning great strength.

(3) It illustrates the point that words
may be represented by all sorts of
different symbols during the process of
communication.

(4) From the sample given above it
would appear that the typical length of

*a code group is 5 characters, which

compares with 5 letters for an average
English word. But 4 of the 5 characters
are now numerals in the scale 0-9 and
the fifth has only two values, L or R. So
there is some economy.

It also makes it clear that we are
talking about the kind of communica-
tion which consists in selecting in turn
particular signals from a known set of
signals or code; and the kind of
information which can be communicat-
ed in this way is called selective
information. Now most of the informa-
tion we handle is of this kind: the
current price of gold; which of the
national contestants became Miss
World; which premium bond drew a
prize; which airline has just had a plane
crash; what are the frequencies and
times of BBC stereo broadcasts. These
are ail questions which can be answered
by drawing a particular number or
name from the range of numbers and
names which was known to exist, and
less specific or more complex informa-
tion can be communicated by a more or
less lengthy series of words selected
from the dictionary. New ideas, on the
other hand, cannot always be specified
definitively by existing words or groups
of words and may have to be assimilated
gradually from the context in which
new words or phrases are used. If I look
in the dictionary for “meaning” [ am
referred to “significant’” and vice versa.
But under “bread” 1 find “Flour mois-
tened, kneaded and baked, usually
with leaven”. Thus a concrete object
can be broken down into its compon-
ents or alternatively it can be described
in terms of shape, colour, texture etc,;
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but an abstract idea like “meaning” can
only be learned through experience of
the way in which the word is used. It is
also a prime principle of communication
theory that one should not communi-
cate information which was already
known; this means that the amount of
information transmitted is measured by
the increase in amount of information
possessed by the recipient. The method
of measuring the amount of information
will come later.

Communication is never absolutely
certain. The hi-fi enthusiast may ask for
“perfect” reproduction, but the engin-
eer knows that at least there will be
Johnson noise in the circuits, with
power RTB* in bandwidth B. So the
engineer must ask “How good is good
enough?” Ask him for 60, 70 . . . . dB
signal-to-noise ratio and he will tell you
whether it is possible and how much it
will cost; but ask him for perfection and
he will either shake his head or decide
for himself what standard the customer
will accept as perfect. But if we are
communicating only selections from a
finite set of signals, it is obvious that the
s/n ratio required is just enough to
prevent one signal being mistaken for
another. This idea is usually illustrated
by the analogy of representing the
several signals by pointsin space. (It has
to be multi-dimensional space with a
large number of dimensions.) These
points have to be far enough apart that
when the co-ordinates of one of the
points are given then in spite of the
noise in the system a seeker armed with
the co-ordinates will arrive within reach
of the desired point and of no other. The
sort of practical problems to be solved
by communication theory are therefore
as follows.

(1) Given a set of messages (of known
number) from which selections are to be
communicated through a channel of
given bandwidth and s/n ratio, what are:
the best shapes of signal to use to
represent the messages?

(ii) With the conditions in (i), what will
be the reliability of communication, or

*k = Boltzmann’s constant and T = circuit
temperature.
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how should the conditions be altered to
achieve some specified standard of
reliability?
(iii) How does speed of communication
tie in with everything else?

Ignoring derivations and proofs, we
can answer questions (ii) and (iii) by
quoting Shannon’s key formula

C< Wlog (1 + P/N) 6}

which is part of the following theorem:
By a sufficiently complicated method of
encoding it is possible to communicate
information at any rate.up to C through
a channel of bandwidth W and ratio
P/N of signal power to noise power with
negligible risk of error. This is the
channel capacity theorem. Note that
this evades question (i) by postulating
“a sufficiently complicated system of
encoding.” The hypothetical system of
coding which allows the equality sign to
be used in formula (i) is called “ideal
coding.” Much effort has been devoted
to the search for coding methods which
approach this ideal. Another point is
that where we have loosely said “with
negligible risk of error” one should ask
“negligible in comparison with what?”
To be precise, Shannon showed that the
risk of error may be made as small as we
wish by making the signals long enough
in time. There are therefore advantages
in putting the formula in symmetrical
form

I< TWlog(l + P/N) (2)

where I is the amount of information
transmitted in time T.

T can be measured in seconds, W in
hertz and P/N is a ratio (e.g. of watts);
but we have not yet any measure of I
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Now any information can be communi-
cated, between two people using the
same code book, by a sufficient number
of yes/no questions. This was noted by
Francis Bacon in 1623 when he devised a
code in which each letter of the
alphabet was represented by five binary
symbols and said that “And here, by
the way, we gain no small advantage, as
this contrivance shows a method of
expressing and signifying one’s mind to
any distance by objects that are either
visible or audible — provided only the
objects are but capable of two differ-
ences, as bells, speaking trumpets,
fireworks, cannon etc.”

A simple example is that about 16
binary decisions should suffice to locate
any word in the Concise Oxford Dic-
tionary if I start with first or second
half, quarters, eighths . . . and finally
down to fractions of a page. (I have to
say “about” because the number of
pages is not a power of 2 and the
number of words per page is not
uniform; the Dictionary was not
designed for this exercise!) It follows
that (selective) information can always
be expressed as an equivalent number
of binary units; and I in (2) is measured
in bits or C in (1) in bits per second. But

" this is not the whole story. If a “sixteen

GENERALISE, jener-al-
GENERALSHIP, ‘jen‘er-al s

ronggy ef At. to [
i GENERATION, je§-é-ra‘’sh
N in ; off ng, peo
GEWA%IVE", jen-éra t
GENERIC;
GENEROSITY, jen-crios

~

questions” guessing game with the
dictionary leads me to the top half of the
right-hand column of p.943 I shall think
that the word I am seeking is likely to be
pompous or pond, but unlikely to be
pompano or pompier, for example. So
the measure of the amount of informa-

Fig. 1. Identification of a word: (a) the
dictionary, (b) the page number, (c) the
column, (d) the word.
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tion which is communicated must take
account of the pre-existing probabilities
and not merely absolute certainties; and
we now take the view that the amount
of information communicated is related
to the reduction in uncertainty or to the
extent to which it allows a reassessment
of probabilities at the receiving end of
the channel. It can be shown mathema-
tically that the only satisfactory mea-
sure of the uncertainty related to a finite
group of probabilities is the entropy

N
H= —2 pi log p; 3)

i=1

where the p; are the individual probabi-
lities in a set of N distinct probabilities.
Since probabilities are by definition less
than unity, each log p; is a negative
quantity and H is positive.

Entropy has significance in thermo-
dynamics and statistical mechanics, but
the exact relationship between the
different applications of entropy need
not concern us. It suffices to say that
entropy is always associated with ideas
of disorder, confusion or indistingui-
shability of one state of a.system from
another. It is therefore natural to
associate it with uncertainty and use
reduction in entropy as a quantitative
measure of information. .

So far as we are concerned, H in
formula (3) is just the weighted mean of
all the logarithms of the probabilities,
each logarithm being weighted with its
own probability of occurrence, and it
can be measured in bits. (Readers are
probably familiar with the transforma-
tion from common logarithms (log;,) to
natural logarithms (log,) by multiplying
by 2.3. Equally one can work in logar-
ithms to base 2 and if the units in
formulae (1), (2) and (3) are bits it must
be understood that the logarithms are
(logz). An important property of H is
that it has a maximum value of —log p
when all p’s are equal and is zero if one
probability is unity and all others zero.
For if one probability p,=1, log p,=0
and all the other p;=0; so Xp logp
=0 when one possibility can be
selected with certainty.

For a simple application to a com-
munication situation, suppose we are
watching a Telex machine which we
know is going to print a string of letters.
Before a letter is printed there is a
probability of 1/26 for each letter of the
alphabet and H=-log, (1/26)=log,
26=4.7 bits. If the letter Q is printed,
H =0 for this letter; and the information
attributed to the communication of one
letter is equal to the reduction of
entropy of 4.7 bits. But if instead of “a
string of letters” the Telex output was
known to be English language text, the
appearance of Q would be quite impro-
bable but the appearance of E would be
probable. This prior knowledge of
probabilities constitutes information
which we already have at the receiver
and thereby reduces the amount of
information which has been communi-
cated. This is allowed for by recalculat-



www.americanradiohistory.com

' Wireless World, April 1976

ing the value of H before the letter was
received, putting the English-language
weighting for each letter in the formula

26
H=-3p; log p, )
i=1
This will necessarily be less than the
maximum value obtained when all the
p's are equal and therefore its reduction
to zero will represent less increase in
information. (Actually the entropy of
the English-language-weighted alpha-
bet of 26 letters is reduced only to 4.3
bits per letter.)

But now let us look at the line
engineer's view. Each letter is repre-
sented by five units (plus some synch-
ronising pulses). and the receiving
equipment must be set up with a
threshold which decides between mark
and space for each of the five units.
Suppose the line is noisy so that there is
a 10% chance that any one (but only
one) of the units will be incorrectly
interpreted. Then 5 letters which differ
in one unit from the letter sent will each
have a (1/5) X 0.1 chance of being
printed and the entropy after receipt of
the noisy signal will look like this:

H=-Zplogp = - (5 X 0.6210g0.02 +
0.9 log 0.9) )

In binary units this is 0.701 bits.
The information transmitted is the
difference between the uncertainty
before and the uncertainty after
transmission, which in this case with
English language is nearly 3.6 bits. So
now we are able to measure the amount
of information which is communicated
even when noise in the channel means
that nothing is certain. An important
result of applying formula (3) to abinary.
channel (N=2) is that a 50% error rate
means zero communication of
information. For if when 1 is received
the chances are 50 — 50 whether 0 or 1
was transmitted, one might as well toss
a coin at the receiver and dispense with
the communication channel. »

Now we have admitted that there will
always be noise in the communication
channel. if it is random noise it may
have any value of instantaneous ampli-
tude up to infinity, but for just over
two-thirds of the time it will not exceed
the r.m.s. value. How can we reconcile
this presence of occasional noise ampli-
tudes which are many times bigger than
the r.m.s. value with the channel
capacity theorem? .

That there is a real problem is shown
by the following very crude and
approximate interpretation of formula
(2). If the signal-to-noise ratio is good,
1+ P/N =~ P/N and the amplitude ratio
is approximately \/(P/N). The logar-
ithm of the square root is half the
logarithm of the original quantity, so

I ~ 2TW log [\/(P/N)] (6)

Now 2 TWis the number of independent
pulses that can be associated with the
time-bandwidth product TW and in the

(x4 X3---Xp)
plus noise

Fig. 2. The distance between signals
must be greater than the likely effect
of noise.

absence of noise digital information can
always be expressed in the form

I,=nlog$ )

where n is the number of digits and S
the number of states or amplitude levels
for each digit.

Comparing (6) and (7), the channel
capacity theorem seems to be saying
that the number of amplitude levels can
be spaced at intervals equal to the r.m.s.
noise; but the instantaneous noise
exceeds the r.m.s. value for about one
third of the time, so how can errors then

‘be negligible? The answer is in the first

few words of the theorem “By a
sufficiently complicated method of
coding...” A proper derivation of the
channel capacity theorem is fairly
mathematical, and the further one goes
in search of “ideal coding” the more one
gets entangled in mathematics; but
there are two principles which can be
stated non-mathematically:

(1) Since the number of messages is
finite, one has only to choose a finite set
of signals which are sufficiently differ-
ent from each other that even in the
presence of noise one is unlikely to pick
the wrong one. (This difference is often
called the “distance” between signals.)
(2) A single instantaneous amplitude of
noise may have a large value, but it is
unlikely that a number of instantaneous
values in succession will all have large
values, and the more samples you take
the nearer their average' will come to
what we regard as the r.m.s. value of the
noise.

An example of the second principle is

tStrictly speaking this “average” must be the
root-mean-square value of the samples and what
we normally call the r.m s. value of the noise is that
which we should obtain with an infinite number of
samples.

Fig. 3. (a) signal transmitted, 11010;
(b) signal received, 11010 or 11011?
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that if you listen to the audio output
from a high-gain receiver you will hear
noise because the ear can respond to
pulses lasting only one tenth of a
millisecond; but if you connect an a.c.
voltmeter with a response time of about
a second, it will probably give a
perfectly steady reading. This is because
it will have averaged the noise over a
TW product of about 10,000.

So “ideal coding” requires first that
you construct signals with sufficient
mutual differences (or distances) and
second that you both construct signals
which require a large value of TW and
wait until the whole of a signal has been
received before you try to identify it.
Thus in principle ideal coding involves
delay; but if W is of the order of
kilohertz then T, and hence the delay,
need anly be of the order of a second to
make TW large.

More recently the question has been
put, “Supposing I do exceed the channel
capacity defined by formula (1), how
bad will the system be?” If we regard all
differences between the received and
transmitted signals as distortion, it is
possible to formulate a relationship
between the amount of such distortion
and the rate of communication. The
latter must take account of the fact that
information is not received with cer-
tainty. For each received symbol one
has only a set of probabilities of the
various possible transmitted symbols;
and in general different symbols may be
made to have different probabilities of
error. There results a rather complicat-
ed mathematical function called the
rate distortion function which relates
the rate of communication which can be
achieved to a specified degree of
distortion.

All that we have said so far about
finite sets of messages seems to apply
readily to telegraphy, where digital
signals are natural, but what about
telephony, television etc. when the
signals are basicaily in continuous

.analogue form?

The answer is that continuous ana-
logue signals may be reduced to discrete
form by the two processes of quantizing
in amplitude and sampling in time. No
magnitude is ever known with absolute
precision so it can always be equated to
the nearest of a number of fixed levels if
the latter are at close enough intervals.
This process of equating to a pre-se-
lected value is known as quantizing,
and is no different from expressing a
magnitude by a figure taken to a finite
number of decimal places. The fineness
of quantizing — the number of decimal
places in the analogy — is chosen to give
the desired accuracy. The other opera-
tion which is needed is sampling in time.

It was mentioned in connection with

(a)

WaAss aaricanradiahictan, cam.
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‘formulae (6) and (7) that the maximum
rate at which independent pulses can be
transmitted through a channel is two
per unit of time-bandwidth. This is often
called the Nyquist rate, since it was
stated by Nyquist in relation to tele-
graphy in 1928* An equivalent state-
ment in very general terms due to
Gabor** is that however one may try to
construct a minimum signal element it
will obey the law

Sf .5t = Y% ®)

where the equivalent extent of the
signal in bandwidth and time, 8f and 8¢,
is measured by a statistical formula
which can be applied however fast or
slowly the signal is cut off in frequency
and in time. This is mathematically true
because the frequency spectrum of a
signal is the Fourier transform of its
time waveform; but the cut-off points
equivalent to this 3f and 8¢ do not
correspend in any way with 3dB points.
Gabor’s theorem of the minimum signal
is in close analogy with Heisenberg'’s
principle of indeterminacy in physics,
which is generally written as 8p. 8q = h
where h is Planck’s quantum and p and
q are a pair of conjugate co-ordinates of
a particle such as its momentum and
position.

The counterpart of the rule about
pulse rate is that any waveform of
which the Fourier components can be
contained in a bandwidth W and of
which the duration is T can be recon-
structed unambiguously from 2WT
suitably chosen samples. This is the
sampling theorem. If the waveform
corresponds to a low-pass band from 0
to W hertz, then evenly spaced samples
at two per cycle of the highest fre-
quency are suitable. (This is the form of
the sampling theorem which is most
commonly used. Other arrangements of
2TW samples are possible, and a differ-
ent sampling pattern is needed for
bandpass signals.) The original wave-
form is reconstructed if the nth sample
of amplitude a, causes the receiver to
generate a unit waveform

sinm 2wt — n)
a, ——

7 (2wt — n)

This method of reconstructing the
waveform is open to criticism in theory,
though in practice it is good enough
provided that TW is large. The difficulty
is that the waveform (sin x)/x extends

fromx = —ootox = + ocoS0 no one of

the waveforms used for reconstruction
can be completely contained in the time
interval T. But the functicn is small for x
outside * 4 w so the imperfect recon-
struction is noticeable only in the
neighbourhood of the first and last

*H. Nyquist, “Certain Topics in Telegraph
Transmission Theory,” Trans. A.LE.E. vol. 47, p.617,
«1928.

**D. Gabor, "Theory of Communication,” J.IL.E.E.,
Part I11, vol. 93, p.429, 1946.

samples, and this is unimportant if TW
is large. Assuming for the moment that
formula (1) is of general application, it
says that for a given communication

QUANTISING LEVELS

SAMPLING TIMES

Fig. 4. Digitising a waveform.

rate one can change bandwidth provid-
ed one adjusts P/N accordingly, and
vice versa. This is a qualitative retro-
spective justification of systems like
f.m. where for a given output the carrier
signal-to-noise may be allowed to drop
in exchange for the use of a greater
bandwidth. The idea of exchanging
bandwidth against signal-to-noise was
not obvious while we were always
thinking of hi-fi transmission of the
original sound or other waveform. But it
arises naturally from the Shannon
approach of communicating signals
from a finite and pre-arranged set
instead of arbitrary waveforms.

Thus we have shown that informa-
tion is an objectively measurable quan-
tity; and in consequence communic-
ation channels can be designed in terms of
the communication of information
rather than of the faithful transmission
of waveforms.

(Next article: redundancy and the
exchange rate)

Sixty Years Ago)

The following extracts from the April 1916
issue of Wireless World were drawn from an
informative article by Wm. S. Purser entitled
The Banjo — A Pastime for Wireless
Operators. “One of the popular fallacies
regarding the banjo is that one has to have a

‘black face and sing nigger songs . ... Some

talk has been heard in the past of elevating
the banjo, and playing classical music upon it
.... The banjo may be regarded as symbolical
of good fellowship . . . . When purchasing an
instrument select a British-made ordinary
banjo and you will have a reliable article

~which will stand any climate . . . . Do not be

misguided by the expression ‘Anything will
do to learn on’. The banjo should have five
strings . . . . Wireless operators and others
going on voyages or to out-of-the-way places
should purchase strings by the dozen. Having
decided on your brand of strings, always get
them from the same place . . . . After gut
strings have been exposed to the sea air for a
long time on the instrument they gradually
turn green”. Follow that.

wwaLamericanradiahistary com
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(HF predictions)

There are no signs of vigour in current solar
activity and expectations of an established upward
trend by the end of the year seem optimistic at
present.

Seasonal changes in highest probable frequency
(HPF) and optimum working frequency (FOT)
curves become evident this month and magnetic
disturbances are likely to occur over March 14 to 19
and April 10 to 15.

MHz

Montreal | '
30 . I ; i
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FM tuner designs

2 — Improved performance; further facilities

by D. C. Read, B.Sc.

Changes which provide the tuner
described in part 1 of this article with
some additional control and monitoring
facilities and a more flexible input
circuit are shown in Fig. 5. The extra
gain-controlled r.f. stage comprising the
dual-gate m.osfet, Tr, can be
arranged to function in different ways
according to local reception conditions.
Two alternatives are illustrated in the
circuit diagram by the indicated possi-
ble connection of a 10k resistor
between Tr; source and the positive
supply rail. Circuit operation is as
follows.

With 10k resistor. The stage pro-
duces either a gain (maximum 6dB) or a
loss (maximum 12dB) under the control
of the a.g.c. voltage returned from the
i.c. This division into two control
regions makes the most efficient use of
the available 18dB a.g.c. range whereby
large incoming signals are reduced in
level to prevent oscillator pulling but
weak signals are given low-noise
amplification before the LP1186 r.f. and
mixer stages, so that the noise these
produce is added in smaller proportion.

Without resistor. The stage gives
low-noise gain with a value between
zero and 12dB again depending on the
a.g.c. voltage. This arrangement is
suitable for tuners used in fringe areas
where received signals are low; i.e.
where increased sensitivity is required
and high-level incoming signals are not
normally encountered.

A further possibility makes even
more effective use of the m.o.s.fe.t.
characteristics but at the expense of
added complexity, particularly in set-
ting up. If the Tr,, source is held at a
fixed voltage, say by means of a
low-value zener between it and the
0-volt rail with a current feed via a
resistor to the positive rail, then the
a.g.c. range is extended because the
source-follower feedback action which
modifies the effect of the control
voltage on gate 2 is inhibited.

The spread of characteristics for
f.e.t. devices is such that, without this
stabilizing feedback, the bias on gate 1
needs preset adjustment to give maxi-

47!

@ The simpler version described in
part 1 comprises tried and trusted
circuits, up-dated with refinements
intended to make construction,
line-up and operation easy; stabili-
ty and utility are the essential
features. The overall design is
flexible, and various special faci-
lities can easily be added either
during or subsequent to the main
construction. These extras include:

—a twin tuned-circuit demodulator
which reduces harmonics in the
recovered multiplex signal but
which needs proper adjustment
using a wave analyser or distor-
tion meter

‘—a stereo-inhibit switch which
allows mono reception of weak
stereo signals thus giving a 20dB
improvement in signal-to-noise

—a buffered and de-emphasized
mono feed derived before decod-
ing and intended for tape-re-
cording

—low-pass audio filters to remove
unwanted components from the
tuner outputs, useful for tape
recording either stereo or mono

~—a tuning-indicator circuit.

@ The more advanced tuner can be
provided with any or all of the
additions listed above; it also shows
further refinements, some optional,
which give improved performance
in certain respects but which
increase the number of necessary
adjustments both in setting up the
tuner and in its normal operation.
These modifications and additions
are: .
—an extra gain-controlled r.f. stage
giving increased sensitivity and
stability, and improved signal-
to-noise performance. The design
of this stage also allows different
a.g.c. characteristics to be chosen
either as a result of fixed circuit
changes or subsequently by
adjustment of a panel control to
suit various reception conditions
—a more comprehensive a.f.c.
system which, like the a.g.c.
circuit, can be varied in its effect
under external control (Ry could
be a front-panel variable resistor)
—a received signal-strength meter
circuit with calibration curve.
This meter feed could also be
used for stereo-threshold switch-
ing.
—adjustable inter-station muting.

mum gain for weak signals. In practice
the required bias is easily set by
connecting gate 1, actually the earthy
end of the input coil, to a variable
tapping in a high-resistance potentio-
meter chain across the zener. Then,
with the a.g.c. voltage on gate 2 at its
most positive value, the bias is varied
until the highest possible stage gain is
obtained. The likely performance of
such a circuit is a maximum gain of
16dB and a control range of 25 to 30dB.

The circuit which includes the LP1186
module and the impedance-matching
stage, Tr,, is largely as in the simpler
version, the only difference being an
additional resistor in the a.f.c. feed. The
choice of value for this component,
which determines a.f.c. sensitivity, is

MAM e e anradiohistorv.com

dictated by local reception conditions.
High sensitivity is given with the value
at 47kQ as shown in Fig. 5. If equal-
strength neighbouring-channel signals
are present, the degree of control migh
be too great such that the tuner could t
captured by an unwanted station as t!
local oscillator sweeps through t
relevant frequency while changing
select the wanted station. If this occ
reduce the resistor value, possibly t
low as 5k{2, which still allows a us¢
amount of control.

Because of the extra gain now
lable at the tuner front end and e
the CA3089E module, the i.f. amr
IC, is not required and the «
impedance for F, is provided ins
a grounded-base stage, Tr;.

1
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Fig. 5. Improved performance at low
signal levels is obtained with this
circuit, which uses the tuning and
decoder circuits of Fig. 1. Sequence of
connections for Tr, is b, e, ¢,

screen (on-lead view). On the
CA3089E pin 8 corresponds with

the tag location.

Although the RCA limiter/demodu-
lator circuit is more complex than its
TAAB61B counterpart it operates in a
similar manner, using an inductive
carrier feed to obtain the quadrature
reference phase and has the optional
dummy tuned circuit to improve linear-
ity of the transfer slope. The external
circuit differences mainly concern the
use of additional facilities provided by
the ic. Because the a.(f.c. signal is
derived from a push-pull, open-collector
current source in the CA3089E circuit, it
is possible that the equal and opposite
current condition in a given sample of
the i.c. does not occur precisely at the
middle of the demodulator S curve. In
such a circumstance, a small correcting
bias can be provided through a resistor
with a value in the 91 to 330k range,
connected either to the positive rail, as
shown, or to 0 volts, whichever is
appropriate. To find the required value
and the appropriate supply connection
point for this resistor, a method similar
to that already described for matching
the af.c. offset voltage in the simple
tuner is suggested; in this instance,
however, the S curve is sampled by
measuring the voltage across the 150pF
capacitor in the pin 6 output circuit.

The completely off-tune condition is
used to find the particular voltage value
which represents the effective S curve
centre and this is then established by
tuning to a strong station. Now connect
meter across the a.f.c.
sensitivity-controlling resistor, Ry
(points 1 and 2). With the a.f.c. switch
off, vary the bias to pin 7 until the
measured voltage is zero and remains so
with the a.f.c.on. (Notethat,asthea.f.c.
drive is from a constant-current source,
there is automatic compensation for the
supply voltage — offset at pin 8 of the
LP1186.)

The varying voltage output from pin
13, shown as the meter current curve in

R4 omitted

a.gc =
on A meter ___ -
’_100 / current -5 ¢
z = &
Y80 4.\
g ¥ -
g o, o)
0 80 “\ a.gc 2 >
« / N 9
w 40 7 < 2.0
= ~ <
W [ Je.
> 20 1
01}4. 101 100 1m  10Om 100m

AERIAL VOLTAGE (V)
Fig. 6. Curves showing a.g.c. perfor-
mance and meter current, taken with R,
omitted. Delayed a.g.c. voltage is at pin
15 on CA3089E.
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Fig. 7. Double notch output filter option.
Inductors wound on 14mm Mullard
Vinkor assembly, with Ferrox core
violet type LA1228. Filter, which has a
6dB loss, should have 25k load.

Fig. 6, is not used in this tuner for stereo
threshold switching. It can, however, be
fed to a suitable meter circuit to give a
received-signal strength measurement
by relating the indicated current to the
calibration curve shown in Fig. 6.

Setting of the audio muting sensitivi-
ty control is done by tuning manually
through a number of stations and
increasing sensitivity until the noise
between these is reduced to a minimum.
The demodulated multiplex signal, at
about 140mV r.m.s. for +75kHz incom-
ing-signal deviation, is fed via Tr, to the
50kHz low-pass filter, decoder and
audio output circuits, already described.
An extra stage around Tr, provides a
small amount of gain to compensate for
the lower output from the CA3089E
demodulator and presents the correct
source impedance to the filter.

Optional 15kHz low-pass filter

The output signals from the tuner
contain components at the pilot-tone
frequency and the switching frequency.
Apart from producing noise, these

Component location and p.c. board
layout for Fig. 1. Boards for Fig. 1 and
_Fig. 5 circuits are available from M. R.
Sagin, 11 Villiers Road, London NW2,
price £3 inclusive, and parts are
available from Manor Supplies, 172
West End Lane, London NW6.

ATTENUATION (dB)
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unwanted signals can cause difficulty
when the tuner stereo output is tape-
recorded. If the recording bias beats
with one or other of the out-of-band
components, or more probably, with
their harmonics, then the product

. frequency could be within the audio

band and the resulting signal would
produce interference. Such undesirable
effects can be prevented by including a
low-pass filter in each of the output
circuits.

The audio band transmitted is limited
to 15kHz, as a necessary factor in
normal pulse-code-modulated signal
distribution, so it is reasonable to use a
sharp filter cut-off at a frequency just
above 15kHz. The circuit of a suitable
filter is given in Fig. 7 together with its

response. The second notch, at 23kHz, is
at the frequency allotted to a control
signal which the BBC uses for distribu-
tion-route and transmitter switching.
(An active filter would have required a
more extensive circuit requiring many
more components to achieve the high
rates of response change at cut-off and
the notch sides.)

Tuner r.f. and i.f. performance
The four most important figures here
are those for if. and image rejection,
which relate to operation in the r.f.
section, and for a.m. and adjacent/al-
ternate channel rejection given by the
i.f. circuits.

The first two depend on r.f. circuit

set R for Vi,

waww americanradiohistary com
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TEnan ate

+12Vdc

Raa

100k
(56k)
afc.in

"-I—-NI'—"
‘__'"‘_’ osc?%oil
Raq

22k
(68k)

ov

Fig. 8 If Toko EF5600U-1 module is used
in place of LP1186 change values of
resistors in Toko module to those shown
in brackets.

33210

22 s.w.g.
t.cw

1Yain tormer, 6mm (%32in dia.) Neosid

can 1%/gin.high Yain square

2 violet cores 6 x1x12:7

both windings 16 turns 34 s.w.g.
L, component numbers above as for Fig.
1. Capacitor marked C,, is omitted in
Fig. 5. Simpler coil uses 10 turns on
Neosid E3 assembly. Phase shift coil is a
Sigma SCI0 screened r.f. choke, or
Painton equivalent. L, Fig. 1 is wound
on a Mullard Vinkor assembly with
14mm violet core and 172 turns of
38s.w.g. enamelled wire. L, in Fig. 5 is 8%
turns, tapped at 1% turns, on, Neosid
6mm former with 22s.w.g. wire.

oyttt

L e i O PR G

Front panel and controls can be
mounted remote from the printed
board.

selectivity and in both versions are
determined by the performance of the
Mullard LP1186 module. The specifica-
tion for this quotes an i.f. rejection of 65
dB for 95MHz input and an image
rejection of 40 dB.

If better r.f. performance is required,
this can be easily obtained but at
increased cost by replacing the LP1186
with the Toko type EF5600U-1 tuner
module which contains four varicap-
controlled tuned circuits and has image
and i.f. rejection figures both quoted as
90 dB. A module of this type has been
successfully fitted to the author's tuner
with some small modifications, as
below.

Fitting Toko front-end

Change of tuning voltages. For tuners
operated in the London area, the
necessary changes to pre-set tuning
voltages for stations at the ends of the
band are:

LP 1186 EF5600U-1

(w.r.t. pin 8) (w.r.t. 0V)
89.1 MHz (Radio 2) 24V 3.5V
97.3 MHz (LBC) 6.0V 7.5V

Change of d.c. offset and a.f.c.
centre-voltage. The EF5600U-1 tuning
voltages are referred to 0 volts instead
of the +4.5-volt offset present at pin 8 of
the LP1186. This difference necessitates
two modifications. First, the 4.3-volt
zener, marked D; in both diagrams,
must be replaced with a shorting link.
Second, in the Toko module, the
maker’s circuit diagram shows that the
a.f.c. circuit involves a separate diode
with a 2-volt bias obtained from resis-
tors numbered R,, and R,, as illustrated
in Fig. 8. Because this circuit is intended
for operation with an incoming a.f.c.
signal centred on 0 volts, it must be
modified to suit the +4.5-volt centre
value which obtains in the tuners. The
suggested changes are marked in
parentheses in Fig. 8, giving an offset of
about 6.5 volts.
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The figures for a.m. rejection, quoted
from the manufacturers’ data for 30%
a.m., are —45dB for the SGS TAA661B
and —55dB for the RCA 3089E. Perfor-
mance in respect of adjacent/alternate
channel rejection is determined by the
i.f. pass-band response characteristic
which, for both tuner versions, is the
resultant of two FM-4 ceramic filters in
cascade. These components were also
used by Nelson-Jones, and a curveé
showing the insertion loss for the
combination appears in his original
article. This gives the 3dB-down band-
width as =110 kHz, and off-tune loss
figures of 40 dB at +200 kHz and 60 dB
at *+280 kHz. Rejection of unwanted
channels is thus more than adequate.

Correction. In Fig. 1, March issue, the
value of C,;, should be 47nF and not
47uF, R, should be 1k and not 100k€2,
and Dy should be a 6.2V zener diode,
labelled C6V2. Supply voltage to Fig. 4
circuit is 13V and not 11V.

Literature
Received

Radio-frequency shielding materials and their use
are treated in a simple manner in a handbook from
Metex. R f. gaskets are fully described in theory and
practical applications data is provided, together
with detailed information on shielded enclosure
windows and ventilators for shielded cubicles.
Walmore Electronics Ltd, 11-15 Betterton Street
London WC2H9BS. .................... WWwW401

An application note on a thermal r.m.s.-to-d.c.
converter is published by Burr-Brown. The device
exhibits a thermal time-constant of 65ms and a
characteristic which is linear and repeatable to
within 0.05% over 30dB. It is still accurate to within
2% at 100MHz. Applications include amplifier gain
measurement, thermal protection and r.m.s.
voltage regulation. Burr-Brown International Ltd,
Permanent House, ly Exchange Road, Watford
WDITEB. ... WW402

Aluminium aerial towers are the subject of a leaflet
sent to us by Fred Franke Inc., PO Box 2806, 1639
Old Dixie Highway, Vero Beach, Florida, USA. The
towers are crank-up, extending types, forty, fifty or
sixty feet in height and of triangular section, and a
selection of bases and mounting brackets is
described. ................. L WW403

The British Standards Institution has published
group 09:1976 of part 3 of BS4727, which is a
glossary of terms used in waveguide engineering.
The publication is obtainable from British Stan-
dards Institution, Sales Department, 101 Penton-
ville Road, London N1 0OND at £3.10 by post. WW404

Relays with mercury-wetted contacts from Elliott
~are described in a booklet which gives mechanical
information and electrical characteristics of twelve
ranges of relays. Application information on
contact protection, screening, etc. is included.
Eiliott Relays, 70 Dudden Hill Lane, London NW 10
IDJ. WW405

Aerial information for equipment in the m.w., v.h.f.
and u.h.f. range is presented by Aerialite. The latest
to be published includes a leaflet on indocr aerials,
two on u.h.f. types and a description of the
mounting accessories made by the company.
Aerialite Aerials Ltd, Whitgate, Broadway, Chad-
derton, Oldham, OL99QC................ WW406

An f.m. radiotelephone is illustrated and described
by Telefunken in a new leaflet. The 10-channel
Teleport VII covers the 80MHz, 160MHz and 460
MHz bands at 2.5W r.f. (IW at 460MHz). Bayly
Engineering Ltd, 167 Hunt Street, Ajax, Ontario,
Canada..................oiiiaL. WwW407
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Notes .-

Great balls of fire!

According to a NASA report, glowing
spheres have been noticed in almost
half the cases where an observer
happened to be very close to a stroke of
lightning. The nature and indeed the
very existence of this ball-lightning has
been the subject not only of heated
debate among theorists but more
recently of some seemingly dangerous
research in France.

Scientists at the Commissariat 2
I’Energie Atomic (CEA) and Electricité
de France (EDF) have been photo-
graphing lightning discharges caused
when rockets trailing thin steei wire
were fired into thunder clouds. During
the course,of these experiments, some
twenty artificial lightning strokes were
produced and filmed. According to a
report in Nature (vol. 257, no. 5523),
triggered lightning, like upward natural
lightning, begins with a slow discharge
in the kiloampere range with a rise time
longer than 10ps and a total duration of
several tenths of a second.

But although nothing resembling
some of the more exotic stories of
ball-lightning was noticed, there is now
firm photographic evidence for balls of
lesser degree. During some long-lasting
lighting strokes (>' sec) “luminous
spheroids” some 40cm in diameter were
observed towards the end of the dis-
charge and, according to the French
researchers, their properties are entirely
consistent with those of hot blobs of
gas. So it seems that lightning folklore
and tales of monster blobs of plasma can
still thrive on exaggerated stories of the
one that got away!

Fibre optics for chemists

Readers of this journal won't need
reminding that progress in fibre optics
has now reached a point where
“light-guides” are very competitive
with r.f. waveguides for data transmis-
sion. But if the highly critical design
criteria for light-guides have provided
headaches for some researchers, their
less desirable properties have neverthe-
less resulted in a highly sensitive
method of chemical analysis.

It's a form of spectrophotometry
developed in the United States in which
the transmission properties of a light-
guide are intentionally altered by the
presence on its surface of microgram
quantities of the chemical being eval-
uated. The refractive indices of the
light guide and of a special polymer
coating carrying the test chemical are
so arranged that light is refracted in and
out of the coating as it passes along the
guide. In this way a small change in the
optical properties of the guide/coating
interface are amplified to a very consi-
derable extent. So sensitive is this
technique that polymers containing
sub-microgram quantities of cyanide
ion can alter the light transmission of a
guide by over 50% compared with a pure
polymer coating. (Nature, vol. 257, no.
5528.)

Natural magnetism
attracts the birds

Dr William Southern, an American
biologist writing in Science (vol. 189,
no. 143) has evidence to suggest that
v.l.f. radio waves affect the migratory
pattern of gulls. His experiments were
conducted on frequencies around 50Hz
using equipment which the US Navy
has developed for submarine communi-
cation (Project Sanguine). The birds,
chicks a few days old, were taken from
their colony several miles away and
released near the transmitting aerial,
some at times when the transmitter was
operating and some when it was inac-
tive. The birds released during
non-radiating periods were found to
migrate in a direction consistent with
those in the parent colony, whereas
during transmission the migratory
pattern became completely random.
These results add considerable weight
to current theories that birds can
orientate themselves to the natural
magnetic field. (The writer however,
has very little evidence that his amateur
transmitting activities in any way deter
marauding wood-pigeons!).

Microminiature ...
Picominiature ...
where next?

A comparison of today’s microproces-
sor chips with bipolar transistors of only
a decade ago might well convince even
the most sceptical that pinhead-sized
computers are merely a few years away.
But before you go rushing out to buy
the latest in 25 microwatt soldering
irons (or perhaps commit suicide), be

comforted: the end is nigh. A paper by J..

T. Wallmark (Inst. of Physics Conf. Ser.
No. 25, 133) concludes that by the time
present-day circuit elements have been
scaled down by about five times, i.e. to
around 2pm, basic laws of physics will
step into play and limit any further size
reduction. The limitations according to
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this author lie not so much in the
technology necessary to produce finer
and finer patterns, but intrinsic barriers
such as insulation breakdown and
excessive current density. One other
major problem is that with diminishing
size, local variations in the concentra-
tion of doping atoms result in excessive
spread of device characteristics. So, in
the absence of any fundamental disco-
veries in solid state physics, we might as
well forget any dreams about unlimited
pocket computer power — that is uniess
we're prepared for it to think slowly —
like people.

Grains of metal in an
insulator

Mixtures of conducting and non-con-
ducting materials are interesting to
solid-state physicists in their own right
but are also now beginning to be used
to make devices. Dr Ben Abeles and his
co-workers at RCA Laboratories,
Princeton, USA, have been exploring
the conducting properties of films
formed when metals, say gold, and
insulating materials such as silica are
sputtered together. The metal forms
well-dispersed spherical particles in an

insulating matrix but the particles are

close enough together that, even
though they do not touch, electrons can
tunnel between them. Tunnelling is a
quantum-mechanical phenomenon
which does not allow high current to
flow but can be controlled more effecti-
vely than metallic conduction. One new
application for these effects is described
in the announcement of a “granular
metal semiconductor vidicon”. In this,
the light-sensitive target consists of the
following layers deposited on a glass
faceplate: transparent conductive tin
oxide, cadmium selenide and granular
metal, sputtered from a composite
gold-silica target, to a thickness of
400nm.

As is usual in a vidicon camera, the
target charges up in proportion to the
light falling upon it and an electron
beam is scanned over it as a means of
reading out the charge pattern. The
advantage over targets which have
been used up to now, such as those
which have the semiconductor left bare
or others which have a pure silica layer
over the semiconductor, is that the
granular metal layer prevents blurring
of the image (which occurs on the bare
target because of excessive conductivi-
ty) and it also eases the flow of image
information to the electron beam
(which is excessively slow for the
pure-silica coated target). C. R. Wrons-
ki, Ben Abeles and Al Rose, writing in
Applied Physics Letters, vol. 27, 91-92,
put this more precisely, explaining that
photo-generated holes have to be forced
through the pure insulator under high
fields, while tunnelling allows the same
process to be done in the metal-filled
insulator under much lower fields.
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Letters to
the Editor

CONSULTANTS,
PROSTITUTES AND
CHAUFFEURS

There is chalk and cheese, there are
prostitutes and wives, there are also in our
domain consultants and consulting engin-
eers. As someone who, starting without the
aid of either capital or contracts, has run a
successful consulting engineering practice in
telecommunications and electronics for
rising twenty-five years, I feel I must
comment on the article “The consultants” in
your November issue.

1 have always felt that consulting must be
done from the background of complete
independence from commercial affiliations
and any other loyalties. Independence means
just that. If you are paid by someone else
and/or use their property for your own
purposes you have no higher status than the
chauffeur who uses his master's Rolls for
weddings and funerals while the latter is out
of sight.

I am not the least surprised that your
correspondent has found such dissatisfaction

with “consultants” — highly likely I would

say — but give the real chaps a break. We
have had clients in all five continents. We
have had large public companies in our
domain — sometimes for a period of years —
and they wouldn’t come back if they were
not satisfied, but it is true that more often
than not they do not wish it to be known that
they used us.

The World Bank will not underwrite any
engineering project without the imprimatur
of consulting engineers. Surely this shows
the value, the competence and status of the
consulting engineer.

C. A. Henn-Collins,
Henn-Collins Associates,
Castel,

Guernsey.

John Dwyer is deserved of high praise for his
clearly written, unbiased, frank, fearless and
interesting exploration into the ways and
means of independent engineering consul-
tants, and for illuminating certain dark
comners.

My own consultancy activities stem from a
small family business and much of the
money it makes is ploughed back into the
purchase of new plant and equipment to
enhance the value and quality of the work
undertaken for our clients and readers of the
“hi-fi magazines in which our detailed review

and test reports appear. In spite of the
expensive plant we are obliged to purchase
and maintain from our own resources, our
fees are far more modest than those of the
consultants referred to in the latter part of
the article; and I feel that Derek Bond in his
summing-up warning means . . . if they're
inexpensive (hot cheap) and good we’ll use
them. . .”

Like James Moir intimates, we are also
experiencing the somewhat unfair competi-
tion from college-based consultants, and
were very surprised to read that equipment.
plant and facilities from the public pocket
are, in effect, being used in competition with
the consultant who relies essentially on his
fees for a living. It is noteworthy that North
London Polytechnic at least has blocked
one-third of the.flow of money from

‘essentially college-financed personal enter-

prises to private- pocket, but this still
nevertheless presumes that two-thirds of the
money goes as a cheqgue into the bank
account or as pound notes into the pocket of
the consulting lecturer, etc. What about
other polytechnics and colleges — is it
accepted practice ,for all the income so
derived to go to the,college official?

One might be inclined to say ‘“so what,
good luck to them’';, except for the startling
attitude-reflecting statements, such as ** . - .
money isn’t the thing that counts . . .” (it
may not be to the chap getting a fat salary
from public funds for his twenty-six-hour
week when it is purely pin money, but it
certainly is to the professional consultant
working his hundred or more hours a week
for possibly less money) and “. . . didn’t
charge nearly as much as outside consultants

»* (a blatant, admission of unfair
competition based on public money at the
expense of the professional).

Clearly, if all this is true, then the private
consultant not in a position to command the
use of thousands of pounds worth of
equipment, plant and facilities at public cost
for nothing is faced with overwhelming and
singularly unfair competition. The deprecia-
tion and running costs of a small lab could
wel! be up to £10,000 per annum. Apart from
having this sort of yearly expenditure
immediately available for free the college
chap would appear to acquire at least
two-thirds of the consulting fee for himself
(perhaps the whole.lot apart from NLP) plus
his normal salary. What an incredible
situation if it is really a fact!

From the article it appears as though it
could be. The implication being that provided
the NLP chap puts about one-third in the
pool all is well. The article fails to say what
happens to the pool of money — whether it is
returned to the pub’lic funds or shared out at
Christmas time!

Perhaps officials from colleges other than
NLP who undertake such consultancies with
the college’s plant, facilities, etc, would care
to clarify the scene, saying exactly where the
client’s money goesl'and whether any charge
is made to the consultant.

1 also often wonder what happens to the
fees received by the technician, etc, for

equipment reviews, he undertakes for the-

hi-fi magazines using college plant, equip-

.ment and facilities, as often indicated by the

review. Does he charge less for the review
than could a reviewer relying upon the
income to live and pocket all the fee? Does he
charge the full amount and return it to the
public Kitty; or does he keep some for himself
and return some of the college? Then there
are all the other researches written up in the
magazines and paid for. Who gets the fees?
Answers to questions like these are very
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important to the private consultant who has
to purchase and maintain his own lab and
premises, pay the rates and rent, pay his own
telephone bills, pay for his own heating, his
own office and secretarial staff, who cannot
advertise for business and cannot belong to a’
trade union, giving him some idea of the
unfair competition he is now facing and how
long he will be able to stay in business.
Gordon J. King,

Gordon J. King (Enterprises) Ltd,

Brixham.

Devon.

WAS BAIRD FOOLING
THE PUBLIC?

The plea in your January issue for a “serious
study of the business and technical aspects”
of the 30-line Baird activity may well serve to
put an end to this confused affair. (“John
Logie Baird and the Falkirk transmitter,” pp
43-46). Annotated references in the article to
reputable proceedings about achievements
are intended to convince but give to today's
reader a false picture of the happenings of 50
years ago. It should be appreciated that Baird
never successfully demonstrated television.
Being without a method of synchronisation
over a distance, there could be no such event.
At every attempted demonstration this
primary need had to be faced and contrived.
The bringing together of radio transmission,
in itself having ideal properties for television
purposes, and the trundling mechanical
image analyser, was quite incongruous.

Proper electrical circuits for conveying the
light values were not to be found in the
various Baird set-ups. This was the time of
early talking films and picture telegraphy
when the stable photocell and bright
recording lamp were both readily available.
Baird claimed to use visual purple as the light
sensitive material.

“Fibre optics,” a modern term of wide
application, is brought into the article. True,
the possibility of using a bundle of fine
internally reflecting glass fibres for chan-
nelling an image falling on a closely divided
grid was well known, a scheme which avoids
synchronising and light handling difficulties.
The modern plastics as used in optical cables
give a high degree of light insulation with but
little loss, Fibre optics offer high definition
remote viewing with the possibilities of
image intensification. These things were not
part of the Baird programme, being generally
inapplicable to a radio service.

Baird hoped to convey to the public with
his inadequate devices that he was in
possession of a commercial proposition of
considerable potential value. This he aimed
to sell by pretence and to that end demon-
strations had to be conjured and reports by
staff contributors commissioned for publica-
tion. The pattern of the Wireless World.
article, almost line by line, shows the marks
of this policy. Displayed advertisements in
the daily press of the time said “Television is
Here.” A “Home Televisor” appeared. so
here all was revealed for public judgement.
The “Televisor” was a typical well made.
Plessey product. With a monitored signal
input (Big Ben clock face) and in an equipped
laboratory where auxiliary gear, by way of a
heavy duty synchronising and vision ampli-
fier was to hand, the Baird Televisor was
shown to be a failure in fulfilling its intended
purpose.

This was the end of the 30-line part of the
story which is as far as your article goes. No
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radio enthusiast was fooled. Radio societies,
then much attended, were amused. Wireless
World, always ready to pursue and report,
remained silent.

F. H. Haynes,

Bovey Tracey,

Devon.

PHASE EFFECTS IN
LOUDSPEAKERS

It is, 1 think, generally accepted that phase
distortion exists, inasmuch as it can be
mathematically proven, or perhaps better,
displayed on a cur.t. 1t is also, 1 believe,
generally accepted that the human brain in
some mysterious way ‘integrates” the
incoming signal in the same way as it does &
harmonic interval, say a major third, to
sound as it does and not as a c.r.t. shows that
it should. In the same way (broadly
speaking) a received mixture of primary
colours is seen as a specific hue. At least, by
most of us it is: there are those who do not
have this ability visually, and it does not
seem beyond belief that there are those who,
similarly, lack the audio integrating function
which most take for granted, but is not
easily quantified in the same way as, say
aural frequency response.

1 know, for instance, that my hearing cuts
off above 17kHz, whereas 20 years ago it
was 22kHz (when it was still kc/s) but this is
an easily measured function. Perhaps we
need a consultant neurologist to enter the
discussion?

A. J. Gamble
Ormskirk
Lancs

The long dead and buried question of square
waves not being heard differently when
considerable phaseshift is applied to the
different harmonics, is disinterred again. This
despite the fact that no designer of linear
phase speakers uses the argument that
because of the ability of a speaker to
reproduce a square wave it will sound better.
This is always presented as just one means —
and no more — to show that it really
possesses phase linearity. 1t is a “tool” and
nothing but a tool and presented as such.

As to audibility of linear phase, Mr.
Harwood (conveniently?) completely ignores-
the articles on “Aural Phase Detection” in
the Journal of the AES (vol. 22, Nos. 1 and 10)
by V. Hansen and E. R. Madsen, which go a
long way indeed to proving the importance of
investigating this aspect in sound repro-
duction.

Quite different signals than square waves
were extensively used, far more related to
musical transient sounds. Altogether it was a
very thorough investigation into human
perception, with particular regard to the
desirability of phase linearity in music
reproduction. Far more convincing indeed
than the questionable experiments by Mr.
Harwood in which only NON linear phase
seems to have played a part.

Personally | had the opportunity of
investigating loudspeakers that laid claim to.
phase linearity, to a greater or lesser degree,
from France, Germany, Denmark, Japan and
England. Most of them first as prototypes
and later on as the finished product.

Perhaps the most striking experience was
the first in which 1 and a few other selected
people were able to compare two identical
loudspeakers, identical as to size and units
used, where the first was equipped with a

~ carefully designed, but conventional 3-way

crossover filter, and the second with a filter
that ensured linear phase from about 300Hz
upwards. .

Although the first was judged to be a very
good speaker of very wide response and an
extremely well balanced sound, the differ-
ence could be called enormous. Especially
transient response was improved to an
incredible extent. This concerns pure quality,
but the other aspect, the stereo image, also
changed in a startling way. By comparison
the first pair (for pure quality only single
speakers were compared) suddenly gave the
impression of presenting a confused though
reasonably wide stereo-stage with little
depth.

In the meantime | have listened to, and
tested extensively, the other ones mentioned.
It cannot just be a coincidence that five (1)
loudspeakers from five different countries
ALL showed the same striking improvement
in transient response. The last, one of British
origin (this cannot be any other than the
DM-6 of course) being an absolute winner
and in some ways even beating an electro-
static speaker.

Yes, square waves too! In all cases I was
able to make oscillograms in an ordinary, but
well damped room, of square waves with the
microphone at 1 m distance. Again, no proof
of better music, but of linear phase. Single
sinewave pulses, and/or half waves have
proven to be of more use to confirm in
technical tests, qualities heard with music.
Symmetry and ringing can be judged over
the whole frequency range and in my

experience are in 90% of the tests, consistent’

with subjective experiences. In the case of

Pl it is moreover remarkable to observe the

steady position of the reproduced pulse when
the microphone is moved vertically, no
significant phaseshift can be observed, even
in crossover regions.

The transfer function of any link in a
reproduction chain should be described by its
frequency and phase response; without linear
phase accurate reproduction of waveshapes,
and envelopes is impossible. To state that this
isof no importance takes someone of perhaps
great bravery, but more likely, one with
prejudices who still thinks of music in terms
of simple sinewave structures in which
simple evenly related harmonics play a part
only. It is of course, in particular, the
transient nature of most musical sounds,
with its highly complicated structure that is
so important to reproduce well. Any system
that shows large improvements in transient
handling should be taken very seriously
indeed, if of course all the other long known
important parameters are not neglected.
Signs of this were found in some of the
prototypes, where some preoccupation with
phase made bass or treble suffer. Not
however apparent in most of the finalized
deisgns. No, if Mr. Harwood were right, a
lot of music should be rescored to fit his
conclusions!

The linear phase loudspeakers 1 was
privileged to handle proved to me and all my
“guinea pigs” beyond all reasonable doubt
that it is an important step forward in
striving for perfection.

J. Kool,
Technical Editor,
Luister
Amersfoort;
Holland.
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While 1 have to admit that H. D. Harwood’s
article on the Audibility of Phase Effects in
Loudspeakers (Wireless World, January
1976) was scrupulously fair with regard to
the facts, I would venture to suggest that a
good deal of emotional weight went behind
the thesis that phase-linear speakers are a
‘con’. For readers interested in the other side
of the coin, could I perhaps publicize an
article of mine (1976, Hi-Fi News Annual) in
which some of the recent evidence demon-
strating the ears’ sensitivity to phase effects
is presented in detail. I have also outlined
there the way in which this evidence has
modified current thinking about the
mechanisms involved in the ear/brain
hearing system. a

However, rather than becoming
entrenched in our own respective camps and
flinging mud at the opposite side, it seems to
me that the way forward is to accept the
findings of both sets of experimenters, and
look for an explanation which admits of both
results.

Let me summarise the two, apparently

mutually exclusive viewpoints. On the one
hand the psycho-acousticians (if they’ll
forgive the phrase!) have shown that in
special circumstances and with special kinds
of signals, the ear is capable of detecting
‘phase distortion’. The audio-engineers, on
the other hand, have demonstrated many-
times that on typical programme music,
phase shifts go unnoticed. Could there be an
explanation which is consistent with both
these results? Consider the following. Sup-
pose that the transmitting of information is a
bit like playing ‘Scrabble’ (to steal a Magnus
Pyke-ism), and suppose that phase shifting is
a bit like rearranging the orders of the letters
in the words. If 1 were now to ask my
audience to compare the sequence SEPAH
with the phase-shifted sequence ASHEP,
they might well retort that the information
conveyed by both sequences is zero, and that
therefore, in information terms, botn these
sequences are identical. If, however, 1
presented them with the sequence PHASE,
comprehension might dawn!
" In other words, if the phase information in’
a signal is already jumbled, a re-jumbling
could well make no difference at all to our
perception of the signal — the brain just
rejects the phase-information channel, and
derives instead, as much information as it
can from other channels. If though, the phase
channel is pregnant with information (e.g.
the phase relationships are undistorted from
source to detector) the brain might just be
able to put this information to good use.

In terms of audio-programme material, the
initial jumbling of phase information occurs
long before the signal reaches the speaker —
it occurs whenever a multi-mike recording
technique (with its attendant mixer desks
and pan-potted imaging) is used. What does a
bit more phase-jumbling at the speaker end
matter here?!

It has been argued that phase distortion
occurs even before the microphone stage,
because multiple room-wall relections (the
ingredients which make for a satisfactory
reverberent acoustic) generate a resultant
pressure wave at the microphone (or ear)
which has a time profile dependent on the
position of the source, the properties and
positioning of the reflecting surfaces in the
room, and the position of the listener. If the
phase information really is lost at this stage,
then phase-linear-anthings really are a con.
(And that includes square-wave tested
amplifiers too!) It would appear, however,
(even though the experimental evidence is as
yet very tentative), that the ear/brain is.
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capabile of distinguishing between direct and
reflected sound. If this result is confirmed, we
can see that the relative phase of the source’s
harmonics is preserved in the direct sound
reaching the ear. What is more, comparison
of the phase information in the direct sound
with that in the reflected sound might be an
important direction-locating mechanism in
the ‘live’ acoustic of the concert hall.

In the meantime, I'm not averse to any
development which reduces the phase
distortion properties of the recording chain,
aslong as 1 am not charged exhorbitantly for
the privilege.

K. A. Hodgkinson,
Open University,
Milton Keynes.

In Mr Harwood’s article, and in the view of
- many other eminent men in the audio field in
the “anti-phase” lobby, one factor stands out
as the fundamental argument — that until
someone can demonstrate that phase
response is important to sound quality on
musical signals, they will continue to believe
that phase is unimportant. Often this is
accompanied by details of experiments
“proving” that phase distortion is inaudible,
and sometimes the nature and conditions of
the experiment give the impression that the
proof of a predetermined objective was the
purpose of the test. The debate on phase is
not going to end unless those who are
primarily interested in high quality sound
reproduction rather than pro- or anti-phase
arguments, come to conclusions based on
unbiased listening tests conducted under fair
conditions:

There can be no doubt that since linearity
of phase response is fundamental to
recreating the original wave shape received
at the microphone, it can be no disadvantage
to eliminate phase distortion throughout the
reproducing chain, including the loud-
speaker. It can conceivably be argued that a
limited amount of phase distortion is not
detectable by the ear, but it has been
conclusively established by, amongst others,
telephone companies that large amounts of
frequency dependant time delay (phase
distortion) can not only distort speech, but
make the human voice totally unintelligible,
and phase correctors have to be used in
long-distance cable communications. Thus,
the debate really centres on how much phase
distortion is detectable by the ear, and
especially whether the amount and quality of
phase distortion in conventional loud-
speakers is above or below this limit. It will
serve no purpose to add to the debate by
quoting experiments, or arguments about
phase distortion. But a certain amount of
care must be taken in listening tests, without
which tests would not be valid.

""To start with, testing for wave shape
distortion with a microphone in a living room
is extremely misleading. Reflections from
room walls picked up by the microphone are
indistinguishable from the direct sound,
whereas the ear finds it quite easy to
concentrate on the direct sound, presumably
because of the slight delays that occur. Thus
while we prefer certain acoustic conditions
to others in particular cases, one can always
recognise a voice or instrument, irrespective
of its environment. In order to test with
musical signals, a primary condition must be
that the source, together with the reproduc-
ing chain, must have a linear phase response.
If one were conducting a test to find the
limits in variation of frequency response in a
loudspeaker, before the difference became

audible compared to a flat frequency
response, one would naturally arrange for
the music source to be recorded with
microphones that also had a flat frequency
response.

Similarly, if phase distortion is under test, a

sound source and reproducing chain which
donot have a linear phase response will mask
the phase distortion originating in the
loudspeakers. If in addition one is used to the
type of sound reproduced by a high quality
system, one can quite easily be misled into
believing that phase is unimportant. This is
not to say, as everyone will agree, that
reproduction is perfect. No one, to the best of
my knowledge, has any doubt that the finest
system in existence is still imperfect.
" Tt is, however, unwise to reject phase, as
one of the factors giving rise to imperfections
without comprehensive tests under relevant
conditions. A musical source with undistort-
ed phase response may be difficult to find
among commercial sources. One suitable
method of recording such a signal for test
purposes would be a mono recording using a
single high quality microphone and a high
quality tape recorder.

Finally, as the purpose is to judge the effect
of phase distortion only, and not the quality
of the reproducing chain, it is relevant to
point out that no two loudspeakers sound
exactly alike. To make an A-B comparison,
therefore, only one loudspeaker should be
used, and this must be one with a minimum
of conventional faults. In addition, it must
have linear phase response. Phase distortion
can be added easily by an electronic phase
shift unit, at a high impedance stage of the
amplifier.

Phase distortion, artificially introduced,
should reflect the characteristics of conven-
tional loudspeakers. Thus, with conventional
crossover, or non-staggered units, phase
rotation is limited in angle and the frequency
region it occurs. Thus a second order filter
network has a 180° rotation and a third order
360°, in both cases the rotation occurs mainly
in the two octaves on either side of the
crossover frequency. Mr Harwood’s all-pass
networks have a constant rotation of 30°,
60°, and 90° per octave, which do not have
the same characteristics as any known
loudspeaker. This alone invalidates Mr
Harwood’s tests as far as loudspeakers are
concerned, but experience in this field shows
that even this kind of steady rotation can be
heard under the right test conditions.’

It should be noted that phase distortion is
not something that is easily recognised, as we
are not conditioned to listen for phase-dis-
torted sound. Differences between live and
reproduced sound can too easily be attribut-
ed to other causes, without recognising the
inﬂuenc? of phase. The relevant criterion, in
the first 'instance, must therefore be that a
difference should be heard in an A-B test
between distorted and undistorted sound.
The relevance of phase distortion in sound
reproduction will then have been established.
S. K. Pramanik,

Bang and Olufsen a/s,
Denmark.

CURRENT DUMPING
AUDIO AMPLIFIER

Mr Walker’s ingenious “current dumping
circuit” (Wireless World, December 1975,
p.560) undoubtedly is one way of solving the
difficult problem of cross-over distortion in
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amplifers. The only claim 1 would reject is
that it is “feedforward”.

An essential feature of feedforward is
freedom from interaction; i.e. the voltage at
the emmitters of Tr, Tr, (Fig 2, p.56l,
December 1975, WW) should have no effect
at the output point of amplifier A. This basic
criterion is not met.

The equation given in Fig. 1:

Vi
b= (V20 7
1

confirms this.

Feedforward can very easily. make distor-
tion worse; indeed 1 have no doubt that Black
found this when his amplifiers went out of
adjustment, which may be why when he
discovered negative feedback he abandoned
feedforward.

To make feedforward work another ingre-
dient is necessary — that of “rigidity of
interconnection” (Fig. 2, October 1974, WW
p.367), i.e. that the error voltage at the output
of the main amplifier A, should be rigidly
interconnected to the output of the subsi-
diary amplifier A,V so that its waveshape is
accurately reproduced. For this reason it is
important not to add transformers outside
the negative feedback loop.

These two principles together produce
“error takeoff” which has the ability to
reduce distortion by an arbitrary amount and
at the same time maintain stability.

Mr Walker’s circuit in my view is an
effective application of negative feedback.

A. Sandman,
Royal College of Surgeons,
London, WC2.

Mr Walker replies:

The feedforward ancestry of current dump-
ing can be clearly seen if we disentangle the
circuit to show the error amplifier and the
main amplifier as separate entities. This is
shown below. ¢

The bottom amplifier has a mutual
conductance, G, feeding current into the-
load via resistor R. Current feedback
developed across R is fed back to its input.
The top amplifier is the “error” amplifier and
has a mutual conductance G, feeding into
the same load. The differential inputs of the
two amplifiers are commoned.

The total current in load is V'G ,,+ V'G
But V' = V,, - V'G_R. Therefore we can
write the load current as (V, — V'G_R)G,
+ VG, If we now arrange thatR = 1/G
we then have a load current:— VG ,,,— V'G,
+ VG = VG Note that dependence on
G nphas completely disappeared.

If G, is very much larger than G, the
bottom amplifier will provide most of the
current_and hence the power to the load.
Since its mutual conductance does not
appear in the transfer characteristics its own
distortion will not appear in the load. This is
not a result than can be expected from
conventional feedback. We call it feedfor-
waru because the error correcting current is
added in the load outside the feedback loop.
(There is no current interaction).
~ Nuw suppose the top amplifier is replaced
by an amplifier of rigidly fixed voltage gain
feeding its output into the load via a resistor.
It wul still have a fully defined overall G ,and
operate as before. However, the top amplifier
now has an accessible output point of fixed
voltage gain relative to its input and this can
therefore usefully be used as the drive point
‘for Lhe bottom amplifier.

T:us combining of error amplifier and drive
amplifier brings us to Fig. 1 of the original
articie. [ believe the reasoning to be clear
from that point on.
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Mr Bennett’s suggested circuit.

I have recently made a more rigorous
analysis of the behaviour of the “current
dumping” amplifier than that presented by
Mr P. J. Walker in his December article, and
several interesting properties were brought
out. .
First there are distortion terms which are
not removed by setting Z:\Z;=Z ,Z ,using the
notation of Mr Walker’s article. For Fig. 1 of
that article, o
; AV (Z¥Z) + AZZ~ZZ )+
o ZIA+1Z,+Z)

Z{Z,+Z)l,
ZJA+1)Z +2Z)

To obtain some judgement of the importance
of the third term, use the circuit values in the
original Fig. 2, and worst-case 5% tolerance
components, as suggested by Mr Walker. If
A=10" then the third term dominates
distortion below 2.5kHz. Incidentally,
another distortion term would be introduced
in Fig. 2 by the use of voltage gain as
indicated. '

Now the situation is not so severe-in the
Quad 405 where inspection reveals A is of the
order of 10 Also it is important to note that
the contribution of I, is not the same as
cross-over distortion, for in this case the
problem may be reduced by feedback,
whereas when the output transistors of a
class B amplifier are switched off, the
feedback loop is bowerless to compensate.

The final point, and perhaps the most
interesting, is to consider what happens
when Z, and Z, are removed and short-cir-
cuited respectively, thus:

Z 1 Z,

LZ =A(V,— =
LU in ZL+ZK

133

_ (Z+Zy) (Avin—13Z3)
(A+1)Z¢+ 2,

Thus this configuration has no feedback
components tolerance problems, does not

need a power inductor, and there is no third:

distortion term due to the presence of Z .

The Z; I term is of equivalent effect to the
Z{Z +Z)l termin (1), and thus, given an A
of order 10° may be reduced to similar
insignificance.

J. G. Bennett,
Cambridge

There appears to be some mystification
surrounding Mr Walker's new amplifier
circuit described in the December 1975 issue,
pp. 560-562. Consider his Fig. 1. It is a power
amplifier in which part of the load current (1))
comes from the unbiased emitter-followers
via Z,and the remainder (I ) from the driver
amplifier via Z, At the central junction of the
potential divider Z,—Z,a feedback voltage is
derived, which if the divider ratio is correct
(ZZ,=ZZ) depends only on I.+I, je.
on the total output current. This is not a very
special achievement — normally such a
voltage would be obtained more straightfor-
wardly across a small resistor in series with
the load below the junction of Z;and Z,

Having established that the voltage fed
back is linearly related to the output current,
he proceeds by implication to the quite
different claim that the forward response is
linear. There seem to be no grounds for this
assertion. In the basic amplifier without
feedback it is far from true — in the floating
input configuration of Fig. 1 (with the values
suggested) the transconductance increases
by up to a hundredfold when the transistors
turn on — and the application of feedback will
reduce the distortion only to the extent
expected in any feedback amplifier.

The various voltages marked on Fig. 1 do _
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appear to support the claim; they are,
however, correct only if there is no p.d.
between the inputs of the driver amplifier A,
i.e. if it has infinite gain. The text implies that
this is indeed the intended assumption. In
that case the benefits attributed to the circuit
reduce to the familiar assertion that the
distortion can be made negligible by huge
amounts of feedback, and it has yet to be
shown that Fig. 1 possesses any unique
property making is easier than usual to do
this.

J. Halliday,

Winchester,

Hants.

Mr Walker replies:

Asking the reader “for the time being” to
assume the gain of amplifier A to be
completely defined by its external impe-
dances Z, and Z, was, I thought, a conven-
ient way of defining a finite gain (of around
100 in Fig. 1) and was not intended to imply
infinite loop gain in a practical case. For any
finite gain for amplifier A it is necessary to
change the component equation to give the
equivalent of a true “virtual earth”. Thus for
a gain of A, the real equation for balance
becomes

Z3 ZA

Z,  Z(A+D+Z.

and indeed if this is appiied to Mr Bennett’s
formula for the load current, it will be found
‘that terms involving I ,disappear.

1t is this possibility of reducing the output
stage distortion to zero (without calling on
infinite loop again) that distinguishes this
circuit from those in which feedback only is
applied.

Mr Bennett's suggested circuit employs
feedback in the conventional manner. The
circuit principle is found in several excellent
commercial amplifiers and, as Mr Bennett
rightly points out, if enough feedback is
applied the distortion becomes acceptably
low.

SUPPRESSOR FOR
TV COMMERCIALS?

On reading about Ceefax and Oracle it
occurred to me that there are some other
usefui pieces of information which could be
added to TV signals. I refer to the nature of
the transmission, especially advertisements.
It would be possible to have various codes
for different types of advertisement, and for
sets to be fitted with a fairly simple decoder
which would, at the selection of the viewers,
mute the sound and/or blank the vision
during transmissions.

Supporters of commercial TV have for
long assured us that viewers enjoy
advertisements. Now is an opportunity for
them to show that they believe what they
say, as if they oppose this suggestion it will
be clear evidence that their policy is to take
our minds by force.

Robin A. Hoare,
Howick,
Auckland,

New Zealand.

Editor’s note: Correspondence on “Electro-
dynamically induced e.m.f will be resumed
in a later issue.
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Time-code receiver clock — 3

Construction, alignment and operation

by A. F. Cross, B.Sc.

Thames Television Ltd

‘"The power supply for the time-code
receiver clock, shown in Fig. 15,
requires little explanation. The nominal
d.c. voltage across C;; is 10V on load,
and this can be used to supply the
display. The 10V rail feeds the mono-
lithic voltage regulator IC,,, which has
an output preset to 5V, and a current
output capability in excess of 1A. A
heat-sink is required for the regulator.

Construction

The author’s aim was a conveniently
small clock, and for this reason a
compact layout has been adopted.
Apart from the power supply, the clock
has been constructed on one matrix
board 10in X 6in, resulting in overall
dimensions of 14in X 7in X 2%in.

Care should be taken with the layout,
and the power supply connections
should be as short and substantial as
practical e.g. at least 20 s.w.g. on the
board. It is good practice to decouple
the supply rail to the integrated circuits
at regular intervals; a 10nF ceramic disc
per ‘integrated circuit is ideal. Logic
wiring should be no longer than neces-
sary, and compact construction of the
receiver will minimise the effect of
interference from the logic. Earthing of
the zero-volt line is important, prefera-
bly to a single point on the chassis. For
this reason it is desirable to isolate the
aerial coaxial socket, the 5V regulator

LO—/ i

\ 10V

ov
O

110V

ov

No—oc

can then become the common earth
point.

The displays are mounted in d.i.l
sockets fitted to a small piece of matrix
board, and interconnected using thin
single strand insulated wire. The wiring
details of the ferrite-rod aerial are
shown in Fig. 16. The rod may be housed
in a plastic or cardboard tube, along
with the tuning capacitors which
should have short connections to the
coil. A screened cable should be con-
nected as shown, close to the coupling
coil. The siting of the aerial should not

Wireless World, April 1976

be critical except in areas of low signal
strength; however, placing it within six
inches or so of the clock does result in a
degradation of the signal due to inter-
ference from the power supply. Gener-
ally it is more convenient to separate
the aerial from the clock so that it may
be independently rotated for the best
signal. The capacitors across the pri-
mary windings are a parallel combina-
tion of a nominal 4n7 capacitor plus a
smaller value for trimming. The final
adjustment of resonant frequency is
made with the coil adjuster core.

plastic or
paper tape \

8in x 5/16in
territe rod

screened downlead
connected ciose to
coupling coil

Fig. 16. Ferrite-rod aerial constructional
details.

T3

single layer winding
300turns 36 swg. e.cw.
close wound at centre
ot rod

b

(IR

(I

singie layer winding
30turns 26s.w.g.ecw.
wound on top of tuned winding

Fig. 15. Power supply. The 5V regulator
requires a heatsink as specified in the
components list.
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Alignment

There are several adjustments to be
made before the clock will function
correctly. These are; tuning of the
ferrite-rod aerial, alignment of the two
tuned amplifier stages, adjustment of
the muting level, adjustment of'the
crystal oscillator frequency, and the
setting of the two monostable periods.

The a.g.c. used in the receiver
must be disabled before accurate
alignment is possible. For the initial
tuning, however, there will probably be
insufficient output to operate the a.g.c.
system and the amplifier will be operat-
ing at maximum gain. An oscilloscope
should be connected to the collector of
Try. The adjusters for T, and T, should
be set about half way. With the ferrite
rod placed roughly ‘broadside” to
Rugby, the aerial trimmer C, should be
adjusted over its range until a 60kHz
signal is observed on the oscilloscope
(this may be only a few millivolts). T,
and T, are now adjusted for maximum
output. When the output has reached
about 600mV peak-to-peak, the a.g.c.
loop will start to operate. To disable
this a 47kQ potentiometer should be
connected between the collector of Tr,
and zero volts. This is now adjusted to
give an output between 100 and 200mV
peak-to-peak. Fine adjustments to all
three tuned circuits can now be made,
adjusting the potentiometer as neces-
sary to maintain the output below
200mV. When tuning is complete the
potentiometer is removed; the output
should increase to between 600mV and
800mV peak-to-peak. (The positive
peaks will be somewhat flattened due to
non-linear loading of the output.)

Muting level is set by adjusting Ry;.
(With the receiver correctly aligned, the
carrier indicator lamp should be flash-
ing with the breaks in the carrier.)
When R is set to maximum resistance
the muting level is at a minimum, i.e.
relatively weak signals can be received
without the muting circuit inhibiting
the demodulator. This means, however,
that in areas prone to radio interference,
such interference may be of a level
which prevents the muting circuit from
operating when Rugby is not transmit-
ting. If the normal signal strength is
good, the muting level can be raised to
reject the interference.

The oscillator is easily set to the
correct operating frequency, using the
received 60kHz carrier as a reference.
The output of the first decade divider
after the oscillator (pin 11, IC;;) provides

a 10kHz signal; this is used to trigger an
oscilloscope with the timebase set at
about 5ps/cm. Displaying the signal on
the collector of Tr; in the receiver
should produce a stable 60kHz trace
which drifts slowly across the screen.
The trimmer, C,, is now adjusted for
minimum drift. Because one cycle of the
60kHz carrier has a period of 16.7us, a
figure for the accuracy can be deter-
mined. A relative drift of one cycle per
second represents 16.7us per second or
16.7 parts per million. Ideally the

oscillator should be set up to better than
one part per million which requires that
the relative drift be one cycle of carrier
in not less than about 17 seconds (the
breaks in the displayed carrier provide
convenient one second pulses for timing).

The adjustable monostable periods
can be set up using an oscilloscope with
a well-calibrated time base (an excellent
calibrator is the crystal oscillator and

Fig. 17. Connection details for integrat-
ed circuits.

A/I:- 5V
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divider chain). The demodulated carrier
will normally trigger the monostables
once per second. The final adjustment
should be made by comparison with the
received control pulse once per minute.
The end of the 25ms off period (preced-
ing the control pulse) should fall in the
middle of the 4ms low pulse on the
collector of Trj;; Ry, is adjusted to
achieve this. The end of the 20ms

control pulse should fall in the middle of
the 4ms high. pulse on the collector of
Tryp; only Rys should be adjusted for
this.
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Operating the clock

When the clock is switched on the

disparity lamp should light, along with
the carrier lamp which flashes in
sympathy with the signal. Besides the
one-second pulses, the time code should
be seen as a brief flicker each minute.
The other coded information may also
be noticed: firstly, the atomic/astrono-
mic time-difference code, which is
transmitted as a double break in the
carrier in some of the seconds in the first
quarter of each minute. This code
changes from week to week as the
difference varies. Secondly, in the last
five seconds of every hour, the modula-
tion is changed to the station call sign
(MSF) transmitted twice in Morse code.
Until the first code is correctly received,
the clock display remains blanked.
Upon recognising a control pulse the
code lamp should flash, the disparity
lamp should go off, and the display
should show the received time code
(subject to the GMT/BST switch). The
disparity light may come on again if
either a spurious signal is recognised as
a control pulse (followed by correct
spurious parity), or if the time code is
incorrectly received (but again with the
correct detected parity), or if the
contents of the display dividers become
corrupted by, for instance, momentary
loss of power. For the displayed time to
become corrupted by received
interference, several coincidences must
occur; two false control pulses need to
be recognised with no intervening
correct code, also, both false pulses
must be followed by correct parity

before they are acknowledged by the

control logic. Although the chance of
this happening is increased when the
transmitter is switched off, the system
has been found to give satisfactory
results in most environments.
The author wishes to thank Mr J S
“Sansom, OBE, former director of Stu-
dios and Engineering, Thames Tele-
vision, for permission to publish this
" article, and Mr B G Scott, chief engin-
eer, for his encouragement and the use
of facilities for the project.

Points arising

Because of a change in the transmission
specification the following points
should be noted. In Fig. 1 the parity bit
was shown as a 1, this is now a 0 and, as
a result, the parity check from IC,,,
(Fig. 7) is taken from the Q output. If the
received parity in the flip-flop is correct
the final state is now Q=0.

In the parts list IC, was shown as a
quad two-input NAND gate package. In
Fig. 9, 11 sections a and b of IC, are
shown as inverters. These are realised
by connecting the two inputs of the
gates together which then function as
inverters.

L Meetings )

LONDON

Ist. IEE — “Electrical engineering and medicine”
by Dr D. W. Hill at 18.30 at Savoy Pl,, WC2.

6th. IEE — “Position control of floating
structures” by P. H. Barton at 17.30 at Savoy Pl,
wC2. N

7th. IEE — “The history of transmitters — some
aspects of early radio” by R. F. Pocock at 17.30 at
Savoy PL, WC2.
_ 7th. BKSTS — “What are audio visuals?” at 19.30
at Thames Television Theatre, 308-316 Euston
Road, NWI.

12th. IEE — “Digital systems representation” by
S. Y. Foo at 18.30 at Savoy Pl., WC2.

13th. 1IEE — Colloquium on “Earth leakage
protective devices” at 10.30 at Savoy Pl, WC2.

13th. IEE — Colloquium on “Theory and
operation of Read type IMPATTSs” at 14.30 at Savoy
PlL, WC2.

13th. AES — “Developments in noise reduction
techniques” by speaker from Dolby Laboratories
Inc. at 19.15 at the IEE, Savoy Place, WC2.

14th. IEE — Colloquium on “Evaluation and
experience of high level languages for process
control computers” at 10.30 at Savoy Pl., WC2.

20th. SERT — One-day seminar on “Applications
of computers” at the 1IEE, Savoy PL, WC2.

21st. IERE — Colloquium on “Automatic
production” at 14.00.

21st. BKSTS — “Video tape recording today and
tomorrow” by L. H. Griffiths at 19.30 at Thames
Television Theatre, 308-316 Euston Road, NW1.

26th. IEE — “History of magnetic sound
recording” by B. Lane at 17.30 at Savoy Pl.,, WC2.

27th. 1IEE — Colloquium on “Paging systems” at
Savoy PL, WC2.

29th. IEE — Colloquium on “Parallel digital
computing methods: d.d.as and stochastic comput-
ing at 10.30 at Savoy Pl., WC2.

28th. IERE — “A novel approach to marine
surveying” by J. M. Thompson at 9 Bedford Sq.,
WwCl.

30th. IEE — Discussion on “Part-time undergra-
duate degree courses in electrical engineering” at
17.30 at Savoy PL, WC2.

BELFAST
13th. 1IEE — “Integrated circuits for communica-
tions” by S. J. Laverty at 18.30 at Ashby Institute.

) BIRMINGHAM

7th. IEE — “Train control, developments on
British Raii” by J. W. Birkby at 18.30 at Sumpner
Building, University of Aston, Gosta Green.

14th. RTS — “The other side of the camera” by
Tom Coyne at 19.00 at BBC Broadcasting Centre,
Pebble Mill Road.

BLETCHLEY

8th. IEE — “Tomorrow’s world and microwave
communications” by P. J. Mountain at 19.30 at Post
Office Training Centre, Horwood House.

BRIGHTON
13th. IEE — “Electro-acoustics” by Prof. E. Ash
at 19.30 at the University of Sussex.

BRISTOL

5th. IEE — “Automobile Electronics” by C. S.
Rayner at 18.00 at Mercury House, Bond Street.

8th. IEE — “Electronic calculators” by B. Clarke
at 19.30 at Queens Building, Bristol University.

28th. 1IEE/IERE — “Marine electronics” by
speaker from Marconi International Marine Ltd.

28th. IEETE — “Programmable logic controllers”
by C. C. Cargill at 19.30 at Royal Hotel, College
Green.

\

BURY ST EDMUNDS

7th. IEE — “Police Research” by B. J. Blain at the
Angel Hotel.

DERBY

6th. IEE — “Automobile electronics” by D. B.
Hodgson at 19.00 at the'Lecture Theatre, College of
Art and Technology, Kedleston Road.
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DUBLIN

8th. IEE — “Electronic aids for medical studies”
by DrE. T. Powner and P. J. Best at 18.00 at Physics
Laboratory, Trinity College.

DURHAM

5th. IEE — Exhibition and “Telecommunica-
tions; past, present and future” by W. J. Bray at
Durham Castle.

EASTBOURNE

8th. IEETE — "‘Royal Greenwich Observatory”
by G. H. Gill at 19.30 at The Drive Hotel, Victoria
Drive.

EDINBURGH .
8th. IEE — Symposium on “Further develop-
ments of applications of micro-computer systems”
at 9.30 at Heriot Watt University, Grassmarket.
23rd. IEE — Faraday Lecture on “The entertain-
ing electron” by F. H. Steele, afternoon and evening
at The Usher Hall.

GLASGOW

21st. IEE — Faraday Lecture on “The entertain-
ing electron” by F. H. Steele in the evening at The
Kelvin Hall.

HATFIELD

6th. IEETE — EASCON 76 one-day conference
“Links: education — employment” at Hatfield
Polytechnic.

KINGSTON-UPON-THAMES

1st. IEETE — “The testing of electrical household
appliances” by M. H. Hewett at 19.30 at Kingston
Polytechnic, Penrhyn Road.

LIVERPOOL

5th. IEE — “Music hath charms . . .” at 18.30 at
the Department of Electrical Engineering, Liver-
pool University.

LOUGHBOROUGH

27th. IEE — “Introduction of adaptive control
techniques into areas of classical control” by J. R.
Wolton at 19.30 at Lecture Theatre J002 Ed.,
Herbert Building, Loughborough University.

MANCHESTER
14th. IEE — “Microprocessors” by Prof. D.
Aspinall at 18.15 at the University of Manchester.

MIDDLESBROUGH

7th. IEE — “Rapid fault finding techniques to
minimise down time” by R. H. Baulk at 18.30 at
Cleveland Scientific Institute, Corporation Road.

NEWCASTLE-UPON-TYNE

12th. IEE — “Colour TV — a popular approach”
by G. D. Barnes at 18.30 at Room L101 Merz Court,
University of Newcastle-upon-Tyne.

27th. IEE — Faraday Lecture on “The entertain-
ing electron” by F. H. Steele, 19.15 at City Hall.

NOTTINGHAM

6th. IEETE — “Computerised control of Not-
tingham traffic” by M. B. Tate at 19.00 at New
Mechanics Institute, St Trinity Square.

PORTSMOUTH

6th. IEETE — “Oracle — the teletext data
broadcasting system” by G. A. McKenzie at 19.30 at
Highbury Technical College, Cosham.

RUGBY
7th. IEE — “The future of the IEE” by R. J.
Clayton at 18.30 at Lanchester Polytechnic, Rugby.

SHEFFIELD

20th. IEE — “Future role of the 1IEE by Dr E.
Laverick at 19.30 at Sheffield University.

28th. IEE — “Electronic techniques in Archaeo-
logy" by Dr E. T. Hall at 18.30 at Sheffield
Telephone House.

SWANSEA
8th. IEE — “Transducers for modern automobile
systems"” by J. Moore at 18.15 at University College.

SWINDON

6th. IEE — “Sonar and underwater acoustic
communication” by V. G. Welsby at 18.15 at The
College, Regent Circus.
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Electronic systems — 3

Modulation and transmitting signals

by W. E. Anderton

Assistant Editor, Wireless World

Modulation is a principle fundamental
to all communication systems — speech
is a modulation of sound waveforms,
pictures are modulations of light inten-
sity and communication within the
human body itself relies on modulation
of the rate of firing of electro-chemical
pulses in the nerves. The fast transmis-

sion of information over long distances |

is only possible using a high speed
carrier which will travel for large
distances without attenuation; hence
electromagnetic radio waves are of
prime importance for distant communi-
cation. In the case of transmitted radio
waves, the process of modulation is to
vary some parameter of the basic
electromagnetic wave, which is usually
called the carrier. Over the years,
various modulating methods have been
devised and are aimed at transmitting
the required information as effectively
as possible with the minimum amount
of distortion. The primary factors to be
considered are signal power, baseband,
distortion and noise power — each of
these will be described later. Ultimately,
it is the ratio of signal power to noise
power or output “signal-to-noise ratio”
specified for the system which deter-
mines its performance.

Baseband

The baseband is defined as the range of
frequencies which is to be communi-
cated, e.g., the speech baseband is
approximately 300Hz to 4kHz. The ear
can perceive sounds outside this defined
speech baseband but experiments have
shown that adequate intelligibility is
achieved using this contracted range.
Consequently all telephone systems use
this baseband.

Baseband communication (i.e. with
no modulation of carrier signal) has a
very limited transmission distance.
Without electrical assistance, acoustic
communication is not possible over
distances greater than half a mile. This
range may be further restricted by
environmental conditions. In fact, the
limitations of baseband telephone com-
munication are many and the following
list gives some of the more obvious and
important of these: (a) the communica-

tion link can be made only between
fixed locations; (b) a complex switching
system must be designed to allow any
subscriber to contact any other
subscriber; (c¢) long distance links
require amplification in order to over-
come cable losses; (d) simultaneous
communication with large audiences is
impossible; (e) the system’s cost is

‘largely in the laying of individual cables

to each subscriber.

The development of a “wire-less”
system has overcome most of these
disadvantages.

Electromagnetic propagation

Early experimenters in electromagnetic
propagation discovered that some
energy from a high energy spark could
be transmitted to a suitable receiver
without the use of wires. The spark’s
energy was coupled to an aerial and
propagated through ‘space” to the
receiver. The receiver often being a
crude tuned circuit consisting of a coil
and another smaller spark gap. This
process was termed “impulsive electro-
magnetic propagation”.

A

——time tor 1cycle———»]

VOLTAGE
\

TIME

Fig. 1. Oscillatory waveform — the basic
carrier wave.

Fig. 2. Frequency bands may be classi-
fied as shown here.

Later experiments were performed
which, instead of using the impulsive
spark energy, used an oscillatory wave-
form. This waveform (represented as in
Fig. 1) could also be propagated from
transmitter to receiver.

Wavelength, frequency, wavebands
Sound waves travelling in air do so at a
velocity of approximately 343m.s™", but
radio waves travelling through space do
so at the speed of light, i.e. at approxi-
mately 300 million m.s.”". The frequency
of an electromagnetic wave is defined as
the number of complete cycles trans-
mitted per second and because we know
the speed of the radio wave we can
calculate the length of any one com-
plete cycle in space. This length is
known as the wavelength of the radio
wave. The formula linking these two
quantities is

speed of light
frequency

or N=c/f

' wavelength =

Electromagnetic propagation is
affected by the Earth’s atmosphere in
various ways which are dependent on
the transmission frequency and the
distance between transmitter and
receiver. Fig. 2 shows a convenient
classification of the frequency bands.

Modulation

To send information from transmitter to
receiver, the carrier wave must be
varied in sympathy with the informa-
tion to be transmitted. This process is
termed “modulation” and the informa-
tion that is being transmitted is termed
the “modulating signal”. Modulation
occurs whenever a “carrier” is affected
by a signal which has to be transmitted.
For example, the frequencies and

30kHz 30 MHz 3 GHz 300 THz
r.t 5
audio [Tong [med |short | Vvht u.h.t. RV heat light x-ray | gamma
wave | wave | wave

increasing frequency ——9»
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amplitudes of sound waves are modu-
lated by the speech information which
is transmitted from person to person
whilst the intensity of a light is modu-
lated by a signaller using an Aldis lamp.

The two most important analogue
methods are amplitude modulation and
angle modulation. Amplitude modula-
tion is most common for applications
such as radio broadcasting and radio-
telephony. The process of amplitude
modulation is illustrated in Fig. 3. The
a.m. systems are essentially narrow-
band and suffer from limitations due to
noise which has a direct effect on signal
amplitude, and is therefore reproduced
as interference.

In competition with a.m. some sys-
tems use angle modulation because of
its immunity to amplitude varying
noise. In angle modulation, the
instantaneous angle of the carrier wave
is varied and it leads to two forms of
modulation known respectively as
frequency modulation (f.m.) and phase
modulation (p.m.). These two are close-
ly related though practical systems tend
to favour f.m. Typical examples are
v.h.f. broadcasting, satellite communi-
cations and f.m. radar. The frequency
modulated carrier wave shown in Fig. 4
requires a much greater available band
of frequencies than its a.m. counterpart
and an f.m. system is capable of giving a
much better signal-to-noise perfor-
mance than the corresponding a.m.
system, or alternatively a considerable
economy in power if required.

Carrier keying

If a transmitter is tuned to transmit a
carrier wave at frequency f and a
receiver at a distant location is tuned to
receive this frequency then one would
expect that the man at the receiver
would be able to detect if the man at the
transmitter switched his transmitter on
and off. This is the most basic form of
modulation and information transmis-
sion via a carrier wave. The technique is
termed “carrier keying"”. This simple
system can be extended to enable it to
convey messages by keying the carrier
in a predetermined code sequence.
Morse code wireless telegraphy uses a
system of long and short pulses. Fig. 5
shows the signal transmitted by a
carrier keying system for the morse
character “Y". The long bursts of
carrier denote a dash and the short
bursts a dot.

Amplitude modulation
In a linear amplitude modulation sys-
tem, the amplitude of the transmitted
carrier wave is made to be instantan-
eously proportional to the amplitude of
the modulating signal. The modulation
can be sinusoidal, square or any other
shape which it is found necessary to
transmit. The modulator is similar to a
linear multiplier, the inputs being the
carrier and the modulation signals. The
output is the signal to be transmitted.
transmitted” ‘signal = °
modulation signal

carrier X’

@)

E

VOLTAGE
-
VY

A

()

VOLTAGE

TIME

©
TIME

VOLTAGE

Fig. 3. Illustrating the basic process of
amplitude modulation.

TIME

VOLTAGE

Fig. 4. Frequency-modulated carrier
wave. ‘

-

dash dot dash dash

VOLTAGE

Fig. 5. Signal transmitted by a carrier
keying system for the morse character
llY!!.

If the carrier is modulated with a
400Hz sine wave then the receiver will
receive a carrier signal whose amplitude
is varying at 400Hz and the variations

‘will be sinusoidal. In the last section we

discussed carrier keying as a method of
transmitting morse code. There are
complications involved when one wants
to switch a high power transmitter
rapidly on and off. This problem is easily
overcome in the amplitude modulation
system — one simply switches the
modulating signal on and off. The result
at the receiver is 400Hz tone bursts
which will represent the dashes and
dots of the code, while the carrier wave
is transmitted continuously. The 400Hz
modulation frequency can be replaced
by a speech waveform, in which case
the carrier will now be amplitude
modulated so as to correspond with the
speech signal. This system is used
widely, an example being the pro-
grammes broadcast on the long and
medium wavebands.

The next part of this series will
examine a.m. and f.m. in more detail. An

aassscsEnoricancradiohistaonz com
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outline of the basic electronic systems
course which this series of articles will
cover was published in the first part
appearing in the January 1976 issue.

This article was prepared in consul-
tation with Professor G. B. B. Chaplin,
University of Essex.

Further reading
Connor, F. R, “Modulation,” Edward Arnold,
London.

Obtainable from Mr R. A. Smith, Department
of Electrical Engineering Science, University
of Essex, Wivenhoe Park, Colchester CO4
38Q, 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 only, £2.00; basic
electronics section only, £1.50.

Books Received

Handbook of Electronic Circuits by G. J.
Scoles. In the authors words “instead of first,
dealing with electronic theory in some detail
and then proceeding to a mathematical
analysis of a small number of selected
circuits, it assumes that with the help of a
simple explanation the reader already knows
sufficient of the theory for him to
understand the operation of virtually any
electronic circuit. In this way it becomes
possible to describe the uses and functioning
of more than 200 different circuits, either
using non-mathematical explanation or,
where relevant, simplified formulae only”. A
wide cross section of circuits are discussed
under 26 general categories purposely
omitting r.f. amplifiers and t.v. receiver
details because, in the authors opinion, these
have been adequately covered in other
publications. Price £13.50. Pp. 370. John
Wiley & Sons Ltd, Baffins Lane, Chichester,
Sussex.

Diode characteristics, equivalents and
substitutes by B. B. Babani contains more
than 25,000 separate entries including
military types. The pocket book also
contains a contents page in nine different
languages for our overseas friends. Price
95p. Pp. 159. Bernards Publishers Ltd, The
Grampians, Shepherds Bush Road, London
W6 7NF.

Electronic and switching circuits by S, M,
Bozic, R. M. H. Chery and J. D. Parsons. This
book is based on lectutes given by the
authors to undergraduate students. An
intermediate level of mathematical know-
ledge is assumed together with the basic
principles of a.c. circuit theory. After
explaining physical electronics, the princi-
ples of amplification, switching devices,
oscillators and power supplies are covered.
Final chapters discuss data processing and
transmission, industrial applications and
electronic instruments. The book also
contains problems and solutions which are
designed to test whether the reader has
understood the text. Price £4.95 paperback,
£10.00 hard back. Pp. 380. Edward Arnold
Publishers Ltd, 25 Hill Street, London W1X
8LL. -
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(Circuit
{Ideas

Low-current source

It is possible to use a reverse-biased
germanium diode as a voltage
independent current source for loading
silicon transistors. Advantages of this
method are less voltage lost across the
source when compared with f.e.ts and
similar sources, it is cheap, and the
diode I increases with temperature in
much the same manner as the he. Iy, in-
a transistor. The last point allows
reliable micropower circuits to operate
over a wide temperature range at

+1.8V
172mA
AR
MPS3705
s output
input

MPS370C

r__
27(»%
oV

optimum current drain. This principle
was applied in the amplifier circuit
shown. The diode leakage current is
arranged to be greater than the collec-
tor-emitter leakage of the transistor,
permitting linear operation. Perfor-
mance figures are: a voltage gain of 50, a
—3dB bandwidth from 16Hz to 4kHz, a
maximum output into 1M{ of 500mV
pk-pk (at 300Hz), an input impedance of
10k (at 500Hz), and a consumption at
20°C of 41W.

Owing to manufacturing tolerances

the operating point can only be guar-,

anteed to within a decade or two, and
the diode capacitance is extremely
non-linear at low reverse voltages.

M. G. Baker,

Beaminster,

Dorset.

€1,

Automatic display-brightness control

It is quite easy to modulate the intensity
of a display by switching it on and off
with a varying duty cycle. With
single-chip clocks where multiplexing is
used, the display on time must be
synchronised to the multiplex fre-
quency. This circuit was designed
around an MMb5314 clock chip but
should be usable wherever there are
external multiplex-oscillator and
strobe-enable outputs. The 555 timer is
used in the monostable mode, triggered
by the multiplex oscillator to determine

necessary to set an upper limit to the
pulse length, otherwise the 555 will not
retrigger on each cycle of the multiplex
oscillator and only alternate digits will
be displayed. The potentiometer should
be set to give low light output withous
mistriggering in dark conditions. The
simplest way to control the rate of
brightness increase with ambient light
is to partially obscure the ORPI2
surface. The 555 can also drive a decimal
point directly, giving a matched bright-
ness.

the display off time. In bright conditions M. G. Martin,

the ORPI2 resistance is low and the Maybush,

display is on most of the time. It is Southampton.
. 1BV
l’o" 470k

|

|

B
20n |
|

|

l

output [
strob&
[l 7T\
4
MM5314 :
|
treq ; 100 TIs48
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element ] I oo

Bias supply for r.f. power amplifiers

Many designers resort to the use of a
single forward-biased diode voltage
source when attempting to operate
transistor r.f. power amplifiers in the
class AB linear mode. This can require
the selection of a suitable diode and
thus does not lend itself to reproducible
design.

The circuit shown not only offers
inproved performance, typically 1€
output impedance and *3% output
voltage change for 2%V input change,
but also allows adjustment of the
quiescent collector current. A p-n-p

+Vee

560

waany americanradiahictans cam

silicon device is used as an amplified
diode variable voltage source. If this is-
in thermal contact with the r.f. device’s
heatsink, a significant degree of thermal
stabilization is obtained. The emitter
follower lowers the supply output
impedance. The devices shown can be
replaced by similar readily available
transistors.

C. P. Bartram,

Dept. of Metallurgy

and Science of Materials,
Oxford.

r.t
device
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Simple current controlled
pulse generator

This simple circuit generates pulses to
operate t.t.l. at a variable rate between
about 100Hz and several MHz. The
diode should be a germanium type of
low capacitance and must be able to
carry current | continuously. The
capacitor can be any value from pico-
farads to millifarads. Suitable inverters
are SN7413/14/132 or the Schottky
clamped variety for higher speed. Care

Wireless World, April 1976

must be taken in choosing the current
to avoid damaging the inverter and
diode. The control current can be
obtained by a resistor to +5V. There is
an internal resistor of about 4k
connected to +5V on the input of the
inverter, which gives a minimum pulse
rate for any value of C. For further
information about such oscillators see
T.1. Applications report B81.

G. W. Haywood,

Bingham,

Notts.

Synchronous-motor phase control

The requirement was for accurate
phasing of a 51 pole pair phonic/
synchronous motor in a facsimile
transmitter. This circuit can be readily
adapted for similar applications. A
sixteen stage shift register loaded with
one bit and connected as a ring counter
is clocked at sixteen times the required
motor drive frequency. Thus, the output
of any one stage is a pulse train with a
1:15 mark/space ratio and a repetition
rate equal to the drive frequency. A
single pole sixteen way switch can
select the output from any stage of the
shift register. For every clockwise step
of the switch there will be a 360/16
degree phase retard of the output.
Similarly for every anticlockwise step
there will be a 360/16 degree phase
advance. Smaller steps may be achieved

PLL MULTIPLIER

22n 420V

input
1.020Hz

mo:l'

-l
100n

by extra stages in the shift register. In
terms of shaft rotation each step is
360/16 X 51 =0.44°. In the circuit shown
a sixteen line-to-one multiplexer acts as
the sixteen-way switch. The position of
the switch is determined by the data
select input. To make the switch rotate
uniformly either clockwise or anti-
clockwisé, the data select is connected
. to a four-bit binary up/down counter.
The clock drive for the counter is
derived from a gated multivibrator, the
rate of which determines the rate at
which the phase advances or retards. If
necessary another counter can be used
to monitor the number of pulses from
the multivibrator.
The 1:15 mark/space ratio at the
multiplexer output can be improved by
a monostable with a period set at half

SHIFT REGISTER

the period of the drive frequency. This
puts less demand on the bandpass filter
if a sinusoidal output is required.
Sixteen clock pulses to the up/down
counter produce one complete rotation
of the sixteen way switch which means
one complete cycle subtracted from or
added to the motor drive. In terms of
shaft rotation in a 51 pole pair machine,
the phase is retarded or advanced
360/51 (7.05°) in sixteen 0.44° steps. In
other words, if the gated multivibrator
output frequency is N pulses/s, the
motor speed alters by N/7.05
degrees/second.

P. E. Baylis and R. J. H. Brush,
Dept. of Electrical Engineering
and Electronics,

University of Dundee.

load

e

SN7400

:

!

J10Cn ) e.e I=(2) 50 f9=2)
(5= 2=

MULTIPLEXER

. 16320 Hz
' P T 1 1] ' 1 1
Do B2 P DB CaCallans, ’9@@@@@%’@@@
SN74199 SN74199

[T
@I I ID=D)

SN74150

D @'@ 9

GATED
7
MULTIVIBRATOR 32 6

/1 0/1

wuaana amaoricanradinhistory com

UP/DCWN
SN74131
476 COUNTER
1, $N7413 G4) (5) o (E)=(®
2 .
4 = O
= 6 160Hz y  +5V
5
stop/go up/down

output



www.americanradiohistory.com

- Wireless World, April 1976

1/4 7486N

(0]
Pulse rate doubler

The circuit shown will generate pulses
at twice the input frequency. A pulse is
applied to the first monostable in the
74123N,: which runs for time T,. The
negative edge, terminating T,, triggers

the second monostable which runs for
time Tg. Thus, if T, equals half the input.
period and Ty equals the width of the
input pulse, an additional pulse is
generated between each input pulse. An
exclusive-OR gate combines both

63

INPUT 1
| IL
OuTPUT 1
I | I | E |
N
TA .
i
Tg 5

pulses to produce the output. Using R
and C values as shown, the circuit will
double a pulse of width 800us and
repetition rate about 130 per sec.

K. R. Brooks,

University of Bristol.

Simple staircase
generator

The circuit provides a simple means of
generating a repetitive staircase wave-
form. A total of seven steps is generated
before the waveform is repeated. This
may be increased by cascading several
SN74 164 shift registers or decreased by
providing the clear pulse from an earlier
Q output.

P. Cochrane,

Ipswich,

Suffolk.

+5V

clock input

470

1 2

8-bit shift register

A B

SN74 164

10k

4

staircase
output

F.m. discriminator

To produce a high quality f.m. tuner I
surveyed a number of design techniques
using discrete components. After some
research I became interested in an
article by J. C. Hopkins (Wireless World,
Sept. 1965). This circuit uses a transistor
pump discriminator operating around a
200kHz i.f. This technique, used with a
conventional 10.7MHz if. strip, pro-
duced very good results.

The circuit is similar to J. C. Hopkins's
design and requires modifications only
to the capacitor values and transistors.
The last i.f. stage was modified and the
load made resistive. The signal was then
coupled to the discriminator which, in
turn, was connected to a stereo decoder.
W. Anderson,

 Portland,
Dorset.
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Wireless World Teletext decoder

6--Lower-case characters and analogue circuits

by J. F. Daniels

!

The control-codes detection is based
on six D-type flip-flops. The first three
of these (52,6), (52,8) and (53,6) detect
codes which mean “go to red display,
green display and blue display” respec-
tively. The fourth one dictates whether
the display should be in the alphanu-
meric or graphics mode, and the fifth
one (51,6) indicates when characters
should be flashing. The final one is used
toderive a wavefrom to switch between
.the TV and Teletext displays during the
insert or boxed mode.

The Teletext specification says that
all rows should begin in the steady,
alphanumeric white, unboxed condi-
tion, and this is achieved by presetting
the outputs of the six flip-flops to the
required state with the output pulse
from (59,8), which is a combined line
and field blanking waveform.

Considering first the codes which
indicate a change in colour of the
display, it can be seen from the code
table that bit I is always at 1 when a red
output is required, bit 2 is at 1 when a
green output Is required and bit
3 isat 1 when a blue display is required.
‘Combinations of these three bits will
also give the complementary colours
correctly such as yellow when bits 1
and 2 are both at 1, and also white when
all three bits are at 1. The way in which
this is achieved in the decoder is to feed
bits I, 2 and 3 respectively to the D
inputs of the three flip-flops, (52.6),
(52,8) and (53,6) and feed the clock
inputs in parallel, with clock pulses
occurring only during the fourteen
colouring codes in the code table

The clock pulse gating is achieved in
(41,10), (49,8), (43,13), (44,6), (58,6) and
(49,6). The actual clock pulses are
narrow negative-going pulses obtained
from decoder (42,2) and are fed into gate
(43.13). The other gates merely serve to
inhibit the clock pulses at all times other
than when a change in colour of the
display is required. The input to ICy, pin
9 can be changed by means of the link,
from 1Cy, pin 7 to 1Cs,, pin 2, altering
the Clock-pulse-aillow waveform to
cater for the new code allocations.

The changeover between graphics
and alphanumeric operation is obtained
in a very similar way to that already

described for colours. Flip-flop (53,8)
obtains its clock pulses from the same
place as the colour changing i.cs and its
D input is fed either from (66.12) or
(28.10) according to which transmission
standard is being received.

Flashing and boxing codes are dealt
with, again in a similar way to that
already described. Clock pulses are only
allowed during the two code positions
allocated to flashing and boxing
respectively. The D inputs are fed with
bit 1 information, and in this way the
output of each flip-flop is set either to
the on or off condition depending upon
which of the control codes is received.
Normally, of course, the flip-flops are
set to the off condition by the line-
blanking waveform, and then some-
where along the character row a
flashing code may be received which
will set the flip-flop to the on condition.
A further code may be received to turn
off the flashing or, if no code is received,
the line-blanking waveform will again
set the flip-flop to the off condition at
the end of the row.

Switching between the alphanumeric
and graphic displays (both types of
character are actually generated for
each character box in the display) is
achieved with gates (57,8), (57,11), (58,8)
and (58,12). Alphanumeric characters
are fed into ICs, pin 2 and graphic
characters into ICs;, pin 10. A feed of
bit6 is also connected into 1Cg, pin 1 and
ICs7, pin 13. This is to enable the “blast
through” mode of operation, in the
following manner. Normally when
graphics are being displayed, bit 6 is in

the 1 condition. If, however, bit 6 is:

made 0 as for instance in the transmis-
sion of upper-case letters, this can be
made to switch away from the graphics
mode, and into the alphanumeric mode
for the duration of the character. In this
way switching between graphics and
alphanumerics can be obtained very
economically, without the need for a
separate control character (which
would be displayed as a space). The
slight disadvantage of this is that only
upper-case characters in columns 4 and
5 of the code table may be displayed in
this way.

Gate (58,8) is fed with the outputs of

bbbt orioanradiabhictan, ~am

gates (57,8) and (58,12), containing the
graphics and alphanumeric characters
respectively. A third input to this gate is
fed with a composite blanking wave-
form which contains both line and field
blanking, and also information to blank
the control characters. Gate (44,12)
adds together the line and field blanking
waveforms, and a third blanking input
is provided here which may be used to
blank the Teletext display output while
watching TV programmes. (It is possi-
ble that the Teletext waveform could
break through onto the TV picture
under some circumstances, if the leads
were not properly screened, for
instance.) The output of this gate is
delayed by capacitor C,, to allow for
delays in the ra.ms and r.o.m. This
output is added to the control-character
blanking waveform in gate (41,13) and
the output of this gate is then fed into
(58,8) where it serves to blank the video
display waveform.

The output of (58,8) is then inverted
and gated with the output of the
flashing oscillator formed from (67,2)
and (67,4). This flashing oscillator is
allowed by the D type flip flop (51,6) and
gates the display waveform in (57,6). At
this point the composite display wave-
form exists in monochrome form, and
then the colours are incorporated by
gating this monochrome waveform in
the 2-input NOR gates (54,4),
(54,13) and (54,1). The three D-type
flip-flops enable or disable these gates
to form the red, green and blue outputs.

Finally the output of the flip-flop
(51,8) is gated with the line and field
blanking waveforms to give an output
which can be used as a switching
waveform when a “boxed” display is
wanted.

Lower-case characters

The character-generation circuit
already described is capable of generat-
ing only upper case, or capital letters.
Although this does not detract in any
way from the information-carrying
capabilities of the system, some people
may consider it worthwhile to add the
extra circuitry required to display lower
case characters.
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' The method is exactly the same as
that described last month for upper case
characters, except that some lower case
letters, i.e. g,j,p,q,y, drop below the line
of normal characters. Provision has
already been made for this as the
character box is ten lines high and only
the top eight lines are used for the
upper-case characters and a space line
between characters. This leaves two
unused lines available to display lower-
case descenders.

The same type of r.o.m. is used to
contain the lower-case characters, the
only difference being that the lower-
case memory only contains the thirty
two characters in columns six and seven
of the code table, the other thirty two
spaces being left blank. The complica-
tion arises from the fact that characters
stored in the memory can only occupy
up to eight lines of the display, as the
row-address information to the r.o.m.
consists of only three bits of informa-
tion. Fortunately, however, none of the
characters having descenders contains
information in the top two rows of the
character box, and this enables the
character to be stored in the r.o.m. two
rows higher than its intended display
position, as shown in Fig. 1. This means
that when the row addresses are applied
to the r.o.m. they must be changed for
those characters which have des-
cenders, in order to lower the display
position by two TV lines.

Figure 2 shows the extra circuitry
needed to produce lower-case char-
acters, and in practice these additional
i.cs are mounted on a small board which
fits above digital board | at the opposite
end to the analogue board. I.cs 87, 88, 89,

-and 90 are used to detect the characters

which require lowering by two rows,
and this information is available at gate
(89,4) where a 0 denotes a normal
character and a 1 indicates a character
that should be lowered by two rows.

Fig. 2. Extra circuits to obtain lower-case
letters.

(a) (b)

Fig. 1. Lower-case letters with “tails” are
stored in the same memory rows as ordinary
letters. Row addresses are changed during
readout to lower the letters by two rows.

“ The character generator, ICq; is of the
same type as the upper case one, a 2513,
but its suffix CM3021 indicates that it is
programmed with lower case char-
acters. (The upper-case version is
suffixed CM2140). Switching between
the outputs of the two character
generators is facilitated by their
“tri-state” outputs. This means that as
well as having the normal states of 0 and
1 at the output pins, a third condition
can be obtained where the output pin is
effectively open-circuited from the rest
of the i.c. This third state is controlled
by the “chip enable” input, and by
suitable control of this input, any
number of 2513’s may be connected to
the same five output rails. In this circuit,
switching between the two r.o.m.s is
controlled by gate (90,3). The output of
this gate goes to 0 only during columns
6 and 7 of the code table, enabling 1Cgs,
and the inverse of this waveform is fed
to the chip enable pin of the upper-case
character generator IC;;, enabling it
during columns 0-5 of the code table.
The row addresses to ICq; are fed from
ICg, Which is a four-bit binary full
adder, type 7483. The A inputs are fed
with the four-bit row-address informa-
tion from the line counter ICs, and the B

+5V

IC, pin
73, 17

73 18
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inputs are fed either with a binary zero,
during normal characters, or the binary
number fourteen during characters
which require descending by two rows.
Sum outputs one, two and three are fed
to the row address inputs of the r.o.m.
and these will change for a descended
character in such a way that the
character will be lowered by two TV
lines. Sum output four can be used as a
blanking waveform to inhibit the gen-
eration of characters during the top two
rows of the character box, when a
descended character is displayed. The
blanking is achieved by means of gate
(89,13) which switches the character
generator to one of the blank character
spaces during the required blanking
period. This method of achieving the
blanking is extremely useful, as the
delay applied to the blanking waveform
will be similar to the delay of the
character read-out of the r.o.m. (about
400ns). If the blanking had to be added
externally to the r.o.m. then some
means of delaying the waveform by a
suitable amount would have to be
found. A useful feature of the lower-
case circuitry is that only one track on
the upper-case printed board has to be
cut when adding the extra board (the
chip-enable pin of ICz;) and all the
connections to the existing boards may
be made to the underside of digital
board two, which entails a minimum
amount of disturbance to the existing
upper-case circuitry. For this reason
also, I would suggest that the decoder
should be built and tested as an
“upper-case only” unit initially. The
lower-case board can be added later as
there is no extra line-up procedure
required when this board is fitted.

Analogue board

This board serves three main functions,
namely to provide feeds to the digital
boards of mixed syncs, separated data,

IC, pin
73, 4
g B
IC, pin bit s #p &
73, 21 -
73, 7
bit 2
73, 8
73, 8
73, 19—
bit 3
bit 4
73, 20 -
bit 1
73,17 -
+5V
bit 5 R
~ IC 2
66, 12 > o ¥ 13 " ICpn Dt6 3 *
bita 15 8 gl +sv 58, 1 } ‘
59, 2 - 12
10 67, 13 ot 7 1
/12 R ¢ ICqo
IC.on 673 W
5 59,12 __ o V1 8 ICqo
4 T 2
3
8 3 5 } —I:I}—, to IC,3 pnm
ICq0 5
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and a switched clock waveform which is
suitable both for the writing of data into

the store and for reading it out during,

the display period. The input to the
analogue board, the circuit of which is
shown in Fig. 3, should consist of a
composite positive-going video wave-
form of between about 1 volt and 5 volts
peak to peak. Tr, is an emitter-follower
buffer which provides a suitable low-
impedance source to drive the d.c.
restorer formed from C; Ry and D;.
This restores the sync tips of the video
waveform to a potential of about —1
volt. Chrominance information is then
removed by the low-pass filter Ry, C,
and the remaining video signal is fed to
the positive input of a difference
amplifier. The negative input is con-
nected to a potentiometer which con-
trols the point at which the video
waveform is sliced. The best setting will
depend on the amplitude of the video
waveform, but the range of the poten-
tiometer should be great enough to
cover the whole of the sync portion of
the video waveform and enable separ-
ated syncs to be obtained at the output
of the difference amplifier. This i.c. is in
fact a high-speed dual line receiver with
fully t.t.l.-compatible outputs and is
ideal for use in this type of circuit.

" A mixed sync waveform could, of

Fig. 3. The analoglue ciréuitry to produce
syncs, data and clock.

course, be obtained from the TV re-
ceiver in which the decoder is to be
installed, but it was felt that it would be
better to include one in the decoder if
only to reduce the number of connec-
tions to the TV set. It also has another
advantage in that the decoder may be
fed from a “video ring main” where a
separate feed of syncs may not be
available.

As well as feeding the digital boards,
the feed of mixed syncs is used to
generate a clamp-pulse waveform
which is' used both on the analogue
board and the video switching interface
board in the TV receiver. The positive
going trailing edge of the line sync
waveform is differentiated by C,, and
Rj¢ and coupled into gate (84,12). The
resulting negative-going puilse is
inverted by gate (84,6) and a positive
going clamp pulse is obtained which is
about 4pus wide, and occurs during the
back porch of the video waveform.

This pulse is used in the analogue
board to clamp the video waveform
before slicing the Teletext-data in a
similar way to that used in the sync
separator. Before describing this in

wissaLamericanradiohicstaory com
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great detail, however, it would be as’
well to discuss some of the problems
involved in successfully slicing the data
signal.

Data slicing

In the simplest possible system, the
video waveform could be fed via a
capacitor into the positive input of a
differential amplifier and by varying the
direct voltagelevel on the negative input
by means of a potentiometer, sliced
video and data would be obtained at the
output. The fact that picture informa-
tion is sliced, and present at the output,
is immaterial as precautions against this
causing trouble have been taken else-
where in the digital circuitry. However,
because of the nature of the video
waveform, the varying picture infor-
mation will cause the average voltage of
the signal to vary, and thus alter the

_position at which the video (and data) is

sliced. If the data information were
transmitted as perfect square-shaped
pulses this would not matter because
the output mark/space ratio of the data
information would remain unaltered.
However, the data cannot be transmit-
ted in this way because the bandwidth
requirements would become infinite,
and the transmission system must be
tailored to suit the normal TV band-
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.width of 5.5 MHz. The data is in fact
transmitted in the form of raised cosine
pulses, and this implies that the data
must be sliced fairly close to the
halfway point between its positive and
negative peaks, if the mark/space ratio
of the received data is to be close
enough to the original for correct
decoding. This is the-case even if the
received signal is completely undistort-
ed by the receiver tuner and i.f. strip. In
cases where the receiver i.f. amplifier
has insufficient bandwidth or large
group-delay errors, or the aerial is
mismatched into the receiver, the
setting of the slice level will be even
more critical and in very severe cases of
“ghosting” or i.f. misalignment it may
be impossible to find a suitable point at
which to slice the video waveform and
obtain error-free readouts. The simple
system described above could only be
adjusted to give satisfactory results
during periods of static transmission
such as test card, where the picture
information is constant and the slice
level would remain unaltered.

One way to overcome the problem of
changing level of the video waveform
would be to use the d.c.-restored video
present at the cathode end of D,.
However, a better system is to clamp
the video during the back porch, and
this method is used in this design. Tr; is .

to thumbwheel

in parallel
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Fig. 4. A suggested power supply circuit.

turned on during the back porch by the
clamp pulse, thus holding black level to
approximately 0 volts regardless of the
average level of the signal. Purists may
point out that the clamp action will be
upset by the colour burst. In practice,
however, this only becomes a problem if
large variations in level of the
chrominance information occur, which
will in turn cause the clamping point to
vary slightly. If this is really a problem
that cannot be solved by improving the
aerial installation, then a 4.43MHz
tuned circuit should be included in
series with the collector of Tr,. It has
not been included as a standard feature
in the circuit, partly because it has not
proved niecessary, but mainly because
it would be rather difficult to set up
correctly without expensive test gear.

Fig. 5. Function switching.
The “CLEAR"” switch is a
push, non-locking type,
the “TIME” button is a
push-push, locking switch
and the rest are interlock-
ing. Further construction-
al information appears in
the next article.

to thumbwheel
switch wiper
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The system described so far, consist-
ing of a clamped video signal, sliced by
means of a differential amplifier having
a variable voltage level at its second
input, is capable of giving very good
results under most reception condi-
tions. The slice level setting can be fairly
critical under adverse conditions, how-
ever, and although the black level end of
the waveform is maintained at a fixed
level by the clamp, variations in ampli-
tude of the video signal will also cause
unwanted movement of the data level.

Small variations between the signal
amplitude of different TV channels
which may occur with some types of i.f.
strip can be enough to prevent correct
decoder operation. A more likely cause
of video amplitude variations will occur
in TV sets where the contrast control
operates in the a.g.c. line. In this type of.
set the detected video information will
vary as the contrast control is changed
and nowhere in the circuit will a video
waveform be available that does not
vary with contrast control changes. It is
obviously undesirable to have to alter
the slice level whenever the contrast
control is adjusted and some form of
compensation must be provided to
automatically keep the slice level
correct. One method would be to have a
variable gain video amplifier which was
automatically adjusted to keep the data
amplitude constant. However, this

control
—————————————p» t0o vide€o switch
interface board
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would undoubtedly be expensive, and a
much simpler way of achieving the
same end is to alter the slice level
automatically, to enable it to follow the
varying data amplitude. This is done by
detecting the data amplitude with a
peak-detector circuit and then using
this information to set the slice level
midway between the data peaks and
black level.

Try forms the positive-data peak
detection circuit with the decay time set
by the time constant R;s, C;s. This time
constant is made fairly long compared
to the data bytes to prevent too much

decay during the worst case condition

of fourteen consecutive zeros. TR, then
serves to offset the base-emitter voltage
drop of Tr; and the shorter time
constant Ry, C4, increases the rise time
of the peak detector circuit to reduce
the effect of large noise spikes. The
actual slice level is adjustable by means
of VR, over the full range from 0 volts to
the positive data peak level. Although
theoretically this potentiometer should
be in its mid position for correct data
slicing, non-linearity distortion intro-
duced by certain types of vision detec-
tor circuit will mean that the best
results may be obtained if the slice level
is not mid-way between the positive and
negative peaks of the data. The differ-
ence amplifier used to perform the
actual data slicing is the other half of
the dual line receiver, 1Cy,.

Clock generation

It has already been explained that the
clock waveform generated on the
analogue board consists of the outputs
of two oscillators, one locked to the
incoming data, and the other adjustable
in frequency to enable the display width
to be adjusted. Switching between the
two clock generators is performed by
the ‘lines 11-21’ waveform. Gates (83,11)
and (83,6) are cross coupled to form a
free running oscillator. Oscillation is
inhibited during lines 11-21 by the
‘waveform present at gate (83,3), and by
also inhibiting oscillation at the start of
each TV line — Q of monostable 3 is fed
into gate (83,11) — the oscillator is
phase-locked to the TV lines. This
ensures that the characters will have
“clean” verticals. If the oscillator was
merely free running the phase would
alter at random from one TV line to the
next, and ragged verticals would result.
VR, adjusts the frequency of oscillation
and forms the display width control.
Gate (84,8) forms the active part of
the data clock oscillator. The frequency
of oscillation is determined by L,, C, and
C,. The waveform on pin 9 of the i.c.
only allows oscillation to take place
during lines 11-21, and at all other times

the gate output is held at 1 allowing the.

display clock through gate (83,8) to the
output line. The oscillator is locked to

the incoming data by means of narrow.

negative going spikes fed into the third
input of (84,8). These spikes occur at
every data transition, gate (82,11)

providing the spikes derived from
positive-going data transitions, and
gate (82,6) spikes derived from nega-
tive-going data transitions. Although
the oscillator circuit may appear rather
crude; it has been found to give
excellent results in practice. The main
point in its favour is that it is extremely
easy to set up, as there is only one
adjustment, that being L,. The specified
coil former is the Neosid A6 assembly,
but in practice equally good results will
be obtained with any former of approx-
imately 3/16in diameter, containing an
adjustable ferrite core, so long as it can
be tuned in to the correct frequency of
about 7MHz. The frequency stability of
thecircuit hasbeen found to be perfectly
adequate so long as polystyrene capa-
citors are used for C; and C,. The
preferred method of adjusting the
oscillator frequency will be dealt with
later in the article, as will the rest of the
decoder line up.

Power supply

The power requirements of the decoder
are fairly modest. Five volts for the t.t.1.
circuitry is required at approximately
1.3A, and this can most conveniently be
obtained from a three-terminal regula-
tor of the LM309K variety. The input
voltage to the regulator must not be too
great, however, as the device will be
working fairly close to its limits and
may exceed its maximum power dissi-
pation figure. For this reason, the
regulator must be mounted on a suit-
able heatsink.

A negative five-volt supply is required
at a current of about 25mA, and a
negative 12-volt supply for the char-
acter-generator i.c. at only a few
milliamps. Both negative supplies may
be derived from simple zener-diode type
stabilizers, and a suitable power supply

"circuit is shown in Fig. 4.

Constructors should see that the
connecting wires between the power
supply and the decoder are of a suitable
gauge to prevent excessive voltage drop
of the plus five-volt rail. At a current of
something greater than one amp, it only
takes a few feet of thin connecting wire
to cause a voltage drop of greater than
0.25 volts which will be sufficient to
bring the five-volt rail outside the

recommended specification for t.t.l.’

devices.
(To be continued)

The next article in this series will give
constructional details of the teletext
decoder. Subsequently there will be an
article on interfacing the decoder with
various colour television sets in com-
mon use.
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Who thought up the

synchronous satellite?

Dr Harold A. Rosen, a vice-president
of Hughes Aircraft Company and a
pioneer developer of synchronous
communications satellites, has won the
first L.M. Ericsson International Prize
for “proposing the introduction of
geostationary communications satel-
lites and for his scientific and techno-
logical contributions to their develop-
ment, design and operation.” The prize,
of 100,000 Swedish crowns (about
£11,000) will be presented by King Carl
XVI Gustaf at ceremonies in Stock-
holm in May. To be awarded every
three years, the prize honours the
memory of Lars Magnus Ericsson,
founder of the L.M. Ericsson Telephone
Company. -

Dr Hakan Sterky, chairman of the
prize committee, says “Dr ~Rosen
proposed that a single satellite could be
orbited at an altitude where it matches
the earth’s rotation and appear to be
stationary, thereby simplifying con-
nection with earth stations and pro-
viding 24-hour-a-day service”. British
readers, in particular, will be surprised
that no acknowledgement is made to

" Arthur C. Clarke, who is widely

considered to be the originator of the
idea of satellites in synchronous orbit.
Clarke pointed out in the October 1945
issue of Wireless World (eleven years
before Dr Rosen joined Hughes) that a
space-station orbit with a radius of
42,000km “has a period of exactly 24
hours. A body in such an orbit, if its
plane coincided with that of the earth’s
equator, would revolve with the earth
and would thus be stationary above the
same spot on the planet. It would
remain fixed in the sky of a whole
hemisphere and unlike all other
heavenly bodies would neither rise nor

set.” Further, a satellite in this orbit

“could be provided with receiving and
transmitting equipment . . . and could
act as a repeater to relay transmissions
between any two points on the hemis-
phere beneath . . .” (See “Extra-terres-
tial relays”, October. 1945, pp. 305-308).
Hughes Aircraft state that all of the
Intelsat communications satellites “are
a result of Dr Rosen’s synchronous-

-orbit concept.” This is strange in view

of the fact that it was a vice-president
of Hughes Aircraft Company, Dr F. P.
Adler, who gave public acknowledge-
ment to Clarke’s proposal more than a
decade ago (June 1965 issue, p.269).
Moreover, L. M. Ericsson have indicated’
that they know of Clarke (although
they do not seem to be aware of the
thoroughness of his 1945 proposal).
Readers may be forgiven for question-
ing whether it really was Dr Rosen’s
concept.
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ioTelephones?

NOLTON COMMUN:CATIONS
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Ask Nolton!

Key-men keep in-touch by radio-telephone. For the planning of
these sophisticated installations, for the supply &nd instzllation of
equipment, for advice and help in procuring licenses, for maintenance
and servicing, key-men keep in touch with Noiton.
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Nolton supply major radio-telephone users in the UK and overseas ...
Nolton advise impartially on the suitability of equipment (of their
own manufacture and also other leading brands) ... MNolton are
represented throughout the UK. For all radio-telephone enquiries,
write, ring, or telex Nolton.

Nolton Communications Ltd

Radiotelephone Division
Fieldings Road Cheshunt Herts EN8 9TX
Telephone Waltham Cross 33555

Telex 28952
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£14.95!

he Black Watch by Sinclair is unique.

Controlled by a quartz crystal, and
powered by two hearing aid
batteries, it uses brightred LEDs to
show hours and minutes, and
minutes and seconds. And it's
styled in the cool prestige Sinclair
fashion: no knobs, no buttons,

no flash.

The Black Watch kit is unique, too.

It's rational - Sinclair have
reduced the separate
components to just four-and
it's simple: anybody who can
use a soldering iron can assemble
a Black Watch without difficulty.

* From opening the kit to wearing the
watchis a couple of hours’ work.

* Practical—easily built by
anyoneinanevening'’s
straightforward assembily.

* Complete-rightdown to {}
strap and batteries.

*Guaranteed. A correctly- |
assembled watch is
guaranteed for a year. It-
works as soon as you put the
batteries in. On a built watch
we guarantee an accuracy
within a second a day-but
building it yourself you may be
able to adjust the trimmer to
achieve an accuracy within a
second a week.

Touchand tell

Press here for hours and minutes... here for minutes and seconds. Batteries easily replaced at home.

The specialist features of the Black Watch

Smooth, chunky, matt-black case, Large, bright, red display—easilyread  Runs on two hearing-aid batteries
with black strap. (Black stainless- at night. Touch-and-see case- (supplied). Easily re-set using special
steel bracelet available as extra— no unprofessional buttons. button-no expensive jeweller’s
see order form.) service.

Ry A AT -
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The Black Watch-using the unique
Sinclair-designed state-of-the-art IC.

The chip...

The heart of the Black Watchisa
unique IC designed by Sinclair and
custom-built for them using

...and how it works

A crystal-controlled reference is used
to drive a chain of 15 binary dividers
which reduce the frequency from

Complete kit

£14.95!

The kit contains

state-of-the-art technology -
integrated injection logic.

32,768 Hzto1Hz.Thisaccurate
signal is then counted into units of
seconds, minutes, and hours, and on
request the stored information is
processed by the decoders and
display drivers to feed the four
7-segment LED displays. When the
display is notin operation, special
power-saving circuits on the chip
reduce current consumption to only
afew microamps.

printed circuitboard
unique Sinclair-designed IC
encapsulated quartz crystal
trimmer
capacitor
LED display
2-part case with window in
position
batteries
battery-clip*

. black strap (black stainless-
steel bracelet optional extra-
see order form)

11. fullinstructions for building
| anduse.

This chip of silicoh measures only
3mmx 3 mm and contains over
2000 transistors.The circuitincludes

a) reference oscillator

b) divider chain

c) decoder circuits

d) display inhibit circuits
e) disptay driving circuits.

1.
2,
3.
4.
5.
6.
7

©®

The chipis totally designed and
manufactured in the UK, andis
the firstdesign to incorporate
all circuitry for a digital
watch onasingle chip.

-
Q

LED display

All the tools you need are a fine
soldering iron and a pair of cutters.
If you've any queries or problems in
building, ring or write to Sinclair
service department for help.

Trimmer
Quartz crystal

Batteries ) . » . .
2000-transistor silicon integrated circuit

Take advantage Of thls I_To:SincIair Radionics Ltd, FREEPOST, Stlves, Huntingdon, Cambs., PE17 4BR.
no-risks, money-back

I Please sendme Total £
Offer tOday' ....... (qty) Sinclair Black Watch *lenclose cheque for £
The Sinclair Black Watch is fully kit(s) at £14.95 (inc. black made out to Sinclair Radionics Ltd
guaranteed. Return your kit in original strap, VAT, p&p). ... - andcrossed.
condition within 10 days and we'll l Ayl f
[ T LT - (aty) Sinclair Black Watch(es) * Please debit my *Barclaycard/Access/

refund your money without question.

All parts are tested and checked

before despatch-and correctly-
assembled watches are guaranteed

for one year. Simply fill in the FREEPOST
order form and post it-today!

Price in kit form: £14.95 (inc. black
strap, VAT, p & p).

Price in built form: £24.95 (inc. black

;

|
=iricl=sirT
!

|

1

American Express accountnumber

" builtat £24.95 (inc. black
I strap, VAT, p&p).

. (qty) black stainiess-steel
bracelet(s)at £2.00
(inc. VAT, p&p).

Name (please print)

strap, VAT, p&p). Address ==
Sinclair Radionics Ltd,

London Road, St ives, = -
Huntingdon, Cambs., PE17 4HJ. Signature ww ja

Tel: St lves (0480) 64646.

Reg. no: 699483 England. VAT Reg. no: 213817088. FREEPOST-no stamp required.

* Delete asrequired l
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Single
SOUrGE
make

CONSERVES YOUR CASH. No need to lock up capital in slow
moving stocks.

SAVES TIME. Parts usually despatched by return. Orders phoned
before midday are often on the way same day.

APROTOTYPE SERVICE. Invaluable when assorted alternative
experimental parts are required.

SOLVES BUFFER STOCK PROBLEMS. Eliminates need for
heavy stock holding. Our stocks are at your immediate disposal.

SIMPLIFIES ORDERING. One transaction for a variety of parts
saves bookkeeping and paper work.

NO ORDER TOO SMALL. Every enquiry is of equal importance
and dealt with expeditiously.

o
2}
e
a4
S,
6

Obviously Single Source Service can solve a lot of your day to day
problems. As the first step get the relevant U-C S catalogue, which
illustrates and describes hundreds of parts any of which you may
want at any moment. Write, or better still phone 06072 78711 for
it now.

So make United-Garr Supplies
your SINGLE SOURCE for:-

-l @
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It makes sense

tousethe

United-Carr
Supply Service
when you require
smalleror mixed
quantitiesofany
of thefollowing:-

CINCH

Barrier terminal strips.
Fanning strips.

Marker strips.

Printed circuit board
edge connectors.

D Subminiatures.

Multi way plugs and
sockets.

Electrical Components.
Single and double pole
rocker switches.

Mains and low voltage
indicator lights.
Plunger switches.

Mains connector blocks.
Automotive lamp holders.

Push on terminations.
Fuse holders.

[.7-

Audio sockets.
Group boards.
Valve holders.

Fuse holders.
Battery connectors.

Industrial Fastenings.
Tee nuts.

DOTLOC single thread
lock nuts.

Lift the Dot fastenings.
Turnbuttons.

Plugs and grommets.
Metal and plastic
components.

Press studs.

Edge clips. W buttons.

Cable clips. Door catches.
Cover plates. Cable straps.
Tur'nbuckles. Metal and plastic
Knob clips. components.
Separate catalogues are
available for:-

Electronic Components,
Electrical Components

& Industrial Fasteners.

Write or phone for your free copy,
stating possible requirements.

United-Carr Supplies Ltd., 112 Station Road, llkeston, Derbyshire, DE7 5LF Tel:likeston 78711 (STD 06072 78711).Telex 377117

wawww americanradiahistory. com



www.americanradiohistory.com

Wireless World, April 1976

73

Phase shift in loudspeakers

Considering the cause and measurement of phase shifts

by James Moir

James Moir & Associates

When the sound pressure maxima immediately in front of a loudspeaker do not occur at
exactly the same instants in time as the corresponding maxima in the voltage across the
loudspeaker voice coil, they are said to differ in phase. The phase shifts that actually
occur in some typical current speaker systems were measured to obtain objective data.

The time delays or phase shifts
produced by loudspeakers arise for
several reasons which we will consider,

starting with the simplest example, a

single-unit wide-range loudspeaker. The
mechanical force exerted on the adja-
cent section of the coil former by the
current in the voice coil is in phase with
that current, but the phase of the current
with respect to the voltage across the
voice coil varies throughout the fre-
quency band because of the reactances
present in the moving coil system.
Typical measured values of the phase
difference between the applied voltage
and the resulting current for a simple
single cone loudspeaker are shown in
Fig. 1. The phase shift in the region of
the bass resonance is critically depen-
dent upon the type of enclosure. Below
the bass resonance frequency the
current in the voice coil is seen to be
inductive with the current lagging the
voltage, the phase angle approaching
40°; but the phase changes rapidly as
the resonant frequency is passed, the
current and voltage being in phase at
resonance (100Hz), but the currént
leads the voltage above the resonant
frequency where the voice coil behaves
as a capacitor. In this particular exam-
ple the current is in phase with the
voltage again just below 300Hz but
above this frequency the coil is gener-
ally inductive, the phase angle increas-
ing continuously. Thus it will be seen
that the mechanical force on the voice
coil former is only rarely in phase with
the applied voltage.

This effect is of greater significance in
multi-unit speaker systems. These must
incorporate electrical filters that pro-
tect the relatively fragile high frequency
units from the powerful low frequency
signals and channel the electrical
signals into the speaker units best able
to handle them. In a three or four unit
system the filters are often of consider-
able complexity.
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Fig. 1. Typical phase difference between
applied voltage and resulting current
for a single cone loudspeaker. The

corresponding impedance curve s
shown below.
Fig. 2. Phase angle and impedance
curves for a three-unit loudspeaker sys-
tem.
o
= 60
z /
k&.l o
g 40
ouw 20" TN
© N A . .
w inductive
OE 0° N\ T
w
39200 \ ) / N\
4
o N
ze", \Z -  / .
W 40 —
7 o capacitive
<
< 60
o
~—~ ]
g 40
A
530 \
w
g N
< 10 L ™ e
a N
o
= 20 100 1000 10000

FREQUENCY ( Hz)

Wil amaricanradinhictan: eam
- TalalladfalaVilaYaTsal



www.americanradiohistory.com

74
+ -
200
w
i °
100 ,
g T\ voltage across mid-range
g \ terminals 1
~ o in phase with crossover terminal voltage N
[=d 0 -;——F' T - T " TTr1— - ~ T T
A s |
] : e
9 100° voltage across N
; wooter terminals N \
o AN \
200° ‘ [ ‘ l ‘
20 100 1000 10000

FREQUENCY (Hz)

The curves of Fig. 2 illustrate the
phase difference between the applied
voltage and the current into the speaker
system, but the voltage across the
individual speaker units is not in phase
with the voltage across the system
terminals as a result of the reactance
present in the crossover filters. Fig. 3
illustrates the phase shift between the
voltage applied to the system terminals
and the voltage across the terminals of
the woofer and mid-range units in a well
known multiple unit system having an
excellent reputation. It will be seen that
the filter networks introduce a consi-

' derable "additional-' phase shift. In the
cross-over region the voltage across the
higher frequency unit is generally
shifting in phase in the opposite direc-
tion to that across the lower frequency
unit.

These phase shifts are all introduced
by the electrical system but there are
additional phase shifts in the mechani-
cal coupling between the voice coil and
the apex of the cone and between the
apex of the cone and the remainder of
the cone and surround. These are
difficult to quantify but an approximate
analysis shows that they are very
frequency dependent and significant.

Acoustic phase shifts

The major phase shifts appear when
sound waves are launched into the air.
In a single cone wide range loudspeaker
unit, the high frequency components of
the acoustic signal are generally radiat-
ed from a small area near the cone apex,
there being little high frequency radia-
tion from the areas of cone near the
surround. At frequencies below about
1kHz the whole cone tends increasingly
to act as a more or less rigid piston and
the signals are radiated by the whole of
the cone and part of the surround. Thus
the area radiating the high frequencies
is usually about an inch behind the
effective centre of the low frequency
radiation and in consequence signals in
the high frequency band will appear a
fraction of a millisecond behind the low
frequency signal radiated by the whole
area of the cone.

These phase shifts due to the varia-
tion in the effective position of the
source are much more serious in a
multiple unit system employing
separate speaker units for the low, mid

Fig. 3. Phase shift through a typical
crossover network.

and high frequency ranges. In the usual
type of enclosure the ‘tweeter’ handling
the frequencies above 4-5 kHz will be
mounted near the top of the enclosure,
adjacent to the mid-range unit and
perhaps 12-14 inches away from the
centre of the Lf. unit. Generally the
radiating surface of the tweeter will be a
few inches in front of the effective
radiation centre of the Lf. cone, so the
higher frequencies will travel through
the air a fraction of a millisecond before
the frequencies handled by the woofer.
In practice the listener will sit two to
four metres away from the loudspeaker
enclosure and unless he is on the
median line between the h.f. and If.
units the path length between his ears
and the h.f. unit will differ from the path
length between his ears and the Lf. unit.
In consequence, the signals from one
unit will arrive before those from the
other unit, or in conventional terms,
there will be a phase difference between
the signals from the two loudspeakers.
This is of special significance in the
changeover region when phase inter-
ference results in the appearance of
peaks and dips in the frequency
response, though the-effect of phase
shift on frequency response is not the
real aspect of the present discussion.

t t—”
ﬁ.e_eﬂ_(_._
0

mid-range E

woofer microphone

ﬂ

Fig. 4. Measurement of a woofer’s phase
shift with the microphone mounted in
the plane of the front baffle.
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Several recent speaker system
designs attempt to minimize the phase
shifts due to the cross-over networks
and the lack of coincidence in the
vertical plane of the emitting surfaces,
by displacing the units, the high fre-
quency radiators generally being set
back behind the plane of the woofer.
The exact positions of the various units
are difficult to:determine by measure-
ments of the relative phase of the
acoustic outputs of the units, but the
“correct” positions can be found
experimentally by adjustment. of the
unit location with a square voltage
waveform applied. The adjustment
must be done either in the open air or in
an anechoic chamber to avoid the gross
phase shifts that characterize any
ordinary room.

Phase shift measurements
Measurements of the overall phase shift
between the system input voltage that
has been adopted as the reference and
the sound pressure in front of the
loudspeaker is not as simple as it might
appear at first thought. While the
position of the microphone diaphragm
is obvious, the effective centre of the
acoustic radiation from the speaker
diaphragm is not known and cannot be
determined with the required accuracy.
Moreover the effective centre of radia-
tion varies with frequency.

The microphene must be mounted in
front of the loudspeaker and the spacing
between speaker and microphone
introduces a fixed time delay, or in
phase shift terms, a phase shift linearly
proportional to frequency. As this time
delay is constant at all frequencies it
does not introduce phase distortion, so
any measurement .of the phase shift
should ignore that fraction of the total
phase difference that is due to the
physical spacing between microphone
and loudspeaker.

This ambiguity in deciding on the
actual part of the loudspeaker cone that
emits the signal at any specific fre-
quency limits the upper frequency to
which phase shifts can be measured
with an adequate degree of accuracy. At
a frequency of 5kHz for example, the
wavelength in air is 6.86cm and in

consequence the phase nominally.

changes by 360 degrees for each 6.86cm
increase in spacing between micro-
phone and loudspeaker unit. If the

phase shift measurements are to be

really accurate the distance between the
diaphragm of the measuring
microphone and the point on the
diaphragm for which the signal is
emitted must be known with an accur-
acy that can rarely be achieved.

A first choice for the position of the
measuring microphone would be the
speaker/microphone spacing standar-
dized for frequency response measure-
ments, one metre. At a frequency of
5kHz this is 100/6.86 = 14.6 wavelengths
and an equivalent phase shift of 14.6 X
360 =5260 degrees approximately, due
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only to the distance between micro-
phone and loudspeaker, and in
consequence, a phase shift that does
not introduce any waveshape distor-
tion. It will be seen from Fig. 1 that a
typical single unit speaker system will
introduce a phase shift of about 30°-60°
at this frequency. Thus if the phase shift
due to the speaker unit itself is to be
measured to anaccuracy as poor as 20%,
it is necessary to measure the overall
phase shift between input voltage and
the sound pressure at the microphone
one metre away, to an accuracy of
about 5°-10° in 5000° i.e.- about 0.1%.
This is just not possible for the effective
centre of radiation in the speaker
diaphragms, the point from which the
one metre spacing is to be measured, is
not known.

Nominally the constant time delay
due to the speaker/microphone spacing
of one metre can be compensated by the
insertion of a delay line having a delay
time of about 0.3ms. In practice this is
not satisfactory for the speaker/micro-
phone distance of one metre cannot be
determined when the centre of the
acoustic radiation from the speaker
cohe is not known with any accuracy.

An alternative solution to the prob-
lem is to minimize the spacing between
microphone and loudspeaker, for this
minimizes the time delay that must be
compensated. Consideration suggests
that the best compromise may be to
mount the microphone with its diaph-
ragm in the plane of the speaker
opening (Fig. 4). At this position the
phase shifts due to spacing time delay
are of no significance at low frequency
and only become of consequence at
frequencies above about 10kHz where
the wavelength is about 3.5cm. The

microphone can probably be located’

with a positional accuracy that is
perhaps one tenth of this, limiting the
accuracy to which the overall phase
shift can be measured to about *15
degrees at a frequency of 10kHz. Fig. 5
indicates the phase shift/frequency
response of a typical wide range single
unit loudspeaker when the measuring

Fig. 5. Phase versus frequency response
of a moving coil loudspeaker measured
as shown in Fig. 4.

microphone is mounted in the plane of
the diaphragm opening. i

Choosing a microphone location
close to the loudspeaker unit may be the
best compromise but it is not without its
limitations, apart from that of accuracy
mentioned earlier. As far as a listener is
concerned the effective phase shift is
that at his ears about two to three
metres away from the loudspeaker. This
cannot be directly measured if a multi-
unit speaker system is employed. At any
listening position there is in addition to
the phase shifts discussed, another and
generally more significant cause of
phase shift, that due to the difference in
the length of the air path between the
listener’s ears and the two sources of
the acoustic signal. If there are only two
units in the system the listener can
eliminate these differences by sitting
exactly on the medium line between the
two units, but this is not possible if a
three unit system is employed. If the
phase shift at the listener’s ears must be
known, it must be separately measured
for each unit, and if the total resultant
phase shift at the distant listening point
is to be obtained, it must be calculated
from geometric considerations. This is
clearly a tedious piece of simple arith-
metic, but the writer has gone on record
many times as saying that these phase
shifts are of no consequence.

Value of phase shift measurement

Measurements of the phase shifts to a
point in the diaphragm plane is of real
use to the speaker development engin-
eer when he is assessing the effect of
design changes. Phase changes more
rapidly in the vicinity of a resonance
that does the amplitude and is a more
sensitive indication of the resonant
frequency and its Q. Thus the effect of
such changes as cone or surround
doping can be rapidly assessed even

wasny amaoricanradiohictans cam,
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though the effect of such a change is
small and in the midst of a lot of other
irregularities.

When a stereo system is employed, the
absolute values of phase shift in the
loudspeakers are of little significance,
but it is important to ensure that the
phase shifts do not change too rapidly
with frequency and that there is unifor-
mity of phase shift between the
speakers coming off the production line.
Rapid changes in the phase/frequency
response of nominally identical samples
leads to unstable positioning of the
stereo image.

My thanks are due to Mr W. R.
Stevens of our laboratory for the
measurements of phase response which
have been quoted.

Announcements

Papers presented at the second international
conference on software engineering for
telecommunication switching systems held in
February in Salzburg, Austria are to be published as
“Software engineering for telecommunication
switching systems”, [EE Conference Publication
135. Further information can be obtained from The
Marketing Department, The Institution of Electri-
cal Engineers, PO Box 8, Southgate House,
Stevenage, Herts. SG1 1HQ.

A service for the design of L.s.d. circuits is available
from Smiths Industries Ltd, Aviation Division,
Cheltenham. A computer aided design and testing
facility has been established to provide a design
service for the low-volume market.

The Duddell medal and prize has been awarded by
the Institute of Physics to Mr G. N. Hounsfield of
EMI Ltd for his development in the use of X-rays for
the examination of three dimensional structures.

The National Closed Circuit Television Associa-
tion’s Annual Conference at University College,
Cardiff is to be held from April 5th to 8th. Further
information can be obtained from V. Ginn, College
of Education, Cyncoed Road, Cardiff.

Sonab Ltd has moved to 214 Harlequin Avenue,
Brentford, Middlesex TW8 SDW.

Cathodeon Crystals Ltd, Linton, Cambridge CBI
9JU, has received BS9000 approval for the
manufacture of crystal based components for the
telecommunications and electronics industries.

British Relay TV, Overline House, Crawley, Sussex
isnow relaying Southern-TV as a fourth channel to
viewers connected to its cable-TV networks in the
London regions of Bow, Fulham, Hammersmith,
North Kensington, Paddington and Poplar.

Wound Electronic Components Ltd, Excelsis
Works, Gogmore Lane, Chertsey, Surrey KT16 9AP
are offering toroidal transformers designed and
manufactured to customers specification.

Belmont A/V Ltd, Fircroft Way, Edenbridge, Kent
TN8 6HA, UK distributors of the B.I.C. range of
loudspeakers, have announced the granting of a US
patent to B.1.C. for their application of the venturi
principle in the field of acoustics.

’
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Automatic battery switch-off circuit

Extending the life of small instrument batteries

by D. T. Smith

Clarendon Laboratory, University of Oxford

Nowadays, many small electronic
instruments are powered by batteries.
Battery prices have risen in recent
years, and with the increasing prices of
raw materials such as zinc, costs are
likely to rise further. Moreover, it is
frustrating to find equipment out of
action due to flat batteries just when it
is needed.

Much laboratory equipment is used
intermittently and batteries then have a
long life if the equipment is always
switched off after use. However, people
often forget to switch off, particularly
when there is no obvious reminder
(such as a light or noise) that the
equipment is on. In practice, instru-
.ments are frequently left on for days or
weeks when not in use. The circuit
described here was designed so that it
can be built into equipment without
affecting performance or the normal
controls, but will switch off the battery
after a reasonable time it if it not
switched off manually. We chose a time
of about 10 hours so that the equipment
would operate for a full working day
without interruption. Normal operation
can be restored by moving the manual
switch to off and back to on.

Circuit operation
Both capacitors discharge when the

battery is off. When the battery is

switched on, C; charges and gives a
pulse of current to the base of Tr|, which
conducts and feeds current to the base
of Tr, to allow current to flow to the
load. Initially, C, remains uncharged,
and with the bias on the gate of Tr,, the
tail current of the pair Tr, 5 is all taken

by Tr,. Base current is fed to Tr, which
in turn drives Try into saturation.
Voltage drop across Tr, is, therefore,
quite small. Capacitor C, is slowly
charged via R; until Trg is conducting
and drawing tail current. Current
through Tr, is decreased together with
the base current of Tr,, and Tr; is no
longer saturated. The output voltage
then falls and the bias on Tr, falls, while
the bias of Trs remains constant, so that
a regenerative feedback loop is formed
and the circuit snaps off.

When the circuit has switched off, the
only drain on the battery is the current
though R; (10M{) and transistor
leakage, and this is a negligible drain to
normal batteries. With the output off,
C, discharges rapidly through the gate
of Trs. When the operator switches off,
C, discharges through D, and R, with a
time constant of one second, so that the
circuit is ready to be switched on again
without delay.

The circuit switches off when the
voltages on the gates of the f.e.ts are
about equal, that is, when C, has
charged to about half of the output
voltage. This gives an operating time
T =1log.2.C,R; = 0.7C, R,.

The values shown give a calculated
time of just under 10 hours. Other
periods can be obtained by altering C,
orR,. '

The value of R, is chosen to suit the
working current and battery voltage. A

Fig. 1. Circuit diagram of the switch-off
unit.
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low value of R, increases the battery
drain, while a high value limits the
working current; a suitable value is

ko= 1%
out

Construction

The circuit was built as a printed circuit
board with a p.t.f.e. insulated tag for the
junction of R;, C, and the gate of Trs.
This extra insulation is necessary to
give a leakage resistance large com-
pared with the high resistance of R, (10
G{2), and care should be taken to keep
this part of the-circuit clean and dry to
prevent the insulation from deteriorat-
ing. The circuit is not critical, as
accurate timing is not required. A
polycarbonate capacitor was used for
C, to ensure low internal leakage. A
maximum gate current of 2nA as
quoted in manufacturers data for the
2N3819 would be disastrous, but in
practice the gate current for this device
is usually below 10 pA.

This circuit has been fitted to a
number of a.f. oscillators without any
inconvenience to normal operation.
Users need not be aware of the presence
of the circuit.

Components

Tr, , 2N4061, BC478 or similar small
silicon p-n-p type

Try,  2N3053, BC142 or a similar
medium power silicon n-p-n

t)ﬁ)e
Tris 2N3819 (n-channel silicon f.e.t.)

D, any small silicon diode
Ry 4k7 (9 or 12V battery)
10k (15 to 27V battery)

R, 10G2 +=20% H13. Welwyn Elec-
tric Ltd, Bedlington, Northum-
bria NE22 7AA. (£1.08 in small
guantities)
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Diode model of the m.o.s.f.e.t.

An insight into device operation to clear up some of the
difficulties encountered in its initial study

by B. L. Hart

North East London Polytechnic

From the point of view of the circuit
engineer the d.c. model, for a given
application, of an active device can be
classified as “good” if it is as simple as
possible, and easy to use jon both
pencil-and-paper and computer aided
designs. Also it should be characterized
by parameters that are readily obtain-
able by measurements at the device
terminals and that relate circuit perfor-
mance potentialities and limitations to
device design choices and fabrication
process technology.
" The classic Ebers-Moll! (E-M) d.c.
model of a bipolar junction transistor
(b.j.t.) certainly fulfills these criteria.
There can be little doubt that the E-M
model has clarified the operation of a
number of circuit designs and been
responsible for the generation of some
new ones. The advent of the equally
classic Beaufoy-Sparkes? charge-con-
trol model of a b.j.t. facilitated the paper
design, and predictable practical per-
formance, of saturated b.j.t. switching
circuits such as inverters, bistables, etc,
and led to the formulation of various
figures-of-merit for fast switching b.j.ts.
Recently, work by Gibson®, Wedlock®,
and others has led to the development
of a simple d.c. m.o.s.f.e.t. model which
is analogous to the E-M model of a b.j.t.
The aim of this article is twofold: to
clarify — at a level comprehensible by
the circuit engineer, rather than the
device physicist — the basic operation
of a m.os.fe.t.; to introduce the Gib-
son-Wedlock model and show how it
meets the criteria of “goodness” out-
lined above.

Basic operation

Because of its importance in digital
electronics we consider, throughout, an
enhancement-mode® device. The
symbolic representation, together with
schematic cross-sectional views of the
n-channel device selected for discussion
are shown in Fig.1(a), (b) and (c)
respectively. The source(S) — drain (D)
spacing is L and, by definition, the

gate(G) “width” is W. The S and D.

diffusions — richly doped by comparison

with the p-type substrate — are desig-

nated n* and have a plentiful supply of

electrons. Let us see what happens for
the bias conditions Vgg=Vgs#0. The
action of the device may, for the time
being, be represented by two p.n
junction diodes — the source-substrate
junction, and the drain-substrate junc-
tion — connected back-to-back. Irre-
spective of the polarity of Vg there can
be no significant drain current, Ipg. This

o Ips
(source)l, (drain)
AN
2 DS
VB s
(a) (substrate)
" metal gate
’
- n+
-~ silicon
—-metal
drain
electrode

metal source P -substrate

electrode (b)

insulator
(thickness,tox)

P-substrate

(c)

Fig. 1. N-channel enhancement-mode
m.o.s.f.e.t. (a) symbolic representation
and terminal voltage designation (b)
plan view of physical construction (c)
cross-section corresponding to (b)
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is also the case if the substrate connec-
tion, B, is left floating (though this is an;
operating condition not recommended).
because one or the other of the two
diodes is always reverse-biassed.
Suppose, instead, that Vgg=Vps=0
but V;s>>0. Under d.c. conditions there
is no current in the gate lead, i.e. I; =0,
because of the insulating properties of
the oxide layer. Gate G acquires a
positive charge and a corresponding
negative charge is induced in the
substrate surface layer beneath the
gate. This arises as a result of electrons,
drawn in from S and D, that are
attracted to this region by the field in
the oxide and holes that are repelled
away from it. When Vg is sufficiently

positive — by an amount known as the

threshold voltage, Vi — enough elec-
trons are concentrated in the substrate
surface layer to compensate the positive
charge due to substrate doping and
device processing. Thus, when Vig=V;
the phenomenon of “inversion” is said
to occur: the substrate just under the
gate changes its polarity from p ton or
“inverts.” It must be borne in mind that
the designation “n” means, basically,
that the majority carriers are electrons,
whether this be due to the fixed initial
doping of the substrate wafer, or the

‘induced doping from device biassing.

After inversion has occurred a con-
tinuous conducting layer or “channel”
links the S and D diffusions. This
channel, which is of uniform shape
throughoutits length, is normally only a
few angstroms thick i.e. much less than
the thickness, t,,, of the oxide insulating
layer (typically, 100nm). The n-channel
forms with the p-substrate an induced
p.n junction and, as with any conven-
tionally fabricated junction there is an
associated depletion region (see
Fig.2(a), in which the thickness of the
channel is exaggerated for clarity) and
this serves to make the device self-iso-
lating. Thus, built-in junction-isolation
is not required, and a consequent saving
in chip area is achieved, when a number
of similar devices share a common
substrate as in single-polarity m.o.s.-
f.e.t. memory systems such as those
used in pocket calculators.
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Fig. 2 (a) Showing the presence of

channel and depletion regions (b)
equivalent circuit of 2(a)

Under conditions of strong inversion
(Vgs— V>V, say) and with V=0 the
m.o.s.f.e.t. behaves physically as a
parallel plate capacitor system
(Fig.2(b)), in which one plate is G and
the other, accessible via the source-
drain connection, is the channel. The
magnitude of the charge density on
each plate is Cy(Vgs—V71), where C; is
the gate-oxide capacitance per unit
area. Let us now keep V;s>V; and
arrange that 0<V <« V. The charge
of majority carriers on the lower plate
of the capacitor is able to drift, under
the influence of the x-directed i field:
there is no reverse-biassed p.n junction
to impede the flow of electrons from S
to D because the channel carriers have
the same polarity as the S and D
diffusions, hence Ip5>0. Variations in
Vs Cause variations in the density of
charge carriers available for conduc-
tion, and it is the modulation of I, by
the perpendicular field which gives the
name field effect to the control function
of this type of structure. (We have
chosen Vs3>0 for convenience. The
choice V,3<<0 leads to a negative value
for Ip,s: once a channel is established the
induced majority carrier charge can
drift from S to D or with equal ease ~
provided |V,5|€Vgs — from D to S, the
particular direction being dependent on
the polarity of Vpg.

The assumed condition V<V,
ensures that the field in the oxide — and
the channel charge density — varies
only slowly throughout the channel
length, and is perpendicular to the
substrate surface. This is the ‘gradual-
channel approximation’ used in first-
order mathematical treatments. The
existence of a finite V5, and hence I,
means that the channel charge density
o(x) is non-uniform. The x — directed
field in the channel produces a potential
difference V(x) between S and some

point in the channel distance x away
from it.

If Vp,&Vgs o0<x<L) =~ -C,

VGS—VT}, and the channel depth
varies only slowly along its length — see
Fig.3(a). When V¢ is comparable with
Vs, 0(x) varies significantly along the
channel and this ledds to a more
pronounced wedge-shaped profile;
however, a conducting channel always
links S and D providing;js(0 <x<L)|>0.
A limiting condition exists when
Ves—Vr—V,s=0 because, then, |o(x)|
falls to zero at the drain end, i.e.
V(x)=Vps, where the field in the oxide
is least (Fig.3(b) — full line for channel
outline). When Vs> (Vss—Vy) the
channel does not extend along the full
length of the source-drain separation
but terminates (is pinched-off) at some
point P distant x, from S, at which
Jo(xp)|=0. (Fig.3(b), dotted curve).

The choice of the term pinch-off for
this mode of operation is not a comple-
tely happy one since it suggests that
Ips =0 which is clearly not possible here
because it is the presence of I, which is
responsible for V(xp). A self-limiting
process is established in which the
current remains sensibly constant at
that value corresponding to xp=1L,
despite further increases in Vg Ob-
viously |o(xp<x<L){ cannot be precise-
ly zero because that would mean the
absence of charge carriers in the surface
substrate layer for x,<x<L. That part
of Vps in excess of (Vg5—Vr) appears
across the virtually depleted region
between P and D and the field there
helps speed the small, but finite, number
of electrons at P on the remainder of
their journey to D. Current continuity
in the path from S to D is maintained
because I is dependent on the product
o(x)v(x), where v(x) is the mean carrier
velocity. As |o(x)| decreases with x,
[v(x)| increases. A self-limiting process,
such as the one mentioned, is not
unfamiliar in electronic devices and

Fig. 3. (a) Channel conditions for
Vps < <V (depletion layer omitted)
(b) Channel conditions for
Vps=(Vgs=V7), full-curve;
Vps>(Vgs—Vy), dotted curve.

V05(<< Ves)

(substrate)

(@)

wasnar amovricanradiohicton com

Thus, o(x)=—C, { v;;;—vT—V(x)} (1)

Wireless World, April 1976

Fig. 4. An hydraulic analogy to
m.o.s.f.e.t. pinch-off mode operation

suggests the existence of some internal
negative feedback mechanism. A simple
hydraulic analogy will help to clarify
this for the case of the m.o.s.f.e.t. )

Fig. 4 shows the cross-section of a
possible self-limiting water flow system.
C is a cylindrical chamber with an inlet
pipe I, the diameter of which is much
greater than that of the outlet tube, O,
located at the bottom. Cylindrical
sleeve, S, attached by rigid support
rods, R, to a float unit, F, slides up and
down the internal wall of C and — in one
position — is capable of completely
covering the inlet port. Under steady-
state conditions (hydrodynamic equili-
brium) F floats to a level, H, above O
causing S to partially cover the inlet
port. In likening this condition to pinch
off in a m.o.s.f.e.t. we note that a flow
rate (channel current), which is a
function of the bore of O, is associated
with a head, H (channel voltage) that, in
itself, restricts the flow rate to a sensibly
constant value dependent on the
mechanical dimensions (electrical par-
‘ameters) of the component parts. Other,
and more precise, hydraulic analysis
could be envisaged, but the one men-
tioned serves well enough for our
discussion. The ideal constant-current
characteristic of pinch-off operation is
not observed practically because of the
dependence of Ipg on conducting chan-
nel length, which is a weak function,
usually, of Vps. Though this effect is
understood, and can be allowed for, it is
neglected in the d.c. model now pre-
sented.

¢
.
£

(substrate)

(b)



www.americanradiohistory.com

Wireless Won_"ld, April 1976

= 1 I :‘}\ -V F
: T . l . a8 =A(Vas-VR)
v>o ™~ I Vag> VR
\
8
-~ TVR
I=o v (a)
V<0
(a) (b) lag
Fig. 5. (a) Characteristics of a ) S
square-law-diode (b) symbolic
representation of (a) A
(b) . Vas
Vg
B - —

Fig. 7. M.o.s.f.e.t. square-law-diode d.c.
model (a) form based on equation (4) of
text (b) arrangement of (a) (c),
development of (b)
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"M.o.s.f.e.t. d.c. model

For Vgs<Vp Vps<(Vgs—Vyp), the d.c.
characteristic of the n-channel m.o.s.-
f.e.t. shown in Fig. 8 can be expressed
mathematically in the form,

Ips =N[2Vps (Vos— Vi) —Vips] 2)

where N\ is a conductance coefficient
(with dimensions A/V?) given by,

N =p, e (W/2L L, 3)
in which: e=permittivity of free space;
¢, =relative permittivity of oxide;
1, = effective mobility of electrons in the
substrate surface layer.

A simple derivation of (2), based on a
quantitive discussion of the physical
electronics of device operation outlined
above will be given in Part 2.

For the present purposes we can put (2)
into a more convenient form by making
the.temporary substitutions:

: a=(Vgs—Vr):b = Vps
Then, Ips =N[2ab—b?} = \[a*—(a—b)’]

&)

Now, (a—b) =(Vgs—Vr—Vps)

= (Vgp—V1) )
Hence, substituting back into (3), (2)
becomes,
Ips=N(Vgs — VT)2_(VGD_VT)2] ®)
Equation (5) can now be used, directly,
in the construction of a d.c. model by
imagining a fictitious square-law-diode
‘with the d.c. characteristic in Fig. 5(a).

There is no standard symbol for such
a device: the one proposed here, and
favoured by this author, for its sim-
plicity is shown in Fig. 5(b). Clearly, the
d.c. circuit model for a square law
characteristic offset from the origin by
an amount Vg, Fig. 6(a), is an ideal
square-law diode with an inbuilt
opposing battery V; (see Fig. 6(b)). '

By an extension of this argument the
mode] representing equation (5) and
hence (2), is shown in Fig. 7(a). The
intermediate form Fig. 7(b) and the final
form, Fig. 7(c), both have terminal
voltages and currents respectively
identical to those of Fig. 7(a) and are
thus — from a circuit theory and
application standpoint — equivalent to
Fig. 7(a). Two effects have been
ignored, substrate bias and bulk resis-
tance, but these will be considered in
Part 2. .

(To be continued)
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World of
Amateur
Radio

Integrated-circuit

transceivers
Back in 1970, Tich Ryan, G3VJN, found

that the linear integrated circuit ampli-
fiers types CA3020 and CA3020A, usual-

ly regarded as intended for audio

frequency applications, were generally
capable of providing significant r.f.
output at frequencies as high as 21MHz.
On 7MHz the CA3020 will usually
provide 500mW output and the
CA3020A over 1-watt.
A number of British amateurs have
since used such devices in conjunction
, with the SL600 series of integrated
circuits to provide compact, all-solid-
state s.s.b./c.w. transceivers. One of
those who have recently been interest-
ed in this approach is Leslie Moxon,
G6XN, who has built an equipment
which includes two of the recent SL613
devices to provide r.f. clipping of the
speech. Powered by a 6-volt lantern
battery, his transceiver provides an
output of about 250mW on 14MHz from
a CA3020A and is capable of working
quite easily into Eastern Europe. He has
also been developing a 2-watt “linear”
amplifier for use when higher power is
needed for long-distance contacts.

More repeaters

Two more v.hf. repeaters have been
authorized by the Home Office: Moel-
y-Parc, GB3MP, and Burnley, GB3RF,
both intended primarily for use by
n.b.f.m. mobile and portable stations.
GB3MP is expected to open during
March or April on channel R6
(145.15MHz in, 145.75MHz out) and is
sited at the IBA’s television station near
Clywd, North Wales. Under normal
propagation conditions, it is expected to
provide coverage of much of North
Wales and North-west England, includ-
ing Manchester, Liverpool, Preston and
the coastal strip up to the Morecambe
Bay area as well as parts of the Isle of
Man. The repeater, under the aegis of
the UK FM Group (Western), has been
financed largely by contributions from
over 125 licensed members.. The verti-
cally polarized aerials, between 200 to

300 ft up the IBA mast, are over 1300 ft
above sea level. Apphcatlons have also
been submitted by this group for 70cm
u.h.f. repeaters at Manchester
(GB3MR), Colwyn Bay (GB3LL), Liver-
pool (GB3LI) and Stoke-on-Trent
(GB3ST). A linear repeater project is
also being considered.

The very high usage of the London
repeater, GB3LO, has been measured by
W. Blanchard, G3JKV, and amounts to
an average of between 51 to 58 minutes
per hour throughout the period 0800 in
the morning to midnight and remains
substantial at all times except between
0400 and 0600.

The latest IARU list of repeaters in
the German Federal Republic includes
over 120 operational stations including
some cross-band (432/144 MHz), r.t.t.y.,
1260MHz and amateur TV repeaters. A
70cm amateur TV repeater in
Alexandria, Virginia, has a vision
output of 800 watts e.r.p. and handles
both vision and sound signals conform-
ing to the US 525-line specification.

Random
communication?

There seems among some British ama-
teurs a growing degree of disillusion
with the way that amateur phone
communication is developing, arising
from the widespread adoption of the
popular and effectlve Japanese s.s.b.
transceivers for 'hf. and increasingly
for v.h.f. Operation of these units, unless
carried out with specific aims or as part
of an interest in aerials or propagation,
often fails to retain the interest of
amateurs who pfeviously spent part of
their time testing home-built equipment
or “assembling” highly individual sta-
tions based on commercial and surplus
units. Often — as in the classic Tony
Hancock record — amateurs who
acquire the current all-swinging little
boxes show a burst of eager activity
followed by fewer and fewer appear-
ances on the bands. Is there any morale
to be drawn from the fact that similar
fading interest does not seem to affect
those who pursue specific operating
interests such as low-power (QRP)
operation, the various specialist modes
or even c.w.? One has the impression (or
is it merely prejudice?) that amateur
operating activity that involves some
degree of personal effort or skill or
training or with a definite technical or
other aim results in far more dedication
than random radiotelephone operation
based on one specific piece of equip-
ment. Few people would wish for long
to sit beside an ordinary telephone
dialling random numbers — or would
they?

On the bands

The Home Office has approved the start
of the GB2ATG r.t.ty. news bulletin
broadcasts from March 7, following four

ool hihfnrv.com
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‘weeks of trial transmissions. The bullet-
ins are transmitted on Sundays at 1200
(3590kHz, F1, 170Hz shift); 1215
(144.6MHz beaming north from Lon-
don, F1, 850Hz shift); and 1230 (London
area only, 144.6MHz, F2, 170Hz shift).

The Royal Signals Institution has
made a grant of £200 to the Royal
Signals Amateur Radio Society towards
the cost of new aerials, including a
ten-element crossed-Yagi, to allow the
headquarters station, G4RS, at Bland-
ford Camp, Dorset, to operate through
the Oscar beacons. )

The Home Office has refused an
RSGB request to lift or modify the
restrictions applying to the use of 430 to
432 MHz by amateurs living within the
area 53-55° north, 2-3° west and has
stated that these are likely to continue
for many years.

During December/January a number
of contacts were made on 1.8MHz by
European stations (including some in
the UK) with Australian stations in
Victoria and Western Australia. The
“twilight boundary” or “Grey line”
technique (working along the great

circle route representing the dawn/

dusk or dusk/dawn boundary) has also
brought good long-distance contacts to

‘many stations on 3.5MHz during recent

months.

The RSGB has recommended that
QSL cards should not exceed about
5% by 3% ‘inches as larger cards
cause handling problems for the QSL
Bureaux.

In brief

Class A licences in the series G4FAA are
likely to be issued soon. Over 21,750
people held UK Class A, B or amateur
TV licences on November 30, 1975 and
there were almost 6000 mobile licences

The British Amateur Radio-
Telepnnter Group are holding a “Spring
r.t.t.y. contest” between 0200 GMT on
March 27 to 0200 GMT on March
29...The Norwegian national society,
NRRL, has a membership of just over
2500 with about 3700 licensed amateurs
in the country and with some 18
repeaters in operation ... “World Radio
Club”, the BBC World Service weekly
programme for short-wave listeners,
has recently enrolled its 25,000th
member . .. The RSGB are providing an
examination centre in Central London
for the next Radio Amateurs’ Examina-
tion on May 20... Among recent new
1TU prefix allocations are: D2A to D3Z

.Angola; D4A to D4Z Cape Verde; and

D5A to D5Z Liberia . .. The Emley Moor
beacon station (February issue) is under
the aegis of the Northern Heights
Amateur Radio Society and is not yet in
regular operation ... A mobile rally is
being held for the North Midlands at
Drayton Manor Park, Tamworth on
April 25; the White Rose Rally is at
Lawnswood School, Leeds on March 28.

PAT HAWKER, G3VA
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Introducing analogue multipliers

This article is complemented with the practical circuits of set

29 of Circards

by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams

Paisley College of Technology

In the processing of electrical signals
there is a need for circuits that can
perform all the standard arithmetical
processes — addition, subtraction, mul-
tiplication and division. The first two
fall into the domain of linear amplifiers
and present no great difficulty; the
last-mentioned pair provide a real
challenge to the ingenuity of circuit
designers. Fig. 1 shows the waveforms
of a particular example where an input
signal Y is to be under the control of a
second input X, the output being of the
form XY. This is a gain-controlled
amplifier and is one of the simpler
forms of multiplier since usually the
gain is required to be either positive or
negative and not both. Hence X takes
up only one polarity, and Fig. 2 shows
the multiplier as needing to operate in
only two of the four quadrants viz X
positive, Y positive and X positive, Y
negative. Such a system can be realized
as in Fig. 3 where v, corresponds to Y
and v, to X. In many such circuits it is
not even essential that the gain be a
linear function of v,, in which case the
circuit ceases to be a multiplier. A
problem with circuits based on this idea
is that of finding a resistor having
negligible non-linearity over a suitable
range of currents and voltages, while
being controllable by an external signal.

While true and direct multiplication
would be ideal, and can be obtained by
using suitable transducers such as
Hall-effect devices (see card 9), the
designer often has to resort to devices
and circuits obeying other laws. These
are then manipulated until some
combination of them vyields a term
which is proportional to the product of
two signals.

It can be very difficult to eliminate all
unwanted terms consistently and over a
wide range of temperatures and supply
voltages. One well-established tech-
nique is to use a circuit with a square-
law voltage transfer function. This
can be synthesized by a ‘‘piece-wise
linear” technique, where a network of
diodes, resistors and reference voltages,
provides a slope that changes progres-
sively as the input increases (see card 1).
With a large enough number of. seg-
ments, a power law can be approached

1
X
Y yA AN
A\ N
xY /\
N4 \
2 Y

% / X

to any desired degree of accuracy. For
economy the number of segments has to
be restricted particularly if both polar-
ities of input have to be accommodated
— twenty or so might be needed in such
acase.

The quarter-squares multiplier
applied in analogue computing uses two
such squaring circuits as shown in Fig.
4. The sum of the two input signals is fed
to one squarer, and the difference to a
second. Each output contains a product
term but also the square of each input
signal. By subtracting the two outputs,
these square terms cancel leaving only
the product term, in this case 4XY i.e. a
quarter of the output giving the desired
multiplication of X by Y (card 1).

Of considerable interest in this
respect are the characteristics of field-
effect transistors. Both junction and
m.o.s. devices have an on-resistance
below pinch-off that is controlled by the
gate-source voltage. The resistance is
non-linear but can be linearized with
feedback, while the control-law con-
tains a square-law term (card 10).

Although bipolar transistors have
output current/input voltage transfer
characteristics which include square-
law terms, their true nature is exponen-
tial with all their higher-order terms. It
would be pointless to try to manipulate
these transfer functions in the same
way as above. Instead the exponential
function is exploited directly in various
ways. The exponential equation is
reasonably accurate for p-n junctions
over a few decades of currents. To
ensure that the current in the diode/
transistor is well-controlled the device
can be placed in the feedback path of an
operational amplifier, Fig. 5.

4 (X+Y)?

(X+Y ) —d»— squarer —>—L

2 2
ditt (X£+2XY+Y%)

— =4X
amp, Z(X2-2XY+Y?) v

(X-Y ) —fp—yi SQuarer

(x-v)?
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One problem introduced by the use of

a transistor is that of the increased loop
gain, the transistor operating effective-
ly in common-base with a voltage gain
dependent on the input voltage. This
leads to h.f. oscillation unless the
amplitude-frequency response is care-
fully controlled by means of external
compensation — one possibility being
capacitive feedback from output to
inverting input, by-passing the transis-
tor at high frequencies. To use this
logarithmic function for multiplication
(as in card 4) the system shown in block
diagram form in Fig. 6 may be used. The
antilog circuit is simply a log circuit
with input (resistor) and feedback
(diode/transistor) elements inter-
changed. Similar systems can be
devised to provide other power law and
ratio circuits by expressing the desired
function in log/antilog forms first.

< Hlen

e

6
X log
log
XY
Y log '—J_-‘
7

I, I, I, I

Vbet* Vbe2 = Vbe3 * Vbes
ie: log, I, +109,I,=loge I3+ l0ge I,
Lila=131,

At

LIS

1 T :1/f(

Viean = f.V. &t

A related technique uses multiple
transistors (card 8), shown in a general
configuration in Fig. 7. It is assumed
that the currents are controlled by
external generators and/or feedback
with one of them, or the difference
between two of them, as the output. In
the example shown, for I, maintained
constant, I, &< I; I, i.e. a multiplier. As
shown, operation would be restricted to
a single quadrant, but a large number of
circuits have been published both to
extend the operation into all four
quadrants and to produce a range of
interrelationships such as those based
on the log approach.

A totally different approach yielded
many ingenious and effective multi-
pliers, prior to the ready availability of
matched transistors. It stems from the
concept that the terms to be multiplied
need not remain in the same physical
domain while being processed e.g. the
variables of interest may both be
voltages and the output may also be
required as a voltage but each input
may be used separately to control a
different parameter of an output wave-
form, while a third property might be
proportional to the product of the other
two.

Consider the pulse waveform shown
in Fig. 8 The pulse height is V, the
repetition frequency f=1/T and the
pulse width of At. The mean output
voltage as would be indicated on a
moving coil meter is given by the
product of these three variables,
increases in each individually produc-
ing a proportional change in that mean
value. Thus if any pair of these variables
(f, V), (f, At) or (V, At) is brought under
the separate and linear control of two
input voltages, then the mean output
voltage is a measure of the input
product (card 2). There is a close
relationship between these circuits and
various forms of pulse modulatorsin the
same way that the analogue multipliers
described earlier are related to ampli-
tude modulators.

There are purely digital methods of
multiplication, but an intermediate
solution is offered by the multiplying
d.-to-a. converter. For a given binary
input the converter has a number of
output switches activated. If these
operate on an external reference vol-
tage the final output depends on the
product of that reference voltage and
the binary number. A class of digital
circuits called binary-rate-multipliers is
used to operate on a pulse train,
producing a second train of pulses at a
slower rate, card 3. At first sight this
must cast doubts on the terminology
since we associate multiplication with
outputs greater than the inputs. The
property of the circuit is however to
multiply the input pulse rate by a factor
such as n/100 where n < 100 arfd n can
take up any value between 1 and 100, i.e.
it is equivalent to multiplying by n but
shifting the decimal point by two places.

The variety of methods available for
achieving the multiplication of two
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variables electronically is growing, and
modules are readily available to a high
degree of accuracy. As the methods
vary widely in both properties and in
the physical processes involved it is
important to consider the options
carefully — it is a field where the
opportunities to place one’s foot firmly
in it (unspecified) are remarkably high.

Topics of set 29 Circards

‘Quarter-squares multiplier

V-f converter multiplier

Delta-sigma modulator/multiplier
Log-antilog multiplier

Triangle-wave averaging multiplier
Four-quadrant multiplier — character-
istics :

Four-quadrant multiplier — applica-
tions

Translinear multiplier

Hall-effect multiplier

F.e.t. analogue multiplier

Tested circuits on the above topics are
given in set 29, obtainable for £2 post
free from:

IPC Electrical-Electronic Press Ltd
General Sales Dept, Room 11
Dorset House

Stamford Street

London SE19LU

Subscriptions cost £18 for ten sets
(100 cards minimum). When ordering
specify which set your order should
start with, and make cheques, postal
orders or money orders payable to IPC
Business Press Ltd. See advertisement
on page 6). '

Topics covered so far in-Circards are:

1 active filters
switching circuits (comparator and
Schmitt circuits)
3 waveform generators
4 a.c. measurement
5 audio circuits (equalizers, etc.)
6 constant-current circuits
7
8
9

[ 3%

power amplifiers (classes A, B, C, D).
astable multivibrator circuits
optoelectronics: devices and uses

10 micropower circuits

11 basic logic gates

12 wideband amplifiers

13 alarm circuits

14 digital counters

15 pulse modulators

16 current-differencing amplifiers —
signal processing

17 c.d.as — signal generation

18 c.d.as — measurement and detection

19 monostable circuits

20 transistor pairs

21 voltage to frequency converters

22 amplitude modulators

23 reference circuits

24 voltage regulators

25 RC oscillators-1

26 RC oscillators-2

27 Linear ¢.m.0.s.-1

28 Linear ¢.m.0.s.-2

29 Analogue multipliers

30 Non-linear functions
(available April)
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Television tuner design notes

Constructional hints in the light of experience

by D. C. Read, B.Sc.

Following publication of the TV tuner
design details (WW, October, No-
vember, December 1975 and January
1976), a number of aspects of construc-
tion and operation have been queried.
Happily, none of the questions suggest
faulty design; most are concerned with
minor effects, and the problems that
have occurred have been easy to solve.
For readers who are at present building
the tuner or perhaps thinking of doing
so, the various points are discussed
below.

Modification to accommodate 05
version of ELC1043 module

As shown in Fig. 17 (part 3), the
tuning-voltage spread for the
ELC1043/05 is about 1 volt at the lower
frequencies. If a module on the low: side
of this spread is installed, the tuning
voltage required to select channel 21
(471.25MHz) would probably be about
0.5 volt. But with the circuit as in Fig. 14
(part 3) the least voltage which can be
fed from IC,, to the u.h.f. tuner (point C
in Fig. 2 Part 1) is appreciably more than
1 volt. :

To obtain the necessary lower vol-
tage, the 1C,, circuit modification
suggested below would be suitable. It
provides a voliage offset for IC,, output
which is maintained at a constant value
ovei a considerable range of ambient
temperature.

+24V
18k +11V
r— \N\A———»

.l IN914[IND16

In this modified circuit, the 3.3 volt
zener diode draws a low bias current
through the 18k{ and 10K resistors
from the 11-volt supply rail, and holds
point C at a constant 2 volts negative
with respect to the 1C,, output. Given

slanting

Iaye<; last turn
2 £ 7
K ® 2. O®
1 &
i dootee P B

Ferrox winding
tormer

S =
3
Ferrox
\\\\ outer casing

Ferrox.
tuning
core

this standing bias, the tuning voltage
fed to the u.h.f. module can be reduced
to zero or even below, and therefore
enables selection of channel 21. The
silicon junction diode connected
between IC,, output (pin 6) and the
inverting input (pin 2) provides an
overall positive voltage-versus-temper-
ature variation which matches and
counteracts the negative-going drift in
the zener.

A tuner modified in this way has been
tested over an ambient temperature
range much greater than would be
experienced in practice. The trial
showed that voitage tracking between
the diodes was quite effective so that
the a.f.c. system does not have to adjust
for variation in the added bias.

ANy o aricanradiohictian. cona

Pile-winding of Neosid type-E2 coils
The components list ir. part 3 shows
that inductors L - L3 are pile-wound on
type-E2 formers. Pile winding is an
effective way of reducing self-capaci-
tance in coils, particularly those with a
relatively large number of turns e.g. L,,.
It prevents spurious resonances occur-
ring and is generally used to ensure that
the larger part of the designed circuit
capacitance is obtained from known,
discrete components rather than from
indeterminate strays in the winding.
The accompanying diagram illus-
trates how the windings are started and
then gradually stacked, as it were, in
vertically-slanted layers across the
former winding space. The winding
height (h) must be judged to suit the



www.americanradiohistory.com

84

number of turns. The basic aim,; of
course, is to keep turns with the largest
rf. voltage difference as far apart as
possible. With care it is not a difficult
construction technique to master; the
friction of silk-covered litz wire eases
the slant stacking. Failing its use, it may
be found that tuning capacitance values
as shown in the Fig. 2 circuit will have to
be reduced to accommodate the extra
winding capacitance which will result;
in this event, the specified tuner
performance might be difficult to
_achieve.

~As shown in the exploded diagram’

on p.83, a rubber “cushion” with an
offset hole is included in the necessary
fitments and is laid between the top of
the former and the shielding can. It is a
most important item. If the tuning core
is screwed fully “home” with the
cushion omitted, it could reach, and
press against, the former base. When
this happens, further rotation of the
core lifts the nylon collar clear of the
ferrite ring, allowing it to move up and
down with the resulting random
changes of inductance. It might then be
necessary to remove the inductor
screening can from the board, dismantie
it and re-seat the collar. '

The rubber cushion fills the gap
between the collar and the can top and
sorestricts any such movement. To help
it do this, remember to push each can
firmly down on to the board before
soldering the lugs to the earth plane;
this action compresses the rubber.

Adjustment of L /L coupling
capacitor

In Fig. 2, it is shown that the “top-C”
coupling for L,4/L,5 is provided on the
printed-wiring board by track capaci-

tance. Because of variation in the:

etching process, some of the boards
supplied have a value of capacitance
which is too large (too little space
between tracks). In this event, the
sound i.f. response as exampled in Fig.
20 of part 4 might be difficult to achieve,
and the value would have to be reduced.

Adjustment is easily made by care-
fully scraping a small amount of copper
from the board so as to widen the gap
between tracks until the response is
correct. As explained in step 9 of the
line-up instructions (part 4), satisfac-
tory response obtains when the transfer
of energy by the L;4/L5 circuit is equal
about the carrier frequency. For a value
of coupling C which is too large, the
tendency will be for more energy to be
transferred on the high-frequency side
of the carrier i.e. the part of the
spectrum towards the vision-fre-
quencies.

Pre-set tuning arrangements

The photograph in part 4 shows a
push-button assembly connected to a
tuner board equipped for sound-only

reception; the full vision and sound
version can also be fitted with push-
button control. But, in adding this
facility, the high-value variable resis-
tors provided in these assemblies for
pre-set adjustment are not suitable as
direct replacements for the components
(Rg; Ry, Rgy, Rjgo) specified for the
tuning-voltage supply circuit given in
Fig. 2.

The difference in resistance value
creates two problems, both involving
the 22uF tantalum capacitors (C; to
C;3) connected across each pre-set.
Referring to Fig. 2, the Rq;/Csg cOmbin-
ation at the input to IC,, is needed to
reduce a.f. modulation present in the
discriminator output feed used for a.f.c.
But when channel reselection takes
place, the voltage on Csq must be
appropriately increased or reduced as
quickly as possible to complete the
re-tuning process. Mainly, voltage
change results from the charge transfer
between Csq and whichever of the 22uF
tuning-supply reservoir capacitors is
connected into circuit at the instant of
reselection. The feed of current from the
d.c. supply through the relevant pre-set
resistor then completes the change. The
effective time constant is determined by
the pre-set chain resistance, which is 10
kQ in the original (published) circuit as
compared with 100 kQ-for the push-
button assemblies. Thus with the
push-button unit, the time taken to
bring the voltage within the range
covered by af.c. and so re-establish
settled tuning conditions is increased by
up to 10 times.

The other problem concerns the
leakage current taken by tantalum
capacitors and the variation of this with
temperature. For these capacitors,
leakage can double for every 10 deg C
change in temperature; for a d.c. source
impedance of 2.5 k{, as in the original
circuit, this represents a voltage change
of about 5mV. Such a voltage applied to
the ELC1043 u.h.f. module causes a
frequency change of about 0.1MHz,
which is easily corrected by a.f.c. With a
d.c. source of 25 kQ as presented by the
push-button pre-sets, however, the
frequency bias resulting from capacitor
leakage could be as much as 1MHz.
Although this is still within the a.f.c.
range, the offset is unacceptably large
because in one direction the degree of
control then remaining to counteract all
other tuning change effects is severely
limited.,

In practice, an elegant arrangement is
possible: the two pre-set chains — high
and low resistance — can be connected
in parallel. If this is done, the high-re-
sistance push-button pre-sets are ini-
tially put to mid-range and coarse
adjustment for the required channels is
carried out using the original low-value
resistors. Subsequently, fine tuning is
completed by means of the high-value
controls so that the a.f.c. system is then
arranged to operate exactly in the
middle of its range for each selected
station.
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Component-location diagram

The following are errors in the location

diagram supplied with the printed

wiring board.

— The tantalum capacitor C;, across

- zener diode D, at the base of T, is
shown reversed. As indicated in the
circuit diagram of Fig. 2, the C,,
positive terminal should be connect-
ed to the transistor base and to the
positive end of the parallel zener.

— The positions marked IC,, and ICy,
are inverted in the diagram although
the component type numbers are
correct. The SN72741P, IC,,, is at the
top and the SN72748P, IC,,, at the
bottom.

Finally, the ELC1043/05 module can be

obtained from Manor Supplies, who

also offer an alignment service.

T. C. Owen

Many of the long standing advertisers in
Wireless World will be saddened to hear of
the death of T. Charles Oweq, who was
advertisement manager of the journal from
1925 to 1959. Born in 1894 (the year Heinrich
Hertz died), Tommy Owen made his career
among the pioneers of radio. He joined
Marconi’s Wireless Telegraph Company in
1912 as an assistant in the cashier’s depart-
ment, and knew Marconi personally. He
handled the cash side of The Marconigraph,
and when this became The Wireless World in
1913, began his long, 47 years’ association
with the journal.

At the outbreak of the First World War in
1914 he joined the Royal Welch Fusiliers and
saw service in France, but was invalided out
in 1916. He returned to Wireless World in
1917 and subsequently was put in charge of
the office, sales and despatch department of
Wireless Press Ltd, then at Marconi House in
the Strand, London. Iliffe bought this
company in 1924 and shortly afterwards Mr
Owen was made advertisement manager of
Wireless World. It was in the early 1920’s that
he got to know E. K. Cole, J. L. Baird and
many other pioneers of radio and television
in the U.K. The old 2LO broadcasting station
in London was familiar ground to him.

A genial, greatly respected figure, he
conducted the advertisement business of
Wireless World with continuing success until
his retirement in 1959, when he was suc-
ceeded by G. Benton Rowell. Mr. Owen died
in February, aged 81.

G.B.R.
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Function generator

The model 119 voltage-controlled fre-
quency function generator has been
added to the range produced by Exact
Electronics Ltd. This unit has a
frequency range from 0.02Hz to 2.2MHz
with sine, square, triangle and variable
time symmetry of all waveforms for
ramp and pulse operation. A v.c.f. input
is provided to allow the generator
frequency to be varied either up or
down over a total range of 1,000:1.
Minus 10V d.c. will increase the fre-
quency by three decades from a mini-
mum multiplier setting, and plus 10V d.c.
will decrease it by a similar amount
from a maximum multiplier setting. The
“high” output delivers 20V pk-pk on
open circuit, or 10V pk-pk into 50 ohms
whilst the “low” output gives 632mV
pk-pk open circuit or 316mV pk-pk into
50 ohms. An amplitude control provides
a 30dB attenuator for both high and low

o | o
WW 305 for further detalils

outputs which are available simultan-
eously. An invert switch allows the
pulse and ramp waveforms to be
reversed in polarity and a d.c. offset
control gives up to =10V adjustment. A
t.t.l.-compatible pulse output is provid-
ed in the front panel. Dana Electronics
Ltd, Collingdon Street, Luton, Beds.
WW 301 for further details

Infrared oven

For reflow soldering, drying thick-film
paste, curing photo-resists and sprays
and many other small-scale heating,
drying, soldering and curing applica-
tions, a new infrared oven has been
introduced to this country by Dage
Intersem Ltd. Called the TR-91, it is
manufactured by Glo-Quartz Ovens
Inc, California and is suitable for
bench-top use. It incorporates a varia-
ble speed (0-4ft per minute) stainless
steel conveyor belt and may be inte-
grated into existing production lines.
Dage Intersen Ltd, Haywood House,
Pinner, Middlesex.

WW 302 for further details

Inverter for TV sets

Inverter LF100T has been designed to
operate mains-driven TV sets from a
12-volt car battery or similar d.c. source.
The inverter delivers a rectangular
output waveform with a form factor
suited to models relying on r.m.s. or
peak voltage values. The maximum
power output is 100W at a nominal 240V
a.c. Input must be within 11 to 16V d.c.
Full protection against output short

Wair TV POWER UsaT
LF 00T
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circuits or overloadsis incorporated and
the unit is fuse protected against
incorrect input polarity connection.
Further protection is provided by an
electronic trip circuit which shuts down
the power unit should the battery
voltage fall below 11V, thereby pre-
venting undue battery drain. The unit
also trips should over heating occur.
Dimensions are 180 X 130 X 90mm, it is
mechanically robust and will withstand
electrical surges of up to 20V for 80ms or
spikes up to =300V for 15ps. Weir
Instrumentation Ltd, Durban Road,
Bognor Regis, Sussex.

WW 303 for further details

Spark tester for defects

Designed for the detection of flaws,
defects or porosity in non-conductive
materials, the Goodburn model GBP20
portable h.f. spark tester incorporates a
replaceable plug-in coil. The tester has a
variable output control which adjusts
the spark length to suit different
applications, combining optimum fre-
quency with safety in use. The unit will
test such materials as rubber, plastics,
ebonite and bituminous coatings up to
25mm thick. Voltage input can be set to
100/125V or 220/250V at 30W power
consumption. Output frequency is
200kHz and maximum output voltage'
55kV. The generator is housed in a
compact pistol-shaped moulded polyth-
ene case. In testing, the surface of an
object is systematically checked by’
passing over it with the correct probe.
Voids and defects will be recognized by
the passage of a bright spark accom-

'WW 304 for further details
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panied by an audible hissing noise.
Goodburn, The Welding Centre, Arun-
del Road, Trading Estate, Uxbridge,
Middlesex UBS 2SE.

WW 304 for further details

Digital multimeter

A new 3'%-digit, five function, auto-
ranging digital multimeter from Hew-
lett-Packard measures voltages from
+0.ImV to 1kV d.c. and from 0.3mV to
700V r.m.s. a.c. Resistance is measured
from 1m to IMQ whilst current can be
measured from 0.1mA to 1.1A d.c. and
0.3mA to 1.1A a.c. Autozero, autopolar-
ity and autoranging are built in. Typical
accuracy for direct voltage measure-
ments is 0.5% and direct current accur-
acy is 1%. On alternating voltage ranges,
frequency is specified to 10kHz, while
a.c. measurement is to 5kHz. Accuracy
of resistance measurements is within
0.6% on the three highest ranges and 0.4%
on the two lower ranges. Open circuit
voltage is less than 4V. Input resistance
on all voltage ranges is 10M{ with input
capacitance of less than 30pF. The
model 3476 is protected to 1100 volts
peak on all ranges. A range hold feature
is included that allows the instrument to
be locked to any desired range. Hewlett
Packard Ltd, King Street Lane,
Winnersh, Wokingham, Berkshire
RG11 5AR.

WW 305 for further details

Integrator

The D-block integrator from Lee-Dick-
ens Ltd operates by providing a pulse
rate which is linearly proportional to an
input amplitude. The pulses are then
amplified to drive a separate electro-
magnetic counter. The unit accepts
signals with a minimum span of 100mV
and input currents of 0-10 and 4-20mA.
The output pulse is 24V d.c., 40ms wide
and the output, at minimum input, may
be up to any count rate between 120 and
12,000 counts per hour. The module will
operate from either 100-120V or
210-250V and the power requirement is
approximately 2VA. Each instrument is
supplied factory calibrated from Lee-
Dickens Ltd, Desborough, Kettering,
Northants.

WW 306 for further details

Instrument case

Boss Industrial Mouldings has recently
introduced the BIM300 instrument case.
The unit measures 250 X 167.5 X

68.5mm and has a volume of 2000cu.cm.

The case has two similar covers screwed
onto an 18s.w.g. chassis which is
pre-punched to accept an IEC mains
socket. Internal upper and lower brack-
ets are also provided for mounting
printed circuits boards. The top and
bottom covers are constructed from
s.w.g. aluminium which is stove ena-

melled in either red, grey or orange. The
cases are priced at around £12.50 in one
off quantities from Boss Industrial
Mouldings Ltd, Higgs Industrial Estate,
2 Herne Hill Road, London SE25 OAU.

WW 307 for further details

Automatic millivoltmeter
An analogue, alternating millivoltmeter
from the NF Circuit Design Block Co.,
the Model M-176, will change ranges
automatically from 1mV to 300V full-
scale. A hold mode is provided and with
this in use the ranges can be changed
manually. Range-change switching
points are at 25% f.s.d. in the downward
direction and slightly over 100% up-
wards, although provision is made for
variations. A row of l.e.ds indicates the
range in use. A sensitivity control is
fitted for convenience in making ratio
measurements. The stated error is *3%
or less; frequency/indication response
is within 0.3dB from 20Hz to 500k Hz and
1dB from 10Hz to IMHz and a 1V output
is taken to front panel sockets. Lyons
Instruments, Hoddesdon, Herts.

WW 308 for further details

Flexible jumperlinks

The latest ribbon cabling product to be
offered by Tekdata Ltd is CK Jumper-
links. These are sections of flat inter-
connections for short-distance connec-
tion of p.c.bs and connectors. They are
custom made in rolls ready to be cut by
the user, and consist of tinned copper
wires or self-fluxing enamel wires held
at the required pitch by woven sup-
porting strips. Any wire pitch or length
up to 8cm can be ordered in quantity
and coloured bands at stipulated separ-
ations can indicate the cutting points.
The maximum wire gauge is 30 s.w.g.
After a section has been cut from the
strip of sections and the ends trimmed,
it is ready for termination at lay-on
joints or poke-through holes and it may
be reflow soldered. Tekdata Ltd, West-
port Lake, Canal Lane, Tunstall, Stoke
on Trent, Staffs.

WW 309 for further details

Logic-state indicator

The Ryley Logic Clip is a dual-in-line
instrument which provides a simultan-
eous display of the logic state at each
pin of an i.c. Indication is by means of
l.e.ds which have a numerical-slide for
pin number identification. The clip has
high impedance inputs each with a 1.5V
threshold for use on t.t.l, d.tl and
c.m.o.s. devices operating at 5V. Power
for the logic clip is derived automati-
cally from the i.c. under test. The device
costs £25+v.a.t. and is available from
Electroplan Ltd, P.O. Box 19, Orchard
Rd, Royston, Herts. SG8 SHH.

WW 310 for further details
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Solid State
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Devices

Names of suppliers of devices in this:
section are given in abbreviation after
each entry and in full at the end of the
section.

Microcomputer kit

A microcomputer kit called the SDK-80
incorporates all of the ls.i. integrated
circuits, crystal, sockets, printed circuit
board and auxiliary components

necessary to build an 8-bit n.m.o.s.,

microcomputer system. The kit uses the
8080A c.p.u., the 8228 system controller’
and the 8224 clock generator with 256
bytes of read/write memory, 2k bytes of
programmable read only memory, a
programmable serial communications
input/output port and 24 other pro-
grammable input/output lines. The kit
is also supplied with a detailed set of
instructions together with system and
software manuals. Intel
WW 311 for further details

Microprocessor

An eight-bit microprocessor set deve-
loped by GIM of Glenrothes, the series
8000 is available as a set of five
‘integrated circuits, as a microcomputer
or as a set of plug-in circuit boards.
Software support is available. The cost
(£17.50 for the c.p.u. — one-off) makes it
practicable to use the set for relatively
mundane work, as in weighing
machines, typewriters and cash regis-
tors. The use of the GIM p-channel
nitride process used in equipment which
is approved to Post Office D4000 means

that it can be used in a telecommunica-

"tions role. GIM
WW 312 for further details

Divide-by-four

A 1GHz divide-by-four circuit from
Motorola, the MC1699 requires only
160mV pk-pk input from 50MHz to
1GHz. Below 50MHz, the device is best
triggered by 1 or 2ns rise time pulses,
such as those from emitter-coupled
logic. Clock enable and reset inputs are
provided and the circuit needs + 2V and
—5V supplies. The package is currently

a flat ceramic type, but the d.i.l. ceramic

variety is soon to be used in addition.
Motorola
WW 313 for further details

Watch calendar circuit

A 12-hour watch circuit in the ¢.m.o.s.
famiily of devices is announced by RCA.
The 32-terminal, leadless package is a
watch/calendar unit, designed for use
with external display drives and
intended for a 32.768kHz drive. The
TA6342 will display hours and minutes,
with seconds or month, a.m. or p.m. or
date. The date display is compensated
for 30 and 31 day months, but not 28-day
Februaries so that annual re-setting is

needed. By the provision of separate
photocell, R and C the display can be
made to vary in brightness to accom-
modate ambient lighting changes. Sup-
ply voltage is between 2.2V and 3.2V.

RCA
WW 314 for further details '

Microwave i.c. amplifiers
The Avantek range of thin film
microwave amplifiers is now available
in the UK. The devices are designated
the UTO-500 series and are housed in

the TO-8 packages suitable for opera-

tion in microstrip circuits. There are ten
devices ranging in gain from 6 to 27dB
and output powers from —2 to + 17dBm.
Maximum noise figures range from 2.5
to 11dB. All of the amplifiers have a
bandwidth of 5 to 500MHz flat within
+1dB. Inputs and outputs have a 50
impedance with a v.s.w.r. of less than 2.

Walmore
WW 315 for further details '

Precision voltage source
The ZN423T provides a 1.26V source
and is suitable for use in stabilised
power supplies d-a-d converters and
instruments. The device, which is
encapsulated in a two-pin TO18 pack-
age, offers a slope impedance of 5.5, a
temperature coefficient of 100 p.p.m.
per deg C, and an operating tempera-
ture range from 0 to +70°C. The
100+ price is £0.70 each. Ferranti
WW 316 for further details

Precision op-amp

The ADS510 is a laser-trimmed op-amp
offering a maximum offset voltage of
254V, a 10nA bias current, 1uV pk-pk
input noise for a 0.01 to 10Hz band-
width and an open-loop gain of over
1 X 10° The device is available for
operation between 0 and +70° C or in
the military temperature range of —55
to +125° C. Both types are packaged in
aTO-99 can. Analog Devices
WW 317 for further details

Transistor for s.m.p.s.
Mullard have recently extended their
range of high-voltage, high-speed

_switching transistors with the addition
of the BUX86. The device is an n-p-n’

type with a power rating of 20W, a V,
of 800V and a V,, of 400V. Applications.
include switched-mode power supplies,
inverters and converters. Mullard

WW 318 for further details

Micro circuit oscillator

The latest addition to the range of -

standard microcircuit products pro-
duced by Redac Software Ltd is the
TF105 audio oscillator, a hybrid thick-
film oscillator which can be used for
either analogue or digital clock appli-
cation. The unit is a 10 p.p.m./deg C
sine wave oscillator, the frequency of
which can be set by the user in the range
100Hz to 100kHz. It will operate
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between 5 and 30V with split or single
supplies and over the temperature
range —-20 to +85°C with a high
amplitude stability. The output is d.c.
coupled with a low offset voltage. With
the addition of a dual ganged potentio-
meter a wide range RC oscillator can be
constructed. Dimensions of the unit are
2.5 X 3.5 X 0.8cm.

. Racal.
WW 319 for further details

Low-pass filters

A range of low-pass filters in standard’
16-pin d.i.l. packages is available. The!
filters, manufactured by the American
E.S.C. Electronics Corporation provide
a cut-off frequency range from 200kHz
to IMHz and an impedance range from
75Q to 1k{. Insertion loss is less than
0.5dB. The operating temperature range
is =55°C to +125°C and the device
conforms to applicable portions of

"MIL-F-18327C.

G.E. Electronics
WW 320 for further details

Telephone relay drivers
Two new i.cs from National Semicon-
ductor, DS3686 and DS3687 will drive
48V telephone relays without the need
for external circuit protection. Both
devices convert standard bipolar and
c.m.o.s. logic signals to the high voltage,
high current levels required by tele-
phone relays. The DS3686 is a positive-
voltage driver; DS3687 a negative-vol-
tage driver. Outputs are rated at 65V
and the devices will sink 300mA per
channel.

National
"WW 321 for further details '

Suppliers _
RCA Ltd, Sunbury-on-Thames, Middx.
Mullard Ltd, Muilard House, Torrington
Place, London, WC1.

Walmore Electronics Ltd, 11 Betterton
Street, London WC2H 9BS.

Ferranti Ltd, Gem Mill, Chadderton,
Oldham, Lancashire. )

Analog Devices Ltd, Central Ave, East
Molesey, Surrey.

Intel Corporation (UK) Ltd, Broadfield
House, 4 Between Towns Road, Cowley,
Oxford OX4 3NB.

National Semiconductor UK Ltd, 19
Goldington Road, Bedford MK403LF.
Motorola Ltd, Semiconductor Products
Division, York House, Empire Way,.
Wembley, Middx HA9 OPR.

General Instrument Microelectronics
Ltd, 57 Mortimer Street, London W1N. ‘
G. E. Electronics (London) Ltd, Eardley
House, 182/4 Campden Hill Road,
Kensington, London W8 7AS.
Racal-Redac Ltd, Newtown, Tewkes-
bury, Gloucestershire, GL20 8HE.

Advanced Microdevices have informed
us that they are now at Room 322,
Ebury Gate, 23 Lower Belgrave St,
London SWI1W ONS.
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Realand
imaginary|

by ‘Vector”

FIFTY YEARS
OF THE BEAM J

Holiday-makers in Cornwall may have
discovered the charming little Poldhu
Cove, a few miles west of Mullion.
Relatively few visitors, however, make
the short pilgrimage up a cliff path and
round the headland to a spot which, if it
had been in the United States, would
surely have become a shrine long before
this. For here was the cradle of long-
distance radio communications.

But this is England (if the Cornish
Nationalists will pardon the expression)
so, apart from the magnificent views,
there isn’t much else to see. Some traces
of building foundations, a granite
obelisk and that's all, except for a
plaque recording the bridging of the
Atlantic by wireless signals in 1901 and
the evolution of the beam system half a
century ago. Of the mighty Poldhu
station itself, scarcely a vestige remains.

Wireless telegraphy generated centi-
metric waves which were directed —
well, more or less — by forms of
parabolic reflector; then Marconi disco-
vered that an elevated antenna wire
gave better ranges than the Hertzian
dipole mounted on the transmitting or
receiving instrument and this ushered
in a phase of omnidirectional working
in which the reflector sank into obli-
vion. o

Gradually the operating ranges
increased to line-of-sight and somewhat
beyond and it was found that the longer
the wavelength that was used, the
further the signals reached, until at
length ranges were being recorded that
were utterly inconsistent with theory.

Voltaire’s comment that “If God did
not exist it would be necessary to invent
him” fitted the situation perfectly,
except that in this case it was the
ionosphere that had to be invented. It
was a concept which was still being
hotly debated twenty years later, until
its existence was proved by the work of
Appleton, Breit and Tuve, T. L. Eck-
ersley et al in the 1920s.

Ionosphere or no ionosphere, the
practical workers in the field evolved
the golden rule that long distances
could be achieved only by using long
wavelengths and high power. It worked.
By the 1920s wavelengths of the order of
thousands of metres were the norm for
long-distance working and the use of
reflectors was in any case physically

impracticable because of the huge sizes
which would be involved. But by this
time the reflector approach had long
since been forgotten and plans were
under way for a chain of longwave
high-power stations to link the Empire.

In 1916, Marconi, who had largely
been responsible for the trend toward
long wavelengths, reverted to experi-
ments on 2 metres but only for short
range working. His personal assistant
on this occasion, Charles Samuel
Franklin, having an antenna of mana-

“geable size to work with, added a

reflector and thereby concentrated the
signal into a beam with consequent
economies in power and an increase of
privacy (the work was for the Italian
Navy). Subsequently Franklin contin-
ued his short-wave experiments and in
the immediate post-war period built a
15-metre link between Birmingham and
Hendon which also used reflectors. This
was also highly successful.

Every now and then reports would
come in of the signals being received
over long distances. There was also the
matter of the amateurs who, confined to
the then despised and ‘““‘useless” bands
below 200 metres, were occasionally
reporting that their signals had been
picked up in the USA and even further
afield. Franklin pondered over these
circumstances; true, reception was
erratic in the extreme but that it
occurred at all was remarkable. He
persuaded Marconi to let him investi-
gate and in due course installed himself
at the existing long-wave station at
Poldhu. Here, working at astonishing
speed, he built an 8-valve transmitter to
operate at 97 metres, and a half-wave
antenna with a reflector that could be
switched in and out at will.

Aboard Marconi’s yacht Elettra spe-
cial receiving gear had been fitted and
on April 11, 1923, the ship set out from
Falmouth heading for Madeira and,
eventually, St. Vincent in the Cape
Verde Islands, with Marconi aboard. At
first, it seemed, the experiment was a
failure, for the Poldhu signals attenuat-
ed rapidly then disappeared altogether.
This was the now familiar (but then
unknown) “skip distance effect”. For-
tunately the voyage continued and,
after some hundreds of miles, Marconi
was able to record good reception.

The results were spectacular but left
room for improvement. As it turned out
later, 97 metres was a bad choice for
daylight reception, while the reflector
wasn’t providing the anticipated
increase in gain. But more than enough
had been done to show the enormous
potential in short-wave long-haul radio
communication.

With all speed Franklin redesigned
the transmitter for 92 metres working at
a power of 17kW and at the same time
improved the reflector, although this
wasn’t ready in time for the next series
of tests. Even so, on May 30, 1924,
Marconi was able to telephone direct to
Sydney from Poldhu. Subsequent tests
on various wavelengths between 32 and
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92 metres showed that the daylight
range increased as the wavelength
decreased; on 32 metres, reception at
Sydney was possible for 23'%2 out of the
24 hours. All the data from these tests
were rigorously examined and formed
the foundation of our present know-
ledge of the ionosphere.

The story of how the long-projected
plan for a long-wave, high power chain
of stations throughout the British
Empire was abandoned in favour of the
beam system is well-known. Perhaps
less well-known is the magnitude of the
gamble which Marconi took in offering
the stations to the British Post Office
and the Empire Governments. At the
time of the contract, no fully engineered
version of the beam transmitter existed;
serious teething troubles were being
experienced with the transmitting
valves; neither the antennas nor the
reflectors were fully engineered, while
the problem of how to transfer the
energy from the transmitter to the
antenna without undue losses had still
to be solved. To.cap it all, Marconi had
no means of knowing whether the long
ranges obtained in the tests would
continue or not. For all he Kknew,
transient freak conditions might have
been responsible — circumstances
which might never be repeated. Alth-
ough the contract was wholly condi-
tional upon successful performance, he
took the risk.

His decision was a measure of his
faith in Franklin. And Franklin
pertormed wonders. To overcome the
valve problem he personally designed
the first “CAT” (Cooled Anode Trans-
mitter) valves in which the copper
anode was also the envelope. Next, he
re-engineered the transmitters, anten-
nas and reflectors (and, with no prece-
dents to guide him, the antennas
themselves were no mean problem,
consisting as they did of a large number
of elements, all of which had to be fed in
a common phase relationship).

Then came the matter of an efficient
power transfer. Franklin solved this by
the invention of the concentric feeder,
or coaxial cable. And he did the whole
lot in a matter of months — he had to,
because construction of some of the
stations had already begun! Let’s be
honest with ourselves for a moment.
How many electronics engineers of,
today have the capability of tackling an
entirely new system and designing and
engineering its transmitters, valves and
antennas from scratch? And Franklin’s
end-products were no lashups, either.
Forty years later one or two of his
original transmitters were still in regu-
lar traffic service and in some part of the
world may still be so — and that’s
engineering by any standards.

On October 18, 1926 the first beam
circuit came officially into service,
linking Britain and Canada.

Fifty years ago. Poldhu station has
since disappeared almost without trace
and I suspect that C. S. Franklin is all
but forgotten.
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More than
just a catalogue!

PROJECTS FOR YOU TO BUILD

4-chgit clock, 6-digit clock, 10W high quality power
amp., High quality stereo pre-amp., Stereo Tuner,
F.M. Stereo decoder, etc., etc.

CIRCUITS . . . Frequency Doublers, Oscillators, Timers,
Voltmeters, Power Supplies, Amplifiers, Capacitance
Multiplier, etc., etc. . . .

Full details and pictures of our wide range of components,
e.4. Capacitors, cases, knobs, veroboards, edge connectors,
plugs and sockets, lamps and lampholders, audio leads,
adaptor plugs, rotary and slide potentiometers, presets,
refays, resistors (even 1% types! ), switches, interlocking
pushbutton switches, pot cores, transformers, cable and
wire, panel meters, nuts and bolts, tools, organ components,
keyboards, L.E.D.’s, 7-segment displays, heatsinks, ‘
transistors, diodes, integrated circuits, etc., etc., etc.

Really good value for money at just 40p.

The 3600 SYNTHESISER

The 3600 synthesiser includes the most popular features of the
4600 model, but 1s simpler Faster to operate, 1t has a switch
patching system rather than the matrix patchboard of the larger
unit and s
particularly
suitable for live
performance
and portabie
use

SYNTHESISER

We stock all the parts for this
brithantly designed synthesiser,
including all the PCBs,
metalwork and a drilled and
‘printed_front_panel, giving a
superb proféssional finish.
Opinions of authority agree the ETI Interaational Synthesiser is
technically superior to most of today’s models. Complete
construction detarls available now in our booklet price £1.50,
or S.A.E. please for specification

ELECTRONIC ORGAN

Build yourself an exciting Electronic

. Organ. Our leaflet MESS1, price 15p,
deals with the basig theory of electronic
organs and describes the construction of
asimple 49-note instrument with a single
keyboard and a limited number of stops
Leaflet MES52, price 15p, describes the
extension of the organ to two keyboards
each with five voices and the extension
by an octave of the organ’s range.
Solid-state switching and new footages along with a pedal board
and a further extension of the organ’s rangz are shown in

leaflet MES63, price 35p. (Pre-publication price 15p).
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S AE. please
for price list

GRAPHIC
EQUALIZER

,-“‘: A really superior high
quality stereo graphic
equaliser asdescribed in
Jan. 1975 issue of ETI.
We stock all parts (except
woodwork) including all
the metal work drilled and *
printed as required to suit our
components and PCBs.
Complete reprint of article — price 15p.

NO MORE DOUBTS ABOUT PRICES

Now our prices are GUARANTEED (changes in VAT exciuded) for two month periods. We'll tell you about price changes 1n advance for
just 30p a year (refunded on purchases). If you already have our catalogue send us an s.a.e. and we'il send you our iatest hist of
GUARANTEED prices. Send us 30p and we'il put you on our mailing list  you'll receive immediately our latest price list then every
two months from the starting date shown on that list you'll receive details of our prices for the next GUARANTEED period before the
prices are implemented! plus detaits of any new lines, special offers, interesting projects  and coupons to spend on components to

ay your 30
1epay your S9p ‘-.----.-.III--.---IW‘
w

NQOTE " The price list 1s based on the Order Codes shown in our ‘

catalogue so an investment in our super catalogue 1s an essential | enclose Cheque/P.O. value ) - .

tirst step For copy/copies of your Catalogue

Call in at our shop, 284 London Road, Westchitf on Sea, Essex . ]

Please address all mail to . Name o .
MAPLIN ELECTRONIC Address 0

—1— Bt RV APLIN £ LECTRON I SUPPLIES ES FETTE
P.O.Box 3 Rayleigh Essex SS6 8LR  @MAPLIN ELECTRONIC SUPPUES25‘3.,?°;S%,2"LV;:'~".
EEEEEEEEEEEEEEERES
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ALSO AVAILABLE AY
LEADING BOOKSTALLS

TR Colesyo |

The big four from
Wireless World

Wireless World High Fidelity Circuit
Annual 1976 Designs Designs (1)

. The .vyorld o_f electronics, 3 In response to demand for 4 A compilation of the first
television, radio/audio is on reprints of Wireless World ten sets of Wireless World

parade in the second great constructional projects, we have Circards and including addi-
Wireless World annual. Con- collected fifteen of the most tional circuits. Each set in this
structional articles include mak- popular designs in one book. hard back book is preceded by an
ing a photographic timer. Surveys explanatory introduction.

cover video, magnetic tape com-

patability, electronic ignition and et e

radio astronomy in schools. Order coupon

To General Sales Dept. Room 11,
Dorset House, Stamford St., SE1 9LU

Please se'ndime books as indicated beiow (state number of copies of each)

Hi-Fi Year

Hi-FiYearbook 1976 » £2.35inc! _
Book l916 High Fidelity Designs « £1.35incl___
Circuit Designs (1) + £10.40inct

’ This is the book that tells

you everything you need to
know about the hi-fi equipment
on the market. Separate illus-
trated sections cover every major
category, together giving prices
and specifications of over 2,000
products.

(cheques payable to IPC Business Press Ltd)
Name. .

Address.

Regd. in England No. 677128 Regd. Office: Dorset House, Stamford St.

|

|

|

l

| | enclose remittance value £ —
I

|

I

|

I

|

] SE1 9LU
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HART ELECTRONICS

Audio Kit Specialists since 1961

STEREO BAILEY 30 WATT TUNER AMP.

This comptete tuner/amp unit is of the very higriest quality and 1s the amalgam ot our
Compact FM Tuner. Bailey 30watt power amps and the Bailey/Burrows/ Quilter pre
amp The wooden sleeve is available in either teak or sapele tinish to blend with existing

equipment or furnishings

The combination of our excellently designed printed circuits and the high quality
components used makes this unit unequalled on the kit market and approached in
quality of performance and durability by few made up tuner amps

Full details are in our free lists

STUART TAPE CIRCUITS. Our printed circuits and components offer the easy way to
convert any suitable quality deck into @ very high quality Stereo Tape unit Input and
output levels suit Bailey pre amp. Total cost varies but around £35 is all you need. We
can offer tape heads as well if you want new ones

Al above kits have fibreglass PCB's. Prices exclude VAT but P&P is included.

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 artictes under one cover 30p.

BAILEY/BURROWS/QUILTER Preamp circuits. layouts and assembly notes 15p.

All prices exclude VAT

Penylan Mill, Oswestry, Salop

Personal callers are always welcome. but piease note we are closed all day Saturday

SINCLAIR CALCULATORS*

Cambrdge £7.95. Cam Mem €11.20.
Scientfic £8.95. Oxford 100 £6.95.
Oxford 200 £13.45. Oxford 300 £16.95.
Programmable Scientific £25.95. Mains
adaptor for Programmable and Oxford
£3.19. Mains adaptor for Cambridge and
Scienutic £3.15.

SINCLAIR BLACK

WATCHx»
Fully assembled
with black
strap £20.95.
Bracelet £2.

S-DECS AND T-DECSx

Special Offer: 25p or 50p off orders
accompanied by 25p or 50p PB Electronics
adverts 4
S-DeC £2.24 i
T-DeC £4.05 e
u-DeC A £4.45 :
u-DeC B £7.85

IC carners

16 dil: plain £1.07
-With socket £2.21
10 TO5 plain 99p. With socket £1.95.
SSTI 60p. SSUI 60p. SSN| 80p.

DIGITAL CLOCK KiTx

24 Hr. display. Includes pcb. mains power
supply. attractive case, 0.5in. jumbo green
display. clock chip and all other parts
Disptays hours and minutes separated b
puisating colon. Kit £12.50. Buiit £13.50.

SINCLAIR 1C20

IC20 10W+10W stereo amp kit with
printed circust £6.95.

PS20 Power supply for above £4.95.

VP20 Votume, tone control and preamp kit
£7.95.

SP20 10W 4 Ohm speaker £2.95.

Send sae for free leaflet.

BATTERY ELIMINATORS
6-WAY SPECIAL

3.4%.6,7%. 9. 12V
at 500mA with g T

unique 4-way e 4
multi-jack A ‘.‘,“1' g
connector and -3 S i

free matching = " ]

socket £5.80. y
6-WAY DOUBLE RADIO MODEL
Similar to above, but with press stud battery
connectors 3+3. 4Y2+4%:, 6+6
7%+7%. 949, 12+12V at 250mA. Can
also be used to give 16. 18 and 24V single
£6.80.

3-WAY MODELx»

Swiiched 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 rados. etc. 6V £2.95. 9V £2.95.
42 +4':v £4.45. 6+ 6 £4.45. 94 9y
£4.45.

CASSETTE MAINS UNITS

7%2V output to run cassette tape recorders
from the mains Complete with 5 pin DIN
plug £3.45.

CAR CONVERTORS

Input 12V DC Output 6/7%/9V DC 1A
regulated. £3.95#.

SINCLAIR PROJECT 80

Q16 €10.15. FM tuner £13.25. P25
£3.95. PZ6 £8.70. PZ8 £8.20. Trans for
PZ8 £5.40. 240 £5.75. Sterec 80 £10.95.
Project 805 £20.95. Project 805Q
£18.95.

AT

THESE PRICES

AND BUY QUALITY

VALVES
Type Price (p)
DY87 30¢C
DY802 30.0
ECC82 28.0
EF80 296
EF183 345
345
355
245
400
410
N5
390
420
400
390
39.0
44 5
410
59 5
55.5
250
64.5
PL508 67.0
PL519 £1.20
PY88 355
PY800 330
PY500A 85.0

SEMI
CONDUCTORS
Price
Type Each (p)
AC127
AC128
AC141K
AC142K
ACI5
AC154
AC155
AC156
AC176
AC187
AC187K
AC188
AC188K
AD142
AD149
AD161
AD162
AF114
AF115
AF116
AF117
AF118
AF139
AF178
AF180
AF181
AF233
AF24D
BC107
BC108
BC109
B8C103C
BC113

Type
8C1258
8C132
8C135
BC137
BC138
BC142
8C143
BC147
BC147A
8C148
BC149
BC153
BC154
BC157
B8C158
B8C159
8C173
B8C1788
B8C182L
8C183L
B8C187
B8C214L
BC328
8C337
8D124
8D131
BD132
BD160
BD235
8D237
BDX32
BF115
BF160
BF167
B8F173
B8F178
BF179
BF180
BF181
BF184
BF185
BF194
BF195
BF196
BF197
BF198
BF200
BF218
BF224
BF258
BF336
BF337
BF355
BFX86
BFY50
BFY52
BSYS52
BT106
BU105/
BU108
BU208
E1222
MJE340
ac1
ac72

Price

Each (p) Type
15 R20088

R20108B
RCA16334
RCA16335
TIP31A
TIP32A
TIP41A
TIP42A
2N3055
DIODES
BA115
BA145
BA148
BA154/201
BY126
8Yy127

BY199
BY206
BY238
OA90
0A202
IN60/OA9
IN914
14002
INTEGRATED
CIRCUITS
Price
Type Each (p)
ETTR6016 £2 00
MC1351P
SN76003N
SN76013N
SN76013ND
SN76023N
SN76023ND
SN76033N
SN76227N
SN76532N
SN76660N
SN76666N
TAAS550
TAA700
TBA120AS
TBA120SQ
TBA480Q
TBA520Q
TBA530Q
TBA540Q
TBA550Q
TBAS60CQ
TBAB00
TBA920Q
TBA99CQ
TCA270Q

EHT MULTIPLIERS
MONOCHROME
BRC) Price Each
HD 950MK1 960
0

€17
2TQ 950MK 2 1400
£1.85

2DAK 1500

{17,818 £1.85
TAK 1500

| (23 &247) €200

BC116A
BC117

EHT MULTIPLIERS COLOUR

T

ype
MMTAQITTCVC 1, 2&3
ITN GEC Scbhell

Price
Each
£4.50
t4 50

JC12 AMPLIFIER
6W IC audio amp T
with free data
and printed
circuit £1.95#% m Vi

L)
DELUXE KIT FOR JC12
Includes extra parts for the pcb and volume
and tone controls. Mono £2.29. Stereo
£4.95.

JC12 POWER KIT
Supplies 25V 1 Amp. £2.95

JC12 PREAMP KITS

Type 1 tor magnetic pickups, mics and
wners. Mono £1.55. Stereo £3.0. Type 2
for ceramic or crystal pickups. Mono 85p.
Stereo £1.70.

LOUDSPEAKERS
FORJC12 8in x 5in 8 Ohms. 5W £2.50.

Post 20p on orders under £2, otherwise free. Prices include VAT (Overseas customers
deduct 7% on items marked #. otherwise 20%). Official orders from schools, etc

SWANLEY ELECTRONICS

DEPT. WW, PO BOX 68. SWANLEY, KENT BRS 8TQ

welcome

PRICE
QUALITY
SERVICE

COMBINED
PRECISION

COMPONENTS
(PRESTON)LTD

Department w.

194-200North Rd,

PrestonPR1 1YP
Tel: 55034
TFle_x:677122.

www.americanradiohistorv.com

£4 .85
£4 50
£4 50
£3.50
£4.60
£4 50
£5.00
£1.90
£4 25

M1MTAZ GEC 2110
11TAM Philips G8
11TBD Phitips 550
3TCW Pye 691/693
1TH Decca 30 Series
11TAQ Decca Bradford
3TCU Thorn 3000/35C0
11HAA Thorn 8000
11HAB Thorn 8500

NeWoshisa Tuses

with 12 months in service guarantee

19" A49-191X equivalents
A49-192 and A49-120X

20" 510D JB22 equivalent
A51-110X

22" A56/120X

£48.95

£50.75
£64.25

PRICES SUBJECT TO 25% V.A.T.

All goods subject to settlement
discount of 5% 7 days and 2%
monthly

No postage charges or mimimum
order values

Write or phone for fuil details now.

91
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- Forthe musician
who wants the best in
recording.

10XD — Our Studio Class, 15 IPS, Cross Field, Dolby B
Recorder. At 15 IPS, the advantage of Tandberg Cross
Field recording and the Dolby B Noise Reduction System
must be heard to be believed. You don’t have to be a
perfectionist to appreciate this quality, but it may make
you Into one.

10%" spool capacity, 3 speeds and remote control.
A, B Monitoring with easy editing facility.

Sound on Sound, add-a-track, echo, mixing, etc.
Peak level record/playback meters

Balanced microphone inputs.

Superb logic control circuits.

Electronic servo controlled speed regulation.

N A SN P

See the 10XD and other Tandberg recording equipment
at REW’s new professional department.

REW Audio Visual Co., 146 Charing Cross Road, London WC2.Tel. 01 240 3064/5

WW — 098 FOR FURTHER DETAILS

Neon prices include P. & P

(WiH COMPONENTS (WiH

LEDs 1 10 50 100 500 1000
RAed (LED 32) 2% 19p 17p 16p 15p 14p
Green (LED 35) 33p 30p 26p 25p 23p 21p
Red (Thread} (LED 12} 55p 50p 44p 41p 39p 36p
Green .. (LED 15) 65p 59p 52p 49p 46p 42p
NEONS, 110 or 230V 1 10 100 500 1000 10000
PCA/l & PP. 6~ 27.5p 19.3p 18.2p 17.1p 16p 14.9p
PCA/l & PP. 30" 27.5p 21.5p 20.4p 19.3p 18.2p 17.%p
Q 38.5p 31.9p 29.7p 28.6p 27.5p 25.3p

S 33p 25.3p 23.1p 22p 20.9p 19.8p - . o e =
Nper 10 {neononty) 75p 66p 55p 48.4p 45.1p 41.8p Hundreds of knobs, collet or screw fixing, plastic or aluminium, fluted,
textured, smooth, wing, pointer, insulated, siow-motion, digital, crank-

Above: Red LED, R Threaded chrome LED, Q, S. PCG, PCE, PCH, PCI,
PCF. PCC, PCB, PCA, PPA, PPB. LEDs 1n rea, green on own Or in

threaded chromium housing. 5.5mm d. hole. S neon 5.5mm &. Q neon PRlCESD;:O(L":('S";’Pni':‘:::::m s handle, heavy-duty, wing. contemporary, dual, & diamond turned. Shafts
7mm d. Neons in PC housings 9.5mrr'| d.. 3 cap colours, dome, top-hat, " — from 3mm to 10mm. Dia. from 8mm to 58mm.
square. PP 12.5mm d. 6" leads std., 30" extra cost; neon only, 110, 220 or ini mum order £2.00.
0 volts. HANDLES KNOBS
&8 i Chromium from S4p See Catalogue for Prices
Extruded from 107p
Nylon trom 55p PANAVICE
PVC from 41p (Photo. L to R}
Pivoting 132p 301, base plus vice £13.00
Flush precision  £3.34 366. 165mm opening  £6.50
Very Heavy duty 300, Screw base £7.80
150 Kg £4.47 380. Vacuum base £11.50
315, PC bolder £11.25
311 Bench clamp £6.50
IE?&MEYERS £4.25 303. Veruical vice £550 A very good holding systzam. Four vices, 3 different bases, all interchange-
. LT80) £9.10 ORYX SOLDERING able. Many vice jaws to hi,id PCs or available in steel, neoprene, nylon etc.
On L.. extruded PVC and anod. ali. Centre: heavy duty carrying handles. 15141 £21.00 Solder pot £10.50 Max. opening 6. Table mounting, Screw mount or Vacuum base.
On A. anod. & chromium. Wide range (47 different) in PVC, nylon, 141/30 A Shunt £4.00 8rvx 573 £13.50
: ised. flush . 141/Lux £18.00 rvx £7.25
chromium, anodised, flush, extruded and carrying ) 3 141/ Tharmometer £16.00 SR2 desolder £6.05
141/25KV £7.50 SR3A desolder £5.35
SR3S desolder £4.95
Soldersuck £1.50

BRADRAD, CONECUT, ADEL PROFESSIONAL SWITCHES
Bradrad 1% or 36mm £13.00 197.11) £1.99

Bradrad 2%’ or 60mm £33.00 199.112 £1.76
Conecut No. 1 £4.26 1962 £1.97
Conecut No. 2 €6.90 1981 £3.51
g::zg: xg: 2 gg:gg ;;Z_g‘? 2;:;3 Sotder pots incl. neors, temp. controlled irons, Ory x 75 silicone leads, solid
Set1.2.3 £19.40 21213 £2.84 state control with dial in handle. Oryx 50’ thermostat in handle. Desoldering
Pop-up 20,000 ohms/v., LTBO1, 17 ranges. Pocket LT101 low-cost, 12 ager €6.88 19522 £2.03 10015, alt with PTFE nozzle On right, solder suck at minimum cost.
ranges, 1,000 ohms/v. TS141, 66 ranges, 20,000 ohms/v, incl. nylon case,  Reamer, small £5.90 135,‘2‘1 £1.28
Reamer, large £6.90 195
115mm scale, 5amps AC & DC, 2,500 v. AC, well damped, many accessories. e B e
D '
] i
JHADRAL :
PON | OVER 250 DIFFERENT
3 CASES |N STOCK-SIZE RANGE
i ly M LR 224.6, rotary, 6-position
OVER 50001 IN VOLU " 3 197111, COx 2,220v 1A 212.13, iluminated push CO
L. to R. 2%’ Bradrad, drills and deburrs. %"'/1%" 11 diameters Bradrad. 0 199.112,CO. 220v 1A 196.22, push snap CO, 220v. 2A
4 Conecuts, %"/2"". Adel nibbling tool, square or round holes. 11mm d. Send for catalogue 1:6.2. CO x 2,220v. 2A 195.2, CO, 220v. 2A
entry. Underneath: 2 reamers, /s /1. To make round holes with no 198.1, 5-pasition toggle 195.14, water-tight, 195.2
vibration. WES l HYBE 197.212, spring ceturn {197,111} 189.2, 6.5mm d. CO toggie

DEVELOPMENTS LIMITED
Ryefreld Cres., Northwood Hills, Northwood, Middx., HAG 1NN
THE INSTRUMENT T S350 s e N CASE SPECIALISTS

WW — 081 FOR FURTHER DETAILS
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CATRONICS

The design of this decoder

is being described in a

series of articles being published by ‘Wireless World’ (from
last November). All the components are available from
Catronics Ltd.

wiretes winid Taderers docodnr

000896 L

Ey A

e
Designed by

TEXAS

Featured by PRACTICAL WIRELESS
SOLE U.K. DISTRIBUTORS - HENRY'S

A

The approved Catronics kit contains all the printed circuit boards and components
necessary to buiid the complete decoder. Signal input required is a minimum of 0.5V
detected video The output is approximately 4V of R, G and B drive suitable for driving
most types of colour Television sets, PLUS a luminance output for black and white
sets
The power supply and video switching circuitry are normally installed within the
television cabinet and the main decoding control and memory circuitry in a separate
cabinet positioned on top of the television.
PRICES ARE AS FOLLOWS:
Set of 3 main PCBs only £12.00+ VAT (£3.00)
Component Kit (inc. PCBs) — for upper case only £91.45+ VAT (£9.70)
Add-on Kit for lower case characters £12.95+ VAT (£1.35)
Cabinet and Front Panel (styling may vary) £11.60+ VAT (£2.95)
Ready built and Tested Decoders add €32.00 + V.A.T. (£€8.00}
Post & Packing. PCBs are post free — but add
t1 for component kit and/or cabinet
A wide range of other components are also available, including SL60O series i.c.s, KVG
and MURATA filters, AERIALS for Commercial Mobile and Radio Amateur bands.
IGNITION Interference Suppression Components plus, of course, the famous
Catronics Freq y C s and P — including an exclusive new
500MHz version
Send S.A.E. for current price lists (stating requirements)

CATRONICS LTD. (Dept. 624)

- 39 Pound Street
a ro n ICS Carshalton, Surrey
__

Build the Texan stereo amplifier, then you can be doubly proud ! For a start
vou'll own a superb home entertainment
unit. And have had all the pleasure of % Can be built Stage by stage
doing it yourself, with the Henry's kit. Ask for leaflet 20.

% Everything necessary

Look at the Texan specification supplied. Full after sales service

incorporating tully int2grated stereo preamp and guarantees.
and power amp, with61C's, 10 transistors,

6rectifiers and zener diodes. Plus stabilised,

orotected circuitry, glass fib pcb: Gardeners KIT PRIGE Built and tested
low-fistd low-(ine mains transtormer; all T
facilities and controls. Slim design, chassis £35 00 £45.00 inc.VA
1477 x 67 x 2" overall. 20 watts per channe! - +£1.00p&p.
RMS, 1ess than 0.1% d stortionat 1 kHz Inc. VAT + €1 pEp

THE NATURAL FOLLOW-ON — THE TEXAN FM . TUNER KIT!

Build the matching Texan stereo tuner ! Features
KIT PRIGE advanced vaucap tuning. Phase lcck loop decoder

Professionally designed circuit. Everything you needis
- inthe kit. From the glass hibre pcb 1o the cabinet itself.

Tel: 01-669 6700

WW 622 — FOR FURTHER DETAILS

Excellentspec 2.5 uV aenal sensitivity. 500 mV output
INCMAT, > (adjustable}. Tuning 1ange 87-102 MHz. Mains
60p pEp. powered.

ADVANCED CLOCK KIT IDEO S

Complete ki including attractive shm case tor 6 digit alarm clock with bleep alarm. snooze and automatic ; )

|n|engny control hgh brightness display drlvxgg with optionai touch switch controls and crystal - a” the electron/c excitement

cantral /batiery-back-up (both extra) using MK50253 and LED displays. Kit also includes PCBs. active you COU/d WI’Sh fof’

and passive components. IC sockel. miniature cool transformer, switches, flat cable. loudspeaker. mains °

plug and lead, perspex panel. and full instructions. With 0.6 JUMBO FND500 Displays £27.31 * An uo-m-me-rTnmule game. Plugs
Nt youtown TV aenai socket

P.E. CAR CLOCK with Journey Timer REIRP sucmonhna vol e oy’

git ¢ Use 10 any car with 12V battery with an indepencent journey timer incarporated Bright Choose your game - faotball, tennis

Jul oo LED spl rom L with lanilon - automat intensity control Complete kit of all parts needed orhole-in-the-wall Absolutely

including case. PCBs and all components fFull instructions £39.50 safz. Foryou. Yourchildren. And

Eagy to build E.E. DIGITAL CLOCK {Jan issue) Kit of all components including case elc  for this yout TV. Mains powered

atiractive clock with 1 2mm green dispiay Full instruchions £15.70

50 He Xtal Timebase Kit for clocks (incl advanced kit above) €6.28 ListPrce £42.50 VAT 4+

DISPLAY INT. HENRY'S PRICE ONLY £29 50 5’00 p&p.

cMOS ICS CD4031 1.82  CD4Q62 7.33  CD4518 1.03

RCA MOT. ONLY  CD4032 0.88 CD4063 0.90 CD4520 1.03  SN75491  0.81

CD4000  0.17 CD4033 1.14  CD4066 0.58 CD4527 130 SN75492  1.02

CD4001 0.17 CD4034 1.56 CD4067 2.95 CD4532 116 7447 1.05

CD4002  0.17 CD4035  0.97 CD4068 0.18  CD4555 0.74 7448 0.85

CD4006 0.97 CD4036 1.82 CD4069  0.18 (CD4556  0.74

CD4007 0.17 CD4037 0.78 (D4070  0.18 MC14528 0.86 FLAT CABLE

CD4008 0.79 CD4038  0.88 CD4071 0.18 MC14534 604 20WAYIM 1.00

CD4009 0.46 CD4039 2.86 CD4072  0.18 MC14563 4.07  1CM for 8.50 i For this new edman, we have made

04010 046 CDA04O 0.88  CD4073 OB RMCINA SCE T, 21 I OWA VIMINOT60 hundreds of changes and additions,

CD4011 0.17  €D4041 0.69 CD4075 0.18 MCM14552 805 10MFOR 4.80 5 : g e

CD4012 017 CD4g42 0.69 (D4076 127 2 It has over 200 pages. containing

CD4013 0.46 CD4043 0.83  CD4p77 0.18 IC SOCKET PINS P virtually everythirg for amateurs and

CD40t4  0.83 CD4044  0.77 (D4078  0.18 CLOCK CHIPS 0.50 professionals. And you'll have no

Cb401s 083 CD4045 115 CpapB1 018 MKS0253  5.60 ‘°°° 2,00 S bother at al' findirg everything you

CD4016 0.46  CDa046 1.10  CD4082 018 MM5314 444 3000 10.50 = want, because there's a complete

CD4017 0.83 CD4047 0.74 (D485 0.59 AY51224 3.66 ? nt. becaus pl

€D4018 0.83 C04048 0.46 (CD4086 0.59 AY61202 4.76  LSISOCKETS alphabetical index as well as a section

CD4018 046 CD4D49 0.46 (D089 1.27 PINS +SUP- Q index. Togethes, they put you ighton

CDa020 .92 CDAVSO 086 CDA0OI  o8E o PORTS g course for the items you neead. Fiom

cD4a021 0.83 (D405 0.77 CD4a0g4 1.53 Pl 0.30 1ojects cati |

CD4022 079 CD4052  0.77 (Da095  0.86 No VAT or PRP 28 PIN 0.30 g‘”c:‘ao”sso“’;::‘[ ‘°:n‘l‘|‘ ":"e‘l“”: C“";f

CD4023  0.17 (CD4053  0.77 (p4096  o0.86 RCA1975 2.67 40PIN 0.30 s O[ELI e

CD4024 064 (D4DS4 0.95 (CD4099 1.50 MCMOS 2.77 capacitors. Transistors 1o valves.

CD4025 0.17  (CDA055 1.08 (CD4502 0.98 VERQCASES Loudspeakerss to mictophones - all at

C€D4026 1.42  CD4056 1.08  CD4510 112 7514104 2.64 & competitive gnces. Over 200

€0a027 046 (DA057  20.35 (D451l 1.28 DISPLAYS 7514110 3.04 . pages of vital statistics - just for

CD4028  0.74 CD4059 364 Cp4as14  2.56 5LT.01 580 751412k 4.00 ) ou' So send now for your cop

cmozg 0. 92 co4gso 0.92 (Cp4515 2,56 DL704E 075 CA3130  0.88 Y Y
103 046 CD4061 16.43 4 . 500 1.02

o @rBle 112 FND FREE to Educational Establishments when

FND500 Jumbo 0.5in. CC Red LED now only £1.02. PNy ordered on off

Thus bull sp! m Fai offe: utstanding value ompare s price with other

704E

of 3" CC Red LED now only 75p

ADD VAT at 8 Higher rale does not apply to any of above) 1Sp P&P on orders unders3 Despatch

by st Class post Price st and dnm sent FREE with an order or on request (an SAE helps) Official

d lcomed ( 2n or phol Un Polys Govt Cos et Exportorders No VAT Add 35p

nope) nmﬂu) for A- r a«l P&P {No export outside Europe tor databooks and transformers.)

SINTEL 53C ASTON STREET, OXFORD : , )
TEL. 0865 49791 LOWER SALES FLOOR, 231.TOTTENHAM CT. RD., LONDON W1 01-636 6681 -
94/96 UPPER PARLIAMENT STREET, NOTTINGHAM. 0602-40403
:All mal te Henry’s Radio, 303 Edgware Road, London W2,
WW — 048 FOR FURTHER DETAILS WW--053 FOR FURTHER DETAILS

W americanradiohistorv-com
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"AIRMEC FREQUENCY METER TYPE 265: 0-6000 rpm and 0-100Kc/s £35. Carr.

£2.
RACAL L.F. CONVERTER UNlT RA-37B: £35. Carr. £1.
RACALl S.B. ADAPTOR RA-95A: £65. Carr. £2.

MUIRHEAD A'I'I'ENUATORS. 75 ohms 0-8 Mc/s 3V MAK 3 ranges 0-5, U- 25,

0-50 DB £3.00 + 75p po:

_CREED MODEL 54 TELEPRINTER. £37.50 each. Carr. £4.

CREED ) MODEL 75 TELEPRINTER: Receiver only £30.00. Carr. £3.

"MULLARD VALVE VOLTMETER: E/7555/3 A.C./D.C. 2 ranges 0-5 and 0-500v.
£35. Carr. £2.

EDDYSTONE TELEPRINTER ADAPTOR TYPE 937: £45. Carr. £1.

WA ETER CLASS ‘D’ NO. 2: 1.2 to 20Mc/s 12 volts d.c. input or 240v a.c.
_£12.50. Carr. £3.

WILD BARFIELD ELECTRIC FURNACE MODEL CCL22X: With ether
indicating temperature controllers Model 990. 0-1400° C. £250. Carr. £5.
METROVAC IONIZATION GATGE MODEL V.C.3: E55. Carr. £3.

AVO VALVE TESTER CT.160: (Portable) similar to Avo Mk. 3 Charactensuc
meter. Good condition, £45.00. Carr. £2.00.

ANTENNA MAST: 30ft. consisting of 10 x 3ft tubular screw sections (%" dia.)
‘with base, guyropes and stays, etc. £7.50 each. 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
cv 2865 Centre Zero Meter 10-0-10. Size 8in. x 8in. x 8in. New condition. £10Y
Carr. 7

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 TRANSFO! V'50c/s, 1000 watts. "Mointed in strong steel case
5" x 6%4” x 7". Bitumen 1mpregnated £12.00. Carr. £1.50.

BRIDGE MEGGER: 250V. (Evershed Vignoles) series 2. £30 each. Carr. £1.
BRIDGE MEGGER: LNV, series 1. £30 each. Carr. £1.
CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range
3000-10,000KHz. Mains 230V 50Hz. Measures crystal current under osc1llatory

:condmons 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.

CLASS ‘D’ WAVEMETER NO. 1: Crystal controlled heterodyne frequency
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 delay microseconds 0-0.1c, 115V input. £55 each. Carr. £1.
‘MUIRHEAD PHA TER D-729: o.M E85. Carr. £3.

ALL CARRIAGE QUOTES GIVEN ARE FOR 50-MILE RADIUS OF LONDON
ONLY
ALL U.K. ORDERS. SUBJECT TO. VALUE ADDED TA)(

W. MILLS :

"It wishing to call at
stores, please telephone
| for appointment

RACAL RAI7 Front Panels: £5. £1 post.

'QMETER: 30MHz-200MHz. £55. Car. £1.

MUIRHEAD PHASEMETER T)(_I’E_D729 A.M. £95.00. Carr. £3.00.

CT.420 SIGNAL GENERATOR: 200-8000c/s Variable tuning. Two fixed
frequencies 3000 and 10,000. lnternal 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.

MW-59 UNIVERSAL KLY STROMN POWER SUPPLY: £85. Carr. £3.

TF-1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. £2.

BPL A.C. MILLIVOLTMETER TYPE VM.348-D Mk. 3: 2 millivolts-2 volts, 6
ranges. £30. Carr_£1. _
CAWKELL REMSCOPE TYPE 741 : Memory scope, ‘as new’ cond. £150.00.
MANSON SYNTHESISER Q115-URC: 2-30 mc/s. £175.00.

FIREPROOF TELEPHONES: £25.00 each, carr. £1.50.

POWER UNIT: 110/230 volts 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, 105V Anode,
79mA. Mnfr. Watkins & Johnson. £85 each. Carr. £1.

TEKTRONIX TIME MARK GENERATOR TYPE 180-Sl: 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 METER BC- 221: 125- 20 000 Kc/s complete with original
calibration charts. Checked out, working order £20 + £1.50 carr.
COMPUTER STABILISED POWER SUPPLY: 19" rack fitting. Input 200-240v
a.c. Output 6 volts at 25 amps. 4 meter 0-8 volts 0-25 amps. £35.00 each. carr.
£3.00.

" SORENSEN VOLTAGE REGULATOR: Input 190/260 volts a.c. Output 220/240
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.

. AVO SIGNAL GENERATOR: 200/250 volts a.c. Frequency range 6 bands 50Hz

to 80MHz. £25.00, carriage £2.00.
FYLDE AMPLIFIERS TYPE 154 BDM: Rack mounted 3v d.c. and power supply
FE.500.TP. £65.00, carr. £2.00.

STC ATTENUATORS 74600A & B: Push-button selectors 0-9 db 750hm. and
0-90 db 75 ohm. Housed in steel case 11" x 8 x 7”. £25.00 each. carr. £1.50.

AUTOMATIC VOLTAGE STABILIZERS: Input 207-242v a.c. OQutput 230v a.c.
at 2.80 amps. £17.50, carriage £1.50.

3 & 3a BALDOCK STREET, WARE, HERTS. SG12 9DT

WARE 66312 (STD 0920)
and at ELSTOW STORAGE DEPOT. Phone: Bedford 740605 (STD 0234), .

.

TAUT SUSPENSION MULTIMETERS 8
Made in USSR

U4312: 41 ranges 0.3mA — 6A
D.C.. 1.5mA — 6A AC., 0.3-900v
A.C./D.C.. 0.2-50kQ; Mirror scale.
Sensitivity 667Q /v; Accuracy 1%
D.C.. 1.5% A.C.£11.50. :
U4313; 40 ranges 0.06mA — 1.5A

D.C.. 0.6-1.5A A.C.. 1.5-600v
A.C./D.C." 0.06-60k(2; Mirror scale.
Sensitivity 20kQ /v D.C.; 2kQ /v
A.C. Accuracy 1.5% D.C.. 2.6% A.C.
£14.90.

U4315: 43 ranges 0.05mA-2.5A
D.C.; 0.5mA-2.5A A.C.; 1-1000v
D.C./A.C.; 0.3-500k(Q); Sensitivity
20kQv D.C., 2kQ /v A.C. Accuracy

2.5% D.C., 4% A.C.£11.25.

U4324: 33 ranges 0.06mA — 3A
D.C., 0.3mA — 3A AC., 0.6-1200v
DC., 3-900v AC.. 0.5-500kQ:
Sensitivity 20,0000 /v D.C.,
40000Q) /v A.C. Accuracy 2.5% D.C.,
4% A.C. Re-chargeable cadmium cell
operation. £10.85.

OSCILLOSCOPE CI-5
v Made in USSR

A Extremely simple and easy to use single beam
* oscilloscope. Well proved design based on standard
',-octal valves makes servicing and maintenance
. straightforward and inexpensive Because of its
bandwidth of 10 MHz the instrument is suitable for
general electronic apphcations and educational
purposes where a sophisticated instrument would be
both too expensive and delicate. 3-in. tube giving a 50
x 50mm clear display. Amplitude and time base
calibrations. Sensitivity 30mm /v max. Triggered and
free-running time base, suitable for displaying puises
from 0.1u sec. to 3 m sec. A.C. mains operation’

Price £55.00 ex. works
Packing and carriage (U.K. only £2.507

LINEAR I.C. AMPLIFIERS DIGITAL 7400 SERIES 1.C.

EDUCATIONAL METERS
Made in USSR

A range of small portable free-standing meters suitable

for experiments and demonstration work. Moving coil

movements with centre-pole pieces. 69mm long open

scale. Basic calibration accuracy 4% The following

ranges are available: 1, 2. 5. 10 Amps D.C.. 6, 15, 30

Voits D.C. Overall dimensions: 80 x 100 x 48mm.
Price £1.90 ex. works

pefniidely Made in USSR . Packing and postage £0.20 per meter
TAA263 — 3 stage low level amplifier. 7400 £0.14 7440 £0.14
Bandwidth Dg to 600kHZ. Supply 7401 £0.14 ;:gg Cg::
poltBae 6_8~V ieutiowergiom WO 7410 £0.14 €0, Have you already got our illustrated 1975 catalogue/ price
U3 GO, 420 £0.14 ;:gg g0 SPEGIAL TELEVISIUN list of valves semiconductors test equipment and passive
TAA293 — Med freq. amplifier up to 22 £0°20 7472 cg;: BARGAINS components? If not. please send £0 20 for your copy now
600kHZ. Supply voltage 6V Output 7430 £0.94 2474 20'25
110mW into 150Q. TO 74 10-lead case . FIRST GRADE TRANSISTORS
£0.65. Prices are exclusive of VAT and unless stated otherwise
. . - . TEXAS BC517 R20088  £0.95
TAA320 — Most stage followed by a Silicon Darlington parr in three-lead plastic R2010B  £1.85 p;’ackmg dznﬂ]pgslage Wl?ene[':m'""!% ZCSSh YV':" order
bi-polar transistor Gate-to-source voltage case Average current gain 30.000 Max V cbo BU126 £1.55 please a . VX? 2’%‘;0'71 & ort 00 & LG el
9-14V Power dissipation 200mwW Drain 40V: Max |c=400mA. Max. lco=10 nA. BU133 £1.55 e s Yasivellas ( or valves, semiconductors and
.curcent 1uA. TO 18 3-lead £0.60. £0.80 BU208 £2.00 hinear | C s and 8% for other equipment}

Z & | AERO SERVICES LTD.

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

Tel.: 727 5641 Telex: 261306

Retail Branch:
85 Tottenham Court Road
London W1. Tel: 580 8403

WW—067 FOR FURTHER DETAILS ,

wasssamericanradiohistans.caom
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BiWS0G electronics

¢ 12 2599 100w
CD4000AE 19 * 7p*  l4p*
CD4001aE 19 * 17 ¢ lap*
CD400AE 19 * 170 l4p*
CD4006AE £1.59 ¢ £1.33 * £1.06 *
CD4007AE 2p * 19%  15p*
CD400BAE £1.75 * £1.46 * €117 ¢
CD4009AE Use CD4049"
CD4010AE Use CD4050*
CD401T1AE 19 * 17p*
CD4012AE 199 * 17p*
CD4013AE 59 * 50p*  dép *
| CD4O14AE £1.75 ¢ £1.46 ¢ £1.17 *
CD4015AE €175 * £1.46 ¢ £1.17 *
CD4016AE 559 * 48p  adp*
CD4017AE £r.29 ¢ £1.07 ¢ 93p*
CD4018AE £1.89 * £1.56 * £1.25 *
CDA40I9AE 80p * b6p"  53p ¢
CD4020AE £1.97 ¢ £1.64 * £1.31 *
| CD4021AE £1.75 * £1.46 * £1.17p *
CD4023AE 19 * 170*  ldp*
CC4022AE £1.83 * £1.53 * £1.27 *
CD4024AE £1.26 * £1.05*  B4p
CD40Z5AE 199 * 177p* l4pt
CD4026AE £2.79 * £2.32 * £1.86 *
CD4027AE 98p * 82p° 65 °
CD4078AE £1.53 * £1.28 * £1.02 *
CD409AE £1.89 * £1.56 « £1.15 *
CD4030AE 7ip ¢ 59°  47p *
CD4035AE £1.75 * £1.46 1 £1.17 *
CD4040AE £2.01 * £1.69 * £1.3¢ *
CD4042AE £1.49 * £1.24 99 *
CD4046AE £2.15 * £1.79 * £).44 *
CD4049AE 69 * 58p*  4bp *
CD4050AE 69 * SBpt  4bp *
CD4051AE £2.78 * £2.32 " £1.85 *
CD4052AE £2.78 * £2.32  £1.85 *
CD4056AE £2.12 ¢ £1.76 * £1.41 *
CD4060AE £2.39 * £1.99 * £).55 *
CD4066AE £1.13 * 94p* 75 *
CD406BAE 8p° up* 19
CD4069AE Bp* 2p* 19
CD4070AE Bp* 24pt 19 *
CD4071AE Bp " 2p* 1% ¢
CD4077AE Tlp ¢ 59 47p *
CD4081AE 8p* 2t 19p*
CD4082AE 8p up* 19 ¢
CDA408SAE €£1.28 £1.06 © B85 *
CD40B6AE £1.28 €1.06 ©  85p *
CD409IAE £1.56 * £1.20 * £1.04 *
CD4099AE £2.95 * €246 ¢ £1.96 *
CD4511AE £2.36 ¢ £1.79 * £1.44 *
CD4528AE £1.30 * £1.08 © 87 *

This state ~of-the=-art MOS LSt chip contains
all the fogic necessary for a 3} decade, dual
slope integrating, automotic polority detecting
DVM  Supplied with free dota and circuit
booklet . AY-5-3507

OUR PRICE ONLY £6.59.*
(Dato and Circuit Booklets alone 20p.)

The AY-5:7229 tick-tock

Another marvel from G.1. A 16 pin

12-24 he. Clock 1.C. with 25 pin capability
ond low external parts count. Supplied with
manufacturers detailed leoflet £3.95p*(inc.
VAT) (Leaflet alone 20p.} Full Kit
{excluding case) availoble towards
end of 1975. Phone Clive for details .

MULLARD MODULES

Still make the simplest, highly
reliable F.M. tuner

LP1186  Varactor front end £8.60
LP1185 (F Strp £6.95
LP1400  Muluplex decoder £9.02

VAT INC

Items followed by 0*
inc. VAT ot 8%

1.C. SOCKETS

Pin Sockets, pins in strips
of 100. Just snip off what
you need. 65p per strip
Dual in line

8 pin 13p. 24 pin 26p. 105
14 pin 15p 2 pin30p.  8pin 3lp.
16 pin 15p 36 pin 39p. 0pin 35

Qur B Poge A4 Audio [.C . Booklet
is supplied FREE with purchases of
Linear 1.C.'s worth £1. or more
{35p. if sold alone) Contains circuits
and pin connections

15 Amplifiers 250 mW to 20 watts
Audio Pre-Amplifiers

| Tope Pre-Amplifier

| Power Driver

I Instrument Amplifier (Bifet)

| General Purpose Mini Amplifier
| D.C. Controlled Gain Control
I Micro-mini radio (2 1.C's)

Veeo 25y 2NS77 e
Vebo  25v Va3
Vebo 8v //.(/
I 250mA {;))//

Pd 200 mW 4

e 2500 5/ 385p-

ST

NEW LED Linear Cursors

each device contains 10 light
emi tting diodes in o 20 pin dual -
in-line packoge . Ideal for solid
ctate anologue meters or dials
Type 101 RED.£2.26.* Complete
with lecflet.

7401 14p* 12 % 10p
7402 l4p*  12p * 10p
7403 15 12" 10p
7404 T6p"  13p* p
7408 16p*  13p% 1p
7409 lép*  13p* 1p
7410 16p*  13p* Np
7413 29p% 24p* 20p
7417 7pt 22k 20p
7420 16p*  13p* 1p
7427 Wpr 22t 18
7430 16p* 13 * lp
7432 27p* 22%p* 18p
7437 Vet 22" 18p
7441 75t 62p* 50p
7442 65"  55p° 43p
7445 85p*  7ip* 57p
7447 8lp*  75p* 65p
7448 75 62" 50p
7447A 950" 83p" 67p
7470 0p*  25p" 20p
7472 25p°  2lp* 17p
7473 30p* 250" 20p
7474 3% 26p" 2lp
7475 47p*  3%* 3lp
7476 32" 26p* 21p
7482 750%  42p" 50p
7485 £1.30 * £1.09 * 87p
7486 3%t 26p* 2lp
7489 £2.92 * £2.80 * £2.10
7490 49" d0p* 3%
7491 65p*  55p* 45p
7492 S7Tp*  4ép* 36p
7493 45p"  40p" 3%
7495 67p*  55p* 45
74100 £1.08 *  8%" 7%
74107 35" 28p* 2%
74121 34pt 2Bp* 23p
74122 470" 3%* 3lp
74141 78p*  63p* 53p
74145 68p*  58p* 48p
74154 E1.62 © £1.48 * 86p
74174 £1.00 *  83p* 67p
74180 £1.06 *  88p* 71p
74181 £3.20 * £2.50 * £1.90

others include 25%

I

 LINE-0-LIGHT

R I s

e e

2 v a o e e e

Overseas Customers
deduct 2/27 from *
. 1/5 from others

555 (8 pindiplv 5% *
555 (10-99)1 8lp *
556 (14 pin dip}) £1.29* ‘
703 (RF/IF Amp)  68p
709 (8 pin dip} 38p |
709 (10-99) 45p
709 (14 pin dig) 3%
710 (8 pin dip) 3%
710 (10-99) 45p
710 (14 pin dip) 44p
711(10-99) 5lp

711 (14 pin dip) 4dp

720 (A .M Radio) £I.76

Regulators 100mA

Regulators 500mA

78MOSHC £1.35 ¢
78MI2HC £1.35
78MISHC £1.35
78MIBHC £1.35 ¢
78M24HC £1.35 ¢
Regulotors 1A

7805KC (T0-3) £2.09 *
7812KC (10-3) €2.09 *
78I5KC (10-3) £2.09 *
7818KC (10-3)  £2.09 *
7824KC (10-3) £2.09 *

Regulators 1A
76050C (10-220) £1.
78120C (10-220) £1.
7815UC (10-220) £1.
7818UC (10-220) £1.
7824UC (T0-220}81 .

1C L8030 £3.

723 (T0-99) £1.09
3723014 pin cip) 55p
2741 (8 pin dip} 30p

741 (10-99) 43p

741 (14 pin dip)  36p

747 (14 pin dip) £1.04

748 (8 pin dip) 4%

748 (T0-99) 46p

748 (14 pin dip) 4%

753 (F.M. 1st.1.F)

£1.08 )

75491 88p * |

75492 g0 ¢ |

Regulators 100 mA

78105WC (10-92)  60p *

78L12wC (10-92)  &0p *

78LISWC (T0-92)  60p *

7BLOSAWC (TBAG25A) 90p *
78LI2AWC (TBA625B) 90p *
7BLISAWC (TBA625C) ogp *

LINEAR

Dept. 5, 56, Fortis Green Road,
Muswell Hill,
telephone:  01-883 3705

London,

1C.'s

[ Ay-1-0212 £6.93 | tmaim £1.12
AY-1-5051 £1.44 LMm3900 6%
AY-5-1224 £3.95 * | UM3909 66p *
AY -5-3500 £6.59 * | MCI301L £1.94
AY-5-3507 £6.59 * | MC1306p 85p
AY-5-4007 £7.94 [fMClalOv £2.10 !

MCi1312pP £252
BHA0002 £3.01 | MC1314P £4.34

MC1315P t4.85
cannmae | MO G
CA3045 £1.69 MC3401P 81p
CA3046 88p MC1339p £1.60
CA3053 5% MC1350 68p
CA3065 £1.60 MC1351 92p
CA3075 £1.64 MC 1352 92p
CA3078 £1.26 MC1357 £1.60
CA3080 5% MC1358(CA3C65) £1.23
CA3081 £1.86 MC1375 £1.56
CA3082 £1.86 MC1455 (555T)  65p *
CA3089E (TDA1200) £2.43 | MC1456CG €177
CA3097E £1.67 | MC 1458CP1 89p
CA3123E £1.76 MC1468G £2.30 *
CA3130 84p MC1495L £4.48
CAJ401E (LM3900) 68p | MC1496G £1.00
CA3600E £1.44 MC3302P £1.65 ‘

MC3401P 81p

|

MFC40008 87p
LOOST) (T0.3)  €£1.46 * | MFC4060a 85p *
L036T1 (10.3)  £1.46 * | MFCO030A 8sp *
LO37T (T0-3)  €£1.46 * | MEC&040 £€1.00
L129 (SOT-32) 85p *
L130 (SOT-32) 85p * -
L131 (SO7-32) 85 ¢ ':mg;:z §;'22 il

| .

LM301T (T0-99) 65 -
ls 8 snaiwisen | U (0T B
LM301A T(T0-99) ) 2 Hllo

| (M301A S pin dip) S9p | MVRISV (10-3) €145+ |
LM307 T (TO-99) 5% |
LM307 § (8 pin dip) 57p | NES40I £1.25
LM308 T (T0-99)  £1.96 | NES46A £1.16
LM30B 5 (B pin dip)  98p |SNESSSV & "
LM30BA T (10-99)  £7.92 | :E?igs g »
LM308A S (8 pin dip)£6.90 NES618 €506
LM309K £2.34 + | NES6Z £5.06
LM370N £2.85 SE?‘Z% £.87
[ w37 e SD6000 a8
LM372N £1.99
LM373N £2.99 UEA BT
LM377N £2.71 QA o
Lm3go g 514370 )

Lm38) £1.85 T
| sL4a0 £2.84 *,

LMm382 £1.66 |-

Lm703 68p SN75491N 88 * |

LM1820 £1.03 SN75492N £1.10 *

~

ZN414 Leaflet free with devices( 10p alone )

MC1310; 2, 4 & 5 Leaflet free with devices (10p alone) | ZN414

DIGITAL

N10 3HN.

[ SN76001N (TAAGLL) £1.82 *

SN76666N (CA3065) £1.12
TAA63 £1.50
TAA300 £2.16
TAA310A £1.87
TAA320 £1.44
TAA350 £2.43
TAA370 £3.45
TAAS50 75
TAAS70 €2.75
TAA700 £5.03
TBA120S £1.25
184231 £1.02
TBAZBI (723)  £2.59
TBAS00Q £3.16
TBAS20Q £3.85
TBA530Q £3.27
TBAS40Q £€3.72
| TBASS0Q £5.29
TBA560CQ £5.29
TBA625A £1.03 *
TBAS758 £1.03 -
TBA625C £1.03 ¢
TBAGS] £1.87
TBA720Q €2.79
TBA750Q £2.79
TBABOO £
TBA810S £1.24
| TBABIOAS £1.24
| 184820 86p
TBAS2Q £4.71
TBA99OQ £4.71
TCA270Q £5.24
TCA760 £2.16
TCAB00Q £7.24
TCA830S £1.04
TCA940 £2.25
TDA 1054 £1.50
TDA1200 £2.43
| TDA1405 80p *
| ToA1412 80p *
TDAT415 80p *
TDA2010 £3.00
TDA2020 £3.75
ULN2ITIA £1.52

SN76003N £3.30
SN76013N £1.98
SN76023N £1.98
SN76 227N(MC1327) £1.89
SN76532N £1.86
SN76544N £1.81
SN76550-2(TAAS550) 89p
SN76552-2 8lp

SN76660N(TBA120) 75p

SWITCH

. Suiteble for

Common Cathade as Common Anode {Red only)

Litronix Double Digit Displays ol &
0.5" Common Anode; 2 ”‘W ] 8CD encoded digital switch
Decimal Points | & 2 Reading 0 to 9
ozt £ 1.9 < _5 digital clock olarm setting
DL727 0.0t 9.9 x5 'y DVM input Scaling etc
Suitable for Clocks, Meters, v g3
Instruments, Channel Indicators § ] 110 9. £1.49 each *
Our price £4.75 * each << <Y
vuodu
Low cost Red GaAsP| 0.33" Litronix DL 707 Series /.{./ . all £1.82% each (Red only}
Motorola MLED 500 | .33 Monsanto MAN 50/70/89/3600 iy, oll £1.82* Each
ina T092 package | 0.33_ Xciton XAN 70 Series L /L] alt £1.49% Each
i€ 043, Monsanto MAN 4000 Series vy oll £2.32* Each
= 0.863  Litronix DL747 'Jumbo' Series 7/ | @l £242*Each (Red only)
_:» 15p.* NCTE: MAN 4000 Series pin auts are 14 pin dil the some as MAN 50; 70 and 80 series .

Secandaries

postage & packing 20p
Ordecs for over £6. post
free . Except transformers

p.p. on transformers

WW—033 FOR FURTHER DETAILS
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0125 (5 0.16" 0.2"
dia.lers NN dio. lem dio. lens W%
(T11209) (MLED 650) | 0863
1+ 10+ 100+ l 1+ 10+ 100+ ' 1+ 10+ 100+
Red 16 15 13p°| 27p 280 2% | 18p 16p ldp *
Green  2p 24p 22*| 33p 0p et | Bp Tp Bp°
Orange  27p 2p 22| 33p 300 27p*| 30p 27p  5p*
Yellow  34p 3lp  2%*| 350 3% 2%° | 35 33%p 30p° 2.5Kv

GAM _la J2A
6-0-6V 100 mA p. " 0-9-17 v o 1595 WARE2M27;
9-0-N 100 mA 9p. * 0-12-15-20-24-30V £2.48 ® £4.15
12-0-12¥ 100 mA 97p 0-24-30-40-48-60 V - £5.18 % £7.02
20-0-20v TA £4.55 0-19-25-33-40-50V £2.70 * £3.40 % £4.53

10% of price min

Data Sheet and photocopy service available 10p. per page
Advert No . 1A of Series B

..Contd

Our Butk Buying Power enables o

repeot of our Special Offer
0.33], (LIT707) 90p.“(ing. VAT)
(LIT 747)£1.99 .*(inc. VAT)

L 4N25 or TILTTG
6 pin ndustry standord packoge

_CALLERS WELCOMED)

(Red, green, yellow, Orange)
(Red Green, yellow)
(Red, Green, Yellow, Orange)

isolation £1.00.*
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Looking for..

~_highuoliage
airdielectric capacitors

Specially developed for modern transmitting and aerial tuning applications.

...dN extensive and versatile
range of trimmers

With an extra edge of capability to a host of applications in professional
communications and instrumentation equipment,

...d NIBW approach to linear
displacement measurement

High sensitivity and linearity coupled with infinite resolution make these inear and angutar
displacement transducers ideal for a wide variety of control and measurement applications.

See them on Stand 32 at the "All Electronics Show’,
Grosvenor House, April 13th-15th.

All Jackson products are backed by 50 years' experience In the
communications field. Highly skillec men, and Jackson Brothers' good name.

JACKSON BROTHERS (LQNDON) LIMITED

j =" Kingsway, Waddon, Croydon CR9 4DG. Tel: 01-681 2754 7 Telex: 946849
4 B. 5. 9000 Approved. DEF. STAN. 05 - 21 REG. No. 48020/1/01.

™
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“Ampex and

HAT2...”
The

JAMESSCOTT

Alienment Units
for DR.and EM.
Multi - Channel
Tape Recorders.

The F.M. Alignment
Unit Type FMU/1 illustrated was designed at -

the Royal Radar Establishment, Malvern, to suit

Ampex Recorders working on the IRIG intermediate

band specification (using ES 100 Electronics) e.g. Model

Numbers FR 1200, FR 1260, FR 1300, FR 1800L. FB 400, PR 500

If you have a sophisticated Ampex Recorder—
Align it to the Manufacturers specification
using our Alignment Units for D.R. & F.M.
Systems.

Speedy and inexpensive

For Further information and Technical Literature
Write or telephone.

SCoTT

(Electronic Engineering) Ltd

CARNTYNE INDUSTRIAL ESTATE
GLASGOW G32 6AB
Tel:041:778 4206
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To obtain further details.of any
of the coded items mentioned
in the Editorial or Advertise-
ment pages of this issue, please
complete one or more of the
attached cards entering the
reference number(s). Your
enquiries will be passed on to -
the manufacturers concerned
and you can expect to hear
from them direct in due course.
Cards posted from abroad
require a stamp. These Service
Cards are valid for six months
from the date of publication.

Please Use Capital Letters

If you are way down on qle
circulation list, you may not be
getting the information you
require from the journal as
soon as you should. Why not
have your own copy?

To start a one year’s
subscription, place a tick in the
box on one of the postage-free
cards opposite and fill in your
name and address.

7 1 r 1 ° 1 I _[i:lJ J.OD____‘-__-

(. fr rr 1 1 J1 ‘11 g ‘¥¢-71 - °r 7 7' 7' J7T " ¥ __° [ [ [ 1 _J!;F[} A1) S G W S NN SN G

‘Postage will
be paid by
Licensee

T e T
e Do not affix Postage Stamps if posted in
Gt. Britain, Channe! Islands or N. Ireland '
+

~

-t

~

1

Enquiry Service for Professional

READER ENQUIRY SERVICE,

429 BRIGHTON ROAD,
SOUTH CROYDON,

SURREY
CR2 9PS

] .
BUSINESS REPLY SERVICE
& Licence rgo. 12045 .
WIRELESS WORLD, 2

3

SIS M M M B S B SN R aamms s e CUY MERE prprree—em———————————y L L L L

-

WIRE LESS WOR LD 1 Wireless World, April 1976

Readers
Please arrange for me to receive further details of the products listed,
ww.. ww.. Ww.. the appropriate reference numbers of which have been entered in the
ww.. WW.... WW....| spaceprovided. '
WW.. WW.. ww NAM@ - vveveveneoneons 1\ ...............................
ww.. ww.. wWw.. Name of Company .. ... ...................................
wWw. . ww .. ww.. e e L A R A PR
W MW W L e e R e et
ww.. wWw.. WwWw.. Telephone Number ... .. ..o cv et ie et caonccses
PUBLISHERS
WW.... WW.... ww.. USE ONLY s '
WW .. wWW- . ww .. POSItION iN COMPABNY . . ..o v vttt i o i ie it et noessonnaenonanas
WW. . WW.. WW. Nature of COmPany/BusSiness . ... .o .. cv it eoe oo enenses
WW.. WW.. ww. . No. of employees at thisestablishment . ... .......ouvuunnuneeeen.
[}
Ww. . WwW.. ww.. I wish to subscribe to Wireless Wortd [_]
ww. . ww.. WW.. VALID FOR SIX MONTHS ONLY

Wireless World:
Subscription Order Form

== - r r 1 I I’ I I [ ] [«Vg Hu[____——_——__-

~
v

. To become a subscriber to Wireless World

please complete the reverse side of
this form and return it with your ,
remittance to:

Wireless World, Room 15,
Dorset House, Stamford Street,
London SE1 9LU, England L

*

:
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Wireless World, April 1976

Enquiry Service for Professional ;
Rosders rofessional L IRELESS WORLD 4

ww wwW wwW Please arrange for me to receive further details of the products listed,
the appropriate reference numbers of which have been entered in the
WW.... WW.... WW....| guceprovided. _
ww . WW.. ww Name .........ooeuunnanns RERRETERTPEREERY S e
29
wWw WW.. ww 4
) Name of CoOmpany . . ... ..o ittt tnneeeeeneensnoeosennas
WW.... WW.... WW....|Address............c.0iui ittt iiitinnitnnittetionannenanns
. ww ww.... ww....l
s |WW WW.. Ww
Telephone Number ... .. . .. ... 0.ttt iieieeineoennnns
PUBLISHERS
WW.... WW.... wWw.... e et o A/E
WW.... WW.... WW....| Positionin Company . ............uuumuuuesmnn i,
i WW.... WW.... WW....|[ Natureof Company/Business...............c.ocourooviii i,
4
!
1 WW.... WW.... WW.... No. of employees at this establishment . . . .... . ..................
b lww WW. ... WWw ‘
I wish to subscribe to Wireless World D
WwWw JWW L ww
VALID FOR SIX MONTHS ONLY

f
F_————_———_CUT HERE UIEE WD WIS WIEE EEEE BERS SIS SIS BN e SENE S

Do not affix Postage Stamps if posted in
Gt. Britain, Channel Islands or N. Ireland

Postage will
F be paid by
4 Licensee

BUSINESS REPLY SERVICE
Licence No. 12045

I WIRELESS WORLD,
f READER ENQUIRY SERVIGE,
' 429 BRIGHTON ROAD,
i. SOUTH CROYDON,
SURREY
CR2 9PS

. R SN G SENEES SN SIS S S s % CUT HERE an cnmas sxnsns s cumms smm—mn s Sy SESED SEIm S S

Wireless World Subscription Order Form Wireless World, April 1976
UK subscription rates USA & Canada subscription rates
1 year: £7.00 1 year: $18.20

Please enter my subscription to Wireless World for 1 year

| enclose remittance value..................... | A SES. §.gs . SREELL made payable to
IPC BUSINESS PRESS Ltd.

D G S S s e 3 T ‘np-—‘————_————— S JYIH IND WS - S D S S NSRS RS S SEIND RASEE G SASGE RMSES SEE J ) F ) [ /) S SEE M SEmhi S O A SRR &

=

HARMSWORTH TOWNLEY
FOR FASTENERS

The quickest way of
putting things together

METAL ANCHOR NUTS
with threads up to 3/8” or 10 mm

o o  SYSTEM J for
"~ sheet metal and
other work up to
1/4” thick

/
SYSTEM X for
materials from
0.038’ upwards.

These internally threaded fasteners
are set into work like a blind rivet
with hand and power tools. .

WIRE TIES

Colour coded
plastic wire ties.
Twist-on, Twist-off,
use over and over
again.

PLASTIC RIVETS

Self expanding
plastic rivets, set
with simple hand
tools or a light
hammer.

DRESSING CLIPS

Semi-rigid panel-
mounted clips for
flat, compactlooms.

CABLE CLIPS

Three sizes of
plastic clips with
self-adhesive
backing.

P.C. BOARD
FITTINGS
Guides, Stand-offs,
7 4 spacers in various
sizes, all in non-
conductive plastic.

To get information on
hundreds of fastener types
please ask for leaflets!
Harmsworth, Townley & Co. Ltd.
2 Harehill, Todmorden, Lancs.
Phone 070 681 2601

WW—003 FOR FURTHER DETAILS
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cither a ‘package hisisystem - -
or are selecting yourn.an
individual.units, a pe v o good
speakers will pay div derdsin
terms of sound qualiy.
Some peoplg pay zast
e attention to selectingahz -
' speakers. Given first griority
they will vastly impro®cthe
performance of thest sesemns.

-

Celestion Dittons get the best
- out of any system

Buy a reaily goot set of speakers ard you've got CelestionRittohs aave a bong standing repaiz&tion

yourself a better hi£ svstem. . buy a set of Celestion among enthusiasts fo"their dutstanding achiévements
Dittons and vou've ght oneof t¥7é bast! in high qualite sound=cprodaction.
_Whether you alrézey ovn arare thinking of buying From left 1€ right the Dittén 11, 44-and 33-

¥isit yourCelestior:dealer.
Seéihe beautiful appedrance
anc hear fienew sourds
of tike very latest Dii-oees.
Fall details on request.

Please send full details of Ditton 11 L Ditton 33 [ | Ditton 44

¢ ho:
Name

Rola Celestion Limited, Ditton Works, Address

Foxhall Road, Ipswich, Suffolk 1P3 8JP.
Telephone: Ipswich (0473) 73131
Cables: Voicecoil Ipswich. Telex: 98365.

WWW-americanradibhisterns~com
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240 Watits!

HY5

Preamplifier

HY30

15 Watts into 8()

HY50

25 Watts into 8¢)

HY120

60 Watts into 8¢)

HY200

120 Watts into 8v)

HY400

240 Watts into 41

POWER
SUPPLIES

I.L.P. Electronics
Crassland House

Kent CT4 7AD

Nackington, Canterbury

Tel (0227) 63218

The HY5 15 a mono hybrid amplitier ideally suited for aii apphcations All common input functions
(mag Cartrrdge tuner etc) are catered for internally. the desired funct:ion 1s achieved either by a
mult-way switch or direct connection to the appropriate pins The internal volume and tone circuits
merely require connecting to external potentiometers (not included) The HY5 1s compatble with all
1.L.P power ampiifiers and powes supplies. To ease construction and mounting a P C. connector is
supplied with each pre-ampilifier

FEATURES: Complete pre-amplfier in single pack — Multi function equalization — Low noise —~ Low
distortion — High overload — Two simply combined for stereo

APPLICATIONS: Hi-fi — Mixers — Disco — Guitar and Organ - Public address
SPECIFICATIONS:

INPUTS Magnetic Pick-up 3mV. Ceramic Pick-up 30mV: Tuner 100mV. Microphone 10mvV:
Auxihary 3-100mV; input :mpedance 4 7ki! at 1kHz

OUTPUTS Tape 100mV: Main output 500mV R M.S

ACTIVE TONE CONTROLS. Treble * 12dB at 10kHz, Bass * at 100Hz

DISTORTION. 0 1% at 1kHz Signai/Noise Ratio 68d8

OVERLOAD 38dB on Magnetic Pick-up SUPPLY VOLTAGE * 16-50V

Price £4.75 + £1.19 VAT P&P free.

The HY30 s an excinng New kit from | L P 1t features a virtually indestructible | C with short circuit
and thermal protection The kit consists of |.C  heatsink, P C board. 4 resistors. 6 capacitors
mounting kit. together with easy to follow construction and operating instructions. This amphifier is
deaily surted to the beginner in audio who wishes to use the most up-to date technology available
FEATURES: Complete Kit — Low Distortion — Short, Open and Thermal Protection — Easy to Build
APPLICATIONS: Updating audio equipment — Guitar practice amplifier — Test amphfier .- audio
oscillator

SPECIFICATIONS

OUTPUT POWER 15W R.M.S into 8. DISTORTION 0 1% at 15W

INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10Hz-16kHz —3d8

SUPPLY VOLTAGE - 18V

Price £4.75 + £1.19 VAT P&P free.

The HY50 ieads | L P s total integration approach to power amplifier design The amphfier features an
integral heatsink together with the simpiicity of no externai components During the past three years
the amplitier has been refined to the extent thai 1t must be one of the most reliable and robust High
Fidelity modules in the World

FEATURES: Low Distortion — integral Heatsink
- No external components

APPLICATIONS: Medium Power Hi-Fi systems
SPECIFICATIONS: INPUT SENSITIVITY 500mV

OUTPUT POWER 25W RMS into 82 LOAD IMPEDANCE 4-1692 DISTORTION 0.04% at 25W at
1kH7

SIGNAL/NOISE RATIO 75d8 FREQUENCY RESPONSE 10H2z-45kHz -3d8

SUPPLY VOLTAGE =25V SIZE 105 50 25mm

Price £6.20 + £1.55 VAT P&P free.

— Only five connections — 7 Amp output transistors

Low power disco — Guitar amplifier

The HY120 15 the baby of I.L P s new tigh power range, designed to meel the most exactrg
requirements including load line and thermal protection this amplifier sets a new standard »n modular
design

FEATURES: Very low distortion — Integral eatsink
Five connections — No external components
APPLICATIONS: Hi-Fi — High quality disco - Pubhic address — Manitor amplirfier - Guitar and
organ

SPECIFICATIONS

INPUT SENSITIVITY 500mV

OUTPUT POWER 60W RMS into 8¢ LOAD IMPEDANCE 4-16¢ DISTORTION 0.04% at 60W at

Load line protection — Thermal protection -

TkHz

SIGNAL 'NOISE RATIO 90dB FREQUENCY RESPONSE 10Hz-45kHz —3dB SUPPLY VOLTAGE
- 35v

SIZE 114 50 85mm

Price £14.40 +£1.16 VAT P&P free.

The HY200 now improved to give an output of 120 Watts has been designed to stand the maost
rugged conditions such as disco or group while sull retaining true Hi-Fi performance

FEATURES: Thermal shutdown — Very low distortion — Load line protection — Integral heatsink
No external components

APPLICATIONS: H-Fi — Disco — Monuor - Power slave — Industrial -~ Public Address
SPECIFICATIONS

INPUT SENSITIVITY 500mV

OUTPUT POWER 120W RMS into 8¢ LOAD IMPEDANCE 4-16{! DISTORTION 0 05% at i00W at
TkHz

SIGT;AL'NOISE RAT!IO 96 dB FREQUENCY RESPONSE 10Hz-45kHz - 3dB SUPPLY VOLTAGE
= 45v

SIZE 114 100 85mm
Price £21.20 + £1.70 VAT P&P fraa.

The HY400 s L P s Big Daddy of the range producing 240W into 42! It has been designed for
high power disco or pubhc address applications if the amplitier 1s to be used at continuous high power
levels a cooling fan 1s recommended. The amphfier inciudes all the quabties of the rest of the family 1o
lead the market as a true high power hi-fidelity power module
FEATURES: Thermal shutdown — Very low distortion
components

APPLICATIONS: Public address — Disco
SPECIFICATIONS

QUTPUT POWER 240W RMS into 41) LOAD IMPEDANCE 4-164 DISTORTION 0.1
TkHz

SIGNAL/NOISE RATIO 94dB FREQUENCY RESPONSE 10Hz-45kHz
4

Load line protection No external

— Power slave — Indpstrial
6 at 240w at
- 3dB SUPPLY VOLTAGE -

5v
INPUT SENSITIVITY 500mV SIZE 114x100xB5mm
Price £29.25 + £2.34 VAT P&P frae.

PSU36 suitabie tor two HY30's £4.75 plus £1 19 VAT P/P free
PSUSO0 surtable tor two HY50's £6.20 plus £1 55 VAT P/P tree
PSU70 suitable for two HY120's £12.50 plus £1 00 VAT P/P free

PSUI0 suitable for one HY200 £11.50 pius £0 92 VAT F/P free

PSU 180 suntable for two HY200's or one HY400 £21.00 plus £1 68 VAT P/P frue

Ltd

Please Supply

Available
June ‘76

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

Total Purchase Price

I Enclose Cheque O Postal Orders 0 Money Order (3

Account number

Please debit my Access account O Barclaycard account O

Name & Address

Signature

WW —101 FOR FURTHER DETAILS
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Marshall’s

A. Marshall (.ondon) Ltd Dept: WW

TRANSFORMERS
ALL EX-STOCK — SAME-DAY DESPATCH
MAINS ISOLATING 5. 12 and/or 24-VOLT
PRI 120/240V SEC 120/240v """ PRIMARY 220-240 VOLTS
CENTRE TAPPED AND SCREENED | Ref. AMPS

Ref. VA No. 24v

1
. No. {Watts) 0
42 Cricklewood Broadway London NW2 3ET Tel:01-4520161/2 :

Telex: 21492

& 85 West Regent St Glasgow G2 2QD Tel: 041:332 4133

& 1 Straits Parade Fishponds Bristol BS16 2L X

Tel: 0272 654201/2

& 27 Rue Danton Issy Les Moulineaux Paris 92 Tel: 644 2356

Catalogue price 25p  Trade and export enquiries welcome

07 111
149
150
151
1562
153
154
155
156 1000
157 1500

158 2000 ] i
00 14 226 d BRS

OUR RANGE COVERS OVER 7,000 ITEMS i 05233 bec oty SO VDT RANGE
THE LARGEST SELECTION IN BRITAIN Ly Nor G TAFS 0-12:15:20.28-30

0.
0.

b Amps
. S Amps. - f Par e 05 0
TOP 2001C’S TTL, CMOS & LINEARS o2 oe 2 o5 1%
103 1.0 3.55 20 377
CA3020A  1.80 | CD4050  0.45 | NES61 4.48 | 5SN7448  0.90 | SN74160 0.88 104 20 4.95 20 4.70
Ca3028A  0.79 | CD4510 1.25 | NES65 4.48 | SN7450 0.16 | SN74163  0.88 105 30 6.10 20 5.66
CA3035  1.37 | CDas1y 1.94 | S1414 235 | SN7451 0.6 | SN74162 088 106 iag £0 673
CA3046 0.70 | CD4516 1.25 | SL610C 2.35 | SN7453 0.16 | SN74163 0.88 4.0 o < 7452
CA3048 211 | CDasia 187 | SL611C  2.35 | SN7454  0.16 | SN74164  1.60 107 6.0 12.71 €0 .
CA3052 1.62 | CD4520 1.87 | SLe12C 2.35 | SN7460 0.16 | SN74165  1.60 118 80 13.63 £0 10.20
CA3089E  1.96 | |M301A  0.48 | SL620C 3.50 | SN7470 0.29 | 5N74167  3.30 119 10.0 17.75 iCo 1036
Eﬁg?gge g.gg LM308 1.17 | SL621C 3.50 SN747§ g.§1 SN74174 o.sg oLT = -
LM309K  1.88 | S(6230 524 | SN747 .31 | SN74175 0.7
CD4000 018 | |y3g0 98 | SL640C  4.00 | SN7474 0131 | SN74176 1.8 60 Vv RAN | AUTO TRANSFORMERS
CD4001 0.18 | 381 207 | SN7400 0.16 | SN7475 0.45 | SN74180 1.10 SEC. TAPS 0-24-30-40-48-60V VA auTo TAPS
CD40U2 0181 1M702C 075 | SN7401  0.16 [ SN7476  0.30 | SN74181 185 Ref . (Watts)
CD4006  0.99 | 4709 N7401AN 0.29 | SN7480  0.42 [ SN74190  1.86 No. Amps € 20 ©0-115.210-240
€pa007 018 TO99  0.38 | SN7402  0.16 [ SN7481  1.00 | SN74191  1.86 No. ! 75 0-115.210 240
Cpba008  0.82 aDit 045 | 5N7403  0.16 | SN7482  0.65 | SN74192 1.1§ 124 0.5 2.48 50 e 5010
CD4009 0.52 14DIL 0.38 | 5N7404  0.19 | SN7483  0.82 [ SN74193 1.15 126 10 368 1 0-115-210-220-
CDa010 0.52 | |mM710 0.47 | SN7405 0.19 | SN7484 0.95:| SN74196  1.60 127 20 533 300
CD40t1  0.38 | {m723C  0.66 | 5N7406  0.36 | SN74B5  1.00 [ SN74197  1.58 125 30 790 500
CDa012 018 | |mM741C | SN7407  0.36 | SN7486  0.29 | SN74198  1.80 : 1000
CD4013 045 7099  0.40 [ SN7408  0.19 | SN7490  0.42 | SN74199  1.80 123 40 9.19 1500
CD4014  0.89 DI 0.40 | SN740% 0.18 | SN7491 0.75 | SN76003N 292 40 50 10.24
CD4015  0.89 1aDIL 0.38 | SN7410  0.16 [ SN7492  0.45 | SN76013N 1.95 120 60 12.07 2000
Egdgﬂz g-gg LM747 1.05 [ SN7411 0.20 | SN7493 0.45 | SN76023N  1.60 121 80 15.7§ RS 3000
4017 B LM748 517412 0.22 | SN7494 0.75 | SN76033N  2.92 ) 3
CD4018 088 8DIL 044 | SN7413 028! SN7495 0,68 | TAA263  1.20 122100 19.40 S SCREENED MINIATURES
CD40i9  0.52 14DIL 041 | SN7416  0.28 | SN7496  0.68 | TAA300 1.84 189 120 20.25 Ref .
€D4020 098 | {mM3900  0.61 | SN7417 0.28 | SN74100  1.10 | TAA350A  2.10 = ef.  maA
CD4021 088 | mM7805  1.88 | SN7420  0.16 | SN74107 030 | TAA550  0.32 HIGH VOLTAGE 238 200 ! 1.62
CD4022 085 | 1mM7812  1.99 | 5N7423  0.23 | SN74118  0.85 | TAAGIIC  2.18 MAINS ISOLATING 212 1A1A 193
€04023 0.18 | Mm7815  1.99 | §N7425 0.23 | SN74119  1.75 | TAA621 2.02 9 -
CD4024  0.72 | |M7824  1.99 | SN7427  0.23 | 5N74121  0.32 | TAAG61B  1.03 PRI 200,220 OR 400,440 100 1.56
€04025 039 | MC1303L  1.50 | SN7430 0.15 | SN74122  0.42 | TBAG41B 225 SEC 100/120 OR 200 330.330 O 1.64
2333;{; ggg MC1310P 2,50 | S5N7432 0.22 [ SN74123  0.65 | TBABS1 ;.69 500.500 O 2.02
MC1330P 0.90 | SN7437  0.28 | SN74141  0.75 | TBABOO .89 1A 1A 0. 307
CD4029  1.06 ’ MC1351P 0.80 | SN7438  0.28 | SN74145 0.72 | TRABI0 098 vA Ref. |3 - 200, 200 O. 56
CD4020 052 | MC1466L 3.50 | SN7440 0.16 | SN74150  1.20 | 78AB20 0.80 60 243 4.37 300, 300 203
CD4031 098 | MC1469R 2.76 | SN7441AN 0.68 | SN7415)  0.68 | TBAS20 1.79 350 247 10.93 1. < . 0. .
CDao27  0.88 | MC34553 4.07 | SN7442  0.65 | SN74153  0.68 | 140ILSKT 032 1000 250 26.31 BRS 700 (3C) 2
€04041 0.70 | NES55V 0.70 | SN7445 0.78 | SN74154  1.20 | 16DILSKT  0.13 2000 282  44.12 BRS 1A tA 0-1
CD4042 “)-Zg NE556 1.30 | SN7446  0.84 | SN74155 0.78 : 2 500, 500 O-1
CD4049 45 | NES60 4.48 | SN7447  0.80 | SN74157 0.76 ON-SITE TOOL ISOLATORS 1A 1A

S 240v 10 110v (To BS3535) 2 500 12 15 20. 24,30 1.97
LONDON, GLASGOW, PARIS — AND NOW B o 2606
278 750 3447 CASED AUTO. TRANSFORMERS
B R I I L 278 1000 376 240v mains lead input and USA 2-pin outlets
. 20VA £3.29. P&P 72p Ref. 113w
¥ 22OgNS00 41.55 | T50vA £6.37, P&P 855 Ret aw
IT'S OUR SERVICE THAT MAKES US GROW P&P BRS Send for details 500VA £10.97, P&P £1 25p Rel  67W
BRIDGE RECTIFIERS 1000vA £18.39 BRS Ref  BAW
50v  2A 35p 2000VA £28.71 BRS Ret 95W
POPULAR SEMICONDUCTORS ooy 40n HIGH QUALITY MODULES
;88\/ ;gP 3 watt RMS Ampifier £2.30
N v P 5 watt RMS Amplfier £2.65
2N696 0.22 N3906 0.19 | afy39 0.65 | BD139 0.71 | MPSAS6 0.31
2N697 0.16 | 2N4037 042 | AF239 0.65 | BD140 0.87 | 0C28 128 200v ‘;gp 10 watt RMS Amplifier £2.95
2N698 0.82 | 2N4036  0.67 | AF240 0.90 | BF115 0.29 | 0C3C 116 400v P 25 watt RMS Ampiifie £3.95
2N699 0.59 | 2N4058 0.18 | AF279 0.70 | BF117 0.55 | 0C42 0.50 400v 65p Pre-Amp for 3-5-10w {new) £6.50
NI eay | JNicma  o3a | Auee  Sos | Brise o2y |wwosa  oas Eoov 2| ottt oo £13.50
ING16 028 | 2N4520 110 | 8C107 014 | BF180 0.35 | TIP29C 0.80 500v  10A PM7A63 Power Supplies for 3-5-10~ £1.20
2N91R £32 | 2N4921 0.83 | BC108 0.14 | BF18) 0.36 | TIP31a 0.62 £2.35 Power Suppiies for 25w £3.00
281302 0.185  2N4923 1.00 | BC109 0.14 | BF184 0.30 | TIP32A 0.74 P&F 155 VAT 25¢ Transformer for 3w £1.90
2N1304 0.26 | 2N5245 0.29 | gg147B 0.10 | BF194 0.12 | TIPI3A 1.01 R Transformer for 5-10w £2.30
2N1306 0.31 mszga 0.48 ‘ BC148B 0.09 BF192 0~1§ 1”’32: ;g; METERS Transformer for 25w £2.60
2N1308 047 | 2N5296  0.48 | BC14g8  0.11 | BF19 0.1 P M AVO8 Mk 5 £55. y
IN1711 0.27 | 2NS457  0.29 | gCi57A  0.16 | BF197 0.15 | TIP36A 3.70 AVO72 s £21 gg P&P Amps/Pre-Amps / Power Suppiies 18p
2N2102 0.60 N5458 0.26 | gC158A 0.16 | BF198 0.18 | TIP4IA 0.79 ° "&P Transformers 37p
2N2147 078 | 2N5459  0.29 | BC167B  0.16 | BF244 0.21 | TIP42A 0.90 P&P L1 10 VAT 8¢ VAT 25
2N2148  0.94 3~s%/ 045 | BC1688  0.15 | BF257 0.47 nngss 0.98 e — -
ON2218A 047 | N1 073 | gCig98  0.15 | BF258 0.53 | TIP3055 _ 0.50 STEREO F.M. TUNER NEW STEREO 30
22 0.52 . TIS4, L -
g:n;g“ R g:::? ;:g“) gg:g; 31% ggg? g_g ZITSXB%)O gfg 4 Pre-selected stations Compiete chassis, inc. 7+ 7w rms amps. pre-amp.
2N2221 0.8 | 3N200 2.49 | BC183 012 | BFS98 0.25 | 2TX301 0.13 Supply 20-30v 90Ma Max power supply. front panel. knobs (needs mains
2N2222  0.20 | 40761 040 | BC183L 013 | BFR39 024 | ZTX500  0.1§5 £19.95 P&P 25p VAT 25% rans.) £15.25. Mains trans. £2.45. Teak
2N2369 0.20 | 40362 0.45 | BC184 0.13 | BFR79 0.24 | ZTX501 0.13 veneered cab. £3.65. P&F 88p. VAT 259
ZN2646 0.55 | 40406 0.44 | BC184L 0.13 | BFX2S 0.32 | 7ZTX502 0.18 - —
IN2904  0.40 | 40407 0.35 | BC212a  0.16 | BFx30 034 | 1N914 035 MAGNENICHIO POWER UNITS
2N2905  0.47 | 40408 0.50 | BC212LA  0.16 | BFXB4 030 1N3754  0.15 CERAMIC
2N2906 0.33 | 40409 052 | BC213LA  0.15 | BFX8S 0.30 | 1N4007 0.10 CARTRIDGE CONVERTER €C12-05. Output switched
2N2907 0.22 | 40410 ¢.52 | BC214L8 0.18 | BFX88 0.30 | 1N4148 0.04 Operating Voltage 20745y 3-4-5-6-7 5-9-12v at 500mA
2N2924 0.20 | 40431 2.00 | BC2378 0.16 | BFYSO 0.30 | 1N4504 0.22 9 £4.08. P&F 4Dp VAT 8
2N2926G  0.12 | 40594 0.74 l BC238C 0.15 | BFYS1 0.28 \N54ga 0.30 NLY £2.T85 P&P 18p o
2N3053  0.25 | 40895 0.84 | BC239C 0.15 | BFY52 0.205 | AATI 0.08 VAT 25 S ——
ON3054 060 | 40636 110 | BC257a 016 | BRY39 0.48 | BA102 0.25 - - ANTEX SOLDERING IRONS
2N3055 065 | 40673 0.73 | BC258B  0.16 | MEO402  0.20 | BA145 0.18 B8SR MINI-DECK 15W £2.88. 1°W £2.45. 25W £2.26.
2N3391 0.28 | AE126 gvzdg E 9B 0.17 ME04(|)2 0.18 S::gg g :; 4-specd avtochanger £6.00 Soldering won kit £3.61 .
2N3392 0.15 | A 4 BC3O 0.34 | ME4102 0.11 3 - e Stand 3 5 [
2N3393 015 | AC128 035 i BC3076 017 | MJ80 095 | BB1038  0.23 BSR P128R == BRI (LR (P A Ay
2N3340 0.59 | AC1 0.27 | BC308A 0.15 | NJag1 1.20 | BR104B 0.45 3 speed single or auto PLEASE ADD VAT
Eiverer B el A e S 5 S | o }~f,’§’ B O changer £16.25 ELECTROSIL AND senﬁchToESoPngR
b b 1 t y b
2N3702  0.32 | ACT76 0.41 | BC328 0.22 | MJ2955 Loo[ 8YZ11 0.51 Garrard SP25 (Chassis) STOCKISTS AUDIO ACCESSORIES & BARGAIN
2N3703 0.3 | ACI&7K 035 | aCy/0 0.17 | MJE3A0  o0.48 | BYZ12 051 £17.20 PAKS. CALLERS WE COME (MON.-FRi) OR
IN3704 0.15 | AC188K 0.40 | BCY71 0.22 | MJE370 0.65 | 0Ad7 0.06 P&P 72p VAT 25 SENO STAMP FOR LISTS
2N3706 015 | AD14 0.68 2 018 | MJE371 0.75 | 0ag1 0.18 —
2N3708 0.14 | ADTE 069 | gpI21 1.00 | MJES? 0.60 | 0AS0 0.06 ¢ - & -
N3714 1.38 | AD16E 0.69 | BD123 082 ! MJES21 0.70 | 0AS1 0.06 .
N3716 1.80 | AF106 040 | gD124 0.67 | MJE2955  1.20| 0A200 0.08 I ec ronlcs
N3771 2.20 | AF109 0.40 | BD13} 040 | MJE3055 0.75| BY164 0.57 ot L]
’N3 773 2.65 | AF115 0.35 ‘ 30132 0.50 | MP811 0.47 | ST2 dac 0.20
2N3788  2.06 | AF116 035 0.21 |MPFI02  0.39| 40669 1.00
IN3R19  0.37 | AF11Y 0.35 0.22 | MPSAO5  0.25) TiCa4 022 3 H M 0 S LONDO 03 J
N 0.29 | AF118 0.35 0.24 l MPSAOE 0.31| C106D 0.65 ’T b E lN R'E N E N 1B
Lo e TELEPHONE: 01-488 3316/
Prices correct ai March 1376 bur all exclusive ot V A 1 Post & Packing 25p

NEAREST TUBE STAT‘O,_NS: ALDGATE & LIVERPOOL ST.
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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
eaturing Typical performance

@® switching for both encoding (low-level h.f. compression) and decoding Noise reduction: better than 9dB weight.

. . - L d
@® a switchable 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) (cfgﬁif:{)ed at 1% third harmonic
® no equipment needed for alignment Harmonic distortion 0.1% at Dolby level
typically 0.05% over most of band,
@ suitability for both open-reel and cassette tape machines nsing to a maximum ot 0.12%
. . . . . Signal-to-noise ratio: 75dB (20Hz to
@® check tape switch for encoded monitoring in three-head machines g (

20kHz, signal 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 Dolby@PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available with all

COMPONENTS . . . . . . o Price £6.50+ VAT
Single channel board with selected fet. . . . . . . ... ... ... ... Price £2.00+ VAT
Gold plated edge connector . . . .. ... ... .......... Price £1.27+VAT"

Selected FET's 54p each+ VAT, 96p+ VAT for two, £1.76+ VAT for four

Please add VAT at 25% unless marked thus”, when 8% applies E L
We guarantee full after sales technical and servicing facilities on all our kits ~[fnwmh e

Please send SAE for complete lists and specifications

Portwood Industrial Estate, Church Gresley,
I N I EG R E X LT D Burton-on-Trent, Staffs DE11 9PT
= Tel. Swadlincote (0283 87) 5432. Telex 377106



www.americanradiohistory.com

NTEGREX

S-2020TA STEREO TUNER /AMPLIFIER KIT

SOLID MAHOGANY CABINET

A high-quality push-button

FM Varicap Stereo Tuner combined
with a 20W r.m.s. per channel Stereo g
Amplifier. b o

s

Brief Spec. Amplifier: Low field Toroidal transformer, Mag. input, Tape In/Out factlity (for noise reductlon 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
Mixer front end, triple gang
varicap tuning, and dual ceramic
filter /dual IC IF amp.

Brief Spec. Tuning range 88— 104MHz. 20dB mono

quieting @ 0.75uV. Image rejection — 70dB. IF Mono £26.31+ VAT
rejection—85dB. THD typically 0.4%

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 POﬂUS'HaVWOOd 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%
[EB'”-Q range 8?1—124MHz - 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/Out 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. . . . . . o . £7.93+VAT

WW - 042 FOR FURTHER DETAILS
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e i s R T I T L5 R 0 ST
TTLs by TEXAS C-MOS L.C.s OP. AMPS TRANSISTORS
7400 13p 7486  30p CDAO00AE 19p . C125 18 BFX85 25 3 67
74H00 20p 7489 270p CD4001AE 19p R (i@ O i Geap  OetEn 700 M2 1% | ee s | Bag g1 | DIODES
7401 14p 7490 40p CD4002AE  19p 201 gEatiComn 8 pin DIL 38p AC127  12p | BEXB7  20p | »2N3702 11p | SIGNALx
7402 14 3130 COSMOS/Bi-Polar MosFet 8 pin DIL 100p AC128 11p BFX88 24p «2N3703 1p 0a47 7p
p | 7491 75p CDA007AE  19p 3900  Qued. Op. A 14 7 Cia1 18 BFYSO 6 > 0470 9
7403 16p | 7492 45p | CDAOO9AE 67p Sl hCT POt e b oadar I | emver e | 2N3les NE | oasr  an
7404  16p 7493 40p | CD4011AE  19p 75;)3961 :E‘T g:mAm" g?"gf o z;:" AC176 1 | BRvs2 Tep | waNazos  10p 0485 10p
74H04 22p 7494 75p CD4012AE  19p 0 e P G P AC187 13p BRY39 Mp | «2N3707  1p 0A30 70
7405  16p 7495 65p | CDAO13AE 55p Ll (ST 8/14pnDit  22p AC188 12p | BSX19 16p | «2N3708 9% 0A91 70
7406  38p 7496  78p CDA4016AE 50p 747 Duai 741 14 pin DIL 70p AD14g 43p 8SX20 18p | «2N3709 9p 0A95 70
7407 36p 7497 270p | CD4017AE 120p 748 Ext Comp. 8/14 pin DIL  38p AD161 36p | +BUI05  140p 2N3773  220p 8:%(2) s
7408 16p | 74100 108p | CDOIBAE 175p TR _ Peoeame e | W08 1o | I Ten | awivgo Casm | JNieeS  tee | e e
7409 20p 74107 30p CD4020AE 250p AF115 18p MI2955  70p | «2N3504 16p ING16 9p
7410  13p 74118 84p CD4022AE 170p LINEARI.C.s AF116 18p | MIE2955 99p | «2N3905  18p INA148 ap
74H10 20p 74121 30p CD4023AE 19p +CA3028A DiH. Cascade Amp 108 90p ARTLT 18p | MJE3055 65p | *2N3905  16p
7411 22p | 74122 46p CD4024AE 120p | *CA2046 5 Transistor Artay 14pnDIL 50p A3 33 | MpSesa4 1% | «N40SB . 1% | pecripigR
712 23 | 7412 s8p | CoaopsaE tsp | DS  Quedoeams  (SpoDL Zor | AT NP MRS Gp ) SMOE i@ | vl a
;23 gzp 74126 70p CD4026AE 196p wCA3089E EM IF System 16 pin DIL  200p 8cios o *MPSAS6  32p | «2N4123  18p :e‘::;? 1;5
Op 74132 70p CD4027AE  75p «CA3090AQ  FM Stereo Multi Dec 16 pn DIL  400p BC109 10p | «MPSUOE  62p | #2N4124  18p IN40O 1 5p
7416  33p 74136 75p CD4028AE 140p ICLBO3IBCC ~ VCO Fun Gen 14 pinDIL 27Sp BC109C  12p | «MPSUSE  78p | 2N4125  18p NGO 2 5p
7417 30p 74141 65p CD4029AE 175p *LM3BO 2W Audio Amp lapmDlL  sop | *8C1T 220 gggg 0D || i U IN4004 6p
7420 14p 74145 70p CD4030AE 55p #LM381 Stereo Preamp 14 pin DiL  160p ol 79 e eo: tgmg‘gg 1;39 IN40O5 6p
7421 40p 74148 160p CDA0AZAE 137p | 232 o Fovim Generator (Gon DL 9900 | eCiasc  sp | 0Cay.2  15p | onasas teop | M40O7  7p
7422  18p 74150 125p CD4043AE 202p MC1495 Multipher 16 pin DIt 300'; *B8C157 11p | #0C45 18p | «IN440)  27p
7423 34p | 74151 72p CD4046AE 140p *MC1496L Bal Mod/Cemod 14 pn DL 100p *8C158 10p | *0OC71 20p | »2N4403  27p 251"\‘/5“ o
7425 30 74153 1 #MFCAQ00B  1/4W Audio Amp PCB 70p *B8C159 1p | «TIP29A 40p | x2N5089  27p S
P 85p CD4047AE 154p WBC169C 12, «TIP30A 48, #400mwW 9p
7427  37p | 74154 150 CDA049AE 63, MFCB040 Electronic Attenuator PCB 90p P & P | #2N5401  50p W 18
P P NE555 Timer SpinDIL  40p BC177 18p | TPI1A  52p | 40360  aop P
7428  36p 74155 76p CDAOS4AE 196p NES56 Dual 555 11pnDIL  100p 8C178 17p | TIP324  S8p | 40361 38p
7430 14p 74156 76p CD4055AE 196p NES61 PLL with AM Demod 16 pin DIL 325p BC179  18p | TIPIZA - 90p | 40362 40p | TUNNEL
7432 25p 74160 99p CD4056AE 135p NES62 PLL with VCO 16 pn DIL  325p | *8C182 1p | TIP3AA - 11Sp | 40364 120p AEY 1Y 70p
7437  25p 74161 99 NESB5 PLL 14 pin DI 200p *B8C183 10p | TIPISA  225p [ 40409 55p
P CDA060AE 229p *3C184 11p TIP3BA  270p 40410 55
7440 14p 74162 99p CDA0B9AE 37p NE566 PLL Fun Gen 8 pin DIL 150p aEE 300 ThaiA  68n el VARICAP
7441 65p 74163 99p CD4071AE 27p ;4221757 A cosioss Som il 2000 | wac212 Tip | TIPa2A  70p | 40594 765 | *BB105 25
7442 60p 74164 120p CD4072AE  27p §N72710  DiH Comparator 1apnDIl sop | *8C213 100 | TP2955 700 | 40595  8sp
7447  75p 74166 126p CD40B1AE 19p | *SN72733  Video Amp TipinDIL 120p | *BC214 1dp | WZTXI08  10p NOISE
7448 70p 74174 120p CD40B2AE 27p #SN7013N  Pwr Aud Amp with int HS 140p | *5C337 o] sy D *25J Tiop
7450  15p 74175 85p CD4510AE 130p CIRREEN Bzl m>ab i 140p BOY70  18p | wrTxs02 18 | FET®
7451 16p | 74176 120p | CDA511AE 200p | sreacats  mcamame 0% Claeon seef | 8071 22p | 2n697  13p | 244 25
7453  16p 74177 100p | CD4518AE 100p *TBABOO 5W Audio Amp Qi 90p 80123 100p | 2N698 300 :::S;f:ow gg:
7454 16p 74180 100p CD4528AE 120p *TBABTO W Audic Amp ai 100p o124 esp | 2n706  tzp. | WRLDIE S0P | BRIDGE
7460 15p 74181 298p | | +TBAB20 2W Audio Amp ai 80p B0y awe | awiem i3 | .wmerios  30p | RECTIFIERS
7470 27p 74182 82p E102202 e OV A voiofAme) e 32% | onias | 2 9P | «2n3B1S  22p
XR2240 Prog Timer/Countes 16 pin DIL 370p 3 43p ’N930 18p | 5N3820 57 .
7472 25p 74185 135p AT o X 1098 o +8D138  63p | 2N1131 18p S 0 2521 0CU20n
7473 30p | 74190 144p | : Radio Recewer > P | xg014D  70p | 2N1132 18p | 2N3823 SO | wiAsOv - 20p
7472 30p 74191 144, TEXAS 75 Basic data sheets on above at 10p each +S.A E 8F115 22p 2N1304  21p | %2NB457 - 30p *1A 100V 22p
P L BF167 23p | 2N1305  21p | *2N5458  30p | «1A400V  25p
7475 45p 74192 120p SERIES BF170 23p IN1306 28p #»2N5459 30p *1A 600V 30p
7476 30p 74193 120p OPTO-ELECTRONICS 8F172 250 | 2N1307  28p «2A 50V  30p
7480 50p 74194 108p 75107 160p ) BF177 26p 2N1308  28p *2A 100V 35p
7481  95p 74195 75p 75450 120p Phototransisiors L.D.Rs BF178 28p 2N1309  28p | MOSFETs *2A 400V asp
7482 70p | 74196 100p | 75451 72p | OCP70  30p ORP12  80p | 8173 33p | 2NIB13  20p | 3nizg  sse | “gaco0’  oob
7482 B0, 74197 10/ 75452 72 OCP71  120p ORPBO  75p BF 180 33p 2N1711 20p IN140 85p 6A SOV 60p
7 J o» B 2N5777 40p ORPB1 78 BFIBY  33p | 2NiB93 30 | onias 88 64 100V 65p
7484 95p | 74198 198p 75453 72p P | sris2  33p | 2N2219  20p | 3nigs  180n
7485 120p | 74199 180p 75454 72p LEDS 0.2" 8F184 22p IN2220  19p SRz o
— | TIL209 Red 14p Red 16p BEBS 22p | 2N222)  20p | 40603 58p
F
MEMORIES TIL211 Green 30p Green 28p '.B;:g?, 'gs gzzgg; fgs 40673 58p Igy\l/gg
TIL32 Infrared 75p Yellow 30p *BF 196 14p 2N2484 30p 3 400 120p
2602B 1924 bit RAM £2.75 *BF197 15p 2N2904  20p 6 400 150p
2513(UC) Character Generator £10.00 SEVEN SEGMENT DISPLAYS 8F200 32p | 2N2905  20p | yuTs 5 500 180p
2513{LC) Character Generator £10.00 . BF257 32p 2N2906 20p «TIS43 27, 10 400 185p
3015F  Miniron 0.3 1n. 120p BF258 36p | *2N2926R  7p N2160  BOp | 10 500 195p
MULLARD MODULE DL704 ggm. Cathode 0.3 in 1Sgp #BFR39 30p | =2N2926B  7p 2N2646  38p 15 400 210p
N DL707 m. Anode 0.3 in 15! *BFR40 30p w2N28260 8p 15 500 25
1% LP1186 Varicap FM Tuner £6.50 e (o e s 225: ARy 300 | wnzezey sn | *2N4871 3o | 8 S ggs
o — S e — | . *BFRB0 30p w2N2926G 9 40486 99p
LOW PROFILE DIL SOCKETS BY TEXAS | OPTO-ISOLATORS R e L ac. o
. Phototransistor TIL 112 {IL 12) 6 pin DIL 140p BFX84 26 2N3055 50, *2N6027 48p BR100 25,
Bmgsfz}o ‘S“ pin “""2' 16pin18p, 24 pin 50p. | Photodarlington: ILCA-55 6 pin DIL 250p i i 5
RS' Mica + 2 Bushes tor TO3 & TO66 §
P DRIVERS
75491 Quad. Segment Driver 14 pn DIL 72p :
VOLTAGE REGULATORS 75492 Hex Digit Driver 14 pn DL 90p SEMICONDUCTOR KITS
FIXED — Plastic 3 Terminals . . BT106 1) Time-Code Receiv'ng Clock
1 Amp Positive 1 Amp Negative SCR-THYRISTORS 1A/700vV  Stud 140p
5V 7805 140p 5V 7905  200p C106D 2) Teletext Decoder
12V 7812 140p 12V 7912 200p 1A 50V TO5 40p 4A/400v  Plastc 55p :
15V 7815 140p 15V 7915  200p 1A100V TOS 42p *MCR101 3) FM Tuner Designs
18V 7818  140p 18V 7918  200p 1A400V TO5 asp  0.5A/15V TO-92 25p J ]
24V 7824  140p 24V 7924  200p 1A600V TO5 70p 2N3525 Complete  Semiconductor kits inc. 1.Cs, Trs, LED
LM309K 1 Amp 5V TO3 140p gﬁlgg\\; 2:”3 "_;gp 22*:«‘2220V USCCIE LI Displays, -etc. for the above ‘'WW' Projects available-at
us P K
DUAL VOLTAGE REGULATOR 7A100V TO5+HS 88p B8A/600V Plastic 185p [RSEHEINELTeINIo=Te Mol -ERN S BRI RER-W-N
1468 +15V  100mA 16 pin DIL 300p. 7A400V TO5+HS 80p *2N5060
(Adjustable by resistors from = 8V min. to * 20V 8A 50V Plasuc  130p 0.8A/30V T0-92 34p
max.) 12A400V Plastic  160p #*2N5062
VARIABLE VOLTAGE REGULATOR 16A100V Plastic  160p 0 8A/100V T0-92 37p | VAT RATES: All items at 8% EXCEPT where marked *
723 2V w0 37V 150mA 14 pin DIL 45p :gﬁgggg lastig ;289 *3%50“’2“00 . 40p | which are at 25%
Basic Data Sheets on Vol. Regs. at 10p each + SAE EETE P HLY Vv 7092 P
Dra c 0 d D o i Orde ‘
: ; P&P 20p B Preery I\ LTD 3
0toro 0 d f AL At O, 0 olieg ord pted RST ROAD, LONDON, NW9
a a d 1

OPPORTUNITY SALE

EQ%T/ETGLASS P.C.SB(.) 10 x 11 cms, contaiming the following cicuitry. Reg P.S. with
ranstormer kHz, Osc (TX) R.F (RX) Amplifi

Zero Voltage Switch (R.C A (.C )(am)j 2A 5(001/ Tree o (RCA LC). Sehmut Trigger 4 CROFTON don't just sell kits, we offer
POSSIBLE USES: Secunty Systems with Ultrasonic Transducers. Bridge Circuits tor 3 i you a technical back up service to ensure
Temperature Control etc . and Proximity Detection. etc your success

NOTE: These boards are complete and tested 3 »

HEAT SINK ASSEMBLY: 13A Triac complete with Terminal Biock and Fuse : The following is a selection of some of the
PCB MOUNTING TRANSFORMER: 240V |/P 11V 50mA O/P and Electiostatic Y more popular kits -

Screen * Mullard CCTV Camera
Further detais are available *  PE CCTV Camera 9
Price incl. of UK detivery and VAT * I/Tr st 5%'3";‘[}5"?"‘8"5‘0‘12,,1,,'gs'p
Kk tlectionic Ignition
1-10 Otf 11-25 Oft N : Sound op;a'w&mh
PW Tele Ternis Game
PCB £12 30 £11 45 W RGO
Transtormer €102 £0.92 FREE Brochure * n P Suppy
Heat Sink Assembly £5 24 £4.45 N : \_A{r:tﬁtqm« oo
on New * M 1 the Elewtor P
POWER SUPPLIES KITS NOTE PCB's tor most putinimed Arorects avalable 1o order
Send for details on Range of Eurocard 160 x 100 mm -~ Power Supphes (EPS) and B
o ' s IS Whether professional, student, CROFTON ELECTRONICS LTD
Laboratory Power Supplies (LABPOWER) v .
teacher or amateur, the field of Dept. D, 35 Grosvenor Road
AVANT ELECTRONICS LTD. electronics can open up a new Twickenham. Middlesex

HALESFIELD 22, TELFORD, SALOP

TEL: 0962 686071 TELEX. 35458 world for you. Send 15p S.A.E. 9" 01-891 1923

x 12“ for postage.

WW — 089 FOR FURTHER DETAILS

wWwWwW.americanradiohistorv.com
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Bargains in Semi-Conductors,com

7P park

Originated in 1959 by the Company's managing
director, his were the first semi-conductor and
component packs 10 be marketed in this country. and
indeed, the company's name grew out of ‘'British
Indul(nal Pre-Packad Componsms" Todav, Bi-Pre-Pak

to ap ion of pr in the
supply of packs au well as a vastly extended range of
_products detailed in our latest 24-page A.4 size free
catalogue. Send 10p stamped lerge addressed
envelope for your copy by return.

IT'S ALL IN OUR FREE CATALOGUE

omponent Packs

CP1 180 Capacitors. mixed bag of paper sidver mica electrolytiCs
etc Approx  quanuty. counted by weighl (post and
packing) 60p

CP2 200 Resistors. mixed bag of different types ues. watage:

ewc Approx quantty courted by weight
CP3 40 Wirewound resislors. mixed types values and wattages

60p"
cra 12 Potepnometers pre-sets w/wound, carbon etc Mixed
types and values GOp

CP5 5 Earphones. single low :mpedance tor transisi rad
assettes, et for sune ee PAKs CP9
and CP10 60p
CP6 50 10-5 mountng pads. fits between transistor and board for
that pro finish 60p

dia cable Nylon with hardgned

ips for G P O
ten} pet sealed box of 500 60p

cP8 500 Cable

cP9 ) & jack. to fit earphones in PAK CP5
60p’

CP10 § 2 .5mm sub miniature jack plugs. to fit earphones in PAK
CPS 60p’

CP1 6 Screwdrivers. 1 x mains neon tester 5 x grub screwdrvéem
op°

CP12 10 Reed relay mserts 1" long ¥’ d@ These will operate from
an external magnet cod For magnels see PAK

cP13 60p°

CP13 10 Magnets of vanous sizes for operating reed swdches on
paK CP12 Ideal tor burglar alarms on doors and
windows. et 60p°

CP'4 40 Potentometers. presets. wirewounds. carbons. dual gangs
with and without switches, etc Mixed values and
wattages €1.20

CP15 12 Standard crazodile clips, screw fixing. good quality 60p”
CcP16 5 PC boards each contaimng a BF180 UHF amphfier
transistor A good basis tor buitldinga TV aerial pre-amp
as various parts inc. 60p
cP17 25 Electrolytic Capaciors, various values and voltages. many
usetul types trom 1.V 10 wansistor radio and HI-Fl ,:os(

and packing 23p) 604
cP18 Light activatsd SCR 50 volts 1 6 amps type LOF Ready
mounted on PC board with gate resistor and leads titied
Full data angd crcurt diagrams tor 14 projects includes

lave photo Hash urit burglar alarm. etc

CP19 3 Micro switchzs ) pole change over, standacrd mode! 1Y
60p°
CP20 10 Relays asscrted types Ex-G PO and others. mixed
voltages 1.20°
CP21 200 Square inches of copper laminate P C board in ap rox 8
prece: op

cpP22 3 Flhveglass plain printed circunt boards. approx 2%:'' x 14
60p°
CP23 4 Switches, miniature push to 1..ake. singleé pole 60p

YOUR SUPPLIERS FOR:

Noxre
b n

Co Req No 820019

222 224 WEST ROAD,WESTCLIFF-ON-SEA,ESSEX SSO 9DF.

@ TESTED AND GUARANTEED PACKS

P4 3 SN7490 integrated ciccuts 14 pin dual in line TTL type
Decade counter Get one FREE. these are 60p each in
singles €1.20p

ALL THE FOLLOWING ARE AT 60p EACH PACK

TPY 5 SN7400 integrated circuits. 14 pin dual in line TTL type
Quad 2 nput NAND gate Get one FREE. these are '5p
each

™o 2 Light dependant resisnors. 400 ohms hight. 1 megohm
dark. %' dia

TP11 10 Transstors XB102 and XB112 eguwvalent to AC126
AC156 0C81.2. 0C72 etc

TP12° 4 BY127 Siicon recttiers 1000 piv 1 amp Plasnc TV
rectiher

TP13° 5 OCP71 Light sensitve transisloss

TP14 20 OC71 germamum PNP audic pre amp transistor. black
glass type

TP15 20 OC81 Germanium PNP audio outpui transistor. white glass

type
TP16 20 0C200/1/2/3 transistors. PNP siicon 10-5. unmarked
TP17 20 1 watt zener chodes. mixed voltages 6 8 10 43 volts
TP18 20 2N3707/8/9/10 wansistors. NPN siicon plast
unmarked
TP19 100 Diodes. mixture of germanum. goid bonded. silicon efic a
useful selection of many types. marked and unmarked
TP20 10 Mullard OC45 transistors. | F amp PNP germanium
TP23 20 BFYSO/1 2 2N696/7. 2N1613 etc NPN silhicon 10-5
uncoded COMPLEMENTARY TO PAK TP24
BFY64.2N2904/5 etc  PNP sihcon TO-5 uncoded
COMPLEMENTARY 10 PAK TP23
TP30 20 NPN siicon planar transistors. T0-18 simiar 1o BC108
et uncoded
PNP silicon planar transistors. TO-18 similar RC178
etc. uncoded
TP32 20 2N2926 sihicon plastic transistors. uncoded and ungraded
for colours

@ UNTESTED PACKS — 60p each
Specially for keen bargain hunters

P24 2

<

TP31

(=1

uTt 50 PNP germamum transistors, AF and RF Very good yield

UT2 150 Germanium diodes. minature glass type

urs 40 Zener diodes 250 mw 0AZ240 range. average 50
good

ure 5 Zener diodes 1-1'% watt 1op hat type. mixed voltages

79 40 NPN siticon planar transistors, of the 2N3707-11 range

ow no(se amp

UT10 15 Power tiansistors. PNP germanium and NPN silicon
mostly TO-3 but some plastc and some marked

UT13 15 Integrated Circuits. expenmenters pak. dual i line TO-5
TTL OTL. marked and unmarked. some definitely good
but old types

FOR FULL RANGES — SEE CATALOGUE

@ Singles
BRIDGE RECTIFIERS Plastic encapsulated
LARY 50v 100v A400v
1 amp 25p° 35p° 45p°
2 amp 35p° 45p° 55p
4 amp 45p 50p° 80p
6 am 60p° 90p°
Y164 equv SKB2 02 400v 1 5amp 45p°
FETs UNI-JUNCTION
2N3919 18p TRANSISTORS
2N4416 20p 2N2160 85p
MOS F.ETs 2N2646 48p°
3N141/MEMEIE 50p TIS43 3p
PUTs
2N26027 s0p

Also Power Diodes. Thyris-

tors, Triacs, Diacs-Zener LEDs

Diodes. Opto-Etectronics. etc TIL209-—Red 18p°
TIL211—~Green 33p°

onents, modules & equipment.
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POWER TRANSISTORS

Vee Warts 1cAmps Price

3] 15 20 3 30p°
aoN2 a0 40 4 30p°
40p2 40 40 4 30p°
90N 1 15 45 4 25p°
90P1 15 45 4 25p°
90N2 40 90 8 35p
90P2 40 90 8 35p°

Many other Types available from 3 1o 115 watis

INTEGRATED CIRCUITS

MM5314 Dual in line clock chup £3°
LMS380/5L60745 Duai in ine 2w. audio amp with data . etc. 75p
Dual in line | C. sockets 8 pin 14p; 14 pin 16p°; 16 pin 16p°

SIGNAL GENERATOR

For MW and IF Covers 550 KHz to 1 6 MHz for MW and 400 to
550KHz for IF Fully portable invaluable in AM repair and alignment
Jobs {p/ p 40p) £4.25

POCKET SIGNAL INJECTOR
Fountain-pen type Invaluable tor fault tracing in radio sels. amplifiers
TVs tape recorders etc Takes one HP7 battery ,00°

EX-G.P.0O. 5in SIDECUTTERS

Not new but in pertect order per pair 50p
EX-G.P.O. 6" LONG NOSE PLIERS

Not new. but in pertect order. per pair 60p°
MAINS TRANSFORMERS

MT6 6v 0 6v 100mA £1.22°
MT12 12v 0 12v 50mA £1.22"
SST9/1 9v lamp £1.67°
SST12/1 12v 1amp £2.05°
SS718 18v lamp £2.50°
88725/2 25v 2amp £3.00°
§8730/2 30v 2amp £4.25"
587135/4 35v 4amp £5.50°

P /P 50p any one}
PC EDGE CONNECTORS

Type Sizes Pitch

SSEC 6-way % 156 120
SSEC 10 1% 166 50p
SSEC 12 2 156 60p
SSEC 16 2y 156" 75p
SSEC 18 3 156" 8sp
SSEC 22 o 156" 1.00

UHF TUNER UNITS

Brand new,_ by tamous manufacturer 625 lines. Cha 21-
for use 8 TV sound receiver With data nnels Gsclzd,gol

BOOKS
All free of VAT We carry very large stocks of technical
books by Babani & Bernard Fublishers, by Newnes and
Butterworth as well as reference books from the Common
Market in English/ German/ltahan All detailed in our
catalogue

MONEY SAVER FOR CAR OWNERS

The "Super Spark  Capacity Discharge tgniion Unit, developed out of
our oniginal ET! model (of which we have sold well over 8,000) enables
you to enjoy this system at a truly economic price. Facilities include
simple adaption to pos or neg earth smmedate Switch back to
conventional gmition. ant-burglar immobolisaton with all parts in
totaily enclosed strong metal case Very easy to fit and install With tull
nstructhons (P /P add 50p)

KIT £7.95%« READY-BUILT £10.50

X-44 POCKE? SiZE R.F.
CROSS HATGH GENERATOR

Improved version of our famous Mk 2
model. of which thousands are in regular
use Size 160 x 75 x 50mm. strong plastic
ase with handle/stand. 4 push button
operation, 4 patterns Selt-contained line
and frame generator and synchro pulse
Pre-set adjust for R F output and ine frame
synch Uses 4 alkaline type 1600 batts

@ Wnte your own name and address
dearly in block capital letters.
@ Check that your order 15 correct for
description. quantity and price.
@ Don'tforget VAT 3t 25% of total value
f order unless otherwise stated.

@ B-P-P SECURITY CHECK POINT

MAKE SURE YOU GET OUR
NAME AND ADDRESS RIGHT
WHEN ORDERING.

Cash fcheque. money or postal order}
with your grder. please

Mention this journal when ordering if
you don't want to Cut oul the coupon

Blank raster faciity. FOR COLOUR AND
MONO. (P/P add 35p}

£25 K £27.50 2if

VAT 5 10 be added at 8

TERMS OF BUSINESS:
VAT at 25% must be added to total value of order except for iteéms marked ~ or (B whe
No VAT on overseas orders POST & PACKING Add ')p for UK

orders except where shown otherwise Mimimum mait order acceptable — £1 Overseas order
add £ 1 for postage And difference will be credited ot charged PRICES Subject to alteration

LOOK OUY NEXT MONTH
FOR THE NEW
STERLING

SOUND MODULES

LTD

l Please send

NAME
ADDRESS

TELEPHONE: SOUTHEND (0702) 46344.

@ FIRST IN U.K. WITH PACKS FOR ELECTRONICS USERS

B o e

www.americanradiohistorv.com

for which | enclose

without notrce AVAILABILITY All ems avaiiable at ime ot going to press when every effort
1s made to ensure correciness of inlormation

m-----_----mq
To: BI-PRE-PAK, 220/222 WEST RD. i
l WESTCLIFF-ON-SEA, ESSEX SSO 9DF

inc. VAT I

AW,
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LYNX ELECTRONICS (LONDON) LTD DIGITAL DISPLAYS & LED'S
.

gt;gg ::p DL747 £1.75 2 REO LED ONLY 13p
AC126 0.15 BC301 0.32 'BY206 0.15 1N4003  0.06° ® pL7so £1.78 GREEN CLEAR U,
AC127 0.18 BC323  0.60 BY207 0.20° 1N4004  0.07°
AC128  0.13 BC327  0.18° BYX36.300 0.12° 1N4OOS  0.08°
AC128K 0.25 BC328  0.16' BYX36-600 0.15° IN4OO6  0.09° THYRISTORS -
AC141 0.8 BC337  0.47 BYX36-900 0.18° 1N4007  0.10° BA 1A 3a 6A 8A 10A
AC141K 0.28 BC338 0.7 BYX36.12000.21° 2N696 0.14 (1092) 105) (€106 type} (T10220) 10220)
AC142 0.8 BCY70  0.12 BYX38-300 0.50 2N697 0.12 50 20 25 35 41 42 a7
AC142K 0.28 8CY71. 0.18 8YX38-600 0.55 2N706 0.10 100 25 .25 40 a7 as 54
aC176 018 8CY72 0.2 8YX38-300 0.80 2N929 0.14 200 27 35 45 58 60 68
AC176K 0.25 80115  0.55 BYX38-12000.85 2N930 0.14 400 30 40 50 87 a8 98
AC187 0.18 86131 036 B2X61 Sertes 2N1131 015 600 65 70 1.09 119 1.26
AC187K 0.25 80132 040 Zeners 0.20 2N1132 016 )
Aggg 0.18 83132 g.g: 82XB3 or BZXB8 2N1304  0.20
AC188K 0.25 136 - 0. Seri .
Ao TsoMlois0 Eor7MRola0 e - qiis B TRIACS (PLASTIC TO-220 PKGE. ISOLATED TAB)
AD142 050 8D138 048 C106A 0.40 2N2102  0.44 aA 6 54 8 5A 10A 154
AD143 046 80139 1068 0.45 2N2369 0.4 (a) (b) (a) {b) (a} ib) (a} (b} @ (b)
AD14S 045 BD181  0.86 C106D 0.50 2N23684 0.18 100V 0.60 0.60 0.70 0.70 0.78 0.78 0.83 0.83 1.01  1.01
AD161  0.35 80182 0.92 CtO6F 0.35 2N2484 016 200V 0.64 0.64 0.75 0.75 0.87 0.87 0.87 0.87 117 197
ADI62 0.35 80183 0.97 CRS1/05 0.25 2N2646 0.50 400V 0.77 0.78 0.80 0.83 087 1.01 113 1.19 1.70 1.74
ALI02 095 8D232 0.60° CRS1/10 0.2 2N2905 0.8 600V . 098 099 0.37 1.0 121 1.26 142 1.50 201 2.7
AL103  0.93 BD233 0.48° CRS1/20 0.35 2N2905A 0.22
AF114  0.20 BD237 0.55° CRS1/40 0.40 2N2926R  0.10° N B Triacs without internal tngger diac are pnced under column (a) Triacs with internal tngger
AF115  0.20 BD238 0.60" CRS1/60 0.85 2N29260 0.09° diac are pnced under column (b) When ordering piease indicate clearly the type required
‘AF116  0.20 BD184 1.20 CRS3-05 0.34 2N29267 0.08°
AF117  0.20 sgvgg 8.:2 gasg-; 8 g.g 2N2926G  0.10°
AF118 0.50 A g RS3- . 2N3053 0.15 N
AF139 0,33 BOvGO  0.60 CRS3.40  0.60 IN3054  0.40 AU e
AF239  0.37 Y61 0. CRS3-60  0.85 2N3055  0.50 124 2599 100+ 1.24 25.9 B d
BC107 0.14 BDY62 0.55 MJ480 0.80 2N3440  0.58 7400 14p  12p  10p 7445  BSp 71: ‘39; 7493 ‘4_3.: zj’of,g ”3)2,:
BC1078 0.16 BF178 0.28 MJag1 1.05 2N3442 1.20 7401 Yp  12p  10p 7447 81p 75p 65p 7495 67p 55p 45p
BC108 0.13 BF179  0.30 MJ490 0.90 2N3525  0.75 7402 14p  12p  10p 7448  75p 62p 50p 74100 £1.08 89 72p
BC109 0.14 BF194  0.10° MJ491 118 2N3570  0.80 7403 1Sp  12Vzp 10p 74474 95p 83p 67p 74107 35p 28p 22p
8C109C 0.16 BF195  0.10° MJE340  0.40° 2N3702  0.10° 7404 16p  13p 11p 7470 30p 25p 20p 74121 3ap 28p 23p
BC117  0.19° BF196  0.12" MJE37Y 0.60 2N3703 0.10° 7408 16p  13p 11p 7472 25p 21p 17 24122 47 39, 31
BC125 0.18" BF197  0.12' MJES20  0.45 2N3704  0.10° 7409 16p  13p  11p 7473 30p 25p 20p 74121 785  63p  53p
8C126  0.20° BF224) 0.18° MIES21 0.5 2N3705  0.10° 7410 16p  13p  11p 7472 32p 26p 21p 22145 680  58h  agh
8C141 028 BF244 017" 045 0.50° 2N3706  0.10° 7413 28p 2 20p 7475 470 39 31p DA il g of
8C142 0.23 BF257  0.30° 0490 0.08 2N3707  0.10° 7417 27p  22V:p 20p 7476  32p 28p 21p 74174 £100 83p 675
BC143 0.23 8F258 035 0491 0.08 2N3714  1.05 7420 16p  13p  11p 7482 7150 62p S50p 74180 €106 88y Mg
8C144  0.30 BF337  0.32 0C41 0.15 2N3715 115 7427 279 22v:p 18p 7485 £1.30 £1.09 87p 74181 €3.20 £2.50 £1.80
BC147  0.09° BFWE0 0.17° 0c42 0.15 2N3716 1.26 7430 16p  13p  11p 7486 32p 26p 21 74192 €1.35 £1.14 90p
8C148  0.09° BFX29  0.26 0c4a4 0.12 2N3771 .60 7432 27p  22%:p 18p 7489 £2.92 £2.80 £2.10 74193 £1.35 £1.14 90
BC149  0.09° BFX30  0.30 ocas 0.10 2N3772 1.60 7437 279 22Vip 18p 7490  49p 40p 32p 74196 £1.68 €134 99p
BC152 0.26° BFXx84 0.23 oc70 0.10 2N3773  2.10 7431 75p 62p 50p 7491 65p S5p 45 : ' °
BC153 0.18° BFX85 0.25 0oc71 0.10 2N3819 0.28" 7442 65p 55p 43p 7492 57p 45 3 P
BC157  0.09° BFX8B  0.20 0c72 0.22 2N3904  0.16° = P 36p
BC158  0.09° givgo g.z: ggss 3,13 2N3906  0.16°
BC159  0.09° Y51 0.1 404 .7 2N4124  0.14° 0
BCI60  0.32 grvsz 019 SC408B  0.81 2N4290  012° LINEAR IC'S
acisy 038 . SC400 0.98 2N4348  1.20 301A 8 pin DIL 35p° 3900 14pm OIL  70p* 56514 pn DIL  £2.00°
8C1688 0.09° BFYS0 0.65 SC40F 0.65 2N4870  0.35 307 55:. 709 8/14 pm DIL  35p° 566 8 pin DIL £1.50°
BC182 0.11 BR10G  0.20 SC41A 0.65 2N4871 0.35 309K £1.60 741 8 pin DIL 28p° 567 8 pin DIL £2.00°
8ci182L 0.11° BRY3% 0.40 sC418 0.70 2N4919 0.70" 380 14 pin DIL 90p 741 14 pin DiL CA3D46 14 pin DIL 50p°
BC183 0.10° 8SX19  0.16 SC41D 0.85 2N4920  0.50° 381 14 pinDIL £1.80° 748 8 pin DIL 36p° CA3045 85p°
BC183L 0.10° BSX20 0.18 SC41F 0.60 2N4922  0.58° 555 8 pin DIL asp
8C184 0.11° 85x21  0.20 sT2 0.20 2N4923  0.64°
8C184L 0.11° BSY95A 0.12 TIP29A 0.44 IN5060  0.20°
8C2078 0.12° BT106  1.00 TIP30A 0.52 2N5061 0.25"
8C212  0.11° BT107  1.60 TIP31A 0.54 2N5062  0.27°
8C212L 011" 3283 :-gg R:giA ?-:,: 2N5064  0.30" R
27213 0.12° E K 2N5496  0.65
BC213L 012" 87116 1.00 TPalA 068 HIGHAM MEED, CHESHAM, BUCKS. Tel. (02405) 75151
B8C214 0.14" BU10S  1.80° TIP42A 0.72 ’
o o B0 100 INzo% 018
BC237 0.16° .90 1 . O . . . o
oca38 0.6 BU126  1.60° ING0OT  0.04° VAT — Ploase add 8% except items marked ° which are 25%
BC300 0.34 1N4002  0.05

THE RADIO SHOP

Servodata Limited

Advanced Technology BRISTOL BS1 3NG ﬁ W 0272-421196
in Servo Control Components OFFICIAL ORDERS WELCOMED GOVT /EDUCATIONAL DEPTS . ETC
e ST TRIACS
g
R 1.6 AMP PLASTIC @ 6 AMP ISOLATED TAB 10 AMP ISOLATED TAB
NASOIGIW 100V .29 RASOB51W 100V .62 NAS1001W 100V
NASQTEIX 100V .28 4ASO6S1X 100V .63 NAS1001X 100V 7z
NASOtH2W 200V .30 “ASO652wW 200V .66 NAS1002W 200V .78
NASQ1EUX 200V .29 LAS0652X 200V 65 NAS1002X 200V .78
NASO1 AW 400V 40 LAS0654W 400V 72 NAS1004w 400V 1.09
NASO1HAX 400V 38 “AS0B54X 400V .70 NAS 1004X 400V 1.04
NASOIERw: 60OV .50 LASO656W 600V .88 NAS1006W 600V 1.36
NASO1 6 600v .48 LASOS56X 60OV .78 NAS1006X 600V 1.34
3.5 AMP CLIPPED TAB 45 AMP ISOLATED TAB 15 AMP ISOLATED TAB
NAS0351wW 100V 53 “AS085 1w 100V .69 NAS1501W 100V 1.05
NASO351X it .52 HASOB51X 100V .68 NAS1501% 100V .95
NASQ352w .58 ~“AS0852wW 200v .78 NAS1502W 200V 1.04
NAS0352X .56 rAS0852X 200v .76 NAS1502x 200V 102
NASO354wW .68 MASOB54W 400V .88 NAS 1504w 400V 151
NASO354X Qikiy .67 4MASOBSAX 400v .85 NAS1504X 400V 1.48
NASO356W 601y .B6 HASOB56W 600V 110 NAS1506W 60OV 1.89
NASQ356X [Tl .84 HASOB56X% 600V 1.06 NAS1506X 600V 184
: o]os Torque Motors and Tachometer; Devices with internal trigger have W' suffix, "X denotes standard Triac.
\ ) . THYRISTORS
% High performance, brush and brushless versions and TR0 s e =1 e ——
) complementary tachometers. NASOO6P 50v .25 HAS106P 50V .26 NAS206P 50V .37
M NAS006Q 100V .28 NAS106Q 100V .30 NAS206Q 100V .42
. % 840 Standard Modeis ranging from 15 o0z-in to 120 NASOOBR 200V .31 SpR 200V .36 NAS206R 200V .50
) Ib-ft. NASO06S 400v .40 5108 a00v 87 NAS206S 400v 77
4 NASOO6T 6urv .52 45 1067 600V .80
B % Military, Industrial or Space Qualified models are 008 W o
B AMP ISOLATED TAB
already used by most European Nations. A SOLATE DTS . 5oV .55
~AS306Q 100V .47 100V .59
Servodata "SI0 200V 59 2007 65
. . . [ 4AS306% 400v .85 |
Is able to offer a technical design service utilising 600V 1.08
these devices in control systems as well as INTEGRATED CIRCUITS
supplying amplifiers, solid state synchro/resolver e e Pt e ) e
to digital convertors, readouts and other servo TAA263 1018 62 @TBAB10AS 108 :m =
555 8 D .40 @®IN414 TO18 1.14
control transducers. o g oy 1085 123 &7
s d t L' 't d CLOCK CHIPS
ervo a a Iml e CT7001 28 Pin 4.95 AY-5.1224 16 Pie 3.75
i 28 P Skt 50 16 Pin Skt 16
nghclon,Nowbury g 15 Octe 15
Berkshire RG15 9P D 3 C o Dot .
7D7 LED 3" Common Anode Display [}
Telephone: nghclere (STD 0635) 253579 204 LED 3" Commen Cathode Dapiay T
Telex: 847054 747 LED 6" Common Anode Display 1,68
@ Please add 25% VAT Remannder 8% P&P 20p
o 5 Phone 10 your Access or Barclaycard order Catalogue 20p Cailers welcome
WW—050 FOR FURTHER DETAILS

www americanradiohistory com
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ELECTRONICS
DEMA INTERNATIONAL

ELECTRONIC COMPONENTS DISTRIBUTOR
FOR INDUSTRY AND HOBBYIST

INTRODUCTORY PRICES

In addition to National, Mostek and Caltex clock chips, we are now selling a

range of General Instrument chips MONTHLY SPECIALS
Until 30th April ‘76 we are pleased — Close out Sale Special Purchase While They Last —
P P oloffeqihelioliopglspcec allouces CT 5001 12 Digit 4 Funct. 59 CT 5005 12 Diglt 4 Funct, w/Mem .79
CT 5002_Batt Oper 5001 69 _ CT 7001 4o0r6 Digit Alarm 3.50
AY-5-1202 + Futaba 5LTO1. — Memories Are Made of These Specials —
1101 256 - Bit Ram Mos 99 §262 2048 - Bit Ram 3.9
AY-5-1202 interfaces directly with 5LTO1 o provide the basis for a very ;;gs :gg4 Bit :am Mos d ;;ggAngséeu;’\;oT. . 9.9
0 1024 - Bit Ram d - Bit u/Violet Proms g
simple electronic clack. The hours and minutes can be in 12 or 24 hour 5261 1024 - Bit Ram L/power . 2102 1024 - Bit Status Ram
format and 50 or 60 Hz can be used as the timing source. 5LTO1 is a green o
R ICL 8038 Funct. Gen Volt Contr
phosphor diode disptay. Special price £9.50 TTL Oscillator Sine Sa.
7447 59 74123 i a a
AT s O hoae Cory wib it
a igi
AY-5-1230 + Futaba 5LTO01 vED Cik Chips 12 Char
This chip similar to 1202 It has an ON/OFF programmable alarm which TTL 7400 SERIES
can be used In 7 segment mode to drive the 5LTO1 or in BCD format to 7400 £0.1 7440 0“1‘) 7432 £085 ;::22
rivi S 7401 011 7441 16 74 0.24
drive logic or TV display chips Special price £10.00 07 ot o e e S D
7403 o1t 7443 055 7489 150 74158
7404 0.13 7444 060 7490 0.40 74160
|1V2|K52(£)‘253 .;' Futaba 5LT01 7405 013 7445 075 7491 0.55 74162
or hour, 6 digit alarm chip. Snooze faciiity. Special price £ 1 7406 022 [L3sS 0.85 7492 043 74163
> v &l B OB 7407 0.22 7447 075 7493 0.43 74164
7408 0.14 7448 0.65 7494 0.49 74165
COME AND SEE US AT SEMINEX MARCH 7409 014 7450 012 7495 0.49 74166
7410 0.1 7451 013 7496 0.55 74170
22nd-26th
N 7411 0.16 7453 0.13 74100 0.89 74175
STAND 11. Imperial College SW7. 7413 026 7454 014 74107 027 :”“g“)
7416 022 7460 ot 74121 027 a1
Please send SAE for free ticket and new catalogue 7417 022 7470 024 74122 0.37 74182
7420 0.1 7472 0.21 74123 0.49 74192
MISTRAL CLOCK KIT 7426 0.23 7473 025 74145 057 74193
7430 012 7474 0.25 74150 059 74194
Uses AY-5-1202 + Futaba 5LTO1. Complete kit including case £11.58 7432 022 7475 037 74151 059 74195
7437 025 7476 026 74153 069 74198
CHEVIOT ALARM CLOCK 7438 025 7483 069 74154 I74199
24 Hour 4 digit alarm clock. 0 5'' green display. tilt to snooze. Finished HIGH SPEED 74H00
clock — not kit. £.21 85 74100 £016 74H20 £016 :74»152 74HT1
74HOI 0.16 74H21 0.16 74H53 74H72
74H04 016 74H22 016 74H54 5 74H74
78105 0.21 74H30 016 74H55 74H76
Terms: CW.0 Acqess, VBarcIaycard (simply quote your number and sign) 74108 016 74140 0.16 74H60
Credit facilities to Accredited account holders 74H10 0.16 74H50 016 74H61
ALL PRICES EXCLUDE VAT AT 8% PIRIY 0.18 U o2 174m62
CMOS 4000 SERIES
4000A £019 4014 £110 4028  £095
BYWOOD ELECTRONICS 4001 019 laois 110|403 050
019 4016 055 4042 095
68 Ebberns Road 090 4019 067 4043 120
Hemel Hempstead, HP3 9RDF 019 4020 115 4044 120
Tel. 0442 62757 1.30 4021 110 |a0a9 0.48
049 4023 0.19 4050 048
0.49 4024 085 |a066 0.75
019 4025 019 |a068 023
039 4027 075 4069 023
ix i - £010 lst £010 944 £0.10 962 £010
010 937 010 946 010 9262 010
LINEARS
LM300  TO99 045 [340U  TO92 £1.25 739 ADIP £065
301 vDIP 029 | 380 A DIP 80 |74 VDIP 022
302 1099 045 | 381 ADIP 105 747 ADIP 044
304 10100 050 [546 VOiP 051 748 vDIP 027
305 1099 060 | 650 ADIP 055 5556 114861 VDIP 065
307 v oIP 0.38 | 555 VOIP 045 5558 i1458) V DIP 065
1099 0.a5 | 556 BOIP 075 ULN 2111 ADPP 095
308 A DIP 0.59 | 560 soIP 255 LM3900 ADIP 035
T099 079 | 561 BDIP 255 75450 VOIP 045
309K TO3 145 (562 B DIP 255 75451 v oIp 0.45
310 T pkg 065 |565 ADIP 125 75452 VDIP 045
a3 vV DIP 0.90 | 566 VvV DIP 1.20 75453 vV OiP 045
320K TD 3NEG ISG7 vV DIP 1.2% 75454 VvV DIP 0.45
52 12,15 1.25 | 709 ADIP 022 75491 Apkg 065
-
324 ADIP 107 710 ADIP 025 75492 Apkg 0.7
NOW READY 3B aOw 149 [711  ADIP 030 [ICLBO38 Funct Gen 195
L 340Kk TO3 210 |723 ADIP 038 Voit Cantr Oscillator, Sine, Sq

12V 1 AMP 8864 22 Pin pkg. 1.45

@® 144 pages v MmO A-14LDp - 16O T089 EPinteoser TO100 107 Heade

Dara sheets supplied on request Add 20 ea. excepted as noted

UP-DATED PRODUC - = — —
] T =7

CALCULATORS & CLOCKS w/DATA

MEMDRIES w/DATA !
& PRIGE INFORMATION 1501 256 Bt RamMos £ 179 ) e Elw
1103 1024 Bit Ram Mos 225 5005  CaiChip 148
@ 4[]p POST PAID + 7489 18225) 64 Bit Ram TTL  1.50 5311 Ciock Crip 295
40p REFUND VOUCHE 8223 Programmable ROM 250 5312 Clock Chip 295
p HER 5260 1024 Bit Ram Low Power 195 2313 Clock Chip 295
We have made it just about as comprehensive and up-to-the-minute as possible = | :33::-, E:ZEt g::: 3'32
Thousands of items from vast ranges of semi-conductors including 1.C s to components, ! LEDS Data onty for any of abave 0.50
tools, accessories. technical information and diagrams are inciuded as well as a refund MV 5020 Jumbo Red or Clear £ 0.15 | Fiefundable Against Purrhase
voucher worth 40p for spending on orders Iist value £5 or more. SEND NOW FOR YOUR MAN (| Red 7 Seg .270 130 [YRaNSISTORS
COPY OF CATALOGUE 8. ISSUE No. 2 BY RETURN It's an investment n practcal MAN 3A Red Seg. 127 351522194 TOS £0.37|2N 4124 TO92 010
money-saving and reliatulity! x:::G[;esegl‘LSS: -270 ;;g 2N 2222 TO1B  0.5[2N 4126 TO92 0.10
i
+E.V. PRICE STABILIZATION POLICY FOR 1976 9 01git Array Fairchild 37 B D O
This 15 one of reviewing prices every 3 months rather 1han trying to keep up with day by with clear magnifyinglens 295 |5y 337, 7018 0.320 2N 5226 T092 0 10
day changes as they ocour We have on the whole held prices better than anticipated in =
foliowing this ptan Next review period starts Apnt 1st | DISCOUNTS: 0:‘5“ P e
0 €R ems New Bran
+E.V. DISCOUNT PLAN | e 25 Guarariteed By DEMA ELECTRONICS
Apphies 10 all tems except the few where prices are shown NETT 5 % on orders from £5 = E
t0£14 99 10% Q |
+ FREE ios_r &" s:g"::’:a"a'“e iSlonioe TERMS: PRICES LISTED ARE BRITISH POUNDS & PENCE.
In UK tor pré-paid mad orders over £ 2 1f under there is an additional handling charge of SEND CHEQUE WITH ORDER. MASTERCHA RGE,
16p BANKAMERICARD, BARCLAY CARD ACCEPTED.
+QUALITY GUARANTEE BB (Card # and expiration date requested}). TERMS
All goods are sold on the understanding that they conform to makers  specifications. No. OFFERED TO SCHOOLS & INSTITUTIONS.
rejects, seconds or sub-standard merchandise
=T = POSTAL AND HANDLING CHARGES
SHIPMENT VIA AIR MAIL
ELECTROVALUE LTD under 499 add 45 £ 10and over
- 5.00-9.99 add .35 No Charge
All communications to Dept 4, 3
28 ST. JUDES ROAD. ENGIEFIELD GREEN. EGHAM. SURREY TW20 OHB e
Telephone Egham 3603. Telex 264475. Shop hours 9-5 30 daily. 9-1 p m Sats DEMA ELECTRONICS | NTERNATIONAL
NORTHERN BRANCH: 680 Burnage Lane. Burnage. Manchester M19 1NA P.O. Box 407 San Ramon, Ca. 94583 USA
Telephone (061) 432 4945. Stop hours Daily 8-5 30p m, 8- 1 p m Sats

In U.S.A. you are invited to cenlact ELECTROVALUE AMERICA. P.0. 337 Pelerborough NHO3458 Cable DEMAELINTL
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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 reliability with 12 months’
guarantee. A.C. 200/250V.

Size 13%-11%in., 3 speeds.

Above motor board 3%in.

‘Below motor board 2 Vzin.

ith STEREO MONO ~
E"A‘RTSmDGE and £10.95 Post 75p

PORTABLE PLAYER CABINET

Modern design. Rexine covered.

Vynair front grille. Chrome fittings £4 50 .
. ost 50p

Motor board cut tor BSR or Garrard deck

Sze 17 x 15 x 8in. approx

HEAVY METAL PLINTHS
With P.V.C. Cover. Cut out for most B.S.R. or
Garrard decks. Silver grey finish. Mode! "A™
Size 12% X 14% X 7%in.

Model "B"". Size 16 x 13% X 7in.

5.95

£6.50 pog 75p

COMPLETE STEREO SYSTEM

Two full size loudspeakers 13% x 10 x 3%in. Player unit
dips to loudspeakers making it extremely compact, overall-
size only 13% x 10 x 8'2in., 3 watts per channel, plays all
records 33 r.p.m., 45 r.p.m. Separate volume and tone

Attractive controls
Teak finish 240V a.c. R £25
mains £1 carriage

FEW ONLY

SPECIAL OFFER!
SMITH’S CLOCKWORK 15 AMP
TIME SWITCH

0—60 MINUTES £2.50 rost 350
Single pole two-way. Surface mounting
with fixing screws Will replace existing
wall swiich to give hight tor return home,
garage. automatic anti-burglar lights, etc.
Variable knob. Turn on ot off at tfull or
intermediate  settings. Brand new and
tfully guaranteed.

TEAKWOOD LOUDSPEAKER GRILLES will easily it to

baffte board. Size 102 x 7% in—45p.
WEYRAD P50 — TRANSISTOR COILS

RA2W Ferrite Aenal . . 85p Drniver Trans. LFDT4 65p
1.F. P50/2CC 470 kc/s 40p Prnted Circuit. PCA1 65p
3rd | F. P50/3CC ... 40p J.B. Tuning Gang .. £2.00
P50/1AC .. ... . ... s0p | OPT1 . 65p
Fernte Rod 8 x %in.. 20p. 6 x 5/16in.. 20p. 3 x ’/un_ 10p
VOLUME 80 Ohm Coax 8p yd.

CONTROLS
5k{} to 2Mf{). LOG or LIN.
L/S 25p. D.P. 40p. STEREO
L/S 55p. D.P. 75p. Edge 5K. | FRINGE LOW LOSS
S.P. Transistor 30p. Ideal 625 and colour  yd.

ELAC Hi-Fl SPEAKER
8in. or 10 x 6in.

Dual cone plasticised roll surround. Large
ceramic magnet. 50-16,000 ¢/s. Bass
resonance 55 c/s. 8 ohm impedance,

10 watts. music power. £4 35 pog, 35p

E.M.1. 132 x 8in.
SPEAKER SALE'

With tweeter and
crossover 10 watt
State 3 or 8 ohm.
As illustrated

£5.25F’ost35rJ

With flared tweeter cone and ceramic

magnet 10 watt. £3-45

BRITISH AERIALITE
AERAXIAL-AIR SPACED
40 yd. £3; 60 yd. £4.5OI 5

ss Wooter,
15 watts,
8 or 15 0hm. | °

£6.60

Post 45p

!

Bass res 45-60 c/s.
Flux 10.000 gauss.

8 ohm. 4010 11,000 c/s . Post 35p L
Bookshelf Cabinei

Teak fimish 16 x 10 x 9in. £6.95
For EMI 13 x 8 speakers. Post 75p

THE “INSTANT” BULK TAPE ERASER
AND HEAD DEMAGNETISER. Suntable for
cassettes, and all sizes of tape reels. A.C.
mains 200/250V. Leaflet S.A E.

Wil also demagnetise small £4.35
100ls. Post 30p

BLANK ALUMINIUM CHASSIS. 6 x 4—70p; 8 x 6—90p;
10x7—£1.15; 12x8—£1.35; 14x 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 GOMPONENT SPEGIALIST

Radio Books and Components Lists 10p. (Minimum posting charge 30p) All prices include VAT (We accept Access or Barclaycard)

ELAC 9 x 5in HI-FI SPEAKER TYPE
59RM

This famous unit now available, 10 watts. 8 ohm.

£3.45 5

35p
RCS LOW VOLTAGE STABILISED
POWER PACK KITS

All parts ar}d instructions with Zener diode, printed £2 95
circuit rectifiers and double wound mains .
transformer. Input 200/240V ac Output  Post45p

voltages available, 6 or 7.5 or 9 or 12V d.c. up to 100mA or

BAKER MAJOR 12" £11.50

30-14,500 c/s. 12in. double cone,
wooter and tweeter cone together
with a BAKER ceramic magnet
assembly having a flux density of
14,000 gauss and a total flux of
145.000 Maxwells. Bass resonance
40c¢/s. Rated 25W. NOTE: 3 or 8 or
15 ohms must be stated.

Module kit. 30-17.000 c/s with
tweeter, crossover, baffle and
mnstructions.

£ 1 4.50 Post 60p each

Please state 3 or 8 or 16 ohms.

less. Size 3 x 2% x 1% in. Please state voltage required.
'‘RCS POWER PACK KIT
12 VOLT. 750mA. Complete with printed

Post
£3.35:0
circuit board and assembly instructions.

12 VOLT 300mA KIT, £3.15. 9 VOLT 1 AMP KIT. £3.35.

R.C.S. GENERAL PURPOSE TRANSISTOR
PRE-AMPLIFIER — BRITISH MADE
Ideal for Mike. Tape, P.U.. Gunar. 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 ¢/s to 25 kc/s. 26 dB gain. -
For use with valve or transistor equipment. A
Full instructions supplied. Details S.A E. £ 1 -45 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 9 5 Post
metronome. strobe, etc. p 30p

R.C.S. “MINOR” 10 watt AMPLIFIER KIT
This kit 1s suitable for record players. guitars, tape playback.
electronic instruments or small P.A. systems. Two versions
available; Mono. £12.50; Stereo. £20. Post 45p. Specification
10W per channel; input 100mV: size 9% x 3 x 2in. approx.
S.A.E. details. Full instructions supplied. AC mains powered.

MAINS TRANSFORMERS ~ *“.55°"
50p
250-0-250V 70mA, 6.5V, 2A . .. ... .. . £3.45
250-0-250 BOmA, 6.3V 3.5A, 6.3V 1A or 5V 2A £4.60
350-0-350 80mA, 6 3V 3.5A, 6.3V 1A or 5V 2A . £5.80
300-0-300V 120mA, 6.3VAACT, 6 3V 2A . £7.00
MIDGET 220V 45mA. 6.3V 2A .. ... ..... .. .. £1.40
HEATED TRANS. 6.3V Y% amp £1 3 amp . £1.40

GENERAL PURPOSE LOW VOLTAGE. Tapped oulpuls at 2
amp.3.4,5,6,8, 9,10, 12, 15, 18, 25 and 30V £4.60.
1 amp. 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, B, 10. 12, 16, 18, 20, 24, 30,
36. 40, 48, 60 £8.70. 5 amp. 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 50DmA, £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 2 amp.. £1.75, 20V, 1 amp . £2.20.

AUTO TRANSFORMERS, 115V 10 230V or 230V to 115V
1650W £5; 250w £6; 400W £7; 500w £8.

FULL WAVE BRIDGE CHARGER RECTIFIERS

6 or 12V outputs, 1%z amp 40p; 2 amp 55p:; 4 amp 85p.
CHARGER TRANSFORMERS 1%2 amp £2.75; 4 amp £4.60.
12v. 1%A HALF WAVE Selenium Rectifier, 25p.

GOODMANS 8-inch
HI-FI BASS WOOFER

8 ohm. 10W. Large ceramic magnet. Special

Rubber cone surround. Frequency response,
30-8000 c/s.

Ideal HI-FI Enclosure Systems. £6.75

NEW ELECTROLYTIC CONDENSERS

/%00 20p 250/25¥ 20p°  50+50/300V 50p
4/350v  20p 500725V 25p  900/350¥ 95p
8/350v  28p 100+100/275%  65p  32+32/250¥ 20p
16/350V  35p 150+200/275¢  70p  32+32/450V
32/500¢% 8+8/350¢¥ 50p  350+50/325V¢
26/26  15p 8+16/350¢ 50p 100+ 50+50/350v 85p
50/50v  15p 16+16/350V 60p  32+32+32/350¢ 65p
100/25¢  1Sp 32 +32/350¥ 60p  4700/63v .95p

LOW VOLTAGE ELECTROLYTICS

1,2,4.5, 8 16, 25, 30, 50, 100, 200mF 15V 10p.
600mF 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 65p.

5000mF 6V 25p; 12V 42p; 25V 75p; 35V 85p; 50V 95p.

SHORT WAVE 100pF air spaced gangable tuner, 95p.
TRIMMERS 10pF. 30pF 50pF. S5p. 100pF. 150pF. 15p.
CERAMIC, 1pF to 0 01mF, 5p. Silver Mica 2 to 5000pF. 5p.
PAPER 350v-0 1 7p; 0 5 13p; 1mF 150V 15p; 2mF 150V
15p; 500v-0.001 100 05 5p; 0 1 10p; 0 25 13p: 0.47 25p.
MICRO SWITCH SINGLE POLE CHANGEOVER 20p.
SUB-MIN MICRO SWITCH, 25p. Sinale 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 o red. 30p.
RESISTORS. 4W. 2W. 1W. 20% 2p; 2W, 10p; 101 © 10M
HIGH STABILITY. ¥2W 2% 10 ohms to 6 meg . 12p.

Ditto 5% Preferred 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 ¥; amp 50p.

waany americanradinohistorvy com

BAKER "BIG-SOUND" SPEAKERS. Post 50p each.

‘ZGroup 25’ ‘Group 35° ;Group

12in 0/15°

sow £8.95 40w£10 50

3or8or 150hm 3 or 8 or 15 ohm ;2{21519 50
8 or 15 ohm

NEW MODEL BAKER LOUDSPEAKER, 12-nch 60 WATT |
GROUP 50712, 8 OR 15 OHM HIGH POWEH.

FULL RANGE PROFESSIONAL QUALITY.  £1 Sq
30-16,000 GPS MASSIVE CERAMIC MAGNET. - post 5150
ALUMINIUM PRESENCE CENTRE DOME.

TEAK VENEERED HI-FI SPEAKERS AND CABINETS
For 12in or 10in speaker 20x13x12in, £12.50 Post 95p
For 13x8in or 8in, speaker 16x10x7in. £6.95 Post 75p
For 8x5in. speaker 12x8x6in. . ... .... £4.95 Post 50p
LOUDSPEAKER CABINET WADDING 18in. wide . . 20p ft.

R.C.S. 100 watt _
VALVE
AMPLIFIER
CHASSIS

Four inputs Four way mixing.. master volume, treble and bass
controls Suits all speakers This protessional quality amplifier
chassis is suitable for all groups, disco. P.A.. where high quality
power 1s required. 5 speaker outputs. A/C mains operated. Slave
output. Produced by demand tfor a quality valve amplifier.

Send for feaflet Prce £85 carr £2.50

SPEAKER COVERING MATERIALS. Samples Large S.A.E.
Horn Tweeters 2-16kc/s. 10W 8 ohm or 15 ohm £3.60

De Luxe Horn Tweeters 2-18kc/s. 15W. 15 ohm, £4.50.
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. 7x4din.
£1.80; 8x5in.. £1.90; 8in.. £1.95.

SPECIAL OFFER: 80 ohm. 2%in , 2%in., 35 ohm, 2in . 3in.,
25 ohm. 2¥xn. dia.. 3in dia.. 5in dia. 8 ohm, 2%in., 3in,
3%in, 15 ohm. 3%in. dia. 6x4in.. 7x4n., 8x5in.

3ohm., 2%n., 2%mn.. 3%in 5Sin. dia £1.25 each.

PHILIPS LOUDSPEAKER, 8in., 4 ohms, 4 watts,

ceramic magnet £1.95

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 £1.25.

Loudspeaker Volume Control 15 ohms 10W with one inch long
threaded bush for wood panel mounting. Y%in. spindle. 66p

3 ——T

3AKER 100 WATT
ALL PURPOSE
AMPLIFIER
All purpose transistorised.
Ideal tor Groups. Disco and P.A.
4 inputs speech and music. 4 way
miang. Output 8/15 ohm. a.c Mains
Separate treble and bass controls.

£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. tdeal disco amphifier. £49.95

100 WATT DISCO AMPLIFIER CHASSIS
volume. treble. bass controls 500 M V input
Four loudspeaker outputs 4 10 16 ohm. £52

BARGAIN 4 CHANNEL TRAESISTOR MONO MIXER
Add musical highhghts and sound ettects to recordings.

Will mix Microphone. records. tape and tuner

with separate controls 1nto single output. 9V, £5 '20
TWO STEREQ CHANNEL VERSION £6.85
BARGAIN 3 WATT AMPLIFIER. 4 Transistor

Push-Pull Ready Built, with volume. Treble £4.50

and bass controls 18 volt d.c. Mains Power Pack £3.45

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-circuit 20p, ciosed circuit 25p;
Chrome Lead-Socket 45p. Mono or Sterso.

Phono Plugs 8p. Phono Socket ag

JACK PLUGS Std. Chrome 30p; 3.5mm Chrome 15p.

DIN SOCKETS Chassis 3-pin 10p. 5-pin 10p.

DIN SOCKETS FREE 3-pin 25p; 5-pin 25p. DIN PLUGS
3-pin 25p; 5-pin 25p. VALVE HOLDERS, 10p; CANS, 10p.

R.C.S. SOUND TO LIGHT KIT
'Kit of parts to build a 3 channel sound to hght unit.
1,000 watts per channel. £12.50. Post 35p.
‘Easy to build. Full instructions supplied. cabinet €3.
As teatured 1in December Practical Wireless.

E.M.I. TAPE MOTORS. 240V a.c 1.200
r.pm 4 pole 185mA Spindle 0 187x0 75in.
Size 3% x 2%2 x 2'ain £2. Post 40p

120V Model, £1

337 WHITEHORSE ROAD, CROYDON

Open 9:6. Wad. 9-1. Sat. 9-5 (Closed lor lunch 1.15-2.30)

Tel. 01-684 1665
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Forallwhowantto
knowabout
electronic circuits

Here's a book of very special appeal to all
concerned with designing, using or

, o . . B
understanding electronic circuits. It comprises

information previously included in the first ten C|rcu
sets of Wireless World's highly successful o

Circards —regularly published cards giving
selected and tested circuits, descriptions of
circuit operation, component values and ranges,
circuit limitations, modifications, performance
data and graphs. Each of the ten sets — including
additional circuits — in this magazine size hard
cover book has been updated where necessary,
and is preceded by an explanatory introduction.
Circuit designs (1) is the first collection of its
kind.

Collected Circards

PwWiliams 'J Carruthers J=Evans JKinsler

Circuits covered are:

Basic active filters

Switching circuits ~
Waveform generators

AC measurements

Audio circuits

Constant-current circuits

Power amplifiers

Astable circuits

Optoelectronics A WIRELESS WOFRLD PUBLICATION
Micropower circuits

A new book fromWireless World

ORDER FORM

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

Room | l. Dorset House, ADDR ESS ........................
Stamford Street, London SET QLU .
Pleasesend me . . . . . . copy/copies of a ©e0030Q200000R2000A0008 00 ¢ s
Circuit Designs — Number | at £10.40

each inclusive. I enclose remittance - Company egistered in England and a subsidiary of Reed
value £. . . .. .. (cheques payable to International Liniited Registered No 677128 Regd. office
IPC Business Press Ltd.) Dorset Hause, Stamford Street, London SET 9LU.

N

_———-—————————————————l—————————_——————————-" .

waany americanradiahistans cam.
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KINNIE COMPONENTS

10, NELMES WAY, HORNCHURCH
ESSEX RM11 20z
HORNCHURCH 45167

CIRCUIT BOARD
P.C.B. 1/16. 1 oz. COPPER

FORMICA

Dim. 84 x 7.7 in 3 pcs., 75p
Dim. 9.4 x 8.1 in 3 pcs., 90p
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 9.0 in 2 pcs., £1.20
Post & Packing 30p each pack.

BARGAIN PACK
10 pes. 10.1 x 7.9 in. Plus free %21b etching
Xtals £3.00 P.P. 55p.

FIBRE GLASS P.C.B.
Dim. 6 x 6 in. 35p each
Dim. 12 x 6 in. 60p each

" Dim. 12 x 12 in. £1.00 each
Equals less than 1p sq. in.
Post & Packing 10p per sheet.

RESIST COATED P.C.B. FORMICA
10.1 x 7.9 in. 55p ea.
13.1 x 9.4 in 70p ea.

RESIST COATED P.C.B. FIBRE GLASS
6 x 6 in. 50p ea.

12 x 6in. 90p ea.

12 x12in. £1.50 ea.

Post & Packing 10p per sheet.

BLUE P.C.B. INK

Etch resist use with any pen. Much cheaper
than ready loaded pens.

50c.c 55p. P.P. 10p.

FERRIC CHLORIDE ETCHING XTALS
1 1b - 1 litre pack, 60p P.P. 25p.
51b - 5 litre pack, £1.95 P.P. 55p.

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 ¢/ o 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. 2p per yard.

RIBBON CABLE
(8 colours); 10m. £1.65. P.P. 20p. 100m.
8-core x 14/0.19mm. Bonded side by side
£11.50P P £1.

P.T.F.E. CONNECTING WIRE
1/20 Black or White 100 m. Drum £2.50
P.P. 30p.

H.D. ALARM BELLS

6in. Dome. 6/8v, d.c. Heavy cast housing
for exterior/interior use. £3.7% P.P. £1.
Connecting wire (twin/twisted) 220yd. reel
£3 P.P. 75p.

MINIATURE METERS
500 micro-amp (level stereo beacon, etc)
scaled half back/ half red. Size 1 x 1 in. 65p.
P.P. 15

p
PANEL METERS 2% in. x 1% |-

Tt 50uA T8 500mA

T2 100uA T9 1Amp

T3 500uA T10 50v.a.c.

T4 1mA T11 300v.a.c.

T5 10mA T12 50/0/50flA

T6 50mA T13 100/0/100uA
T7 100mA T14 500/0/50CuA
All at £3.75. P.P. 15p.

PANEL METERS

4% ins. x 3% D3 200uA

Dt 50uA D4 500uA

D2 100uA All at £4.60. P.P. 15p
S.T.C. CRYSTAL FILTERS

(10.7Mhz) 445-LQU-901A (50 Khz

spacing), £3. P.P. 20p.

445-LQU-901B (25Khz spacing). £4. P.P.
20p. 10.7Mhz Canned |.Fs. Size 1 x Y2 x %2
in. (with data) 65p. P.P. 10p.

3 GANG TUNING CAPAGITOR
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.

SIEMENS MINIATURE RELAYS
6v.4 c/0 65p. 24v.2 c/o0 50p.

EDGE CONNECTORS. 54 WAY
1 Vero size etc. Can be cut to any length,
55p P.P. 10p

HIGH CAPACITY ELECTROLYTICS
250mfd/63 volt, 20p P.P. 8p.
1,000mfd/ 100 volt, 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 voit, £2.00. P.P. 50p.
100,000mfd /10 volt, £1.50. P.P. 50p.
160,000mfd /10 volt, £2.00. P.P. 50p.

MINIATURE RELAYS
(1% x 1V 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 pole c/o0 75p. P.P. 15p.
2-pole c/o 85p. P.P. 15p.

S.C.R.
1 amp. 400 P.I V. 35p.

QUADROPHONIC DECODER MODULE
C.B.5./5.Q. Type using I.C. MC 1312P.
With slight modification direct substitute for
P.E. "RONDQ’’ Board. Complete with Data.
_£4.60 each. P.P. 25p.

PRINTED GIRCUIT KIT
The no frills all value kit. Containing 4 pcs 8 x
7 Formica laminate. 1 pce 6 x 6 Fibre glass

OVERLOAD CUT QUTS
Panel mounting 800 M/A 1.8 amp. 10
amp. 55p ea.

5amp. 400 P.1.V. 40p

MINIATURE “ELAPSED TIME”

INDIGATORS
{0.5000 hours) 45 x 8mm 75p. P.P. 15p.

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.

BULK COMPONENTS OFFER

Resistors/capacitors 600 new components
£2.75. P.P. 36p.
Trial order 100 pcs 75p. P.P. 20p.

D.C. SUPPLY
Input 240v. a.c. giving 17%v d.c. at 1%

HIGH-SPEED MAGNETIC

amp (unsmoothed) 2% x 2% x 2% in.

laminate, 1 Ib Etching Crystals, 50 c.c.
Resist ink, with instructions. COUNTERS &25._?._!’:15[).
£2.30 P.P. 50p. 4 digit (non reset) 24v or 48v ADVANCE TRANSFORMERS
(state which) “YOLSTAT”
TELEPHONE DIALS 4x1x1in £1.P.P. 20p Input 240v. a.c. C.V.50. 38v. at 1 amp;
(New) €1 P.P. 25p. 5 digit (non reset) 24v 1.50. P.P. 20p. 25v. at 100/m/a; 75v. at 200 m/a £3.
3 digit 12v (Rotary Reset) 2% x 1% x 1% P.P.65p
EXTENSION TELEPHONES T B P6%
(Type 706). Various colours ik Palis U)o C.V. 75 25v. at 2%2 amp. £3.25. P.P. 75p.
yp! . 0 6 digit (Reset) 220v. a.c. £3.50. P.P. 25p. C.V. 100.50v. at 2 amp; 50v. at 100 m/a
£3.95 P.P. 75p. £4.P P 75p.
12V MINIATURE S-DECS AND T-DECS C.V._250.25v. at 8 amp; 75v. at % amp.
UNISELECTOR S-DEC £1.90 'T-DEC £3.60 £6.50. P.P. £1.50. )
11 ways. 4 bank (3 non bridging, 1 homing), U-DEC A £4.20 U-DEC B £6.90 C.V. 500.45v.at 3amp; 35vat 2amp. £12.
£2.50 P.P. 35p. Post & Packing 25p. PP £176
H.T. TRANSFORMERS. Prim. 110/240v. TRANSFORMERS 200/240v. Secs. 1-3-8-9c. All at 1.5 amp.

Sec. 400v. 100 m/a £€3. P.P. 65p.

LT. TRANSFORMER. Prim. 240v. Sec.:
27-0-27 at 800 m/a £2.25. P.P.

50p.

L.T. 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.
50p.

L.T. TRANSFORMER. Prim. 240v. Sec. 18v.
1 amp. £1. P.P. 30p.

L.T. TRANSFORMER. Prim. 240v. Sec. 12v
at 1 amp. 80p. P.P. 25p.

L.T. TRANSFORMER. Prim. 110/240v.
Sec. 23/24/25v. at 10 amps £7. P.P. £1
L.T. TRANSFORMER. Prim. 110/240v.

Sec. 20/21/22v. at 8 amp. £6. P.P. £1.
LT. TRANSFORMER. Prim. 110/240v
Sec. 0/24/40v. at 1'%2. amp. (Shrouded).
£1.95. P.P. 50p.

LT 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. 50p.

LT TRANSFORMER (''C° CORE)

50v. at 1 amp. £2.50. P.P. 50p.

L.T. TRANSFORMER ("'C'° CORE)
200/240v. Secs. 1-3-9-27v. All at 4 amp.
£4. P.P. 50p.

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.

LT TRANSFORMER ('C'" CORE)
120/120v. Secs. 1-3-9-9v. All at 10 amp
£6.50. P.P.£1.50.

L.T. TRANSFORMERS ('C'° CORE)
110/240v. Secs. 1-3-9v. 10 amp. 35v. 1
amp; 50v. 750 M/A. £6.50. P.P. £1.50.

MAIL ORDER ONLY. PERSONAL CALLERS BY APPOINTMENT

www.americanradiohistorv. com
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BENTLEY ACOUSTIC
CORPORATION LTD.

ALL PRICES SHOWN INCLUDE V.A.T.

"0B2 045 | 6B8G 0.5, 6L6GC 0.68 | 12AV6 058 30P4AMR 1.05 | ARP3  0.60) EBF89
0Z4 055 | 6BA6  041]6L7(M) 058 | 12AX7 @39 | 30P12 0.80 | ATP4 0.50] EBL2I

1A3 6685 |6BCs 090|612 @47 12aY7 0.9 | 30p4  088'| AZI 050 ECS2
IASGT 059 | 6BES 641 0.60| EC53
1A7GT 060 | 6BG6G 123 050 [ EC54
1B3GT 058 |'6BH8 0.75 234 | EC86
1IC2 LIS | 6BJ6  0.64 1.85 | EC88
1D6 0.75" | 6BK7A 085 0.62 | EC92
1Gé L17 1 6BQ5 038 1.00 | ECC32
IH5GT 080 | 6BQ7A 0.84 0.28 | ECC33
1L4 025 | 6BR7 120 1.00 | ECC35
ILD5 .70 | gBRB 125 0.70 | ECC40
ILN5 070 |eps7 184 050 | ECC81

% | 6R7G 0. 90 | DE3
IRS 050 | gpw7 065 | 6R7(M) 088 | 12SA7GT 35L6GT 088 | DAC32 080 | ECC83

070 ?

Y 050 [ 1257 ©0.50] 3523 088 | DAFS6 0.60 [ ECCRS
IT4 030 |ggzg 057|65G7 Q52| 125G7 055| 35Z4GT 0.62 |DC% 070 [ ECC86
1U4 0.70 | 6C4 047 | 6SH7  ©55| 12SH7 0.50| 35Z5GT 0.90 | DD4 080 | ECCs8

U5 088 | 6C5G6 058 |6SJ7  0.64) 12507 080 42 1.00 | DF33 078 | ECC189
2D2 060 | gc6 047 | 6SKTGT 0.52| 125K7 0.64| 50B5  1.00 [DF9l  0.30| ECC804
2GK5 075 | 6C9 200 | 6SQ7 050 125N7GT 50C5 070 [ DF9%  0.85{ ECC807
2X2 070 ) gcip 080 | 6UAGT ©.82| 0.75] 50CD6G 146 | DH63 050 | ECFs0
3A4 080 |gCpsa 047 | 6UTG  0.55] 125Q7 076 50EH5 0.88 | DH76 050 | ECF82
3B7 053 | 6C12 040/ 6V6G 0307 125Q7GT 50L6GT 1.00 | DH77 053 | ECF86
306 047 |6C17 234 | 6VEGT 053 06| 72 o070 | DH8I 088 | ECFaM

34 085 | 6CD6G 1.60 | 6X4 047( 12sR7 0.73| 77 070 | DK32 060 | ECcH21
gsc-r 0.70 | 6CGBA 0.88 | 6X5GT 050{ 14H7 064 | 8542 075 | DK40 082} ECH35

5U4G 050 1 6DE7 0.8 [ 7F8 1.76| 20D1  0.80 [ 2155G 058 | DM70  0.80} ECI83
5v4G 058 | 6DT6A 0.8 | TH7 0881 20D4 234 | 301 117 | DM71 ECL84
5Y3GT 035 | 6Ewe 088 | 7R7 200 20F2 088 | 302 1.17 | DW4/350 ECLS5
5Z3 088 | 6E5 117 | 7v7 176 20L1 129 303 117 I
574G 055 | 6F1 . 080 7v4 080 20P1  1.00) 305 117 | DY87/6 0.41| EF22
5Z4GT 055 | 6F6G  0.80 | 724 080 20p3  0.94| 807 1.17 | DY802 0.47 | -EF40
6/30L2 0.80 | gr12 050 | 8B 050 20p4 117 956 0.60 | EB0CC 2.57| EF4l
6ASG 146 | 6F13  0.90 | 9BW6 0.8 20P5 150 [ 1821 117 | EBOF  220| EF42
6AC7 000 | 6Fl4 088 9D7 0.70 | 25A6G 0.70} 4033X 7.61 |'E83F  1.60| EF73
6AG5 035 | gF15 076 |10C2  0.76| 25L6G 0.70{ 5702 1.20 | E88CC  1.20| EF80
6AH6 080 | 6F1g 064 | 10DI  0.82| 25v5 080 5763  1.7¢ | E92CC 0.70| EF83
60| 6057  1.00 | EI80CC 0.82| EF85

@
e
=
»
b1
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3 A3042 .|
6AQ8 047 | 6H6GT 029 | 10PI8 049 30F5 0.75| AC2PEN1.17 | EAF801 0.80| EF184
6ARS 080 | 6J5GT .53 I2A6 0.75| 30FL1 110| AC2PENDD [EB34  0.35| EF8M4

B . 1.00
6AS7  LI7 | 6J7G 035 12AD6  0.90.| 30FLI2 1.05( AC6/PEN EBC41 088 EKS0
. . 0.60
6AU6 040 | 6JUBA 0.88| 12ATS 0.47| 30FLI4 0.82| AC/PEN(7) 1 EBC% 053 FL34
1.17

6AWBA 090 | gKBG 053 12AUS .53 | 30L15 0.82, AC/THI1 100 | EBF80  0.40] EL37

7A GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. Tel. 6743

MKT4
MU12/14

N308
N339
N379

070 | PCBS__070) PYS3 048 |U17  0#8] IN4952 0.84| AF180 o.2:| GDI1 026 OC4S 014
(] N4 035 i 028

L 0.
058'| PCC189 0.60] QP21

0.76 | PCC105 0.82 | QQV03/10  |-U37 205 | 2N3121 3.22|BAI29 0.16 | GET587 055 OC77 035
. 2.1

047 | PCF80  0.47 [ QS75/20 1.00 | U47 0.70 | 2N3708 0.26{ BAI53 020 | GET873 020 OC78D 029

120{ PCF82 050 QS95/10 1.00 | U49  0.85 | 2N3866 1.29]BCY10 058 | GETS32 6.4 | OCT® 052

1.10| PCF84  0.70 | QS150/15 us0 0.55' 2N3988 0.64{ BCY12 064 | GETS87 029 | OC81 014

250 1

.80
050 | PCFB7 0.0 | QV03/121.76 | U78 047 | AA119 020{BCY34 029'| GET890 029 | OC82 0.4

0.50 | PCF200 1.00 | QV04/7

0.70 | PCF201 1.05} QV06/20

0.82

0.65

0.50
0.50 | PCF805 0.85 | R18

PCFR06 0.60 | R19 0.75 { U281 075 [ AC126 0.161BC116 033 | GEX45 042 | OCI72 046

0.55| PCF808 0.82 | R20 0.65 | U282 0.70 | AC127 022{BCI118 020 | GEX55 087 | OC200
055 PCH200 1.00 [ R52 0. vas1 0.50 | AC128 028 | BF154 GT3 033 OC201 058
035| PCL82 045 [ RK34 1.0 [ U301  0.65| AC132 0.26|pF158 0.23 020 [ 0C202 055
035 | PCL83 050 { SPI3C 074 [ U329 0.94| ACIS4 0.33|BFisg 033 [ MATI00 0.56,| OC203 0.39
047{ PCL84 050 | TH4B 100 | U339 050 | AC158 028 |BFig3 028 | MATIOL 0.55Y OC204 0.39
1.00| PCL86 055 | TH233 1.00 ¢ U381 0.50 | AC157 033{BFI173 048 | MATI20 0.50 [ OC205
L17| PCL88 1.29 | TP2620 1.00 | U403  0.80 | ACI65 0.33. BF1s0 0.38 | OAS 016 | OC206
17| PCL800 111 | TP22  1.00| U404 075| AC66 0331 BF181 052 | OAl0 055, OC812
1.82 | PCL805/ 1.00 | US01 0.80{ AC167 0.77|BF185 052'| OA47 0.13 | ORPI2
0.55| PCL85 0. UABCS0 0.47 | U4020 0.75| AC168 0.49 fBFY50 029 | OAT0 020 7

148 | PEN25  1.00,| UBC41
0.80 [ PEN45 1.00 | UBCBL
1.20 | PEN45DD UBF80
1.00 | UBF89
0.80 | PEN46  0.80 | UBL2I
0.80 | PEN453DD | UCS2
0 200

0.80 | PENA4 117 | UCC85
1.00 | PENDD/ UCF80
4020 00

117 | PM8s 078 Uv4l
100 | PY31 052 UY4a2
250 | PY33/2 0.50| UY85
100} PYSD  047| UIO
100 PYBl 040 Ul2/14
117 [PYS2 o4 | U16

] 1%z 0ol
047 | U18/20 117 .
059 | U19 400 2No6s 0.88] AF239 049/ GD14 084| OCE 145
111Uz2  085|2N1756 ee4|ASy27 @35 GDI5 es2f| OC™  a16
11| U25 0.70] 2N2147 1.M0| ASY28 0421 GDI6 026| OC71 0.4
045 | U26  0.85] 2N2297
045 | U3l 0.50 | 2N2369A 0.18 b
0.50 } U33 1.75 [ 2N2613 0.50) BA115 0.18 | GET119 033| OC75 014
1.10 |.U35 1.75 | 2N3053 0.42] BAIl6é 023, GET573 0.49| OC76 020

<
Z
&
&
b3
g
Q
g
B
8
o
&

117 { U8l 080| AAI20 020]BCY38 029 | GET896 029 OC82D 0.M4
350 . i| ocss
0.80 | Ul91  050'| AAZ13 @23|BCI108 .18 | GETSg8 0.297| OC84 031

. SFT23
0.75 | VPI3C 0.60] ACI169 042 BFY5] 025 | OAT3 020 | SMI036
012

: 26

060 | VP4l 0884 ACI77 0.36|BTX34/400 | OA81 0.2 | SX1/6
047 | VR105 0.59| ACY17 033 © 257 | 0ABS 042 | U14706
047 [ VTBIA 076 'ACY18 038{Byi00 023 OAB6 028 | XZ30
234 (vuill 0801 ACY1S 025(Byior 020 OAS0 0.6 | Y543
060 | vUI20 1177 ACY20 023[BYI05 023 | OA9l ou2| Y728
090 | VUI20A 1.17 | ACY21 025 BYIl4 023 | OA%5 012
053 | VUI33 080 | ACY22 0.20| BYI26 020 [ OA200 0.12

BEGEERSERECE

234 | WBIM 117 | ADI40 047|BYY23 129 [ 0A210 0.6 ALL

088 wig7 075 | ADI4S 0.64]| BYZio 033 [ OA211 088
047 | W729  117| ADI6l 0591BYZII 033| OCI9 16| PRICES
045 | XE3 585§ AD162 .58 ByZi2 033 | OC22 048

064 | XFY)2 038 AFI02 1.16/BYZI3 o33 | ocz 049 | INGLUDE
082 [ XHI5 056] AF106 0.64]BYZI5 228 | OC24 049 VAT
082 | X41 100 | AFI14  033|CGI2E 026 | OC25 049 A
0.41 | x61 146 | AFI115  020]CGeari 026 0C28 0771 NOTHING
052 | X65 146 | AF117  0.25] FSY11A 029 | OC29 @81

047 | X66 146 AFI21 039\ FSv4ia 029 | OC36 055 EXTRA
075 | X76M 0851 AF124 033G 042 | OC38  9.55 T0
0.49 | XSGI5 117) AFI25 022/GD5 036 | OC4l 064

060} Z145 088] AF126 023|GDé 036 | OCa2 081 PAY

100 | Z152 030| AF139 084[GD8 026 | OCas 132
1177320 0751 AFI78 088{GDa 026 OC44 018}

0.35| 2729 0.50 MATCHED TRANSISTOR SETS

0.58 | 7749 080 | LP15(AC113. AC154, AC157, AA120), 88p per pack.
060 | 2759 5.85 1/0C81D and 2/0CB1. 35p.

050 " Transistors | 1/0C44 and 2/0C45, 55p.

1.17 | and Diodes 1/0CB2D and 2/0C82, &2p. Set of 3/0C83, 84p.

1174 IN1124A 0.68 1 watt Zenners, 24v., 2.7v, 3v.. 36v.. 4.3v.. 4.7v.. 5.lv..
117 ] IN4744A0.18 13v..15v. 16v.. 18v.. 20v , 24v., 30v., 23p each.

171 All goods are unused
pm Closed 1-2p.m.

850 | 25p for post and packi
0.60

045 request. Many others

05
29|  Terms of business. Cash or cheque with order. Despatch charges: — Orders below £10 in value, add

Any parcel insured against damage in transit for 5p extra per parcel. Conditions of sale available on

and subject to the manufacturers’ guarantee. Business hours Mon.-Fri. 9-5.30

ng. Orders over £10 post and packing free of charge. All orders cleared same day.

1N stock 100 numerous to hist, Please enclose S A.E. for reply to any enguiries.

6AX4 088 | 6L) 2.34) 12AU7 039 | 30L17 0.76] ALG0 1.17 | EBF83 050] E141
e

hand

JEHT)

]
8Ci788 18 |BC261A 16 | BC559° @

TRANSISTORS

p p | BC132° 11
2C125 2o | ASv2n 30 | BCy35' 12 | BC1798 19 |BC262A 15 [ BCY70 1m
AC126 34 | BC136° 16 | BC182B° 10 BC266A 18 | BCY71  1u
AC127 30 [ BC137° 16| BC1B2L" 11 [BC267A 14 [ BCY72 14
AC128 34 [ BC138 15| BC183B° 10 [BC268B 13 [ BD115  6i
AC132 70 [ 8C139 35 | 8C183L" 10 |BC269 13 | BD121 90
AC141 15 [ BCta2 22 | BC1848' 12 |BC287 20 [ 80123 90
AC142 10 [ BC1a3 24 | BCI1BAL® 11 |BC300 27 [ BD124 68
AC161 12 | BCi1a7a 9 | BC186 25 | BC301 26 | BD131 36
AC153 10 | BC1478° 10 | BC187 26 [BC302 24 | BD132 38
AC176 4 |8ct48" 9 | BC204A" 16 [BC303 30 | BD133 65
AC188 6 | BC1488" 10 | BC205A° 15 |BC304 27 | BO13%" 37
AD161 11 [ BC14968° 11 | BC206A° 15 | BC307A 16 [ BD136" 39

12 | BC149C 11 | BC207A° 11 | BC308A' 14 | BD137° 44
10 | 8C153° 18 | BC20BA" 11 |BC3098" 16 | BD138" 47
al115 24 | BC708B 11 | BC154° 18 | BC209B' 13 [BC317A° 12 | BD139" 54
45116 24 | BC109 11 | BC1578° 12 | BC2124° 13 [BC3198° 12 | BD155" 75
4117 24 | pic1098 12 | BC158A° 12 | BC212L ° 15 | BC3228° 15 | BD165' 34
#7118 47 | BC109C 13 | BC159A° 12 | BC213B° 12 | BC327° 20 | BD232" 70

7124 30 | BL150 15 | BC167A° 11 | BC213L° 14 | BC328° 18 | BDY20 80
A126 30 | EC116 15 | BC1688° 14 | BC214" 15 [BC337° 18 | BF115 22
41126 28 | BC117° 18 | BC171A° 14 | BC214L" 17 |BC338° 16 | BF154° 20
21139 34 | BC118° 10 | BC172A° 15 | BC237A" 16 |8C461 36| BF158° 20

;-186 60 | EC119 28 | BC1738° 16 | BC238A" 15 [BCS557° B | BF159° 26
AF239 37 | Bi125° 14 | BCY77 17 | BC2395° 15 | BC558” E | BF160" 20

SILICON RESISTORS INTEGRATED BRIDGE DIL
RECTIFIERS 1p’ each CIRCUITS RECTIFIERS SOCKETS
50V 3A  13p ¥ watt E12 100V 1A 24p |
100V 3A  15g range T A WO 01 | 8p
200V 34 18y 1310m) DIGIT SR 2007 1A 25p 14
e, | 300 B WO 02 16 4
THYRISTORS == 740) e 400v 1A 26p
100v 1A 30p DIODES 7402 Tup WO D4
200V 1A 40p INAQO2 6p 7403 1Bp
600V 1A 80p INAOOS  10p 7404 |
BT106 120 IN412B 5y |
INTEGRATED ZENERS (400mw) VOLTAGE LED
CIRCUITS B2X83/BZY88 REGULATORS 125R Red
LINEAR 3V3 3v6 3v9 103 1254 Amber
709 (8 pn D) 40p av3 4v7 5v1 125Y Vellow
5V6 6V2 BVS 5V 1A 1985 TIL2Dg Red
741 Bpn D) 43p V5 BV2 8v1 | 12v 14 174
10V 12v 13V 15V 1A 150
NESSS 60p 15V 18V 30v

All at 12p° each

VAT — Items marked " add 25% Rest at 8%
$ A E for full st of compenents Same day despaich to Mail Order Customers
Min Order + 1 P&P 25p Callers Mon -Sat inc

gford, Oxon, OX10 ODE
SPWALFRD 849349
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COMPONENTQ

CARBON RESISTOR PAKS
These Paks contain a range of Carbon
Resistors, assorted into the following

groupsi—
R.1 50 Mixed 100 chms —
820 ohms %th W
R2. 50 Mixed 1K ohms —
8.2K ohms Yth W
R3. 50 Mixed 10K ochms —
82K ohms Y%th W
R4. 50 Mixed 100K ohms —
820K ohms Ath W
R5. 30 Mixed 100 ohms —
820 ohms %4 W
R6. 30 Mixed 1K ohms —
8.2K ohms %4 W
R7. 30 Mixed 10K ohms —
82K ohms 4 W
R8. 30 Mixed 100K ohms —
820K ohms % W

0.60
0.60
0.60
0.60
0.60
0.80
0.60
0.60

These are unbeatable prices.

LOW COST CAPACITORS
500 S0V Elect
01 uF 400V

0.09 each
0.03 each

REPANCO CHOKES & COILS
RF Chokes CHI 2.5mH 027
CH3 7.5mH 0.2%
CH5 1.5mH 026
CH2 50mH 028
CH4 [0mH 031
DRXI Crystal set 0.29
DRR2 Dual range 0.42

COILS

CARBON POTENTIOMETERS
Log and Lin 4.7K, 10K, 22K, 47K, 100K,
220K, 470K, 1M, 2M.

VC 1 Single Less Switch 0.20
VC 2 Singie D.P. Switch 0.40
VC 3 Tandem Less Switch 0.60
VC 4 1K Lin Less Switch 0.20
VC 5 100K Log anti-Log 0.60
HORIZONTAL CARBON PRESETS

0. watt 0.09 each

100, 220, 470, 1K, 2.2K, 4.7K, 10K, 22K,
47K, 100K, 220K, 470K, 1M, 2M, 4.7M.

_REPANCO TRANSFORMERS »

240V. Primary. Secondary voltages
available from selected tappings 4V, 7V,
8V, 10V, 40V, 50V and 25V-0-25V.

Type Amps Price P&P
MT50/% Y £1.79 0.45
MTH0/1 1 £2.24 0.48
MT30/2 , 2 £3.06 0.60
COIL FORMERS & CORES

NORMAN %" Cores & Formers  0.07p
%" Cores & Formers 0.09p

SWITCHES
DP/DT Toggle 0.28p
SP/ST Toggle 0.22p

FUSES

20mm, 100mA, 200mA, 250mA, 500mA,
1A, 1.5A, 2A QUICK BLOW

*0.05p each
Anti-surge 20mm only *0.8p each
VEROBOARDS »
VB 1
containing approx. 5()sq ins. various
sizes all 0.1 matrix *0.60p

VB 2
containing approx. 50 sq. ins. various
sizes all 0.15 matrix

DECON-DALO 33PC Markers

Etch resistant printed circuit marker
pen. Full instructions supplied with
each pen *0.92p

*0.60p

| INSTRUMENT CASEj

(A

AUDIO LEADS

{In 2 sections, Black Vinyl covered top
and sides and bezel)

SOLDERING IRONS

x25. 25 watt ........... ..., *£2.45
Model G. 18 watt . .. *€2.70
CCN 240. 15 watt . . *£2.90
SK2.Soldering Kit . *£3.90

BITS AND ELEMENTS +

No. Length ~Width ~— Heighi  Price Bit No.
BVI 3"g X 5% x 2”3 *£1.25 102 for model CN240 3/32" *42p
BV2 11" x 6" x 3° *£l.62 104 for model CN240 3/16" *42p
BVZ 6" x 4%” x 1%’ *£0.92 1100 for model CCN240  3/32" *42p
BV4 9 x 5% x 2%’ *g£1.39 |10l for model CCN240 3/8” *42p
t 1102 for model CCN240 W o*42p
. ] 1020 for model G240 3/32" *42p
ALUMINIUM BOXES 1021 for model G240 1/8" *42p
No. Length Width Height Price 1022 for model G240 S v
BAL - S4%x2d” x La 045 for model X25 1/8" *443
BA2 4" x4” x 1%” *0.45 "
BA3 & xW x I *0.45 52 for mode] X25 3/16” *44p
BA4 % x4” x 1w *0.54 ELEMENTS +
BAS 47 x24" x 2 *0.45
BA6 3" x2' x 17 s03y Model ECY ddip
BA7 7' x5 x 2" *79 M EG 240 £1.35
BAS 8’ x6° x 3 +g1.02 Model ECCN 240 £1.55*
. 0 m ‘es Model EX 25 £1.20*
BA9 6" x4" x 2 *0.65 -
(Each complete with %" deep lids & SOLDERING IRON STAND
SCrews) .
PLEASE ADD 20p POSTAGE AND ST3 Suitable for all models ‘lil.lo
PACKING FOR EACH BOX Antex heat shunt 10p
= PLUGS PRICE
COMPONENT PAKS PS I D.LN. 2 Pin (Speaker) 0.10
— ] PS2 D.IN.3Pi 0.11
Fak Qty Description Price bS53 DIN. 4 Pin 0.14
5 .LN. 4 Pi .
CI 200 Resistors mixed values ps 3 DILN.5bin 1807 HEH
approx. count by weight .60 PS 6 DIN. 6 Pin 0.I6
C2 150 Capacitors mixed yalues PS 7 D.l.Nl 7 Pin 0'”
c3 5o brox countby weight 80 pS g Jack 2.5mm Screened 017
ecision Resistors mixe "
PS 9 Jack 3.5mm Plastic 0.11
values
C4  75%th W Resistors mixed ES I i st o
preferred values 60 bS 12 Jack %" Screened 0.20
& 3Hecesassorted Ferrite Rods.60  pg 13 Jack Stereo Screened 033
o} 2 Tuning Gangs. MW/LW PS 14 Phono 0'09
VHF .60 ; ;
C7 1 Pak Wire 50 metres i e ol
assorted colours *80 .
C8 10 Reed Switches *60 INLINE SOCKETS
€9 3 Micro Switches *.60  PS 21 D.IN. 2 Pin (Speaker 0.13
Cl0 15 Assorted Pots & Pre-Sets .60 pg 22 D.IN. 3 Pin s b 0.19
CI1 5 Jack Sockets 3 x 3.5m, 2 PS 23 D.I.N.5 Pin 180° 0.19
", Xstandard Switch Type 60 pS 24 D.LN. 5 Pin 240° 0.19
CI2 30 Paper Condensers pre- PS 25 Jack 2.5mm Plastic 0.15
ferred types mixed values .60 pS 26 Jack 3.5mm Plastic 0.15
C13 20 Electrolytics Trans. types .60 PS 27 Jack %" Plastic 028
Cl4 1 Pack assorted Hardware- PS 28 Jack %" Screened 0.32
Nuts/Bolts,Grommets. etc.*60  pg 29 Jack Stereo Plastic 028
CI5 5 Mains Slide Switches, PS 30 Jack Stereo Screened 0.35
2 Amp ) 60 pg 31 Phono Screened 0.17
Cl6 20 Assorted Tag Strips Panels .60 pS 32 Car Aerial 0.20
C17 10 Assorted Control Knobs .60 pg 33 Co-Axial 0.20
Cl8 4 Rotary Wave Change —
Switches .60 SOCKETS
Cl9 2 Relays6-24V Operating *60 pS 35 D.IN. 2 Pin (Speaker) 0.07
C20  Sheets Copper Laminate. PS 36 D.L.N. 3 Pin 0.09
approx. 200 sq. ins. *.60 PS 37 D.LN. 5 Pin 180° 0.09
Please add 20p post and packing on all PS 38 D.IN. 5 Pin 240° 0.10
component packs, plus a further 10p on  PS 39 Jack 25mm Switched 0.11
pack nos. C1,C2, C19 & C20. PS 40 Jack 3.5mm Switched 0.11
PS 41 Jack %" Switched 0.19
| AVDEL BOND ] PS %2 Jack Stereo Switched 0.28
PS 43 Phono Single 0.07
SOLVE THOSE STICKY PS 44 Phono Double 0.09
S 46 Co-Axial Surface 0.09
PROBLEMS! PS 47 Co-Axial Flush 0.19

CYANGACRYLATE G2 ADHESIVE

The wonder bond which works n
seconds. Bonds plastic, rubber, transis-
tors, components, permanently. imme-
diately!

OUR PRICE ONLY 70p *
for 2 gm phial

BATTERY HOLDERS«
Takes 6 H.P. 7's complete with terminal
clip and lead *0.31p each

V.AT.

ALL PRICES
EXCLUDE V.A.T.

Please add 8% to all prices
marked *. Remainder add
25%. DoNOT add V.A.T. to
prices marked 1.

CABLES " Per Metre
CP 1 Single lapped screen *0.08
CP 2 Twin Common Screen  *0.11
CP 3 Stereo Screened *0.12

CP 4 Four Core Common

Screen *0.21
CP 5 Four Core individually

screened *0.28
CP 6 Microphone Futly

Braided Cable *0.11
CP 7 Three Core Mains Cable *0.11
CP 8 Twin Oval Mains Cable *0.08
CP 9 Speaker Cable *0.06
CP 10 Low Loss Co-Axial *0.14

PCP

Postage and Packing add 25p
unless otherwise shown. Add extra
for airmail. Minimum order £1.00

| P.C.B. KITS & PENS

PROFESSIONAL D.L.Y. PRINTED
CIRCUIT KIT

Containing 6 sheets of 6" x 4" single
sided laminate. a generous supply of
etchant powder, etching dish, etchant
measure, tweezers, etch resistant
marking pen, high quality pump drill
with spares, cutting knife with spare
blades. 6" metal ruler, plus full easy to
follow instructions.

*£7.80 per kit
Spare container of etchant for above,
complete with instructions *70p

P.C.B. MARKING PENS

2 x quality market pens. specifically
designed for drawing fine etchant
resistant circuits on copper laminate.
Complete with full instructions *£1,53
per pair

| LOW-NOISE CASSETTES |

§221 5 pin DIN plug to 4 phono plugs
£

length 1.5m 1.08
$222 5pin DIN plug to 5 pin DIN socket
length 1.5m

S$237 5 pm DIN plug to 5 pin DIN plug

mlrror:mage length 1.5m £1.20

$238 2 pin DIN plug to 2 pin DIN socket

length 5m .68p

$268 5 pin DIN plug to 3 pin DIN plug 1

&4and3&5|englh15m £1.00

$270 2 pin DIN plugto 2 pin DIN socket
lengl 10m

S271 5 pin DIN plug to 2 phone plugs

connected to pins 3 & 5 length

1.5m .70p

$275 5 pin DIN plug to 2 phono sockets

connected to pins 3 & 5 length

23cm .68p

S318 5 pin DIN socket to 2 phono plugs

connected to pin 3 & 5 Ienésh

m .68p

23c
5404 Coiled stereo headphones exten-
sion cord extends to 7m £1.40
S217 3 pin DIN plug to 3 pin DIN plug

length 1.5m .80p
S219 5 pin DIN plug to 5 pin DIN plug
length 1.5m .80p

S474 3 Smm Jack to 3.5mm Jack Ieng!h

1.5m .68p

S600 5 pin DIN plug to 3.5mm Jack

connected to pins 3 & 5 leng(h
1.5m

S700 5 pin DIN plug to 35 jack

connected to pins 1 & 4 length

m .80p

[ CROSSOVER NETWORK |
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SEMICONDUCTORS

[_ceramic paks |

Containing a range of miniature
ceramic capacitors in mixed values,
unrepeatable value.

MCI1 24 ceramic capacitors: 22pF,
27p¥. 33pF, 39pF, 47pF, 56pF, 68pF
and 82pF .60

MC2 24 ceramic capacitors: l()OpF
120pF. 150pF.180pF, 220pF, 270pF,
330pF. and 390pF ........... 0.60

MC3 24 ceramic capacitors: 470pF,
560pF, 680pF, 830pF, 1000pF,
1500pF, 2200pF, and 3300pF . 0.60

MC4 21 ceramic capacitors: 4700pF,
6800pF, 014F, .0154F, .022,F, .033uF
and 047pF ................. 0.60

[MAMMOTH i.C. PAK

APPROX. 200 PIECES
Assorted fail-out integrated circuits,
including: Logic, 74 series, Linear,
Audio and D.T.L. Many coded devices
but some unmarked — you to identify.

OUR SPECIAL PRICE £1.00

WORLD SCOOP | *

JUMBO SEMICONDUCTOR PAK

Transistors — Germ. and Silicon.
Rectifiers — Diodes — Triacs —
Thyristers — 1.C.’s and Zeners. ALL
NEW AND CODED.

APPROX. 100 PIECES
Offering the amateur a fantastic
bargain PAK and an enormous saving
- identification and data sheet in every

K4007 1/P Impedance 8 chms. k. NLY £1.85

(2-way) Insertion Loss 3dB. pax. ONLY, each
Fi cy 3KHz.
oo e e b1 |_BIB HI-Fi ACCESSORIES |
3 REF PRICE
S IERED D’ 2 Hi-ti Cable & Flex Tid. *34p
¢ -k e ex Tidy

H/PHONE JUNCT BOX J'  Tape Head Cleaning Kit 72p
H 1012 Enablies change-over from ‘P' Hi-FiCleaner *30p
loudspeaker to headphone listening. Model 9 Wire Stripper *£1.00
Also has a centre position for both 23 %" Tape Editing Kit *£1.80
outputs. PRICE £1.73 24 's” Cassette Editing Kit *£1.84
= 29A Salvage Cassette *44p
HANDBOOKS 32A  Stylus Balance £1.28

TRANSISTOR DATA BOOK. DTE 2
227 Pages packed with information on
European Transistors. Full specifica-
tion including outlines.

Price t £2.95 each
TRANSISTOR EQUIVALENT BOOK
BPE 75 256 Pages of cross references
and equivalents for European, Ameri-
can and Japanese Transistors. This is
the most comprehensive equivalents
book on the market today and has an
introduction in 13 languages.

Price t £2.68 each
DIODE EQUIVALENT BOOK DE 74
144 Pages of cross references and
equivalents for European, American
and Japanese Diodes, Zeners, Thyris-
tors, Triacs. Diacs and L.E.D.’s.

Price t £1.98 each
MULLARD DATA BOOK 1876
MDB 74 The latest edition of this
popular handbook contains informa-
tion on Semiconductors, Integrated
Circuits, Television Picture Tubes,
Valves, Capacitors and Resistors.
Included in the 161 informative pages
are 21 pages on Semiconductor
Comparables Price t £0.50 each
TTL DATA BOOK DIC 75 Now
complete Data book of 74 series TTL
(7400-74132). Covering 13 main manu-
facturers in US.A. and Europe. this
book gives full data as well as
equivalents et £3.74
THE WORLD'S BROADCAST]NG
STATIONS WBS 75 An up-to-the-
minute guide for those interested in
DX-ing. Contains all the world's
broadcasters on SW, MW and LW, as
well as European FM/TV stations.

Price t £3.56

A full range of technical books
available on request.

INDICATORS |

3015F Minitron 7 Segment Indicator
*€1,11

 SIL G.P. DIODES |

33 Splicing Tape *38p
36A Record & Stylus Cleaning Kit *32p
41 8 Track Cartridge Head Carrier
88p
Model 42 Groov-Kieen *£1.84
42/S Roller & Brush for REF 42 & 2000

*24p
43 Record Care Kit *£2.76
45 Auto Changer Groov-Kleen  -98p
46  Spirit level *72p
48 Record Dust-off *26p
52A Cassette Tray *54p
53 Hi-Fi Stereo Test Cassette  *£2.40
56 Hi-Fi Hints & Tips Book *48p
Model 60 Groov-Kleen *€1.72

160/S Replacement Brush Velvet Pad

and Base Sticker for Model 60 *24p

62 Cassette Head Cleaner (Liquid) 48p

71 Record ‘Dust Off' (Displays of !gn)
*

71A Record 'Dust Off' (Bubble Pack)
*

75 Indexa Record *£1.50
76 Stylus Cleaner *36p
78 Cassette Fast Hand Winder  *98p

83 Cassette Title & Container Labels
(20 & 10) *36p

[UNTESTED LIN PAK |

Manufacturers “Fall Outs” which
include Functional and part Funcuonal
Units. These are classed as "out-of-spec’
from the maker’s very rigid specifica-
tions, but are ideal for learning about
L.C.’s and experimental work.

PAK NO. CONTENTS PRICE
ULIC709 = 10 x 709 060
ULIC7i10 = 7 x 710 060
ULIC741, = 7 x 741 0.60
ULIC747 = 5 x 747 060
ULIC748 = 7 x 748 0.60

|G.P. SWITCHING TRANS|*

TOI8 SIM. TO 2N706/8
BSY27/28/95A. All usable devices. No
open and shorts. ALSO AVAILABLE IN
PNP similar to 2N2906, BCY 70.

20 for 75p, 50 for £1.50, 100 for £2.50, 500
for £12, 1,000 for £20
When ordering please state NPN or

“PAN

C6G *33p

C90 *44p 300 mW 40 PIV(min) SUB-MIN

Ci20 *56p FULLY TESTED

— Ideal for Organ builders
SLIDER PAK 30 for 50p*, 100 for £1.50*, 500 for £5*

1,000 for £9*

Containing a range of stider pots.

SPl 6 mixed valuessliders. . ... 0.60

SP2 6 470R Lin, sliders. .. 0

SP3 6 10K Lin. slider .. ..

SP4 6 22K Lin. sliders .

SP5 6 47K Log. sliders.

SP6 6 47K Lin.sliders . o

e mmoe moemoemmemoem PO BOX

anana oaaricanradinhictans, caom
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PUSH-BUTTON

STERED
FM TUNER

Fitted with Phase Lock-loop Decoder

* FET Input Stage

* VARI-CAP diode tuning
* Switched AFC

* Multi turn pre-sets

* LED Stereo Indicator

Enjoy the quality of a magnetic cartridge with
your existing ceramic equipment using the new
M.P.A. 30, a high quality pre-amplifier enabling
magnetic cartridges to be used where facilities
exist for the use of ceramic cartridges only.

It is provided with a standard DIN £2 6

input socket for ease of connection.
—

OUR PRICE ONLY .

£19.9

The 450 Tuner provides instant program selection at the touch
of a button ensuring accurate tuning of 4 pre-selected stations,
any of which may be altered as often as you choose, by simply
changing the settings of the pre-set controls

Used with your existing audio equipment or with the BI-KITS
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 canl
be used if no suitable supply is available, together with the
Transformer T461.

The S450 is supplied fully butilt, tested and aligned. The unitis
easily installed using the simple instructions supplied

Full instructions supplied.

Typical Specification:
Sensitivity 3). volts
Stereo separation 30db
Supply required 20-30v at
90 Ma max.

POSTAGE &
PACKING

Postage & Packing add
25p unless otherwise
shown. Add extra for
airmail. Min. £1.00

STEREO PRE- AMPLIFIER

OUR PRICE

£1 3.50

Frequency Response + 1dB 20H:z
20KHz Sensitivity of inputs
1. Tape Input 100mV into 100K ohms

2. Radio Tuner 100mV into

A top quahty stereo pre-amplifier
and tone control unit. The six

push-button selector switch pro- 100K ohms
vides a choice of inputs together 3. Magnetc P U 3mVinto
with two really effective filters for 50K ohms - CHASSIS

high and low trequencies, plus tape
output.

P U. input equalises to R1AA curve with /
1dB from 20Hz to 20KH:z

Al.lll

MK. 60 AUDIO KIT: Comprising 77" ~ 2035V 2120ma

2 x ALBO's. 1 x SPMEO. 1 x Dimensions

BTMBO. 1 x PA100. 1 front panel 2gomm * 89mm

and knobs. 1 Kit of parts to include AUDIO

on/oft switch, neon indicator

stereo headphone sockets plus AMPLIFIER MODULES

instruction booklet. COMPLETE The AL10. AL20 and AL30 units

PRICE £27.55. plus 62p are similar in their appearance and

TEAK 60 AUDIO KIT: postage in their general specification
However. careful selection of the

Comprising: Teak veneered cabinet
size 16%''x11%'"x3%"" other
parts include aluminium chassis
heatsink and front pane!
bracket plus back panel
and appropriate sockets
etc KIT PRICE £9.20
plus 62p

ostage. A
e ® Harmonic

& Load Impedance 8-16ohm

SPECIFICATION:

plastic power devices has resulted
in a range of output powers from 3
y 10 10 watts R.M.S.

The versatility of their design
makes them ideal for use in record
players, tape recorders, stereo
amplifiers and cassette and car-
tridge tape players in the home.

3 watts f=1KHz 02.5%

@® Size: 75mm x 63mm x 25mm

Distortion Po=

Frequency response +3dB Po=2 watts 50Hz-25Hz

/O
® Sensitivity for Rated O/P — Vs=25v. RL=80ohm f=

AL10
3w R.M.S.

£2.30

1KHz 75mV.RMS

swims. £2.65 1onnms.£2.95

COMPLETE AUDIU

STEREO 30
Vs

| 747 waTtTs
R.M.S.

stereo

The Stereo 30 comprises a complete
pre-amplifier, power amplifiers and power supply. This,
with only the addition of a transformer or overwind will
produce a high quality audio unit suitable for use with a
wide range of inputs i.e. high quality ceramic pick-up,
stereo tuner, stereo tape deck etc. Simple to install.
capable of producing really first class results. this unitis
supplied with full instructions, black front panel knobs.
main switch, fuse and fuse hoider and universal
mounting brackets enabling it to be installed in a record
plinth, cabinets of your own construction or the cabinet
available. ldeal for the beginner or the advanced
constructor who requires Hi-Fi performance with a
minimum of installation difficuity {can be installed in 30

mins)
TRANSFORMER £2.45 plus 62p p &p

TEAK CASE £3.65 plus 62p p & p.
NEW PA12 Stereo

* Max Heat Sink temp 90C. * Frequency response

I_ Bn 25 Watts (RMS)

Pre-Amplifier com-
pletely redesigned
for use with AL10/
20/30  Amplifier
on/off volume.

Bulnnco Bass and Treble controls. Complete

20Hz to T00KHz » Distortion better than 0.1 at TKHz %
Supply voltage 15-50v * Thermal Feedback % Latest
Design Improvements x Load — 3,4,8, or 16 ohms *
Signal to noise ratio 80db * Overall size 63mm. 105mm.
13mm.
Especially designed to a strict specification. Only the
finest components have been used and the latest
sohd-state circuitry incorporated in this powerful httle

£ 3‘ 95

amphhier which should satisfy the most critical AF
enthusast

Frequency Response 20Hz-20KHz with tape output.
(—3dB}. Bass and Treble range
12dB. Input Impedence 1 meg ohm.

Input Sensitivity 300mvV. Supply

requirements 24V 5mA. Size 152mm

x 84mm x 33mimn. u

Stahilised Power Supply Type SPM80

SPM8O is especially designed to power 2 of the AL60 Amplifiers,
up to 15 watts (R.M.S.) per channel simultaneously. With the
addition of the Mains Transformer BMT80, the unit will provide
outputs of upto 1.5A at 35V. Size- 63mm. 105mm. 30mm

Incorporating short circuit protection £ 3 n
[ ] 0

Transformer BMT80
£2.60 + 62p postage
wwaLamericanradiohistorv. com

Input voltage 15-20v A.C. Output voltage 22-30v D.C
Output current 800 mA Max. Size 60mm x 43mm x 26mm

Transformer T528 £2.30

PS12

OUR PRICE £‘| -20

1-PANK

P.0. BOX 6, WARE, HERTS.
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High quality competitively priced Knobs in production
quantities only. Min. order 1000 Pcs of any one of 266 types!

KNOB CAT.: WW124 FOR
FURTHER DETAILS

<4

We can now affer a range of
Mini and Micro Motors with .
or without gear heads for
ACand DC operation.

MOTORISED ZOOM
LENSES FOR TV & CCTV
USE

— e E——— e —
DC pulse driven Turntable

Units of especially high
performance.

NDK CAT.: WW125 FOR
FURTHER DETAILS

ENVIRONMENTAL TEST
EQUIPMENT

A Standard Range offering
the following facilities:

High temperatures to 500° C
Low temperatures to —76° C

Humidity Cycling
Thermal Shock
Vibration

Pressure Cycling

LABORATORY
TYPE SE65E
| oL !
W TYPE TAD

M amprmRs Oms 48 66 85 118 150

228 L) x X X x X
42 50 7 106 1D
S SuA  £3.73 £391 £4.00 £5.00 £5.55
o S00uh £144 E36) £3.82 E4.72 £5.42
ImA - £337 £354 £3.74 £463 €533
I10C €340 £359 £377 £457 £5.36
00AC £357 £3.76 €394 EA.B3 £5.40

YU METERS AVAIL.

Sand and Dust exposure
Corrosive Gas exposure
Explosion Test

Also embraced in
the range of
manufacture are-

VACUUM DRYING EQUIPMENT

TYPE SA
Dims 43 51 61 2
L] x x x X
- a3 .5 61 i)
504  £362 €369 397 a2
500K €331 £330 £363  £386
ImA  £321  £328 E353  £382
IW0C €325 €332 360 386
00VAC €349 €356 EITT 6402
YU METERS AVAIL.

HYPERBARIC OXYGEN SURGERY
CHAMBERS

TABAI INFO.: WW126 FOR

FOR YOUR PRODUCTION REQUIREMENTS USE
ALPS PANEL METERS
ial quantity to

Remember! We are the sole importers!

FURTHER DETAILS

SPECIALIST STOCKISTS OF SERVOMOTORS, SYNCH ROS. TEST EQUIPMENT, METERS AND CONNECTORS

CSem&o ano[ élec{ronic CSales ﬂlol

24 HIGH ST., LYDD, KENT TN29 9AJ. Tel. Lydd 20252 (STD' 0679) VAT No.
201-1296-23. TELEX 965265

(Established 1953,

B ——

)
e TYPE SR

9 Yy 4 Dima 3 i} 2
b A AN ™ x x X
- ;’ L 56 63 72

i Sk £403 €428 452

e ket § o 500uA £368  £393 £4.18

I £358 (383 £408

15v0C £370 £394 419

300 £383 297 a2

LEMANIA AIRCREW
CHRONOGRAPHS

Stainless steel case with screw back, luminous
hands and markings One-fifth sec sweep hand
and P y of main
by press to start stop and return to zero button.
154ewel movement Many of these watches are
as new but all have been compietely overhauled
and checked for accuracy Fitted strap White face

£18.80. Black face £19.75 inc P &P

GS WATCHES

All with brushed stainless steel case with screw
back and black faces Manufactured by TIMOR,
ETERNA, LEMANIA, VERTEX RECORD, CYMA,
e, to a sandard specification Completely
overhauled Fitted strap €9.05 (inc P &P ) We
also have hmited quantities of these watches by [
BUREN. HAMILTON and MWC at €15.30 inc.
P &P. SMITHS GS watch with sweep secon A
hand £8.25 inc P &P & VAT All watches: 3
Inspection against remittance.

LEMANIA STOPWATCHES
Fitted with one red and one black sweep hands independently
controlled enabling elapsed penods forming part of the main
period 1o be measured separately without stopping the
measurement of the main time pernod. Absolutely mint
condition but cleaned and checked. £18 inc. P.&P. & VAT.

1/10 SEC. STOPWATCHES
Overhauled, £8.80 (inc. P.&P. & VAT).

1/100 SEC. STOPWATCHES
0-6 soc., £8.80 (inc. P.&P. & VAT).

CAMBRIDGE INST. MIRROR GALVOS

4.50 ohm, £10 (inc. P.&P. & VAT).

500-WATT CW TRANSMITTERS
1.5 10 26MHz. P.O.A.

HEAVY DUTY FLEXIBLE POWER

CABLES
Type A 2 core each 750A 440 VAC. Type B 4 core each 200A
440 VAC 100 ft lengths.

PANEL DISPLAY RECORDING CAMERA

Manufactured A.G.I. Specifically for the recording of complex
nstrument displays on 2%in X 2%in shots Fitted 80mm
F3.5 lens. Shutter speeds 1/100, 1/50, 1/25 sec and time
exp. Focusing at 1.75 to 50ft. iIn 18 steps. Aperture settihgs
F3.5 10 F22. Pnsmatic viewhinder and facility for viewing
direct on ground glass screen. Rotating filter attachment. Cord
film advance and shutter cock with separate Button control
and electncal release faciity (24V DC). Spool holds 40
exposures. Camera may be wall mounted on bracket suppled.
Topod mounting socket provided. In wooden case. Two
grades available as new. Grade A £35.50 (nc. P & P ang
VAT). Somewhat used but serviceable Grade B £28.40 (inc P
& P and VAT).

SERVOMOTORS

w SYNGHROS

NEW ADDITIONS to our range of
PANEL METERS available at present only
in MANUFACTURING QUANTITIES

SE45 64 X 52mm

SES2 80 x 60 mm

SE65 100 x 80 mm

SE85 120 X 100m

I i

Y 4

| i SU45 B9 x 53 mm
| SuU55 87 x 63 mm
| SUB5 105 x 77mm

Above meter forms are for moving coil movements only
and may house S ter and VU 1t

AND

EX STOCK

+ 3331 16K (25 by 2uS corestores £40. Mullard AW 3785 corestores

COMPUTERS
AND
PERIPHERALS

ICL 1904 CPU — will be - with 32k
2uS Plessey core store £1000. ICL 7070/2 UNIPLEXER (Complete) £150.
BRPE 110 ch/sec 8chan paper tape punches — some silence covers
£120. Plessey 6871339 16K (13 bit) 1uS corestores £35. Mullard AW

€30. IBM 729/IV MTUs — documentation available £200. ICL
maintrame PSUs 6V 254 and 28V 20A (1 40) £25. ICL peripheral PSUs *
10V and = 20V £20. Ampex & D R | digital tape heads (7 & 9 track)
P.O.A. ICL 1971 & 1973 servo motors & vacuum blowers P.O.A.

ENGINE TEST EQUIPMENT

SERVO AUTOTESTER No. 1.
0-3.2 & 0-16v, 0-80 A-DC & 0 20K Ohms. dwell angle and
speed for 4, 6 & B cyl. engines and E H.T SEC VOLTS A
subslitute capacitor 1s incorporated Size 26 5 X 14 x
16.5cm. wt 3 25Kg With handbook £30.37 inc P &P &

VAT

SERVO AUTOTESTER No. 2.
0-16v, 0-80A dwell angle and speed for 4, 6 & 8 cyl. engines
Size 16 X 9.5 X 6 5cm Wt 045Kg With instns. £11.15
nc. P &P & VAT

SERVO AUTOTESTER No. 3.

Simuttaneously on separate meters 0-16v & 0-80A. Size 17 X
10 X 7 ¢cm Wt 045Kg Price £9.78 inc. P &P. & VAT

SERVO AUTOTESTER No. 4.

Owell angle and engine speed Hand held inStt Size 14 x 8 x
5 cm. Wt O 26Kg. Price £6.35 inc P & P. & VAT.

CDC/ICL 2802 (EDSB) disc drives — mechanical spares P.O_A. RCA/ICL
1500 series — efectrical & mechanical spares P.O.A. Belling Lee R F |
suppressors — 30 20A (50H2) £30. STC Sentrycal fire (smoke) detectars
— data avaiable £15. Vactric Shaft position encoders type 110P101 (10
it) ous. Tolana B-channel F M instrumentation recorder (complete)
£350.

We can also design and construcl non-siandard interfaces between

REED SWITCH INSERTS
SO E——

Overall length 1 B5in (Body length 1 1in) hameter 1 14in 0 switch up
to 500mA or 250vDC Gold clad contacts 74p per doz £4.15 per 100
€29.65 per 1,000 All carnage paid U.K

Operating Coils for 12v supply to accept up to four standard reeds £2.50
per doz £12.80 per 100 Al carriage paid U K

Heavy duty type. (Body length 2in ) Diameter 0 22in to switch upto 1A
al up to 250vAC Gold clad contacts £1.45 per doz £6.95 per 100,
£52.00 per 1,000 Chengeover Heavy Duty type £2.80 per doz All
carriage pad U K

NStre Y 1 and control equipment etc  and we have a
large number of one-off preces ol test equipment If you have any problems
n this field do not hesitate 1o get in touch with us Contact D P Manager
Chns Seton (Extn 3)

GE Optical Tape Readers 5 7 and 8-track 300 ch/sec built-in amps and
contacts Excellent condition Tested £70 inc P&P and VAT

Magnets for HD reeds £1.50 per doz A few coils available for HD reeds

OVER 300,000 RF AND
MULTIWAY CONNECTORS
IN STOCK. TELEX YOUR
REQUIREMENTS NOW!

FORTHCOMING
EXHIBITIONS

1EA-Electrex 1976 National Exhibition Centre, Birmingham, 3-7 May 1976
Leetronex 1976, Leeds University, 29-30 June, 1 July, 1976

Tickets free on receipt of SAE (1 for each Exhibition please)

MULTIRANGE TEST METERS &
LOW-PRICE INDICATORS AND
PANEL METERS AVAILABLE WITH

PERSONALISED SCALE

= 5 i re =

METERS CAT.: WW127 FOR FURTHER
DETAILS

waany americanradiaohistaornz.com
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TEAC A334005)
4-CHANNEL
RECORDER

Industrial version wupgraded to studio requirements,
with increased signal to noise performance and
improved reliability Four totally independent channels
each with sel sync, input mixing, switchable VU's and
al! the faciiiues for easy muftitracking This industrial
mode! is in more studios than any other version

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

113

£635 IMMEDIATE

DELIVERY
The tamous
AT77 has
been consis-
tently im
proved over
the past 8
years and
is now avail
ahle in the
latest Mk. 4
version.
The wide
choice of
specifications
includes
versions for
duplicating
and logging
applications
Backed by
UK's latest
fastest ser
vice

Hire service
Check our prices
IMMEDIATE DELIVERY

RE\/OX A700 SEIQ

.,,- The new big

A77 SERIES/\/\M

from £ 298

ES

Revox
deal for all
studio re-
quirements
Highly so-
phisticated
design fea
tures mn
clude servo
tape tension,
tull  deck
fogic. crystal
controlled
servo elec
tronics, 3
speeds, tape
footage
counter.

%

ko

bass mid and
headphone

£1.000

[TAI04
MODULAR MIXER

Ten balanced inputs. four output groups. 4 limiters;

monitoring.
construction only matched by mixers costing around

EIGHT OUTPUT

IMMEDIATE DELIVERY
Also available for hire

PRICES EXCLUSIVE OF V.AT.

construction,
high quality

treble EQ. modular
Extremely

104 £647
z04 £1095
£1260

Industrial Tape Applications [IE‘_//L\

WW — 104 FOR FURTHER DETAILS

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

OLsSorns
{ELECTRONICS) LTD.
9 & 10 CHAPEL ST., LONDON, N.W.1
01-723 7851 01-262 5125

ADJACENT TO EDGWARE ROAD MET. LINE STATION

AUTO TRANSFORMERS FOR AMERI-
CAN EQUIPMENT

240/ 310v 80-3000 watts. fitted with 2-3 pin
sockets and 3 core mains lead Send sae for
price list We have England’s largest selection
f American electncal accessores 2-3 pin
plugs recessed and surface type 2-3 sockets
multi-way adaptors. 2-3 pin grounding
adaptors Cable type sockets Extension cords
240v Edison screw type ight bulbs Indusiral
plugs and sockets. Let us know your
requirements

AE.l. 240v AC CONTACTORS
20AMP CONTACTS

Type Comacts Price
0656 6M 2B €1.50
0659 M 18 £1.25
0658 2M 2B £1.25

AC 110v Types
0651 3m 1B £1.25
0654 M 28 £1.25
0653 4aM £1.25

Brand new and bozed offered at a tracton of

PARMEKO 240/115v ISOLATION

CURRENT RANGE OF NEW L.T. TRANSFORMERS
OPEN TYPE TAG CONNECTIONS
ALL PRIMARIES 220-240v

Type Sec Taps Amps Prce Carr
1 24-30-40-48-60v 12 €20.25 £2 00
2 2430404860y 10 £19.40 2 00
3 24 30 40 48 60v 8 £15.75 11 80
4 24.30 40 48 60v €10.24 1100
5 2430 40 4860y 3 £7.90 75p
6 24.30 10 4860v 2 €553 75p

68:10-12-16-18.20-24-36-40.48-60v

CAN BE OBTAINED FROM THE ABOVE RANGE

7 19 25 33-40-50v £17.75 12 00
8 18-25-33-40-50v £12.00 t1 25
g 19-25-33-40 50v £6.00 750
10 19.26-33-40 50 €4.95 75p

57.8.10.13-15-17-20 25.30-40-50v

R 25-0-25v or 20-0-20v CAN BE

OBTAINED FROM THE ABOVE RANGE

1 £10.35 25

1 | €6.70 00
12.15-20-2 £3.75 750
3.4-5.6-89-10 12 15 18-20-24-30v
» 120 12v or 15.0-15 CAN BE
OBTAINZD FROM THE ABOVE RANGE

12 1224y 12y 60A 24v 3GA £17.50 00
15 12.24v  13v 30A 24v 15A £14.26 50
16 4 A 24v10A £10.75 25
4 24 JA 23 5 £5 50 7e
8 4 aA 24y 2A  €£2.95 607

FULLY SHROUDED TYPE TERMINAL CONNECTIONS

19 416 24 32y 4 £6.95 5
0 4.16 74 32y 2 €4.66 65p
1 2.20 24v 10 €9.50 £100
2 12-20-24v 5 £6.50 0
3 4-30-36 1 £12.00 25
a 4 3038 5 £9.50
5 24.30-36 2 €4.50 65p

WODEN AUTO TRANSFORMERS
3000 watts tapped 105-115-125-135-200-215 230-245-260 open

type teminal block connections, £19.60. cari 12 00 Isoianon typ

750 watts Pu tapped 200 220-24 ¢ rapped 100 110.150v
Termioal block conned ianns £.15.00, care 12 00

PLEASE ADD 3% TO ALL ORDERS INC. CARR.

TRANSFORMERS
Pri tapped + 10v-10v 0 1156-200-225-250v
Sec 115y 13 BA conservatvely rated
Shrouded tabie top connections Seze 12 x 9%

x 8 £32.50, carr £3 P tapped
10v-10v  0-200-220-240v  Sec tapped
+10v. 090-110v 75 A conservauvely

rated Shrouded tabie top connections. Size
7% x B x 8 ms €£19.50 + carr 3 TEC
solation transformers Pr 240v  Sec tapped
265270-275v 1400 watts. conservatvely
rated Size 8 x 8 x 7ins £25.00 carr ©3

GRESHAM L.T. TRANSFORMERS

Al primaries tapped 10.0-200 220-240v
open type uopicalised Terminal block
connections kraction of maker s price

No 1 sec rapped 04-16-17-18-19-20v 20A
£7.00. No 2 4.7.11-31-32-33-34v 20A
£8.50. No 3 4.7-11-32.33-34-35v '0A
€6.50. No 4 6-13-20-54-56-58-59v 5A
£6.50. Carr onailtypec1 € core types. all
prmanes, 200-220 240v No 1 4 separate
secs, tv. 3v 8v. 27v Allat 15A £12.00.No
2 3 separate secs 29-30-33v. 15A
‘3 24-26v 5A 14-15-17v 5A £12.00 carr

PARMEKO L.T. TRANSFORMERS

No 1 Open Type Pn 110-220-240v Sec 30v
55A and 12v 2 2A and 115v 250 M’A
£4.95 PP 95p No 2 Potted type Pri
15.230v  Sec tapped 24-30-32v 2A
£295 PP 50p No 3 Potted type Pu
115-230v 63v 18A 63v 1A €2.00, PP
50p No 4 Shrouded type Pri
230-240-250v Sec 6 4.0-6 4v 12A. £4.50,
PP 50p No 5P 115.220-230v Sec 6 6v
6A twice and 5v A will give 13 2v 6A and Sv
6A or 6 6v 12A and 5v 6A or 18 2v 6A Potted
tiype €4.95, PP 95p No 6 Pn
200 220 240v Sec. 39v 8 6A and 38v 2 6A
and 127v 25M A Potted type €6.00, cart
1580 No 7 P 110-230v Sec Tapped
10-45.50y SA Potted type. £6.50, PP
+1 50

GARONER HIGH VOLTAGE
INSULATION TRANSFORMERS
Pri 230-240v Screen Sec 2 0-2v. 11 amps
conservatvely rated 25Kv insulaton  Encap.
sulated type £6.50 carc £1 50

maker s price P P all types 25p
1 MINIATURE RELAYS PLESSEY VARLEY
524} 4 CO 75p. 52.) 2 CO 60p. 280:) 4 CO

60p. 430:) 40 €0 60p. 4301} 2 CO 50p.
125011 4 CO 60p. Postage 10p 82 Open type
siz@ 1% x 1% ms 6vDC 1 CO35p. PP 10p

BENSON SOLENOIDS
AC 240y 25% duty. Approx 2ns %2 n pull
Size 2x1%x1 05 Res 3501 75p. P P 25p

HIGH VOLTAGE BLOCK CAPACITORS
Jensen O 22mid 7000v AC Wkg £2.00, P P

5p Wego O 215mid 1250v RMS Pulse
Wkg £1.50, PP §0p [CC 8mid 2500v OC
Wkg £3.00, PP 75p O 5mid 10.000v DC
Wkg €3.00, PP 75p O 5mfd 5000v DC
Wkg £2.00, PP 50p O 5mfd 2500v OC
Wkg 65p. PP 200

AC WKG BLOCK CAPACITORS
Dubdier 15mtd 330y AC Y Wkg £1. 25, F P
25p 10mid 350v AC Wkg £1.00. PP 25p
5mid 300v AC Wkyg 75p, PP 25p 4mid
650v AC Wkg £1.00, PP 25p 4mifd 500v
ACWkg 75p. PP 25p T C C amfd 250v AC
Wkg 50p, PP 20p 2 5mid 300 AC Wkg
50p. PP 20p 1 Smtd 400v AC Wkg 75p.
PP 20p Q4amid 440v AC Wkg 50p, P P
20p Bosch 1mid 800v AC £1.00, P P 20p

DC WKG BLOCK CAPS

1CC 2mtd 100v DC Wkg deal tor crossover
arcuts 10 tor €1.60, PP 25p 2mid 500v
DC Wkg 5 for €1.50, PP 50p BICC 4mtd
800v DC Wkg SOp, PP 20p TCC 8mid
350v DC Wkg 50p. Bmid 200y DC Wkg
35p. PP all types 20p 4mfd 125Dy DC
Wkg €1.00. 4mid 600v DC Wkg 50p. 4mtd
350v DC Wkg 40p. Zmid 2000v DC Wkg
65p. 1mid 2500v DC Wkg 65p. 1Tmid 2000v
DC Wkg 60p. tmid 600v DC Wkg 25p.
0 5mtd 2500v CC Wkg 50p. O 1mfd 3000v
OC Wkg 50p. PP all wypes 20p All wkg
voltages are at 60 C

HEAVY DUTY BALLAST RESISTORS
Enclosed Type 136,/ 1 /A Size 19 « 3% ins
€3 00.85.)1 5A Size 151 3ns €2.00,P P
eiher type 7590 High vott 500 Megohm 25Kv
Resistors ‘ength 17 1ns cha 2'2 ins €3.00,
PP 75p Berco Tubular v resistors 30.)
1 5A nght angle geared dnve contro! £1.50,
PP 50p Welwyr and Simular 7-10 wan
WW  resistors.  10:315K.) 25 assorted
£1.25, PP 20p

VENNER INDUSTRIAL TYPE
Time switch motors AC 240v. 3 rev. per 24
Lrhouys housed in mietal case 5 1ns dha €2.00,

PP 50p

LT T!ANS!E!ME!! BY

FAMOUS MAKERS
Open types No 1 Pri 240, Sec 26v 10A and
12v 0.1A, £5.50. No. 2 Pri. 220 240v Sec
Tapped 51-61-65-67-69v 10A. £10.00, carr
£1.50 No 3 Pr. 220-240v Sec Tapped
58-63-69 74v 3A £4.75,carr £1 No 4Pn
117.220-240v. Sec 28-0-28v 3A and
30-0-30v 100M/A and 6v 1A, £3.50, PP
75p No 4 Pre 115-230v Sec 30-0-30v 4A
and 10-0-10v 2A. £3.75, P.P 75p No 5Pr
115.230v Sec 33v 6A and 18.0-18v 14
£3.00, PP 750 No 6 Pri
110-200-220 240v Sec 14v 5A 14v 2.5A
12v 10Aa. 8v 10A 24v 75QM. A, 200v
500M /A Separate windings. £10.00, carr
£1.50 No 7 Pu 200-220-240v Sec 4v 6A
4v 3A, €3.50, PP 75p No 8 Pn
110-220-235v Sec 12v 2.2A and 12v 1A
and 200v 35M/A £2.50, PP 75p No 9
pPn 200-220-240v 37v 5.54 and 37v
24 and 21v 11A. £8.50, carr £1 50 No 10
Pri 200-220-240v Sec 31v 7A 26v 5A
16v 4A 25v 2A Separate windings £8.50,
carr L2000 No 11 core types Pri
220-240v Sec 18:0-18v 21A. £10.00. No
12 P 230v Sec 1 25-0-1 25v 10A £2.00,
PP SOp No 13 Potted types, Prt
110-220-240v Sec 70v 1A and 30v 1A
£3.50, carr £1 No 14, Pri 115-220-240v
Sec 43v 0 75A and 43v 0 5A and 6 3v 1A
€3.50, PP £1 No 15 Pn 110-220-240v
Sec 29 7v 5A. 23v 2A. 78v 60M/A 1B1v
100M A Separate windings. £6.00, care
£1 50 No. 16 Pre 220-240v Sec 12v 6A
and 15 6v 1 5A £4.00, carr £1 50 No 17
Prc 220.240v, Sec 50v 2A. €3.00. P P 75p

No 18, Pri. 110-220-240v Sec Tapped
4.353-6.3v. 10-11.12.22-23-24 25-26 1A
and 55v 1A €4.00, PP £1 No 19 Pri

200-220-240v. Sec 6v 1A wice £2.00, P P

75p No 20 Pri 200-220-240v Sec 105v
2A. £2.00, PP 75p No 21 Pry
200-220-240v Sec Tapped 4-5v 8A. £2.00,

PP 75p No 22.Pri 220 240v Sec 22 25v
3 5A and 16v 45M/A £4.50, PP £1 No
23 Pri 110-220-240v Sec 62v 1A and 6v
6A. £4.50, PP i1 No 24  Prt
110-220-240v Sec 6 7v 3 BA wice. 7v
2 4A twice 6 7v 0 6A, €£€3.50, PP L1 Open
type No 25 P 220-240v Sec 55v A
€2.00, PP 50p No 26, Pri 110-220-240v
Sec 50v '-Aand 10v 1 bA £2.60, PP 75p
120-240v Sec 4v 2A £1.00,
PP 35p No 28. Pn 240v Sec 24v 2A
£1.50. PP 50p No 29.Pr 240v Sec 30v
1A twice £2.00, PP 50p No 30 Pn 240v
Sec 40v H50M/A and 60v 50M A No 31
Pn 115.220-240v Sec 17-0 17y 1 2A and
36v 50M, A No 32 Pn 240v Sec 40v BA
and 5-0-5v 2A and 5-0-5v ;A €4.75, cart
750 MIGH VOLTAGE TRANSFORMERS
Gresham P+ 240v Sec 2300v 1OM™A 6 3v
154 Open wpe Tabie 10p connecCtions
€350, PP 50p Woden Pri 230v  Sec
890-710-3-710-890v 120 M A Open type
T1 connestions, £3.75, PP 75p Parmeko
potted type Pre 110v 220-240v Sec 1875v
60 M/A € 4v 6A 5v 3A £5.50, carr 1

All ranstormers are oifered a1 a frachon ofw
muker s price Guaranteed in perfect condition
As supphed 10 the electronic ndusiies

universt schooli. elc
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SHSAVEEL000..

PER ENCINEER ® with THIS BOOK

e 691-697 Chassis

* With the Colour Faults Guide system of rapid, on-the-spot diagnosis
of colour set faults the originating firm, Colour Vision Rentals Ltd,
reported savings of the order of well over £1,000 per engineer per
year.

HOW IT IS DONE . . . A tabulated index of fault symptons and the
most common circuit troubles causing them quickly enables the
engineer in the customer's home to locate the cause of the
breakdown and the panel or assembly in which it has occurred. He
can then change the panel (etc) on the spot from his van stock and
return the faulty item for repair subsequently, and return to stock. The
originating firm calculates that an average of about 3 hours a week
per engineer is saved, plus an average of one workshop uplift less per
engineer — hence the £1,000-plus per year saving. T N e L e c
Order Coupon

To General Sales Dept., Room 11, ERT, Dorset House. Stamford St ,

London SE1 9LU

Please send me . . .. ... copy/copies of Colour Faults Guide at

£1.65 inclusive

| enclose remittance value £ ... . {Cheques payable to IPC Business

|
|
|
|
l Press Ltd.)
!
|
|
!
|

The Colour Faults Guides, E R T's top innovation of 1974-5, covering
14 widely used chassis, are now collected in book form for sale at
£1.70 inclusive per issue.

CAN YOU AFFORD YOUR MEN NOT TO HAVE A COPY WITH THEM
ON EVERY JOB?

The fourteen chassis covered in the book comprise:- Decca 30 series;
GEC 2210 series; GEC Hybrid 2040 series; Hitachi range — CAP
160, CEP 180, CNP 190; ITT CVC5; Philips G8; Pye CT200 series,
Pye 691-697: Rank R | AB23/A; Thorn C E 3000 & 3500: Thorn
(BRC) 8000/8500 series; Bang & Olufsen 39 series — Beovision
3500. 3600, 400, 600; Skantic — all models except earlier 22in.
hybrid.

Name {please print) . ... . . . L . o

Address . ... . ... ... L.

‘Regd. office: Dorset House. Stamford St.,
London SE1 9LU

D WD SN Gain G NS S S S S Ghn Sl Ghn N WENS WhSan waten setes wess sl

PRINTED CIRCUIT BOARD TRANSFER SYSTEMS

A A A A A AL N\
ge0088d

LR N NN
LTI oot
% r' {f ©000000000000 \

® ®
o ge

a2, k

(] () [ o atie

T r " oge og0 020 020 R

Acid resistant transfers for direct application to P.C. Board. This is a The printed circuit transfer system is a genuine offer to the public and
new approach to printed circuit board manufacture, giving a industry, A full money back guarantee is sent with each order, trade
professional finish with all details that an electronics engineer would prices on application.

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 List of Prices

30p, Iatnd the time taken under one hour, including etching to Complete system including post and VAT. . . .. .. .. . ... £2.95
complete. _

The system is simple, briefly it consists of 10 sheets of self adhesive Individual sheets .. ... oL 30p
acid " resistant transfers made in required shapes — i.e. edge Sample sheet . .. ... ... L 30p
connectors, lines, pads, dual in line 1.C.s, 8-10-12. T.0.5 Cans, 3-4 Ex. UK POStEXra . . . .« o o oo £1.00
lead transistors, etc., etc., which only require pressing into the )

required positions on the printed circuit board before etching. Printed circuit board PCB transfer systems patent applied for

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

wiann amearicanradinhictory com.
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R A LFE 10 CHAPEL ST. LONDON NWT,
] ] Phone 01-723 8753

SIGNAL GENERATORS

MARCONI TF80iD/IS. (0-480 mHz P.O.A.
MARCONI TF801B/2S. (0-480 mHz £225. i
HGN MS3/U. 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.OA.
ADVANCE SG21 VHF Square-wave generator 9kHz-100mHz. £25.

i

OSCILLOSCOPES
SOLARTRON CD1400 DC-15mHz
COSSOR CDU110. DC-80mHz
TEKTRONIX 545A with CA unit. DC-30mHZ. Price
only £295.00
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 654B. Storage oscilloscope.
TEKTRONIX 502, 200uV. Sens. X-Y.

TEKTRONIX €27 Polaroid Camera. Series 125 with 560 series adapter.

MARCONI| TF995A2/M AM/FM
CO-AXIAL CHANGE OVER R.F. SIGNAL GENERATORS.
RELAYS. Termmated in N'-type 1.5-220mHz. 0-100kHz Deviation.
sockets (3 off) Suitable for frequencies 1uV—100mV output. Sold in excel-
up to 1GHz 48V DC col Plugs lent condition. P.O.A.
avalable at 50p each Relay only —— =
£5.50 each METRIX 210 WOBBULATORS.
PRINTED CIRCUIT MOTORS. %2(5'“”1’03""\’;’" LI (l) 5 20"‘”"
Manufactured in U S by Photocircuits ‘3 F:U‘w mV attenuable in steps o
Corp 24V DC 2.000 rpm 14 cms o 10uV. Last few of these left at
only £15.00 each to callers only.
diameter These are Quality made, high A
precision motors offered at a fraction of
hist pnice Only £8.50 each

E M.1 oscilloscopes model WM 16 with
type 7/1 WBA plug-in unit Sup-
phed in perfect condition complete with
trolley £125.00.

"WEE MEGGERS™. 250V Insulation
Testers Good working condition
£8.50. 20-way BPO Jack strips to accept
316 type Jack plugs. Also quantty
of 316 plugs available. All good
'MUFFIN' INSTRUMENTY FANS. condition.

Manufactured 1n Holland - by Rotron =

Dims 4.5x4.5x15 ins This 1s a
precision cooling fan, very quiet
running specially designed for the 2 8A 2400 r p.m Grey stove finish
cooling of electronic equipment. Ali brand new. Price 1s £10.50 +
amphfiers, etc 115V.50Hz operation, carnage

drawing only 11 Watts The list price
from Rotrons 1s over £10 each Our
price. brand new. only £4.50 each

Centrifugal blowers by WOODS 8 inch
snail type Outlet 2% x 2in 24V DC

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.

MINIATURE DEAC NI-CADMIUM
batteries. type 70CK 3 cells in package
making 3 7 Volts 25x17x156mm only 75p
post paid COMPUTER PERIPHERALS. Tape
punches 8 hole by Westrex and other
well known manutacturers Tape
readers by Elliot Al wirtually brand
new Prices are better than one half the
maker's Write or phone for quotation

E.M.l. oscilloscapes type RMO15
Response to 40mHz. 5 inch CRT
10KV E.H T We can offer these quality
oscilloscopes at th2 exceptional price ot
only £35 each to callers ofly

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 stable with
low nipple voltage Price each £18.50
+ carnage

ADVANCE type 63A AM/FM R F Signal
generators 7.5-230mHz Deviaton 0-22.5
and 0-75 kHz. X-sweep output. Crystal
cahbrator, ‘scope output. £75.00.

—

MISCELLANEOUS TEST EQUIPMENT

MARCONI TF1400S double pulse generator with TM6600/S secondary
pulse unit. £105,

MARCONI TF791D deviation meter. 4-1024mHz 0-100kHz deviation.
MARCONI 455E Wave Analyser £120.

MARCONI TF2600 Valve Voltmeter 1mV-300V. Excellent £75.

ROHDE & SCHWARZ USVD calibrated receiver 280-940mHz {(4600mH2)’
|LEVELL TG200 DM. RC Oscillator. ¢/w case. £65.

ROHDE & SCHWARZ URV milli-voltmeter BN10913 (late type)

1TmV-10V. With ‘T type insertion unit. free probe and attenuator heads.
‘1kHz-1,600mHz. £175.

COSSOR 1453 True RMS milli-voltmeter Excellent £75.

AIRMEC TYPE 210 modulation meter Excellent condition.

ROHDE & SCHWARZ "'SCR' V H F. Signal Generator 1000-1900 mHz.
MARCONI type TF936 impedance Bridge. £85.00.

GERTCH Phase Angle V. Meters. Range 1mV-300V. in 12 ranges
SOLARTRON oscillator type CO 546 25Hz-500kHz. £30.00.

GAMBRELL Precision 4 Decade Resistance Box. 1-11, 110 ohms.
£24.50.

PLEASE ADD 8%, V.A.T. TO THE TOTAL AMOUNT
WHEN ORDERING. INCORRECT AMOUNTS WILL
CAUSE DELAY IN DESPATCH. THANK YOU.

115

With our New

SUPER 30
soldering iron
we have a slight

problem

#*
at£295" how
do we convince
you thatitisa
precision tool.
Our reputation for professional
soldering equipment has been
built on our precision products,
s0 we have taken extreme care
#0 s2e that our new ORYX
Super 30 iron at,
dare we repear if, only £2.85,

is going to be the best at ita
prica.

= pls VAT at B

A two-minute element =
. change, and a Stainless ., °
£t steel clip-on hook. it T} e
& ‘You can have further

~ % technical information, or by
ordering one now you will
» i see why we call it the
Super 30.
1 HHustration actual size.

SR

Greenwood Electronics

Greenwoog Electronics Portman Road Reading, RG3 INE
Telephore 0734-595844 Telex 848659 ’

WW — 103 FOR FURTHER DETAILS

o www americanradiohistory cam
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VALVE MAIL ORDER CO.

16a Wellfield Rd., London, SW16 2BS
Tel: 01-677 2424 Telex: 946 708.

ECH35 150 | EZ80 ﬂJﬂ PENJSDD UCL83 0.70 | 6CD6G 1.60 | 12BH7 0.60 | 6060 Cvill Cv3isge EF54 oD3
VALVE ECH42 085 | EZ8] UF41 015 | 6CHB 220 30CIS 1.00 |NDUSTR|AL VALVES 6061 Cvi2 | Cv3ygy FF3s 0G3
AZ3l 100 | ECH81 0.35 | EZ90 nAs PFlZOOI”O UF89 080! BESGT 150 | 30C17 100| 1miGT 705A | #062 Ccvidl CViIy| EF804 0z4
AZ41 020 | ECHB3 0.50 | GY301 090 PL36 063 UL4I 0B5| 6F23 090 | 30CI18 090 11324 | 7154 | 6063 CVils C\ 3yug EFP60 0Zia
CBL31 140  ECH®4 050 (GZ30 065|PL38 125/ LL84 050 6JSG 045 30FS 100] |B3SA & 7158 6064 CVI13h ’C\mn ELy!
CL33 150 | ECL80 060 (GZ32 085 PLB! 055/ L4l 055 6)5GT 055| 30rL! 100 i1Bo3A | C2 72348 6063 CvVi3? C V3002 EN30 PTIS
CYy3! 100 [ECL82 042 | GZ34 0.J5 PLEY 050 UYSS 045 6J7GT 045| 301114100 N2} 5 725A 6067 ChV I8 | cvano3 EN3I
DAF9! 040 | ECL86 055 | H63 090 PL83 050 VP4B 125 | 6K6GT 0.80 | 3015 0.95{ IN2IB I3 6072 CV140 C V1004 EN12 8'\24"‘
DAF9 060 | ECLL800 | HL4IDD |, PL84 050 vms"xo '6K7GT 035| 30L17 085| IN23B 5 801 6073 CVidd CVI00s EN9I A2403
DCC90 1.35 | 350 | 0.70 | PL500 0385 OKEGT nsn 30P12 100 | IN23CR I 203 6071 CVI160 | Cvaoon ESUT4 22404
DF91 040 |EF37A l50|HN3('9 1.50 | PL504 0.85 VR|0<‘3o 0P1Y 095 ] 1X20 805 £080 lcvimna | CVaonT ESL 76 | QA2406
DF9% 060 |EF}9 125 340 | PL508 0.90 040 6Q7GT 043 J0PL! 095 1X2B 807 65097C CVI8T CV3I008 ESU?7 Q12407
DK9! 050 |EF31 075 I\T6 348| PL509 158 \leso 6SG7 050 | 30PLI3 1.10 | 808 6130 CVIRR | CV400y B3300
DK92 1.00 [EFSS  1.50 KT81(7C5) PLEOI 100 65J7GT0.30 | 30PL I3 110 | 2A3 | &1 6136 CV190 Cva0in F6037 B 3 750
DK96 075 | EF80 0.35 PLgoz 200 v63 1.15 651 7GT 35L6GTO.80 [ 2AS13 \ 11A 618y cv0 Cv4011 F6060 R4 1100
DL92 050 EF85 085 | KTg8 :.a PY32 063 IRS 050 I5W4 060 | 2C260 0 812A 6197 Cvaet Cvi0I2 16061 41
DL9+ 048 [EF86 050 | KTW6! 158 PY33 063 | IS5 040 ssch 3523 0.80 | 2C34 813 0201 CvaT Cva0I3 6063 FdS
DL96 o.ss EF89 035 KTW62 m PY81'800 | IT4 040 “Z-tGTO?n 2C39A 13 6202 CV284 Cv401s EX219 88\'01h
DM70 070 |EF9! 040 | N78 050 | 354 050 | 6U4GT 075 2C12 828 6302 CvaRe Cvaols FX225 0310
D\867045 EF92 050 | OA2 uAs PY82 045 |3V4 085 | 6USG 150 <0(D(><.Jzn D21 8291 6203 CV2R7 CV4016 FX227 QQV03 20
DY802 047 |EF98 080 OB2 045/ PYB3 050 | 5R4GY 120 | 6V6GT 060 | 8o 0.75 | 2D21wW 6AUSGTA | 8308 6360 CV1Is Cvi017 | QQVO3 204
P I A M IR DD R NG R N8R L R MCT Mk chn ol g g
. . 55 | SV4G 065 [ | & 38 | 207 6AU6 66 6463 CVa37 CV3019 ’
EAF42 0.70 [LHY0 060 | PCES SPal 300 |5Y3GT 065 055 | 6146 380 6AVSGT A ‘wm 6530 | Cviaz Cvi020 G150/28 QQVO6 30A
EAFX0) FLI3 300 PCY0O 055 SPnl 085 5Z4G 095 | TH6  0.80 | glaeA  3.80 AAWSBA S66E 6807 CVs C\V4022 G180/2M QS0 20
075 |[EL34 0.7 | PCCR4 045 T4l 150 | 6,30L2 090 | 7B7 080 | 6146B 420 WANIGT 872A 6423 CV3isy CV1022 G2402D S$75 20
EBC33 1.00 | EI37 3401 PCC89 055 U25 100 | 6ALS 030 |7C5  zo0| 10 w84G B8R 6939 | Cvisg Cva021 G100 |K 0575/40
EBC41 075 |[EL4] 088 | PCCI890.65 U26 085 | 6AQS 050 | 7C6  1.00 gB"l 400 | 6BABA 891R | Cvioo CV3025 GN4 $75/60
EBC8! 040 |EL42 165 | PCF80 040| U191 075 «AS7G 100 | 7H7 080 | IBPI 450 6BK4 Ny CViTt CV4028 GTIC S8Y/3
EBF80 040 |EL82 035 | PCE®6 085 U304 075 6AT6 060 757 225 | JDPIA 400 6BK7A 934 7203 Cvin2 CVi03} GIRI20W | O593/10
EBF83 040 |[EL9] 200 | PCF801060| USOl 118 | 6AU6 040 | 74  o0g0 | 3EG! 800 &BLIGTA | 955 7360 CVaTR | evaoxs | GTRISOMS | (ses 10
EBF89 0.32 EL95 060 PCF8020.85 | UABCH0 6AV6 050 | 12AC6 080 »}”;7 2.00 6BN6 956 7586 Cv3iyl | Cvi0aR GUIx S105/45
EBL3t 200 ' Ei3e0 175 | PCF805090 040 | 6BAG 038 | [2AD6 0380 | 1GPI ﬁ-ﬂg | 4BR7 957 CVys CV1019 GU20 21 S 15040
] ECC40 100 | e o5s | PCFROGOBO | UAFA2 075 | 6BE6 085 | 124E6 075 | SBPI 80N 6857 1 8013 Cviy? C\ 4010 GUs0 S150/48
ECCS#! 045 93 | PCFROB1.00 | UBC4T 060 ' 6BH6 075 | 12AT6 045 | gff" 5.00 6BX7GT 1625 8025A Cv428 C\ 1034 GXU! Q513080
ECC8? 038 | EM8I 068 | pCg2 0.45‘ UBFB0 050 | 6BJ6 075 | 12AT7 045 | (}‘\D,g““ﬂ 3A 1088 6876 Cvasa C\ 4059 KT66 S 1200
ECC83 038 |EY5) o045 | PCL83 0.70| UBF89 050 | 6BQ7A 055 | 12AU6 0.50 4 22150 [ 34 1008 6CB6 2050 9001 Cvaa” CVa060 KTh? 85[:0:
ECCRS 045 pygg g9 PCL84 050| UCCES 050 | 6BR7 120 | 12AU7 038 | DGIS1200 4 34 110A 6CH6 2050w 4002 CVidy | Cva062 KTx8 QS1203
ECCR8 ovsu’ - " 1 PCL85 060! LUCH42 090 | 6BW6 1.00 | 12AX7 038 | YCRI3 A 1108 6CL6 051 9003 | CVi66 CVi063 QS1203
ECF80 0.45 | EZ30 060 | PCL86 050 UCHB] 050 | 6BW 7 1.m| 12BA6 050 | 1000 § 37 1360 aCW4 9003 Cviny Cva064 QuU37
ECF82 045 | EZ4l 075 | PD500 1.50{ UCL82 040 | 6C4 040 | 12BE6 060 CRU"QW IA 167M 6DK6 4003A 9003 | Cvags Cva079 8\'03 12
: IAS 6DQ6B 4212E 0t H | 9006 Cv4a91 Cvi50] Vo4 7
! 3B/240M 6EAB | 32424 | Cv4y2 C\ 4502 VO3 28
TRANS'STDRS& ICs 2N696 015, INA28Y 030 SN7476 0457 38 241Mm oF 1 REYETS | 133014 | Cvasi Eva303 8\.0,, )
| 2N697 - 0.16 | 3INI41  0B1 | SN7480 060 | 3p), mwmuan 1378A | Cv717 CV4503 QY1254
AALI9 BF179 033 | 0C42  080{ 3N706 012 | 30360 040 SN7482 087 | 3>y K7G 1687 [ A1834 C\'R08 [SERY Y4 250A
AAZ13 011 BFI80 036 | OC44  0.20] 2N706A 012 | 4036} 045 | SN7483 110 | 3g3 6U8.»\ 5544 A2087 C\V1072 CV4508 8\'420(»\
AAZIS 010 | BFISI  035{0C45  020(2N1I13] 025 30362 040 SN7484 100 | 3¢)) V6GT 5545 | A2134 CV1076 CVS060 |
ACI07 051 BF194 010 | OC71 0.25|2N1132 024 | 40430 0.85 | SN7486 0.47 3023 - A2293 Cv10y2? C V004 R10
ACI26 025 BFi95S 013 |OCT2 028 2N 1302 0.8 | SN7100 016 | SN7490 055 | 3(23/24G 11E3 A226 Cvi2ly CV6008 RI
ACIZ7 025 | BFI97 01%|0OC76 0.30 | 2N1303 018 7401 0.16 SN749'AN 3C45 11F13 A252) CV1342 CVa04s RI&
ACI2f 015 | BF200 032 |OC77 054 2N1303 028 | SN7102 016 1.00 3 3EX100AS | 12477 A3000 Cv1475
AC176 025 BFS6I  0.25 | OC8I 029 2N1305 D022 | SN7403 016 | SN7492 070 | 355y 12B3A ACTH [ DA3O SI11E12
ACI87 021 | BFS98  025|OC8ID 028 (2NI306 028 SN7404 026 | SN7493 070 | 3775 12BY7A ACTY DA4} 120
ACIBR 020 | BFWIO 061 OC8IZ 045 2NI307 028 | SNT305 022 [ SN7494 080 | 3y |¢0F 1IE1 DA42 S130P
ACY2l 035 FX2 0.28 8 080 | JN1308 0.28 | SN7406 042 | SN7495 080 | 37 )70 12E 14 ' BIC IE DA 100 STV280 10
ACY39 078 | BFX88 024 |OCI40  014|2N130y 030 | SN7407 042 | SN74%6 085 | 35 <o i3E1 BSY0 DEI22 STV 230/80
ADI30 050 ' BFYSO 021 |QC170 030 021 | SN7408 028 | SN7497 387 | 35 4s¢ 28D7 BS136 SuUal
ADI49 050 | BFYS5] nzo|0cm 030 045 [ SN7309 0.28 | SN74100 189 | 3¢ 29C) RTS EasL [ SU32
ADI6] 044 BFYS2  p20 OC200 05 078" SN7410 0.6 | SN74107 045 | 3y 3,408 KU KT3S F8OCC
ADI62 084 BRIN0 040 OC201 150 0.78 | SN7411 025 | SN74110 058 | 3y 3904 RN BT4S E8OFC ‘ TDO3 10
AFIIS 025 BYIQU 027 OC202 150 016 | SN7412 030 | SN74111 0864 3y 3508 25C BT79 FROF TTI5
AF116 025 BYi26 014 0OC203 075 050 | SN7413 036 | SNT4118 090' : | 83A1 RT83 ESOL TT21
AFIl7T 028 BY|127 012 OCPTY 1202 020 | SN7416 036 | SNT4119 18 | 4 50p | e5al ) ESOT TTRIIMR
AE186 048 | BZX6! series | ORP12  0.60 025 | SN7417 036 | SN74121 050 ] 4 555 83A2 cIC FSICC TZ40
AF239 044 020 ORP60 n.ssl, 032 | SN7420 016 | SN74122 020 | 4 j604 SOAG CIK L8IL
ASY27 033 | BZY88serics  TIC4d 029 025 SN7422 025 | SN74123 100 ygy5 S0AV Vs £82CC U7
ASY28 025 0.10 | TIC226D 150 2 020 | SN7423 037 SN24141 080 ] T35 90C 1 CV3s | EXICC ul19
BA102 025 CRS105 035 TIL209 020 012 [ SN7425 037 SNT4145 126 | 4E3560p 50CG CV26 E83F u27
BAII5S 010 CRS140 B0 | ZTX107 0.12 018 | SN7427 03 ['SN74150 175 [ Ji55 SOCY Cvar E8BCC
BCi07 014 | CRS305 040 ZTX108 0.0 045 | SN7428 040 | SNT4151 100 4550 9SA | I cvay E90CC VL8631
BC108 013 | CR5340 055 ZTX300 0.13 091 | SN7430 016 | SN74154 2001 ;155 tOOTH Cvi2 EYOL
BC109 014 | MJE340 047 | ZTX30! 014 2 065 | SN7432 037 [ SNT4I5S 100 ) 19554 | 150B2 CVis E9 111 | 73007
BCI13 015! MIE3T0 0B8 | ZTX302 0.18| 2 065  SN7433 037 | SN741S6 100 i3 13081 CVsd Fu2CC 7759
BCII7 021 | MJES20 063 ZTX304 024 011 | SN7437 037 | SN74157 085 | s 150C1 cv2 ¥ I80CC ME 1401 7803V
BC143 030 MIE2955 127 |ZTX500 013 012 | SN7438 037 | SN74170 252 | J4 500 150C2 V4 | EASO
BC147 010 | MJEIOSS 077 | ZTXSOl 0.15] 014 | §N7440 022 | SNT3174 187 | 4x>508 150C3 CV8s EAS2 0A2
BC1a8 ~ 08| MPFI02 040  ZTXS03 016 015 | SN744TAN SN74175 1.10 150Ca CVIIg EATG 0A3
BCI69C 015 | MPFI02 036 | ZTXS31 0252 on 092 | SNTHI6 1B <yosiM | 250TH Cvi2] ECC3S OAAG
] BC182 012! MPFIO4 035 |ZTX550 018 0.13 | SN7442 079 | SN74190 200 Sp/3ionm 328 Cvi ECFRr04 OR2
BCIB2L 012 | MPFI05 036 !iNOI4 00§ 007 | SN7450 016 | SN74191 200 | (gi5ciy, 30y Cvix EF50 OB3
gg‘l(SsAZL e NKT404 100 'IN-!%] 006 2 010 | SN7351 D16 | 3N74192 o = =
. AS 72 | IN3002 073 0.11 | SN7453 016 32
BCY33 038 | QAI0 040 |IN4003 08 011 | SN7454 @16 | SN74194 130 VA
BYA Ei|oan oo |iaodd o 1R Sieo Ol SN 1 I THIS MONTH'S
. .18 | INJ005  0.10 050 | SN7470 036 | S 201
BCY?7l 022 OAYl 07 [ IN40O6 D12 0.50, 2 | SN74197 1.20
BOYR BT Ohleo o N B B OSNAR o8 S i VALVES & @0SCILLOSCOPE TUBES
. .06 | N4 0.06 020 | SN7473 042 ! .
T SR I pED B 025 | SN7475 058 ‘ TRANSISTORS 25% TYPE DG 7-5. VCR 139A, CV 1526
d < 1 3 2 0.2 i 0,
T 88; ias Rl ge Naoss 0'51 INTEGRATED Price £8.00 P & p 25p add VAT 8%
3 . 140 | 152033 0.20 | IN4059
BFII5 020 OC28 180 |132051A 0R N0 013 DIL 14 pin 15p CIRCUITS 8%
BEI67 025 OC3S 6855 |IS2100A 020 >N40a} 3 : 0
BFI73 028 OC3h 0601153010 oz5 3Nages 014l SOCKETS 16 pin 17p SPECIAL OFFER

3

lity. Prices correct when going to press. This applies to the U.K.

valves a sp

Terms of Business: Mon. to Sat. Open for callers 9 a.m.to 5 p.m. Closed Sat. 1 p.m. to 3 p.m. Express postage 12p for one valve; 2p each additional vaive. Express postage: 12¢ per
order for transistors. Prices on application for any type not listed. Ob ]

MINICOM PUTER BARGAINS!

TEXAS 960A MINICOMPUTER with 12K x

semiconductor store and REMEX Model RAB 3075 ngh
Speed Reader/Punch. Additional teletype and
communications interfaces, also Interval Timer and battery
is

backup. Some diagnostic and system software
included. Maintenance and software backup (inc.
FORTRAN) available from T.I. £1695

PDP 8/S, 4 K store, ASR33 Teletype — the system with
very recent certificate of inspection by DEC. Software
includes FOCAL & FORTRAN . . . ... £895
PRINTEC 100 ch/sec. PRINTER. Model 100. These
units are a current model and are under a year old. New
cost ¢.£2,000. Parallel TTL interface — other interfaces
(incl. RS232) available from distributors £465
ASR 33 Teletype, ASCI|, etc. £275

VIATRON VDU incorporating twin cassette units having

high-speed bi-directional search facnny. Maint., etc.,
available for these units . £225
G.E. High Speed Tape Reader in rack cabinet. With
dniver card for stepping motor. NEW . . . £68
HONEYWELL High Speed CARD READER. tnstalled
1970 . . £225
EAL Gamma Spectrometer. With tube. NEW £185
Flexowriters, paper tape typewriters, from £50

BURROUGHS E2100 ACCOUNTING MACHINE

... £165
MEMODYNE lncremental Cassette Un|t NEW £225
Quantity Honeywell Core Store available, also
VIATRON incremental Recorder P.O.A.

COMPUTER APPRECIATION, Castle Street, Bletchingley Surrey RH1 4NX. GODSTONE (088384) 3106

WW — 094 FOR FURTHER DETAILS
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Attenuate with }

Now with the latest additions to the range, you can select for ALL your needs from the following:

2100 Series: ' L' and ‘S’ Band

8 models covering impedances Attenuators:

of 50§ 75 £%, 60012 unbalanced )* ) P 3 Small, compact Attenuatars
and 6002 ba anced. 0-100dB with designed-in reliability.

in 1 dB steps. Frequency 3 ] Fitted with SMA connectors

range D.C. to 250MHz. ‘ ; ‘L’ band units, 50§}, D.C. to
NEW 2100 style Attenuators, < 2GHz, ‘'S band units 5082, D.C.

509 with 0.1dB stzps to 10d8 S — A tnaation e . 10 4GHz. 1 watt power rating.
which may be combined with ‘L’ Band Attenuators with 1 dB

standard 1dB units on a S BN O A A O * znd 10dB steps can be supplied
common panel.

Arvenuaten 1 20 «q«u sty o e s [ together. 'n a case for labo-atory use.
‘Q’ Series: 708 Series: 'RV’ Senes. 2050 Series: 2010 Series:
High acceracy Attenuators Low cost rotary Attenuators. Ladder neswork Attenuators High discrisination 600§, Rack mounting programmable
with low insertien 105s.6 Models with 5082 and 7582  suitable tar controlling balanced Awmenuatos with Attenuators providing 0.1dB,
Models covering impedances impedance in 0.1, 1.0, and output signal levels where 0.1 dB increments to a total 1.0dB and 10dB steps for
of 5052 and 7582 with 0.1dB, 10 dB steps and frequency high accumacy is not of 121dB. Frequency range  use primarily in autematic/
1.0dB and 10d8 steps. range to 100MHz, essential. Separate units DC to TMH= NEW computer-controlled test
NOW wish frequency range  Combinationsof these units provide 1. and 10dB steps 1402 balanced Attenuatcr  Systems. Programming modes:
extended to covar D.C. to can be supplied in a robust  and the tvo units can be to similer design, 0.°dB dB  {1) 4-line compatible BCD,
750MHz with ircreased case for laboratory use, supplied mechanically linked increments -0 91dB. {2) 1 out of 10 line code

| accuracy Usefu to 1GHz. as a tandesn pair, 13) 1ocal front panel thumb

Frequency range to 150 MHz. wheel switches.

Send for full particulars of the complete range ofl Hatfield Attenuators

HATFIELD INSTRUMENTS LIMITED,
Burringten Wav, Plymoauth PL5 3LZ, Devon.
Telephone: Plymocth (0752) 772773

forward thinking in electroniCs  Telex: 45592. Srams: Sigjen, Plymouth.

WW — 108 FOR FURTHER DETAILS

S e R R T A e B N e e e e M '
{Dept. WW4), SIMMONDS ROAD
P WINCHEAP, CANTERBURY, KENT 2
Tel: (0227) 52436 D D 5 0
caseo TRansronmens — TRANSFORMERS
Housed w1 smar resin costed ste@l cases . 0 _.°n0 oy
o e KR ey A e High Definition Stereo Amplifier
fused prmary winding. isolation types are 30 VOLTS See tatalogue for
fited with 3-pin outlet sockets and are PRIMARY 200240V full range
available with 130 volt or 240 volt output SECONDARY 12. 15, 20, 24, 30V
(Please state] Auto. types are fitled with AMPS Rel. Price [2
2-pin flat style sockets up fo 500 V& 3-pin No. 1 n:[!
sockets from 750 to 3000 VA Ser Auto 05 12 2 061
and isolaton sections for prices Plugs : .
extrn. i ——— )
See catalogue for
SAFETY ISOLATING e csteogue ol amge | SO VOLTS o e
Pnm 120, 240V Sec 120/240V Centre Tap with screen SECONDARY 19. 25. 33, 40. 50V
Pugs ot pos
PRICE 2pns 1 PRICE AMPS Ho. PRICE ¢
VA REF Cased  Eanh Open Pos ] 103 3.58 076
(WATTS]  No £ N 2 104 5.30 085
60 ‘gg 9(2)3 0 98 470 072
200 151 1 098 BB 0.97
250 152 13.81 098 10 31 118 60 VOLTS ’Sjler:“;':g“e for
S e —— PRIMARY 200/240¥
AUTO TRANSFORMEFS SCIC TR for SECONDARY 24. 30. 40, 28, 6OV
PRICE range R R R
VA Ref PRICE Plugs  PRICE ,f'- frice post A new standard for sound reproduction in the home! We
{Watts) Ne Cas: 2% 0 Post AMPS 2 £ t . T A
) eu 3pin  Open 05 05 :;; 31;; 072 believe that no other amplifier in the world can match the
1500 93 2326 ©95 19 oA p 121 S i overall specification of the HD250.
MINIATURE & EQUIPMENT  Sce caiogue for Rated : i i i
' e power output: 50 watts av. continuous per channel into any impedance
Primary 240V with Screen fult range BRIDGE RECT'F'ERS from 4 to 8 ohms, both channels driven.
VoLTS MILLIAMPS REF PRICE Post ONEAMP Price. FOURAMP  Prca
?‘0‘3 S S“zu; Sec. Z z":‘lla L‘;G nf'u ‘gg:ﬁ Dnﬁ ;gg:w ggg Maximum power output: 30 watts av. per channel into 5 ohms.
06 06 500 00 234 1.56 034 200P1V. 028 400PLV. 065 a q 1 A q A
ggg 046 ID(;; 1000 712 232 g: BO0PLV. 030 B00P|V. 0.75 Distortion, preamplifier: Virtually zero (cannot be identified or measured as it is
- - i = 1: 1.60 . 4 | - Patnladt ise.
» oo O s 23': 1% o ':%%A‘rp ;”;; sgxo”" pied below mnherent circuit noise.)
100 P.i:v’ 040 100 ::x ggg Distortion, powar amplifier: Typically 0.006% at 25 watts, less than 0.02% at
12 and 24 VOLTS PRIMARY See catalogue for 200PIV. 045 0.80 rated output (Typically 0.01% at 1 Khz)
200-240 Volts full range 400PLV. 050  400P). 090
Tad 26% VA1 on all prices Hum end noise: Disc,—83dEV measured flat with noise band width 23 Khz (ref
AMPS REF PRICE post [T SmV); —88dBV A’ weighted (ref. 5mv)
v 2y No. £ £ -
03 0.15 242 166 034
05 g,zs m 1.60 046 SPECIAL OFFER! Line —85 dBV measured flat (ref 100v)
1 5 213 1.90 08! —B88d BV A’ weighted (ref 100v
2 ! 7 o 06! 2 KVA ISOLATORS § i { !
.07 -
o 3 o 50 ‘l’l% Fully impregnated & screened Hear the HD250 at
8 4 108 St 085 2 primary windings 110V egch
2 secondary windings 115V each SWI FT OF Wl LMSLOW
N EW' 2" AND 4" See catalogue for {2 matching transformers}
PANEL METERS '™ £29.50 plus carr. & VAT. (P, TR
grv STE 0o Wi x Sum Wh g1 SEE 11 Wit x 82mm High - . 5 Swan Street, Wllmsl_o_w, C]\eshire (Tel. 26213) ;
X 40mm Deep. X 43mm Oeep.  PLEASE ADD B% VAT ON ALL Mail Order_ and Par;alvlaazlgiaxgg,gnn enquiries: Wilmslow Audio. Swan Works, Bank
YU Meters are compiele with deteciors. Modern wice view Price 2 £3.20 TRANSFORMERS & METERS Square, Wilmslow (Tel. 599)
Post t0p Price 4 £4.00. Post 10p. Lamps «Op per set. Plus 8% VAT Also in stock: All Radiord speaker drive units and crossovers, ZD22 preamp. Low
N E CAT‘A Lo G U E 2 5 Distortion oscillator LD'03 and Distortion Measuring set DMS3.
- o 'WW—015 FOR FURTHER DETAILS
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ELECTRONIC BROKERS

Electronic Brokers Ltd.
are one of the leading
electronic instrumentation
companies in the UK,
providing a full range of
services to Universities,
Industry, Colleges and
Governments both at home
and overseas.

We have the largest
stocks of secondhand test
equipment in Europe as well

TEST EQUIPMENT

SIEMENS
Level Meter 3D 332 0.3-1200KHz £250
Level Meter 30 335 10KHz-17MHz £300
Level Oscillator 3W29 0.3-1200KHz E250
Level Oscdlator 3W518 £300
Carrer Frequency Sweep measurning set up Type Re!
32 M710 (1o 15MH2). Comprising Level Osciliator
Rel 3W 518 Level Meter Rel 3D 335 Sweep
Antachment Red 3W 933 Tracing Recewver Rel 3D
346 Used for measurement on carner telephone
equipment for coaxal systems {e g V960, V1200 &
V2700) and wideband radio relay systems (e.g
FMB0G FMS00 FM 1800} P.G.A.
S.T.C

Octave Filter 74143A 37 5--12 800Hz For
analysing noise & nterference on comms. systems
Particularly useful with Psophometer 74142  P.O.A.
Selective Level Measuring Set 741848 601364
KHz £125.00
Measuring Set 7483 1A

Mitliwatt Test Sets 74166 £50-£65.00
Noise Generator 74126 20H1-4Kz  £120-£200.00
Selective Level Measuring Sets 748328

50KHz-800MH; 03-3V. 0-600m V & dB scale
B0mMV-120mV fSD (adjustable) on dB scale Wil
tunction also as Beat Frequency Indicator & as a Freq
Deviation Meter Transistonsed & Ponable operates
from an nternal battery Impedence 7Sohms £140.00
White Noise Gerterator 742628 Measures basic noise
& mtermodulatiin on mulicircuit telephone systems
(up 10 960 ccts ) in terms of Noise Power RanoP.O.A.
WANDEL & GOLTERMAN

Level Trangmitter TFPS 42 10KHz- 14MHz £375
Level Meter TFPIM 43 10KHz-14MHz £375
Wandel & Golterman VZM 2 Distortion measuring set
for phase and amplitude mod For muitichannel FM
Radio Systems up to 12MHz base bands £350

ADVANCE
Double Pulse Generator PG 56 Pulse Amphtude

01V10V Sq wave 0G-10V Rise Time 10nsec
typically} £€87.50
Pulse Generator PG 55 P.O.A.

Modular Pulse Generator Advance Type PG 52

System of & Signal Generatng & Processing Units

Repetition treqs up 10 20MHz & Output Pulses 10 20V
{500hms) Rise & Fall umes Snsec Its versaniity enables
the production of complex pulse & ramp waveforms not
obuainable from pulse generators £250
ADVANCE

Pulse Generator PG55 P.O.A.

SWEEP GENERATORS

HEWLETT PACKARD
Sweep Oscillator 692D 2-4GHz Sweeps from  start

stop SPECIAL OFFER £300
Sweep Oscilator 6938 4-8GH:

SPECIAL OFFER £325

Sweep Oscillator 6930 4-8GHz £325
JERROLD
Sweep Signal Generator 9008 Central Fregs
500KH2-1200MHz Sweep widths narrow as 10KH: o
400MHz wide 50ohms 6 p impedance 400
MES L
Swept Signal Source MHB83 7

12 5GHz  £480.00

PULSE GENERATORS

as a selected range of new
products. These are on display
at our London showrooms
where customers can examine
the equipment of their choice
and see it working.

Electronic Brokers Ltd.
have fully equipped
workshops on the premises o
test and report on the majority
of equipment we sell.

SIGNAL SOURCES

ADVANCE
VHF Square ‘Wave Generator SG21
10 KHz-100MHz Max P2V €35.00
AIRMEC
H F Signal Generator 201 30KHz-30MHz (7 bands)
Im Xtal Calibrator o, p level variable 1uV-1V 750hms
Impedance Int Mod at 1KHz Ext Mod 30Hz.
10KHz £60-115.00
GENERAL RADIO
Unit Oscillator 1209C Freq 250-920MHz Accuracy
1% Dntt Q 2 0/ pin to 500hms= 150mW supphed
with Power Supply Type 1201 -CQ18 as
ilustrated £215.00
Unut Osciltator 1218A 900-2000MHz Power output
of 200mW across band £140.00
Umit osciltator 1363 Spec on request £495.00
HEWLETT PACKARD
FM /AM Sgnal Generator 202H. FM AM CW &
pulse coverage 54 10 216 MHz R.F 0/p 0 1:V.0 2V
50ohms Impedance £450
Unvverrev 207H for use with above £100
) HF Signal Generator 612A 450-1200MHz  £495
V HF Signal Generator BO8E 10-480MH; (5 band)
Accuracy =0 5% o/p O.1uV-1V {vanable] 50ohms
Int AM 400 & 1000Hz Ext AM 20Hz-20KHz
Superb condiion £895
Signat Generator 614A 9D0-2100MHz o ]
0 1.4v-0.2V (500hms) £395.00
SHF Slgnal Generator 818C 2 8-7 6GHz 1
50chms £550.00
UHF Signal Generator 616A 1 8-4 2GHz £475.00
MARCONI{ INSTS.
FM 'AM Signal Generator TF 995A/35 Ministry
type No CT402 1 5MHz-220MH; RF o p
2uV-200mV. Intemal & External Mod Faciliies V
good condtion £385
FM 'AM Signal Generaior TF 9954 15-220MH:
n §bands O 1uV-200mV F M upto = 120KH7 from
SOHx 15KHz AM up 1o 50% from 100Hz 1OKHz
o/p (1) 2uVv-200mV (2} wi terminating  uni
V- WOOmV Int mod freqs 400H: 1KHz & ' 5KHz
Drstortion (1) on internal F M 25Hz {2) on internal
AM 6% at 30% mod £300 to £450.00
AM Sgnal Generator TFBO1D 1 Freq range
10-470MHz R F output 0 1y-1V Pision artenvatar
50ohms Impedance Modulation int AM 1KHz Ext
AM 30 H;-20KHz Low spunious FM & drfr
VSWR 1 2o less £400-£800
AM Sgnal Generator TFBO1D 15 Mvhlavy Vevswon

10:485MHz 0-£800

Oscilator TF1370A 10Hz- 10MHz Square Wave
\.p 10 100KHz High Outputs up 1o 31 BV £285
Phase /A M  Signal Generator TF 2003
04-12MHz £150

AM Sgnal Generator TF 801B/3S 12 485MHz
0 uvy £195.00
RC_ Oscilator TF1101  Frequency range
20HZ-200KHz  Qutput Owrect into 60090 20V
variable Attenuator 0-6dB in 10dB steps Impedance
600 Oistortion Via 1KHz Filter less than O 1

Direct or via Attenuator Less than O 5% S50Hz-20KHz
Less than 1% 20Hz-200KH: Superb condition €175

UHF & SHF Signal Generator TF1058
1600-4000MHz. D TuV-445mV  50chms  Impe
dance £295.00
Heterodyne Generator TF1221
2MHz-100MHz £45.00
FM 'AM Cignal Generator TF437 1 CT320
35KHz-18 3MHz As seen condition £80.00

Portable Receiver Tester TF888 3 Freg
OKH7 70MHz Xtal check 500KHz & SMHz utput

| ==

Amemberof
theEBgroup

1uV-10MV 10 10dB steps 1KHz A F Oscillator a |
Power ranges 10mV 100mW & 1w £70.00
Wide range R-C Oscillator TF1370 Swe wave
10HZ 1CMM: - Square wave 10Hz-100KHz Direct
outputs up to 31 BV Attenuator with 75phms

100chms & B00ohms ixance £110.00
Phase A M Signal  Generator TF2003
04-12MHz £150.00

VHF Mobre Radio Test Set. TF10648 5M  £300
Signal Cenerator TF144H 4 Late models n superb

ounditior £500 to £650.
AM FM Generato: TF995B/5 (Brand new
unused) £750
MUIRHEAD

L F Decade Oscitlator DBBOA 2 phase
QO0VHz-" 1 2KHz £295.00
Decade Gscillator DBYOA TH7-11 2KHz £335.00

-RADIOMETER

Stereo signal generator SMG1C Full spec on request
Superb conditron £400
AM FM Generator Type MS27G £31§

RHODE & SCHWARZ
Frequency Synthesiser Type XUC (BN444466 w
XSU Power Supply & Calbrator (Brand w
conditiorm P.O.A
WAYNE KERR

Video Dscdiator 0 222
ranyes

V-deo Osoillator 0 22D 10 KHz 1DMH 2

OSCILLOSCOPES

COSSOR

CDU110 DC - 2QMHz ¢
HEWLETT PACKARD

Oscilloscope  140A w 1415A tme doman
reflectonweter  For iesting ol cables nnectors
sinplnes & transmission knes £750
Samphng Scope 1858 DC-3 5 GHz £395.00
Osciliosempe 1754 DC-50MHz Man Frame £150.00
Plug-Ins .wvailable from £25-£55.00
50MH? single channel 1751A Time Mark Gen 1783
Aux Plug-in 1780A Display Scanner 1782A Sweep
Delay Gen 178'B Dual Trace Vert Amp 1750A
Delay Gen 17B1A

7KHz-8MH:z in 6
£75.00
£150.00

wCAM 111 Plug in £24§

MARCONE
TV Scope TF 2200A/1 ¢ 'w TV Ot plug 0 TM
6457A CLC-30MHz . €190

Portable Scope TF2203 15Mh/ Handwidih

ccupled 50mV cm sensitivity £125.00
SOLARTRON )
Portable Scope DC-6MHz Qouble’Beam £95
CD 1014 3 DC-5MH/ £90
Portable scope CO 1400 DC-15MH:z Plug ins available
Cx 1441 1443 £180

Vide Band General Purpose Scope CD-1212 (Min
Type CT484) Plug ns CX1251 & CX1252 £149.50
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HEATHKIT
10-12 p Scope Single Beam 50MV cm DC-4 5MH:z

Tube Assembled Refurbished Our price £49.50

ROBAND
25MHz Scope R 050 ¢ w 5C Plug in €200
25MHz Scope R 0504 ¢, w 5C Plug in €225
TEKTRONIX
Sampling Scope 661 ¢/ w plug ins £450
453 DC-50MH: Solid state & poriable £650
Storage Scope 564B with MOD 121N Auto Erase ¢ w
3A74 (4 wace] & 3B3 plug ns (Immaculate

adion) £725
ADVANCE
778 Millvohimeter 50Hz-4 SMHz 0 001V 10 300V

FSD Input Impedance 10Mohms £42
Voltmeter VM 80 AV Volts 0-500V [ranges 6) DC
0-1 5KV 7 ranges Resistance 0 1000Mohms £45

DAWE
Valve Voltmeler Type 6138 0 03 300V
{RMS) £125.00

ELECTRONIC
BROKERS
TEST
EQUIPMENT
CATALOGUE

The most comprehensive catalogue of its kind

ever compiled in the UK.

Send 50p towsrds printing, postage, etc.

{Overseas customers £1) and a catalogue will

be sent by return.

Electronic Brokers Ltd. will lhan kaap the
d by for 9 ion

sheets free of charge.

ONIC

ADD 87 VAT TOALL PRICES
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the test equment people

On these pages you will
find just the briefest selection
from the vast range which
we hold in stock at any one
time.

If you are seeking a X
?pf:;figtitq:? and it istnot_ 49~53 Pancras
isted, it will pa u to ring us
first — we be‘l)iew\llzowe offergthe ROGd I.Ondon
best prices and the best
service|. NW]

HEWLETT PACKARD
DC Vacuum Tube Voltmeter 412A YMV 1000V

Acturacy ter &
Aninmieter £75
VIVM 400D 1mV to 300\/ FSD 12 ranges 10Mz 10
AMH, accuracy wpedence 10Mohms €85
VIive 100t L mmhmlc version of 400D Reads RM"
value of sine wave Loy voltage scale 0 3to 1 &
3 Lingar dB scate Input Impedance 10Mobms  £90
Vacuum Tube Volimeler 4108 Freq Range
20MZ 700MHz AC1-800V (6 ranges) DC 1V 1KV
ohmeter 0 2 ohms 10 500Mahms {7 ranges} Accuracy
£65.00
D C Microvoliommeter JZSA Vonage range o+ v &
tror
3 10 sequences Cuire m we & -ve from mnA to
A AT )phh 1 Gain 1000 000 £95 00
Vacuum be Voltmeter 400H Freq any
Hz2-4MH;  Volts V00V FS (12 range
Accuracy 2 1 50Hz-500KH, *+ 0

AV Volimeter 400E Solid state AC volts 1mV 300V
S {12 rangust Freq 10H/-10MHz  Accuracy
P

.0.A
MARCONI
Sensitive Valve 00 YOV 300V A
Frig TOMH7  Me cale
facilt £85
sive Voltmeter 10418 General Spec O 300V Ac
{ 1KV DC Resistance up to 500Mohms £60.95
Valimeter Nr T2 F 50
witipher  extead € range 5KV DC
50mv 100V Freq R e 204z 100MHz £55.00
TF 2600 unused o £175
PHILIPS
F Miltivolimete M 601 12 ranges-1mv-30!
B sce n met a
& 100KH2 100KHz- 1 MH2 5 Amy
canon avimlable 50 £65.00
L M zter GM 6011 Measuring Ranges
1mV-30 ranges Accuracy at 30KH
FSD rar 1KHz 30KHz with
5 £55.00
DC Muwcrovolimeter  GM8020 10V 1KV Current
10pA Accura FSD1 01 3
) oth Recorder o p fac £65 00
SIGN ELECTRONICS
AF Voltmeter AM32 160
s LANTRON
Dwntal Voitm 4 LM\ 1Ky
I.mga: 0 0% £235.00
DVM YyprLMm:u Ba DC nue RM S & mean
sensing  Acturale mea: Nt inespective
armonic distart 5
4DH-20KH? P.O.A

Carriage and packing
charge extra on all items
unless otherwise stated.

Enquiries and tenders
welcome from any part of the
world.

HOW TO REACH US

We are easy to reach, no
matzer where you live.
Minutes away from Kings
Cross or St. Pancras main-line
stations, and a bus ride from
Euston; only just over half an
hou- from Heathrow Airport.
Parking is easy too.

0, J} VonLoviioe ExPoRT Tel:01~837 /78]

HEWLETT PACKARD MULTIMET Rs
Distonion Ana'yser 33 1A £210 Il

Digital Recorder 5604 €110
Digital Rncorder 5618 €130 MICROTEST 80 — I.C.E.
MARCCNI INSTS. 20,000 OHMS/VOLT 40 o \]
€35 RANGES “ A
1 F ror Me 0 Ne ! 3 00 ohr it 4 0( ™ o
! £300 A
ok & Syo - M TH £90 w KV (6 Range AL
on Diste ester TF POA. 5V 1KV (5 mrge DC 50.A
RF Pover Me-ev TF 115 €75 10 5A (6 Ranges 25044 1o
Merer TF 329G £200 2 5A (5 Ranges) uvms ow ohms ghms X 1 ohms X
RADIOMETER 10 ghms x 100 Power Output Measurements 1 5V
————— signal Generator SMC POA 1000V (5 Rangesi - 6dB © 62dB (5 Ranges)
RHODE & SCHWARTZ 2 25 5000 -f (4 Ranges) 1,000
Ster der MSCBN 4192 2 POA wmes rload p cton (on ohm ranges) Meter
AC Converter tM1219 30mV 300V mean reading alvscop Swot £1450 ovement diode protecron Sue (Without case) 90 X
Freq range 10Hz-10KHz F.O.A. Agenuator typ: DPR 2~ 6 ] 42 P.OA 0 > 18 Elecuonic zero non-parallax mirror
DVM LM 14803 Autoranging version LM TELONEC scale Unbreakabic earrying case «nd probes suppled
1440 3 Max reacing 39999 5.V.2KV DC Full spec Sweep Generat M 2 w Pl E 3M 5 & Atter Sales Service available
on request P.O.A SIM P.OA. q :
FLUKE = Price £11.95
Ditterential Voitmeter 821A For calibratan testing ST 1 . Post & Packing 50p VAT a1 11 00 SEND TOTAL
stabiity reeasurements of reguiated power supplies DC RanscoPEs & 13 a5

Voitmeter calibration =0 01 absolute accuracy
nfirite nput resistance at aull over ennre 0-500V

range standard (ell reference Polanty switch Inline HnMETERs
readout with automatc hghted decimai No zer 2

‘}:‘:L‘l[.m‘s Usable as nnvelv\llonal VTVM .(1;55 STROBOSCOPIC
TACHOMETER

SUPERTESTER
680R — I.C.E.

20,000 OHMS/VOLTS 80
RANGES
20000 ohms Vait 1% DC 2

0 AC VDC 100mv 10 2KV {13
TR 1Y o Ranges) V AC 2 to 2KV {11 Ranges}
AOVANC Two units ir one 1 DC50.A10 10A (12 Ranges) | AC 250.A 10 5A (10
order Caliwator HC20 £15.00 ~0f SH Ranges) R X1 »100 x1 000 X 10000 and tow
Avo et hms Delector Reaclance 010 M ohms Freq
Valve Tester CT160 For testing of receiving & low ACHOMETER Measurement O ) Hz (2 Rangas) Power Qutput
power valves Mutual conductance  Emission SPEEQ FATE A 10-2 000V (9 Ranges) Decibels  -23 -+ 70 dB (10
Elrctiode nsulation & anode current can be measured above A 2AC Ranges) Capacitance 0 500 000 pF (2 Ranges using
Ministry approved £60.00 mans supply) 0-20 000 -F (4 Ranges using internal 3
AIRMEC /RACAL FLASH CURATION Volt battery) 1 000 nmes overload protection on ohms
Wave Analyser 248A 5 300MH £195-£300 Approx . ianges and metec movement diode protection 10
Wave Analyser 853 30KH7-30MHz Sensitwity @r kG elds of Measurement and 80 ranges Size 128 x 9§
1o 1V upto 20 MHz 4.V 10 4V up 10 30MH7 £95. 00 MPA 3 x 32 mm Non paraliax nutror scale Unbreakable
Wave  Analyser 248 eq Range 5MHz El carrying case suppled which comtains probes mains
( » 0 G 2
300MH7 £90.00 ad crocodile chips ang shorting link
AIRMEC -
Moculaton Meter 210 £75 10 £100 £49 50 Price £18.50
AMPEX Fost & Packing 75p VAT at 8% 1 54 SENO TOTAL
FM Ouect Recorder Reproducer SP 30 . ‘e S
ol Speen 10 301 7713 53 Freq rapon TOUCHLESS ACCESSORIES FOR 680R
Instrumentan SO0H7. 10H, ps
gci\gz'(‘h;i:n at 15 s Specml oiter £850 RETRO-REFLECTIVE AND MICROTEST 80 (EXTRA]
(" denotes tem not usab » Microtest 8
wier Osallator 7680H DC-15GH7 wath cour TACHOMETER AMBERCLAMP A C 2 54 10 5004 (6 Ranges) 3
_Nn‘A 15GH:z without coun Sitiwity 1:(356 -+ eads RPM from as far as gnsrsg, »:Av. }pnoa; rmot[)éi ;g Lf:g\’/"T(MAX} P
2 g = - 00 ohms NG METER
BELL 2 003 000" 1¢ PROBE MOD. 24 2 20 000 Lux £11.95
saussmeter Type 120 complete with Probes P.O A. v‘rﬂ-—-m"‘ 30 000 RPM  Battery ‘RESISTANCE MULTIPLIER MOO. 25 Mutliplying
e & K 1 Sowered W Factor x 100000 R Range (with eaon)i 100M
eviation Brdge 1505 P.OA e ' £5.95 ‘GAUSSMETER PROBE MOD. 77 0.15
aunnozm ’ 1 button readir Kilogauss £11.95 PHASE SEQUENCE INDICATOR
Battery Charger BE370 £30.00 MOD. 28 100'40DV (A 60 H: £5.95 D.C.
BP.L £89.50 CURRENT SHUNTS MOD._ 32 SERIES 10A 25A
flactolyne Capacitance Bruige C8 154D Q o 5 12 DA and 100A £4.50 each TEMPERATURE PRO BE
F 22 000 +F Freq S0H, £36.00 § - o MOD. 36 50 C to +200 C £11.95 SIGNAL
COSSOR oo INJECTOR MOO. 63 fasic O P Fregs 500KHz and
Battery Charger CC 99 £15.00 Sep s o ' KH; €5.95 CURRENT TRANSFORMER MOO.
DECCA & 4 616 250mA 10 100A £7.00
P Supply for Noise Source MW 61 P.0.A add 50p Post & Fack i
GENERAL RADIO (o] ! VAT g oo
mmitance Bridge 1807A Immaculate Condmion in above pricgs
Wooden Transit Case €1000
Unit Null Detector 12124 20Hz 5MHz L ;R D

with 120uB sacale

ERSLT

Please note: All instruments oftered are
secondhand and tested and guaranteed 12
months unless otherwise stated.
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POWERTRAN oo
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HI-FI NEWS 75W/CHANNEL AMPLIFIER
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MHIENTAcUUSﬂES

By J. L. Linsley Hood

Pack ' Price
1. Hhrwlm printed-Circuit board for power amp £0.85
2 Sot of resistors. capacitors. pre-sets for power

£1.70

Set of semiconductors for power amp. . £6.50
Pair of 2 drilled. finned heat sinks . . £0.80
Fibreglass printed-circuit board for pre-amp. £1.30
Set of low naise resistors. capacitors. pre-sets for

£2.70

e

&=

in semiconductors for pre-amp
£2.40

Set of potentiometers finctuding.mains switch) £2.05

Set of 4 push-beiton :vmnnl: rotary mode

il b onpoonopannnacaadhonaaaaaa £3.70

. Toroidal transformer nolnplm with magnetic

umn/huxluu primary. 0 117-234 ¥; sucnnna;u‘:s
£

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 circut has been deveioped further for
inclusion into this outstanding slimhne unit and features a pre-aligned front
end module, excellent a.m. rejection and temperature compensated varicap
tuning, which may be controlled either continuously or by push button
pre-selection. Frequencies are indicated by a frequency meter and shding LED
indicators, attached to each channel selector pre-set. The PLL stereo decoder
suppression and power 1s supplied via a
For long term stability metal

incorporates active filters for “"birdy"
toroidal transformer and integrated regulator
oxide resistors are used throughout.

Wirsless World Amplifier Design

Pack Price
11, Fibreglass printed-circuit board for power
SUPPY. .o ?0.65
12. Sel of resistors. capacitors. secondary fuses.
semi-conductors for power supply...... .. £3.50

13. S#i of misceilaneous parts including DIN skis. mains
mpm ski, fuse holder. inter-connecting cable. control
........................... £4.25
4. Scl ol motatwork parts including silk screen printed
fascia plnll and all brackets. fixing parts. etc. £6.30

15. book .
16.

2 each of packs 1-7 inclusive are required for complete
storeo system. Total cost of individually purchased
... £7225

Full kits are not available for these projects but component packs and PCBs are stocked for
the highly regarded Bailey and 20W class AB Linsley Hood designs, together with an
efficient regulated power supply of our own design. Suitable for driving these amplifiers 1s
the Bailey Burrows pre-amplifier and our circuit board. for the stereo version of it features 6
inputs, scratch and rumble filters and wide range tone controls which may be esther rotary of

shder operating.

For those intending to get the best out of their speakers, we also ofter an active filter system,
described by D. C. Read. which sphits the output of each channel from the pre-amplifier into
three channels each of which 1s fed to the appropriate speaker by its own power amplifier
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

h,q,,, .
Y |

article {April.

equalization stage and

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
1874) on a design for an amplifier 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 maintaiming distortion at tess than 0.01% even at very low power
levels. The power amplifier 1s complemented by a pre-amplifier based on a
discrete component operational amplifier referred to as the Liniac which is
employed in the two most critical points of the system. namely the
tone control stage,
conventional designs run out of gain at the extremes of the frequency
spectrum Unusual features of the design are the variable transition
trequencies of the tone controls and the variable slope of the scratch filter.
There 1s a choice of four inputs. two equalized ard two linear. each having
independently adjustable signal level. The attractive slimline unit pictured

positions where most

has been made practical by highly compacl PCBs and a specially designed

Toroidal transformer.

F R E E TEAK CASE WITH FULL KITS

oo £6 2 .40

WIRELESS WORLD FM TUNER

%idy

Pack Price
1. Fibreglass printed board for froat end IF strip.

demodulator. AFC and mute circuits .. .... £2.15
2. Set of metal oxide resistors. thermistor. capacitors

cermet preset for mawnting on pack 1 . .80
Set of transistors. diodes. LED. Inlourllln nircum for
mountingompackt.................. £6.25
Pre-aligned fromt end module. coit assembly. three
section ceramic filter . ............... £8.80
Fibregiass printed circuit board for steree decodsr

£1.10

o s ow

Set of metal oxide resisters. capacliors. cermet preset
fordecoder ....................... £2.60

Pack Price
9. Function switch. 10 tura lunisy potentiometer. knobs
5.

............................... 30
10. Frequency mater, meier drive components. lihrlulm
printed eircuit board ............ £8.60
11. Toroidal transformer with
Prlmry 0-117v-234¥

lEer!llllE IE"III

rsupply ..., £2.95

13. Set of miscellaneous parts. including sockets. fuse
hoider. tuses, inter-connecting wire. etc. .. £1.50

14. Set of metal work parts including silk screen prlnud
facia panel. acrylic silk screen printed tuning

Stuart design Details of component packs are in our free hist 7. Set of transistors LED. integrated circuit for decoder indicator panel insert, internal screen. fixing parts.
O dc. ... 6.50

30w Ea-l1ey Ag\phh'e"c 8 £1.00 8. Set of compononts for channel selector switch. module 15 Construction notes (free with complete kit) . . £0.25
BAIL Pk 1 F/Glass . . . . including fibregiass printed circuil board. push-button 16. Teak cabinet 18.3* x 127 x 3.1" ... .... £9.85
BAIL Pk. 2 Resistors. Capacitors, Potentiometer set . £2.35 switches. knobs. LEDs. presel adjusters. etc. £8.30
BAIL Pk 3' SB’"'C'J"g:‘C‘O'A;e‘ poe o £4.70 Dne each of packs 1-16 inclusive are required for complete
20W Linsley Hood Class stereo FM tuner. Total cost of individually purchased
LHAB Pk 1 F/GlassPCB . . .... ...... £€1.05 packs £76.85
LHAB Pk 2 Resistor. Capacitor, Potentiometer set €320 0 TR
LHAB Pk 3 Semiconductor set . £3.35
Regulated Power Supply
60VS Pk 1 F/Glass PCB . . £0.85 C
60VS Pk 2 Resistor, Capacitor set . £1.95 TEAK CASE WITH FULL KIT
60VS Pk 3 Semiconductorset . ... . .. £3.10 S U S
60VS Pk 6A Toroidal transformer {for use with Bauley) £7.95
60VS Pk 6B Toroidal transformer (for use with 20W LH}) . . £7.25
Bailey Burrows Stereo Pre-Amp
BBPA Pk 1 F/Glass PCB . . .. £2.35 KIT PRICE only n
BBPA Pk 2 Resistor, capacutor semnconductor set . . . £6.10
BBPA Pk 3R Rotary Potentiometer set £2.40
BBPA Pk 3S Slider Potentiometer set with knobs . . . . ... .. £2.70 PRICE STABILITY!
_Active Filter
FILT Pk 1 F/Glass PCB . £1.05 Order with confidence! Irrespective of any price changes we will honour all
FILT Pk 2 Resistor. Capacnlor set (me‘aa ox-de 2% pQ[ystyrene 22 %) £4.20 prices in this advertisement for two months from issue date provuded that this
FILT Pk 3 Semiconductor set . . . . £2.6§ advertisement 1s quoted with your order. E&OE VAT rate changes excluded.
2 off Pks 1. 2, 3 rqd for stereo active filter syslem ; All components are brand new first grade full specification devices. All resistors

(excepl where stated) are low noise carbon film types. All printed circuit boards
22“;\‘10/;??%2/%\/:52?28. £0.70 are fibre-glass. drilled, roller tinned and supplied with circuit diagrams and
READ Pk 2 Resistor. Capacitor set . ... .. ... . £1.10 construction layouts.
READ Pk 3 Semiconductor set . . £2.40 U.K. Qrders: Subject to 25% "Surcharge for VAT. Carriage free MAIL ORDER
6 off pks 1. 2. 3 required for stereo active filter system. ONLY (‘or at current rate if changed)

Securicor Delivery. For this optional serviee (Mainland only) add £2.50 VAT
Stuart Tape Recorder £1.10 inc. per kit

1 F/Glass PCB . y y
mz(’; ”:: i zz&% /X:“; F/Glaassss reel €170 Overseas Orders: No VAT. Postage charged abacual cost plus 50p packing and
TROS Pk 1 Bias/Erase/Stabilzer F/Glass PCB ... ... .. €1.20 handling.
DEPT. WWw 04

Further details of above and additional
packs given in our FREE LIST

"ang Portugal Mozambique Belgium Sumatra

POWERTRAN ELECTRONICS

PORTWAY INDUSTRIAL ESTATE
ANDOVER, HANTS SP10 3NN

wwww americanradiohistaory com
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Hong Kong Jersey Australia St. Lucia India Barbados Antigua Jordan Spain Israel Mauritius S¢

AUDIO KIT SUPPLIERS TO THE WORLD

Pack T20 T30 Pack

1 Set of low noise resistors . . ........... 095 1.05

2. Set of small capacitors . . .. .1.50 2.10 €3, screen

3. Set of power supply capacitors . 140 205 9, Fibregiass PCB . ... ...

4, Set of miscellaneous parts . ... .. .1.90 1.90 10. Set of metalwork. fixing parts

5. Set of slide. mains. P.B. switches . . 120 1.20 11. Set of cables. mains lead ... . o
6. Sel of pots. selector switch. ... .. . 200 2.00 12, Handbook {free with complete kit). .
7. Set of semiconductors. ICs. skis. .. ...... 7.25 1.75 13 Teak cabinet 15.4” x 6.7 x 2.8”

2 NEW TUNERS!
WW SFMT II

Following the success of aur Wireless World FM Tuner kit we are now
pleased to introduce our new cost reduced model. designed to
complement the T20 and T30 amplfiers. The frequency meter of the
more advanced model has been omitted and the mechanics simphfied.
 however the circuitry 15 1dentical and this new kit offers most exceptional
value for money. Facilities ncluded are switchable afc, adjustable,
switchable muting. channet selection by shider or readily adjustable pre-set
push-button controls and LED tuning indication Individual pack prices in
our free list.

POWERTRAN SFMT

This easy to construct tuner using our own Circuit design includes a
pre-aligned front end module, PLL sterec decoder, adjustable. switchable
muting, switchable atc and push-button channel selection As with all our
full kits, all components down to the last nut and bolt are supplied
together with full constructional details

I PICE £7- 1 5

SEMICONDUCTORS
as used in our range of quallty audio equipment.
2N699 £0.20 BC212K £0.12 MPSA6S £0.35
2N1613 £0.20 BC1B2L £0.10 MPSAB6 | £0.40
2N171) £0.25 BC184L £0.11 MPSUQS £0.60
2N2926G £0.10 BL212L £0.12 MPSUS5 €0.70
2N3055 £0.45 BC214L £0.14 SBA7504A £2.50
2N3442 £1.20 8CY72 £0.13 SL307 £1.30
2N371t £0.09 8D529 £0.85 SL3045 £1.60
2N3904 £0.17 BD530 £0.85 SN72741P £0.40
2N3906 £0.20 BDYS6 £1.60 SN72748P €0.40
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
2N5210 £0.54 BFR79 £0.25 TIP29C €0.71
2N5457 £0.45 BFYS 1 £0.20 TIP30C €0.78
2N5459 £0.45 BFY52 £0.20 TIP41A £0.74
2N5461 £0.50 CA3046 £0.70 TtP42A £0.90
2N5830 £0.35 L21186 £5.50 TIP41B €0.82
40361 £0.40 nmCI310 £2.90 TIP42B €0.98
40362 £0.45 NC1351 £1.05 ING14 £0.07
8C107 £0.10 MFC4010 €0.95 1Ng16 £0.07
BC108 £0.10 My48t £1.20 15920 £0.10
BC109 £0.10 NJ491 £1.30 5805 £1.20
BC109C £0.12 MJES21 £0.60
BC125 £0.15 NPSAQS €0.25 FILTERS
BC126 €0.15 MPSA12 £0.55 FM4 £0.80
BC182 £0.10 MPSA14 £0.35 SFG10 TMA £2.80
8C212 £0.12 ' MPSAS5S £0.25
BC182K £0.10

EXPORT NO PROBLEM

Kenya France St. Martin, Java New Zealand Borneo South Africa Denmark Nigeria Anguilla

T20+20 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 in our laboratories to include a Toroidal transformer and additional
improvements, the shmline T20 + 20 delivers 20W per channel of true Hi-Fi at exceptionally low Cost
The design 1s based on a single F/Glass PCB and features all the normal faciues found on quality
amplifiers, including scratch and rumble filters. adaptable input selector and head phores 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 and a tape monitor facility
Power output of this new model 1s 30W per channel

T20 T30 .
X idal iranstormer — 240V prim.
LI I L= T . : FREE TEAK CASE WITH FULL KITS

T20+20
KIT PRICE only

£28.25
£32.95

T30+30
KIT PRICE only

KIT PRICE

KIT PRICE

£32.60

CONVERT NOW TO QUADRAPHONICS

With 100s of titles now available no longer 1s there any problem
over suitable software No problems with hardware either Our
new unit the SQM 1-30 simply plugs into the tape monitor socket
of your exising amplier and drives two additional speakers at
30W per channel. A full complement of controls including
volume, bass, treble and balance are provided as arz
comprehensive switching facilities enabling the umit 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 circunt and was
designed by CBS whilst the power and tone control sections are
identical to those used in our T30 + 30 amphfier which the
SQM 1-30 matches perfectly Kit price includes CBS licence fee
Special offer to T20 + 20 and Texan owners!

Owners of T20 + 20 and Texan amplifiers. which have no tape
monitor outlet, purchasing an SQM 1.30 will be supphed, on
request, a free conversion kit to fit a tape monitoring facility to
the existing amplifier This makes simple the connection to the
highly adaptable SQM 1-30 quadraphonic decoder/rear channel
amptifier

™

S
&
<>

M 1en Arads maeh BT CBS ine

Feed 2 channels (200-1000mV as obtainable from most pre-amphfiers or amphifier

tape monitor outl€18) nto any one of our 3 decoders and take 4 channels out with no overall signal level
reduction. On the logic enhanced decoders Volume, Front-Back, LF-RF balance LB-RB balance and Dimension
controls can all be implemented by simple single gang potentiometers

These state-of-the-art circuits used under icence from CBS are offered in kits of superior quality with close tolerance
capacitors, metal oxide resistors and fibre-glass PCBs designed for edge connector insertion All kit prices include
CBS hcence fee.

L.
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M1 Basic matnx decoder with fixed 10-40 blend All components, PCB . o £€5.90
L1 Full logic controlled decoder with "'wave matching and ' front back logic for enhanced channel separation Alt
components PCB . . €17.20
L2A More advanced full logic decoder with "vanable blend extended frequency response increased front back =
separation All components. PCB . . £24.60 o
Our Export Department will be pleased to advise on postal costs to any country In ko)
the world. Some of the countries to which we sent kits in 1975 are shown Q
surrounding this advertisement \'b
@
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welcomed.

Visitors welcome, by appointment. Colleges,

5 SN74H41 0.36 035 0.33 i ]
NEW PRODUCTS HIGH-SPEED uramel 036 035 0.33 HIGH-BRIGHTNESS L.E.D.s
e TTL SN74H53  0.36 0.35 0.33 .200" dia. 125" di
PROTO BOARDS S 1 25 100 SN74H54 0.36 u.gs ogg .
74HO00 034 0.33 0.30 SN741456  0.36 0.35 0.
Build & test cucurts as fast as you think! SNIGHOT 034 033 030 SN74HE0 036 035 0.33 - | — ——
SN74H04 038 0.37 034 SN74HET  0.36 035 0.33
PB100 101C cap breadboard kit 4 5x 60 x 1 3" £17.45 SN74H05 0.37 0.36 0.33 SN7AHE2 0.36 0.35 0.33 100+ 100+
PB101 10 14-0IP cap 5-way post 940 solderjess SN74HO8 0.40 0.39 037 Sx74m 71 0.80 078 075 EgggggY‘ R$|E3 3 38;) Eggggvz R$guow :gp
tie points 5 8 x 4 5 €26.15 SN74H1O 0.36 0.35 0.33 SW74H72 074 073 0.70 = YELLOW P = o
PB102 12 14 DIP cap Ike PB1OY with 1 240 te SN74H11 036 035 0.33 SN734HT3 090 088 0.85 ED5053G = GREEN 20p ED209G = GREEN 1A9n
points 70 x a5 £34.90 SN74H20 0.36 0.35 0.33 SMN7iH 74 0.87 0.85 0.81 £D50530 ORANGE 20p QOC1 = CUP FOR ED5053 3 P
PBI03 24 14.DIP cap 4 5.way posts 2 250 e SzNHZI 036 035 0.33 SN74H76 0.90 0.88 0.85
points 60 x 90" £52.35 SN74H22 036 0.35 0.33 SN7iH101 080 0.78 0.75
PB104 32 14 DIP cap 3 06D solderless 1ie points SN74H30 036 035 033 5M74KH102 080 0.78 075 s
809 76" £69.80 SN74H40 036 0.35 0.33 SN74H103 110 1.08 1.05 TAN DA R D
SN74H50 0.36 0.35 0.33 SN74H106  0.95 0.93 0.90 4
LOGIC MONITOR pRoTOCLIP ‘ MICROSYSTEMS
Simultaneously displays For power on hands of L
St Bodl dymamict e grbi wracmgl Bring! IC LOW-POWER WIRELESS WORLD . 25-up 100-up
states of DTL TTL HTL o1 leads up from PC board TTL COM?2502 £6 60 5 30 0462
CMOS DIP ICs Pocketsze surtace for tast liouble 23l oo TELETEXT COM2502p L4 65 £3 95 {380
M- 59.95.  shooting 1 ] + 5
w59 PCI14  14pn €325 SN74L00 033 0.33 0.30 COM2017 705 £6.0C £5 00
PC16 160 £3.40 SN74L02 0.3 033 030 DEGUDER COMD01 7P 14 75 £4.15 £3 75
SN74103 g-gg a3 g-g: CUM2502H +12 80 L1125 £10 30
SOCKETS & BUS STRIPS gm“ﬂt% Beh B G 1024-bit Static COM2017H £12 80 L1125 £10 30
Plug in wire test moGty or epand without patch Sns4l2c 039 037 034 N-Channel Ram COM2601 £16 40 11_4 25 ,,1‘3 15
cords o1 solder Snap loyether 10 form breadboord nN74l17 1.62 158 150 T 2602 B COM5016 £6 70 t6 15 £5 60
nevded SN7albt 034 033 030 ype KR23/76-ST v11 50 £9.20 £8 19
A, GO Price shrst7a 074071 0.68 (1000ns) KR3600-ST £12 00 £10.20 £9 25
S 65 620 118 £10.90 3',:3{;:’, 162 158 1.50 16-pin Moulded Dip 1:MX5010 £6 70 £6.15 t5 55
Q548 Bus 65 62 20 £2.20 Sn74lor 178 171 185
Qrais SN74L95 1.62 1.58 1.50 . eac
Socket 53 50 94 £8.75 o
Q1. BBus §3° 50 16 £2.00
(o0 f3 FORM TOR KITS INTERFACE
T el alg " :”: WAVE GENERA 1 MODULES
QrinB Bus 41 38 12 . 4
7Ok Hece s a hghly versatile instrument at a £18.98
Socker 247 217 36 £4.15 a hact an of the cost of conventional L O e Al
Cyi011a p By i}
Qri s . T30 XH-205K  unit -1 ncludes two XR208 IC s alon Instr Amp FET fmput £22.00
Socket 187 1eT 24 ; €12.30  daa A upphcations PC board fetched w02 ety amp FET it 000
QT8S >ocket \4‘ 1 16 IZ.:S & dail teady for assembly) and CY1021a Instr Amp FET Input £38.50
Qr7s Seaer 13 - czes Oetaileninstictons Cv213/  DAC 10 B Low Drift £30.80
Cy2218  DAC 12 Bt 2 Quad Muluplying £96.80
DAC 12 Bt Low Drift £46.20
7400 Series TTL 330 oac a Dig1 BCO Low Cost €57.75
The Function Generator Kit features sine. mangie CY303% ACD 8Bt Sect Countng Low Cost £57.75
1 and square wave THD 0.5% typ. AM/FM CY3635 ADC 3 Digit BCD Secy Count Low Cost £77.55
25 100 + SN7494 0.48 045 0.40 : capabilty
SN7a00 ©.14 013 0.2 SN7495 0.60 0.56 0.50 | XR-2206KA FUNCTION GENERATOR KIT
SN7401 018 013 0.12 SN7496 070 0.67 0.60 ! £11.5
SN7402 0.4 013 0.12 SN7497  2.80 250 2.35 \% ud e nerator IC PC B
SNjd03 D14 013 012 SNiai00 o35 130 128 L e ! e oLy C-MOS Types
SN7404 035 0.14 013 SN/4104 031 029 026 | & XR-2206KB FUNCTION GENERATOR KIT 1 __ 25 100+  4030AE 0.46 0.37 0.31
SN7405 0.1 0.14 0.3 SN74105 0.31 0.29 0.26 I;lé:s:i:)"ﬂcu o 4000AE 0.17 0.14 0.12 4033AE 1.14 0.92 0.76
SN7406  0.30 029 0.28 SN74107 031 029 026 | %§ a: Same as XR-2206KA above and includes 4001AE 0.17 0.14 0.12 4035AE 0.97 0.78 0.64
SN7407 0.30 029 ¢.28 SN74109 100 097 095 = - components for PC baard 0'17 0. 0'12 4040AE 0.88 0.71 0-58
SN7408 ©0.15 013 0.12 SN74110 0.55 0.50 0.4S§ 4002AE 0. .14 0. 8 - R
Sn7409 0.15 0.3 0.12 SN74111 0.81 0.80 0.76 4004AE 1.93 1.55 1.29 2041AE 0.69 0.56 0.46
SN7410  0.14 033 0.12 SN/3114 100 097 095 PlCO-PAC . 4006AE 0.97 0.78 0.64 4042AE 0.69 0.56 0.46
O O Gn o) peenie D arp O Sl 4007AE 0.17 0.14 0.12 4043AE 0.83 0.67 0.56,
SN7412 0.1 . 0.1 SN7ATY 1.00 0.95 . U 4 ¥
SN7413 030 029 028 SN74121 031 029 0.25 T o] & s 33°8§E g';,: g'g‘; 3'5? 233725 3'31 g:(z) g-:;
SN7414 0.7 070 069 SN74122 0.44 041 037 A eTERy 10 100 09 K b 3 N Y b
SN7415 030 028 0.27 SN74123 0.62 0.58 0.50 PREEE 12 90 4010AE 0.46 0.37 0.31 4048AE 0.46 0.37 0.31
SN7416 0.28 027 0.26 SN74126 0.70 0.65 0.60 THE SMALLEST 15 70 4011AE 0.17 0.14 0.12 4049AE 0.46 0.37 0.31
sN7417 028 027 0.26 SN73126 075 0.70 0.65 REGUILATED 18 50 4012AE 0.17 0.14 0.12  4050AE 0.46 0.37 0.31
SN7420 014 013 0.12 $h74178 140 135 130 bt ¢/ 0C POWER 29 32 4013AE 0.46 0.37 0.31 4051AE 0.77 0.62 0.51
SN7421 095 094 0.93 SN74132 210 2.05 2.00 - SUPPLY EVER| 22 25 ; 0.83 0.67 0'55 4052AF 0.77 0.62 0.51
SN7422 025 0.2 0.23 SN/4136 0.95 0.90 0.85 ! 24 15 4014AE 0. . . . 8 .
SN7423 0.26 0.25 0.22 SN74140 250 2.45 2.40 £15.00 each 4015AE 0.83 0.67 0.55 4053AE 0,77 0.62 0.51
SN7426 026 028 022 SN/4141 075 0.70 062 4016AE 0.46 0.37 0.31 4055AF 1.08 0.87 0.72
SN7426  0.26 025 022 SNJ414L 115 110 105 M M 4017AE 0.83 0.67 0.55 4056AE 1.08 0.87 0.72
S 08 B B Sailr B8 oM B PREMIU QUALITY 4018AE 0.83 0.67 0.55 4060AE 0.92 0.74 0.61
SNVSAE s : : SNl : 4066AE 0.58 0.47 0.39
014 013 012 SN/3150 1,35 1,30 1.25 4019AE 0.46 0.37 0.31 5 K 5
ShNiids 025 024 022  SN74ls) oes o6z 085 COMPONENTS 4020AE 0.92 0.74 0.61 436?25 3.1: g.q: g.:i
SN7433 0.36 035 034 BN o JIC 5 S RIS O 'S Woe've been buying and selling 4021AE 0.83 0.67 0.55 407 .18 0. .
g e i LIS O 6o 6 L T Ty [componenTal 1o FIRST 4022AE 0.79 0.64 053 4076AE 1.27 1.02 0.85
G Oby QFD CFF JaNed 4D 4 D o 4023AE 0,17 0.14 012 40B1AE 0.18 0.15 0.12
SN7439 1.10 1.08 106 SN/a1s5 068 062 0.55 | neary ten years. We handle only QUALITY, 17 0. - 0 Eo SibH G
SN7440 0.14 013 0.2 SN74156 068 062 0.55 original parts, from the world's 4024AE 0.64 0.52 0.43 4510AE 1.27 1.0. d
SN7441  0.70 0.69 0.66 SN7/4157 090 0.85 0.80 leading manufacturers and our ONLY 4025AE 0.17 0.14 0.12 4516AE 1.27 1.02 0.85
SN7442 0.63 0.60 053 SNT4IS8 150 145 140 | mers include some of the 4026AE 1.42 1.14 0.94 4518AE 1.82 1.46 1.21
U B2 O R SNy BB aem ohoy s e 4027AE 0.46 0.37 0.31 4520AF 1.82 1.46 1.21
S L 0 SR S1\31, /TR0 S SO S OO 80) e 4028AE 0.784 0.59 0.49 4901AE 0.35 0.32 0.30
SsN7a45  0.85 0.83 0.70 SN71162 095 090 0.80 quality P ¢ y Y 4911AE 0.35 032 0.30
SN7446 1.03 1.00 0.85 SN74163  0.95 090 0.80 Now you can take advantage of 4023AE 0.94 0.76 0.63 1 - . -
SN7437 1.03 1.00 085 ;x;“;gg :»gg :g: : 38 our component buying skills and
SN7448 0.85 0.83 0.70 i d : : power and select from a broad
. 0.14 0.3 0.12 SN71166 1.40 1.30 1.15 i B
720 0@ 013 042 SN741/0 240 230 220 | range of advanced circuits. ADTECH POWER SUPPLIES
SN 7453 0.14 013 0.12 SN7A173 165 1.60  1.55 Ompu!
Sn7a54 0.4 013 0,12 SN71174 115 110 1.00 vde  Amps Prices
SN7455 040 0.39 038 EN741/5  0.97 0.90 0.80
SN/460 0.14 013 0.2 SN741/6 110 105 1.00 RED BARON SERIES: 5 1o 28V /0.8 10 3.0 Amps.
sN7462 045 044 042 SN/4177 110 1.05 1.00 APS5-3 N 50
SN/464 045 0.44 042 N/ 110 1.05 1.0 E\A/ APS12.1 6 05 T8
N7465 0.45 044 042 N/4181  3.50 3.45 3.35 i 12
6 : o APS 15.1 § 15 122
SN7470 030 027 0.25 SN74182 110 105 .00 A A o 13
SN7471 060 059 058 SN741R1 160 1.56 1.50 solar = 58 o8
sn74/2 025 024 0.21 SN 230 225 2.20 APS 28-0 8
Snyaz 030 027 026 snials 490 ass 430 | Dasgored GREEN HORNET SERIES; 5 10 28V /2 to 6 Amps.
SN7474 Q.31 029 0.§6 SnJ21000 175 170 1.65 PS5-6 5 6
SN/475 040 6.39 o048 N/4191 170 165 1.60 Watth Apeheoll 09 3
Sn746 031 029 026 N 97 125 105 1.00 APS153 15 3 L35
SN7478 065 063 061 svo-'9% 1.2 1.05  1.00 AP52472 2 24 2‘2
sN748¢0 0.43 0.41 0.36 SN/G199 130 1.08  1.00 th PSZ8-2 58 2
5N7481 1.00 095 0.90 74195 090 085 0.80 wi A -
sN7ag2 075 0.70 0.862 N/aT6 0 1.05 100 0.95 LACK BEAUTY SERIES: 5 to 28V /4 10 10 Amps.
N7483 081 0.80 068 snoie ves 100 oss | 100-YEAR TN 5 ™
SN7484 0.90 0.86 0.85 SN/4198 205 2.00 1.70 ,
anoige 125 115 100 sniatan 205 200 170 fCALENDAR ﬁggl;’g 152) é 54
SN7age 031 028 2.25 SN/4Z00 6.00 595 580 Ap2ait 54 2
iN/a89 3.50  3.20  3.00 INJEI21 180 175 1.70 Ap2sa %8 i
N7430 0.45 042 0.35 NTAI51 180 175 1.70 “ . - . <t
SN 7191 100 095 0.90 SN/42/8 3.00 290 280 Solar cells draw power from the sun (10 to minutes per day) or from BLUE MAX SERIES: 5 te 28V /9 te 25 Amps.
> N 045 042 035 SNJI779 120 115 130 ambient hight (shghtly longer) to keep batteries tully charged Batteries = - n
WL 50 ore O N/1°97 100 0.95 090 operate up to 10 years 18! crcuitry 5 programmed to provide a APS5 26 P 2
SN7493 0. . - INJA298 260 2.55 280 calendar to the year 2100, automatically adjusting for 30 and 31 day APSH .12 g 15
d months eveo leap years Aulomalc brightness control adjusts LED foy APS1. 17 2 14 X
i s . o perfect viewing even in outdoors Shows minutes and hours counts out APS15 15 15 b £ 107
LS and S Series TTL also sconds or shows the date Easily adjusts o reset hour o date without APS20 11 20 i
. affecting calendar Shock and-water resistant Accurate 1o 5 seconds per APS24.10 28 &
available month Price: £298.50 each. APS28.9 2 9
All goods new, to full manufacturer's spec. No substandard parts sold.

Govt. and Account orders

TERMS: Non-Account Customers, Cash with Order. Standard P&P
50p. Please add VAT to overall total.

RAGSTRaA ELECTRONICS LTD.

275-281 King Street- Hammersmith - London W6 9NF - Tel.01-748 3143/2960 . Telex.24443
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PDP11
RF11/RS11 Disk Drive & Control and
Remex High Speed Reader/Punch &

Lontrol
Tektronix Graphics Display & Control (for

FDP11

123

The SECOND-USER
Computer Specialists

-

o e .

Exchange

/20 24K Processor with

series)

PDP81 16K Processor, rack-mounted, with
Teletype Control

PC81 High Speed Reader Punch

RKO5

DF32 Disk Drive & Control (for PDP8E

saries)

TUBO DUAL Cassette Drive & Control (for

Disk Drive (no controlier)

PDP8E series)

RTO2 Single-line Alphanumeric Display &

Contro

| (for PDP8E senes)

DEC 6ft. Cabinets

IMMEDIATE EX STOCK DELIVERY OF
ASR33 TELETYPES, ALSO ASR35 and

KSR33

EX STOCK DELIVERY OF IBM 024

IBM PUNCHED CARD

EQUIPMENT

PAPER TAPE PUNCHES & READERS

TELETYPE BRPE 110 cps Synchronous Punch
5 7/8 channel Self-contained mans-operated umit
consisting of punch unit base motor and tape
supply spool Price €145.00 Sound reducing
cabinet available at £25.00

FACIT 4060 rack-mounting heavy-duty punch 5/8

channel _maumum operating speed 150 cps  Completely redesigned with many important
Complete with supply and take-up spools tape
& fow/out sensor and large builtin chad box new features — send for brochure

L

£595.00. Control unit also available

TALLY P.120 panel-mounted perforator Asynchronous operation up
to 120 cps Integral tape supply and take-up spools Price £150.00
TALLY 420 Rack mounting perforator Asynchronous operation up 10
60 cps Integral supply and take-up spools Complete with Model 5088
transistorised drive package £495.00

WELMEC LOW-SPEED PUNCH. Magnetcally driven up to 17 cps
Ideat for data logging Large cnad box £45.00

FACIT 4001 Rack mounting high-speed reader A very high quatity
unit with dielectnic reading and capstan drive Reading speed up to 500
cps {or 1000 cps using separate spooler) Can be stopped between two
consecutive characters £650.00

TALLY R150A READER. 150 cps Fast rewind Suntable
rack-mounting Comptete with supply and take-up spooils £200.00
TALLY 424 rack 9 reader 8 up
10 600 cps Complete with supply and take up spools Price £125.00,
WELMEC R82 solenoid-operated mechanical reader Low-cost
low-speed reader tor speeds up to 17 cps Compact tree-standing unit
£45.00

DIGITAL PRINTING MECHANISM
TYPE EP 101

Capacity 21 columns 16 print positions (0-9 +
entry Columin spacing 3 5mm Line
spacing 5 'mm  Character dimen
$1005 1 8mm wide X 2 9mm hugh
Power requirements 15V DC

Current 150mA non-printing up to
410mA maximum printing  toad
Very compact unit measunng 6
OUR BARGAIN PRICE

for

-t $) Parallel data

Peripherals and Systems for Data Processing
1lSystems, Equipment and Components

Vlini~ Computer

Keyboards

NEW

ECONOMY 80 COLUMN
HAND PUNCH

from £69.50

NEW STOCK
RECEIVED:

16-Key Japanese Keyboard. BAAND NEW SURPLUS! Magnencolly operated read relay
switches mounied on PCB 9 wiite keys 4 black. Z yellow. 1 red. Dimensions 3': x 3
X i . Price £3.50 [P&P 30p)

4 BANK HOMEYWELL ALPHANUMERIC KEYBOARD — BRAND NEW

Mounted on printed circu t board (non<oded) 53 character keys + 10
nswucton keys and 2 space bars Layout can be re-arranged as
required ldeal for prototypes and special applications Hali-ettect
switches Power requirement + 5V 420 mA Price £20.00 (PAP £ 1)

JUST

REED-SWITCH 4-BANK ALPHANUMERIC KEYBOARD mounted
on panted circuit board with ASCII coded cutput. 43 character keys + 2

5 x4 shift keys and 12 instructional keys Ideal tor data displays computer
£49.00 (PAP 1 1) 7 prog g. etc (a) E: housed n metal case €30.00 +
056, 026, 077 Input Output connector atso avail — ¥ £3 00 P&P, (b} Brand new mounted an PC board anly €30.00 +
able price £2 00 = £100 P&P
Add 8% VAT 1o all
ol L, COMPUTER SALES & SERVICES (EQUIPMENT) LIMITED ...
extra — Manday to Friday 8a m
Eaings)ax 49/53 Pancras Road, London NW1 2QB. Tel. 01-278 5571 !,
detaiis on request. it
=
WW—107 FOR FURTHER DETAILS -
VOLTAGE REGULATORS DIODES from . N . .
MC 1469 R 500 mA 2 5-3‘70\/93;::::‘. Output £1.83 4001 S “mi:i:'.:;; * - MOTOROLA @ MULLARD @ SIGNETICS
" N ies 9
MC 1463 R 500 ma 3 6 37 0 V Negatve £2.50 INg0OT 50 v £0.04 MONSANTO @ FERRANTI @ GIM
MC 1723 CP2 150 mA 2 0-37 O V Postive £0.50 N 4002 100 v £0.06
MLM 305 G 20 mA 4 5-40 0 V Positive £1.28 N 4003 200 V £0.07 T =
ﬁé” 5&?: ano mAg 1-ao(/)vv Negative €1.25 N 4004 400 V £0.08 Mullard Audio and Radio Modules
1 L Ftoating Currert Dllage‘vegulalm €3.53 1N 4005 600 V £0.09 *LP 1173 10 Watt Audio Amp £7.54
Fixed Output N 4006 800 v £0.10 *LP 1184, 2 Very low diStortion stered pre amp £8.18
1 Amp Positive Vottage—£1.20 N-w-m‘s- Voltage—£1.60 1N 4007 1000 vV €0.13 «LF 1185 FM 1F Amplifier £6.28
5 volt MC 7805 CP MC 7905 CP MR 501 Series 3 AMP *LP 1186 FM Tuner Module €7.78
12 Volt MC 7812 CP mc 7912 Cp FEED By A0 2LP 1400 Stereo Decoder Module €8.02
ok e :g}gg: s s MR 501 100 V €017 Soec i e N -
U L MR 602 200V €0.18 (1y 10 Watt Stereg amphifier compnsing -
24 volt MC 7824 Cp MC 7924 CP MR 504 400 v €0.20 1alP 1184 2 ND2xLP 1173
OpE Positive Vokage—£0.77 T03 Volt Positive Regula- A gy oies *NORMAL PRICE £23.26  «KIT PRICE £19.50
oy R T tors ) g - (2) FM Tuner compnsing - :
Internal thermal shut down MR 750 Series 6 AMP TxLP 1185 1x (P 1186 1xLP 1400
18V MC 7718 CP
i MLM 309 K — €1.53 MR 750 50 v £0.27 +NORMAL PRICE £22.08  KIT PRICE £18.00
MR 751 100 v £0.29 Data Sheets on each modute 10p extra
DISPLAYS AND LED'S M: 75§ §00 Y €0.33
Al from Monsanto MAN Series X oot o0 MULLARD TRANSISTORS/DIODES
7 segment displays — Red yell : - i
T e o gt O T g | Gewossomwemsaswe | AENS 02 BRI gae e @er om0 g
Type 2 Common anode overflow (- 1) €1.34 €1.66 LD Purposs Diodes AC 128 €013 BC107A €013 BD1g2  €0.70
Type 3 Common cathode LH decimal 0w M AC 153 €0.08  BC 1078  €0.09 80183  €0.80 . o oo
Please specify colour height and type number reqd Tuning Diodes . AC 176  €0.18 8C 108 €0.10  BD 201 £1.00 =
Type 4 0 127 Red display - £0.35 “BE 105 & VHE ROTSS AC 188 €032  BCI0BA  €0.11 BD203  €1.00 2N3055  £0.70
Light emitting diodes — Red, yeliow #8B 105 B VHF £0.63 ACY 19  €0.30  8C108B  €0.08 BD232 £0.82 MJ2501  £1.80
=L 1"'(; 2"“ s I b YA DCED IR c0.38 «BB 105 G VHF £0.44 ACY 20 £0.17 BC 1098  £0.13 8D 233 £0.50 MJ 2955 it
Type 2 0 125 nch dhametes PCB mounti €0.15 Red oni MVAM — 1M MW/ LW €2.70 ACY 22 ~ £0.08  BC109C  £0.14  BD 234  £0.52 MJ3001  L0-o
Tyoe 3 0 125 inch diamater tugh 1mensiy’ £0.32 g - ACY 22D £0.08 +BC 147 €0.08 80235  €0.57 «MIE 340 051
Ploase specily colour and type number read ) FERRANTI INTEGRATED AD 139 f080 <108 coos Bosys  £o72 M 068
Unless otherwise specified atternate colowrs will be shipped 1f ordered colour 1s not CIRCUITS AF 114 £0.25  #BC 149 €006 BFIIS £0.14 MJE 2995 €1.18
avaable ZN 1040 E Unwersal counter/display AF 118 £0.22  #BC 157 €0.08 BF 167 €0.20 MJE 3055 €0.72
7 segment decoder drivers — daver €12.00 AF 116 €020 %BC158  €0.07 BF173  £0.22 MPSAO06 _0.17
CMOS common cathode MC 14511 CP €1.23 ZN 1034 E Precision timer £2.99 AF 117  £0.19  #BC 159 £0.09 BF177 €0.43 MPSa 12  £0.33
T TL common anade N 7447 B £0.75 *ZN 414 AN Radio Circuit £1.00 AF 121 €0.10  8C 327 €0.18  BF 178 €0.32 *MPSUO6  0.37
TTL common cathode N 7448 B £0.85 = AF 125  £0.24 *BC 328 £0.18 BF 179 €0.38 *MPSU 56  £0.39
AF 126  £0.20 *BC 337 £0.20 MISCELLANEOUS
DATAIBOOKS SOLDERING IRONS AF 139 €0.31  BCY 72 €018 mEodn: €0.30
B O 68 G SR £10.50 utesold soldering irons 240 A a.c. AF 178 £0.40 8D 115 €0.22 ME 0214 0.07
\ade: 1stor Py - e AF 239 £0.80 8D 124 £0.70 ME 0462 €0.30
CMOS over 400 pgs €1.50 watt £2.25) AF 102  £0.16 8D 131 £0.37 17
Linear integrated circuits over 800 pgs £2.50 :Aﬂodel 13; ';S watt £2.80 CANE s Hp el a7 m; ?égg cg.so
Signetics odel 1 watt £2.95 Y N 17
Data/ Applications baok over 1600 pgs © ea.00 Conqueror -lighi weight (35 grm) _high REE T BB &88 o SR B
Booklets on CMOS DMOS. 74LS. Consumer | C shift registers RAM s €0.20 each ;"'C@ncv o £2.83 BA 182 €0.17 BD 137 £0.30 ME 4104 £0.06
{specify title} BYAT Goews Dg;;%;l:\r;d l;v";bz\:e:?rﬁ“s Con:\fe‘r‘:r BAT 10  £0.6§ 8D 138 £0.34 TIP 23A £0.50
RESISTORS o cass | B0 foos  bbia0 oy 11038 €0.30:
Idering braid 5 foot reel . i T g i
¥, Watt Carbon resisters Mullard CR 37 1p each R kel TR BAX 13 £0.06 8D 144  £200  1pa2a 0.50
2 Wart Metal him resistors Welwyn MR 5 Sp h
8 Watt Wirewound resistors Wetwyn W 22 37p each INTEGRATED CIRCUITS
12 Watt Wiewound resistors Welwyn W 23 39p each Signetics Linears - wA 741 CV Op Amp o £0.42
20 Watt Wirewound resistors Welwyn W 24 41p esch MC 1458 V Dual comp op amp £0.80 WA 709 CV Op Amp €0.30
W23 and W24 are avastable up 10 27 ki all other standard values available #NE 540 L Audio power driver £1.17 Swgnetics Memories .
. 1.C. SOCKETS - N o - . e N 82506 8 256 bit bipolar RAM . cas0
N T w u . 2102 8 1024 bt MOS RAM £2.85
s 14 pin €0.12 16 pn €0.15 é‘? NE 561 BP L L with AM demod €2.70 Special O ) :
N 24 pin £0.26 28 o £0.27 - NES62BPLL withVC O £2.70 ’ pecial Offer:
40 -n £0.30 NE 566 VP L L function gen £1,50 Motorols 14 oin 741 C . £0.10
Dept. WW, Wellington Road Terms of Business: Cash with order ) Mail ORDER ONLY
London Colney, St. Albans PRICES EXCLUSIVE OF V.A T. WHICH MUST BE ADDED AS SHOWN BELOW
COMPONENTS Herts. AL2 1EZ Posiage/Packing 30p + VAT V AT 8% except where matked thus # These items 25%
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| 0.4uV to 4V at

13 or 75 ohms.

o Impedance with
termination

{supplied). Butlt

1
59 i /O in crystal check
— D tacility . wth

- - handbook. £138

including carr

§ e m
T
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RACAL COMMUNICATION EQUIPMENT.
On wp of the above we are able 10 offer a
comprehensive selection of this modern high class
equipment including LF Converters. panoramic
adaptors, trangmitter driver units {export only)
hnear amplifiers can be built to customers
requirements

5248 FREQUENCY COUNTER. Measures
basically 10MHz Display on neop lamp 8
decibles P D A

DIVERSITY SWITCH TYPE MA1688. Soid
state £45.00.

RACAL RECEIVERS MODELS. RA17L
RA17W in fully working and tuned condition
Prices on apphcation RA98A SSB ADAPTOR
£85.00.

HEWLETT-PACKARD OSCILLOSCOPES 175A
with 1750A dual trace vertcally plug-in and 17818
detay time base plug-in, S50MHz mini-meter band
switch at 50 Mv/CM Modes of operation Single,
mixed delaying Full spec and price on apphcation

T
AM/FM SIGNAL GENERATOR. TYPE
202E & 202H 54-216MHz n 2 ranges
£275.00.

T
SIGNAL GENERATOR TS. 497/URS
2.5Mz 13MHz, 30MHz, 78MHz, 180MHz,
_ 400MHKz O 1v-1uv £150 carnage £3.00

Open 9-12.30, 1.30-5.30 p.m.

except Thursday 9-1 p.m. *

400 and 1000 Hz
internal mod.
Limited aty.
anly available.
Fuil spec. and
price on re-
quest.

TF 526B OSCILLATOR AND DETECTOR
UNIT £50-00.

.CINTIL TYPE 1873 SQUARE WAVE & PULSE
GENERATOR. freq 5c/s to 250KHz Pulse 0 5 msec,
0 33 Output to 50v for 1000R& to Sv for 1008
POA

RADIOMETER TYPE MS111 SIGNAL GENERA.
TOR. High quality Danish production 10KHz-110MHz
£200 carnage £'5 00

CT480 SIGNAL GENERATOR. 7 KMC/S 10 12
KMC/S mod CW . FM Pulse £160 carnage £'5 00

AVO NOISE GENERATOR CT 410 €30 carnage
£2 00

BRIDGE IMPEDENCE No 5.0 10-10MQ 1pF-1 uF
1w H-1H €85 carriage£4 00

EDISWAN STABILIZED POWER UNITS. Yo 100v
50MA  Type R12B0 to 300v-150MA and,
300v 75mA :

TEKTRONIX OSCILLOSCOPES 535 & 545. With
plug in umits CA (33MH2) {double beam). G(20MHz
ditferential 50mV-20v} and D high gain differential
1MV.50v Price on apphcation

TECHNICAL MATERIAL CORP EXCITER/
TRANSMITTER MODE SELECTOR. Freq
2-32MHz M D and 10 crystal positions Vernier
tuning USB, LSB var carner wnsertion etc  £200
carnage 10 00

FSK EXCITER. Freq 1-6 5MHz O 100Hz
continued frequency shift up fo 600Hz switched
freq correction Modes FAX. FS, MSC. CW
£50.00 carriage £5 00

AMPLIFIER UNIT TYPE 1430. Dynatron
Production  Pulse amplifier with controt
Difterenial® and “integration”™ ume constant
0 08.sto Bus Attenuation to 20db P O A
PULSE ANALIZER. Made by Dynatron with
discnirmunator  all meter reads. channel width
threshold level P O A

PLUMBICON TUBES TYPE X0 1071 Mullard . . . . . . . £150.00 do Ao
; 6C6 0.50
PY33 035 | u2s 1.00 | UCLB3  0.70 | 29007 1.50 | 5R4GY  1.00 Qs 0.55
PY80  0.60 | U26 0.80 | UF41  0.70 | 1A3 055 | 5Usc 055 | 6AQ5W 0.70 6%&6 0.50
PY/81/800 u27 1.00 | UF80 0.40 | 1L4 0.30 V4G 065 | 6AS6 0.8 | 6CH6 1.60
0.50 | U191 0.75 | UF8S 0.50 | IR5 0.50 | 5Y3GT 0.60 | 657G 1.0 | 6CL6 0.75 -
A1065  1.25 | EF36 0.85 | Gz37 1.00 | pygy o045 | usor oso | UFB9  o0.50 | IS4 035 | sz3 1.20 | 6aT6 0.60 | 606 0.45 THE VALVE WITH A
ARB 0.60. [ EF37A  1.10 | K766 2.90 | pyg3 0.50 | UABC8O 0.45 | UL41 0.70 |is5 0.35 524G 0.60 | 6AU6 0.40 25';8 ?-:g GUARANTEE
ARP3 080’ | F40  0.70 | K188 385 | ovas o0 | UAF42 o070 | UB4 050 |74 0.35 | 52467 0.65 | 6ave 050 | &7 110 o, 3.75 | 9314 6.00
ATP4  0.50, | EF41 0.75 | MH4 100 | pysgo 110 | uscar o0 | Uva1 050 |ix28 0.75 | 6A87 0.0 | 6AX4GT 075 | GFES e ike  1ae | 3 500
BioN  3007|°€F80  0.35 | M6 075 | pyg01 085| Usfgo 050 [ UYBS 050 |20o1 o0 | GACY 080 | axscr 100 | 6F12  0.80 | 12Ks  1BO f95a oz
DAF96  0.60 | EF83  1.25 | 0A2 045 |"0qv03.101.50 | UBF89  0.50 | VR105/30 2K25  9.00 | 6AM6  0.70 | 6B7 070 [&F17 100 | 2K eT 075 | o8 2
DFO6  0.60 | EF8S  0.40 | 082 0.45 | qqvo6.40A UBLT  1.00 045, 343 060 | 6ax5 045 | 6aA6 o040 | BF3: 20 || S R || O ors
DK96  0.75 | EFB6  0.45 | PABCBO 0.40 800 | usl21 075 | vR150/30 3be 040 = 6AKE 040 |:6BE6  0.40 . .
EFB9  0.35 | PC 6BG6G 1.00 | 6J4wWA 1.2 | 1254767 0.80 | 1629 070
DL92 0.50 | EF - PCBE 065 | qyo3.12 1.60 | uccss 0.50 0.45: 1 354 0.50  6ALS 0.30 - 645 0.65 | 12567 055 | 2051 1.00
DL96 ~0.70 | EF91  0.80 | PCBB  0.65 | 5c1,400 3.60 | UCFBO 0.80 | X61M  1.50  3ya 0.85 | 6ALSW 0.60 | 6BJ6  0.75 I K
pC97 eI/ 6J5GT 055 | 12547 055 [ 5933 300
DYBE /574045 Y [JE RS2 R0 S0 55 | 5Ci/600 5.50 | uCHa2 080 | X66 075 5p/25am5.00 | 6AM5 100 | 6BQ7A 060 | 84 o351 12va 040 | cosr  ooe
DYBO2 0.45 | EF95 0.45 | PCI00 0.55 SP61 0.80 | ucH81 0.50 | .ZBOOU  3.00 | 5B/255M 5.00 B6AME 0.60 | 6BR7 1.30 617 oss | 1as7 100 | e0a0 He
EB8CC/011.30 | EF183 040 | PCCB4 045 | iy 6.00 | ucls2z 0.4s5 | Z801W  3.00 s58/268M 5.50 | 6ANE  0.70 | 6BWE 1.0 19205  0.70 -
E180CC 1.00 |.EF184 040 ( PCCBY 060 617G 0.40 ‘983 0.70 | 6064 060
E182CC 3.00 | EFL200 0.75 ;ggggg 2.6 VIDECON TUBE TYPE P 864 B English Electric ... ... £20.00 SroGT 0801 1%C6 6. gggg “)-gg
EAS0O 040 | EL34  0.70 . . 1 i
6K7G  0.35 | 19H5  15.00 [ gpgo 2.50
Earss. o0 | €37 39 PG a8 6K8GT 055 | 20P3 080 [ g1ag 335
X N Please wnte or phone for current price of any of the transistors 6L6M 1.90 | 20pP4 1.10 | 61468 4.00
o1 o et oao|ecme oss | TRANSISTORS  [om i oo 890 odo | Bleor a70 | So” oo
feca1 075 | Eios o8 | pCroor 080 " 6SA7 o053 | 30C15 100 | 5001  oiag
EBCA1 7 U 35 . .
65C7 0.75 | 30C17  1.10 | go02 0.55
ESES;’ 8'}2 Etﬁé 328 EEﬁSg; 822 AAz12.8aV1d  AF186 6Cva3 CR$25/026| 0C26 0170 2N3054 6567  0.55 | 30C18  1.10 [ 9003  o0.70
EBFBO 040 | EL90  0.50 | PCFBO5 1.0 | ACII3 AF239 BCY72 GET115 0c28 0C172 2N3065 657  0.60 | 30F5 100 | 5004 o040
EC52 0.40 | EL91 1.00 | PCFB06 090 | AC126 aFzZ12 BF115 GET116 029 0C200 2N3391 6547GT 0.35 [ 30FLT  1.10 | 9006  o0.40
ECCB1 085 | EL95 0.70 | PCH200 ©0.80 AC127 ASY26 BF167 GEX66 0cas 0C204 2N3730 6sKk7  0.60 [ 30FL12  1.10
ECCB2  0.35 | EL504  0.80 | pCLB1  0.60 AC128 ASY27 BF173 NKT222 0C36 0C 206 2N3819 6SL7GY 055 | 30115  1.00 C.R.
ECC83 0.35 | £1821 1.80 | PCLB2 0.40 AC176 ASY28 BF 185 NKT 304 0ca2 ZR11 2N4038 6SN7GT 0.55 | 30L17 1.00 TUBES
CCB4  0.35 | EM31  0.70 | pCLB3  0.720 | ACY!7 8C107 BFYS51 NKT404 0C44 ZR21 2N4058 6507  0.60 | 30p17  1.00
¥ - . ACY18 BFY52 0ab 0C45 ZR22 2N4061 6VEGT  0.60 | 3557 DG7-5 12.00
ECCB5 045 [ EMBO  0.55 {pCi84  0.50 acuis BC108 Bevs2 e 2 oy o oas | 39P19  v00 1 oo, o 08
ECCB6  1.25 | Em8d 040 | pcigs 060 | ACYI9 gg:?g esge 8:% 0673 g:sgs IN5295 6x5G 040 | 39PL1  1.00 | pGi32 1gi00
ECC88  0.55 | EMB7  1.00 | sios,/8s oC75 30PLI3 110 | MWI335
0.80 | EY51 0.45 ACY39 BC116 BSY95A 0ATY 2N696 3N126 6X5GT  0.55
Eeenss 0.4 21 0.45 060 [ acvag BC118 8Y100 073 oc78 5N708 3N128 6Y6G  0.85 | 30PL14  1.10 35.00
ECFo2  0.45 | EvBb/87 048 | PEL200 070 | Apiag 8C136 BYZ16 oara 0C780 N IN154 624 0.65 | 35L6GT 0.80 | VCR139A 8.00
ECFBO1  0.75. | Ev: 050 | PL36 060 | ADIEI BC137 CRS1/20 091 0oC81 SNTE0S 3N159 6-30L2 090 | 35W4  0.55 | 5FP7  8.00
ECFBO4 250 'E740 0.70 | PL81 0.55_ | AD162 BC148A CRS1/30 0A200 0ce2 IN1307 SX754 787 0.80 | 35Z4GT 0.70 | 88J 9.00
ECH42 0.85 | E241  0.75 | PL82  0.50 | ADZ11 BC172 CRS3/10 04202 Oc820M IN1309 25303 7v4 0.80 [ 50C5  0.65 gal .00
ECH81  0.40 | EZ80 0.30 | FL83  o0.s0° | ADZ12 8C172A CRS3/20 0AZ200 2N2062 112082 902 0.60 E O
ECHB4  0.60 | EZ81 0.35-| PLR4 AF114 8C212A CRS3/30 0C22 ocsss 2N2411 40235 906 0.50 | 75 1.00 SPECIAL
0 060 0 0.50 ' Lpirs BOY31 CRS3/40 0C25 0€139 2N2989 40250 11E2 600 | 75C1 075 VALVES
ECLB 3 GTIC 500 | pL504  0.85 AF116 0C140 IN3053 40251 12A6 0.60 | 76 0.75 | Cv2339 45.00
Eoia 050 | &350 &0 | pueos O3S AF117 IN23A 12AT6  0.45 | 78 0.70 [ MS503-2J4L
ECigs _ 080 |'Gzaa o080 | o0 13| aenis . | omers w stock me | IN25 i2a17 oas g0 075 | 6000
= - " i : - AF124 tegrated ts. CRT IN3BA 12AU7 .35 A - K E
p = AF125 VALVES AND TRANSISTORS ;"pZZ’:, evaliZ?”’/;lnC M:/ IN43 1247 0.35 | 803 6.00 | kan2A  6.00
A lot of these valves are imported and prices vary - AF126 Telephone enquines for valves, transistors, etc Order £1 UK Postage IN70 12BA6 0.50 805 18.00 7254 25.00
for each delivery, so we reserve the nght to AF127 retail 749 3934 trade and export 743 0899 £ £2. 17p £2.£3 22% IN677 12BE6 0.55 |807 0.75 TY4.600 30.00
change prices for new stock when unavoidable AF139 over £3 free COD 25p IN4148 12847 0.55 813 6.50 | 2J/192140.00
.AF178 extra IN4785 12C8 0.60 |866A 1.60 | 24/52a 75.00
P e MARCONI  TEIU4H  SIG-
sRe( ) L MUK - BERSR SR o0 JESLAND, sormymcaTion
L » GENCRATOR Knen MHe . dingle items or quantities. Private or Industrial.
| ', Range: 15KHz to  R.F. output 2uVv g
! 30MHz. Output to 2V at50ohms FWW

TF 8018/2. Spec as for 801D but minor circun

differences Few only left £120 carrage £ 5 00

TF 867 SIGNAL GENERATOR. Range 15KHz to
30MHz Output O 4uF to 4v at 13 or 75 ohms

with Built in crystal
check fatilimes With hand book £135.00 carriage
£5 0D

TF144H SIGNAL GENERATOR. freq range
10KHz-72MHz RF output 2.V 10 2V at 50 ohms
400 and 1 000Hz internal mod  Limited quantity only
available Futl spec and price on request

TF BOID/1/S SIGNAL GENERATOR. Range
10-465MHz in 5 ranges R F oulpu1 O 3 uV 1V source
CM Dial calibrated in volta decibels and power
relative 10 thermal noise Piston type attenuvator SQ[)
output impedence Internal modutauon at 1KHz at up
10 90% depth also external sine & puise medulation
Built /n 5MHz crystal calibrator Separate RF and mod
Meters Price on application

TF 893 AUDIO OUTPUT METERS. Up to 10W £55
carnage £3 00

TF 995A/1 or A/2 or A/2M or A5 SIGNAL
GENERATORS. Very high class AM/FM 1 5MHz to
220MHz Detalled spec and price on apphication

EM! 0SCILLOSEOPE WMB AC/DC (o 15 me/s
Time base O 15Msec 15Msec £70 carraqe £5 00

HR 23 TRIPLE DIVERSITY SSB RECEIVERS. Freq
3-275MHz VF O a1 6 Xtal postons Reception of

RHODE & SCHWARZ. Z.g DIAGRAPH TYPE
20U 30-420MHz 501} Directly measures
muluterminal net-works, phrase shift, phrase
angle with complimentary POWER SIGNAL
GENERATOR TYPE SMLM high freq resolution,
miernal external mod up to 3v out £750.
FREQUENCY SYNTHESIZER TYPE XUA.
30Hz2-30MHz with FREQUENCY INDICATOR
TYPE FKM 15-30MHz 30-100MHz £1,000.

SIGNAL GENEHATOR NO 16. 8cm-11cm €85
carnage t4 00

SIGNAL GENERATOR NO 13. 20MHz-80MH., Ah—ﬂ
FM CW 1uv-1v £65 carnage £4 00

KAHN SS8 ADAPTOR TYPE RSSB — 62 — 18,
Designed for receivers with 455-500KHz IF a1 100mV
{max) put Features electronic AFC carner freq
dversity to combat fading 20 sce RC memory to
maintan tuning during severe tading Individual carrier
meters, nuvishers  IOW  distortion production
demodulator £65 carriage £5 00

singte or double side band transcevers
Full spec on application £350 carriage £35 00

TF 885A/1 VIDEO OSCILLATOR. 0-30KH:z SMHz
1Mv-31 6v €85 carnage £4 00

TF 934 DEVIATION METER. ?50MH? £55 carnage
£3 00

TF 14005 DOUBLE PULSE GENERATOR WITH
TM 6600 SECONDARY PULSE UNIT for tesun:
radad nucieonics scopes counters hlters etc £1 7§
carniage £5 00

TF 958 VALVE VOLTMETER. AC voltage 1 5-150y
at up to 100MHz DC vohage 1 5-150v €25 carnage
£1 00

PLEASE NOTE

Unless offered as “as seen”

ALL EQUIPMENT

ordered from us is completely over-
hauled mechanically and electrically
in our own laboratories

SOLARTRON

CD1400 OSCILLOSCOPE with
wide band amphfier CX 14431 and general
purpose ime base x-amphfier CX 1443 Up to
15MH; dc 750KHz on X10 gain  Sensitivity
(max) 100 mv/cm 10v/cm on X10 gan £130
carnage : 3 00

DIGITAL VOLTMETERS
LM 14202, 2.2 5uvz1000v in 6 ranges
Accuracy 005% of range 1e  +1 digit.
sensitivily 2 Suv per digit €320,
LM 1426 25mV-1000v in 6 ranges Acc range 1
n 002 £170.00.
Also available CO 1420 £170.00. CD 1440 2
£220.

ARS8 D & LF SPARES. We hold the largest stock in
UK write for hst

RF METERS. 0 8 amp 2%’ (USA) brand new £1.50
P&P 25p

TELEPHONE TYPE "“J” tropicahsed

10 LINE MAGNETO SWITCHBOARDS

50 LINE AUTOMATIC PRIVATE TELEPHONE
SWITCHBOARDS

FOR EXPORT ONLY.
RCA ET 4336 TRANSMITTERS

Also modified version of increased output to
700W COLLINS TYPE 231D 4/5KW TRANS.»
MITTER

10 channel. Autotone and manual turing

€13 TRANSMITTERS, 38 62 TRANSCEIVERS

NO 53 TRANSMITTERS. REDIFON 100SW SSB”
TRANSCEIVERS MULLARD C11 HIGH POWER
INSTALLATION (1.000wW)

PLEASE ADD APPROPRIATE VAT (8% or
25%)

500/250 MEDIUM WAVE BROADCAST
TRANSMITTERS. Export only Price and details
« on application

COLOMOR (s=qnemcs) °
170 Goldhawk Rd., London, W.[2|
Tel. 0 - 743 0899 ;

\Vidadaaaricanradiohictan, cam
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SERVICE TRADING CO

700 12-24 2c/o &%

{1} Coil ohms; (2) Working d.c. voits:

R E LAYS SIEMENS PLESSEY. etc.
MINIATURE RELAYS

1. g 3 4 1 2 3

52 48 2co 75p° 700 16 24 4 M2B 65p*
58 65-3 6clo 85p 700 16-24 4c/o 85p°
185 8-12 6M g5p° 1250 18-36 2clo  65p
230 9-18 2c/oHD 78p° 2500 36 45 6 M 65p°
430 15-244c/o  gsp® 2500 31-43 2 c/oHD 65p°
600 1020 6M 859 15k 85 1106M 65p

Price HD=Heavy Duty. All Post Paid. (*including Base}

(3) Contacts: (4)

OPEN TYPE RELAYS
6 VOLT D.C.
9 VOLT D.C. RELAY

3 ¢c/0 5 amp contacts. 70 chm coit 85p. Post 15|
12VOLTD.C. RELAY

3¢/0 5 amp contacts 120 ohm coil 85p. Post 1

24VvOLTD.C

2 HD ¢/0 700 ohm coil "85p. Post 15p

4 ¢/0 300 ohm coil 95p. Post 15p

100 VOLT ac 2 c/o0 75p. 3 ¢c/0 85p. Post 15p
ENCLOSED TYPE RELAYS
6 VOLT DC 3c/085p. Post 15p

24V DC 3c/085p. Post 20p Base 15p
24 VOLT A.C. Mtg ITT 3 h d. c/0 conta
Post 20p Base 15p extra

55 VOLT A.C.
230 VOLT A.C. RELAY

240V. A.C. heavy duty 3 ¢/ contacts

Price 85p. Post 20p Octal base 15p extra
220/240 VOLT AC RELAY
3c/05amp cont Sealed Mf.g ISKRA £1.35.
Base 15p extra

ARROW 230/240V AC 2 <0

Amp connectors £1.10. Post 20p

Miniature relay 675 ohni cail 24 voh D.C 2 c/0

1 moke con. 45p. Post 15p

3 heavy duty c/o contacts Price 65p. Post 20p. Base 15p

110 VOLT A.C. 2c/0 20amp. £1.35.
CLARE-ELLIOT Type RP 7641 G8

MANY OTHERS FROM STOCK, PHONE FOR DETAILS

p

Sp

cis 65p.

Post 20p
5 amp contacts
Post 15p

80p P P

LATCHING RELAY

Twin laiching relay. ‘tlip-flop’ 2c/0 each relay

Mains contacts. 116 volts AC. or 50 vo DC
operation or 240 volts A.C. with 2 5K resistor, B5p.
Post 20p

PRECISION CENTRIGUGAL
BLOWERS

tMtg. by Smiths Industries Miniature model. Series
SF/200 Size 95mm x B2mm x 82Zmm _ Aperture
38mmx 31mm. 12 ct.m £2.75. Post 50p

Mtg. by Airtlow Developments Ltd

Mig by Woods

200mm. £12.00. Post £1.00

Precision made. continuously rated. smooth running 230/240v A.C
motorBOC.f m. Asillustrated but withround aperture. €6.50.Post 75p

Extremely powerful 220/250v AC 0.3 3mp 2.700r p.m conunuously
rated Capacitor start Casi Construction Aperture 66mm x 50mm. O/ A

230 VOLT FAN ASSEMBLY

Continuously rated. removable aluminium
bilades. Price £1.25. Post 50p

VAT 25%

C/0 MICRO SWITCH

VERY SPECIAL OFFER. Mig by CEM 3 amp
250 volt. 10 amp 125 volt .50 for €3. Post 36
100 for £5. Post 50p. 1.000 for £45. Post paid

DOUBLE POLE C/0 or 2 make/ 2 break micro switch

10amp 250 vA.C

With detachable roller assembly 10 for £2.50. Post 50p {Min order 10)

MINIATURE ROLLER
M swich OMRON type V16 FL 22-1C |
50p (Min order 10}

tor £2.00

post

230-250 VOLT A.C. SOLENOID

Similar in Poearance o lustraton
Approximately 14 Ib pull. Size of feet 13
127 Price £1.00. Post 26p

high. £2.50. Post 50p

SOLENOID HEAVY DUTY MODEL
230,250v A.C Apprx. 10ib. puti, 4°' long x 2%’ wide x 3**

24 VOLT DC SOLENOIDS

UNIT contaning

heavy duty sotenod appiox

25 b pul

VARIABLE VOLTAGE TRANSFORMERS
Carriage extra  INPUT 230 v. A.C. 50/60
E OUTPUT VARIABLE 0/260v. A.C.

BRAND NEW. All types.

200W (1 Amp) .. . £10.00
0.5 KVA (Max 2% Amp) . £11.50
1 KVA (Max. 5 Amp) . . £16.50
2 KVA (Max. 10 Amp) ... .. £30.00
3 KVA (Max. 15 Amp) ... . . £33.00
4 KVA (Max. 20 Amp) .. ... £60.00

{max. 37.5 Amp) . . . . £102.50

LT TRANSFORMERS
0.6 t2volt @ 10 amp

0.30.17. 18voht « 10 amp
0.6_12volt « 20amp

0 12. 24 volt « 10amp
0.4.6,24.32volt « 12amp
0.6.12.17.18.20volt « 20amp
Other types to order at short notice

£5.60 Post 70p
£7.80 Post£1.00
£9.00 Post £1.00
£9.20 Post£1.00
£9.80 Post£1.00
£10.40 Pos: £1 00
Phone your enquiries

Y
AUTO TRANSFORMERS

Step up step down o 115200 220240 voirs

At /5 watt £3.00 Post 40p. 150 watt £4.30 Post 50p. 300
watt £6.20. Post 60p. 500 watt £9.20 Post 75p. 1000 watt
£13.50 Post 90p.

RING TRANSFORMERS

Functional Versatile Educstional

These multi-purpose Aute Transformers. with large Centre
aperture. can be used as a Double wound current
Transformer. Auto Transtormer, HT or L T Transformer 3 -
by simpiy hand winding the required number of turns mrwg the centre
openiog E g Using the RT 100 V.A Model the output could be wound
10give BV @ 12%: Amp. 4V @ 25 Amp or 2V @ 50 Amp. eic Price

RT 100VA 3 18 turns per voit £5.00. Post 7bp

RTY 2KVA 1 5 turns per volt, £21.00. Pos1£7 50

RT 3KVA 1 5 turns per volt. £28.00. Post 4 50

*
9%

% HY-LIGHT STROBE Mk. IV

& Latest type Xenon white ight tube Solid state timing and triggering
oreuit. 230/ 240 voit A.C. operation. Speed adjustabte 1-20 f.p.s
Designed for large rooms, halls, etc. Light output greater than many Y

{so called 4 Joule) strobes. Price £15.40. Post 75p

*XENON FLASH GUN TUBES *
* Range of Xenon tubes avadable from stock. S A.E for full details *»

FR sk ok ok ok ko ok ok ok ke ok ok ok ok ke ok b
%« ULTRA VIOLET BIG BLACK LIGHT

400 Wart Mercury  vapour ultra  violet
Extremely compact and powerful source of u.v
innumerable industrial  applications alse ideal for
stage display. discos etc. P.F. ballast is essential
with these bulbs. Price of matched ballast and bulb
€24.00. Post £1 50, Spare bulb £8.00. Post 65p

(222322222228t RaRRRRRRRd RS
ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES

aft. 40 watt £6.00 (callers only). 2f1. 20 watt £4 0. Posi 60p
(For use (N s 0 pin (tings) MINI 12in. 8 watt £1.75. Post
25p 9in. & watt £1.40. Post 26p Complete bailast unit and
holders for ether 9" or 12" wbe. £1.70. Post 30p (9" x 12°
measures approx.)

PR SR S RS EEE R

famp

F Kk Ak ok ok ok ok kK
XXX XXX XXX

SQUAD LIGHT

A new conception n  hight
control.  Four channels each
capable of handiing 760 watts of spotlights

tioodhights. or
dozens of small mains lamps. Seven programs atl speed controlled
pius flash modulation. effectively gving 14 ditferent displays

Makes sound-to-light
mechanicallv noise free
Post 76p S.AE (Foolscap) for further detarls

obsolete. Comptletely electrically and

Price only £58.00

WHY PAY MORE?!

MULTI RANGE METER A C voits 2.5-500. O C
voits 2 5-500 (Sensitivity 20009 /v DC & AC) DC
current 0/1/10/ 100 mA. Ohms range Sturdy
compact moving coil instrument with 21 ranges
dimensions 120x 80x 44mm Weight 0 32 kg
SERVICE TRADING CO. Price £5.00. Incl leads
and battery Post 50p. (Totat price inc. VAT &
Post £5.94).

at 1in. travel. 2 solenoigs ol approx. 1 (b.
5 solenoids of approx. 4 oz. pult at }
1 heavy duty 1 make reiay. Price

ABSOLUTE BARGAIN.

pull at § 1n. travel

in. travel. Plus 124V D.C.
£2.50. Post £1.00

‘20aDC M/C

240VA.C.SOLENOID OPERATED &
FLUID VALVE
Rate il will handle up 10 7 psa Forge
.ua s body stainless steel core and sprn
bsp nletoutlet Precisan made. Bntish miy '@
PRICE £2.25. Post 50p NEW onginal packing
600 WATT DIMMER SWITCH

L]

i o Easily fitted. Fully guaranteea
[ &

" instructions, £2.75. Post 25p

1000 watt model
2000 wart model

hy makers. Will

control up to 600 watts of all ighting except fluor
escent at mains voltage Complete with simple

£4.00. Pos1 25p
£8.00. Post 40p

ALL MAIL ORDERS, ALSO CALLERS AT:

e s

57 BRIDGMAN ROAD,

LONDON, W4 588.
Closed Saturdays.

CHISWICK,
Phone: 01-995 1560

METERS NEW

90mm Diameter.
Type 65C5 2ADC M/C 6AD.C M/C. 10ADC M/C

Type 6272 TAAC M | 20AAC M/I. 300vAC M/ ALL ABOVE
£2.50. Post 30p
Tyoe 65L5 300V A C R/M/C. £2.75. Post 30p

VAT AT 8%
MUST BE ADDED |
TO ALL ORDERS
FOR THE TOTAL VALUE OF GOODS INCLUDING
POSTAGE UNLESS OTHERWISE ST

SERVICE TRADING CO.

SHOWROOMS NOW OPEN
AMPLE PARKING

wwwLamericanradiohistornv. com
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NICKEL CADMIUM BATTERY

Type V022 1.2V 22AH height 210mm width 55mm depth 25mm weight
1050 gms £1.75, post 50p + 25p extra each additonal cell.

GEARED MOTORS

100 R.P.M.
1151b. ms 110 volt 50Hz. 2 8 amp., single phase. split capacitor motor
Emense power Continuously rated Totally enclosed. Fan cooled In-ine

gear box tength 250mm Dia 135mm. Spindle Dia. 15 Smm  Length
145mm  ex-equipmant £14.00. Post £1 50. Suitable transformer
230/240 voly tested. £8.00. Post 75p

15 R.P.M.
Type SD48 15 rpm. 80 (b. ins. Input 100/120 volt A.C. Length tnct
qearbox 270mm. Heght 135mm, Width 150mm. Shaft drive 16mm
Weight 8 & Kilos BRAND NEW Price £10.00, carr £1.00
Suitable transtormer for use on 220/240 voit A C £3.85. Post 50p

A —r e
60 R.P.M. REVERSIBLE

220240 voit A.C Small. powerful, contnuously rated motor. Mfg

BERGER (Germany). Size 80mm x 65mm x 65mm Spindle dia

6mm Length 15mm Weight 725 grams. £6.50. Post 50p

BODINE TYPE N.C.I.
‘GEARED MOTOR

(Type 1) 71 rp.m. torque 10 b n
Reversible 1/70th t.p. cycle 38 amp
(Type 2) 28 1. . torque 20 Ilb. in =
Reversible &h h.p. 50 cycle 28 amp. The above two
precision made US.A. motors are offered in ‘as new
condition. Input voltage of motor 115v A.C. Supplied com-
plete with transformer for 230/240v A.C. input.

Price. erther type £6.25. Post 75p or less transformer £3.75. Post

P

These motors are ideal for rotating aerials. drawing curtains
dispiay stands. vending machines. etc. etc

B R

20 r.p.m. GEARED MOTOR
2307240 volt 20 r.p.m. motor. £1.00. Post 20p

REVERSIBLE MOTOR 230V A.C.

Genera| Electrie. 230v AC 1.600 rpm 025 amp Complete with
g bracket and ) A suze 110mm x 95mm

somdle $/16" dia 20mm jong Ex-equipment tested £3.00. Post 50p

BENDIX MAGNETIC CLUTCH

A superb exampte ot Electro-mechanics! The main
body is in two sections. The coil section 1s fixed and
has a %in sleeve. The drive section rotating on the
outer perimeters. The uniting plate has %in 1D
bearing concentric with main section and 18-tooth
cog wheel

Y

24V dc¢ at

When T 15 y powerful
240MA OUR PRICE JUST £3.50. Post 45p

ROTARY VACUUM AIR COMPRESSOR AND PUMP

Carbon vane. ail-less 100/ 115V AC 1.12
h.p. motor. 60,60 cycle. 2875/3450 1. p.m
20" vacuum 1.25¢cftm. 10 p.s ¢ (approx
figures). New unused surplus stock, with elect
connection data. Fraclion of maker’s price
£12.00. Post L'} 00. Suitable transtormer
£3.50. Post 50p.

TIME SWITCH

Horstmann™ Type V Mk [l Time Switch. 200/ 250 voit
A C Two on/two off every 24 hours, at any manually
pre-set ume 30 amp contacts 36-hour spring reserve
n case of power taiure. Day omitting device. Fitted in
heavy bhigh impact case. with glass observation
window. Buill to highest Electricity Board spec
individually lested. Price £7.75. Post 50p. (Total inc
VAT £8.91 )

A.C. MAINS
TIMER UNIT

Based on an electric clock with 25 amp.
single-pole switch. which can be preset for
any period up to 12 hrs. ahead to switch
on for any length of time. from 10 mins. to 6
hrs. then switch off. An additional 60 min. audible tmer Is also
incorporated tdeal for Tape Recorders. Lights. Electric Blankets
etc Attractive saun copper finish Size 135 mm 130 mm x

60 mm Price £2.25.Post 40p (Total inc. VAT & Post £2.87.)

RHEOSTATS

New ceramic  construction, witreou,
enamel embedded winding, heavy duty
brush assemmy continuously rated.
25 WATT 10 26 100, 180 280 500 k. 15k ohm

(1 70 Post 20p 50 WATY! 5 |0 26. 50. |00 500. 1k onr
Po 25 10 WATT
1 10 25 507100/ 250 500/ 1k 1.5%/2.5k/ 5k ohm. €3.30.

Pos( 35p
Black Silver Skirted knob calibrated in Nos. 1-9. 1}
in. dia brass bush. Ideal for above Rheostats, 22p ea.

INSULATION TESTERS (NEW)
Test to I.E.E. Spec. Rugged metai con-

struction, suitable tor bench or field
work, constant speed ciutch. Size L. 8in.,
W. 4 in., H. 6 in., weight 6 Ib.

500 VOLTS 500 megoh: £36.00.
Past 80p

1000 VOLTS 1000 megohms

Post 80p. £14.00

PERSONAL CALLERS, ONLY

9 LITTLE NEWPORT STREET,
LONDON, WC2H 7JJ.
Tel.: 01-437 0576
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MULLARD HONEYWELL PROGRAMMER YOU MAY BE IN TIME
THYRISTOR This s a drum tirming device the drum being cahibrated 'col;.;s?I;ev;ﬂ:;i‘:’s?;ni}:oa{_:i ;I.gsnoalage::\:r:;oar:c;

TRIGGER MODULE

This produces pulses for phase
control Inggenng 1t has two
solated outputs sO one thyristor or
two thynstor (in separate arms ol
bridge} may be controtied by one
module The nwming Circuit s

MAINS TRANSISTOR PACK

VAT and postage 60p

MULTI-SPEED MOTOR

synchromsed to the mains frequency and control 1s by an external
vanabie resistor of from a voltage or current source Provision s
made tor teed-back where automatic control is required Price £5.95.

Designed to operate transistor sets and amplhifiers Adjustable output
By 9v 12 volis for up to 500mA (class B working) Takes the ptace
of any of the following batterres PP1 PP3 PP4 PP6 PP7 PPYand
others Kit compromises main transformer rectier smoothing and
load resistor condensers and instructions  Real srip at only £1.50.

Six speeds are available 500 850 and 1 100 rpm
and 8.000 12 000 and 15500 r pm Shaft s Yain
diameter and approximately 1in long 230/240v Its
speed may be further controtled with the use of our
Thynstor controller Very powertul and usetul motor
size approx 2in dia x Sin long Pace £1.40 + 45p

to equal divisions for switch-selting purposes with tnps
which are ifinitely adjustable for position They are
also arranged to allow 2 operatons per Switch per
rotation There are 15 changeover micso-switches each
of 10 amp type operated by the trips thus t5 cirrcunts
may be changed per revolution Drive motor 1s mains
operated 5 revs per min Some ot the many uses of this
umer are Machinery control botler finng  dispensing
and vending machines Display hghting ammated and signs Signalling etc Price from makers probably
over £20 each Special smip price £9.95. 1 00 post and VAT Don t miss this ternific bargain

BREAK-DOWN UNIT

Contains hundreds of useful parts some of which are as follows —
66 sihcon diodes equivalent OA 91 68 resisiors mostly 2 watt
5% covenng a wide range of values 4 x 1 mid 400v infd
condensers 15 x 01 mfd 100v condensers 2 RF chokes 8 x BY
vaive holders 1 x 4H choke 1 x 115v transformer 1 boxed unit
containing 4 delay lines also lag panels ttmmer condensers
suppressors eic on a useful chassis sized approx 9in x Sin x
7in Only 75p (the 66 diodes would cost at least 10 tmes this
amount) This 1s a snip not 1o be missed Post and VAT 75p

post and VAT
SPEED CONTROL SWITCH 50p + 4

DC HIGH CURRENT
PANEL METERS

3Ysn  wound wide angte 240 movement
meters flush mounting fitted with external
shunts made by Crompton Parkinson brand
new sull in maker s cartons These are a real
bargain a1 15 50 each Reasonable quantiues
available n the following ranges 0 10 amps
020 amps 0-30 amps 0.40 amps O 50
amps Post and VAT 80p each

TAPE DECK

-TmiE
THIS MONTH'S SNIP

250 watt Transformer 15 a very versanle transformer which can be wused for many
purposes Rated at 250 watts 1t s very well built with frames for upright mounting and s varnish
impregnated s pnmary s for 230 240 volts 50 cycles «t has four secondaries each 10v very high
current windings  Just a few of the circutts « can power are 100 10v atup to 12 amps 20-0-20v atup
10 6 amps single 10v at 26 amps single 20v at 12% amps single 30v a1 9 amps single 40v a1 6 §
amps The transformer ¢an be used for power cucunts (charging etc ) or for amphitiers there being an
earth screen between ptimary and secondanes A transformer like this today would cost at leastt 15 from
the makers however we are making a special ofter at £€3.50 + 28p postt1 + Bp each Grab some
while you can our stock may not last long

MULLARD UNILEX

A mains operated 4 + 4 stereo system Rated
one of the tinest performers in the stereo field this
would make a wonderful gift for almost any one
in easy-to-assemble modular formi and complete
with a pair of Goodmans speakers this should sell
at about £30 - but due to a special bulk buy and
as an incentive for you to buy this month we offer

many other good buys were offered in our December
Advanced Advertising News Send S AE for a copy
wday

RELAY BARGAIN

Type 600 relay 2 changeover one open and one closed
contact Twin 500 ohm coils make this suitable or
closing off DC 6v DC 12v DC 24v or AC mains using
resistor and rectiher 40p each REsistor and rectifier
20p extta Post and VAT 20p

MAINS TRANSFORMERS

Al standard 230-250 volt primaries t p
v 1 amp (special) 1.75
24 5 amp .85
6 3v 2 amp 1.25
6 3v 3 amp 1.75
9 1 amp .95
v 35amp 2.50
12v 12 amp 1.50
12v 1 amp 1.00
65v06 5y 1 amp 1.50
18v 1 amp 1.50
24y 2 amp 2.25
24v 3 amp 3.50
12012v 50mA 1.20
6 0-6v 50mA 1.20
8 Ov-8v ¥z amp 1.50
180 18v 2 amps 3.50
25y 1Y amp 1.95
50v 2 amp & 6 3v t amp 4.50
60v 5 amp & Sv 1 amp 7.50
27v 8 amp 4.50
30v 37 amp 22.00
80v tapped 75v & 70v 4 amp 5.50
230v-60mA & 6 3v 1 5amps 1.75
2750 275v at 90mA & 604v 3 amps 2.35

EHT Transtormer 5000v 23mA
Charger Transtormers

(ntermuttent) 5.80

6v and 12v 2 amps 1.50
Bvand 1 2v 3 amps 2,25
6vand 12v 5 amps 3.50

Add 30p per ¢ to cover postage and VAT 25% And
25% except for industrial types.

ONLY £1.50

In metal case with Carrying handie
heavy {ly wheel and capstan drive
Tape speed 3% Mains operated on
metal ptattorm with tape head and
guide Not new but guaranteed good

the system complete at only £15.50 inciuding
VVAT and postage

TWIN OUTPUT POWER PACKS

FOR SEVEN
ELECTRIC MOTORS

7 powerful batt motors as
used i racing cars and

and postaget 1 50

SOUND TO LIGHT
UNIT

Add colour or white light to your
ampirher Will operate 1 2 or 3 lamps.
(maximum 450w} Unit in_Box all
ready 1o work £7.95 plus 35p VAT
and postage

OVEN THERMOSTAT

Made by the famous Diamond H Company
this has a sensor joined by a Capilhary to 3
vanable ¢ontrol and when fitted with a knob
s ideal for mapy ovens or processes 5S0p
each + post and VAT 15p

working order Price £1.80 plus VAT

These have two separately R C smoothed outputs so can operate two battery
radios on a stereo amp without cross modulation (they will of course operate
one radio ‘tape casseile’calculator in fact any battery apphance and will
save therr cost in a few months} Specs Full wave recufication double
insulated mawns transformer - 1otal enclosed in a hard PV C case - three
core mains lead terminal culput - when ordering please state oulpu! voltage
4';v By T¥v v 12vor 24v Pnce £3.95. Post and VAT included

. Tools toys modets etc All

TERMS. Where order is under £5 please add 30p surcharge to
oftset packing expenses.

J. BULL !NELECTRIGAL) LTD.

(Dept. W ), 103 TAMWORTH ROAD
CROYDON CRO IXX

power models Output and
types vary for use in
hundreds of projects -

brand new reversible and for 1%:-12v batts Wirning
diag inc VAT and post 40p FREE pian for min power
station

1 R.P.M. MOTOR + GEAR BOX
Made by the famous Chamberlain & Hookham Lid
These could be made to drive clock or similar Really
(obust rehable unit Prce £1.60 + 30p post and VAT

BLACK LIGHT

As used in discotheques and for stage effects etc
Vinually no white hght appears until the rays impinge
on luminous paint or whie shins etc We otfer 9in 6w
tubes complete with starter choke lamp-holders and
starter holder Price £2.76 + 30p post Tubes only £2.
Post and VAT 50p

230 volt/ 175 watt model £6.50. Post & VAT 92p.

New range of

ILLUMINATED SWITCHES

Type Panel Dim Depth Price
1 150 m/m X 100 m/m 95 mim 95 m/m £1.56p
2 200 m/m X 100 m/m 95 mim 95 mim £1.76p Send for
3 260 m/m X 100 m/m 95 m/m | 95 mim £1.88p [ details of
e == complete range
New range of cases at 45° sloping I ly d of robust

new OLSON

SLOPING
CASES

Height |

construction and finished in two tone colour. Supplied l:omplou wnh four rubber

foet, available from stock in three different widths.
Materials

Cases made from 20G. steel.

Front panels made from 20G. aluminium

Colours

Here's a new illuminated switch from
the famous Finnish ESMI range. Strong
grey plastic case (cut-out size 21 mm
sq.). contacts for make/break, make/
make and break/break, capacity 1A
(60V AC), Y2A (48V DC). Takes variety
of “'push-in”" miniature bulbs. Screw,
soldering or AMP connections. Built-in
panel-gnp fixing. 4 lens colours
engraved if required. Rocker or
push-button versions, with matching
signal lamps

CONTARNEX LIMITED

252 MARTIN WAY, MORDEN
SURREY SM4 4AW, ENGLAND TEL. 01-540 1034/5

AC

Cases sprayed in light brown hammer finish, front panels sprayed in light mo

grey semi-gloss enamoel.

PLEASE ADD 8% FOR V.A.T.PLUS P & P
Trade Counter is open for personal callers from 9 a.m. to
5.00 p.m. Monday-Friday

5-7 LONG ST., LONDON, E.2
TEL: 01-739 2343

OLSON ELECTRONICS LTD.

WW—084 FOR FURTHER DETAILS

06

With taut band suspension

High sensitivity movement
and full coverage of AC
and DC current and
voltage ranges

PORTABLE POWER DISTRIBUTION 0 o

* STAR OFFER
BC 207
50 for £2.50 + 25% VAT
Plasuc BC 107

/DC MULTIMETER
TYPE U4324°

vement
* STAR OFFER

2N 3055A
8 for £2.50 + 8% VAT

6 0 6 6 60 60UMA 3 Amps DC
0-300mA-3 Amps AC
23123060120 600 1200

* STAR OFFER
IN 4002

COMPLETE WITH 6FT CABLE AND Volts DC
13-AMP PLUG 3:‘ 12Aceo-lso-3oorsoo 900 100 fgr £2.50 + 8% VAT
S
S e A 8750 45 10 20 000 Hz Freq Range 5 "a'ﬁf’: 1'3‘3'C§l"
50012 5-50-500k¢!
6 Sockets 13A 10.45 e Bt
4 Sockets 13A/SW 10.06 5M!2 Res Range
6 Sockets 13A/SW 1111 Please add VAT

Price £9.95

+ B% VAT and 20p P.&P,

Send Stamped Addressed Envelope for FREE Catalogue of over
2,000 Items

AMATEUR COMPONENTS

ORCHARD WORKS. CHURCH LANE, WALLINGTON, SURREY SNG 7NF

waany americanradinahi

storvy. com
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the
audio amateur ?

What a trip old Richard’s Rhine journey could
‘have become had he built his own mixers, 900 watt

amps, octave equalizers, 24 inch woofers, electronic
crossovers, and home brew electrostatics,
Zounds what sounds!

Ask our Rhine maidens for details.

‘ Audio

Yellow Oak Cottage
Tillington nr. Hereford

A HR48LQ

Send now for a free prospectus.
Craig Stark ot STERLEO REVIEW savs: “Top quality. only
U.S. publication devored to the serious audiophile constructor.

Name

Address

TOP

ECTS
No. 3

COMPLETE DETAILS FOR BUILDING:

GRAPHIC EQUALISER DIGITAL VOLTMETER
IMPEDANCE METER STERED FM TUNER
25W STEREOD AMP TACHO TIMING LIGHT
COLOUR ORGAN RADAR ALARM
DIGITAL DISPLAY LINE AMPLIFIER
ELECTRONIC IGNITION LIGHT DIMMER

ON SALE AT YOUR NEWSAGENTS NOW:

£1.00

127

an open book

canbuy
world.)

whatever the country. whatever the product concerned

in three languages—English, German and French

continent

J | H\U':N‘TI
oM

s wo g wminl

CRl

how wrdanen
narw oJ

e e e o d Lt d
e itar e an Faw v
L

o A,

Now the European
electronics industry is

It's the European Electronics Suppliers Guide-—the only reference book of its kind you
And. intact. the only multi-lingual. multi-national buyers guide in the electronics
Every featurz is designed to take you fast to the name of the supplier ycu need,
Products and manufacturers are broken down into 26 distinct market sectors. Over
600 types of products are listed. cross-referenced with over 1700 manufacturers Principal

Trade Associations in every country are included t00. And all essential information appears

The priceis £18.50. inciuding post and packaging. Not much for opening up a
| 14 ‘L ’ f 1 | Post this coupon—with your cheque—today.
(1

To: General Sales Dept.. 1PC
Electrical-Electronic Fress Ltd. Room 11
Dorset House. Stamford St . London
SE19LU. England

Please send me acopy of The European
Electronics Suppliers Guide. | enclose
cheque./money order tor £18.50 (100
Swiss Francs) inclusive

Name.

Address

“Cheqgues should be made payable to IPC
Business Press Ltd

Registered in England. No 677128
Registered Office Dorset House. Stamford
Street. London SEt 9LU. Engtand

www.americanradiohistorv.com
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o GIAT ND. 331 TO5E. Ac nd

EXCLUSIVE OFFERS bemadnited | \Wilmslow

Enpanrt Ordar anguiries welcoms | L5

WORLD-WIDE RANGE ! Crtficial Orders socepied from -
. NEVER BEFORE OFFERED Edyeationsl & Govarmment Department: Au d o
COMPLETE TRANSPORTABLE H.F, COMMUNICA- &0 ALL PRICES INCLUDE VAT & P.&.F.  F I
TIONS CENTRE housed in Air Conditioned TRAILER = =% Bhoo howre: 8-12.30, 1.30-5 p.m. & dava

fitted two COLLINS KWT-6 500W S.3.B. Transmitter- |’ : ) Y Y » -
Receivers and one COLLINS Receiver all fully tuneable ' Excipt Wednesday ’ HE f’rm

2 to 30 mfes digital readout syntheslsed frequency |

control, wiv.h! line amplit’:um and inputs, operating 1976 ISSUE 66 PAGES — 3000 ITEMS

position and rémote control facilities and ancillary | FULLY ILLUSTRATED

¢quipment. Power input 115V or 230V A.C. Fuil details * 20p CREDIT VOUCHERS or

on application. « ALL NEW STOCK

PHILCO HC-150 POINT-TO-POINT STRIP RADIO HF * SATISFACTION k
RECEIVERS 2/30 m/cs. Ten fully tunieable channels to GUARANTEE d spea ers.’

05 kes with synthesisers. Ringle and diversity reception

on ISE, DSB, S3B with 4 sub-bands to cach channel, Baker Group 25, 3, 8, or 15 ohm . . e .. £8.64
Full details and prices on application. Baker Group 35, 3 8or 15 ohm £10.25
plus 10p ,3,8o0r150hm .. ... .. .
HIGHEST QUALITY 19° RACK 756 005190 # / THANSTORMERS | Boler ’?Ae!yxeéB e nasanaonas g?;g
MOUNTING CABINETS & RACKS ; SEMICONDUCTORS er Major, 3, oor 1o ohm. ......... d
CABINETS MODULES — AUDIO Baker Regent, 8or 1650hm. . . ... ... .. £10.00
Ou' Hewght  Width  Depth  Rack Pane! S HEATSINKS — S-OEC Baker Superb. 8or 150hm ... .. .. ... £18.12
R " imehes mthes utithes Spacemms Pce ' AUDIO ACCESSORIES .Celestion HF1300 8 or 150hm. . . ... ... £7.75
FA s 2 36 160 £22.00 TOOLS — TEST METERS L Celestion MH 1000 horn, 8 or 15 ohm .. £13.50
O 52 25 2 47 £17.00 CALCULATORS — AUDIO “Decca London and Xover . .. ... ...... £42.25 {
fJH :g i: .’Z :; 3583 LEADS —BATTERIES—KITS Decca DK30and Xover. . ... ........ £24.06
LLE n 21 17 9 £€15.00 RESISTORS — CAPACITORS EMIS " Midrange. . .. .............. £3.50
Mg O 2 L . E15100 CASES — COILS — BOOKS EMI 62" d/cone roll surr. 8 ohm . . .. . . . £4.37
brr R 17 n ] CONNECTORS — VEROBOARD EMI 8 x 5, 10 watt, d/c, roll/s 8 ohm . .. £3.85
LLI0 52 21 18 46 £15.00 RO MATERIAL SIRH SR OWARE PEMI 147" x9" " Base8BO. . .. ... ....... £13.25
weeenooomon & o e e e e Elac 59RM 109 15 ohm. 59RM 1148 ohm £3.44

POTS —STORAGE UNITS., ETC., ETC.

G e oy Glihes Elac6'2'"d/croll/s8ohm ... ... .. .. £4.06
onr Heght  Channel Kack Panel Fane Pop 15 watt 12" .. R EEEE £5.25
Ket wninches  Depth Space Base Price ’ Fane Pop 25T 30 watt 12 .. .. . ...... £7.50
RG 66 2 51 14 £9.00 SPPECIAL R:SlST%R KI:S 1)CARBON FILM 5%) ‘Fane Pop 50watt, 12 . ... .. ... ... £12.00

. g . {Prices include post packing, YEOwatt. .. . 15.
o e meduc) 10E12 %W or %W KIT 10 of each E12 value o ;OD 28' 12 ?g,‘.”a" o 21? ;g
We have n large quantity of “bits and pieces’ 220hms—1M, a total or 570 £5.29 net § Fane Pop watt. ) coocomcooaoac o
we cannot llutTlp.Iez;‘se] sex}tl us }'jn'll'l rwuurcr'nﬂ.t's 25€12 YaW or %AW KIT 25 of each E12 value. 22 Fane Pop 70watt 15 . .. .. ... .. .. £18.75
we can probably help—all enguirles snwwered, ohms--1M a total of 1425 £12.64 net Fane Pop 100 watt, 18" . .. ... .. .. .. £29.95
avore i L " 4 Fane Crescendo 12A or B, 8or 150hm .  £34.50"
= Lavowe 08-62 Oscilloscopes 115v 15 m /e £65.00
+ ST.C.Rx5Receivers 05,300 m cs £15.00 ; SPECIAL CAPACITOR KITS | Fane Crescendo 15. 8 or 150hm .. .. .. £47.50
* 45 feet Uniratio 4 Co-ax 50 ohms 2. 280 Xi—PC Mounting polyester 250V 5 of each valve 0.01. 0.022. 'F Fane Crescendo 18, 8 or 15 ohm £62.95
= Furzehill Spectrum Analysers £55 00 ‘ . LM VRS .
N Zf:‘fl;ellesc‘(ﬁ)llc ‘Aerial Masts ©24.00 0047, 0.1 224F. 2 of 0.47. 1F £1.98 net Fane 807T 8" d/croll/s, 8or 15 0hm .. £5.75
« Bausch & Lumbe Epidia: £45.00 (296 Xit—Tubular potyester 400V 5 of each value 0.01,0.022. 0.047.0.1 "
- pciascones 2 Fane 801T 8" d/croll/s8ohm .. ... ... £9.95
*  Advance LI Signal Generator 300 1000 m cs £70.00 | 0.22uF. 2 0f 047,F £2.67 net 1 8P 8 or 15 oh £5.95
« Addo 5/8 Track Tape Readers £48.00 Coramic Kil—square piaque S0V 5 of each value 22. 33.47, 100. 220. 330, oodmans or150hm .. ... . ... .
« Digital Cassette Recorders 'y 1000 dps £250 00 470, 1000,.F, 2200, 4700,.F. 0.01uF £1.66 net. Goodmans 10P8 or 150hm ... .. .. ... £6.25
. mﬂ:ﬂ%()}w Ism R oo 250V Paper Kit—Tubular metal case. 3 of each value 0.05. 0.1. 0.25 Goodmans 12P 8 or 15 ohm . . . . .. .. £13.95
i 1 Film Spools ally (unused) 10 for £4.00 1uf €1.41 net
« Quality electric Weather V'anes & contacts (unused) £15.00 0.5 1pf £1.41 net. Goodmans 12P-D8 or 150hms . .. .- .. £16.95
+ Heli Facsimile Machines £45.00 500V Paper Ki—Tuhular matal case. 3 of each value 0.025. 0.05. 0.1 Goodmans 12P-G 8 or 15 0hms . . .. .. £15.95
» Large Aeria) Rotators for Coaxial £18.00 0,025, 0.5:F £1.41 net Good Audi 100 15-0h £13.90
»  Collins 500 watt Telephone Transmitters 2/12 mcs  £300.00 - . 3 of sach 0.01. 0,025, 0.05. oodmans Audiom -ohm. ... .. o
* BNC. Connectors 200 for £42.00 lwlmgnJMIar patsanndieilsachivaies 00251005 Goodmans Audiom 200 8 ohm . . .. .. . £13.90
A el Sy AL Lo Goodmans Axent 100 8 ohm £8.44
* Racal MA-175 LS.B Modulators (new) £45.00 ent 1008 ohm ..........
© Collins KWT.6 SSB Transceivers 50 watts 2/30 mcs P.UR. B H COMPONENT FACTOHS LTD A Goodmans Axiom 402 8 or 15 ohm. . . . . £20.00
M ";"GS';","JZ.";";‘.S’“‘"S""“'-‘ £3.00 S - Goodmans Twinaxiom 8 8 or 15 ohm .. £10.55
+ Rometene Storaxe Scpe with tracer e MULTIMETER U4341 Goodmans Twinaxiom 10 8 or 15 ohm . £10.95
« Textronic 519 Scope 1GHZ £450.00 27 Ranges plus Transistor Tester Kef T27 . .. e £6.06
« M.V.R.Action Replay 20 sec. Videodisc Unit P.UR, 16 700/ Volt A Kef T15 . . . £6.94
* Advance HI Signal Generators. 15/50Kcs £1800 Vdc -03 -900Vin8ranges (R B |4 . g1 0 0 T £8.37
»  Varian VAITSEA Backward Wave Osaillators P.UR. vac -1 5--750V in 6 ranges Kef B110 ...... .. .........
v Ty S/ Track Tape Readers 120 oo {22 00 tdc -0 06 _600mA n 5 ranges Kef B200. £9.50
* 2 KVA Auto-Transformers £22.00 lac--0 3--300mA in 4 ranges KefB139 . .... .. ... ... £16.95
«  Coutant 40v 30A Power Suivplles £30.00 Resistance.—2K {--2M £ 1n 4 ranges Kef DN8 . .. ... ... ... ..... . £2.31
« 15foot 15inch Lattice Steel Mast Sections £29 00 1,9
= Cintel 2 KV Power Supphes 500 f Accuracy e mé va | Iée: Bx : :2; """"""""""" iigg
- ssa;vkell FU 4I§§r‘;q Pass Filter Testers ng(ﬂﬁo hie 10 -350n 2 ranges ' e ........ 1o 4 ............. 2 o 25
& Av;el‘:eci::xéo:ml:s (new) 1:7:5:0 Size 115x 215x 90mm i R!Chard Atlan HPBBB 8 i 5 watt"/. ...... £ 73.50
« Rhode & Schwarz SBR sig gen. 1.6/2.4 gmc £70'00 B Compiete with steel carrying case. test A Richard Allan CG8T 8" d/croll/s . ... .. £7.
«  Airmec 702 s1g gen 30 cyc 30 kes £26 00 leads and battery PRICE £12.10 net P&P 75p STC 400 1 G super tweeter .. .... ... £6.56
= Baker Major Module, each .. . ... .. .. £14.75
We have a quanuty of Power Transformers 250 watts to MULTIMETER U313 Goodmans Mezzo Twinkit, pair . . . ... .. £47.19
15KVA & 40K V. Best quaiity at low b .
List a:\aﬁ;glﬂmga up o0 et q_udmy avlowpnices 33 ranges Kmfe edye with mirror scale |l Goodmans DIN 20, 4 ohm, each. .. .. .. £14.75
2 : M 500001 Volt High accuracy, mVdc--25m U] Helme XLK35. pair .. .. ............ £234.00
* Racal RA-63 SSB Adaptors. new £70.00 : vdc -1 6.-600V in 9 ranges Helme XLK40, pair . . . .. ... .. .... £35.00
# Racal RA-237 L-W Converters. new £70.00 il vac--1 5-600V n 9 ranges Helme XLK30, pair . ... ... ........ £19.00
* 19 Blank Rack Panels 8%in high 3 £1.00 idc  60--120 microamps in 2 50 . £56.00
+ Apeco Dial a Copy Photo Copier Electrostatic £60.00 . ide 06 1500mA in 6 ranges ;—(Ieflzye]XLK 20.pawr ... ... £53-00
_*_ Hewlett Packard 524C Digital Counter P.UR. tac—0 6—1500mA wn 6 : efkit 1. pair . ... ... ... .. L o
*" Portable Mains Battery Floodlights £34.00 . I DI gD AN an ocss AN Kefkit I, each - ... .. £48.00
0 COCEMENGIREIBIS A D (KD | ob seale~10 10 + 12db o Richard Allan Twinkit, each £14.95 §
b scale -~ (+] - . P -
Accuracy -dc - 1% %, ac—2%% X o Richard Allan Triple 8, each . ... ... . £22.50
We have n varied assortaent of i'uduslriu'l awl Size--115x 215 x 90mm Ee 1, Richard Allan Triple, each. . . . . . . ... .. £27.95
“?erﬂ{:;?timml Cathode Ray l‘uImg available. List on Complete with steel carrying case, test Richard Allan Suger Triple each £32.50
- leads and battery . . i :
INSTRUMENTATION-TAPE ISR N ALy B Al s kit osir | £60.00
RECORDER-REPRODUCERS g A TN UL TIMET (0 Wharfedale Linton 2 kit (pair) . .. .. .. . £23.12
«  Ampex TM2 a speeds. 7 tracks 2 50 000?,‘.\/‘;" —— Whartedale Glendale 3 XP kit, pair. . . . .. £58.00
3 Ampex PR 1100, 6 speeds. 2 tracks 11" Vdc--0 5--1000V in 7 ranges Wharfedale Dovedale 3 kit, pair. . . ... .. £63.12
- b s, 7 tracks '
. ﬁﬁlpam,éﬁiﬁl 14 toacks 1 Vac—2 5—1000V m 6 ranges All Radford. Gauss, Castle. Jordan Watts., Eagle.
. FD‘_\D:I.IB';R‘QAII.: sm(;jd.sl.lﬂrafks [ ldc—0 05—500mA in 5 i Lowther, Peerless Tannoy units in stock
» EA . | speed. I trac [ . ranges .
* EMIR30IG. 2 speeds, 2 tracks ' \ Resistance -5{0— 1M {) in 4 ranges Prices correctat 3 2.76
O e e ol Accuracy -5% of F S D INCLUDING VAT AT 256% ON HI-FI
h DALY, £ speeds. s OSCILLATOR—~1 KHz and 465 KHz (A M) at appriox 1 8% ON PRO & P.A.
Prices of above £70 to £400 Vit Size-- 160 x 97 x 40mm c Y e .
Also Transport Decks only avatlable Bl Supplied complete with carrying case test leads and Se:g':(:‘;:;or tree booillé; Yyého'ons?r;g an;l)re.aei:gr”
bhattery
PRICE £9.95 net P&P 75p U4323 q FREE with all orders over £10 — HiFi
COMPUTER HARDWARE ‘ Loudspeaker Encl es Book
. - 1R FM?{LT,:ME"R(UHM All units are guaranteed new and perfect
« PRINTER, High speed 1000 lines p.m. 0 ](a)'(')ﬂ T sensitivity Prompt despatch
* TAPE READER, High-speed 5/8 track ! i Vde -0 6--1200V m Y ranges Carriage Speakers 50peach, 12’ and up 76p each,
800 c.p.m. b1 W vac 3 -900V in 8 ranges tweeters and crossovers 30p each, kits 80p each
* CARD READER 80 col. 600 c.p.m. § 1dc -0 06 3An 6 ranges £1.60 pair).
' tac 0 3 -3A mn 5 ranges —
Prices on Application H Kosistance -2570 SMUn 5 ranges
Accuracy—dc and R—2%% of F S D WILMSDLOWWAUDIO
PLEASE ADD CARRIAGE AND V.A.T. AT acanddb 4% of F S D . ept.
APPROPRIATE RATE TO ABOVE Size—167 x 98 x 63mm Loudspeakers & Export Dept: Swan Works,
Supplied complete with storage case test Bank Square, Wilmslow, Cheshire SK9 1HF.
P H A R R l S leads spare diode and battery Discount HiFi, PA etc: 10 Swan Street,
. ERICE.£11-72 net.PAEZ7.2D Wilmslow. Radio, Hi Fi, TV: Swift of Wilms-
ORGANFORD—=DORSET "WW), LEIGHTON ELECTRONICS CENTRE, §9 low, 5 Swan Street, Wilmslow. Tel. (Loud-
i BH16 6BR wnl -1 LEIGHTON BUZZARD, LU7 7EG speakers) Wilmslow 29599, (HiFi, etc.)
Leight in Buzzard 2316 (Std code 05253) Wilmslow 26213.

BOURNEMOUTH-765051 (0202)
e

WW—010 FOR FURTHER DETAILS

wawww americanradiohistary. com.
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SPECIAL

wireless

LOW PRICE

world

ARRANGEMEN
FOR VISITING
OVERSEA

TRAD

IPC Electrical-Electronic Press Ltd., the world's largest publishers

of computer, electrical and electronic journals, have made special
arrangements for readers wishing to visitimportant overseas trade
fairs. The cost, in mostcases, is little more than the normal air fare
butincludes — travel by scheduled airline from Heathrow and
Manchester X first-class hotel accommodation 3 arrival and
departure transfers % admission to the trade fair % services of an
experienced tour manager. The current programme comprises the

following tours.

To obtain a brochure and booking form, tick the box against the tours in which you are interested, complete the coupon and post to the
exclusively appointed travel agent, Commercial Trade Travel Ltd., Carlisle House, 8 Southampton Row, London WC1. Telephone

01-405-8666 or 01-405-5469.

International Electronic Components
Exhibition Paris, April5-101976. Two
nights at the de luxe Meridien Hotel. Fully
inclusive price £86.50, extra nights as
required. [

International Electrical and Electronics
Engineers Exhibition - |.E.E.E. ELECTRO.
Boston—May 11-14,1976. 10 nights at
the de luxe Statler Hilton Hotel. Fully
inclusive price — £283.00.

Compec Europe Exhibition — Brussels
May 18-20, 1976. 2 nights at the first class
Royal Windsor Hotel. Fully inclusive
price — £108.60. [

National Computer Congress — New York —
June 7-11,1976.10 nights at the de luxe
Hilton Hotel at Rockefeller Centre. Fully
inclusive price — £320.00.

Exhibition of Electrical Equipment — E|EE.
Measurementand Control Exhibition
MESUCORA Paris, June 10-17 1976. Two
nights atthe de luxe Meridien Hotel. Fully
inclusive price £86.50, extra nights as
required.

Consumer Electronics Show and Video
Expo — Chicago — June 13-16,1976.10
nights at the de luxe Palmer House Hotel.
Fully inclusive price £340.00.

Western Electronic Show and Convention

—~WESCON — Los Angeles — September

14-17,1976.10 nights at the de luxe
Downtown Hilton Hotel. Fully inclusive
price - £399.00.

Please send d2tails of the tours indicated above.

NAME

ADDRESS.

COMPANY

International Exhibition of Data Processing,
Communication and Office Organisation —
SICOB Paris, September 23 — October 10
1976. Two nights at the de luxe Meridien
Hotel. Fullyinclusive price £86.50, extra
nights as required.

Hifi International Exhibition and Festival —
Dusseldorf — September 24-29,1976. 2
nights at the first class Quality Inn Hotel. —
Ratingen (8 km from the Fair Ground).
Fully inclusive price — £99.90.

International Trade Fair for Production in
the Electronics Industry — ELECTRONICA —
Munich, November 25-December 1, 1976.
Two nights at the first class Hotel Der
Konigshof. Fully inclusive price £118.00,
extra nights as required.

Telephone .

www.americanradiohistorv.com


www.americanradiohistory.com

130

Wireless World, April 1976

Advertisements accepted up to
12 noon Monday, April 5th for
the May issue subject to space
being available.

Appointments

DISPLAYED APPOINTMENTS VACANT: £6.50 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £1 per line, minimum three lines.
BOX NUMBERS: 45p extra. (Replies should be addressed to the Box Number in the
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SE1 9LU.).
PHONE: Owen Bailey on 01-261 8508 or 01-261 8423.
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T.

ST

TEST AND LIAISON

is essential.

and Far East.

ENGINEERS

Ferranti in Edinburgh have a number of Ministry of Defence contracts involving the
design and development of advanced avionic equipment for military aircraftin an
international market.

We have vacancies for test and liaison engineers who will probably be qualified to
HND level in electronic engineering with some years’ experience in design, test or
support of modern avionic equipment. A knowledge of digital and analogue techniques

Close liaison with design/development teams currently engaged on inertial
navigation and display systems will be necessary and the work will entail factory
acceptance testing, fault diagnosis and system commissioningon a variety of
sophisticated equipment.

There will be opportunities for some of these engineers after a period ofin-house
training to be selected for technical liaison duties at locations in the U.K., Europe, Middle

The Company offers an attractive employment package which includes 22days
holiday and membership of a life assurance and pension scheme. incoming personnel
will qualify for housing under the Scottish Special Housing Association scheme and
realistic assistance will be given with relocation expenses where applicable.

Apply in writing giving details of age, experience and qualifications to:

THE STAFF APPOINTMENTS OFFICER

FERRANTILIMITED

FERRY ROAD

EDINBURGH EH52XS

FE

(56123)

YOUNG ELECTRONICS LTD.

We are a manutacturer of lighting
control systems and signal detection
equipment, and are looking for a

WIREMAN-TESTER

{male or female) for the construction
testing and servicing of the equip-
ment at our works in NW.1. Very
varied work. Qualifications: ONC or
C&G or ex-apprentice (electronics or
mechanical) or similar desirable. A
wide practical experience is essentnal
involving both electronics and
mechanical work We are a small
expanding company and will ofter a
good salary to the nght person

Please write for an applicaton form
to.—Young Electronics Lid. 184
Royal College St. London NW1 9NN

(5238)

LORD MAYOR TRELOAR COLLEGE

ELECTRONICS
INSTRUCTOR

required for September, 1976, to take charge of full-time Radio,
Television & Electronics Course and teach both theory and craft
practical to parts 1 and 2 standard of the City & Guilds Mechanics
222 Course

Qualifications' Radio, Television & Electronics {272) Technician Part
i1l Certificate including Colour TV Endorsement and experience, or
equivalent

Salary: £4,000+ p.a. if fully qualified and experienced.
Superannuation. Accommodation at reasonable rent.

Students are physically handicapped. Good record of results
Further details and application form from the Headmaster, Lord

Mayor Treloar College, Froyle, Alton, Hampshire GU34 4LA (5200)

WWW.americanradiohistorv.com

Opportunities in the

ELECTRONICS
FIELD

People with analogue or digital
qualifications / expenence seeking
higher paid posts in TEST - SERVICE
DESIGN - SALES

Phone Mike Gernat, Ref. W W

NEWMAN APPOINTMENTS
360 Oxford Street, W.1.
01-629 0501
{94)
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M Appointments

Radio Officers-now you can
enjoy the comforts of home.

Working for the Post Oftice Maritime Services really
makes sense. You still do the work that interests you,
but with all the advantages of a shore-based job: more
time to enjoy home life, job security and good money.
To quality, you need a United Kingdom Maritime
Radiocommunication Operator’s General Certificate
or First Class Certificate of competence in
Radiotelegraphy, or an equivalent certificate issued
by a Commonwealth Administration or the Irish
Republic.

Starting salaries, at 25 or over, arc £2905 rising
to £3704 after three years service. Between 19 and
24, the starting salary varies from £2234 to £2627

according to age. You'll also receive an allowance for
shift duties which at the maximum of the scale
averages £900 a ycar and there are opportunities to
earn overtime. There’s a good pension scheme, sick
pay benefits and prospects of promotion to senior
management.

Right now we have vacancies at some of our
coastal radio stations, so if you’re 19 or over, write to
ETE Maritime Radio Services Division (R/B/1),

ET 17.1.1.2., Recom 643, Union House, St. Martins-le-
Grand, London EC1A 1AR.

Post Office Telecommunications

93

Careers in

e i
el

most advanced modern electronic techniques.

Longacres, St. Albans, Herts. Tel : St. Albans 59292

A GEC-Ma-coni Electronics Company

vy R I

ProfessiongLElectronics

Your exgerience could open the door to a range of interesting and rewarding opportunities in
the Design, Production or Service departments of a Company whose aroducts complgment the

For more information apply in confidence to .~ John Prodger,

MARCQONI INSTRUMENTS LIMITED

www._americanradiohistorv com
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Professionally
frustrated? We can
find you a new job.

You know vouTe good but your present employers are apparently
ignorant of the fact. Enough to make you look for a new job.

Put vour name on the Lansdowne Appointments Register and make it
easy on yourself. Hundreds of employers use our register to fill
their key jobs. And remember the best jobs are not always advertised.
It costs nothing to take advantage of our help so you've
nothing to lose and everything to gain. And our service
is conducted in strictest confidence.

So make sure youre ‘in the know by phoning 01-579 6585
or writing to Stuart Tait, Lansdowne Appointments Register,
Design House, The Mall, London W5 5LS.

Name

Address !

WWw 15/3

[ ] [ ]

L-------------_-

A leading US Manufacturer of TV Products

requires - SYSTEMS ENGINEER
Due to the rapid expansion of our Systems Group we have an
excellent vacancy for a top grade Systems Engineer.
The post is for a person to design and commission minicomputer
systems utilising a wide range of computer hardware. This is an
excellent opportunity for the go-ahead engineer capable of solving

system problems. A sound knowledge of minicomputer systems is
essential and a working knowledge of software would be a distinct
. . . . _ . dvantage.

with extensive experience in digital techniques acvantage

In oné or more of the fO”OW|ng areas: For the right person this is a real opportunity for career advancement.

\

Synchronisers ' : Qualifications: ~ HNC/BSc in Electronics/ Electrical
; Engineering.

Time Base Correctors A most competitive salary will be

TV Related Software Development paid for the right person.

Data Reduction Systems

N Salary: In the first instance contact Mrs. Jay Dee
Standards Conversion

In the first instance contact Mrs. Jay Dee

These senior appointments would be based in - {}

the U.S.A., salary and benefits commensurate
with experience. Initial interview in U.K. A
SINTROM | ELECTRONICS LIMITED )

o 4

Please send résumé to Box No. 5256. . 0 ﬁé‘i‘é‘.‘&"&‘,‘ﬁﬁ! (’;I?SAD

Tel: Reading (0734) 85464

{5255}

wasny amaoricanradiohictaons rom
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Applications
Engineers

Audio Systems

Tannoy, the internationally famous name in the field of
industrial and high fidelity audio electronics, are
engaged 1n a major programme of growth and
development

Looking
for

a

To assist in this expansion the Company wish to recruit
additional suitably experrenced Applications Engineers
Application Engineers form part of the Engineering
Division and are responsible for the interpretation of
customer requirements In the audio communications
field and the translation of these into engineering
systems. There is a total invoivement in the project from
inception to completion and site visits may occasionally
be necessary

new

job?

Applicants, aged over 25, should have had experience
in the design of audio and communication systems and
should be qualified at least to ONC standard in
electronic engineering

.Perhaps we can help!

The company is in a particularly interesting stage of
development and career prospects, for those able to
accept responsibility and work conscientiously, are
excellent. Salary is negotiable at an attractive level and
normal company benefits apply including four weeks’
holiday

For an application form, please write to or telephone
Peter Fletcher, Personnel Manager, Tannoy Products
Ltd . 348 Norwood Road, West Norwood, London
SE27.Tel. 01-670 1131

We have regular contact
with hundreds of electronics and
electrical companies needing
qualified electronics engineers
and technicians and TV service
engineers.

We can, therefore, help you to
find an interesting and well paid

Eﬂ job. All you need to do is to
return the coupon below or give

(6242)

North Midland Co-operative Society Ltd. us a ring. Our service is
require confidential and costs you
| nothing.

SENIOR |
\ TJB Technical Services Bureau,
AUDIO ENGINEER e

A grand opportunity for a suitable, capable ehgineer to H

co-ordinate the activities of our Audio service department, Banbury’ Oxfordshire. )

which undertake the wide service aspect across the consumer Banbury (0295) 53529

spectrum.

The person appointed will be directly responsible to the Group “Technical Services Bureau
Service Manager, and would not normally be expected to work is a division of Technical &

on television or other equipment, but will be capable of dealing
with customer inquiries and complaints.

The initial wage rate is £568 per week, and accommodation may is solely Co.ncerned with J‘_)b
be available on rental. ' placement in the Electronics

We are situated at the county border of Staffordshire, Cheshire : and Electrical Industries

and Derbyshire, which is a very attractive resndenua! Please note that this service is available only for

environment. . .
: o . - i i ill be) available in the U.K. for
If you desire a change with opportunities, and wish to join an engineers who are (or will be) f

Executive Personnel Ltd and

organisation with sales in excess of £34 million per year, apply interview.

in the first instance giving details of career to date by letter to . ) . . .
e Please send me an “Application for Registration” form
Personnel Officer NAME ............................... 00 000C0600000000060668000
10 Newcastle Street ADDRESS ...
Burslem ’

Stokeon-Trent o HE e

ST6306 D e (90)

www americanradiohistorns, com
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You have avital

role to play as a
Test Engineer
with Pye

Vital because many of our products are used in
situations in which their efficient operation may
.make all the difference between life and death.
Much of our VHF radio equipment is used widely by
police, fire and ambulance services throughout the
country and overseas too. And that's why you, as a
Test Engineer with Pye in Cambridge, have an
important part to play.

Pye Telecom are one of the largest companies within
the Pye Group. We're involved in the development
and manufacture of a wide range of fixed, mobile
and portable radio communications equipment and
can, therefore, provide exceptional scope to
experienced and ambitious engineers.

As a Test Engineer, you'll be carrying out unit and
systems testing and fault finding. utilising the most
modern equipment and techniques in a highly
sophisticated quality control operation.

We'd like you to have sound relevant test
experience, preferably but not necessarily on
communications equipment, and this experience
might well have been gained in the Services. If you
have an ONC or City & Guilds qualification, so much
the better. .

You can look forward to a good salary and excellent
career opportunities, both within the Company and
the Pye Group as a whole. Attractive additional
benefits include contributory pension scheme, a
good canteen, sports and social activities and
assistance with relocation expenses where appro-
priate.

To find out more, telephone or write to Mrs. Audrey
Darkin at Pye Telecommunications Ltd., Cambridge
Works, Elizabeth Way, Cambridge CB4 1DW. Tel.
Cambridge 58985; or Mrs. T. White, at Pye
Telecommunications Ltd., Cglne Valley Road,
Haverhill, Suffolk. Tel. Haverhill 4422,

(]

4 memtiee of e e of {aTOOg Grow

Pye Telecommunications Ltd

Newmarket Road Cambndge England CB58PD
Tei. Cambridge (0223) 61222 Telex 81166 pvéreLe

M CAMBGE

9
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OVERSEAS APPOINTMENTS

ELECTRONICS
TECHNICIANS

Petty-Ray 1s one of the leading Companies in the field of oil
exploration and due to our ever increasing workload require
young single personnel, who are looking tor varied and
interesting career working overseas.

You should be educated to HNC/ONC in Electronics of C & G
radio and TV Technician level, and on appointment you will
be assigned to one of our field crews either in Africa or the
Middie East for on the job training in the operation and
maintenance of digital seismic recording equipment.

Candidates must be in possession of a current driving licence

We offer a good starting salary which is tax free, food and
accommodation will be provided and rest leaves are
generous.

lf you would like to have more information about these
challenging positions why not write giving brief career details
to:-

THE PERSONNEL OFFICER
PETTY-RAY LTD.
106 Coldharbour Lane
Hayes, Middlesex
UB3 3HL

(5241)

K

— first in Sound and Vibration

require

ELECTRONIC TECHNICIANS

for interesting and varied work in the fields of sound and vibration
measuring instrumentation. This involves fault-finding, practical
mechanical and electronic repairs and calibration. Previous experience
with audio frequency equipment and a sound knowledge of current
analogue and digital techniques is essential. (Valves to CMOS). We are
looking for experienced’ engineers with both adaptability and
enthusiasm and an understanding of the need to maintain the highest
possible standards at alf times.

Write, stating age. experience and present salary, to: Mr. Alan Gibson,

B & K LABORATORIES LTD.

Cross Lances Road, Hounslow, Middx.
. (5224)

(520!
w [0 IO IO IOIOIO IOIOIO IO 10

UNIVERSITY OF LEICESTER
Department of Chemistry

Applications are invited for a

post of

EXPERIMENTAL
OFFICER

in the field of electronics
Candidates should be graduates
or have equivalent professional
qualifications. The post concerns
the maintenance of analytical
instrumentation, design and
development of electronic
equipment and a knowledge of
modern electronics  including
digital, data logging and R.F.
circuitry. Salary on an incremen-
tal scale £2766 10£4602 a year.
Applications should be forward-
ed to the head of the Department
of Chemistry, The University,
Leicester LE1 7RH, as soon as
possible.

Ancillaries Division at Croydon

TELEPHONE
(5245}

MANAGEMENT )
TRAINEE
C. £2,500

A young, technically orientated self-starter 1s required to train for
Management in Fields, based initially with our instrument and

The successful candidate will be in the early to mid-twenties. with
a basic engineering knowledge, probably gained in an indentured
apprenticeship, and at least two years' experience in purchasing

or production management in the engineering industry

Prospects are excellent and the salary is neyotiabte in the region of
£2,500.

Please apply for application form to to
COMPANY PERSONNEL MANAGER

FIELD AIRCRAFT SERVICES
HEATHROW AIRPORT — LONDON
HOUNSLOW, MIDDLESEX, TW6 3AE

01-759 2141, ext. 56

CCTV ENGINEER
top London Advertising
Agency with the most sophisti-
cated closed circuit T.V. facilities
and a thorough understanding of
the importance of good engin-
eering has a vacancy for a young
engineer

Applicants must have
experience in this field, and
should be studying towards
HNC. Day release is allowed for
further study and a salary is
oftered in keeping with exper-
ience and qualifications.

some

Please write giving information
of experience and qualifications,

Neville Smith
Television Department
FOOTE, CONE &
BELDING LTD.

82 Baker Street
London, W1
Tel. 01-935 4426

5249)
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The Polytechnic
of North London
*

DEPARTMENT OF
PHYSICS

Electronics or Physics?

A difficult choice — for a clear under-
standing of electronics you must know a
great deal of basic physics; for experimen-

P,
oo~

RHM MANAGEMENT SERVICES LIMITED RHM Management Services

Ltd., a company within the
RHM Group. require a Telecommunica-
tions Engineer at Harlow to assistin
the planning and implementation of their
Tandem Switching Network, whcih will carry
speech, data and facsimile traffic between many group
locations

tal physics you need to be familiar with
modern electronic devices. The Physics
Department offers a sandwich course,

The Engineer will be a member of a team responsible for many
aspects of computing and telecommunications including data transmis-
sion, equipment development, computer system installatior and fault diag

with 2 industrial training periods totalling
15 months, in the CNAA Honours degree.

The Physics and Technology

of Electronics

This course combines both subjects and
can satisfy the academic requirements for
corporate membership of both the Insti-
tute of Physics and the Institution of
Electrical Engineers. Obtain this degree
first — you will then be better able to
make your final choice of profession.

MSc Course — The Physical

Basis of Electronics

This course is designed for graduates in
either physics or electrical engineering
who have realised the need to study the
fundamentals of electronics. Full-time,
part-time and evening only courses are
available.

nosis. This role will be primarily concerred
with Strowger and Crossbar switchirg,
signalling. wide-band transmission, PABX/PMBX/PAX systems, facsimite and telex, plus
conducting traffic surveys and hiaison with suppliers, Post Otfice, Group Management.

TELECOMMUNICATIONS

ENGINEER

There will also be opportunities to gain experience in other areas such as computer peripherals,
Details of all courses from: terminals and data transmission
The Head of the Physics Dept. (Ref. WW 1)
THE POLYTECHNIC OF

NORTH LONDON

Holloway Road, London N7 8DB

(Tel. 01-607 6767, Ext. 305) (5201)

o ————————————————]
MALLA
TECHNICAL STAFF

334 Euston Road

London NW1 3BG

01-387 1043
ELECTRONICS AND COMPUTER
PERSONNEL, QUALIFIED AND
EXPERIENCED ALL SPECIALITIES,
ALL AREAS. (6243

Experience in the primary areas together with possession of a City %
Guilds Intermedate Certificate, or higher, in Telecommunications s
essential. Salary negotiable

I1f you wouid like to know more about this unique op

portunity to join a really progressive outfit,
please write or telephone for an application
form to: Mrs. M. E. Saunders, Personnel
Manager, RHM Management Services

Limited, Joseph Rank House

Northgate, The High
Harlow, Essex CM20 101X
Tel. Harlow 26831 ext. 113

(5258)

DEVON AREA HEALTH AUTHORITY
(PLYMOUTH HEALTH CARE)
CORNWALL & ISLES OF SCILLY
AREA HEALTH AUTHORITY

T.V. ENGINEERS
FOR NEW ZEALAND

Due to the rapid development of colour T.V. and the
introduction of a second channel, we are in need of
experienced T.V. servicemen. Who are we? N.Z.'s
largest T.V. service company with over 30 branches and
a staff of approximately 350.

Medical Physics Department
Plymouth General Hospital, Freedom Fields

ELECTRONICS
TECHNICIAN

required for further expansion of the electronics service. The
person appointed will join a small team in a well-equipped
laboratory. He will be responsible to a graduate electronics
engineer for maintenance of a wide range of patient-orienta-
ted electronic equipment. Development of special-purpose
systems 1s undertaken, and safety and purchase decisions are
made on new equipment

Minimum qualitications: ONC or HNC. Some travel in S.
Devon and Cornwall necessitates a current driving licence.
The appointment will be in either of the following grades
depending on experience
Medical Physics Technician Il £2,931-£3,834
Medical Physics Technician IV £2,346-£3,267

Further details of the work may be obtained by telephoning
Mr. L. R. Jenkin, Plymouth 68080, ext. 369. Appilication

Single Men: 2 Year Contract — Return Fares

Guaranteed.

Married Men: Subsidy provided to cover major part of
air fares.

Interested? Then write now enclosing a recent photo-
graph, details of past experience and any qualifications
to the Technical Staff Supervisor, Tisco Ltd., Private
Bag, Royal Oak, Auckland, NEW ZEALAND.

(5263) . - . .
forms are available from Miss E. J. Coggins, Senior
Administrative Assistant, North Friary House, Greenbank
Terrace, Plymouth, PL4 8QQ. (5260,
ELECTRONIC TECHNICIANS. Re-
quired for fault finding diagnosis MARINE ELECTRONIC INSTALLA-
and testing of aircraft electronic TION REPAIR FIELD ENGINEER for

Applicants should be
studying H.N.C. or

work on Yachts UK and abroad.
Must have experience radar com-

equipment,
qualified or

En-

RADIO-TELEPHONE  Service

to sell quality

C.G. technicians or have consider- munication. Auto pilots instru- gineer Wanted for worlgsho‘ps in AGENTS requa‘red.

able experience in circuit fault ments, etc. Must live in or near S. London, must be reliable and elec'trl‘c soldering instruments and
finding and operation of standard London. Apply to: Telesonic experienced. Salary neg. 6380 1010. ancillary equipment to InQUstry.
test instruments. Apply in writing | Marine Limited, 243 Euston Road. (5141) | Commission only basis. Suit per-
to:— Canford Aircraft Equipment London NWI1. Telephone: 01-387 sons selling allied products who re-
Limited, Stansted Airport, Stansted. 7467. (5244) quire additional income. Good
Essex. (5274) potential. Box No. 5227.
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PPOINTMENTS ARTICLES FOR SALE
- (1.7 MIXED
m_ SGeNuiriC 0 MINIATURE
A division of one of Batain s most rapidly

ELECTROSONIC, S.E. LONDON \“‘, \ ELECTROLYTIC
expanding Scientific Companies require top

- . ‘[))i?/pEILEOP‘&En'(r)rkAtltr:ac:?vEeSE:aTa?Ss aanrg CAPACITOBS

WGTOpracessor iy (Wee
1 K 1. M d

Applications Engineer TEST ENGINEERS 5D PACK 104000 MFDEN 82

salary not a Iimiting factor PRINTED GIRGUIT 100 PACK 10-1000 MFD £2.52

DRAUGHTSMAN CASH WITH ORDER ——

We require several young people men and PLUS 25% VAT

- -
Project Engineer £3,000-£3600 || | mumanneran s m e 2y MOLDEPT.)

surface physics instruments The successful ?&? “ 12 OAKINGTON AVE.
applicants would require to have a sound \“Q,\_\\ RAYNERS LANE
L) knowledge of fundamental principles and a HA"now' MIDDX
physics appreciation The work entails the 3
Test En g ' n e e r £2500-£3100 design and development of equipment (5259)
working over a wide range of voltage e ———————————————

current and frequency using a large varnety ﬁ
of crcutry fibre optic suppliers

WARE'S TAIL 22" dia. 7000 + Fitres €£10.00. Glass fibres

The Company has vacancies in its design, manufacturing and service Please write stating qualifications and e

division as outlined below. Electrosonic Ltd., is leader in the rapidly ;f:"‘f;‘c‘im;ﬂmm"sﬂim 8‘.‘:3;";:: HIBROFLEX SIZE 1 MO Sram Fsbia Guss AN Con. |14,
expanding fields of lighting control, audio and audio visual systems Lane, East Grinstead, Sussex L LT

and offers a wide range of interesting work in an attractive 52021 CROFFON1ESlRAsR :’iru:-;_ﬂuﬂ;ouw Condui. Active Dia.

PLASTIC OPTICAL MONOFIBRE Flexible Ligh! Guide Oia. 10. 20. 40.

environment with excellent conditions of employment.
60 thos, FPID 100w £4.00. FP20 0.5mm) 100m E8.00: FP4O 10m

GAPITAL £4.00; 100m £32.00. FP50 0m £8.00: 100m £65.00.
CGPTIKIT 103 2m CROFON 1610 + 3m each FPZ0. FP4O. FPS0 +
H H H H Polishing Compeund. 1deal laberelory pack £5.50.
Microprocessor Applications Engineer APPOINTMENTS LTD. GPTHNIT LGS Comr Glas Lensed 0. 1/14/21726/41/51mm £3.00.

[Lenzes also available separately).
OPTIKITS RR5 five Retre Refleciors for Oplical/beem sysiems. Oias.
2/36/44/83mm + 150mm Strip. £2.50.

FELD ELECTRONICS) || e st s g o

ULTRASONIC TRANSDUCERS SE04B-25T/R 25 kiz Tx/Rx Pai.
[Better Semzitivity. Lower Basdwndth then SE058-40] £3.50.
GIRCULAR POLARISERS Rettuce glare on all lypes of insirameni.

A Programming/Development Engineer is required to assist in the
development of a range of audio visual and lighting control products
based on the Intel 4040 microprocessor.

Preference will be given towards experience gained in the design of

software for real time applications using microprocessors together i1f you're not earning over £3,500

with some experience and knowledge of current digital techniques. p a. plus a car — then You had better HE)/NBER o AEUTRAL 0 ma st TOP: 75 04 2. £148: 150 mm .
. . . . . .30. Lineer Pelarisers also aval 8.
A well equipped laboratory is available including a development contactivs (5204 OPTOELECTROMICS LIGRT SOURCES & DETECTORS

mz" ﬂld LED 20p. MLED500 T092 Red LED 20p.

computer, high speed reader, teletype and VDU. {3mm| 20p. X6209.Y, X6209-G (Ambar. Grean) 30p.

Projects already in hand will involve the applicant in both hardware 34 ?;ga?;‘;%-i‘-ﬂr""l'“- w1 MLEDU2 i hed it 30p, MLAZI3 Pols Thratar £1.20,
. an o 3 o ,
and software aspects of product design but it is anticipated that " BHO OAIE fevering) @?Yw”mﬂﬂ'ﬁiz“;::’mﬁv“mm7.,,

Mease add 8% VAT 1e prices, S.A.E please fer shorl lerm/dats.
f — FIBRE OPTIC SUPPLIERS [WW]
—- 6 CHIPPENHAM MEWS. LONDON. W9 (5206}

eventually the applicant will specialise in software and advise the
Company in other areas of Computer application.

AUDIO PROJECT ENGINEER KING'S COLLEGE HOSPITAL ==
An Engineer is required with experience of planning and detailing MEDIGAL SCHOOL COMPUTER INPUT/OUTPUT
special projects. He will be required to handle projects from initial D,,,i,‘:',‘;‘;’i.‘.‘,"(:,fdt,‘;"g‘;'g’“x TYPEWRITERS
concept to on-site commissioning and should have the ability to liaise STANDARD EBCDIC CODING

8 . Will accept normal or sprocketed paper
with customer sales and production departments. ' ELEGTRON Ics e e e e el e

ONC with a minimum of three years' experience in an electronics circuit diagram and apphcation notes Each
company essential, preferably with an audio background. Willingness TEGHNIGIAN machine seN'cfgoa"d xlaes‘ed .

ATy W : - . £100 + 8% VA
to travel and a current driver’s licence essential. This is an important As above but modified 10 take office range

post and remuneration will reflect qualifications and experience. of Golf Balls £110 + 8% VAT
PAPST (or similar) FANS 4% x 4%2 x 2/
100 c.tm 50/60 c/s £4 {40p)

Required to join the Department of
Biomedical Engineenng. to assist research

groups within the department with the "

TEST/SERYlCE ENGINEERS =03 {development [Bridll mamienanca) (ot ;%17512 z:emscgﬁesg)sm. new, 6' dia x
Vacancies exist In both these departments for Electromic Engineers electronic  signal processing equipment LIGHT DIMpMERS 250w £2.70 (16p)
with at least two years’ continuous experience in Industry additional ‘[fc'ﬂglggg's"g“e digitaliandiradioztiequency, 8C107/8/9, BC147/8/9. BC157/8/9
to Industrial Training periods. On the job training will be given in the al 9pea (11p)
company's products and opportunities for advancement are available. Applicants should have expenence in the %:%Q%Yf?s’m 280u 100v 80
Service Engineers will be required to work both in the factory and on reldtand]pessessIsnNCIoREs Icoly 3500 160y 760 (3500 10004 630

y an A e iy (25p) 2240p 100v 75p (25p). 1000u 63v

site and the holding of a current driving licence is desirable. ga 123559) :1150());: 430%:060%(135. 2000p
The post 1s tenable for one year in the tirst g p_(11p). p 70v p (20p).
Instance. but 1s renewable up to a maximum ?‘7203" 63v 80p (15p). 2500u 60v 50p.
of three years I[nital salary w il be within . 3 .

the range £2823-£4050 including London EX-COMPUTER PC PANELS. 2 x 4" 50

Applications should be made by telephone or in writing to: boards for £2.40 (62p)

Allowance. commensurate with experience

Mr. R. D. Naisbitt, Personnel Director 2nd'qua|'flca“0n5 dorars of . ORCOARS e 7seg led d'(s"'?;
. ot age. qualifi :

Electrosonic Ltd., 815 Woolwich Road, Charlton, London, SE7 8LT. e QH bulbs 12055 '60p  {10p)

Tel: 01-855 1101. names of two referees. should be sent 10 the 250 mixed resistors 60p (18p)

Secretary. King's College Hospital Medical 250 mixed capacitors 60p (1Bp)

School. Lonoan SES. as soon as possible Si recs 60A 100piv 4 for €1  (15p)

(5273) SN3055 equv . 4 for €1 (15p)
= EXTRUDED HEAT SINK for 2 x TO3

- = 50p (15p),

CLES FOR SALE S O 10 Sov 50 20v. 100 40v.

YNNI | [hc scientinc wint co || | sl ni
ARTICLES FOR SALE THE SCIENTIFIC WIRE CO PIHER PRESETS 100mw.

Copper — Nickel — Chrome — Eureka 220 470 1k, 4k7, 10k. 47k, 100k, 220k,
— Litz — Manganin Wires ézéoé:gpa(‘s?g)me B
— —_——— N _ __ o v ransformer P p
QUARTZ CRYSTAL Ege’e’:ﬁ:'ge: Sikdeotionbadiinged ALMA REED RELAY CPRI/A 18-30v
UNITS from i REED RELAYS 6v coil h/d combets | O°
N * No mintmum charges or quantities & [ 0
® 1.038.0 Mu2 x + Trade and export enquines welcome ABREE DN SERTSIY comac'g €1 (15p)
® FAST DEUVERY \ - *S A E. brings List 10 for €1 (12p)
® HIGH STASILITY ‘\ ACCURATE P.0. BOX 30, 30, LONDON E4 9BW WATER-COOLED HEATSINKS ex eqpt
® TODEFS271-A REUABLE/ e £1.20 (40p)
. f T ——— CHROMED HANDLES
) v, 5" mtg centres per pair €1 (20p)
\ v,y For Sale 2 off PDP ,1 1/08 8" mtg centres per pair £1.50 (25p)
WRITE FOR I'E"—"—'tt/_:!/_:.._-:_ (16'(); RK11 RKOS disc and P&P shown in brackets
LEAFLET AT 1 el bootstrap, LA 36 Dec Writer ADD 25% VAT to TOTAL
McKNIGHT Private enquiries. send 10p in stamps for brachure £9,900. Other peripherals pos- 8% VAT on psﬁ\_gAgggS, IMMERS.
CRYSTAL Co. Ltd. THE QUARTZ CRYSTAL CO.LTD. sible. KEYTRONICS
ARDLEY INOUSTRIAL QCC WORKS. WELLINGTON CRESCENT, CETEC Systems Limited. Tel. Shop open Monday-Saturday. 9-2
MALDEN. SU !
L AT T3 (R g;m:&:ggi.sm o NEW MALDEN. SURREY 0' 942 07348 7988 (0494). 44631 1 — P. Herke, 332 LEY STREET, ILFORD, ESSEX
STD CODE 0703 Managing Director. 01-553 1863 till 2 p.m.
(5225) 01-478 8499 after 2 p.m. (5220)

waanar 2amaricanradinhictans, ~om
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Classified

THE TIME HAS ARRIVED
FOR YOU TO JOIN THE
DIGITAL REVOLUTION:

INTRODUCING A NEW RANGE OF Q UA RTZ GRYSTAI. DIGITAL ELECTRONIC WATCHES

CONTINUOUS LIQUID
CRYSTAL DISPLAY

MODEL TLC 4 A ™

FEATURES —
* Hours

* Minutes
* Seconds
* Date

- —y

/
©
A e
N 7 €30
A Sy, inc. VAT
\\/Withuniquo

ALL MODELS EXCEPT
THE BLACK WATCH
WITH GOLD PLATED
OR RHODIUM
BRACELET

LED MODEL TLE 5
£17.99

inc. VAT £34.95

nc. VAT

FEATURES—

LED DISPLAY MODEL
TLE3

Backlight feature

for Night Readi
ML Jet Black Stainless Steel Bracelet

(not plast c)

m

e —

——

l"
o dogie

ALL WATCHES FEATURE—

* Solid State — No moving parts
* Quartz Crystal Controlied,
accurate to 5 secs. per month
* Attractive Presentation Gift Box

FEATURES —  Hours
* Minutes

* Seconds

* Hours

* Minutes
* Seconds
* Date

* Alpha Day

ADD TO THE SOPHISTICATION OF YOUR LIFE
WITH THIS UNIQUE DIGITAL ELECTRONIC CLOCK

FEATURES —

* Large 4-digit Easy Reac Display

* Variable Display intensity

* AM/PM Indicator

* 24-hour Alarm

* S-minute Repealing Snooze
Alarm

* Power Interrupt Indication

* Tilt Operation for Alarm Cancel

* Pulsing Seconds indicator

* Attractive White Case

Complete
fully tested
cased clock

£14.90

inc. VAT

ELecTraonNt”

PROGRAMMABLE

( SCIENTIFIC

CALCULATOR MODEL 1421

£50 inc. VAT

FEATURES—8-Digit Capability;
Full Floating Point. Three
Register Stack: Memory. Trig
Functions, Reciprocals; Ra
dians-Degrees. = Constant; Logs
(In, log); Power Functions
Square/ Square Root

PLUS —Capability of being
loaded with up to a 102-step
program from complex or
tedious calculations

~N

Money back if not completely satisfied
One-year guarantee with all models

ELECTROTIME, 111 Storforth Lane Trading Estate
Chesterfield, Derbyshire - Tel: 35804

J

( GENERAL CALCULATOR
MODEL 1437

FEATURES-—

£13.80

inc. VAT

8-Digit Capability
Full Floatng Poin-
Basic Functions

(+ X, +, %)
Automatic Power-on
Clear
Leading Zeg
Suppression J

\—

Please supply

| enclose cheque/postal order/ money order

Add-ess

(5268)

wwwamericanradiohistarv. com
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and NOW I I I from ONE source

If you are an Engineer
or Buyer in any of
‘the following,write
for our Catalogues

Manufacturing,
Public Authorities
Laboratories
Universities,

Contracting,
Maintenance.

SERVICE, you can obtain many other Technical.
Products including Electrical, Mechanical and Tools

in addition to the Electronic components that we have
been distributing to Industry for over 30 years.
Large duplicate stocks are kept in LONDON and

SCOTLAND to give you quick service.

CABLES 1 COMPONENTS LTD
Park Avenue, London NW10 7XN

SEMICONDUCTOR
CIRCUIT
ELEMENTS

Towers, T D. Price: £6.00
ELECTRONIC CIRCUITDESIGN
HANDBOOK by EEE Magazine
PRICE £5.10
RADIO VALVE & SEMICON-
DUCTOR DATA by A. M. Ball
PRICE £2.50
ELECTRONIC CIRCUITS &
SYSTEMS by R King
PRICE £5.45
HOW TO BUILD ELECTRONIC
KITS by vV Capel PRICE £1.95
ELECTRONIC TEST EQUIP-
MENT by H. T Kitchen
PRICE £4.90
HI-FI LOUDSPEAKERS &
ENCLOSURES by A B Cohen
PRICE £6.30
DESIGNING CIRCUITS WITH
IC OPERATIONAL AMPLI-

FIERS by R G. Seippel

PRICE £3.45
VIDEOTAPE RECORDING by J
F Robinson ~ PRICE £6.25

FOUNDATION OF WIRELESS &
ELECTRONICS by M G Scroggie

PRICE £4.25
HI-FI YEAR BOOK 1976 by K
Elimore PRICE £2.60

* PRICES INCLUDE POSTAGE

THE MODERN BOOK CO

SPECIALISTS IN SCIENTIFIC
& TECHNICAL BOOKS

19-21 PRAED STREET
LONDON W2 INP

Phone 723 4185
Closed Sat . 1pm

Economise on Semiconductors

All prices include VAT — by return service

* Lower price CMOS
* Lower price 7410

* Low price DIL sockets
* Low price NE555

1+ 1D+ 254 | TTLMixed 4 Mo CMDS Mixed prllius o
723C + data 14 pin ORL 70 68 64 7400 13 12 4000 17 16
741C + data 8 pin DIL 23 22 22 7402 13 12 4001 16 15
748C + data 8 pin DIL 36 M 32 7403 13 12 4002 16 15
(M308 + data 8 pin DIL 110 99 95 7404 15 13 4006 104 35
NES55 <+ dita 8 pin DIL 4 42 40 | 7405 15 13 o0 17 16
CA3045 14 pin OIL 84 8t 77 7410 13 12 4008 95 88
TOA1405 5V 650mA 80 % 74 7413 28 24 4009 50 46
TOA1412 12V 500mA 80 7 74 | up; 13 12 w010 50 46
TOA1415 15V 450mA B2 70 | oy 1312 wn 16 15
BC107. 108. 109. 109C 1" 105 10 7442 60 54 4012 16 15
BC182. 184 12 1ms n 1447 85 80 4013 45 40
BC212. 214 ) 13125 12 | 7473 28 24 014 90 82
H-P 0.2 LED red + clip 19 18 17 7474 30 % 4015 85 80
H-P 4" LED red 18 17 16 7476 30 2% 1016 48 a4
DIL tow profile sockels 8pinll 10 9 7486 28 24 4017 85 80
14 pin 12 1 10 7490 45 38 4020 99 93
16 pin 13 12 n 7492 55 50 4023 16 15
H-P 5082-7740 cc digit 180 7493 45 38 4024 68 62
MT242CS Transtormer 150 Mz 3 28 4025 16 15
4027 48 M4
4028 %N
BCITT 21 23702 12 1M001 4 4030 ISR
BC179 22 23708 10 1N4002 45 440 93 85
BF2448 30 2N3055 49 1NaD3 5 4046 17107
BFY51 15 N914 4 N0 6 4049 48 4
BZYBAC. 1N4006 7 :ggg ®ou
V315 " N4 148 4 prs 16 15
. 4078 17 16
AY-5-1224 16 pin DIL clock IC + data + circuit ... ................ 4.00 4081 16 15
ClockIC + 4H-PD3" red digits .................. .. 11.00 4507 50 45\
Clock IC + 4 digits + transformer + transistors . 13.00 4511 136 126
TBABIDAS 7W Audio Amp + circuit + data 4518 110 101
TCA940 10W Audio Amp + circuits + data . . | 4520 112 103
TAD10G radio IC + IF filter + circuil +data. .. .................. 1.70 4527 138 126
Carbon Film high stab. resistor. '«W 5% E12 values 10ohm - 2M2. 1.1p ea. 1D lor
10p. 10¢ 90p. Same value.

All prices include VAT. P&P (UK) 12p. Overseas at cost. SAE enquiries. All
goods new Full spec. devices frorn Motorola, Muilard, TI, SGS, etc. Schools,
colleges. etc . supplied. By return service.

SILICON SEMICONDUCTOR SERVICES

41 Dunstable Road, Caddington, Luton LU1 4AL

(40}

WWWeadnaricanradiohictanzcom

ELECTRONICS
COMPONENTS

15222

FULLY GUARANTEED

Ma 'orderanly VAT extrapdp 200

B daeElectronics
PO Bor Na 10 Frsnnonds Brislo BS162LX
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INSCO ELECTRONICS

POWER SUPPLY MANUFACTURER
Whitehill Industrial Estate, Glenrothes, Fife
Other information Telephone (0592) 771959

Scolab series to provide Designers with complete Lab capability in one instrument.
0-30V 1A + Balance. Tracking

0-30V — 1A Sim/Triangular/Square £128.00
Wave. Form Generator Adjustable between 1 Hz and 1TmHz 0-10V

Same as above, but inclusive 16-BIT. 10mHz Digital Word Generator. (TTL) £166.00.

INSCO ELECTRONICS
78 WHITECRAIGS ROAD
WHITEHILL INDUSTRIAL ESTATE

GLENROTHES,

FiFE

(5204)

DIRECT
COMMUNICATIONS

Division of Direct
Electronics Ltd.
INTERCOMMS &

TELEPHONES

@ Simpie 2-way wali/desk with 100ftcable.

6v batt. or power supply. £16 (1 p&p)

® Similar but 2- to 7-way instrument only

Instaltation diagram. £8.50 each (50p}

® Superior 2- 10 6-way Siemens & Halske

Wall-desk conversion kit, term. block and

cord per instrument £ 10 (50p)

® AUTOMATIC INSTRUMENTS. Strowger

compatible or PX working

New /refurbished /2nd hand. 232 332 706

746 722 (Trimfone), etc Special and

foreign types

® ULTRA MODERN TYPES Gondola

International Touch-button dial; Charleston

{candlestick). etc.. from£32.85

® Pizn & Key Phones for home and export

@ Jacks. Plugs: Cords. Term. Blocks: Cables

{up to 25-way and 50 parr). etc

® Entrance Phones and Electric Latches

with or without intercomm_ facility

@ Telephone Amplifier (t-way). £6.95

(35p). hands-free tele amp. (two-way

conversation), £9.50 (50p)

« TRANSISTORISED UNITS. Simple 2-way

batt. intercomm. £7 75 (60p); Batt. Baby

Alarm £5.25 (50p). Intercomm  with roving

master £9 50 (50p}

® Wyeless Intercomm  {just plug into

mains). 2-way £20 (£1). batt. op. 3-way

(master + 2 subs) £23.95 (£1), 4-way

{master + 3 subs)£28.50 £ 1)

* Mains adaptor 6v/7 5v/9v dc £3 75

35p)

Add VAT @ = 8%, % = 25¢
price

on post pad

TRADE ENQUIRIES WELCOMED
MANY SURPLUS ELECTRONIC BARGAINS
FROM OLD STOCK STILL LEFT COME

AND DO A DEAL!
34 LISLE STREET, LONDON WC2H
78D

Tel: 01437 2524
{5216)

SONAR IND UNITS. Modern style
unit with 5in sq. flat face electro-
static tube with dual beam and
blue/yell phosfor, module construc-
tion with approx 40 min & sub
min valves ay int eht unit osc type
giving 2.7Kv regs ext HT supplies.
CRT as two separate deflection &
gun systems normally gives slow
speed scan from bottom to top of
crt. Ex equipment with cirec £13.
Trimmers 3/10pf ceramic 10x9mm
5 for 50p, Feedthrough conds Erie
type CDFT100 1000pf 500v solder
in type 20 for £l1. Erie type 1214
Filtercons 1750pf 250v solder in
type good to 10Ghz 10 for £1. Horn
speaker unit for M/cycle 3 ohm
size 5x3in, with mt brk £2.50.
Recording paper heart sensitive
sprocket feed drive cenires approx
94in. £1.30 per roll. Remote 6 chan
Tx Rx crystal selector with holders
for Hc6/u crystals also 6x BC108,
6xTrim 6x Coils etc. £1.60. Hand-
sets with low imp earpiece & 4K
imp mike have small push button
at rear of earpiece with ext cable
£1.50, Crystal filters all 10.7Mc/s
cf. size 38x16x18mm 30Kc b.p.
£1.30. 15Kc £1.60. 12Kc £1.60. In-
tegrategq Circs three types CA3014
w.b. amp & disc, ULN2111A w.b.
amp & product det. TAA300 a.f.
amp 1 watt into 8 ohms one of
ea with data shts £1.50. Dish Aes
18in. dia. 4iin. deep at centre in
16g dural plain finish £3.80 Pwr
Transis Lucas type DT6106 sil npn
Ve 500v Ic 10a £3.50. Filters TVI
high pass fits into down lead rear
of set standard coax fittings 4 for
£1.30. Coax leads BNC to BNC
1.5mts 50 ohm £2.30. Min rot swt
2p 5w 3x3 shaft 2 for 60p. Atten
units STC 0 to .9Db in .1 steps 75
ohm cal at DC & 50Mc/s £5 Sig
Gens CT478 mains 1.3 to 1.2KMc/s
in two bands int mod etc ex equip
£35. Decca marine scanner X band
on base approx size 5ft x 4ft 6in
with qty of w.g. X equip £45 plus
carr. Af’l pices inc. VAT and post.
all items are new. unused, unless
stated ex. equip. A, H. SUPPLIES.
122 Handsworth Rd., Sheffield S9%
4AE  Tel 0742-4443278. (5265)

TIDY PACK with 6 different sizes
of heat shrink sleeving each 1M
in length 100 self-locking cable ties
and a roll of black PVC tape. All
for only £2 inc. VAT & PP, B.D.O.
Products Ltd., Retail Division 13A
Heath Road, St Albans, Herts.soq0

(50¢

WE INVITE ENQUIRIES from any-
where in the World. We have in
stock several million carbon resis-
tors #th, i, 4, and 1 watt. } million
wire wound resistors 5 and 10 watt
— 1 million capacitors — 1 million
electrolytic condensers — } million
transistors and diodes, thousands of
potentiometers, and hosts of other

* MINICOMPUTERS
* PERIPHERALS
* INSTRUMENTATION

For fastest, best CASH offer. phone

COMPUTER APPRECIATION
Godstone (088 384) 3106

|
CRYSTALS

[f Fast detwery of profotype amg production guanitiies 1a your
specification, EG

100 Kiz 0005% HCI3/0 £2.50 sach £1.900 per 1.000,
| MHz 0005% HC6/U  £2.50 sach £1.600 por 1.000
2097152 MKz (.0025% MC&/U  E3.05 each £1.550 per 1.000
32768 WHz  0.0025% HCB/U €2.70 each £1.500 per 1.000
10 Mhz 0002 HCIBA £2.00 each £1.100 per 1,000

Also. Statek LF. aystals in TO-5 package. many

Tele-

components. Write, phone or call stock frequencies in the range 10-240 KHz. eg
at our wareliouse — Broadfields & 10.12.8. 16.384, 32 768 & 100 KHz. prices from
Mayco Disposals Ltd., 21 Lodge ;2 55eac";:‘.f00ne;|ooo
Lane, N. Finchley, London, N.12 feas e e ogluthedderails

' - g v - INTERFACE QUARTZ DEVICES LTD.,, 29
01-445 0749, 445 2713. (5097) Market Street, Crewkerne, Somerset

phone: (046031) 2578 Telex: 46283
e ——————
L=

MICROPHONE PREAMPLIFIER
Small pc board {70x90mm) accepting wo 230-600
ohe microphones (balanced inputs) and teedmg loads
down 10 5 Kohm. Board plugs into 12-way goid edge
connector (supplied) and has presets tor gawn, 1 6dB
noise figure Supply + 24V Board budt and tested
E37 Kit £29

STEREO DISC AMP
FOR BROADCASTING AND DISC MONITORING
Magnetic cartndge to balanced ines with HF and LF
filtering  Excellen distorton and overload pertor
mance MEETS IBA SPECIFICATION. t1ub.

10-OUTLET DISTRIBUTION AMP
One balanced nput — 10 wsolated balanced outputs
GENERAL STUDIO WORK # FEEDING MULTIPLE
SLAVE FA AMPLIFERS = DRIVING FOLDBACK
HEADPHONES
Meets IBA signal path specihication
Compiete and boxed unit £100
Set of parts excluding case and ail XLR connectors

STABILIZER
FOR HOWL REDUCTION, BALANCED AND
UNBALANCED VERSIONS BOXED

___ ORRACK MOUNTING
PUBLIC ADDRESS : SOUND REINFORCEMENT

= B .
+5Hz Fixed Shift Circuit Boards for WW
July 1973 article.

Small enough to be built Inside the cabinets of many

PEAK PROGRAM METERS T0 BS4297
also 200KHz version for high speed copying
Drive circut. 35 x BOmm tor 1mA LH zero meter to

BBC ED1498 Gold 8-way edge con supplied
Complete ot £13 Built and aligned £19.00
ERNEST TURNER PPM meters, scalings 1,7
OR-22/+4 Types 642: 71 x 56mm £14; 643 102 x
79mm £16.70; Twin movement. scale 86 x 54mm
£42.00.

Complets kit and board £24 inciuding PSU & designer DESIGNER
Board buitt and aligned £31 mains transtormer approved. APPROVED

SPECTRUM SHIFTER
Variable shifts O 1 — 1000Hz for weird special ettects
on speech o MusiC.

SURREY ELECTRONICS
The Forge, Lucks Groen, Cranleigh
Surrey GU6 7BG (STD 04866) 5997
CASH WITH ORDER less 5%
UK POST FREE ADD VAT at 8%
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ARTICLES FOR SALE

PRECISION
POLYCARBONATE
CAPACITORS

All High Stability — Extremely Low

Leakage

Hov
RANGE: DIMENSIONS
VALLL  (mm) PRICE 2 5
) L E,ALH:M\Ra"gf I“n-‘\: a:%
Ol 21 127 5lp 047uF 67p 30p 43p
022F 33 16 Gdp jgF sp 62p 52p
0250 33 16 67p 22,F 9%p 73p 6lp
047.F 33 19 BO0p 47.F E£162 £1LI3 S4p
054F 33 19 87p 6w.F £1.96 £1.38 £1.13

508 19 93p L0uF
10 S08 19 ELUS )5, €322 £2.79 £2.24
200F 508 254 EL44 22,F  £424 £3.68 £3.08

*IANTALLM BEAD CAPACITORS — Values
available: 01, 022. 047, 1.0. 22 48 61uF at
15V-/25V or 35V: L0uF at 16V 720V or 25V, 22 0nF at
6Y or 16V 33.0xF at 8V or 10V: 47 0uF at 3V or 6V,
100 0uF at 3V ALL at 10p each 10 for 85p, 50 for £4.

TRANSISTORS & IC s

£2.30 £1.95 £1.64

ACI128 l4p | “BC268A /384" 1 (71 12p
ACIT76 16p | *BCS47 S58AL2p | 2N2926G  12p
ADI43 Hp BCYT2 12p 2N2926G Lip
AF17% 30p BDI3t 13239p | *2N2926Y llp
AF239 38p BF115 167 22p | *2N3054 65p
BC107 %/9 9p BF173 24p 2N3055 S0p
*BC114 12p BEI7& 26p 2N3702/
*BC147/8/9 10p BFig4 22p 3704 ilp
*BC153/154 12p | "BF194/195°12p | TIP30A  52p
*BCI57/8912p | *BF146/197" 12p | TIPAIA  33p
BC177 18p BF200 27p TIP32A * 6ip
*BC1R2/1821.1ip| "BF262/263°60p | TIPWS5 33
*BCIS3 183L1lp| BFYS30 51/5220p| MPUI3I  49p
*BCIR4 I84L12p | BEXH4 'K6/8K20p | NF555 6lp
*BC212 212L14p | BFXKS 26p 741C a2p
“BC213.213L11p| BRIOI 41p ZN4l4  ELLS
*BC214/214L11p | GFTRI2 25p SN76013ND
BC267 12p | OC4 OC4514p £1.50
POPULAR DIODESTINGI4 6p. & for 45p. 18 for

90p: INYI6 8p, 6 for 45p, 14 tor 90p; 1544 5p. 11 for
50p, 24 for £1.00; IN4148 5p. 6 for 27p, 12 for 48p;
1N4001 3'2p: 002 6p; 003 6'2pi 04 7p: 006 8p; 007
Aap.
1.OW PRICE ZENER DIODES—400MW Tol =5%
atSmA Values avaiable. 3V 33V. 36V 47V, 51V,
56V. 62V, 6.8V. 7.5V 82V, 9.1V. 10V 11V, 12V,
13V, 13.5V, 15V, 16V I8V, 20V, 22V 24V 27TV, 30V
All at 7p each, 5 for 33p; 10 for 65p. SPECIAL
OFFER: 100 Zeners for £6.00.
“RESISTORS—High stability. low nmse carban
film 5% 2W at 40°C, aW a1 70 C EI2 series
only—from 2 210 2 2MQ ALL at 1p each.8p for 10
of any one value, 70p for 100 of any one value,
SPECIAL PACK 10 of each value 22¢ to 22MQ
(730 resistors) E5.
SILICON PLASTIC RECTIFIERS—1 5 amp brand
new wire endad DO27; 100 P1 V 7p (4 for 26p), 400
P.LV. 8p (4 for 30p).
BRIDGE RECTIFIERS—2'3 amp. 200V 40p, 350V
45p. 600V 53p.
*SUBMINIATURE VERTICAL PRESEIS—0.1W
only. ALL at 3p each. 50}, 10082, 22002, 47012, 68042,
k{2, 2.2k4, 4.7k, 6.8kY2, 10KL2, 15k€Q, 22k, 47k4L
68K 12, 1002, 250k <2, 680kS2, 1ML, 2 5ML7, SML.
PLE ASE ADD 15p POST AND PACKING ON ALL
ORDt RS BELOW £5. ALL EXPORT ORDFRS
ADD COST OF SEA/AIR MAIL
PLEASE ADD 8% VAT to all items except those
marked with * which are 25%
Send § A.E for hists of additional ex stock tems
Wholesale price lists availabie to bona fide
companies

MARCO TRADING
(Dept. D1)
The Old School, Edstaston. Nr.
Wem Shropshire
Tel. Whixall (Shropshire) (STD
094872) 464/5

(Proprs Minicost Trading Lid ) (6217)

TELER%FIF)HI‘O HI FlI
L. LINSLEY HOOD

HIGH QUALITY AMPLIFIERS AND TEST
EQUIPMENT
30-75 watt Amplitier Kit £12.00 Made £15.95
Pre-Amplifier Kit €7.50 Made £10.00
Power Supply Unit Kit £13.70 Made £15.30
£.M. Tuner {stereo) Kit £40.00

Low Oistortion Audio

Osciliator Kit £14.00* Made £18.00
illi Volimeter Kil Kit £15.25%
T.H.0. Analyser Kit £18.50*
Reg. P.S.U.0.-60V. 1A Kit £17.30%

frequency meter. Price to be announced
*Tax 8%. Other items 25%

FOR DETAILED AND ILLUSTRATED LISTS SEND SAE

FM Tuner

B aN

: Hi Q

Millivoitmeter

325 Fore St., Edmonton, London N.9
01-807 3719  Closed Thursdays (5210)

OSCILLOSCOPE. Dual Trace type
CI-16 D.C. to 5 MHz. As new owner
emigrating, £80 o.n.o, Crayford
521506. (5236)

EmB 51| PURPOSES

ror SOUND SENSE
MIX WITH
ARTRIDGE
' ELECTRONICS
MANUFACTURERS OF AUDIO
MIXERS, BIG AND SMALL, FOR

21-25 Hart Road, Benfleet, Essex
Phone: (03745) 3256

BUDGET KITS
OR CUSTOM BUILT

]

[ ]

<

FERRANTI Jq9 GYRO'S (Four)
cased. 55 m/m x 30 m/m rotor.
With driving invertor. £50 Tel:
04868 7088. (5228)

DISCO & LIGHTING by Citronic,
FAL ESE, PULSAR. OPTIKENETICS,

EAGLE, etc. Also special bargains
in components S/M equipment.
SAE. M. Bond, 38 The Orchard.
Market Deeping, Pe‘tewrboroug(h. )

5235

TF144G, 85 KHz to 25 MHz Signal
Generator. Offers — 6 Ashtree
Close, Worlingham, Nr. Beccles,
Suffolk. Tel: Beccles 713786.
(5261)

V.H.F. A.M, radio installation con-
sisting of the following G.E.C.
equipment:— 1 High power fixed
TX/RX RC 760. 1 Low power fixed
transceiver RC 750, 3 Portable trans-
ceivers RC 660. 3 Personal trans-
ceivers RC 550-TR with batteries

and charger. Phone Pickering
72333 (5168)
LOUDSPEAKER UNITS — UK's

lowest prices for KEF, Celestion,
Peerless, etc. SAE lists, Soundbox,
60 Penland Road, Haywards Heath,
Sussex, Tel. 56822. (5A1)

18 OLD COPIES OF WIRELESS
WORLD. 1920 to 1938. £7.50. — 01-
882 0638. (5247)

RANK STUDIO FLUTTER METER
type 1740 —  £175. Heathkit
laboratory oscilloscope model 10-
18U — £25. Heathkit sine/square
wave audio signal generator model
1G.18 — £35. All items in excellent
condition. — Phone 0254 71881,
(52486)

DIGITAL CLOCK CHIP, AY-5-1224,
with data and circuit diagram,
£3.66 plus VAT, ‘' Jumbo ' LED digits
(16mm high) type economy DL/747
only £2.04 each pilus VAT, post free.
Greenbank Electronics, 94 New
Chester Road, Wirral, Merseyside
L62 5AG. (83

FREELANCE TECHNICAL AUTHOR
and design engineer seeks commis-

sions for handbook writing.
preparation of test specs. etc.
0276-33479 (Camberley). (5233)

‘* COLLECTORS '’ ITEM: Bundles of

' Wireless World '’ etc. going back

to 1929, What offers? Too heavy to

go by post. Mrs. Mowforth, 5 Wil-

ton Road, Hornsea. N. Humberss2i§lé~).
(

COMPUTER SYSTEM PDP11-20 with
PC11 high speed reader and punch
and ASR33 teletype. in DEC
cabinet complete with software and
manuals. For sale at £2,400 —
Demonstration by appt, Worthing
(0903) 48542 evenings. (5229)

COMPONENT BARGAINS. Full
spec, 741 20p, 555 37p, 7447 decoders
58p, BD142 (Motorola 115W 40V)
25p, BC108 6p. Mullard polyesters,
50 mixed 1 & 2.2 microfarads 250V,
tested but some cosmetic imper-
fections so £1. Mixed electrolytics,
500 untested £1. Minimum order £1,
s.a.e, for discounts and full list,
add 40p p.p. for capacitors or
20p for rest. R. Wardle, 3 Birming-
ham Road, London SWI15 1BE. )

(5275

C.R.,T. REGUNNING PLANT. New
and secondhand reconditioned
training, demonstration, colour or
B/W. Barretts, Mayo Road, Croydon,
Surrey, CRO 2QP. (36)

16MM B & H 631 Sound projectors
¢/w speaker and transformers £135.
— Hilton Cine, 9 West Hill. Dart-
ford -T. 20009. (15

500 DUAL STANDARD COLOUR
TV’'s. In stock from £30. Contact:
S.H.C. Television. Norlett Building,
Dormer Road, Thame, Oxon. Thame
4331. (20)

LINSLEY-HOOD 75 watt amplifier
spares by return. Sescosem BDY56
£1.75_ Motorola BD529 65p, BD530
65p, BF258 35p, 2N5457 45p, 2N5459
45p. BC109C 12p BCI182L 10p,
BC184L 11p., BC212L 12p. BC214L
13p, BFR39 35p, BFR79 335p. MCI131¢P
£2.70. Headphone socket kit, with
instructions, £1.45, Filter switch
click and rmains/rf interference
suppression Kkit, with instructions,
£1.35. Inclusive prices. All com-
ponents brand new and guaranteed.
P & P 10p. List SAE. I. G, Bowman
(Dept WW), 59 Fowey Avenue,
Torguay, S. Devon. (5262)

EVERSHED & VIGNOLES MURDAY
twin pen chart recorder complete
with 2 x 6in paper rolls (1x cali-
brated) 2 off pens, ink also spare

complete ‘X'’ drive mech, with
synchronous motor and service
manual. £25. Tel: Brighton 684286.

(5251)
AVO TRANSISTOR ANALYSER
CTa4b. Complete with battery pack
and service manual. Absolutely
mint condition. £35. — Tel: Brigh-
ton 684286. (5252)

IBM GOLFBALL TYPEWRITER, com-
puter terminal in excellent con-
dition with TTL interface to trans-
mit and receive 7 bit parallel A.S.C.
code. Price £380 or near offer. Tel:

01-485 6162, Mr. Papas. (5282)
STELLAVOX SP7 portable tape
recorder. 48 — 76 CMS/SEC,

variable head and amplifier con-
figuration by plug in modules. Used
for one project, as new condition
with accessories and a quantity of
new tape. £550. Dawson. 387 6945
or 673 5273. (5280)

COLOUR UHF and TV SPARES.
Lists available on request ‘“Wireless
World” TV tuner project, by D. C.
Read. Kits of parts available. New
cross hatch kit, Aerial input type.

No other connections. Battery
operated, portable. Incl. Sync &
UHF Moderator units. £11.00 p/p

45p. CRT Reactivator kit for colour
and mono £17.48 p/p 70p. Signal
strength meter kit £18.00 p/p 60p.
625 TV L.F. Unit, suitable for Hi-Fi
amp on tpape recording £6.80 p/p
60p. Bush CTV 25 new convergence
panels + yoke and blue lateral
£3.60 p/p 65p. New Philips single
standard convergence panels com-
plete, incl. 16 controls, coils P.B.
switches, leads £3.75 p/p 65p. New
colour scan coils, Mullard or Ples-
sey. plus convergence yoke and
blue lateral £9.20 p/p 70p. Mullard
at 1023/05 convergence yoke £2.50
p/p 50p. Mullard or Plessey Blue
laterals 75p p/p 25p. BRC 3000 type
scan coils £2.00 p/p 60p, Bush
CTV25 socan coils, new.  £2.50 p/p
60p. Delay lines DL20 £3.50, DL40
£1.50, DLIE, DLI £1.00 p/p 35p. Lum
Delay Lines 50p p/p 20p. EHT colour
quadrupler for Bush/Murphy CTV25
3/174 Series £8.50 p/p 60p. Special
offer, colour triplers: ITT TH25/
ITH £2.00 p/p 40p. GEC 2040 tripler
£1.75 p/p 40p. Philips G8 panels.
part complete, surplus/salvaged:
decoder £2.50, IF, incl. 5 modules
£2.25. T-Buse £1.00 p/p 50p, CRT
base 75p p/p 20p. G.E.C. 2040
panels for spares. Decoder £3.59.
Timebase £1.00 p/p 55p. VARICAP

- TUNERS, UHF ELC 1043, new £4.20.

ELC 1043/05, £5.00. VHF ELC 1042,
new £5.00. Salvaged VHF and UHF
Varicap tuners £1.50 p/p 25p.
SPECIAL OFFER: RBM 6psn. Vari-
cap control units £1.00 p/p 25p.
UHF tuners, new, transistorised,
incl, slow motion drive, £3.80 41
position and 6-position push-
button transistorised, £4.20 p/p
60p. Philips, Bush, Decca integrated
UHF/VHF transd. tuners £4.50 p/p
65p. Thorn 850 dual Standard time
base panel 50p p/p 50p. Philips
626 1.F. ainp. incl. CCT 50p p/p 50p.
VHF turret tuners at 7650 incl.
Valves for K.B. Featherlight, Philips
19TG170, GEC 2010 ETC. £2.50. Pye
minjature incremental for 110 to
830, Pam and INVICTA £1.00. New
Fireball tuners, Ferguson, HMYV,
Marconi, £1.00 p/p all tuners 50p,
Mullard 1100 Mono scan coils, new,
suitable all standard Philips, Stella,
Pye, Ekco. Ferranti, Invicta £2.00
p/p 55p. Large selection. LOPTS,
FOPTs available for most popular
makes. 200 + 200 = 100 MFD 350V
Electrolytic £1.00 p/p 30p. MANOR

SUPPLIES, 172 West End Lane,
London, N.W.8, Shop Premises.
Callers welcome. (No. 28, 159, 359

buses or W. Hampstead-Bakerloo
and Brit. Rail), Mail Order: 64
Golders Manor Drive. London NW11,

Tel: 01-794 8751. VAT. Please ADD
25% TO ALL PRICES (EXCEPT
KITS. VAT 8%),

AUDIX MXT200 MIXER. 10 MIC and

2 Line inputs, 2 output Groups,
monitor, £350. Shelford (Cambs)
3860. (5283)

DI1SCO UNIT, consisting of two. KF

speakers, output 50w, two turn-
tables, one ‘Garrard the other BSR
plus D.J. Disco amplifier with

microphone and headphones. £350
for quick sale. Also comprehensive

record sellection available with
nnit. Tel: 01-440 4153 or 01-886
70286. (5284

BURGLAR AND FIRE Alarms, ex-
tinguishers, emergency lighting.
Comprehensive range of DIY and
professional equipment. Catalogues
25p. Castle Alarms, Box W06, Wind-

sor, Berks. (5269)
POWER SUPPLIES. 12vDC lamp
smoothed supply £3.00 0-17vDC
1Amp variable supply, regulated.
filtered. £8.50. Complete range
available. Powerpax, Box WO8,
wWindsor, Berks. (5270)
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ARTICLES WANTED

WANTED!

all types of scrap and

REDUNDANT
ELECTRONIC &
COMPUTER
MATERIALS

| with prectous metal content

141

CAPACITY AVAILABLE

WANTED

biack and white, dual standard

CAPACITY AVAILABLE

General Sheet Metal Work including
Fabrication of Chassis Panels, Boxes

——| [
TRANSISTORS

& PRINTED
CIRCUIT BOARDS
TO COMPLETE

COMPUTERS
The COMMERCIAL

REFINING Co. Ltd
171 FARRINGOON ROAD
LONDON EC1R 3AL
Tel. 01-837 1475.
Cabies: COMSMELT, EC1

Works: FLECKNEY. nr. LEICESTER (5116

WANTED, all types of communica-
tions receivers and test equipment.
Details to R. T. & I. Electronics

Ltd., Ashville Old Hall, Ashville
Rd., London, E.11. Ley 4986. (63
B-D ELECTRONICS offer prompt

settlement for your surplus com-
ponents, Our main field of interest

is consumer electronics. Please
telephone our Miss Hughes, Sandy
(0767) 81616. (22
SURPLUS COMPONENTS, Equip-

ment and Computer panels wanted
for cash. Ring Southampton 772501)A
(16

WANTED NEW 705A VALVES.
Details to P. Norgate; GV Planer
Ltd., Sunbury-on-Thames 86262,

WANTED ITT raano ielephones
type M5, AM7 and SF1, Good prices
paid, any condition considered.
Please telephone Rownhams (042
123) 4285. (5277)

ARTICLES FOR SALE

VACUUM is our speciality, new
and secondhand rotary pumps, dif-
fusion ouwtfits, accessories, coaters,
etc, Silicone rubber or varnish out-
gassing equipment from f£40. V. N.
Barrett (Sales) Ltd., 1 Mayo Road,
Croydon. 01-684 9917. (24

60 KHz MSF RUGBY RECEIVERS.
BCD TIME-OF-DAY OUTPUT. High
performance, phase locked loop
radio receiver. 5V operation with
LED indication. Kit complete £9.50;
assembled and tested unit £11.12
(prices include postage and V.A.T.)
Also available low power receiver
with signal and audio outputs. Send
for details Toolex, Sherborne (4359)
Dorset. (2

MULLARD LP1400 high performance
stereo decoder modules. Limited
quantity to clear, only £6 including
p & p. Mr Cook, 39 Barrett Road,
London, E.17. Mail order only.

DISCO CONSOLE consisting of two
100 watt DJ Power Amplifiers with
SDL mixer Mk II. 2 Garrard SP25
MKIII Turntables with Shure. Mag-
netic cartridges housed in compact
mobile unit. 4 speaker units; 2
containing four 12 50 watt Good-
man speakers. 2 containing 18"
EM] speakers. 100 watt Pluto light
projector, microphone (including
stand and boom). Speaker leads,
Bank lights. All perfect and ready
for use. £800. 01-805 3898.

TELEQUIPMENT double beam oscil-
loscope model D56, Delayed sweep.

Little used manual £180. Spec.
aavilable. Parmeko transformer
7500V — 0 0 7500 20mA, unused,
£10. — Erith 30556. (5267)

WE PURCHASE ALL FORMS
OF ELECTRONIC EQUIP-
MENT AND COMPONENTS,
ETC.
SPOT CASH

CHILTMEAD LTD.
7.9. 11 Arthur Road
Reading, Berks.
Tel. 582 605

REQUIRED from Ministry of
Defence and other sources Plessey
models P.T.R. 371 also 691, 692
and 693. Please post fullest details
to John F, Learney, 16 Pine Walk,
Carshalton Beeches, Surrey. (5226)

WANTED. FLUKE 8000A, Advance
DMM3 or similar digital voit
meter. Also X-Y Recorder any
make or condition considered.
Tel: (5250)

Brighton 684286.

ARTICLES FOR 5

SOWTER
TRANSFORMERS

TOR SRUND RECTANG. ARD REFRRDUCING
EQRIF NENT

e are sppiers |

oAkt avbaribes i wee
deirerin. Cowmibive pricm. Lange
-

L. Early

A e rHaEE

W
mlllu [mmed guan iy
TK. WEHLY [AMPETTITE PREE. Pl DTS O
REJREST

; E. A. SOWTER LTD.

e S
Ipsweizh IP4 1JP. Tel D473 ST784 5215

televisions. Preferably Thorn and Guards. Large and Small Runs at

1400's or similar sets. In large highly Competitive Rates. let us

or small quantities. Collection quote you now.

arranged. Reply to Box No ANTEC ENGINEERING LTD.

5239 6 Sunny Place, Sunny Garden Road
5239 London NW4 1RS. Tel. 01-203 4822

{5086}
DESIGN, development, repair, test

and small production " of electronic
equipment. Specialist in production
of printed circuit assemblies.
YOUNG ELECTRONICS LTD., 184
Royal College Street, London NWI1
9NN. 01-267 0201. (20

for Coil Wind-
production

AIRTRONICS LTD.,
ing — large or small

runs. Also PC Boards Assemblies.
Suppliers to P.O., M.O.D., etc. Ex-
port enquiries welcomed, 3a

Walerand Road, London SE13 7PE.
Tel: 01-852 1706. (61

PRINTED CIRCUIT BOARDS —
Quick deliveries, competitive prices,
quotations on request, roller tin-
ning, drilling, etc., speciality small
ba'tches, larger quanmues available
Jamiesons Automatics Ltd, 1-5
Westgate, Bridlington, N. Humber-
side, for the attention of Mr, J
Harrison, Tel: (0262) 4738/77877.
(18

A.AA. SERVICE. Small batch pro-
duction wiring, assembly to sample
or drawings, Specialists in printed

circuit assembly. Cableforms to
order. Rock Electronics Ltd., 42
Bishopsfield, Harlow, Essex, Tel.
Harlow (0279) 33018. (19

BATCH Production Wiring and As-

sembly to sample or drawings.
Deane  Electricals, 19B  Station
Parade, Ealing Common, London,
W.5. Tel: 01-992 8976. (13)

CAPACITY available to the Elec-
tronic Industry. Precision turned
parts, engraving, milling and grind-
ing both in metals and plastics.
Limited capacity  available on
Mathey SP33 jig borer. Write for
lists of full plant capacity to C. B

Industrial Engineering Ltd.,
Mackintosh Lane, E9 6AB. Tel: 01-
985 7057. (14

CRYSTAL
TECHNOLOGY

For quartz growing, cut-
ting. lapping and finish-
ing. Designs for crystal
devices.

CLARK EXPORT
IMPORT COMPANY
MATTAPOISETT
MASS., U.8.A.

Crystal specialists since 1941

(5207)

ELECTRO MECHANICAL DRAWING
FACILITIES. Production standard
drawings from Engineer’s sketches;
printeq circuit artworks from your
layouts or circuit diagrams. Rapid
turnround. Roger Jeffery. 39 Bun-
yon Close, Pirton, Nr. Hitching,
Herts Tel: Pirton 482. (5274)

CAPACITY AVAILABLE for assem-
bling large or small quantities of
P.C.B.’s Electronic and Electro-
Mechanical equipment from draw-
ings or prototype. Overseas en-
quiries welcome. Horizon Elec-
tronics, 100 Sandfield Road. Arnold,
Nottm. Tel: 0602-606980, (5230)

DESIGN DEVELOPMENT and small
ﬁroductlon of electronic equipment.
o job too small. — Holts Elec-
tronics, 223 Pole Lane Court, Uns-
worth, Bury, Lancs. BL9 8QD.
(5281)

DESIGN. YOUNG C. ENG. (Elec-
tronics) Physicist, university based,
offers individwals and small firms
design work, consultancy and in-

strument construction. Novelty’s
to Microprocessors Systems. Tel:
0293 45132. (5279)

ENAMELLED COPPER WIRE

S.W.G. 1 1b reel 1/21b reel.
10019 240 135
2010 29 245 140
30 10 34 260 150
35 to 40 285 160

All the above prices are inclusive of postage
and packing in UK

COPPER SUPPLIES
102 Parrswood Road, Withington,
Manchester 20
Telephone 061-445 8753

Printed Circuit Boards — Master
layouts — Photograp — Legend

pnnung — Roller tinning — Gold
plating — Flexible films — Convention
al fibre glass — No order too large or too
small — Fast turnround on prototypes
All or part service available NOW

EURD CIRCINTS TD,
Highfietd House

West Kingsdown
Nr. Sevenoaks. Kent.

WK2334

SAVE IT" BARGAIN
500 WATT DIMMER
SWITCH

{not suitable for fluorescent hights)

Basic Module with 1 Knob £2 00
Complete on MK switch plate £2 50
Large 2" knob (BULGIN) 25p extra,
P&P 25p.

Please add 8% VAT to all orders inc P&P
FRASER-MANNING LTD.

40 TUDDENHAM ROAD, IPSWICH IP4

2SL (35}

COURSES

GRADUATED OR
GRADUATING?

Join the postgraduates at

BRUNEL
UNIVERSITY

Department of Electrical
Engineering and
Electronics
Applications are inwited from gra-
duates or graduands in Electrical
Engineering, Electronics, Mathema-
tics, Computer Science or Physics
who wish to obtain a higher degree
by joining research teams working

on:
CDOMPUTER AIDS TO DIGITAL

SYSTEM DESIGN
INFORMATION PROCESSING SYSTEMS
INTELLIGENT AUTOMATA
POWER ELECTRONICS SYSTEMS
CONTROL SYSTEM DESIGN
COMMUNICATION SYSTEMS

Studentships are available for suit-
ably qualified candidates.

Please write to Professor Igor
Aleksander, Dept. of Electrical
Engineering and Electronics, Brunel
University, Uxbndge, Middlesex,
(6272)

RADIO and Radar M.P.T. and
C.G.L.1. Courses. Write: Principal,
Nautical College, Fleetwood, FY7
8JZ. (25

VALVES WANTED

'WE BUY new valves, transistors
and clean new components, large
or small quantities, all details,
quotations by return. — Walbon's,
55 Worcester St.. Wolverha»mpt«()g

4

ARTICLES FOR SALE

CRYSTAL
OSCILLATORS

16 pin DIL package 4-25 MHz
Low frequency range from
150 Hz

CMOS & TTL compatible
Prototype service available

Fast delivery {some items ex-
stock)

® Competitive quantity discounts
Meon Electronics Ltd., Savoy
Works, Swan Street, Petersfield,
Hants. Tel. 0730 2306/7. Telex:
86181. ' (5286)
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bookshops.

TELECOMMUNICATIONS:

A Systems Approach by G. Smol, M. P. R. Hamer and M. T.
Hills covers the application of a number of signalling and
transmission technigues in telecommunication systems at a
higher level than most books on the subject. It takes account of
the needs of the users of the systems and the economic
constraints which affect the choice of techniques and overall
system structure. This 1s an Open University set book for the
T321 course. Price: Hardback £8.50; Paperback £4.25 from

Published by George Allen & Unwin Ltd., Park Lane,
Hemel Hempstead, Herts. HP2 4TE.

Everything you need to know- easily
explaned including where to obtain mater-
ials, how to get all the work you need, etc ,
etc.

A goldmine of intormation and knowledge

Only £3 65 + 25p P & P from
Magnum Publications Dept. MES
Brinksway Trading Estate
Brinksway, Stockport SK3 OBZ

WIRELESS WORLD WANTED.
November 1975 issue. High price
offered for a clean complete copy.
— Please telephone 01-888 1909.
(5253)

TAPE RECORDING ETC

RECORDS MADE TO

ORDER
DEMO DISCS
MASTERS FOR pxlgNsYsLl:JGEs
RECORD COMPANIES

Single disc. 1 20, Mono-or Stereo. delivery
4 days from your tapes Quantity runs 25
o 1.000 records PRESSED IN VINYLITE IN
OUR OWN PLANT Defwery 3-4 weeks
Sieeves/Labels Finest quality NEUMANN
STEREOQ/Mono Lathes We cut for many
studios UK/ OVERSEAS SAE list
DEROY RECORDS
PO Box 3, Hawk Street, Carnforth
Lancs
Tel: 2273

(82)

APPOINTMENTS

THE ROYAL NORTHERN
'COLLEGE OF MUSIC
Apphications are invited for the post of

AUDIO VISUAL
AIDS
TECHNICIAN
GRADE T.1.
Salary £2,277 - £2529

The Technician will be responsible
under the direction of the Recording
Manager for the provision ot the
highest quahty of Audio Visual
reproduchion and recording tech-
niques 1n connection with public
performances. broadcasting, com-
mercial purposes and most impor-
tant, involves close haison with the
tutorial statt and assistance in therr
wtonal programmes Experience of
tape editing sound mixing CCTV and
the maintenance of recording and
electronic equipment to a high
standard should be combined with an
appreciation of music and the ability
to read musical score. Further details
and applicaton forms can be
obtained from the Administration
Registrar, The Royal Northern Col-
lege of Music, 124 Oxford Road.
Manchester Closing date tor appli-
cations 1st April, 1976 (5287)

(5232)
START YOUR OWN BUSINESS QUIPMENT \WANTER
REWINDING ELECTRIC MOTORS e —————
Thi truct I sh
by #195 ow (0 towand mctors, working pan BROADFIELDS AND
or full ume, without previous experence MAYCO DISPOSALS

21 Lodge Lane, N. Finchley
London,N12 81G

Telephone:

01-4452713

01-445 0749 01-958 7624 I

MAY WE ASSIST YOU TO
DISPOSE OF YOUR SURPLUS
AND REDUNDANT STOCKS.

We will call anywhere in the
British Isles, and pay SPOT CASH
for Electronic Components and
Equipment (5234)
===

.18IN FACSIMILE. Muirhead weather
receiver required urgently. Please
contact Sea & Storm  Service
Specialists. Tel. 01-723 8466.

a (5237)

NEW GRAM EQUIFMENT

Wireless World, April 1976

SERVICE

When you need to hire Video-

it pays to contact the most experienced
video company in the business

4

SW18 2BE
: 01-540 9684

y ¥

Also al CENTRE PDINT
20/21 5T. GILES HIGH STREET
LONDON, WG2
PHONE: D1-240 3066

PRINTED CIRCUITS
and HARDWARE

Readily available supphes of Constructors
hardware Aluminium sheet and sections
Printed circuit board. top quahty for
individual or published designs

Prompt service
Send 15p for catalogue

RAMAR CONSTRUCTOR
SERVICES

™M Road, Stratford A
Warwicks. Tel: 4879

(38)

AUDIOMASTER
MUSIC
programmes.
Onslow Street,

RECEIVERS AND AMPLIFIERS

HRO Rx5s, etc., ARS8  CR100,
BRT400. G209, S640. etc. etc., in
stock. R. T. & I. Electronics, Ltd.,
Ashville Old Hall, Ashville Rd.,
London, Ell. Ley 4986. (65

BACKGROUND
service, sales. Tape
P. J. Equipments, 3
Guildford 4801. (12

GLASGOW, Hi Fi. Cassette Decks,
Tape Recorders, Video Equipment,
always available we buy, sell and
exchange for Hi Fi sets and photo-

graphic equipment. VICTOR
MORRIS Audio Visual Lid., 340
Argyle Street, Glasgow, Gl, 8/10
Glassford Street, Glasgow, Gl, 8/10
Sauchiehall Street. Tele: 041-221
8958. (11

$IGNAL Generators, Oscilloscopes,

Output Meters, Wave Voltmeters.
Frequency Meters, Multi-range
Meters etc., ete.. in stock. R. T.
& 1. Electronics_ Ltd., Ashville Old
Hall, Ashville Rd., London  E.llL.
Ley 4986. (64

RING
YOUR
CLASSIFIEDS
TO
OWEN
BAILEY
ON
01-261 8508
OR
01-261 8423

THOR-HOLE CONVENTIONAL
P.C.B.’s gold plating, roller tinning,
prototypes, silk screening, drilling.
All or part service. — ELECTRO-
CIRCUITS (P.C.) LTD., Delamare
Road, Cheshunt, Herts, Tel. Wal-
tham Cross 38600 or 20344. (84

TUBE POLISHING, mono, £5.63,
colour £5.94. C.W.0. Return car-
riage and VAT paid., Phone: N.S.
300, Retube Limited. North Somer-
cotes, Lough Lincs. 27

Instruments

well worth servicing
and worth

servicing well
And now 1t's even easier because
you can bring or send your AVO,
MEGGER or SULLIVAN instruments
for service or repair direct to the
manufacturers’ joint service and
spares centre |In-house BCS
certification facility.
London Instrument Repair Centre,
Repairs
Cunnington Street
Acton Lane Works
Chiswick, London W4 5HJ
Tel 01-995 9212, Telex. 22583
Enquinies
Archchiffe Road
DOVER, Kent CT17 9EN
Tel 0304 202620 Telex 96283

AVO-MEGGER-SULLIVAN

15248)

WANTED

WE BUY

All sorts of computers,
peripherals, automatic
typewriters, etc. Top
prices paid.
Autotype, at East Hill,
Otford, Kent. Otford
3256 or Otford 43393.
{5288)
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Wireless World, April 1976 -

FOUNDATIONS OF WIRELESS
AND ELECTRONICS

M. G. Scroggie, B.Sc., C.Eng., F.I.E.E. — 9th Edition

* Since the first edition was first published in 1336 over a quarter of a million copies have
been sold.

* Has proved to be of great assistance to many thousands of enthusiasts and students
making aquaintance with the principles of radio and electronics.

* It has been written clearly and concisely in Mr. Scroggie's well-known and often
humorous style.

CONTENTS: General View of a System. Electricity and Circuits. Capacitance. Inductance.
Alternating Currents. Capacitance in a.c. circuits. The Triode at Work. Transistor Equivalent
Circuits. The Working Point. Oscillation. Radio Senders. Transmission Lines. Radiation and
Aerials. Detection. Low-Frequency Amplification. Selectivity and Tuning. The Superhetero-
dyne Receiver. High-Frequency Amplification. Cathode-Ray Tubes; Television and Radar.
Electronic Waveform Generators and Switches. Computers. Power Supplies. Appendices.

The cost of this very useful text is£3.75 which you will agree is tremendous value for a book
of 521 pages. 0 408 001 88 7. '

If you purchase a copy you could be the winner of a beautiful leatherbound copy, personally
autographed by the author. Details of ‘The Ya-million Competition’ appear in the book.

NEWNES TECH NICA L, Borough Green, Nr. Sevenoaks, Kent

For details of other books in this field please write .'.

CLASSIFIED ADVERTISEMENTS f

Use this Form for your Sales and Wants
To “Wireless World"" Classified Advertisement Dept., Dorset House, Stamford Street, London, SEI 9LU

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW

@ Rate: 99p PER LINE. Average <even words per line
Minimum THREE lines N AV it ittt e e e ettt it e e e eia s ea e e e e e a e ie e eaeeaaeaaat

® Name and address to be included in charge if used in
advertisement. D D RIES ST 51 ryd n F3 - i X Webrotost a1 s 5 5 L« o o o o[o 85 o o = o 57 3] lolo piengioss oo o) e olelo = g ='o s Lo/ o ololelolololo'ste

Box No. Ailow two words plus 40p

@ Cheques, etc., payable to "Wireless World"" and crossed
‘&CO ------------------------------------------------------------------------------------

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION ... NUMBER OF INSERTIONS..................

WA= Fieantradiohister~eom
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Newnes Technical Books
. The Newest name in Technical Books
For details of all the books in our list please write to:
Newnes-Butterworths, Borough Green -
WilE Nr. Sevenoaks, Kent Il'
D [:] Telephone: Borough Green (0732) 884567 D D
Appointments Vacant Advertisements appear on pages 130-142.
PAGE PAGE PAGE
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Ambit Internati ILd. oo 24 .
Arr'?tgl): Pr:oil::catslﬂi?j ........................... 7 HakutoInt. (UKJLtd. ...............ootnt. 26  Radford LaboratoriesLtd. .................... 14
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Bradley Electronics are well known as
manufacturers of precision electronic
instrumentation. But there’s another
important aspect of our business —
we're also experts on other people’s
products.

For 21 years our Services Divisior
has been providing a first-class repair
and recalibration service for all types
and makes of electronic test and
measuring equipment — from simple
meters to complicated systems. Any
manufacturer’'s instrument in the
frequency range DCto 18 GHz —and to

L/

o

e,

‘am‘m

36 GHz in some cases —collected and
delivered back 1o your dcor ready to
plug-in.

The Services Division has its own
35,000 sq ft factory, expert staff,
comprehensive spares, and a Standards
Laboratory approved by the British
Calibration Service. It will supply
calibration certificates for AC, DC and
RF measurements. And, of course, our
standards are directly traceable to
NPLand NBS.

So — when your calibrator won't
calibrate anymore, your generator

WW--002 FOR FURTHER DETAILS

www.americanradiohistorv.com
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refuses tc generate, or your counter
stops counting — you know who to
contect.

G & E BRADLEY LIMITED
Electral House, Neasden Lane,
London NW10 1RR
Telephone: 01-450 7811
Telex: 225583

A Lucas Company
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“Ersin Multicore-

the int

Ersin Multicore 5-Coré
Solder

The proved superiority of
ERSIN Multicore Solder for over
thirty years is due to many
factors. We have specialised
throughout this period in the
manufacture of cored solders.
Consequently our research and
manufacturing staff have been
able to devote all their energies to
the development of Multicore
Solders. All alloys are of highest
purity, carefully formulated
and checked.

Our unsurpassed ERSIN flux is
rigorously tested before and after
it is incorporated in the solder
wire. Our five separate cores of
flux ensure flux continuity, leave
only an ultra-thin layer of solder
separating flux from work for
instant wetting and provide
a more accurate ratio of flux to

use less solder and obtain greater
reliability.

Our Quality Control at all
stages of manufacture is
guaranteed and recorded by the
batch number on every reel.

Needle fine gauges

In addition to our standard
range of wire diameters (10-22
swg: 3.2-0.7 mm) supplied on
2+ kg and 4 kg reels we also mass-
produce needle-fine gauges (24-34
swg: 0.56-0.23 mm) on 250 g reels
for microminiature soldering
applications —still with 5 Cores

solder. It is therefore pussible to of flux.

ALLOY

Melting Temperature

Composition Grade Solidus Liquidus Specification
(nominal major elements} °C °c

50/33/17 Sn/Pb/Cd TLC 145 145 DIN 1707
62/36/2 Sn/PbL/Ag LMP 179 179 DIN 1707
62/35.7/2/0.3 Sn/Pb/Ag/Sb Sn62 179 179 QQ-S-57 1k
63/36.7/0.3 Sn/Pb/Sb Sn63 183 183 QQ-S-571E
60/40 Sn/Pb K 183 188 B.S. 219
60/39.7/0.3Sn/Pb/5b Sn6o 183 188 QQ-S-57 1
50/50 Sn/Pb F 183 212 B.S.219
50/49.7/0.3 Sn/Pb/Sb Sn50 183 212 QQ-8-57 1K
50/48.5/1.5 Sn/Pb/Cu Savbit1 | 183 | 215 AP
45/55 Sn/Pb R 183 224 B.S.219
40/60 Sn/Pb G 183 234 B.S.219
40/59.7/0.3 Sn/Pb/Sb Sn40 183 234 QQ-S-57 1E
30/70 Sn/Pb ] 183 255 B.S.218
20/80 Sn/Pb \Y% 183 275 B.S.219
15/85 Sn/Pb — 225 290 —

Pure Tin PiT 232 232 B.S.3252
95/5 Sn/Sb 95A 236 243 B.S.219
5/93.5/1.5 Sn/Pb/Ag HM.P 296 301 B.S.219

Company's letterhead direct to:

Tel: Hemel Hempstead 3636 Telex: 82363
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Savbit Solder

One of our most popular
special ERSIN Multicore Solder
alloys is SAVBIT alloy. Compared
with ordinary tinflead solders it
dramatically reduces the erosion
of soldering iron bits, copper
wires and printed circuit
conductors. It also saves costs
and increases reliability. SAVBIT
alloy containing 5-Cores ERSIN
362 flux has received special
Ministry approval—under DTD.
900/4535 for Military applications.

Sectioned iron-plated bit, after 40,000
simulated operations using
60/40 Solder.

Sectioned iron-plated bit, after 40,000
simulated operations using

SAVBIT Solder.

For full information on these and a Selector Guide to other MULTICORE products please write on your

Multicore Solders Limited, Maylands Avenue, Hemel Hempstead, Hertfordshire HP2 7EP.
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