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find out how
in just 2 minutes

That's how long it will take you to fill in the coupon. Mail it today
and we’ll send you full details and a free book. We have successfully
trained thousands of men at home - equipped them for higher pay and
better, more interesting jobs. We can do as much for YOU. A low-
cost home study course gets results fast - makes learning easier and
something to look forward to. There are no books to buy and you
can pay-as-you-learn.

Why not do the thing that really interests you? Without losing a day’s pay, you
could quietly turn yourself into something of an expert. Complete the coupon
{or write if you prefer not to cut the page). No obligation and nobody will call
on you ... but it could be the best thing you ever did.

Others have done it, so can you

“Yesterday | received aletter from the institution informing that my application
for Associate Membership had been approved. | can honestly say that this has
been the best value for money | have ever obtained, a view echoed by two
colleagues who recently commenced the course’’, — Student D.1.B., Yorks.
“Completing your course, meant going from a job | detested to a job that |
love, with unlimited prospects’’. — Student J.A.O. Dublin.

“My training quickly changed my earning capacity and, in the next few years,

my earnings increased fourfold’’. — Student C.C.P., Bucks.

AND OUT FOR YOURSELF

These letters, and there are many more on file at Aldermaston College, speak of
the rewards that come to the man who has given himself the specialised know-
how employers seek, There's no surer way of getting ahead or of opening up
new opportunities for yourself. it will cost you a stamp to find out how we can
help you. Write to Aldermaston College, Dept. BE180, Reading RG7 4PF,
Home of B.LE.T.
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Certificate course includes a
learn while you build
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Now-two fascinating ways to enjoy saving money!

Britain’s most original calculator
now in kit form

The Sinclair Scientific is an altogether
remarkable calculator.

It offers logs, trig, and true scientific
notation over a 200-decade range —
features normally found only on
calculators costing around £100 or
more.

Yet even ready-built, the Sinclair
Scientific costsa mere £32.35
(including VAT).

And as a kit it costs under £20/

Forget slide rules and four-figure
tables!
With the functions available on the
Scientific keyboard, you can handle
directly

sinand arcsin,

cos and arccos,

tan and arctan,

automatic squaring and
doubling,

log 10, antilog.,, giving quick
access to xY¥ (including square
and other roots), ;
plus, of course, addition,
subtraction, multiplication,
division, and any calculations
based on them,

In fact, virtually all complex scientific or
mathematical calculations can be
handled with ease.

Sois the Scientific difficult to
assemble?

No. Powerful though itis, the
Sinclair Scientific is a model of
tidy engineering.

All parts are supplied — all you
need provide is a soldering
iron and a pair of cutters.
Compilete step-by-step
instructions are provided,
and our Service
Department will back
you throughout if
you've any queries
or problems.

Of course, we'll
happilysupply the
Scientific or the
Cambridge
already built, if
you prefer —
they're still
exceptional
value.

Components for Scientific kit

‘Smcla|r Smentlflc e £19.95

(INC.VAT)

(illustrated)

1.
2.
3.
4.

©w NV

10.

Assembly time is about 3 hours.

. Printed circuit board
. Keyboard panel
. Electronic components pack

. Battery assembly and on/off switch
. Soft carrying wallet

Coil

LSl chip

Interface chips

Case mouldings, with buttons
windows and light-up display in
position

(diodes, resistors, capacitors, etc)

Comprehensive instructions for use

Features of the Sinclair Scientific

B66253-01

. ) trad 57.2958°
sinclair e 3300

Ll e 2-71828
Scientific n 314159

¥ arctan
4 sin

Y arcsin
cos

= @ 12 functions onsimple keyboard
Basic logs and trig functions (and their
inverses), all from a keyboard assimple as a
normat anthmetic calculator’s. "Upper and
lower case’ operation means basic
arithmetic keys each have two extra
functions.

@ Scientific notation
Display shows 5-digit mantissa, 2-digit
exponent, both signable.

@ 200-decaderange
10-9910 10499

@ Reverse Polishlogic

Post-fixed operators allow chain
calculations of unlimited length —
eliminate need for an = button.

@ 25-hour battery life

4 AAA manganese alkaline

batteries (e.g. MN 2400) give

25 hours continuous use.
Complete independence from

external power.

@ Genuinely pocketable
41/3"x2"x11/16”. Weight 4 oz.

.. Attractively styled in grey, blue and

white.

ELECTRONICS TODAY INTERNATIONAL—-JANUARY 1975



Sinclair Cambridge kit <3

Atits new low price, the original
Sinclair Cambridge kitremains
unbeatable value

Inless than ayear, the Cambridge
has become Britain’s most popular
pocket calculator.

It's not surprising. Check the
features below - then ask yourself
whatother pocket calculator offers
such a powerful package atsucha
reasonable price.

Components for Cambridge kit

Coil

. LSIchip

. Interface chip

. Thick film resistor pack

. Case mouldings, with buttons,
window and light-up display in
position

. Printed circuit board

. Keyboard panel

. Electronic components pack
(diodes, resistors, capacitors,
transistor)
9. Battery clips and on/off switch

10. Soft walliet

B wN =

[e N o))

Assembly time is about 3 hours.

Features of the Sinclair Cambridge

waspes rp.r0sssremen: 2,

GO

@ Uniquely handy package.
41/3"x2"x11/16", weight31/2 oz.

@ Standard keyboard,
All you need for complex calculations.

@ Clear-last-entry feature.
@ Fully-floating decimal point,
@ Algebraic logic.

@ Fouroperators (+, —, X, =), with
constant on ali four.

@ Powerful constant with separate ‘K’
button.

@ Constantand algebraic logic combine to
act as a limited memory, allowing complex
calculations on a calculator costing less
than £15.

@ Calculates to 8 significant digits

@ Clear, bright 8-digit display.

ELECTRONICS TODAY INTERNATIONAL—JANUARY 1975

Now only

14.95

(INC.VAT)

@ Operates for weeks on four AAA batteries.

Take advantage of this
money-back, no-risk offer today
The Sinclair Cambridge and Scientific
kits are fully guaranteed. Return either
kit within 10 days, and we'll refund
your money without question.

All parts are tested and checked before
despatch —and we guarantee any
correctly-assembled calculator forone
year. (This guarantee also applies to
calculators supplied in built form.)

Simply fill in the preferential order form
below and slip it in the post today.

Scientific

Pricein kit form £19.95 inc. VAT.
Price built £32.35inc. VAT.
Cambridge

Price in kit form £14.95 inc. VAT.
Price built £21.65inc. VAT.

r—————————

| To:Sinclair Radionics Ltd,
FREEPOST, St Ives,
Huntingdon, Cambs. PE174BR

Please send me’
] Sinclair Scientific kit at £19.95
71 Sinclair Scientific built at £32.35
“ISinclair Cambridge kit at £14.95
[ Sinclair Cambridge built at £21.55

All prices include 8% VAT.

*| enclose a cheque for £
made out to Sinclair Radionic
and crossed.

Access account. Account number

LTI T T TITTTTT]

*Delete as required

Signed

Name

Address

|
I
I
I
I
I
I
I
I *Please debit my *Barclaycard/
I
I
I
I
I
|
I
|
|

Please print. FREEPOST — no stamp
needed.

-
I
|
|
J
|
|
|

]
]
|
|

|
|
|
I
|
|
!
|
I
I

_En7s |

[— | [ — ||

Sinclair Radionics Ltd,
FREEPOST, St lves,
Huntingdon, Cambs. PE174BR.

Reg. No . 699483 England. VAT Reg. No:213 8170 88.



is fuse protection.

even excellent analogue meters.

97 x 6" x 2 plus handle.

PERSONAL ALARM SYSTEM
All Americans may soon carry a
wristwatch-sized personal security
alarm!

The US Law Enforcement
Assistance Administration has
commissioned the Aerospace
Corporation to launch a massive
field test next year of a prototype
system that may eventually become
nation-wide.

The system is based on thick-film
hybrid UHF modulated transmitters
which may eventually be built into
standard electronic watches.

To generate an alarm, the wearer
presses two buttons simultaneously.
This causes an internal shift register
to generate a digital code which in
turn frequency modulates the
transmitter.

The alarm signal is then picked up
by the nearest of a vast number of

diges

Replacing the DM 1, one of the first digital multimeters, Sinclair have introducad
the DM2, a much improved model for £59 plus VAT.

The designers have carefully thought out the needs of the user. Multimeters
are dropped; we know they shouldn’t be but that’s life so they have gone for a
thick aluminium case, not plastic. .The unit is powered by an integral PP9 battery
for portable use (60 hours life} but an external mains power supply is also available.
For normal overloads, built-in protection is provided but for gross overload there

Input impedance, even on low voltage ranges is 10MS). The actual ranges can
be seen clearly on the photograph. Basic accuracy is 0.4% - very much better than

The display is large, made up from 0.3” 7-segment displays. Designed around
a custom-designed MOS 1.C., the DM2 utilises dual scope integration and features
high operational repeatability and reliability.

A chain of high stability resistors are used in perference to presets: this improves
stability and réduces setting-up costs. Optional extras are a carrying case(£5.00 +
VAT) and mains converter (£1.85 + VAT). The DM2 weighs 1kg and measures

Sinclair Radionics, St. Ives, Huntingdon, Cambridgeshire.

local receivers which retransmits the
signal together with data identifying
the transmitter’s locationm to a
central processing computer in the
local police headquarters.

In the forthcoming field trials, some
5000 alarm units will be used.

SCHOOLS LINK TO INDUSTRY

We received an interesting newsletter
from the organisers of the ‘’Link Scheme”
They are a service for school teachers
complimentary to that of the National
Centre for School Technology.

Help is offered regarding technical
data, component distributors or
technical advice, by means of a

“’Hot Line’’ phone number. The
scheme’s newsletter prints comments
on recent issues of electronics.
magazines and provides additional
information for school teachers. Also
there is an evaluation of magazine

projects which have been built up by
grammar school pupils. Their scheme
has a contact man who will be
arranging to visit schools to see what
assistance a contact in industry can
be to a school teacher. :

If you are an interested teacher we
suggest you get more details from
Peter Noakes at the University of
Essex Department of Engineering and
Science, Wivenhoe Park, Colchester,
CO4 3sQ.

200 MILLION DEGREES!

An important advance in work on
nuclear fusion is reported by
scientists at the University of Texas,
Austin. Dr. William E. Drummond,
director of the university’s fusion
research centre, says that a
temperature of more than 200
million degrees Centigrade has been
attained for some 50 micro-seconds
in the centre’s Tokamak-type unit by
turbulent heating of the plasma, a
new technique developed at Texas
and in the U.K.

PCB MOUNTING PILLARS

The llex piilars are designed to insulate
printed circuit boards from the chassis
and at the same time to support them.
One PCB can be stacked on another
(either vertically or horizontally). .
Now the experimenter can easily
mount a PCB to a chassis, a PCB to a
PCB, or a screen to a PCB using llex,
completely dispensing with nuts or
screws.

The pillars are made in moulded
nylon, and have a rigid girder-shaped
supporting section, a spring-in fastening
at the top and at the base constant
bending springs together with a push-in
clip (giving a wide thickness tolerance
which ensures an equally tight fit to
any thickness from 1/32” to 1/8").

A firm grip by the llex into the upper
board can be obtained with a 4 mm
hole, and because it is insulating, it
can quite safely be close to the
conductors. At the base a 4.8 mm
hole is needed.

llex come in heights of 4", %", %",
1" and 1%". The half inch size costs
3p each for 10 off, dropping to 1.2p
each in lots of 10,000 off. From
West Hyde Developments Limited,
Ryefield Crescent, Northwood Hills,
Middlesex, HAG6 1NN.

[l ——— ——————— -



STATIC 4k MEMORY
For some time now, efforts have been made to increase the integration density
of static memories. In the Siemens Research Laboratories a static MOS memory
has been produced accommodating 4000 bits on 14.7mm2.

The memory is an integrated circuit in aluminium gate ESF1 technology. This
step forward was made possible by integrating the switching elements on an in-
sulating substrate and employing a non-crossing conductor layout between the
transistors and resistors in a memory cell.

An initial breakthrough on the way towards static ESF{ MOS memory cells
(ESF1 = epitaxial silicon film on insulators) of high packing density was the
development of a complementary MOS cell with five transistors and an area of
4000um2. The second measure was to combine two complementary transistors
and two load transistors in one cell in a non-crossing layout to obtain a flip-flop.
In-this way, the cell area was reduced to 2000um2. The final step was to re-
place the select transistor by a diode and to use the power supgly lines. It was
thus possible to reduce the memory cell area again to 1500um<. This is even
less than the area required by MOS memories and bipolar memory cells.

The chip measuring 4.2mm

x 3.5mm contains the actual
memory matrix, the word line
dscoder (on the left}, the bit
line decoder (st the bottom)
and the read-out circuit
{bottom left-hand corner).

Such memory celis have already been integrated in a configuration with
4096 bits. The chip area is then 14.7mm?2: the actual memory matrix, the
word and bit line decoders and the read-out circuit are accommodated in an
3rea measuring 4.2mm x 3.5mm. The results of tests allow us to predict an
access time of around 120nS and a cycle time of about 170nS for the product-
ion module. The power dissipation is 100mW.
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40004m2 (6.4 mit2):
circuit of a conventional
flip-flop memory cell with
two p-channel and two n-
channel transistors and a
select transistor Tg in ESFI
MOS technology.

2000um2 (3.2 mit2):
circuit of the new memory
cell made in the Siemens
Research Laboratories. One
of the p-channel and one of
the n-channel resistors was
replaced by a high-valued
resistor R. The size of this
flip-flop in non-crossing
conductor layout has been
halved.

15001m2 (2.4 mil2):
This further reduction in
area has been obtained by
replacing the select trans-
istor Tg by diode D.

Supply Voltage: Vpp
word lines: W & Wy & Wo
bit lines: B

chassis ground: 0OV

QUAD 0OP-AMP: LM324

SDS Components Ltd have available
an interesting quad op-amp which is
unusual in that the input common
mode voltage range includes ground
even when the amplifier is operated
from a single supply rail. In addition,
also under single-rail supply conditions,
the output voltage swing includes
ground. The device is the Signetics
LM324. The current drain (800uA)
is essentially independent of supply
voltage over the range 3 to 30V or
+1.6 to £15V. Power consumption
works out at about 1TmW per op-amp
when a 5V supply is used.

The devices feature internal
frequency and temperature compen-
sation, and each op-amp has a unity
gain bandwidth of 1MHz, a common
mode rejection ratio (d.c.) of 85dB
and a power supply rejection ratio of
100dB. Open loop gain at d.c. is
100dB while coupling between
amplifiers is —120dB.

Differential input voltages equal
in value to the power supply voltage
can be applied without fear of damage.
Bias current and input offset voltage
and current are all very low at 45nA,
2mV and 5nA respectively. The input
bias current is temperature compensated.
At the 100 up rate, the cost is £1
{25p per dual-in-line package). Designed
for operation over the industrial
temperature range of 0 to 700C, the
LM324 is a general-purpose quad
operational amplifier of good per-
formance for use in industrial,
automtove and other similar
applications.

SDS Components Ltd, Hilsea
Trading Estate, Portsmouth, Hants,
PO3 5JW.

PUSHBUTTON POTENTIOMETER

Bourns new Model 3680 KNOBPOT
Digital Potentiometer combines a
precision incremental decade potentio-
meter with an easy-to-read digita!
display, and fast, pushbutton resistance
selection all in one integral package,
with snap-in-mounting.

This device is ideal for use where
Panel designs involve data entry or
set-point controls. Bourns’ unique
design combines precision laser-
trimmed cermet resistor technology
with a pushbutton detent action.
Resolution of the output is 1 in 1000
discrete steps, and repeatability of
10.1%. Each decade has a rated life
of 100,000 operations. The specificat-
ion gives a power rating of 2W, a
standard resistance range of 3-decade
units (6K to M), and a resistance
tolerance of +£1.0%.

Bourns (Trimpot) Ltd., Hodford
House, High Street, Hounslow,
Middlesex TW3 1TE.

7



News dig

DIL PCB SWITCH

Ten new types of dual-in-line PCB
programming switches are now avail-
able. Contact arrangements include

1 pole 8 way and 4 independent
changeover contacts with bbm action.
The gold on nickel contact surfaces
give in excess of 20,000 switching

steps at the fuli rated load of 30VDC
250mA. Applications include BCD
setting, select on test, range attenuation
and cross point switching.

From ERG Limited, Luton Road,
Dunstable, Beds,

GRAVITY WAVE DATA
TRANSMISSIONS?

Future communications systems
could wel! utilize modulated
gravity waves propogating directly
through the centre of the earth —
according to a report given
recently to the British Association
by Dr. Drever of the Dept of
Natura! Philosphy, Glasgow
University.

The notion is very much on the
border-line between physics and
science fiction as great controversy
still continues as to whether
gravity waves exist or not, however
modern theory increasingly supports
the idea of energy waves flowing
across the universe in the way that
light energy flows from the
gigantic energetic disturbances in
stars and galaxies.

MAGNETIC-ELECTRIC
INTERCONVERSION
Philips Research Laboratories in
Eindhoven have developed a
composite piezo-magnetic/piezo-
electric material that inter-converts
magnetic and electrical fields.

The actual material is composed of
a molten eutectic mixture of barium
titanate and cobalt ferrite which is
solidified uni-directionally.

Conversion is brought about by
mechanical deformation hence optimum
efficiency occurs at the mechanical
resonant frequency.

esh

st

The photo shows a model of the GEC-Marconi Minitram which was produced

as a result of work on a competitive contract for the Transport and Road Research
Laboratory to define the development necessary for a proposed systsm in Sheffisld,
The work included the design of the vehicle itself, the track on which it would run
and the control system for its operation, )

There is of course nothing new in
magnetic and electrical inter-
conversion, It is achieved for instanca
in a solenoid. What is unique about
Philips’ new material is that
conversion takes place without a
flow of current.

They might look like date stamps but
in fact they are new aluminium elect-
rolytic capacitors.

They are made by AEG-Telefunken
and coded EFT, The capacitors
feature low dissipation, low impedance
and good temperature characteristics,
Intended for AC operation without
polarized voltage DC, these compo-
nents are especially suitable for the
audio-frequency load in dividing net-
works of loudspeaker-cabinets. They
come in ratings from 2.2uF to 100uF
and voltages of 40V and 63V DC as
well as 15V and 23V AC.

ELECTRONIC BALANCE

This first product from Shinko Denshi
of Tokyo launched on the British
market is the Digipet top-loading
automatic electronic weighing
machine with digital display. This is

a compact precision weighing machine
with measuring ranges of 0-19.99gm
and 0-199.9gm; the required range is
set.automatically to provide an
accuracy of two decimal places for
weights under 20gm and-one decimal
place for objects over 20gm. Overload
is set at 250gm.

The elctromagnetic weighing
mechanism automatically resets to
zero within 0.15 sec and the digital
meter can be switched to give a read-
out within either 0.5 or 1.5 sec.
Faciiities are provided for automatic
tare compensation, and BCD, TTL-
compatible digital outputs or 5-V
analogue outputs are provided for
recorders, printers, comparators and
computers. Supplied by Transducers
(CEL) Limited, Trafford Road, Reading,
R61 8JH.

8 N Co)tinued on page 70.



£6.90
£9.80

MK50250N Alarm Clock IC . . .
CT7001 Alarm/Date IC.

We have developed some new circuits for using
these 1.C.’s with various displays.

MK50250N  plus 4xDL704 . £10.20

plus 6xDL704 . £12.10
You can now build a high quality 0.3* LED alarm
clock at a reasonable price.
High Quality 0.3"” LED's. Common Cath. 95p
These LED’s are manufacturer’s prime units, better
than the special offer LED’; in a 14-pin package.

SOLDERCON IC PINS — Affordable Technology
Reduce wastage - if you buy 1000 pins you can
make an 8-pin socket for about 3%p, a 14-pin
socket for about 6p - Reuse your IC’s, DISPLAYS,
LM380’s etc. ldeal for LED digits and clock chips,
anything from 8-pin to 40-pin.

Prices per 100 pins

100+  70p
?888_‘_ 283 or send s.a.e. for sample
3000+ - 35p and instructions

HEAT SHRINK TUBING
1/16”,1/4°°,3/8°, 12p per 20 cm (any diameter).

COMING SOON: 3 digit LED (0.12” high in
DIL package for £1.35 (45D per digit)

DIGITAL WATCH KIT: £55. Send for details
ADD 8% VAT......... 10p p&p for ordets under £2.

SINTEL,53a Aston St., Oxford. Tel:0865 43203

SPECIAL XMAS OFFER!!

FOR THIS MONTH ONLY: CALCULATORS

SINCLAIR

Cambridge £17.25
Cambridge Memory £24.95
Scientific £24.95
Executive £24.95
Executive Memory £28.95
BC107 10 BC212 12
BC108 10 BC213 12
BC109 10 BC214 12
BC177 22 BC212L 12
BC178 24 BC213L 12
BC179 24 BC214L. 12
BC182 10 BCY70 15
BC183 10 BCY71 16
BC184 10 BCY72 17
BC182L. 10 BFYS50 18
BC183L 10 BFYS51 18
BC184L 10 BFY52 19
7400/5 20 7490 66
7410 20 7492 70
7413 3 7493 66
7420 20 74107 58
7430 20 74121 55
7440 20 74141 1.00
7442 86 74150 2.10
7447 1.30 702 45
7470 34 710 14pn 37
7472 34 709 14pn 37
7473 45 0cC23 50
7474 42 0OC24 50
7475 60 0OC28 60
7476 42 0OC2% 60
7483 1.25 OC35 55
7486 46 0C4a4 25
SOLDER CA3046 80
18 s.w.g. CA3028 99
£1.80/%2 kilo CA3026 75

TEXAS
T1-1500

T1-2000 -
T1-2500

Ti-2550

SR-10

TiIP29A 50
TIP30A 55

2N3055 49

2N3819 20
2N3820 39

-
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©
-
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1N4148

Disc Ceramics
All values 3p

£26.25
£13.95
£19.95
£29.95
£32.00

709 8pn DIL 36
709 TO99 3

711 TO29 50
741 TO99 38
741 8pn DIL 37
741 14pnDIL39
747 14pnDIL96

IC SOCKETS |
8 pin DIL 15
14 pin DIL. 15
16 pin DIL 15
Diecast Boxes
42%x2Y2x1 50p
4Vax2Vax2 70p
7Y2x4Y2x2 1S0p

RESISTORS
TRS 2%
All values
2.5p

WIREWOUND
2.5W 10
10
12
15

ZENERS

400mwW 12p

P.E.C.

49-51 St. Mary’s Road,

Oatlands Village,
Weybridge, Surrey

KT13 9PX.
Tel. Walton 21324 or

Weybridge 51907 (evenings)

ALL PRICES INCLUDE VAT
CWO. MAIL ORDER ONLY

N rociions v
- ACCESS hoiders

P & P 15p — FREE over £3.00
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We thought the fantastic offer with 7 segment LED displays would be popuiar. But the response was shattering.
Our apologies to those of you who didn‘t get the devices as quickly as you, or we, would have liked - but we were
slightly overwhelmed, Anyway, we have still got devices available, so if you want some DL704,5 for £3.25inc. VAT & pp
- please send the coupon from September ETI. Otherwise, they will cost you £5.00 for five, After all, special offers

have to be special - nonetheless, this is still terrific value.

Don’t forget we do things like TTL, PLL, TOKO coils and filters, lots of linears. And don’t forget we know more
about using our devices than any other enthusiast orientated supplier. Try us, and see.

First step is to get our catalogue — 25p, refundable with £5 worth of goods. Here’s a very brief selection:

NEGS60/1/2B £3.19 ICL8038CC £3.10 LM381IN £1.85 TOKO EF5603 Tuner £8.40 CFS10,7 (sim FM4) 40p
NEBGBSA ‘£2.75 CA3089E £1.90 MC1310P £2.80 CFT AM ceramic filters 45p
NEBGBEV £2.55 CA3123E £1.40 CT7001 £10.00 -MFH mechanical filters £1.35 o
NESG67V £2.75 LM380 £1.00 TIP3055/2955 pair £1.50 7447 £1.45 7490 65p
* VAT EXTRA POST AND PACKING 15p ACCESS WELCOME

All goods are brand new marked and tested, and available in quantity. Manufacturer enquiries welcome.
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MATRIX TV-a solid-state

picture transmission system

by Dr. Sydenham

WHEN MAN learned of ways to
produce an optical image — probably
when he found that a pin-hole in a
screen produced a reduced size picture
— he took a great step forward in both
understanding and enjoying life.

In 1859 Dionysius Lardner of
University College, London wrote in
his encyclopaedic ‘‘Museum of Science
and Art”’

“The image of visible objects produced
by reflection from smooth or polished
surfaces, natural and artificiel, and

by looking through transparent media,
bounded by surfaces having certain
curved shapes, play a part so important
in the effects of vision, that it must

be regarded as highly interesting

to explain the optical principles upon
which the production of such images
depends, so far at least as may be
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) AKES and fells Spectacles of Glafs or Pebble, in neat and light Frames,
of the newelt and belt Conftrution, and in the moft convenient Manner
for avuiding Preffure on the Nofe or Temples.

Concaves for very fhort-fighted Perfons; and Glaffes for reading, magnifying,
and burning. ; . .

Refle€ting Telefcopes, of all Kinds, and with the lateft Improvements.

Refratting Telefcopes of all Sort§; with one of a New Invention (ufeful
for Sea o1 Land) thut will not warp in any Weatlrer ; and a Sort to ufe atfea
in the Night. . =

Double, Single, Solar, Opake, or Aquatic Microfcopes.

Camers Oblcuras, to delineate Landfcapes and Profpe@s (and which ferve
to view Perfpe@tive Prints) made truly parallel ; Sky-Optic Balls; Prifms, to
demontirate the Theory of Light and Colours ; Concave, Convex, and Cylin-
drical Spcculums ; Magical Lanthorns ; Opera Glafles; Optical Machines for
Perlpettive Prints ; Cylinders and Cylindlzlcal Pn{‘turcs. I

Air-Pumps and Air-Fountuins of various 'Kmds; Glafs-Pumps ; Portable
Apparatus for Electrical Experiments, which is allowed by the Curious to be
the beft of the Kind.

3 Barometers, Diagonal, Standard, or Portable.

"4 T hermometers, 11ydroftatical Balances, and Hydrometers.
2 Hadley's Quadrant, afier the moft exact Method, with Glafles truly parallel ;
%2  Davis's Quadrantj Globes of all Sizes; Compaffes, Azimuths, Steering, and
=4 Plain; Load{tones; Nocturnal and Sun-dials of all Sorts.
L}’ Scales ; Cafes of Drawing-Inftruments ; Parallel Rulers ; Proportional Com-

TR

pafics, and Drawing Pens, ] . ) i

Theodolites, Semicircles, Circumferenters, Meafuring Wheels, Spirit Levels,
Rules, and all Sorts of the belt Black Lead Pencils, and all other Sorts of Inftru-
ments of the neweit and moft approved Invention,

#* L ANDS accurately furveyed.
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Fig. 1. Trade card of Samuel Whitford shows evidence of early links between optical and

electrical crafts.

10

necessary to render intelligible the
natural appearances and effects
which are familiar to every eye,

and innumerable contrivances, from
which we derive essential benefit,
either in repairing defects of vision,
or extending the range of that
sense to objects removed beyond its
natural limits, either because of
their minuteness or remoteness

or in fine in producing pheromena
affording at once amusement and
instruction.”

All manner of devices were indeed
devised. The  microscope, the
telescope, the camera obscura, the
camera lucida and the magic lantern
have been handed down to us.

The science of optical imaging was
well developed by the start of the 19th
century. For many a decade befare
this, firms had been proudly
advertising their optical wares and
expertise in handsheets such as that
shown in Fig. 1.

Optical instrument-makers excelled
at the crafting of mechanical
contrivances so it was natural for them
also to take on the manufacture of the
then emerging electrical machines.

There were very few of these to
begin  with — Whitford’s sheet
mentions ‘‘portable apparatus for
electrical experiments’”. But by the
mid-19th  century, the electrical
“curiosities” had expanded in number
from simple electrostatic devices to
include magnetic ones as well. The
feeble oil-lamp powered magic lantern

gave way to arc-lamp versions — like
that of Mr. Dubosc of Paris {illustrated
in Fig. 2).

A’'new science, that of electro-optics,
came into being. But it could hot
advance much in the 19th century, for

-hardware capable of converting light

into  electrical signals was not
developed until the 1880’s. If an
experimenter wished to relay or record
imdges before this time then they had
to be copied and conveyed by hand. If
several people wished to view the same
image they had to take turrs, use
elementary photographs or manage
with a muitiple instrument such as
Nachet's multiple microscope (shown
in Fig. 3.)

in 1895 Becquerel observed that
certain substances used as electrolytes
in a primary battery cell generated
differing voltages if the two plates
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Fig. 2. This magic lantern, made about 1855, uses electrics and optics. In those days electric
photo diodes did not exist: opto-electronics was a simple discipline.

were exposed
intensities.

A little later, in 1887, Arrherrius
found that the resistance of silver
halides increases with increasing light
level.

In 1905 a photo-electric theory of
vision was published and
photo-detectors  (of cumbersome
form) became a more or less routine
component available to designers.

By 1920 one could purchase a
potassium-hydride photocell complete
with a thermionic valve amplifier.
Glazebrook, in his ‘Dictionary of
Applied Physics’ (1922) remarked on
this package —

“Used in this way the photo-

electric cell may well prove its

usefulness not only in photometry
but in signalling without wires and
as a means of scientific
investigation.” )

He was so right™

He also said he was pleased to see that
such .an obscure phenomenon was
finding increasing use of technical
importance. 1

Single-cell detectors were continually
improved, and far greater sensitivity
was achieved by devices such as the
photo  multiplier. A  solid-state

to different light

*A future issue of ETI will feature
modern electro-optic communication
links.)

photo-diode was eventually developed
which was not only small but retained
a good measure of detectivity.
Single-cell detectors, however, can
only -measure -and transduce the
intensity of radiation occurring in a
single-point area. They cannot produce
an electrical equivalent signal of
two-dimensional images unless some
mechanical system is used to enable

them to scan an area, or a matrix of
such photo cells is used.

The first photo cells were bulky so
early inventors of two-dimensional
image transducing systems were
obliged to use mechanical scanning to
effectively move the photo cell across
the image. :

Nipkow devised his spinning disc
method of television in 1884; with it
successive elements of the picture were
viewed one at a time in a sequential
pattern.

" His work was further developed by
Baird, in the 1920's — who pioneered
our present-day television systems,

The Nipkow disc, however, was
incapable  of  producing really
acceptable picture definition, it was
soon replaced by thermionic camera
tubes in which an electron beam is
systematically deflected across a
photo-sensitive target on which the
image is formed.

2worykin’s ‘‘lconoscope’’, one of the
earliest camera ‘tubes, used a photo
sensitive area of fine mica flakes —
called the mosaic. These minute cells
formed small capacitors that became
charged to a level decided by the
intensity of the radiation falling on
them. The many ‘‘cells’” were
interrogated at regular time intervals
by an electron beam scanned across
them, monitoring the change in beam
current occurring at each cell as they
discharged.

As the cells were not being read out
continuously it was possible to
integrate (or average-out) the charge
produced over a period of time,
thereby increasing the sensitivity to
light. This process is now known as
charge-integration.

Today's television picture-tubes are
still simiilar to the lconoscope, the
differences being in simplification of

Fig. 3. Before
closed-circuit
television was
invented,
multiple viewing
had to be under-
taken with
devices such as
Nachet’s
multiple
microscope.
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MATRIX TV

the’ mica mosaic to give us the
relatively inexpensive Vidicon and its
derivatives and sometimes to make use
of secondary emission which enhances
sensitivity in tubes such as the
image-orthicon.

Thermionic picture tubes have long
provided adequate resolution and
linearity for most purposes, and
production costs have been reduced to
the point where amateur video
recording is an increasingly popular
hobby.

Nevertheless, thermionic tubes are
bulky and thirsty for power compared
with the potential capability of the
latest solid-state integrated circuit
technology. The days ‘of thermionic
picture  tubes are  numbered.
Solid-state detection will undoubtedly
replace them in the not too distant
future — indeed in a few special cases
this has already happened. '

MATRIX SOLID-STATE
DETECTORS

Early photo detectors needed several
square centimetres of radiation to
produce a useable signal ‘change.
Consequently a multipie array used to
transduce = line or plane optical
information ‘was rather large in size.
Scanning was much easier to
implement in a reasonable space.
Selenium was found to be a
photo-electric substance. Willoughby
Smith made resistors of it (in 1873)
only to find its ohmic value varied
with light intensity — thus adding

another important transducer effect to
the growing list!

The- existence of relatively sensitive
selenium detectors enabled Ruhmer to
study the practicality of matrix array
techniques which were connected to a

similar array of lights with paralleled
wires. In the period 1901-1912 he

tried many ways of producing
television by such means. He failed
miserably. Selenium cells have a quite
long time-constant (many
milliseconds) so they were unable to
follow transients of moving images.
Experimenters tried to reduce wiring
connections by scanning the cells using
mechanical switches. A scheme was
proposed that needed a 32-contact

wiper switch rotating at 960 rpm; it

was dropped because it would also
demand lamps that couid be flashed at

640 000 times a second “‘which was

manifestly impossible’’ says the author
of the report.

In 1929, a popular-science technical
writer (Eflison Hawks), summed up
the situation by these remarks:—
“Although there are immense
difficulties, however, one wouid like
to suggest that the method should not
be finally discarded for it is the only
one so far suggested by which the
whole of the picture can be
transmitted at one time”’.

When semiconductor
exploded in the ‘fifties and ‘sixties it
became possible to make highly
reliable and inexpensive solid-state
photo-diodes that were of only
pinhead size. Eventually the problems

of placing a large number of these side ‘

Fig. 4. (a) Basic photo detection
element consists of a diode and a
switch. (b} The basic system is ex-
tended with a buffer and a switch
when the voltage sampling method is
used.
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technology

by side to form a matrix were
overcome and we saw the successful
development of lines of detector
elements using large-scale integrated
circuit production methods.

Some of the "‘immense difficulties’’
have been overcome, some still remain.
It is now about ten years since
satisfactory ir’itegrated detector arrays
were first made. Line arrays have been
used in military optical missile
trackers, and in a few industrial
applications. Their widespread use
was, however, restricted by cost and
by the lack of an adequate density of

‘photo-diodes. Today the diodes can be

formed 75 um apart (less than half the
size of a full stop on this page) with a
64 by 64 array being comparatively
easy to accomplish.

Such achievement may well seem
surprising but the resolution needed
for many purposes is already routinely
obtained with the 625 line television
system - about 3 000 000 picture
elements in the picture area.

The massive IBM array still does not
compete on a size basis with a good
vidicon tube!

To illustrate the technology used, we
now take a look at some
manufacturing methods and circuit
techniques.

THE MATRIX

Basically light-detecting photo-diodes
are paired with semiconducting
solid-state switches  — shown
diagrammatically in Fig. 4a. They are
made by sequentially depositing metal
conducting and semiconducting films
on a supporting insulator substrate.
This technique gives the designer a
high degree of confidence as the
majority of devices made in an array
will work as expected. It also enables a
variety of components — both active
and passive to be produced by the
same basic process of depositing films
through carefully made screening
masks.

The most generally used mode of
operation for the photo diode is that
of charge-integration.

Using the self-capacitance of the
diode, (which is created by the
separated metal films), the diode is
first charged up with an externally
applied voltage source. The associated
switch is used firstly to connect the
diode to the source — and then to
isolate it by effectively opening one
connection of the photo diode. Charge
in the diode then commences to leak
away due to electron leakage within
the diode struciure and, more
dominantly, by electron carriers that
are formed by the photons falling on
the photo-diode. The charge loss is
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then measured, as will be explained
later.

The amounts of energy involved are
minute. The voltage across the diode
decays through 2.5 V (that is, the
charge is lost and, therefore, so is the
voltage) in an integration period of 10
ms when the incident light level falling
on the diode is 0.1 W/m2. This
process; -due to the tiny area of the
diode, involves only 1-10 pC of charge
{pC — pico coulombs; the charge of a
single electron is roughly- 107 pC and 1
C flowing per second is a current of
one ampere). Direct suniight provides
a radiation intensity of around 100
W/m2, The energy involved to ‘‘drive’
the detector through the 2.6 V swing
Is of the order of 10—10 Wi

Having devised a scheme. to charge
the diode and isolate it ready for
radiation detection, the next state is to
measure the loss of charge, This can be
achieved by measuring the voltage
across the diode, in. which case a
second MOS switch is ‘used to connect
the external circuit to the diode. A
third MOS component is used to
buffer the photo-diode from the load
imposed by the sampling switches.
This is necessary for without it, the
sampling switch will present tgo low a
resistance to the diode, leaking charge
before the correct voltage level can be
decided. '

This method of measurement is
known as voltage sampling. It is
portrayed diagrammatically in Fig. 4b.
The sampling rate for this mode of
readout is around 200-500 kHz and it
suffers from a somewhat large noise
level.

An alternative way to interrogate the
diode is by what is known as the
recharge-sampling mode. In this the
criteria of light-level used is that
related to the amount of recharge
needed to fully re-establish the voitage
across the diode, (Fig. 5). This method
needs only the first-mentioned
charging switch at the diode location,
thus reducing the number of elements
needed in the full _ detector
component, but it does require more
analogue voltages. But having added
this extra circuitry, it then becomes
possible to read at 5 MHz multiplexing
rates — and the noise level is much less
than with the above described voltage
sampling. o

The actual manufacturing method
used to make an element of the array
is typified by the drawing of one such
element that is given in Fig. 6.
Simplicity of contacts and junctions is
had at the expense of adding more
electronic components elsewhere in
the data processing. When the array is
made as a single line only it is possible
to pack the photo-detecting elements
at one third of the spacing, that js at
only 25 um centres.

i

Fig. 5. Recharge-sampling readout
requirés no extra components in the
array but produces a pulse height
current signal that needs extra

processing.
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Each element has its input and
output  “terminals’”  permanently
connected to X and Y conducting lines
— made with deposited metal film
strips.

The arrangement used for the faster
recharge-sampling processing method
is shown in Fig. 7. The ends of each X
and Y line are connected such that
each can be connected to a single
common line as needed, this
happening  sequentially. This s
achieved by using a continuously
operating pulse generator that ‘clocks’
a solid-state scanning switch — the
register — along in steps. This causes a
string of charge pulses to appear on

E] N-TYPE SUBSTRATE
N

P-TYPE DIFFUSION
GATE OXIDE
METALLISATION.

CONTACT HOLE

N7

R IS THE RATIO OF PHOTO-DIODE AREA TO

TOTAL ELEMENT AREA

TIME —

the output line
processing.

Special consideration has to be given
to driving these lines, for several
effects, such as large line capacitance,
tend to limit the useable scan rate
unless used in special ways. IPL, for
example, have developed a system
whereby the flyback time is eliminated
thus utilizing the total time more
efficiently.

The shift register scanning switches
for the X and Y drives, are also formed
on the same chip, placing them around
the edges. Figure 7 shows an enlarged
view of the top of the 64 x 64 IC
which includes both the photo-diode
array with its recharge switches and
the shift registers. (Most users of such
a chip would not wish to have to build

ready for height

R=0.47

X-LINE

NNNNN

-—— 75um ———

Fig. 6, Photo-diode and switch is manufactured by appropriate diffusion and metallisation on

a substrate.
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Fig. 7. Typical section of a two-dimensional
array using recharge-sampling.
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their own processing circuits, so a
complete system is offered shown in
Fig. 9. In this are housed the clock
pulse generator, signal processing
circuits and a means to physically
mount the appropriate optical element
to produce the right size image.)

After preamplification, the recharge
pulses appearing on the output line are
integrated (rather than peak detected)
and applied to a circuit that samples
them and holds their level for
outputing. as a closely
analogue-varying signal.

APPLICATIGNS OF MATRIX
ARRAYS

Arrays containing only 4096 picture
points (“'pixels’” is a term sometimes
used) cannot compete with vidicon
television picture tubes on a resolution

basis.

Neverthless, there are many
applications where an array is superior
and/or where the full resolution
capability of the thermionic camera
tube is not required.

Flaw detection — unwanted pin holes
in, say, tape or films can be easily
detected using a single photo detector
to look for light coming through from
a source mounted below. This basic
method, however, is limited by
non-uniformity of the background

i, v T

Fig. 8. Integrated Photomatrix
Ltd.’s 64 x 64 photo-diode
array. The central chip is barely
6 mm square.

Fig. 9. At present the processing
circuits of the complete matrix
camera require more room than
the array (lower centre) but

this is largely due to the need

to custom build this part of

the system.

t
i
:

14 ELECTRONICS TODAY INTERNATIONAL—JANUARY 1975



Fig. 10. In this demonstration a linear array is used to produce an electrical signal which
has pulse-width proportional to the diameter of the rod seen in the foreground.

illumination coming through the tape
or film and cannot provide
information about flaw distribution.
In looking for small flaws in a wide
area the area is actually directed up
into smaller fields — that of each
element in the array — to increase the
signal to background ratio and to
define the location of flaws. For this
purpose a linear array of 100
photo-diodes is adequate. The actual
size of the film and the detector array
matter little as the appropriate power
lenses will provide the magnification
needed. The possibilities for using the
data obtained are numerous and
depend only on the needs of the task.

Gauging size — if the width and range
to be gauged lies within the full range
of a linear array, the array can be used
to measure rod.size without physical
contact and at great speed. Figure 10
demonstrates this principle. Back
lighting passing the rod throws a
shadow on the linear array. This, in
turn, produces the gauging signal seen
on the CRO screen. As the diodes

resolve measurements in discrete
dimensionally stable increments, these
arrays can provide greater accuracy
and long-term stability than a vidicon
method.

If the measurement task is one
needing only width change monitoring
it is better to use two separate arrays

set apart as shown in Fig. 11. This
technique increases the relative
resolution obtained, and by this
method it is possible to monitor the
width of sheets, stripes and even
railway lines. The block schematic of a
hot rod gauging system using two
arrays is given in Fig. 12,

Optical character recognition and
data digitizing — linear arrays for
scanning documents, such as cheques,
have been in use for several years.
Current developments involve
automatic post-code recognition and
for the processing of football-pools
entry forms.

Linear arrays have been used in an
instrument for measuring pipe
straightness. This device consists of a
flexible tube containing two fixed-end
units. Mounted in one fixed unit is a
fine light source that radiates across
the flexible section to the other side
which houses a linear array. The unit is
blown by compressed air down the
pipe to be tested, bending as the pipe
bends. If and when the unit bends, the
light scans across the array, thus
yielding straightness data.

Television — this is an extension of
one-dimensional array methods to two
dimensions. Arrays with only 64 x 64
elements, although somewhat limited,
are capable of many useful tasks.

Obvious applications include blood

count and cell analysis, more complex
character recognition situations and
area gauging. There is also a large
potential market for the arrays as
sensors for reading cost and inventory
labels in the so-called “‘point-of-scale’
checkout systems recently introduced
into some supermarkets.
Here the label on the item is ‘‘read’’ as
the checkout girl scans it with a special
head. The data is then used to prepare
the total cost and to inform the
computing storage about the iatest
stock totals.

To demonstrate the capabilities of
their self-scanned matrix array, IPL
have developed a complete C.C.T.V.
system based on the 64 x 64 array

Fig. 11, Width gauging using two linear arrays.
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MATRIX TV

element. Figure 13 shows the system
using a cathoderay tube to
reconstruct the image.

It is clear that the basic technology
exists for designers seriously to
consider matrix television techniques.

As integrated circuit manufacture
advances toward finer detail and more
extensive LS| systems resolution will
be improved and price reduced.
Currently, it is more difficuit to find

applications that need the fast rate of

data obtainable than with its
procurement.
We have come a long way since
electricity and optics first came
together in the instrument makers
workshops.
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Fig. 12. Block schematic showing how two arrays are combined electronically to provide

width variations.

Fig. 13. Although not primarily intended to rival conventional C.C.T. V. (at this stage of
development) a useable picture can be formed with a 64 x 64 array. The reconstruction is

made on a C.R. Tube.
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BUILD THE

TREASURE
TRACER
MICII

AS SEEN
ON BBC-1
& BBC-2

TV

Genuine 5-silicon transistor circuit,
does not need a transistor radio
to operate.

Incorporates unique varicap tuning
for extra stability.

Search head fitted with Faraday
screen to eliminate capacitive
effects.

Loudspeaker or earphone operation
{both supplied).

Britain’s best selling metal locator
kit.

Kit can be built in two hours
using only soldering iron, screw-
driver, pliers and side-cutters.
Excellent sensitivity and stability.
Kit absolutely complete including
drilled, tinned, fibreglass p.c.
board with components siting
printed on.

Complete after sales service.
Weighs only 220z; handie knocks
down to 17" for transport.

Send stamped, self-addressed envelope

for literature.

£9.80

Plus 78p VAT
Plus 45p P&P

£13.75

Plus £1.10 VAT
Plus 45p P&P

Complete kit
with pre-built
search coil

Bunlt tested

Guaranteed

South Africa,
Send £13.00 for kit, £16.95

Rhodesia etc:

built, both include Air Mail.

MINIKITS ELECTRONICS,

35d Langley Drive,

Wanstead,
LONDON E11 2LN

{Mail order only)
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12 Watt

stereo amp
Y 45p Special offer

£10 . p. Limited quantity

This excellent little amplifier is of the latest
integrated circuit design, and will work
into 4, 8 or 16 ohm speakers. The
reproduction is excellent for an ampiifier
of this size, only 8"x3"x2”. The case is

e
o

/ made of chromed metal.
Tested and

Guaranteed
Paks

879 1N4007 Sil. Rec. diodes,
4 1,000 PV lamp plsatic 50p

881 Reed Switches 17 long §* dis.
10 Vg spoes PO, oo ¥ 50y

H35 Mixed Diodes. Germ. Goid bonded
100  etc. Marked and Unmarked 50p
.38 Short lead Trensistors.
30 nwensiconPnartyoes S0P
Hat Power Transistors )
2  Comp. Peir BD 131/132 50p
HE3 2N3058 Type NPN Sil. power tran-
& siators. Below spec. devices 50p
HE5 40361 Type NPN Sil. transistors
4 TO-5 can comp. to HE8 50’
HE8 . 40382 Type PNP Sil. transistors
4 toscen comp. to H85 sw
H69 Integrated Circuits DTL data
B supplied Mixed types, Fiip 50p

Flops, Gates, Hex Invertors etc.

(Ge== Unmarked
Untested Paks

" B0 AR 50p
nes 150 fa'afa'."&'l':."'ug'-m 50p
™ 100 Zen wonsoo oes  50p
*° 100 horcemmotaames  50p
583 200 e e, 50D

N34 Power Transistors. PNP, Germ. NPN
15 Silicon T0-3 Can. P & P Sp extre,

He? ‘n 3819 N Channei FET s plastic

caee type 50p

Experimenters Pak of Integrated

10 Circuits Data supplied DTL & snp
TTL. some marked

Make a rev counter

for your car
The TACHO BLOCK'. This encapsuleted biotk will tum

any O-1mA maeter into a linear and 8CCUrate rev. cCounter
for any car with nomat coil ignition system.

61000

AN

Telephone dials ¢

Standard Post Dffice type
Guaranteed in working order only 25D

X

g

Electronic Transistor 5 cacn
Ignition £6.00 P&D

Now in kit form, we offer this ‘“‘up to
the minute’ electronic ignition system.
Simpile to make, full instructions supp-
lied with these outstanding features:-
Transistor and conventional switch-
ablilty, burglar proof lock up and
automatic alarm, negative and positive
compatability.

New X-Hatch

OUHI"'. wmr-c.—-um

aligrument doola- oune on o8 TV m
Featuring plug-in ICs and 8 more sensitive synC. pick-
up circuit. The case is virtually unbreakable—idesl for
the engineer's toolbox—and onty measures 3”7 x 5}
x 37.

- £9.95 &™£7.95

{includes P & P, but no batteries)

< LM 380

AUDIO IC

Wae have just received a lsrge consignment of LM380 1
ICs. These sre specially selected 1o & higher grade snd

are merked with the number SLBO745.

Thia faevtastic littls 3wstt ludno IC only requires two

i

and two 10 meke an L
with volume and tone control. The quaiity is good snd
has t0 be hesrd to be believed.

Our speciel complate with date
and projacts bask

prcs L)

Over 1,000,000 ~
Transistors

in stock

We hold a very large range of tully marked, tested and
gusrantesd Transistors, Dibdes and Rectifiers at very
compatitive prices. Please send for Free Catalogue.

Ouwr very popular 4p Transistors

FULLY TESTED & GUARANTEED
TYPE A" PNP Silicon slioy, TO-5 cen.
TYPE "B PNP Silicon, plastic encapsuistion.
TYPE “'E” PNP Germanium AF or AIF.
TYPE "F" NPN Silicon plastic encapsuistion.
TYPE "G"” NPN Silicon, similar ZTX300 rangs.

Srearsrr £100°:
Various Types -

TVTUHFUmts

for 625 line channels 21 to 65

Brand new by a famous
manufacturer
Datasuppied £2.50 =

B = 4

40 WATT SILICON

Type No Gain  VCE Polarity Price
40N1 15 15 NPN 20p
40N2 40 40 NPN 30p
40P1 15 15 PNP 20p
40P2 40 40 PNP 30p
90 WATT SILICON

90N1 15 15 NPN 25p
90N2 40 40 NPN 35p
90P1 15 15' PNP 25p
90P2 40 40 PNP 35p
L.E.D.'s complete with mounting grommet
Red 25p Green 40p

INTEGRATED CIRCUITS

We stock a large range of 1.Cs at very competitive
prices. These are all listed in our FREE Catalogue.
see coupon below.

.ITIICATIOI CHARTS now w“

Thia carries
o ds of iFad refe X metric and
Briush (and U.S.A) messurements of length, srea,
volume. liquid measure, weights atc.
Pocket Size 12p.

Walt Chart 18p.

LOW COST DUAL IN LINE 1 C. SOCKETS
14 pin type st 15P each
16 pin type st § 7p sach

S00KS
We have a large ion of Refs and T
Books in stock.

} Now naw low profile type.

SUMPER BUNDLES
Thess parcels contsin all types of surplus electrenic
components. printed panels, switches, potentiometers,
transistors end diodes, etc.

21BS in weight for £1-00

Post and Packing 27p.

Our famous P1Pak
is still leading in v.luo

Full of Short Lead S & E
Components. approx. 170. We gusrantes at lesst 30
really high quality fectory marked Transistors PNP
& NPN end s host of Diodes & Rectifiers mounted on
Printed Circuit Panels. Identification Chert supplied
to give some inf on the T

Pioase ask for Pak P1.only Dl

Please send me the FREE Bi-Pre-Pak
cata!ogue ) enclose large s.a.e, with
Sp stamp.

Please add VAT at current rate.

NAME ... .. ... .. ..

ADDRESS

MIN(MUM OROER 6@ CASH WITH ORDER PLEASE:
Add 520 por order, OVERSEAS ADD
EXTRA FOR POSTA E.

Buy these geeds with Acsses.
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FLECTHONICS TODAY INTERNATIONAL

By C. Bruce Sibley

During recent years, our concept of
the Universe and of our own place in
It has been turned completsly upsids-
down by the discoverles of the radio
astronomer. Radlo signals radlated by
our Sun and Planets; from the debris
of exploding stars and fast moving
galaxies; from vast clouds of gaseous
material; and lastly, from the most
distant objects of ell - the Quasars and
Pulsars, have presented mankind with
a valuable tool to probe the Innermost
secrets of energy, time and space,

Radlo Astronomers have taken over
the helm in charting the maps of the
heavens.  Their investigations have
probed deeply into our own galaxy,
the Milky Way, revealing that our own
Sun with its tiny system of nine
planets travels some 180 x 1015 miles
from the galaxy’s centre - we live at
the edge of the Milky Way, an enor-
mous spiral system of stars, planets
and moons - we are a mere dot
amongst millions of millions.

COSMIC RADIO EMISSION was first
discovered in 1932 by a young
American radio engineer, Karl Jansky,
an employee of Bell Telephone Lab-
oratories, USA. Jansky has been ass-
igned to investigate the sources of
radio static which disrupt short-wave
radio traffic. Some of the static
appeared to have no earthly origin
and further observations suggested that
the 'noise’ was coming from outer
space - from the centre of the Milky
Way to be exact]l Although Jansky
published his discovery in the Pro-
ceedings |.R.E. (now L.LE.E.E., USA),
scientists paid little attention, Radio
was a young science and there was
much to do by way of improving
telecommunications without diverting
effort elsewhere.

However, one man did take note of
Jansky’s report and became highly
intrigued by the thought of tuning
into radio signals from the depths of
galactic space. This was Grote Reber
who spent nearly 11 years (1934-
1946) recording and plotting the
‘noises’ of space. He can truly lay
claim of the title of ‘first’ radio
astronomer.

Reber’s equipment was years ahead
of its time, anticipating most of Radar
and Microwave techniques used in the
Second World War. He designed and
constructed all of his equipment, in-
cluding a 30ft dish antenna - the first
radio telescopel He experimented
with various new radio valves and
modified them to meet his require-
ments in the quest for perfecting very
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Grote Reber’s home-made dish antenna - years ahead of its time.

low noise amplifiers; the noise from
space was exceedingly weak and Reber
quickly realised that extremely low
noise techniques were necessary. He
published several papers and articles
on his findings in the Proc. |.R.E.
(now |.E.E.E. (USA)), giving details
of his equipment. His early maps
plotting the noise distribution of space
parallels the work done in later years
by others.

During the war, the radar networks
of both sides began to experience
severe forms of interference. Experts
spent a great deal of time eliminating
the possible causes of this annoying
‘snow storm’ on the radar screens.
Both sides had learnt various games
of subterfuge, like dropping long and
short pieces of metallic strip from
attacking aircraft and confusing the
radar plotters as to how many raiders
were actually approaching the target
areas. However, investigations soon
showed that another source was re-
sponsible the interference was com-
ing from the Sun!

From time to time, the Sun be-
comes extremely active; about every
11 years. At these cyclic moments,
the solar surface becomes pock-marked
with markings called ‘sun-spots’. Sun-
spots are areas of intense nuclear
activity and also giant whirlpools of
magnetic force. The reaction between
these two agencies releases enormous
amounts of radiant energy in the form
of ‘ionized’ particles and a wide spect-
rum of electro-magnetic radiation.
The latter form of radiation reaches
the vicinity of the Earth in 8 minutes,
travelling at the speed of light. Mean-
time the ‘ionized’ portion of the
ejected solar radiation takes much
longer to travel the 93 million miles
distance between the Sun and the
Earth - between 24 and 36 hours -
travelling at speeds of between 1077
and 718 miles per second.
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When this solar radiation hits the
earth’s upper atmosphere and mag-
netic field, enormous ionic storms
occur and the entire ‘ionosphere’ be-
comes disturbed and short-wave radio
transmissions become much weakened
and distorted. Simultaneously with
the commencement of these ‘storms’,
radio receivers detect a considerable
increase in noise level, heralded on
radar screens as ‘snow’ patterns and
as hissing in the loudspeaker.

After the war, scientists returned
to peaceful research and many turned
their attention to radio astronomy.
The huge advances made in the field
of telecommunications and electronics
were now channelled to meet the
needs of radio astronomy. Wartime
equipment was quickly converted into
low noise receivers, various antennas
{including several ‘captured’ German
microwave dishes) were re-assembled
and pointed skywards. Britain and
Australia led the way in this new
enterprise with Holland and the USA
close behind. Today, most advanced
nations participate in this field of re-
search and the science has sprouted a
veritable mountain of data leading
down many corridors of scientific
investigation; even biology has been
influenced by the discoveries of radio
astronomers!

THROUGH THE WINDOW

The power intensity of cosmic radio
noise is extremely weak, one value for
a very distant source quotes 0.000,
000,000,000,001 watt! Thus radio
telescopes and their receiving equip-
ment must push the current engineer-
ing technigues to their absolute peri-
meter of performance. Radio tele-
scopes vary in size depending on the
task required of them. Small aerials
a few feet across will usually serve
the requirements involving the recep-
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tion of solar radio noise - with one or
two important exceptions. Larger
telescopes are usually constructed for
the task of probing deep into galactic
space. Some telescopes are built to
stand on supporting structures that
can tilt or rotate the antenna into any
required direction, like the 250 foot
dish at Jodrell Bank, UK. Alternative-
ly the size of the collecting bowl may
prohibit motorised movement such as
the huge 1000 foot dish at Arecibo,
Puerto Rico. This telescope is sculp-
tured from the ground itself; surround-
ing mountain tops act as part of the
pillar supports for the enormous gant-
ry that hangs at the point of focus
500 feet above the centre of the
reflector. This gantry is the site of
the ’pick-up’ antenna {(or transmitting
antenna when used for sending Radar
signals to the planets). The entire
structure scans the sky by using the
rotation of the earth.

Other radio telescopes consist of
miles of dipole antennas supported
on short poles and switched into
circuit as required.

One important advantage that radio
astronomy exercises over optical ast-
ronomy lies in its ability to operate
regardless of weather conditions.

The atmosphere is a complicated
mixture of gases and varying amounts
of water vapour. These constituents
combine together and act as a power-
ful screen to all life on the earth -
without this protection all plants and
animals would die of intense solar
irradiation. Equally miraculously the
atmosphere does permit ‘necessary’
radiation to pass through a series of
‘natural’ windows. Ordinary sunlight,
heat rays, some weak Ultra-Violet
light and radio waves find access to
the ground through these atmospheric
windows. Astronomers utilise these
windows to study the radiation be-
yond.

THE CAUSES OF COSMIC RADIO
NOISE

Cosmic radio noise is generated by &
variety of strange phenomena, many
of these are as yet not fully under-
stood, but noise is produced by inter-
stellar gases, free electrons and mag-
netism, thermal processes, atmospheric
forces and gravitational forces.

GAS NOISES

Throughout the Universe there exist
copious quantities of gaseous debris,
the fragments of cosmic collisions and
explosions. Much of this debris con-
sists of fine clouds of hydrogen which,
as a result of changes within the
energy level of individual atoms, rad-
jates a precise radio signal at 1420.
4057MHz. Astronomers can use the
‘radio fingerprint’ to track these
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The largest non-steerable radio telescope in the world at Arecibo, Puerto Rico - 1000 foot

in diameter.

clouds and their speed of travel thro-
ughout the Universe.

The Dutch astronomer, Van De
Hulst, suggested the existence of a
Hydrogen ‘line-emission’, in 1943,
but it was not until 1951 that his
prediction was proved correct! Since
then, several ‘emission-lines’ have been
observed among which molecules of
Hydroxyl, Ammonia, Water, and For-
maldehyde have featured - each a
constituent of the basic building
blocks of life itself,

FREE ELECTRON NOISE

Free electrons (escapees from nuclear
reactions), travel at various speeds
throughout space. In the course of
these wanderings they encounter sev-
eral areas of strong magnetic influence.
When electrons travel along lines of
magnetic force they move in a spiral
motion. As they spiral around and
around they emit radiation over a
wide band of frequencies, much of
this in the radio spectrum. Receivers
on earth are able to detect this radio
noise and thus examine not only the
probable electron density of a part-
icular area under observation, but also
establish other factors such as the
level of magnetic intensity, tempera-
ture, and distance, etc, etc. Noise
from spiraling free electrons is called
synchrotron radiation after the self-
same effect logged in the earth-bound
laboratories of nuclear research. Atom
smashers produce similar results!

THERMALLY GENERATED RADIO
NOISE
‘burns’

Like other stars, our Sun

nuclear energy. The temperature of
this seemingly eternal furnace reaches
unimaginable heights - perhaps more
than a million degrees inside its fiery
atmosphere. The ’‘stripped’ nuclear
particles of this atmosphere whirl a-
bout in frenzied motion generating
huge amounts of dangerous radiation
and prodigious radio noise. The
amount and spectrum range of star’s
radiation depends directly on its evol-
utionary state. A less active body will
generate correspondingly less noise.
Our Sun generates a considerable
amount of radiation and radio noise
which tends to increase dramatically
in level every 11 vyears, called the
‘sun-spot’ cycle. At these times, the
last peak was 1968/69, very high radio
noise levels were recorded throughout
the radio spectrum. Most experts
believe that there are longer cyclic
variations in solar activity and that the
11 year one is only part of the story.
All the planets of the solar system
‘bathe’ in the ‘solar-wind’, it blows
continuously across interplanetary
space enveloping all in its path.

The planets themselves exhibit a
personal temperature regardless of
solar absorbed heat. Bodies radiate
their own temperature data by means
of ‘infra-red’ radiation. This radiation
lies at the top of the radio wavelength
spectrum. Measurement of the ‘noise
temperature’ of any radiating object
{including icebergs) can be accomp-
lished using specially designed equip-
ment. Volcanic ‘hot-spots’ can be
detected by these methods.

NOISE FROM ATMOSPHERIC
SOURCES
Radio scanning of the Moon and
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planets has revealed self-generated
‘thermal’ noise. But in one particular
instance another type of noise making
phenomenon has been discovered.
When the early radio astronomers
turned their attention to the huge
planet of Jupiter they were amazed
to discover that Jupiter was generat-
ing powerful pulses of radio noise
around 22MHz. This noise consists of
short sharp bursts of static, rather
similar in character to that of terrest-
rial storm static. Hence one of the
theories put forward to explain this
strange Jovian noise relies heavily on
the concept of Jovian thunderstorms,
though of course the magnitude of
such storms would be considerably
larger in relation with the size of
Jupiter.  Another theory points at
the idea of Jupiter's radiation belts

interacting with the planets magnetic’

field and producing noise. Lastly,
there is another hypothesis that the
red spot, a feature plainly seen on the
surface of Jupiter, triggers the dis-
charge of naturally generated elect-
ricity residing in the atmosphere. We
may be witnessing the very same
events that began life upon Earth.

NOISE GENERATED BY
GRAVITATIONAL COLLAPSE

Pulsars are thought to be the product
of stars of a particular type and in a
unique gravitational state. The term
‘gravitational collaspe’ really explains
itself - a body collapsing under its own
gravitational force. With Pulsars we
have a situation that tests our concept
of normal experience - when a body

GALACTIC EQUATOR

rrr
[T e
- (WY
\
NEW PULSARS

gets smalier and smaller, and the
material within gets packed more
tightly together, curious and entirely
new rules of physics begin to reveal
themselves. Strange and quite bizarre
things occur. One of these new and
difficult to understand phenomena
takes the form of pulsed radio noise -
but quite fantastic and beyond the
normal everyday measurement of radio
astronomers. The radio pulse emitted
by collapsing stars {called neutron
stars) takes the form of precision
pulses and not only that, their radiat-
ing power is enormous.

If we take the evolution of a
neutron star to its logical conclusion,
we finally reach a point where no
radiation escapes because the force of
gravitation is so great - we get a

Pulsar Map.

‘black hole’ in space - our pulsar
stops sending and collapses into
“something’’ we can only speculate
about!

RESOLVING POWER - SEEING
CLEARLY

Next time you go for a walk at
night, look up at that nearby office
block. Notice that you are so close
to the windows that you can perceive
the light streaming from each and
every window. Your eyes are capable
of ‘resolving’ this image. Now get
into your car and travel to some
distant point where you can again
observe the same building. The further
and further away you travel from .the
block the harder it will become for

your eyes to perceive the individual
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LA S A B B A i M SRR R M S S R RN R | such a distance from the image that
- VIStBLE RADIO WAVES

X-RAYS

- all the illuminated windows merge
ULTRAVIOLET as one splash of light.

! |I : This is a simple demonstration of
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what is termed ‘resolving power’. Most
of us are familiar with the inability of
resolving distant objects - though we

The Earth’s Atmospheric ‘Windows’ (white), and absorption (black strips). know that what we see cannot be!
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Map of ‘radio brightness’ of the sky. Point sources of identified stars shown as black dots.
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Railway tracks, street lamps, roads,
houses, trees, telegraph poles ‘do not’
merge as one at a distance.

But in astronomy we have no first
hand experience of what is ‘out there’
we have no celestial tape measure to
confirm that this or that object is
really as we see it. The very distant
point of starlight may belong to one,
two, three, or more stars. Unless we
can achieve high telescopic resolution
we shall never know the answer to this
conundrum.

Bigger and better telescopes ere be-
ing built all the time but there are
‘physical’ limits to their size and
precisional movement. it is doubtful
if any optical telescope larger than
300 inches will be built on the surface
of this planet unless some new and
dramatic change in optical telescope
design takes place. But with radio
telescopes there is considerable room
for improvement and advanced sop-
histication. The 1000 foot bowl of
Arecibo has already been mentioned
but we need not be hamstrung by the
limit on physical size and mobility.
We can circumnavigate this by build-
ing several Jodrell Bank sized tele-
scopes and siting them in specific
places all over the giobe. In conjunct-
ion with these installations we link
each radio telescope with its neighbour
via a computer. The entire system is
monitored by an atomic clock so that
individual observations can be ‘tagged’
by time signals having accuracies of
the order of one billionth of one
second. By pre-programming each
telescope to one specific area of the
sky and matching their sum observat-
ions with the clock and analysing the
result by computer, resolving powers
of a few millisecond of Arc diameter
are obtained!

We call this new system of obser-
vation, 'long baseline interferometry’.
One day they may have such a system
existing between the Earth and Moonl

NEW DISCOVERIES

During the last decade the science of
radio astronomy has been shaken to
its young foundations by the discovery
of hitherto unsuspected objects - the
Quasar and Pulsar. Most recently of
all, other even more fascinating ob-
jects have been ‘discovered’ - black
holes! ,

The Quasar, a distant yet fantast-
ically powerfuyl radiating source, has
presented several conundrums to
science. Their ‘doppler shifts’, a means
of measuring speed and direction of
travel, indicated that Quasars were
imensely distant objects, yet other
evidence pertaining to the signal
strength indicated the opposite and
that they were relatively close to us.

22
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The 85 foot radio telescope at the U.S. National Radio Astronomy Observatory at Green
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Bank, West Virginia. Through the lens of this giant telescope American astronomers made
the first observations of the surface of the planet Venus.

The Pulsar, another object yet
equally powerful as a radiating source,
confounded everybody at first by its
inconceivable precision. Pulsars trans-
mit pulses of radio energy just like
earthbound radar transmitters. The
‘ticking’ rate varies from one Pulsar
to another, but all exhibit astounding
precision. One Pulsar stays switched
on for a precise 1.33730113 seconds!
Another delivers four pulses per sec-
ond - ‘on’ time = .0601967 sec and
‘off' time = .263071 sec.

As explained in the early section
covering the sources of radio noise,
gravitational collapse is the mech-
anism thought responsible for these
almost unbelievable ‘natural’ objects.
When they were first discovered it was
thought that they were the product
of some advance inhabitants of the
Universe, they still seem like some-
thing to do with space travel and
navigation rather than the objects
most scientists would have us believe!

From the Pulsar we conclude our
discussion pausing Just for a few

moments to consider the newest and
strangest of all phenomena - the 'black
hole’. Astronomers are still arguing
about its true nature or even in its
existence! |If, as stated earlier in this
article, Pulsars can collapse down to
absolute nothingness then surely there
will just be a hole. Just like that
proverbial oozelem bird that ‘disapp-
eared’ after flying around in ever
decreasing circles! However, other
experts argue that should gravity col-
lapse to this degree, a/l radiation,
including ‘light’ and ‘radio’ would
fail to escape from its grip and we
should be quite unaware of its exist-
ence in the first placel The arguments
and searching for ‘real’ black holes
continues.

Several interesting ideas regarding
time and space have evolved as a
consequence of the ‘black-hole’ debate.
Time itself will become changed by
the huge force of compacted gravity,
and, if one could survive the journey
through the ‘hole’ where would one
be on the other side? °
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GRAPHIC

MANY audiophiles are discovering the
advantages of graphic equalizers in
domestic as well as professional sound
systems. Unfortunately the costs of
such units have preverited them
becoming as popular as warranted by
the many advantages they offer.
~ The advantages of an equalizer are
not generally well known but are as
follows.

Firstly an equalizer allows® the
listener to correct deficiencies in the

linearity of either his speaker system Equalizer in 10 Hz — 10 kHz %% dB
alone, or the combination of his g and all controls at 1.5 Hz—30kHz +% — 3dB
speaker system and his living room. zero ) =

As we have pointed out many times.

in the past, even the best ‘speakers

available = cannot  give  correct Individual filters +13dB
reproduction in an inadequate room. Level control +14 -9dB
It is a sad fact that very few rooms are =
ideal, and most of us put up with Maximum Output Signal :
resonances and dips, sadly convinced “at < 1% distortion > 6 volts
that this is something we have to live
with. Maximum {nput Voltage 3 volts
Whilst the octave equalizer will not
completely overcome such problems, Distortion :
it .is possible to minimize some at 2 volts out, controls 100 Hz 1kHz 6.3 kHz
non-linearities of the combined flat <0.1% <0.1% <0.1%

speaker/room system.
In a concert hall it is also possible to

use the unit to put a notch at the at 2 volts out (unweighted) 69 dB
frequency where microphone feedback y
occurs, thus allowing higher power " Input Impedance 50 k
levels to be used.

Thirdly, for the serious audiophile,

an equalizer is an exceedingly valuable

EQUALIZER

tool in evaluating the deficiences in a
particular system. One adjusts the
equalizer to provide a uniform
response, the settings of the
potentiometer knobs then graphically
display the areas where the speaker etc
is deficient.

There is a snag, however, one must

+ have an educated ear in order to

properly equalize a system to a flat
response. It is not much use equalizing
to your own preference of peaky bass
etc in order to evaluate a speaker.
ldeally, a graphic equalizer should

Frequency Response
Equalizer out

v

Range Of Control

Signal to Noise Ratio

Qutput Impedance

MEASURED PERFORMANCE (of Prototype)

_Flat

4.7 k
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5 6 7 8 9 IN «F UNLESS OTHERWISE STATED
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- g A OHMS UNLESS OTHERWISE STATED
' ; £T 5V ALL TRANSISTORS ARE BC109,
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R16 R19 SINGLE CHANNEL ONLY IS SHOWN
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(ET1427) AND DELETE T1, D1-D4,
€17, LED1, R24, 2010N ONE
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19-19, 20-20, 21-21, BETWEEN
THE BOARDS
'
—15vV
A
Fig. 1. Circuit diagram of one channel of the
equalizer.

have filter at 1/3 octave intervals, but
except for sound studios and wealthy
pop groups, the expense and size of
such units are too much for most
people.

Recently some excellent commercial
units, have become available with
filters spaced at octave intervals. These
are relatively inexpensive and cater for
the needs of most professionals and
domestic users. Such a unit is the
Soundcraftsmen 2012 which we hope
to review in the next issue.

The Electronics Today Equalizer has
been designed to provide nine filters
spaced at octave intervals in each of
two channels. It is simple to construct
and should be available inexpensively
in kit form in the near future.

Fig. 2. Component
overlay of the
equalizer fone
channel only)
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HOW IT WORKS ETI 427

This equalizer is basically similar to those
used in the ETI Synthesizer and master
mixer projects with the exception that it has
nine filter sections per channel,

The equalizer stage is a little unusual in
that the filter networks are arranged to vary
the negative feedback path around the
amplifier. If we consider one filter section
alone, with all others disconnected, the
impedance of the LCR network will be 390
ohms at the resomant frequency of: the
network., At either side of resonance the
impedance will rise {with a slope dependant
on the Q of the network which is 2.5) due
to the uncancelled reactance. This will be
inductive above resonance and capacitive
below resonance. We can therefore represent
the equalizer stage by the equivalent circuit
below.

Ra
~AAAN

IN

+VE

AMPLIFIER

Rb

Fig. A

It must be emphasized that this equivalent
circuit represents the condition with one
filter only, at its resonant frequency.
Additionally letters have been used to
designate resistors to avoid confusion with
components in the actual circuit.

With the slider of the potentiometer at the

top end (Fig. A) we have 390 ohms to the .

OV line from the negative input of the

ouT

amplifier, and 1k between the two inputs
of the amplifier. The amplifier, due to the
feedback applied, will keep the potential
between the two inputs at zero. Thus there
is no current through RVA. The voltage on
the positive input to the amplifier is
therefore the same as the input voltage since
there is no current through, or voltage drop
across resistor RA.

Ra +VE

AMPLIFIER

The output of the amplifier in this case is
approximately the input signal times (3300
+ 390)/390 giving a gain of 19 dB. If the
slider is at the other end of the
potentiometer, (Fig. B), the signal appearing
at the positive input, and thus also the
negative input, is about 0.11 (390/(3300 +
390) of the input. There will still be no
current in the potentiometer and in RC,
thus the output will be 0.11 of the input.
That is, the gain will be-19 dB.

If the wiper is midway, both the input
signal and the feedback signal are attenuated
equally, and the stage will have unity gain.

With all filter sections in circuit the
maximum  cut and boost available is
reduced, but %14 dB is still available.

Reverting back now to the actual circuit,

. signal  source

t

the amplifier consists of IC1, Q2 and Q3.
The transistors help to reduce the effect of
the noise in the IC and add gain at the
high-frequency end. This additional gain is
required because the negative feedback, due
to the potentiometer between the two
inputs, causes high-frequency roll off. This
does not affect operation of the unit
provided the open-loop gain is above 60 dB
over the entire audio range. An overall
closed-loop gain of about 15 dB is

Ra wES

¢ ouT
AMPLIFIER

RVa

maintained by R20/R19 with the filter
potentiometer at mid position. .

The output of the amplifier is decoupled
to the ‘output of the unit via Cl5, and
C16/R22 provide a cutoff above 30 kHz.

The input sigrial is buffered by Q1 because
the equalizer stage requires a low impedance
for correct operation.
Potentiometer RV1 provides level control
with 0 to -23 dB range which, combined
with the equalizer characteristic, results in
an overall level range of + 14 to -9 dB.

The power supply used is a simple,
full-wave bridge filtered by C17. Plus and
minus supplies are derived by means of two
15 volt-zeners in series fed via R24. The
front-panel power indicator is an LED
connected in series with the dropping
resistor R24.

T
240/36V"

'f
:»f—o-/\/\/\/\ : I o +15V
Al

1.5k

CONSTRUCTION

All components, with the exception
of the transformer ‘and the slide
potentiometers, are mounted on two
printed circuit boards — one for each
channel. Whilst the layout is not
critical, any alternative construction
method could be used, we strongly
recommend the use of printed-circuit
boards to ease construction and
eliminate a possible source of faults.

20 25uf
=
400mW
ov
ZD2 +* C19
15V 25uF
400mW 25V
— 15V
21
The components should be

assembled to the boards with the aid
of the overlay Fig. 2. Carefully check
polarities of |Cs, capacitors and
transistors, etc, before soldering in
place. ‘Attach lengths of wire and,
Coax of adequate length to the board
before mounting in position by means
of 13mm spacers.

Due to the close spacing used for the
slide potentiometers it is necessary to

ELECTRONICS TODAY INTERNATIONAL-JANUARY 1975

Circuit diagram of the equalizer power supply.

mount the 9.6 mm spacers, to the
potentiometer . support-bars, before
mounting the potentiometers. Use 6.4
mm long countersunk screws for this
purpose.

The potentiometer assembly, and all
other externhal components, (switches
etc) can now be assembled to the
chassis and the unit wired as shown in
the interconnection diagram.

The circuits used have very high gains
and it is necessary to take precautions

25




Fig. 4. Printed circuit board for the equalizer. Full size 152 x 103 mm,

NOTES:
INDIVIDUAL MODULES AND COMPONENTS ¢ o
LEFT  RIGHT ARE SHOWN IN THEIR RELATIVE POSITION
EXCEPT FOR THE POWER SWITCH AND THE
LED INDICATOR. .
DICATOR, \ 7 FUSE HOLDER
INPL‘)T ?

THE FRONT AND REAR PANEL CQMPONENTS
EARTH

'ARE SHOWN AS IF THE CHASSIS WAS UNFOLDED
ie THE MONITOR SWITCH IS AT THE TOP OF
THE FRONT PANEL

[
<O

THE 240V WIRING SHOULD BE KEPT CLEAR Y
OF OTHER WIRES TO PREVENT HUM PICKUP ] )
|G

il

RECORD

AND THE REAR OF THE POWER SWITCH AND
THE FUSE SHOULD BE TAPED WITH INSULATION

PLAYBACK
| TAPE TO PREVENT PERSONAL CONTACT.

OUTPUT

e

sW3
POWER
SWITCH

" RIGHT CHANNEL

LEFT CHANNEL
(LESS P/S§ COMPONENTS) \ 4 (COMPLETE)
3 8 4 9 S 10 16 7
~,
™ — .\ \\ §
—~— o ~
=0
) 333
O
¥ 2 4 a .Y 3 A ! ) | !l AU B
S ~ o T I © ~ © ) =)
z || 2)|2]|E]|2||2 |88z
2
30 [} o o [} o{{ o [} oll o
O

sSw1
MONITOR
SWITCH

Fig. 3. Interconnection diagram for the unit.
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against mains hum-pickup. The oL
transformer should be mounted in the I

position shown, and the 240 volt

™
T
»

wiring, to the front power switch,

N‘

——
4
//

should be run down the right-hand L
side of the chassis and along the front, -~ / /

in front of the potentiometer support . 4 V
brackets. 1f hum pickup does occur, it A

may be necessary to mount the . 74
transformer inside a metal box to . N\

NS
£,

N

,4

Due to tolerances of resistors

(P

shield it. N
/!

"]

.

variations in Ve of Q2 and Q3 etc, -2 / 7T
anywhere within plus or minus one

volt of zero. NG \
polarity of the steady state voltage at o N

pin 6 of IC1 in order to determine

inserted. If the output is positive insert 3 |
as shown in Fig. 1. Alternatively C15 -

20 5o tec seo 1000 sk 10k

the steady-state outputof 1C11 may be =

Hence it is desirable to determine the - L \
which way round C15 should be NS J [I \ I] '- L- \Il \
should be a non-polarized type.

Fig. 5. Individual filter responses for the unit. Boost at top and cut at bottom,

LEFT CHANNEL srEToR RIGHT CHANNEL €t 427 mamy
BOOST 800OST
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Flg. 6. Front panel artwork for the equalizer. Full size 336 x 88 mm.

Internal layout
of the equalizer.
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Fig. 7 Detail of the chassis.
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138 MATERIAL — SATIN ANODISED ALUMINIUM,
—124 ALL DIMENSIONS ARE IN MILLIMETRES
110
n;"’ | @ 3HOLES 6.4mm. dis. 324
68 ) @ 1 HOLE 5mm. dia.
54— i
— | 20 SLOTS 53 mm. x.1.6 mm. Ao MATERIAL— P
20 12.7 mm VENEERED it
T CHIPBOARD 1§
_% s ALL DIMENTIONS ARE ]
! i IN MILLIMETERS i
—-@ 3 |
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< ]
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Fig. 8 Metalwork details of the front panel. 2 I ON FRONT EDGE
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Fig. 9 Drilling details for potentiometer support brackets.
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PARTS LIST — ET1 427

RS Resistor 330 V2W 5%
R6 o 390 W 5%
R7,8,9 0 390 "W
R10,11,12 " 390 W 5%
R13,15,18 * 390 LW 5%
R24 " 1.5k W 5%
R14 5 3.3k W 5%
R1b & 3.9k 12w 5%
R3,22 i 4.7k wBW 5%
rR2Y e 12k 12W 5%
R20 0 27k W 5%
R14,16,17 39k W 5%
33 ” 0 W 5%

R2 100k

RV1 Potentiometer 1k lin 45mm slide
RV2-10 Potentiometer 1k lin 45mm siide
Cl17 Capacitor 220511—' 63V electrolytic
C13,18,19 Capacitor SUF 25V electrolytic

€17, LED 1, ZD1, ZD2, D1-D4 where oniy one is required,
Transformer 240\} =3¢V @ 30mA min.

SW1,2,3 switch DPDT miniature toggle

4-way phono socket, 2 off

Chassls to Fig. 6.

Front panel to Fig, 7 and 8.

20 off knobs for stide pots.

4 pot support raiis (Fig, 9)

12 threaded spacers 9.6mm long

8 pilain spacers 12.7mm long .

24 screws, countersunk head, 6.5mm long to suit spacers
3 core flex and piug

Cabile clamp, grommet, terminal block,

Cl1,15 éapacltor IO#F 16V efectrolytic
c2 o 3. 10V tag. tant.
Cc3 - 1.5 25v ” -
Cc4 et 0.68 25v " =
Cc6 P 0.39 polyester

Cc7 W 0.224F ’

CS " 0.15 3

[o3:] [ 0.1 b

Cc9 R 0.047UF "

Cl0 " 0.027 .

Cll b 0.01 o~

Cl2 ~ 0.0022 -

Clé - 0.001 n

Cla - 10pF ceramic
L1-L9 Chokes see table 1.

Q1,2,3 Transistor BC109 or similar
D1,2,3,4 Diodes IN4001 or similar

ZD1,2 Zener Diode 15V, 400mW

LED'1 light emitting Diode

iC1 Integrated Circuit LM301A

PC Board ET! 427

For stereo operation doubie the above components except R24,

FABLET A
COIL WINDING DETAILS -

L TR 3
Coil Ind. Turns Wira  Cors ‘Bobbin. Clip &
41 3.4H 707 40swg. ITT-C26-4300.7BD26 -  MS26* <,
222 L7H 50O 40 swg : ooy et
13 ,0.8H 895 3Bswg Mullard LA4543.0T2534. DT2408"*
L4 04H 632 38swy 2 RIRBL T R
G5 - 0.18H424 3B swy ey el oY e B
L8 100mH 500 38swg Mullard LA4345DT2470 DT2396**
4.7 . 53mH 384  3Bswg A5 Tt B L0
L8  23mH 240 38swg - o Ll b
L8 13mH 180 38swg ; § < . 5 3

S PO e S

% TheMS26 clip is not currentiy available but will be fn February
1975; a nylon screw and nut may be used to hold the core

% together.

3 e S r"rﬁﬁ p“»‘f.—, éﬁ':}\ :
b 2requj,r}ed.‘ i
e G

£ g

| ﬁe pot cores and capacitors are being stocked for this pro+.
ject by Maplin Electronic Supplies, P.O. Box 3, Rayleigh,

Essex. Maplin are planning to market a.complete kit (less
‘woodwark) of this project in the near future with aselling .

‘price of under £50. Arrangements have not been completed
%at the time of going to press-but details-from Maplin on
receipt of an s.ae. 7 ;

5

P. O. Box 3, Rayleigh, Essex. Tel: Southend-on Sea (0702) 44101
Piease add 10% to the final total. Post and Packing

VAT FREE in U.K. {15p handling charge on orders under £1)

MAPLIN ELECTRONIC SUPPLIES ~""=..

YNTHESIS

YOU SIMPLY MUST SEE OUR PRICES!

We shall be stocking all the parts for this sensational new E,T.I. deéign.
Send s.a.e. now for our detailed price list. (One available each month as the
parts are published.)

ORGAN BUILDERS

MES annaunce the very latest development in organ!

circuitry.
THE DMO2
13 Master Frequencies on ONE tiny circuit board.
LOOK AT THESE AMAZING ADVANTAGES]

% 13 frequencies from C8 o C9. % Each frequency
digitally derived fromya SINGLE h.f. master oscillator.
*  Initial luning for the WHOLE ORGAN: ONE
SIMPLE ADJUSTMENT. +# Relative tuning NEVER
DRIFTS! & External coatrol allows instant tunc-up
to other musicians. % Outputs will directly drive most
types of dividers including the SAJI10. % And each
oulput can also be used as a direct tone source. W Vari-
able DEPTH AND RATE tremulant optional extra.
# Gold-plated plug-in edge connexion. W Camﬁkze
fibre glass board (includi | if required) ONLY
3.7in. x 4-5in. % Very low power consumption.

#* EXTREMELY ECONOMICAL |

S.ae please

PRICE. % Ready built, tested } for full technical
and full* guaranteed. details.

DMO2T (with tremulant) ONLY

£14-25. Trade enquiries

DMO? (without tremulant) £12:25.

SAII 10 7-stage frequency divider in one 14 pin DIL
ackage. Sine or square wave input allows operation
rom almost any type of maste * oscilator including the
DMQ2 (when 97 notes are available). uare wave
outputs may be modified to saw-tooth by the addition
of a few components. SAJ110: £2-63 each OR special
price for pack of 12: £25.00. S.a.c. pleasc for data sheet.

welcome,

WE KNOW YOU NEED
The MES 1974 Catal
[ o IT! hase over 75 pagesa :n%gui:
2) STACKED with dozens of
"y tempting new lines. BRIM-

ONLY 25p for our beauti-
fully produced catalogue
and leave the rest to us!

LINEAR 1C’s

36p

NE 555V

MING OVER  with MEE 40808 8:pim OIL
clear illustrations and 12p 69p
detailed data.
WE'RE WAITING
TO RUSH YOU CHOC Tor U saom 1epaDIL L. f1as
& .. 3 l4pn DIL . 169
A COPY. LMISON 14 pin DIL LE132 pAMIC 14 p:- DIL a8y
You,“ be IMPRESSED M(jIJOJL 14 p{n oL . . ELSS PATAIC 14 pin DIL £1.0%
with our POST FREE wrCa o am amstor e
ordering system, EXCITED MEC 9020 £1.30  L,A79 (MC1498) TOS Y
by our BIG VALUE dis- MVR 5. 12 ur 13V TO3 fhed  IN41ATOI8 [i%. ]
count vouchers, - STAG- ESKTBAL 6D L O
GERED by our UNBEAT-
ABLE speed of service.
Take the first step towards wAT4IC
real service NOW! Send F-pinDIL
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s““s“nll II“Ns A Marshall & Son (London) Lunted Depl. PW

. 42 Cricklewood Broadway Landon NW2 AHD Tel 01 452 0t
& 85 Wes!t Regent Street Glasgow G2 2QD Tel:041-332 4133
| Everything you need is in our new
catalogue available now price 20p
Trade and export enquiries welcome

PW. TELETENNIS KIT

838 featured on BBC Nationwide snd in the Dally Mall Octobar 2nd 1974.

This exclting new game s now available in kit form. Due to popular demand we are now
able to offer a fantastic saving on list prices. Ideal game for whole family. No need

to modify your TV set, Just plugs in to aerial socket.

Parts list as follows... . .

A Resistor Pack £1.00 p.p. 20p

B Potentiometer Pack £1.25p.p. 20p

PlOwiK C Capacitor Pack £3.10p.p. 20p
:mms D Semiconductor Pack £14.50 p.p. 20p
1o E I1C Socksts £4.00 p.p. 20p
£ Transformer £1.15p.p. 25p

G PCB's £7.50 p.p. 20p

H Switches £4.50 p.p. 20p

| UHF Modulator Kit £7.20 p.p. 20p

Special Prices — complete kit {exciuding case) £42.00 p.p.50p. Sections A-F incl. £23.50
p.p.30p. Assembly instructions with compfete kit or 75p on request.

SN7400 16p SN7420 tép SN7453 16p | SN7491 £1:10
] SN7454

¢ 37p SN7492

SNT40IAN 38p | SN7425 37p | SN7460 iép | SN7493  eSp

SN7402  1ep | SN7427 4% | SN74T0 30e | SN7434  Bp
{4

SN7404 24p | SN7432  43p | SN7473  4dp 496 &1

SN7405 24p | SN7437 38p | SN7474  48p | SN74100 £2-16

o ¢S el
_‘“%9\‘:'3 {nday

e IN7406 435 | SN7438 335 | SN74TS  Wp | SN74107 43
AL SN7407 435 | SN7440  16p | SN7476  43p | SN74II® €1-00
3 m.m N f | A R R AR
g - At IN7410  16p | SN7448 «1'9h | SN74B2 | ®1p snu%ﬁ 4
= N atpg SNTI e | INTee @ | SNraes a3 | SNIE) T
IN74)2  38p | SNTMAT €130 | SNT4S4 98 NT4lal g1

smz' i | sras ok sz;:g 88 | §N74i80 €1.44

NAdlS 300 | INTaE  ie | N4 g | | EROSIEIRICES

OUR NEW GLASGOW SHOP IS NOW OPEN

Prices correct at August 1974, but all exclusive of V.A.T.
Post and Package 20p postage and package charges

opular Semiconductors

13p|ADI42 89p|8CI09
T0p{ADI14) 48p|8C237
- BOIA 43p|BC238

If you have no trouble obtaining ET{ .from your newsagent, that’s
the obvious place to get it. However five out of the last six issues
have been seli-outs and early analysis of the reader questionnaire has
shown that one in three readers has trouble in buying ETI.

If you are one of those having trouble, why not take out a sub-
scription? Normally you receive your copy a few days before our
official publication. Note also that although the cover price of ETI
is now 25p, we have not raised our subscription rates for the time
being.

T
1 Bud I D D)

T

3+
ShAL]

FEA 33
[*] Y]

—— i e et —m e = LU = — — = e = - ——

1 I
| To: SUBSCRIPTION DEPARTMENT |

ELECTRONICS TODAY INTERNATIONAL
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1L OFFERS

tran3|stors

This, as most readers
will know, is the most
universal transistor!

Matal can TO18 silicon planar expitaxial construction
These are useful general purpose transistors
and all are marked BC108C. The 'C" suffix
indicates the top gain grouping - at least 450
at 2mA collector current.

HETEEN HIR £1

INC. VAT, POSTAGE AND PACKING

LIMITED TO FIRST 4000 ORDERS
ALLOW 21 DAYS DELIVERY

MAX RATINGS:
Vego .-..30V
Veceo ....2BV

8 VeEgo ....25V

Ic «...200mA
HEg ....>380
Fr ....250MHz

ProTr ....300mwW

SEND MONEY, COUPON & STAMPED SELF-ADDRESSED ENVELOPE (for return of money if the offer is over-subscribad)
TO MAPLIN ELECTRONIC SUPPLIES, P. 0. BOX 3, RAYLEIGH, ESSEX SS6 8LR.

capdators

(1 w10V 005 (L [se2v 1007 IIIIIIW SIN ELEGTROYTIGS

({ three 10V 22uF [ R ' E INC. VAT AND POSTAGE
(AL oo & ” o 4 . AND PACKING. LIMITED

. L TO FIRST 4000 ORDERS
( “ three 10V 50uF (M{'H‘ [“[ U six 26V 100uF A wide selection of common values for less than two
' thirds of the usual price!

. SEND MONEY, COUPON AND STAMPED SELF-
‘\ﬂl three 10V 100uF ‘nm three 25V 500 F ADDRESSED ENVELOPE (for return of money if

v offer is over-subscribed) TO B, H, COMPONENT
- ” FACTORS LTD, 61 CHEDDINGTON ROAD, PIT-
(§( three 16V 20uF mml three 25V 1000.F STONE, NR. LEIGHTON BUZZARD, BEDS LU7 9AQ.

use these coupons:

THESE OFFERS OPEN‘DECEMBER 18TH 1974 AND CLOSE JANUARY 31ST 1975.

This offer is TO: MAPLIN ELECTRONIC SUPPLIES This offer is strictly TO: B. H. COMPONENT FACTORS

strictly limited P.0O.Box 3, limited to 36 transistors 61 Cheddington Road,
to 15 transistors.  Rayleigh, per coupon. Pitstone, Nr. Leighton Buzzard,
per coupon. ESSEX SS6 BLR. BEDS. LU7 9AQ.

1 enclose a cheque/P.O. for £2.50 (payable to B.H. Component
Factors) plus a stamped self-addressed envelope for the return
of my money should the offer be oversubscribed. Please send
me 36 electrolytic capacitors of the values specified in January’s
ETI.

| |

| |

| |

. ) | |
I enclose a cheque/P.O. for £1 {payable.to-Maplin Electronic | |
| |
i {
1 |
INAME oS50 5 - al gL S s S|
| : |
| |
| |
} |
| |
| I
| |
!

Supplies) plus a stamped seif-addressed envelope for the return
of my money should the offer be oversubscribed. Please send
me 15 BC108C transistors.

ADDRESS . . . . . . ADDRESS

Allow 21 days for delivery. ’

Allow 21 days for deli |very :
This offer opens Dec. 18th 1974 and closes Jan. 31st 1975.

This offer opens Dec. 18th 1974 and closes Jan. 31st 1975.

|
|
|
|
|
|
|
|
::""NAME'-'-
|
|
|
|
|
|




RICHARDS ELECTRICS

ex-stock components
FULL DATA ON ALL DEVICES ~ SAE OR 'PHONE US
GUARANTEED SEMICONDUCTORS=FULL SPECE.

BCIO7 I3p|BFY5I 18p PN3702 12p|25303 25p
BCIO8  12p|{BSY95A 9p [2N3704 12p|oA9I 9p
BCIO? 13p[C444 13p [2N38I9 34p[iNoI4  6p

BCIB2LB 12p|OCP7I 15p [2N3866 25p|IN4004 7p
BC212LB 13p|2NI711 30p [2N4058 14plIN4007 Ilp,
40871/2= RCA OOV COMP. POWER IN FLAT PACK 75pea
TIC44 - TEXAS 6OPIV -6A SCR IN TO-18 PACKAGE 37
40486 - RCA 400 PIV 4A TRIAC IN TO-5 PACKAGE 6

N60O2 I0OPIV22A 49p
N70I2

Clock Chip CT7001:5: £15.

We strongly advise use of our 28 pin dil socket-chipis MOS.
CT700I+ 4x3"LITRONIX DISPLAYS £18;+6DISPLAYS £20
Automatic 2830-3| day calendar ;noise &radio alarm;
snooze facility; battery standby ;12 or 24hr;4 or 6 digit:
interface for led display ;this must be the most versatile
digiclock chip available.SAE or phone for further data.
_UITRONIX 3" 7seq Display 150 T1L209 125" LED 26p(Red)
DIL LIC.SOCKETS 8pinl8p;14pin20p;16pin22p;28pin £1-25
MIN.TOGGLES 12mmdolly SPST35p; SPDT-38p; DPDT-42p
SOW RMS Power Module-superb spec.£9-25 or SAE 4 data.

all prices include VAT
ALL ORDERS INCLUDING 11p POST & PACKING TO
16 FRIAR STREET, WORCESTER WRI 2LZtel 0905-28550
CALLERS WELCOME AT OUR SHOP

what to
look for in
February's

plectronics
today international
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HART ELECTRONICS

Audio Kit Specialists since 1961

BAILEY/BURROWS/QUILTER PRE AMP This is the tone control section of the best
pre-amp kit currently available. Consider the advantages:—*First quality fibreglass
printad circuits with roller tinned finish and all component locations printed on reverse.
*Low noise carbon film and metal film resistors throughout. *Finest quality low-noise
ganged controls with matched tracks and shafis cut to length. *Well enginsered layout for
total stability. *Special decoupling and earthing arrangements to eliminate hum loops.
*Controls, switches and input sockets mount directly on the boards to TOTALLY
ELIMINATE wiring to these components. (We know of one pre-amp kit which claims its
controls mount diractly on the“board—and so they do. by their shaft bushes! You still have
1o wire them upll)

*Wa incorporate the Quilter modification which is most important as it reduces distortion
and increases the bass and treble control range.

As can be seen from the photograph the tone control unit is very slim {only 14" from
front to back) and may therefore be used in many other applications than our Bailey
metalwork which it is designed to fit.

METALWORK AND WOODEN CASES These have been under review for some time:
please send for latest information.

F.M. TUNER This latest addition ‘to our range is designed to offer the best possible
performance allied to the ease of operation given by push button varicap tuning. We
have taken great care to look after the constructors’ point of view and there are no
coils to wind. no RF circuits to wire and no alignment is required. in fact the whole unit
can be easily completed and working in an evening as there are only 3 transistors. one IC
and two ready built and aligned modules comprising the active components. We have
abandoned the concept of having a tuner as large as the amplifier and this new unit has a
frontal size of only 1% in. X 4in. It can be mounted on the side of our Bailey amplifier
matalwork thus turning it into a tuner/amplifier whilst only increasing its width by 14 in.

Cost of tuner chassis (no case) is £22 for mono, £25.45 for stereo. Metal case £3.55.
An extended wooden case to fit tuner and amplifier will be offered shortly.

STUART TAPE CIRCUITS Our printed circuits and components offer the easy way to
convert any suitable quality deck into a 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.

Alt above kits have fibreglass PCB's. Prices exclude VAT but P&P is included.

FURTHER INFORMATION ON ALL KiTS FREE if yousendusa 9in. X 4in. S.A.E.
REPRINTS Post frae. no VAT. Bailey 30W 18p.

'STUART TAPE RECORDER Alt 3 articles under one cover 30p.
BAILEY/BURROWS/QUILTER Preamp circuits, layouts and assembly-notes 15p.

All prices exclude VAT.

2Penylan Mill, Oswestry, Salop

Personal callers are always welcome. but please note we are closed all day Saturday

- run off your Hi-Fi system.

FEBRUARY 1975 ISéUE
ON SALE JANUARY 17TH

AT YOUR NEWSAGENTS

COLOUR ORGAN

\ PROJECT

Build a 3 channel high | One button 'nf%{: th
power light modulator to | lighting, the othe wers
it — allowing setting tc
any level from a numb
of remote locations. %

The features mentioned here are, at the
time of this issue going to press, in an
advanced state of preparation. However,
circumstances, inctuding highly topical
developments may affect the final
contents.

25p
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i LABLE AS BASIC OR COMPLETE KITS
Basic stereo tuner £18 post free. . . AVAl . .
Basic mono tuner £12 post free. No alignment required. Mullard LP1186 front end module used with Ceramic IF and

A > N IC amplifier. Push button tuning (6 position) with Interstation Mute, restricted
g}g}ogsrlat;o‘;\o?sugtglznon units with range AFC, single LED tuning indicator, phase locked IC decoder, and complete
= metalwork and veneered cabinet. Complete with IC regulated PSU and full assembly

TYP. SPECIFICATION instructions. (Mechanically identical to N-J Tuner.)
2uV for 30dB S/N

. A weet  PRICE Complete stereo kit £29.00 inc VAT, p&p
T Al : Complete mono kit £24.74 , . .

THE NEW NELSON-JONESJM TUNER

NEW LOW COST STEREQ TUNER

memmmesm=s PUSH-BUTTON VARICAP DIODE TUNING
s (6 Position) W JUNE 72

Exclusive Designer Approved Kits

What are the important features to look for in an FM tuner kit? Naturally it must have an attractive appearance when built. but it must also embody
the latest and best in circuit design such as:—

MOSFET front end for excelient cross modulation pertormance and low noise. PHASE LOCKED Stereo decoder with Stereo mute, see below

3 GANG tuning for high selectivity. LED fine tuning Indicators.

VARICAP tuning diodes In back o back configuration for low distortion. PUSH BUTTON tuning (with AFC disable) over the FM band (88-104).
CERAMIC filters tor defined IF response. 1C STABILISED and S/C protected power supply.

INTEGRATED circuit IF amplifiers for reliabllity and excellent limiting/ AM rejection, CABINET double veneered against warp,

The Neison-Jones Tuner has all of these features and many more, and more importantly the design is fully proven not just with a few prototypes but with many thousands
of working tuners spread across the world. ‘ Typ. Specn: 20 dB quieting 0.75uV. Image rejection —70dB.\.F. Rejection —85 dB_]

Basic tuner module prices start as low as £12.31, with complete kits starting at
£26.95 (mono) + P.P. 65p. and of course all components are available separately.
Our low cost slignment service is available to customers without access to a
signal generator. Pleage send large SAE for our latest price lists which details all of
the many options ange special low prices for complete kits. All our other products
remain available.

PORTUS AND HAYWOOD PHASE LOCKED DECODER (W.W. Sept. '70). Still the
lowest distortion P.L. decoder available. THD typically 0.056% {at Nelson-Jones
Tuner O/P level)! Supplied complete with Red LED.

Price £7.02 when bought with a complete N-J tuner kit or £8.289 if bought
separately (P.P. 21p.)

PLEASE NOTE. Existing tuners are readily convertible and kits/parts are available
for this purpose.

TEXAN AMPLIFIER. We have designed the tuner case and metalwork to
match the Texan amplifier (see photograph}. Complete designer approved Texan kits
are available at £30.78 plus P.P. 65p including Teak Sleeve.

VAT at 8% is included in all prices

INTEGREX LIMITED, P.0. Box 45, Derby, DE1 1TW Phone Swadlincote (0283 87) 5432 Telex 377106

ignition tem kit
CENTURION lg if SyS i
6V OR 12V....... cceeecen...tve OR —ve Ground
Here's the new. improved version of the original PE Scorpio
Electronic Ignition System ~ with a big plus over all the other
kits - the PE Scorpio Kit is designed for both posilive and
negative ground automotive electrical systems. Not just +ve
ground. Nor just —ve ground. But both! So if you changs cars.
you can be aimost certain that you can change over your
PE Scorplo Mk. 2 as weil.
Containing ail the components you need, this Electro Spares
PE Scorpio Mk. 2 Kit is simply built, using our easy to foliow
|NSTRUMENT CASES instructions. Each component is a branded unit by a reputable
manufacturer and carries the manufacturer's guarantee. Ready
drilled for fast assembly. Quickly fitted to any car.
When your-PE Scorpio Mk. 2 is instalied, you instantly benefit
from ail these PE Scorplo Mk. 2 advantages:
Y Easier starting from cold ¥ Firing even with wet or oiled-up
Model Nos 119 & 121 two part aluminium construction base plugs Y Smoother running at high speed J Fuel saving
|frot?'t &hback unltt finished Iln white gloss, hooded cover finished * More power from your engine % Longer spark plug life
n blue hammer stove enamel. .
MOI?QEL 152D 127W 89H E?'GCOE i % No more contact-breaker burn.
mm mm mm .60 eac| H 9
121 152mm _202mm  76mm £2.00 each Electro Spares prices:
Mode! Nos 221F &d 22t2F 1lftattpac:ks.I ﬂF{ohntdal; Rera“rt parlmls Deluxe Kit only £11.50 inc. VAT and p & p.
aluminium case mild steel front panel finished In white gloss H inc.V
other parts flnished In blue hammer stove enamel. Ready Made Unit £14.75 inc ATandp&p.
ODEL D w H zlzua%s " State 6V or 12V system.
221F 152mm 203mm 152mm .80 eac . -
522F 197mm  254mm 159mm £3.40 each Send SAE now for details and free list.

Prices include P & P U.K. Add 8% VAT U.K. only.
Send S.A.E. for full brochure.

ELECTRO SPARES

The Commparient Contie af the Nodth
288 ECCLESALLRD.. SHEFFIELD S11 8PE
Tel:Sheffield (0742) 668888

ARBOUR ELECTRONICS LIMITED
Unit 13 East Hanningfield Industrial Estate, Nr. Chelmsford,

Essex. CM3 5BG. Tel: Chelmsford (0245) 400700.
Sheet metal work wiring assembly service available.
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3% Digit Field Effect a.c. Liquid Crystal Display | E ET n i 0 I"/] T
A Physical Dimensions:
g YiEwWine AEA (Al units in inches)
[. 1...] r_|_1 | . THE MOST VERSATILE ELECTRONIC KITS
...... PSP A | 1 p ¢ J. 7 T T Ba 1.756
0 I I (O ¢ - 0,050 THE PERFECT GIFT FOR ANY AGE
S m : H | D « 0,220
S BN - E = 0.400 _...worthwhile, fun, entertainment,
] == M < F = 1.205 education, good value for money”
o o' gt g = 8902 {Everyday Electronics)
. - PO Bl 7 : o':go **...Educational kits of exceptional
K= 0:520 quality” (Audio).
L = 0.410 BUILD AND REBUILD ANY
M~ 0.0 NUMBER OF TIMES
N « 0.050 Radios, transmitters, burglar alarms,
0 = 0.103 inter-comms, metal deteciors, solar
. P« 1.580 cell, photaoelectric cell, voice relay,
*Reflective mode - black digits on diffuse reflecting gold f,?rr:: u;::,: I:;;:,:s,eiﬁz‘nrq?:cl,ﬁ::::rs,
background. voltmeters, meters of all types etc,
. ) ) ) . i ate, plus your own circuit dlegrams.
Excellent contrast in ambient light (typical contrast ratio NO SOLDEHING, SCREWING
30:1 at 7V a.c. r.m.s.). gH WIRING. )
*Low voltage operation - TTL and MOS compatible B:t&r:yv f::,::f; “E’:,°,f,,§f;‘;{;’f;,,
(Bi-level operation: display is fully on at 7V a.c.; fully for any age.
off at 3V a.c. r.m.s.). 16 different projects £8.80
*Low power consumption- power consumption ON s " gg:g
segment less than % microwatt. " £20.45
*Wide operating temperature range {(0°C to 70°C) 3 £33.98
*Operating lifetime (at 10V a.c. r.m.s., 60Hz) better than Add-on pnrt:,’r::c;\un::lsé.sparss, available
11000 hours. Prices include EDUCATIONAL MANUALS,
FULL DATA SHEET AND APPLICATION NOTES S T
SEND S. A. E. (Money back if not satisfied) )
**Price, Display + plug in connector : £12.50 exc. VAT i B L
Post and pcking: 10p
Sausfaction guaranteed
LICRIL LTD H - ’
- ) Ilcrll , ELECTRONI-KIT LTD, 408 St.John's Street,
7 Cross St., Enfield, Middx 4 London, EC1.(01-278 4579)
Telephone: 01-366 3239 i

SPHSNSITE MK I

Electronic Ignition... Betteronall points
TS k2 e s srns v Bacause you keep your points!

advantagas and none of the disadvanteges. No misfire because contact

breaker bounce is eliminated electronically by a pulse PRICES

suppression circult which prevents the unit firing if the D.IY Kit only £10.93 incl. VAT and P & P

points bounce open at high rpom. Contact breaker burn Is Ready Built U‘L“ £13.86 incl VAT and P & P

sliminated by reducing the current to about 1/50th of {Both to fit all cars with coil/distributor ignition up to

norm, thus avoiding arcing. But you can still revert 8 cylinders).

to normal ignition If need be. In seconds. If points We can supply units far any petrol-engined vehicle (boat,

go {very unlikely) you can get replacements motorcycle etc) with coil/cantact breaker ignitian.
Details on request. Call in and see us for a demonstration.

anywhere. All these advantages. r N I e
ORDER NOW TO:

ELECTRONICS DESIGN ASSOCIATES l

@Fitted in 15 minutes. ® Up to 20% better fuel
consumption. @Instant all weather starting. ® Cleaner
plugs - they last 5 times longer without attention.
@ Faster acceleration. @ Faster top speeds.

@ Coil and battery last longer.@Efficient fuel
burning with less air pollution.

{Dept ET 15) 82 Bath Street,

H 1 Walsall WS1 3DE Phone 33652
The kit comprlsesd pelsl a1 .
i ¢ Sparkrite MKk.2 D.1.Y. Kit(s) at £10.93 each incl.
everythlng neede VAT and P & P (Will make pos. or neg. earth).[J

Ready drilled scratch and rust resistant case,
metalwork, cables, coil connectors, printed
circuit board, top quality 5 year guaranteed
transformer and components, full
instructions to make positive or negative
earth system, and 6 page installation
instruction leaflet.

WE SAY IT IS THE BEST SYSTEM AT
ANY PRICE!

Sparkrite Ready Built Neg. Earth Unit(s)
at £13.8¢ each incl. VAT and P & P

Sparkrite Ready Built Positive Earth Unit(s)
at £13.86 each incl. VAT and P & P a

NAME

ADDRESS

| —1

Sparkrite MK 11 - full capacitive discharge elecironic | enctose cheque/P.O. for £ e
systern - not yust a transistorised inductive discharge booster. Send SAE for brochure.
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Kits for the amateur constructor have gone through various
phases in the last few years, In the mid-1960's most of the
kits available were based on surplus equipment and com-
ponents: frankly many of the kits were poor: Now the
situation has changed considerably. Instructions and
component quality is vastly better and there have probably
never before been as many kits as now.

Originally kits were introduced to save money and many
still show a worthwhile saving over the ready-built models,
On the other hand many people opt for a kit mainly for
satisfaction of having built it for themselves: indeed in
some cases the kit costs more than a commercially built
model, )

Many companies now produce ‘‘modules”. [t is difficult
to draw the line where kits and modules start. We have
included modules where we consider that they constitute a
kit but not when the module is really a built.unit only

INTRODUCTION

requiring a few wires.

In this survey we have tried to give a bit more informat-
ion that is normally available. such as service charges and
building time. We have also included details of many less
well-known kits available from smaller companies.

Under the main headings we have included all of the
kits that we could find (except one company who would
not give us information) but in the Miscellaneous and Test
Gear sections the number of kits make it impossible to deal
with all but a few,

Almost always a complete kit costs less then the
individual components: additionally very attractive, often
professional looking, cases are available.

All the companies we have included will service units
which have been built up and fail to work. We have also
given details of kits which are suitable for the beginner.

' GUIDE EXPLANATION

Prices shown include VAT at 8% and postage except where
goods are not available mail order, these are marked with
an asterisk. Some prices include optional extras, such as
cases, Prices are correct at the time of going to press but it
may be necessary to check before ordering.

Time is the average in hours (indicated by the makers) for
an average constructor,

Beginners indicates that the makers consider the kit suit-
able for beginners though many feel that ability to solder
is essential.

Built indicates that complete guaranteed models of the kit
are available from the same supplier.

Service Charge. All companies have a servicing facility and
all, except for Josty, reserve the right to charge. Some
‘companies have a basic charge but this does not mean they
will always make it or that this is a maximum. In many
cases replacement components are extra and charged at
cost. Josty guarantee unconditionally no service charge.
Heathkit charges vary but are never higher than 10% of the

ELECTRONICS TODAY INTERNATIONAL—JANUARY 1975
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kit's cost. A V" in this column indicates that charges
depend on the work necessary. Most companies (not all)
make no charge if a faulty component is to blame.
Overseas. Some companies are not prepared to despatch
orders overseas. Of those that do, virtually all charge
extra postage but are less VAT making some prices cheaper,
other dearer.

Literature. Leaflets are available for many of the Kits.
Josty, Heathkit, Tandy and Amtron have detailed cata-
logues which contain full details (Amtron -have a 10p
charge for this). A large stamped, self-addressed envelope
should be sent when requesting leaflets etc.

Size. Dimensions of the completed unit to nearest %",

Suppliers are listed at the end; the number refers to the
company from whom details are available. Tandy kits are
not available mail order; Josty kits are available mail order
but only from certain retailers (these are given in their
catalogue). *
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ETI KITS REVIEW

Amtron Shown above is the UK185 with
20W per channel and 0.5% distortiorl,
Frequency response is 20Hz-20kHz 1dB
with three inputs. 15 transistors are used
in the circuit. The UK187, shown on the
cover, is also 20 r,m.s. per channel and
has a similar speclfication, the main dlffer-
ence being a ‘Quadrik’ feature which gives
a 4-channel effect;: The UK110/A Is a very
simple amplifier without power supply and
case but can be run from 12V.

'|amtron UK110/A

e G

Heathkit do several stereo amplifiers, the
one shown is the AA-28 producing about
35W per channel, The spec puts this into
the true Hi-Fi category. The AA1214 glves
15W in each channel, has a good spec
though not as high as the AA-29,

Henelec Texan Now a well established
design, 20W per channel and with an
excellent specification., Very slim line
construction and originally designed by
Texas engineers. .

Harverson Despite the name this gives

14W r.m.s. per channel (nice that some
people are conservative). Has very good
specification. Price here includes power
supply and cabinet which are avaifable

separately.

Josty 310 is made up from four individuat
Kits which require a cabinet to house them.
Specification is said to be good and output
of the system is 10W per.channel.

Helme XL Range includes five models, one
is shown above. No soldering is necess-

ary in most cases, Cabinets have to be built
from your own resources but instructions
and diagrams are provided.

=

Baker Major Module is provided as speakers
with a simple crossover, handling power is
20W. Baffle board is provided.

36

Amtron UK185 1.00
Amtron UK187 | 74.64 24|V |X {1.00
21.60 [10{X |V |5.00

Harverson 10+10
Heathkit AA-1214
Heathkit AA-29 113.50 |24|¢ [X \"

Henelec Texan
Josty 310

33.93 6 [X |V
47.23* 14 |V v | -

C |7x3%x2 |5W p.c. Needs case. 12V ' 1_;
| operation, 5
C {14%x10 [20W p.c. 11
x3%
C |18%x10 {50W p.c. Synthetic Quad | 1!
x3% | facility.
X 112x8x | Testmeter essential 14
4 12% {
C . 15
C |5%x16% | 15
x14% i
v | 14%x6x2 17
- Uses GP310, NT310 and {20
2xAF310 kits.

Baker Major
IModule

Helme XL Range

R&TV |

Components 950

Heathkit AS-9515 [14.05 2 [V [V A"
AS-9520 (3460 2V [V] V
AS-9530 {54.00 2 IV VvV
AS9560 [81.00 |2 |V [v]| Vv

v |19x12% |Requires cabinet. | 2
v - Various kits. Need cabinet3 16
i (also available as kits).
Xt - .5 speakers and crossover. {22
Requires cabinet.

C |[7x12x6 |15W " 15
C |12x20x |20W

10
C |16x26x {30W

12
C [32x16x |60W

12

Amtron UK540/C
Heathkit AJ1214

Heathkit AR2000 {105.90 [25]v [x| Vv

C |12x3% |Not stereo. Inc. cabinet. 1':
x5% L

Cl 115

C |24%x4% |Cabinet extra. 115
x11

Heathkit have four speakers covering 15W-
60W. These come compiete with cabinets.

R & TV Components have a set of five
s%ﬁkers with crossover which will handle
4 o

Amtron UK540/C..An AM/FM tuner (no
amplifier). Inexpensive but does not have
a decoder.

Heathkit AR2000 has LW/MW/SW and FM
with a stereo amplifier giving 18W per chan-
nel, Spec lifts this into the Hi-Fi category.
Alternative attractive cabinets are available
for £10.80. A less expensive AM/FM tuner-
amplifier from the same company is the
AR1214 giving 15W r.m.s. Tuner has MW
and FM bands. Cabinet included.
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124.20 18]V (X{| V

0|1X[(X]| V

Heathkit AJ1510 [314.00

Henelec Stereo FM| 23,13 | 5{X {y |2.00
Mk 1 _ i

FM Varicap Stereo | 28.50 21V [V | V
Tuner : i

Josty HF325 28.44* v =

I._Nelson Jones 32.21 7iIXiX] VvV

|Hart FM3 31.16 3¢V IX

Integrex Low-cost | 29.00 | 3|/ |X| Vv

Stereo Tuner

1.00 |

iC |5%x16%
x14%

C |6x16%x
14%

Y | 7%x6x2

v 18%x2%x
6%

c =
v [6%x15%
2%

V |4%x1%x

1v |6%x15% |
x2%

Inc. cabinet. Reviewed in
ETI Oct. 74.

Reviewed ETI June 74.
Reviewed ETI June 74,
'No cabinet. Part module.
Price Inc. Lowest cost
decoder.

Uses modules. fnc. Case.

#Inter-station mute.

20
18

134

18

268 [1lvi{V| V

Sinclair Micromatic

Heathkit Tiger FM.|10.20 51V IX| V

Globe Patrol 15.49* |3 |¢¥ [X] V

Heathkit 4-Band  [33.50 8 |V X]|] V

SW717 1

Heathkit 6-Band [96.15 [16[4 {X | V

GR78 i

Amtron UK525/C {12.71 |4 1/ {X {1.00

Amtron UK 546 | 6.65 {4 |V |X [1.00
AM/FM _ ’
lAmtron UK515 | 7.92 |4 {v {X {1.00 |
Amtron UKS00  |29.01  [15{y {X {1.00
Josty HF75 | 395* |1 |viv| -

Codar 117.33 |5 |V |X |2.00
{Multiband-6

Johnson’s CV2 500 {2}V |V |1.50 |
Globe King w1

HAC DX 450 |2 [/ [x|1.50
One-Valve J |

HAC K Mark 2 850 [21V X {150

IV [1%x1%x

Y

C [11x6%x
3%

1C |5%x14% |
x8

x9

C |6%x5%x
2%

1 [3xax1%
C 16x3x1%
C [16x3%x
5%
C : =
v {11x5x
4%

v [4x4x2

Vv [6x6x4

V {6x6x4
C {5x9x4

C [6%x11%

'80~-180MHz

only.

120—160MHz
25—-200MHz

MW Radio

JAM/FM Receiver

:'S.W. tuner

S.W. tuner
4 Bands

‘Ultra miniature, earphone |

119

|12
124

20

12

Sinclair Micromatic. Perhaps the most
common introduction to kit building. Has
been around for years but remains a favour-
ite. TRF, reflex, two transistor circuit using
two mercury batteries.

H.A.C. have two Kkits, one using a vaive but
is a tried, tested design. !deal beginners Kits.

Josty The inexpensive HF75 wili pickup
high frequency transmission, either AM or
FM including the aircraft bands. .

ELECTRONICS TODAY INERNATIONAL—-JANUARY 1975

Heathkit have two, very high spec FM
tuners. The AJ29 is of fairly conventional
design but the AJ1510 Is an incredible unit
with digital tuning and a fabulous number
of facilitles. The AJ29 is illustrated above.

Henelec Stereo FM Mk 111 uses slider pot
to control the varicap tuning. 9 transistors,
9 diodes and decoder i.c. aré used. No test
equipment is required. Can be modified to
cover aircraft bands.

Hart produce an unusually shaped push-
button tuner using prealigned modules. This
is Icleslgned to be adjacent to record player
plinth.

Electrospares FM varicap stereo tuner has
five push-buttons and uses pre-aligned r.f.
and i.f. modules. Incorporates PL.L decoder.
Attractive cabinet included.

Josty HF325 uses prealigned tuner which
can operate from 12—55V, designed to
connect to their HF330 stereo decoder
(£11.40).

Integrex produce two FM tuners, the
Nelson-Jones which got a good review in
June's ETI albeit a fairly complex kit. They
have since brought out a simpler, slightly
cheaper model which uses prealigned
moduies.

Amtron have a variety of recelvers and
tuners covering most bands, inciuding some
unusual features. Those interested are refer-
red to their catalogue.

Codar The Multiband-6 comes from a
company who normally produce ready-
built receivers. It is a TRF covering
550kHz—30MHz. Uses four coils and
modules, SSB facillty. Loudspeaker not
supplied. Uses PP6 battery.

Heathkit have a wide range of receivers
ranging from portable sets such as the Tiger
FM up to muitiband receivers of professional
quality. The SW717 covers 550kHz to 30
MHz with a large dial. The GR78 has addit-
ional long wave and better bandspread.

Runs off rechargeable batteries.

Johnson’s market a triple purpose VHF
kit covering 8 —180MHz, it can be used as
a converter, tuner feeder or as a recelver
with headphones,

Tandy Globe Patrol. A simple receiver
covering 540kHz—30MHz. Bullt-in speaker
and comes with ‘where to listen’ guide.
Battery powered.

2317



ETI KITS REVIEW

Heathkit have a push-button car radlo kit
In thelr range sultable for 12V +ve or —ve
chassls modals, Medium and long wave
coverage,

e ey, D

T -2
5 an

b A’ o o

R & TV Components produce the Inexpen-
slve Tourlst In two models, the Mk | which
is cheaper but requlres qulie a blt of work
but the Mk |1 s sultable for beginners as no
soldering Is requlred! The company tell us
that there are considerable delays at present
on the Mk |1,

Heathkit have two
Induction balance
metal locators In
thelr range, the
GD348 Is shown.
This has speaker
output and a meter.
The GD48 Is an
older model, stiil
available, at a lower
price.

Minikits market the Treasure Tracer Mk 111
with speaker output and using the BFO
rlndclple. This comes with a prebullt search
ead. ]

Amtron produce the electronlics sectlon for
a metal locator operating using the BFO
principle. A handle Is all that Is required.

Heathkit have several calculators in their
range, the one lllustrated is the desktop
1C2108 which Is mains operated with large
displays. Rechargeable models are also
available.

B

e i g

(=%}
| .
-m

i = i

Sinclair calculator kits are well known and
ETI has given details in the past of both the
Cambridge and Scientific (the Sclentific kit
is illustrated). At £19,95 this is by far the
cheapest scientiflc calculator.available.

38

5|9 |X Push-button
Tourist | 7.15 7 [X X [250 |X |V |7x4%x2 |Push-button 221
Tourist || 8.25 12 IV [X |2.50 {X |V {7x4%x2 |As Tourist | but no 22

soldering. (long deliveries
| at present)

Heathkit GD 348 [48.60
Heathkit GD 48

Treasure Tracer
Mk 111

Handle not included
" Induction Balance
 Induction Balance
‘BFO

Other models available
'Desk top model.

Electroni-kit

Tandfl

Electroni-Kit have a wide range of bullding
modules for the absolute beginner, the sim-
plest of these will make up 16 projects
whilst the largest enables 150 circuits to be
built. There are ‘add-on’' kits also avallable.
Each comes with a very extensive manual
describing each circuit.

Tandy stores market four starters modules
which are a base-board with spring clips.
All that is necessary is to connect hook-up
wires to the points specified. The simplest
makes up 20 circuits whilst the dearest has
100 ideas. These come complete with an
educational manual.
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W v

Cross-Hatch
Generator

A.F. Signat
Generator UK437

Digital Frequency
Meter IB-1101

hart Recorder
IR-18M

5MHz General
Scope 10-102

8.7

23.20

91.80

100.45

84.25

115

12

20|

1.77

1.00

5%x3x3 |Leads 54p extra

3%x8%x | 1Hz—100MHz, 5-digit.
9
15x6x9% | Paper rolls £2.20 each

12%x9%

|x16%

15

Bi-Pre-Pak sell a Cross-Hatch generator

whlch enables a colour TV set to be pro-
perly converged. This is cheap enough to
fit permanently Into the back of your TV,

Amtron’s UK437 shown on the cover and
Is an A.,F, Signal generator covering 15Hz—
22kHz in three ranges. It has distortion of
1% and a maximum output of 2V. Amtron's
range in the test gear fleld is extensive and
reference should be made to thelr catalogue,

The Amtron and Heathkit catalogues both contain an extensive range of test equipment. Readers

interested primarily in test equipment are referred to these. Both these catalogues and the one
from Josty contain details of numerous power supplies.

Amtron UK875

Bi-Pre-Pak
Dabar Scorpio

Electrospares
Scorpio
Heathkit CP 1060

Sparkrite Mk2
Tandy

6.73
12.72

11.50

25.95

'10.93
28.95*

W

1.00

x [1.87

2.16

2.20 |

2.50 |

K

v

C |

4x2%x |—ve earth.
2:/‘ L i

; 5%x4x3 | ETH Design, +, —ve earth.

TY%x4%x |6/12V, +, —ve earth.
2%

4%x3%x |6/12V, +, —ve earth.
2% % gt T

é%xS%)&; —ve earth.

& y

6x4x3 |+, —ve earth.

5%x3x3%4 —ve, earth.

(o
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Heathkit have a very wide range of test gear
in their catalogue, We show thelr 10-103
Scope and the | R-18M chart recorder on the
cover. The range In the test gear Is huge -
several osclifoscopes and dlgital frequency
meters'for a start, This varles in cost from
true professional to amateur market.

=
RHIUATH

el |

BILITRC T

Bywood's Digitronic I} is a Kit available In
various versions from a company who spec-
iallse In digital clocks. A recent ETI offer

on these proved very popular. The Digitronic
i Is shown on the cover.

2&& ‘%'.
A mz«%ﬁ 7

Heathkit’'s GC1005 Is one of the company’s
most popular products and Is featured on the
cover their catalogue. it has an alarm fac-
llltz, Another model - the GC1092A at
£50.80 Is now avallable with a varlety of
extra features Including reserve battery
operatlon.

Amtron aiso have a digltal clock In thelr
range which uses 15 TTL Lc.s.

3
Bi-Pre-Pak’s electronic ignition is based on
the ET1 design of September 1973, This Is
sultable for positive or negative chassls
operation and incorporates a burglar foiling
devices.

£
39
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Forgestone have the only DIY colour TV
kit on the market; this is available with
several screen sizes. Details were given in
November 1974 ETI.

Heathkit market a 12in. B & W TV for the
U.K. UHF bands which can be mains or
12V battery operated.

E.D.A.’s Fluorescent light is a simple unit
which runs from a 12V battery and pro:
duces 8W.

Cosmic’s Nova Light Display is a slim unit
which needs no direct connection to the
sound source; a mike is used.

Teleradio’s Microtol Radio control equip-
ment is sophisticated and controls up to
five functions.

Tandy market a pair of stereo headphones
in kit form which incorporate a volume
control for each ear. 8-24 ohms.

Tandy’s Lle Detector relies on changes
in skin resistance under tension which
alters an audio tone.

Amtron’s Noise Reduction unit alters the
pass-band dependent on input level thus

being more-effective than a scratch control.

Amtron’s Guitar Preamplifier has low
output impedance and is suitable for most
guitar magnetic pickups. Gives 32dB gain.

Aerial Preamplifiers are available from
Josty and Amtron. Details of frequency
coverage and galn are in the catalogues.

-
 cEeEEEE AITID S9EEees
cpACTIVE T
BURGLAR \ L
ALARM darm{
@) ' off
AR

Amtron market a number of burglar
alarm units which use a variety of trigger
systems. The UK790, a capacitive type,
switches when a body comes near it.

Heathkit's Informer Ultrasonic Intrusion
Alarm is built into book form. It has a
built-in 30 sec delay. A suitable alarm bell
is available for £7.55.

Light Dimmers covering 200W to 2.2kW
are sold by Josty and Amtron,

40

Heathkit GR9900

68.00

= - . )
Fluorescent Light | 3.19 [% |V |V |85p |V |V |12x1% |Diffuser 59p each. 8
A : | x2 ;
Nova Lighting  [26.3¢ {3 [V |V | v [V |V [24x12 eﬁ
Cisplay I 1x1% ] ‘
Microtrof Radio  |88.60 X|vi v VIV - Complete system. 25
Control |

Stereo Headphones|13.49* (3 |V [X v Ix|c - 24
Noise Reduction | 876 |4 [/ [X 11.00 |V |C [4x3x1% 1
Unit UK127 } : -

Lie Detector 7.95% (3 |V IX| Vv |[Xic| - 24
Guitar Preamplifier| 562 {2 |/ |X [1.00 |/ {C [4x3x1% 1
UK835 ]

AM/FM Aerial 3.59 2 |V IX|1.00 |V [C |3x2x1% JVHF/UHF (UK285) -1
Preamp UK230 ]
Aerial Preamp 6.51* 121V |X| — [/ |C = 20
HF380 |

Capacitive Burglar } 8.94 3 |V |X [1.00 {V |C {4x3x1% | 1
Alarm UK790 i

Ultrasonic Alarm [26.08 20{v |X [1.00 |/ |C |6%x2x 1
UK815 5% |
Heathkit Informer |28.10 12(v IX | V C |2%x10% jUltrasonic 15
GD-39 ; X% : i
200W Light 8584 (2 |V |X[1.00 |V (C |3x2%x 1
Dimmer UK640 {1%

400W Light { 560% |2 |vix| = (vilc| = 12.2kW version availabie. |20
Dimmer AT56 1 5 |
Psychadelic Light |17.85% |2 |V |X| — |/ |C] - 20
Control AT65 |

Digital Thermo- {3890 {12|v |X | V C |2%x7x5 15
meter 1D-1390E | 1
|Stereo 21 20.55 4 1/ | X |£2.50)X | X - No soldering. 22

Josty'’s Psychadelic Light Control 400W

in each of three frequency channels, Lights,
case etc. are not included.

B s

b e

R & TV Components

o

have a very inex-

pensjve stereo system which gives a very
decent sound if not Hi-Fi. Glue is all that

is required.

Heathkit's Digital Thermometer has the
appearance of a digital clock and gives
either Fahrenheit or Centigrade readings in
the range —30° to +50°C. Monitors both

inside and outside temperature.

on
or

TELERADIO
ELECTRONICS

If you require further data
radio control
quality amplifier Kkits
send s.a.e. to
325-7 Fore Street,
Edmonton,
London N9 OPE.

systems
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Amtron {(U.K.) Ltd.,
4-7 Castle Street,
Hastings,

Sussex.

Baker Loudspeaker Co.
Bensham Manor Passage,
Thornton Heath,
Surrey.

Bi-Pre-Pak Ltd.,
222-224 West Road,
Westcliff-on-Sea,
Essex.,

Bywood Electronics,
181 Ebberns Road,
Hemel Hempstead,
Herts.

Codar,

Valcon Works, Burrell Buildings,
Churchill Industrial Estate,
Lancing, Sussex.

Cosmic Electronics,
62 Ongar Road,
Brentwood,

Essex.

Dabar,

98 Lichfield Street,
Walsall,

Staffs, WS1 1UZ.

Electronic Design Associates,
82 Bath Street,

Walsall,

Staffs, WS1 3DE.

Electroni-Kit,
498 St. John's Street,
London E.C.1.

Electrospares, .
288 Ecclesall Road, -
Sheffield.

Forgestone Colour Developments Ltd,

Ketteringham,
Wymondham,
Norfolk.

H.A.C. Shortwave Products,
P.O. Box 16,

East Grinstead,

Sussex, RH19 3SN.

Hart Electronics,
Penylan Mill,
Oswestry,

Salop.

Harverson Surplus Co. Ltd.,
170 High Street,

Merton,

London S.W.19.

Heath (Gloucester) Ltd.,
Gloucester GL2 6EE.

Helme Audio Products Ltd,
Summerbridge,

Harrogate,

Y orks.

Henry’s Radio Ltd.,
303 Edgware Road,
London W2 1BW,

Integrex Ltd.,
P.O. Box 45,
Derby,

DE1 1TW.

Johnson's Radio,~
Shaw Street,
Worcester,

WR1 3QQ.

Josty Kit (U.K.) Ltd.,
P.O. Box 68,
Middlesbrough,
Cleveland,

TS15DAQ.

Minikits Electronics,
35d Langley Drive,
London E11 2LN,

Radio & TV Components {Acton) Ltd.
21 High Street,
Acton,

London W3 6NG.

Sinclair Radionics,
St. lves,
Hunts.

Tandy Corporation,
Bilston Road,
Wednesbury,
Staffs.,

WS10 7JN.

Teleradio,
325 Fore Street,
London N.9.




AMTRON
PRICES
ARE GOING

DOWN!

VUST LOOK AT THESE
FPRICE RECUCTIONS

% UK 187 HI-FI QUADRIK STEREO
AMPLIFIER 20 + 20 W.
OLD PRICE £110. 45NOW£72 23
UK 390 VOX
OLD PRICE £14.98 NOW E11 '17

UK 460/S PM SIGNAL GENERATOR

OLD PRICE £19.96 NOWE15_95

UK 500 LW/MW/FM RECEIVER

FORGESTONE
400

a high quality
colour television receiver,

A complete and up-to-the-minute
Electronic Kit*
with all these plus features . ..

9 integrated circuits Thick film resistor units
Ready-built and Glass epoxy
aligned IF module printed circuit panels
High quality components Fully isolated power supply
Plugs and sockets for Each module kit
easy panel removal available separately
Full technical LT supply regulator
construction manual :
*less cabinet, which can be manufactured yourself
from normal DIY sources.
Send for further details of the Forgestone 400. . .
the quality kit for the constructor of today.

Forgestone Components

FORGESTONE COLOUR DEVELOPMENTS LIMITED
Ketteringham, Wymondham, Norfolk .
Telephone: Norwich 810453 (STD 0603)

OLD PRICE fﬁf_ﬁg NOW 1_
eLecmonic || soncomrezoes
IGNITION - ==""¢21-03

= UK 560/S TRANSISTOR ANALYSER
I SCORPIO MKk Il OLD PRICE £36.22 NOW
' —= "22-01

! Capacitor discharge
ignition system

(Reviewed ‘Safer Motoring’ PRICES
May 1974) INCLUDE VAT.
AVAILABLE IN 6V, or 12V, VERSIONS :
© Promotes easier starting — even under sub-zero
conditions,
©® |mproves acceleration, gives better high speed perform-
ance and quicker engine warm up.
® Eliminates excessive contact breaker burning and pitting.
® Promotes Fuel Economy.
DON'T TAKE OUR WORD FOR IT!

Send s.a.e. for copy of ‘Safer Motoring's’ independent test
report, together with further details and prices.

Available in Kit form .o, £1178
(Construction maiual available separately at 25p)
Built and tested unit, ready for B i
fitting to your vehicle .....oovvriiniiiniiiieniiinnne, £14.49 4 & 7 CASTLE ST
PLEASE ADD V.A.T. TO ALL ORDERS AND STATE HASTINGS
WHETHER 6V, or 12V, UNITS REQUIRED. SUSSEX TN34 3DY

DABAR ELECTRONIC PRODUCTS e
98, Lichfield Street, BARCLAYG
Walsall, Staffs. WS11U2, —

TEL (0424) 437875.
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FAST SERVICE.

RAMTIFL

SEND C.W.0, ADD VAT TO ALL PRICES IN U.K. P&P 1%P. EUROPE 25P,OVERSEAS 65P.

ELEGTRDMIOS LT
58-60 GROVE ROAD,
WINDSOR,BERKS.

MONEY BACK IF NOT SATISFIED.
LARGE STOCKS. LOW PRICES.

ALL BRAND NEW TOP. GRADE FULL
SPEC DEVICES,CALLERS WELCOME,

CATALOGUE/LIST FREE SEND S.A.E.

Digital Displays ¢

IC’s & Semiconductors

vero P

MHI kits are
basic chips.

outputs from
anode LEDs

used, Other

might buy an

transformer)

The additi

a mid-way approach to building digital

clocks, mid-way that is between a complete kit and

The MHI kit contains clock chip, socket,

CA3082 degment friver, and a fibreglass PCB. The

the PCB are suitable for driving common
such as the DL747 and DL707, most

manufacturers versions of these displays can also be

outputs from the PCB are for switches

and any alarm facilities that the chip might have, thus
we have a clock module in exactly the same way as you

audio amp module.

The MHI clock kit is partnered by the MH! display
kit, a set of four or six LED displays plus a PCB. This
PCB. interfaces directly to the clock PCB. The four
main units {clock PCB,

display PCB, switch matrix,
may be mounted up to 15 apart from

each other for use where there is not room for the
whole unit behind the display board.

onal components required to complete the

unit are standard components available through most
component outlets.

CLOCK KITS — DISPLAY KITS —
MH1-5314/S £ 9.40 MHI-D707/4 £ 7.60
MHI-5025/S £11.3b MH!I-D707/6 £11.00
MH1-7001/S £12.50 MH1-D747/4 £10.25
MHI-D747/6 £15.15

All prices on this advert exclude VAT.

Evil

702 OPA 69p MEC4000 W AF 35p - VERO' PINSx36 25p
MINITR0X 3015F 703 RE/IF 28D HFC4060 S4p SPECIAL OFFERS COPPE "
25Dp 3i.1% oa 70D T098 21p HEC6030 52p 741 29p MEC4000 3 PER CLAD VEROROARD O.
i : 709 DIL 14  20p MFC6040 90p $55 670 TNG19 3105 iix5  20nTiRET 24p. 3"‘3“271"
LED 0.3" digit 710 DIL 14 .36p MFC8010 £1.10 . : Sixsy 2opSixlyy Jeli
5730 f1.40%a A0 DIL A4 36 jEgsot> o BC107,5C108,8C109 9p ea | DIL IC's BOARDS 6x45” m.so
JUMBO LED 0.6% 723 Regulator67p NES31 35V/us £2 NsoAa, eeliheeer sor RIgl) @Ay edgsi connectons _ 50p
T 0-3DP £2.25 ea 7741 T099 29p NE536 FET OPAL2 INz8leE lg; 2\3015’%3;;“ 36way 90p. PLAIN 33"x17 €1
B . 3 N
| Lrquin cavstau 141 DIl 2%5 NES40 Driver f1 aFY0751/ 00/ anr TaF FACE CUTTER 43p. FEC ETCHANT
§ digit £18 747 Dusl 741 39% NELZ0 2v tef 79p 1A50Vrect 4p ea 1N914 4p @@&@E@@@@@p
748 DIL' 8  36p ) ) : ;
1505 1C A/D NESS5S5 TIMER  67p Price eachi~ PRINTED CIRCUIT BOARD KIT £1.69
o e NES56 Dual"$1.30 AC127/128 16p TIP2955  9Op COPPER BOARD 6x4" 40p.
Tl = sk SES60 PLL L3.15 2C1875188 19p TIP3DSS  ssp DESOLDER BRAID reel 59p
. NES61 £3.15 D161/162 35p TIS43 UJT'25
X SOURCE OR RED DIFFUSE 1% ooy 1o NE562 PLL §3.19 BC107/8/9 9p INAQDI i g/F;?TSlNI.(S
5 STYLE.NO CLIP. 14P ea 1812 1ALEY 31-0 NE565 PLL £2.69 BC132/4/7 18p  IN4OD4 o SE 12 &T18§/1018 5p ea.
5% RED LED & CLIP 17D i NE566 Gen £2.49 BC147/8/9 10p IN4138/914 4 p.TV3/TO3 16p.4YI/TO3 29p.
- €2l OBOS hIAE D NE567 code §2.69 BC1S7/8/9 12p  2N697 135
g m 76013 6W AFE1,39 4 P CAPAC
ED LED & CLIP 18P ea [S013 .00 AFE1.S SN72709 709 29p gglg;;g;g 12p 23700/8 10p Do d ITORS .
E & GREEN LEDS: SN72741 741 3lp 1 9 18p 2N2646 49p 22pf to 0.luf 4 ELEC
5P ea BIG & CLIP 3 CA3046 69p SN72748 748 36D 8C182/3/4*11p 2N2904/5 20 P _ga-ELECTROLYAIC
3P ea LM301 OPA 49p SR tla0  BC212/3/4+12p  2N296royg Qg ggxsé4é0650/100uf 6p.1000uf 20p
LYERA RED LED £1.205777 33P. B0y QP it o e . “Aor L IN3053 17p ERT:5p RESISTORSSS 1:p
\ 5
s 0 Ic/amp/switch £1.  LHIOE HiboPs Y5p Syreeln 1 1.z Ao/l e BTy POTS ABorEGIN
. D b
DIGITALCLOCK (0L 7 et Bt Doy woenon s isv i s
372 ! : BFYS3 17p 2N3704/5 10p SLIDE :
MOS INTEGRATED CIRCUITS, L5 L3 RKPHT s BSX20 12p  2N3700/7 9P BB INGLENZ6p-I0UBLE C8p)
AYS1224 4 DIGIT CLOCK supplied 377 2x2H £2,68 ZN403 Servof2.50 MIE2955 955  ou370879  8p SWITCHES:SPSY 18p,DPDT 25p.
with 14pin socket & data £4.25 B};g?)z‘; ig Sg% ING14 AM RxE1.09 MJE3055  62p 2x3710/11 95 MINI i":SPST 39p.PUSH 39p.
MMS311/14 6 DIGIT CLOCK with Lmsaz)amg gig%ﬁput 4213 2¥3563/64 16p BENCH POKER SUPPLY 3-12V §5.
28 pin socket & data £7.50  LM3900 4xopA 69p ,1qn TTL TIPZYA 432 g}lgggg/fﬂ igg DIN PLUGS all 13p ea.Sockets Op
; R ‘
3DIGIT DVM AYS3500  £7.50 P 1L TIPI0A  57p 2N3641/2 1pp LKANSFORMERS 1A 6/12V i1.34
4DIGIT COUNTER/DRIVER §£7.50 & f1.20 7400 etc gates 16p  TIP3IA  6lp  2X3819% BHA 0002 MODULE 1SWATT AMP £5
HC1306 49p 7413 schmitt  3lp P 2NIBLOL 16p o t LD
MC1310 & LED $2.69 7447 driver £1,09 (ARSI ISR [INSBNIE. D g AL EOULDw L2
CASSETTE MC1312 SQamp £2.50  7470/72 32p ipah iep 2N‘§904/6 14p  8W/12V FLUGRESCENT LIGHT £3.
. MC1330 69p 7473/71/76 39 d P znized i6p
methunusgﬂ 2°5©Mc1§39 g1 7475 455 BZYSS 400mW TAG 17400 S5P DiL SUCH Ets
STEREQ CASSETTE MECHANLSM, :13355(1) 3oe ;jgg ‘é"““’t‘” o3p ZENERS 9  Cl07D1 SCR PROFESSIONAL
B : p ounter BRIDGE R ar/400V 5 :
As used in imported types MC1352 71p 74121 mono 455 lAlsgb' EC;O / P goégﬁgLQ$€gN
costing §£100.0nly requires WMC1357 il 74141 driver 83p e ; I
a case § electronics,Heads HC1358 £1 . GAS SENSOR £2  SCl46D TRIAC SR oreic! RIN
supplied,Send for data 15p. MC1375 £1.25 Full vange in Cat.. GAS " KIT §5 10A doov 75p  ONLY 15p each.

CLOCK CHIPS:

MMB314

MMB311
MKB0250
CT7001

CT7002
TMS3952

HEEC2

CT6002

MM5316

Basic 12/24Hr, 6 digit, B0/60Hz chip. £ 7.20%

7 seg outplts. Very popular, simple
chip.

As MMB314 but with additional BCDO £ 9.00
outputs.

6 digit alarm chip with alarm tone out-
put, Standard basic alarm facilities.
Time, Date & Alarm on one 8 digit

chip. ‘The Alarm can be used in 3 modes
including a time switch, Clock-Radio &
Snooze features. 7 seg outputs, 50/60Hz
or 100.8kHz input frequency.

As CT7001 but with BCD outputs not

7 seq.

Stopwatch chip, most reqd. stopwatch  £10.50
functions 6 digits (hhmmss or mmssss),

300kHz input. 7 seg output. Special price.

8 digit (HhMmSsss), stop/start/reset, £ 8.50
BOHz/60H2z/100kHz input, BCD output
hard-wired alarm with repeat (snooze),

Can also be used as 8 digit decade counter,
CMOS chip for Liguid-crystal displays, £19.54
12Hr, 1Hz colon, input 32768Hz or

65536Hz. Runs on 1.5V hearing aid

battery for a year.

4 digit non-mplxd alarm chip, will £15.00
direct drive 1-¢c or phosphor-diode displays.

£ 7.60%
£ 9.80%

£ 9.80

* Available in a MHI kit.

BYWOQOOD ELECTRONICS,
181 Ebberns Road,

Hemel Hempstead,
Herts. HP3 9RD.
Tel: 0442-62757
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Yamaha's CA-800 switchable class A/class B amplifier reviewed.

A SMALL but vocal number. of hi-fi
enthusiasts insist that for truly
distortion-free amplification, nothing
but Class A operation will suffice.

Even the best of Class B amplifiers,
they insist, is an electronic
abomination.

Until now this argument has been
difficult to evaluate. Whilst some Class
A amplifiers are audibly better than
their Class B counterparts, the
difference may well be due to things

other than the operating mode of the
output stages!

Now, Yamaha have produced a
high-class amplifier with an output
stage that can be switched to either
Class A or Class B operation.

The amplifier, Yamaha's CA-800 —
has a number of other unusual features
as well. Like Leak’'s old Varislope
units, the CA-800 features
variable-slope cut-off frequencies for
bass and treble filters. It also has a

usually called ‘Class B’.
as one’pushes’ the other ‘pulls’.

conduct and the other to turn off.

have very low distortion indeed.

or saturation.

Class A amplifiers.

Most power amphflers have outputstageijl}a‘v
In this mode of operation, two pown_f_
Al positive going signal, for example, will camg
can be achieved econmically, but so- caHed cr 58
generated unless the circuit is very carefu,lly de

Despite this ‘disadvantage’, several modem Cla

Class A amplifiers have an output stage, ar ngmf
input levels, the output transistors-are never.dﬁm ’

In theory, the output waveform is |dent|éa}
Distortion is very Iow mdeed but the dutputn
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variable loudness control that operates
independently of the main volume
control.

A very wide range of facilities is
provided. There is a bass attenuator
with a cut-off frequency selectable at
either 500 Hz or 250 Hz — together
with a central ‘defeat’ position; a
treble filter with cut-off frequencies of
2.5 kHz and 5 kHz; a low frequency
filter (70 Hz and 20 Hz) and a high
frequency filter {12 kHz and 6 kHz).

Also provided is a switch for
selecting Class A or Class B operation,
and the aforementioned loudness
control which provides a set of
contours for true compensation for
the physiological response of the ear.

The rear panel of the amplifier has all
necessary inputs together with a
preamplifier out and main amplifier
input sockets with an electrical
coupler switch; two microphone
sockets; and a switch for selecting
impedances of 100 k§2, 50 k2, or 30
k€ on phono 1 input.

With one or two minor exceptions,
the amplifier is constructed to truly
professional standards. For example,
each of the audio sockets on the rear
panel, with the exception of the
speaker outputs, is terminated on a
printed circuit card which is itself
connected to the preamplifier cards via
gold-plated plugin sockets. The
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preamplifier cards themselves are fully
shielded from the rest of the unit by
well designed steel covers to reduce
magnetic and electrostatic induction.
The function selectors extend through
from the front panel to switches which
are incorporated within this shielded
cover. All of the circuitry mounted
behind the front panel is also shielded
in either individual sub-shields or
partial shields around individual
switches and terminations.

In keeping with the latest technique
in amplifier layout, the main amplifier
cards and their associated heat sinks
are constructed as complete modules
with direct connection between the
printed circuits and the power
transistors.

It was interesting to note that the
leads running close to the heat sinks
are individually protected with glass
insulation spaghetti to preclude the
possibility of melting or shorting
wires. The printed circuit cards are all
individually coated on the rear faces to
prevent corrosion, electrolysis and
fungus, problems which plagued many
earlier and cheaper pieces of Japanese
equipment.

One of the few details that precludes
this amplifier from being a fully
professional unit is the use of phenolic
resin based cards in lieu of the more

SUMMARY: The Yamaha CA800 amplifier offers a
performance which is generally better than most

other amplifiers regardless of price.

It is designed for

the purist who is seeking the ultimate, but that the
ultimate is “CLASS A" output operation is something
that has yet to be proven!

HOW IT PERFORMED

Evaluating the electrical performance
proved to be particularly interesting,
for excellent though Yamaha's claimed
specifications are — the unit is in most
respects even better!

In the Class B mode for example, the
amplifier is capable of producing a
true 60 watts into both channels at 89
impedance with a distortion leve!
lower than the manufacturer claims
for 50 watts. Likewise, the
performance at 12.5 watts in the Class
A mode is better than Yamaha's claim
for 10 watts (both channels driven
into 8Q2).

It is of course the matter of
distortion, its measurement, and its
subjective evaluation, which makes
this amplifier different from all others,
for Yamaha have provided the facility
for being able to select Class A or Class
B operation at the flick of a switch.

Amplifiers, whether Class A or Class
B generally produce more distortion at
low power levels than at levels closer
to their maximum power output.

A 60 watt Class B amplitier for
example may generate four or five

times as much distortion at five watts
output than at 50 watts output.

Class A amplifiers have similar
characteristics, but to a lesser extent —
so that a 10 watt unit (quite large for
Class A operation) will be working
‘closer to its lowest distortion point at
the same five watt level.

At least that's what all the text

books say — but to some extent
Yamaha appear to have hoisted
themselves by’ .their own petard,

because the CA-800 working in Class B
produces so little distortion anyway
that further reduction by switching to
Class A seems to be of only academic
interest. Certainly it can be measured,
but after many hours of very careful
listening at all sound levels we could
not hear any difference.

Yamaha claim that the very low level
of residual distortion at low listening
levels (in Class B) can be heard. It
could well be, but it must be by
perfectionists whose'hearing is a great
;deal more sensitive than ours!

Continued on next page.

YAMAHA CA800 STEREO AMPLIFIER

often used epoxy glass cards found in
E poxy g R Power Output (at 1kHz) CLASS B
true professional equipment. LASS A
The amplifier design incorporates a Frequency Response at rated output

p o at 10W output
number of highly desirable features " " at iw ou;lplet

60W (rms) into 882 both channels driven
12.5W (rms) into 8§} both channeis driven

‘20HZ to 20kHz +1dB

20Hz to 20kHz _ldB

20Hz to 20kHz *1dB

including a relay operated protection Channel Separation at Rated Output  100Hz —37.5dB l1kHz, —38.0dB
i i i i Hum & Noise re Rated Power
circuit to switch off speakers in the Volume control at maximum gain —70dB (Lm ) —87dB (A)
event of a substantial dc level Volume control at minimum gain ~ —68dB (Lin.) —87dB (A)
i i Input Sensitivity for Rated Qutput CLASS A CLASS B

appearing at the speaker termlna[s. I (T o

There is also a fully-electronic Aux. 2 50mV 100mV

protection circuit to protect the | - LI 20myiy 102m

ifi i ili Phono 2 ; 2.8V
output amplifier and its silicon power Marn Amp. 400mv Soomv

transistors against short-circuiting or Total Harmonic Distortion (at 60W output and 12.5W outpgts respectively with both
A

A channels driven) CLASSB (60w + 60W) A (12.5W + 12.5W)
!Jnusually Iow”speaker load S gou ( ek
impedances. In addition, each output 1kHz 01% .01%
6.3kHz 0.45%

ep: " 9
amplifier card incorporates two fast Dade%

b . 3 Intermodulatlon Distortion less than 0.05%
acting fuses to provide a third stage of Tone Controls " Fllters
i 250Hz 500Hz
Hietcaian: b . : Bass 50Hz ‘+15dB + 17dB
The amplifier is constructed on a —13dB —14dB
strong steel chassis within a very well 5kHz 2.5kHz
made and adequately ventilated Treble  10kHz T '111%50%%

veneered plywood cabinet. The unit is
readily capable of being rack mounted
should this be desired although its
frontal dimensions are 50 mm short of 13.5kg

the standard 482 mm (19") rack £210.25 .

mounting. ; e y : P, oy Wi o Nl

Loudness Control (at constant volume contrQl settmg)
Loudness control at 10 50Hz +13d
10kHz +5. 5dB

Dimensions 436mm X 144mm X 323mm
Weight

Price
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MEASURED PERFORMANCE

The measurable distortion of the
amplifier is as low as any we have ever
measured. In fact it presented us with
a number of interesting problems in
electrical measurement to be certain
that our measurements were of
amplifier distortion itself rather than
distortion from our test oscillator.

The distortion products at maximum
output were generally in the range —67
dB to —80 dB, re 0 dB at maximum
output in the Class B mode, and in the
range —74 dB to —80 dB re O dB at
maximum output in the Class A mode.

Before embarking upon subjective
tests we doubted our ability to be able
to discriminate between distortion
products 60 dB down on the funda-
mental component (less than 0.1%).
After completing our tests we are
convinced that we cannot hear such
low distortion. '

Is then the facility to switch to Class
A operation a necessary or desirable
feature — or is it just a gimmick?

Certainly its inclusion enables purists
to decide for themselves whether or
not Class A operaticon is worthwhile. A
further advantage is that if you can
still detect some distortion when
switched to Class A, then you can be
virtually certain that it's not coming
from the amplifier! 8ut our frank
opinion is that for most people, the
facility is an interesting gimmick. But,
had Yamaha not incorporated such a
superb Class B output stage, it would
have been a different matter — as we
said they've hoisted themselves by
their own petard!

One very worthwhile and technically
valid feature is the inclusion of a
loudness control which is meant to be
used as the preferred means of
adjusting listening level. Whilst not
unique to Yamaha, this feature is very
desirable. Loudness controls are based
on the psycho-acoustic fact that as
sound levels decrease, high and low
frequency components are heard at
subjectively lower levels than
mid-range sounds. Eventually, at very
low sound levels, bass appears to drop
out altogether,

Many amplifiers have ‘loudness’
controls that compensate for this
phenomenon to some extent.
Yamaha's method, used in the
CA-800, is far more complex. The
subjective effect is that the overall
sound at all levels has the same
apparent frequency response as at the
higher levels,

The control is used by firstly setting
the loudness knob to a ‘flat’ position,
Then the voiume control is set to the
loudest: volume that would normally
be used. From then on, volume is
adjusted solely with the loudness
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control — not with the main volume
potentiometer.

As there are some “hi-fi purists to
whom loudness compensation is
anathema, the volume control may be
used - normally with loudness
compensation switched out.

The tone controls and associated
switch are well designed and the use of
two ‘‘break’” frequencies follows a
growing trend. The choice of
frequencies and the resultant response
curves are not as different as might be
expected, and a lower 'break”
frequency than 250 Hz and a higher
break frequency than 5000 Hz may

well have been advantageous.

One fault became apparent during
testing. With the amplifier set to
maximum treble boost, and with the
volume control set to maximum gain
for response curve testing, we found it
possible to introduce very high
frequency (above audibility)
instability in the output circuitry, and
the amplifier could be induced into
oscillation. This worried us, but it may
well be that this was an isolated fault
in this unit, in every other respect,
however, the features of the amplifier
were exemplary and it offered a
superb performance.
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Before you build a Heathkit
send away for afree
bookful of encouragement.

The new Heathkit catalogue. Start with something comparatively easy

In it you'll find the whole range of Heathkit  perhaps. Like our very popular £gital
electronic kits. The world’s largest range, in fact. alarm clock~the one on the front

Every one of which you can build yourself. cover of the catalogue. It should only
Easily. And quickly. take you about three enjoyable evenings.

And, if you're not convinced, we’re sure a quick After which you may like to try your hand at the
glance through our catalogue will soon encourage AR-1214 stereo receiver. Beautifully finished and
youtotry. delivering 20 watts music

You'll probably surprise yourself.

Because,even if you've never used a soldering
iron in your life, you can build a Heathkit. * the basis of a

The easy to understand assembly manual and complete stereo system.
Kit Builder’s Guide you'll get, see to that. Or, if you want something to drag you away

| from watching television all night, we have just the
thing: a television.

The GR-9900 to be precise. A 12” solid-state
black and white television designed for mains or 12V
battery operation. sYrage g

Soyou can use itin ‘
the boat or caravan as well
asathome.

Yetit's so straight-
forward to build thateven
a first time kit builder ~
will probably be switching on .
afteronlya t}éw short evenings of absorbing work.

Send us the coupon now and we’ll send you your
free catalogue. Or, if you happen to be in London or
Gloucester, call in and see us. The London Heathkit
Centre isin Tottenham Court Road (where else?) at
number 233,

The Gloucester showroom s next to our factory
in Bristol Road.

At ether one you can be sure you'llget alot of
encouragement.

Heath (Gloucester) Limited, Dept ETI-175,

o : Bristol Road, Gloucester, GL2 6EE.
IR Telephone: Gloucester (0452) 29451.

~ power achannel,it’s
ideally suited to form

VS — S "

| The newHeathkit catalogue.Out now. FREE. !

I‘To: Heath (Gloucester) Limited, Dept ETI-175,Gloucester, GL2 6EE. Please send me my free Heathkit catalogue. |

=Name . Address o ‘ _ ) i
h{emembcr easy terms are available with the Heathkit Monthly Budget Plan 7 —g‘ﬁl}
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ELECTRONIC
SPEED CONTROL
FOR MOTORS

How various types of motor can be controlled in speed using semiconductor devices,
Applications Department, Motorola, Phoenix.

SPEED CONTROL of motors in
domestic appliances has  been
" technically possible for a long time,
but only recently has it become a good
proposition economicaily.

Such diverse items as blenders,
furnace blowers, clothes dryers, and
food mixers can now use electronic
controls. In this article, we review
some of the common circuits being
used today, and also describe some of
the new circuits.

By far the easiest to control
electronically are universal {or
seriesswound ac-dc) motors. Their

characteristics and construction allow
the use of a simple circuit to provide
an electrical feedback so that speed is
held relatively constant under varying
load conditions.

Permanent-magnet motors are also
easy to control. Perhaps surprisingly,
the speed of several forms of induction
motors may also be successfully
controlled by electronic means — if
these motors have a suitable load.

How AC power control

The most common method of
electronic ac power control is called
phase control.

/I,
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Fig.1. Hiustrating the basic principles of
phase control, The portion of the waveform
applied to the load is shown shaded.
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Figure 1 illustrates this concept.
Ouring the first portion of each
half-cycle of the ac sine wave, an
electronic switch is opened to block
current flow. At some specific phase
angle, a, this switch is closed to allow
the full line voltage to be applied to
the load for the remainder of that
half-cycle. Varying a will control the
portion of the total sine wave that is
applied to the load (shaded area), and
thereby regulate the power flow to the
load.

The simplest circuit for
accomplishing phase control is shown
in Fig. 2. The electronic switch in this
case is a triac /{Q/ which can be turned
ON by a small current pulse to its gate.
The triac turns OFF automatically
when the current through it passes
through zero.

In the circuit shown capacitor Cr is
charged during each half-cycle by the
current flowing through resistor Ry
and the load. The fact that the load is
in series with By during this portion
of the cycle is of little consequence
since the resistance of Ry is many
times greater than that of the load.
When the voltage across Cy reaches
the breakdown voltage of the trigger
diode (D), the energy stored in
capacitor Cr is released. This energy
produces a current pulse in the trigger
diode, which flows through the gate of
the triac and turns it ON. Since both
the trigger diode and the triac are
bidirectional devices, the values of By
and Cr will determine the phase angle
at which the triac will be triggered in
both the positive and negative
half-cycles of the ac sine wave.

o Fig.2. The simplest

possible circuit for phase
control. The load is

‘ represented by resistor
Ry.

>
Fig.4. A typical phase
control circuit using a
unijunction transistor
firing circuit.
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The wave form of the voltage across
the capacitor for two typical control
conditions {a = 900 and 15090} is
shown in Fig. 3. If a silicon controlled
rectiffer is used in this circuit in place
of the triac, only one haif-cycle of the
wave form will be controlled. The
other halfcycle will be blocked,
resulfting in a pulsing dc output whose
average value can be varied by
adjusting Ry.

Characteristics of
semiconductor switches

The silicon controlled rectifier {SCR)
was the first of several thyristors
developed for controlling electric
power efficiently. It blocks current
flow in both directions as long as no
gate signal is applied and the applied
voltage is below the rated breakover
voltage. Exceeding the breakover
voltage in the forward direction (with
anode more positive than cathode) will
cause the SCR to switch to its ON
condition, in which the voltage from
anode to cathode is approximately 1 V
(and the current is limited only by the
external circuitry). When the forward

current is interrupted, the SCR
recovers its blocking character.
./-"'\‘ @ = 150° /."\
l./ ) \|a=090° I'/ //"l \
ps fate- \ ’ L/, [
i \\ r=-- \
a = oe° \W \
N /
471—;—’5—0;0 ~t

Fig.3. Waveforms across the capacitor at
two different phase angles. The applied
sine wave is shown dotted.
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Exceeding the reverse breakdown
voltage of an SCR will destroy the
device, most often causing a
permanent short circuit.

Current flowing into the gate of an
SCR will also cause it to turn ON
when forward voltage is applied. Since
the SCR is a regenerative device (that
is, it remains in the ON condition as
long as anode current is flowing}, only
a current pulse at the gate is necessary
to effect switching. Thus, in the
previously described circuits, a
properly timed current pulse into the
gate of an SCR can control average
power flow to a load.

. The triac is a bidirectional SCR. It is
designed for use with alternating
current, and functions the same way in
both directions of applied voltage (as
an SCR does in the forward direction).
its gate characteristics are different
from that of an SCR in that gate
current of either polarity will cause
the triac to turn ON, with either
polarity of applied anode voltage.

The trigger diode is a device designed
specifically to provide current pulses
to trigger SCR or triacs. In use, it acts
much like a triac without a gate. That
is, it will block current flow in either
direction as long as the applied voltage
is below the breakover volitage, which
is generaily between 16 and 36 V,
depending on the device type. When
the breakover voltage is exceeded, the
device turns ON. In this state, the
current is limited by the external
circuitry, and the voitage drop across
the diode is about 10 to 15 V. The
trigger diode is most commonly used
in circuits similar to the one shown in
Fig. 2.

The unijunction transistor (UJT) is a
three-terminal trigger device in which
the characteristics of the emitter and
base 1 are very much like those of the
trigger diode. However, its breakover
voltage can be controlled by the power
supply voltage applied between base 1
and base 2. Since the UJT is a
unidirectional device, unlike the
bidirectional trigger diode, it requires a
source of direct current for the
interbase voltage as well as for the
timing-circuit components, Ay and
Cy. Figure 4 shows a UJT in a typical
control circuit.

Because the breakover voltage of the
UJT emitter is controlled by the
interbase voltage, the unijunction
transistor can be used for the timing
circuit with a much lower source
voltage than can be trigger diode,
whose breakover voltage is controlled
by the parameters of its structural
materials. As a result, the UJT is quite
popular for use with electronic control
systems utilizing feedback.

In many applications it is desirable to
vary motor speed in proportion to the
-magnitude of a change in a physical

Fig. 5§ Motor speed
control witha
unijunction transistor
using feedback.

4} 900W .

Fig. 6 Simple full-wave
trigger circuit for a 900  §
W resistive load. O—

MDA920-4

1k
150k 0'5W

2N1070
MZ500
-23

o
01uF

e . /

condition, such as a change in
temperature. A furnace blower
responding to the air temperature of a
house is one example. Similarly, a
control device can light a lamp in
response to the fading twilight,
Control of these circuits can be
effected by resistors that change in
value in response to a change in
temperature or light intensity. A
typical circuit using such a variable
resistor is shown in Fig. 5. If motor
speed is the quantity to be controlled,
Rs may be a fixed resistor, and a
direct-current tachometer generator
may be inserted as shown. Only a few
additional components are necessary
to turn these elementary circuits into
working modules.

Figure 6 shows a simple full-wave
trigger circuit for controlling a 900 W
joad. The additional components
required are a full-wave bridge, a
resistor, and a Zener diode, which
make up the dc power supply, and a

SPEED

]
HE)
1

TORQUE

Fig. 7 Characteristics of a shaded pole
motor at several voltages. VR is the full
rated voitage, (a) indicates a typical fan
load and (b} shows & constant torque load.

ELECTRONICS TODAY INTERNATIONAL—JANUARY 1975

+ -
Sprague 11212

pulse transformer which provides the
isolation between the UJT circuit and
the power line, necessitated by the
bridge rectifier. The feedback circuitry
shown in Fig. b could aiso be added to
this circuit.

Control of induction motors
Shaded-pole motors driving
low-starting-torque loads such as fans
and blowers may readily be controlled
using any of the previously described
full-wave circuits. One needs only to
substitute the winding of the
shaded-pole motor for the load resistor
shown in the circuit diagrams.
Constant-torque loads or
high-starting-torque loads are difficult,
if not impossible, to control using the
voltage controls described here. Figure
7 shows the effect of varying voltage
on the speed-torque curve of a typical
shaded-pole motor. A typical fan-load
curve and a constant-torque-load curve
have been superimposed upon this
graph. It is not difficuit to see that the
torque developed by the motor is

[o4

o

Fig. 8 Connection diagram for permanént
split capacitor motors.
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ELECTRONIC SPEED
CONTROL FOR MOTORS

equal to the load torque at two
different points on the
constant-torque-load curve, giving two
points of equilibrium and thus an
ambiguity to the speed control. The
equilibrium point at the lower speed is
a condition of high motor current
because of low counter emf and would
result in burnout of the motor winding
if the motor were left in this condition
for any length of time. By contrast,
the fan speed-torque curve crosses
each of the motor speed-torque curves
at only one point, therefore causing no
ambiguities. In addition, the low-speed
point is one of low voltage well within
the motor winding’s current-carrying
capabilities.

Permanent-split-capacitor motors can
also be controlled by any of these
circuits, but more effective control is
achieved if the motor is connected as
shown in Fig. 8. Here only the main
winding is controlled and the capacitor
winding is continuously connected to
the entire ac line voltage. This
connection maintains the phase shift
between the windings, which is lost if
the capacitor phase is also controlled.
Figure 9(a) shows the effect of voltage
on the speed-torque characteristics of

SPEED

TORQUE

Fig. 9 Speed-torque curves for (A} high starting torque and (B) high efficiency permanent split
capacitor motors at several voltages. The dotted line indicates a typical fan load and VR is the

full rated voltage.

f
1
|
|
:

Fig. 10 Circuit diagram for a capacitor start
motor.
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SPEED

this motor and a superimposed
fan-load curve.

Not all induction motors of either
the shaded-pole or the

permanent-split-capacitor types can be

controlled effectively using these
techniques, even with the proper
loads.

Motors designed for the highest
efficiences-and, therefore, low slip also
have a very low starting torque and
may, under certain conditions, have a
speed-torque characteristic that could
be crossed twice by a specific fan-load
speed-torque characteristic.

Figure 9(b) shows motor
torque-speed  characteristic  curves
upon which has been superimposed
the curve of a fan with high starting
torque. It is therefore desirable to use
a motor whose squirrel-cage rotor is
designed for medium-to-high
impedance levels and, therefore, has a
high starting torque. The slight loss in
efficiency of such a motor at full rated
speed and load is a small price to pay
for the advantage of speed control.

A unique circuit for use with
capacitor-start motors in explosive or
highly corrosive atmospheres, in which
the arcing or the corrosion of switch

SPEED

TORQUE

SPEED

TORQUE

TORQUE

Fig. 11 Speed control, with (A), and
without (B). feedback, compared.

contacts is severe and undesirable, is
shown in Fig. 10. Resistor Ry is
connected in series with the main
running winding and is of such a
resistance that the voltage drop under
normal  full-load  conditions s
approximately 0.2 V peak. Since
starting currents on these motors are
quite high, this peak voitage drop will
exceed 1 V during starting conditions,
triggering the triac, which will cause
current to flow in the capacitor
winding. When full speed is reached,
the voltage across the main winding
will decrease to about 0.2 V, which is
insufficient to trigger the triac — thus
the capacitor winding will no longer be
energized. Resistor A2 and capacitor
C, form a dv/dt suppression network;
this prevents the triac from turning on
due to line transients and inductive
switching transients.

Control of universal motors

Any of the half-wave or fuli-wave
controls described previously can be
used to control universal motors.
Non feed-back, manual controls, such
as those shown in Fig. 2, are simple
and inexpensive, but they provide very
little torque at low speeds. A
comparison of typical speed torque
curves using a control of this type with
those of feedback control is shown in
Fig. 11.

These motors have some unique
characteristics which allow their speéd
to be controlled very easily and
efficiently with a feedback circuit such
as that shown in Fig.12. This circuit
provides phase-controlled half-wave
power to the motor: that is, on the
negative half-cycle, the SCR blocks
current flow in the negative direction
causing the motor to be driven by a
pulsating  direct current whose
amplitude is dependent on the phase
control of the SCR.

The theory of operation of this
control circuit is not at all difficult to
understand. Assuming that the motor
has been running, the voltage at point
A in the circuit diagram (Fig.12) must
be larger than the forward drop of
diode D, the gate-to-cathode drop of
the SCR,and the emf generated by the
residual {magneto-motive force) in the
motor, to get sufficient current flow
to trigger the SCR.

The waveform at point A(V4,) tor
one positive half-cycle is shown in
Fig.13, along with the voltage levels of
the SCR gate (V. ), the diode drop
{Vp), and the motor-generated emf
(V). The phase angle (a) at which the
SCR would trigger is shown by the
vertical dotted line. Should the motor
for any reason speed up so that the
generated motor voltage would
increase, the trigger point would move
upwarce and to the right along the
curve so that the SCR would trigger
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later in the half-cycle and thus provide
less power to the motor, causing it to
slow down again.

Similarly, if the motor speed
decreased, the trigger point wouid
move to the left and down the curve,
causing the triac to trigger earlier in
the half-cycle providing more power to
the motor, thereby speeding it up.

Resistors A7, R, and R3, along with
diode Dy and capacitor C; form the
ramp-generator section of the circuit,
as shown in the diagram in Fig.12.
Capacitor Cy is charged by the voltage
divider R; R2 and Rj3 during the
positive half-cycle. Diode D5 prevents
negative current flow during the
negative half-cycie, therefore Cy
discharges through only R, and R3
during that half-cycle. Adjustment of
R3 controls the amount by which Cj
discharges  during the negative
half-cycle. Because the resistance of
Ry is very much larger than the ac
impedance of capacitor Cy, the voltage
waveform on C; approaches that of a
perfect cosine wave with a dc
component. As potentiometer R is
varied, both the dc and the ac voltages
are divided, giving a family of curves as
shown in Fig.14.

The gain of the system, that is, the
ratio of the change of effective SCR
output . voitage to the change in
generator emf is considerably greater
at low speed settings than it is at high
speed settings. This high gain coupled
with a motor with a very low residuai
emf will cause a condition sometimes
known as cycle skipping. In this mode
of operation, the motor speed is
controlled by skipping entire cycles or
groups of cycles, then triggering one or
two cycles early in the period to
compensate for the loss in speed.
Loading the motor would eliminate
this condition; however, the
undesirable sound and vibration of the
motor necessitate that this condition
be eliminated. This can be done in two
ways.

The first method is used if the motor
design is fixed and cannot be changed.
In this case, the impedance level of the
voltage divider Ry, R» and R3 can be
lowered so that C; will charge more
rapidly, thus increasing the slope of
the ramp and lowering the system
gain. The second method, which will
provide an overall benefit in improved
circuit performance, involves a
redesign of the motor so that the
residual emf becomes greater. In
general, this means using a iower grade
of ‘magnetic steel for the laminations.
As a matter of fact, some people have
found that ordinary cold-rolled steel
used as rotor laminations makes a
motor ideally suited for this type of
electronic control.

Arnother common problem
encountered with this circuit is that of

Fig. 12 Speed contro!/ scheme for universal
motors.

' PHASE ANGLE

Fig. 14. Voltage waveform at
point A (Fig., 12} for three
different settings of Ro.

thermal runaway. With the speed
control set at low or medium speed, at
high ambient temperatures the speed
may increase uncontrollably to its
maximum value. This phenomenon is
caused by an excessive impedance in
the voltage divider chain for the SCR
being triggered. If the voltage-divider
current is too low, current will flow
into the gate of the SCR without
turning it on, causing the waveform at
point A to be as shown in Fig.15. The
flat portion of the waveform in the
early part of the half-cycle is caused
by the SCR gate current loading the
voltage divider before the SCR is
triggered. After the SCR is triggered,
diode Dy is back-biased and a load is
no longer on the voitage divider so
that it jumps up to its unioaded
voitage. As the ambient temperature
increases, the SCR becomes more
sensitive, thereby requiring less gate

Ry

-

v
O

T

Fig. 16 Speed control of permanent magnet
d.c. motors.
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Fig. 13. Waveform for one positive
half cycle in the circuit shown in
Fig. 12.
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Fig. 15 When resistor R1 (Fig. 12} is too
large, this voltage waveform appears at
point. A. The dotted fine is the unloaded
waveform and the unbroken line is the
actual waveform.

current to trigger, and is triggered
earlier in the half-cycles. This early
triggering causes increased current in
the SCR thereby heating the junction
stil.  further _ and increasing the
sensitivity of the SCR until maximum
speed has been reached.

The solutions to this problem are the
use of the most sensitive SCR practical
and a voltage divider network of
sufficiently low impedance. As a rough
rule of thumb, the average current
through the voltage divider during the
positive half-cycle should be
approximately three times the current
necessary to trigger the lowest
sensitivity (highest gate current} SCR
being used.

In addition to the type of steel used
in the motor laminations,
consideration should also be given to
the design of motors used in this
half-wave speed control. Since the

Continued on page 59.

Vr

SPEED

TORQUE
Fig. 17 Speed-torque characteristic of

permanent rmagnet motors at various
applied vo itages.
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This internal view shows how the rumble filter is assembled.

Active filter design
improves clarity of

bass

reproduction.

C1 c2 Cc3
0.12uF 0.039xF 0.039:F

IN BYGONE DAYS rumble filters
were very popular because even the
best of turntables, used then,
generated considerable vibration due
to bearing and motor deficiences.
These vibrations,  mechanically

— +3V

R3

BC109
0.47u.F
R1
OUTPUT
INPUT 56k
R6
12k
e < * ov
Fig. 1. Circuit diagram of the
rumble filter. Two required for
stereo.
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transmitted to the pickup cartridge,
resulted in an audible output. Hence
high-pass  filters were often
incorporated in amplifiers to reduce
this objectionable rumbling sound to
an acceptable level, and as bass
response seldom extended below 50
Hz, a simple RC filter with & dB per
octave roll-off below 50 Hz was
considered adequate.

Modern turntables have far smoother

bearing and drive arrangements than

their early counterparts — and for this
reason many amplifier manufacturers
no longer include a rumble filter
facility.

Those that do are rarely satisfactory.
Their slope is generally inadequate and
the main effect of switching them in is
to roll off the low-frequency response
to the detriment of programme
content.

At first sight it would seem better to
exclude the rumble filter altogether
and just make sure that our wrntables
do not generate any appreciable
rumble.

Surprisingly perhaps, a rumble filter
is still very much required and if
designed correctly. can make an
appreciable improvement to
reproduction — even when used with
turntables that generate no rumble at
all!

The reason why will be clearly
apparent if you take the front grille

HOW IT WORKS

The filter consists of three separate
sections:

i. A passive RC filter consisting of
R1 and Cl.

2. An active filter comprising C2.
3,R2,3,4 & 5and Ql.

3. A passive filter comprising C4
and R6.

The active filter (from input of C2
to output to C4) is u stundard design
with the exception that values have

been selected to give a peak in the
response at the cut-off frequency.
The maximum lif't is about 2 dB and

this characteristic, combined with
those of the two RC filters gives a
sharp knee to the rolkoff. The
composite filter has a lift 'of 0.2 dB-
betore tfurning over sharply.

Thus low frequency response is
maintained substantially flat down to
50 1z and is only 2 dB down at 40
Hz. Thereatter the response drops
very rapidly and is in excess of 30 dB
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off one of your speakers and — with
the phono-cartridge tracing a section
of record that has no recorded content
{or very low level content) — turn the
volume control up fairly high. You
will almost certainly find that the cone
of the bass driver is making wild
excursions to and fro, probably at
frequencies between 5 Hz and 15 Hz.

So it's sub-audible — why then does
it matter?

Well it really does — and we'll
explain just why later in this article —
but first let us consider just where this
5 Hz — 15 Hz content comes from.

Firstly, modern turntables and arms
have rmechanical resonances lying
within the 5-15 Hz region. Secondly,
stereo cartridges are sensitive in the
vertical as well as horizontal planes
and will respond to uneveness in
record or turntable surfaces. They will
also respond to a defect in the record
surface known as pressing rumble.

In addition the noise finds its way
onto the record during the actual
recording process. This recorded noise

is due to LF noise and rumble
sometimes being induced in the
recording lathe by seismic

disturbances, and by vibration in drive
gears and cutting head carriage rails.
Lastly vibration of a low frequency
nature, due to people walking past the
turntable or vehicles passing by
outside, may well excite the turntable
and arm resonances even though the
tirntable is reasonably well sprung.

WHY SUB-AUDIBLE

NOISE MATTERS

This very low-frequency noise is
responsible for a remarkable amount
of intermodulation distortion which
generally makes the bass sound

down below 15 Hz wherc most LIF
noise aCCurs.

Current drain of the two filters is
only 100 A and the batterics will
last their normal shelf lite of about
12 months, thus no power switch is
required. Batteries should be replaced

annually.

muddy. In extreme cases it may cause

the reproduction to sound as if
speaker cone break-up is occurring. The
reasons for this are as follows.
Preamplifier stages usually have two
or three transistors around which large
negative feedback is applied for
equalization and/or tone control. At
sub-audio frequencies these feedback
networks are not generally effective.
Thus the LF signals may well receive
considerably more amplification in the
preamplifier than would normally be
expected. Secondly although the
magnitude of the LF signal may not
itself be sufficient to overload the
preamplifier, the combined LF and
music signals may well cause the
preamplifier to clip. Even if clipping
does not occur the LF signal will cause
intermodulation distortion despite the
fact that the LF signal is inaudible!

Most modern power amplifiers are
quite capable of amplifying this noise
signal, presenting it to the loudspeaker
at a surprisingly high power level. The
speaker’ itself has very little acoustic
loading at these low frequencies and

SPECIFICATION

Input Impedance
(rises below 50 Hz) 47k

Output Impedance

Input voltage
{(maximum)

<5k

250mV
Cut-off Frequency
(—3dB)
Cut-off Slope
(maximum})
Attenuation
at 10 Hz

Gain
at 1 KHz

36 Hz
24dB/octave
37 dB

—0.2 dB.

PARTS LIST

R1 Resistor 56k W 5%
R2 v A7k I "
R3 - 470k " L
R4 "” 1M ” ”
RS5,6 ” 12k ” 1

Cl Capacitor 0.12UF polyester
c2,3 - 0.39UF =

ca i 0.47LF i

Q1 Transistor BC109 or simllar
* for stereo 2 off each of the above
parts are needed.

PC Board

2 dual phono sockets

2 dual battery holders or one 4 way
holder. \

4 1.5V batteries.

2 8mm long spacers

1 small aluminium box.

the cone will thus move considerably
and may even be driven beyond its
linear excursion region. Even if not
actually overdriven, the presence of
such large cone excursions will
produce a high level of
interm odu lation distortion.

Whilst elimination of factors causing
the noise is by far the best procedure,
a lot of these factors are completely
beyond the control of the average hi-fi
owner. Hence a rumble filter would
seem to be the obvious answer. But,
we do not want to sacrifice any low
frequency response and we want
signals in the offending 5-15 Hz region
to be attenuated as far as possible —
two  apparently conflicting
requirements. In addition, as LF noise
cannot be allowed to enter the
equalization stages of the preamplifier,

e A B
s
i o

=

5 |

9¢P-113

Fig. 2. Printed circuit board
layout for the rumble filter
40mm x 70mm.
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STEREO RUMBLE

FILTER

FREQUENCY IN HERTZ
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Fig. 4. Characteristics

of the rumble filter.

the filter must be situated before the
preamplifier. This also poses problems
as the signals at this point are very
low-level, and there is a danger of
introducing hum which would be
merely replacing one fault by another.

THE SOLUTION

To maintain response down to at
least 50 Hz, whilst obtaining 30 dB or
more attenuation to LF noise, we
must use a filter which has a sharp
knee and an ultimate attenuation slope
of 24 dB per octave. The most
satisfactory (and cheapest) method of
doing this is to use an active high-pass
filter — and this is the approach we
have used. To obviate the possibility

54

of hum-pickup, the unit uses a battery
power supply, one each for left and
right channel filters. The use of
separate batteries prevents earth loops
and ensures that channel separatian is
maintained. As current drain is very
low the batterjes may be expected to
last their shelf life {12 months or so)
and for that reason an on/off switch
has not been included.

The unit fits between the turntable
and the amplifier, cuts any frequency
below 35 Hz and has a total
attenuation of 37 dB at 10 Hz
increasing at 24 dB/octave below that.

CONSTRUCTION

We built our unit onto a small

printed circuit board, but layout is not
critical and other alternative methods,
such as matrix or Veroboard, may be
used successfully.

The signal levels involved are
extremely small (about 100 uV at 50
Hz) and for this reason a metal box is
a must if hum pickup is to be
minimized. And, as said before, two
separate battery supplies should be
used in order to avoid earth loops. We
used a conventional four-way battery
holder to hold the two sets of
batteries. These holders normalty
connect all four batteries in series.
However it is a simple matter to snip
the connection between the two sets
of two cells. ;

The phono sockets far both input and
output should be insulated from the
metal case. When connecting the unit
we found minimum hum was
introduced by earthing the turntable
to the metal box and then, by taking a
separate earth from the metal box to
the amplifier. However
experimentation in the positioning of
earths may well show that some other
configuration is best for your
particular setup.
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EX-BEA VISUAL DISPLAY UNITS

7" ELECTROSTATIC TUBE
11 X 8 cm VIEWING AREA

MANUFACTURED IN THE USA BY BUNKER-RAMO

STANDARD 240V 50HZ MAINS INPUT

These units are inspected to see that no parts are missing.
No circuit diagrams or information is available. We are

in the process of obtaining circuits, information, etc, and a
copy will be forwarded to all purchasers at the earliest

possible time.

Therefore these units are sold as received at £30 each.

\'f<ucnnu KEYS

T, ALPHA AND PUNCTUATION KEYS

NUMERIC KEYS

QRATICULES, 12 cm. by 14 cm. in High
Quality plastic. 18p each. P. & P. Bp.

PANEL mounting {amp holders. Red or green.
8p ea. Miniature. PANEL mounting lamp with
holders— 10V 16MA Bp ea.

IICKMAN MULTITURN DIAL
odel RB. Brand new.
£1 90.P. & P 10p.

FIBRE GLASS PRINTED CIRCUIT
BOARD. Brand New. Single or Double sided.
Any size 1{p per sq in. Postage 10p per order

LIGHT EMITTING DIODES (Red) from
Hewlett-Peckard. Brand New. 38p ea
Information Sp. Holders 1p.

METERS. Ernest Turner Model 402. 100
micro amps. BRAND NEW. Lousy scale—
hence £2.26 ea. P. & P. 2Bp.

METERS by SIFAM type M 42, 25-0-25
micro amp. Scaled 25~(§~25 green; 250-0-
250 red: linear. As new. £2.98ea. P. & P. 37p.

VISCONOL EMT CAPACITORS
0-05mfd 2.5kv BOp ea. 0-01mfd 5kv 40pea:
0-05mfd 8kvBOpea. 0-01mfd 10kv BOp ea.

BLOCK PAPER CAPACITORS AVAIL-
ABLE. S.A.E. with requiremants.

PHOTOCELL equivelent OCP 71, 13p ea.
MULLARD OCP70 10p ea.

POTENTIOMETERS
COLVERN 3 watt. Brand new. 25K at 13p ea.

MORGANITE Special Brand new. 2.5; 10:
100:260: 500K: 1in. sealed. 17p ee.

BERCO 2} Watt. Brand new. 5: 10: §0: 2580;
ohms:1:2.5;10;25at 18p es.

STANDARD 2 meg. log pots. Current type
18pea

{NSTRUMENT 3in. Colvern 6 ohm 3Bp ea.:
50K and 100K BOp ea.

BOURNS TRIMPOT POTENTIOMETERS.
20; 50; 100. 200: 500 ohms; 1:2:2.5;5:10;
25K at 36p ea. ALL BRAND NEW.

RELIANCE P.C.B. mounting. 270:; 470:
500 ohms; 10K at 38p ea. ALL BRAND NEW.

VENNER Hour Meters—5 digit. wall mount
—sealed case. Standard mains. £3.76 el
P.& P 45p,

TRANSFORMERS. All standard inputs.
Gard/Parm/Part. 450-400-0-400-450. 180
MA. 2 x 6.3v. £3 6a.

FANTASTIC VALVE
Miniature Transformer. Standard 240V
input. 3Volt 1 amp output. Brand New.
88p ea. P. & P. 15p. Discount for
quantity. P

CAPACITOR PACK 50 Brlnd new compo-
nents only B0p. P. &

P.C. MOUNT SKELETON PRE-SETS.
Scr.wdvlvor adjust 10, 6 and 2.6M @ 2p es.

1M, 500. 260 lnd 45K éa) ‘p n an or ad-
just 10. 6 and 2.6M @ . 260
and 26K @ Bp es. Min P.

1000pf FEED THRU CAPACITOI\. Only
sold in packs of 10—30p. P. & P. 10p.

RECTANQULAR INSTRUMENT FANS.
Amarican Ex-equ, Size 4t X 4; X 13". 115
Volt. Very quiet £3 ea. P. & P, 37p.

DELIVERED TO YOUR DOOR 1 cwt. of
Electronic Scrap chassis, boards. etc. No
Rubbish. FOR ONLY £4. N. ireland £2 extra.

P.C.B. PACK 5 & D. Quantity 2 sq. ft.—no
tiny pieces. 80p plus P. & P. 20p.

FIBRE GLASS as above £1 plus P. & P 20p.

TRIMMER PACK, 2 Twin 50/200 pf ceramic:
2 Twin 10/60 pf ceramic: 2 min strips with 4
preset 5/20 pfp on each: 3 air spaced preset
30/100 pf on caramlc base. ALL BRAND NEW
28p the LOT. P. & P. 10p.

recision resistors 200K: 400K ; 497K:
ggBK g 1% 27pea.; 3-26K, 5-6K. 13K-0-1%
p ea.

RELAYS
Varley VP4 ast:c covers 4 pole c/o 15K—
33p; 5-8K—40p ¢

SRAND-NEW 12in.

LONG PERSISTENCE TUSES
New stocks—new price. Only £8-80
(whilst stock lasts)

Ideal for SSTV: educations! purposes.
Type 120P7A, connections, voltages etc.

Price includes carriage & VAT.

Large quantity LT, HT, EHT transformers and
chokes.

Vast quanmy of good quality components
% TRADE —s0 we offer
3 I.B M ELECTIIONIC GOODIES
for £1-80 post paid.

CRVSTALS Colour 4.43MHz. Brand New.
£1-260a. P. & P. 10p.

Beehive Trimmer 3/30 pf.
Brand new. Qty 1-9 13pes, P.& P 15p;
10-99 10p es, P. & P. 25p; 100299
Tpea. P & P. free.

HF Crystal Drive Umit. 18in. rack mount.
Standard 240V input with superb crystal oven
by Labgear {no crystals) £8 ea. Carr. £1-50.

ROTARY SWITCH PACK—6 Brand New
switches (1 ceramic: 1-4 pole 2 way etc.),
BOp. P. & P. 20p.

CONSTANT VOLTAGE
TRANSFORMERS
1 Kiowatt etc.
S.A.E. with requirements.

Primarily intended for the alignment of AM Radios: Communication Receivers; Filters, etc.

LOW FREQUENCY WOBBULATOR

. in the range of 250 KHZ to 56 MHZ, but

can be effectively used to 30 MHZ. Can be used with any general purpose oscilloscope. Requires 12V AC input. Three controls—
RF level: sweep width and frequency. Price £8:50. P. & P. 35p.

A second model is available as above but which allows the range to be extended down in frequency to 20 KHZ by the addition of external
capacitors. Price £11.50. P. & P. 35p.

Both models are sup_p.lied connected for automatic 50 HZ sweeping. An external sweep voltage can be used instead. These units are
encapsulated for additional reliability, with the exception of the controls {not cased, not calibrated).

All of our tubes can be supplied with nu-metal shields or
Telcon nu-metal tape.

3 MAKE YOUR SINGLE BEAM SCOPE

DON'T FORGET INTO A DOUBLE WITH OUR NEW 20HZ to 200KHZ

YOUR MANUALS LOW PRICED SOLID STATE SWITCH. SINE AND SQUARE WAVE GENERATOR
2 HZ to 8 MHZ. Hook up a 9 volt battery and In four ranges. Wien bridge osciilator thermistor stabilised. Separate

S.A.E. WITH connect to your scope and "have two traces independent sine and square wave amplitude controls. 3V max sine,

for ONLY £8.28. P. & P. 25p. 6V max square outputs. Completely assembled P.C. Board, ready to use.

REQUIREMENTS STILL AVAILABLE our 20 MHZ version, | 9 to 12V supply required. £8-85 each. P. & P. 25p. Sine Wave only
at £9.75. P. & P, 25p. £6-86 each. P, & P. 25p.

LARGE QUANTITY OF WIDE RANGE WOBBULATOR
OSCILLOSCOPE &

5 MHZ to 150 MHZ (Useful harmonics up to 1.5 GHZ) up to 15 MHZ sweep width.
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10-7 or TV
IF alignment, filters, receivers. Can be used with any general purpose scope. Full
instructions supplied. Connect 6:3V AC and use within minutes of receiving.

All this for only £8-78. P, & P, 25p. {Not cased, not calibrated.)

DISPLAY TUBES FROM 1” to 24"
SA.E. FOR COMPREHENSIVE LIST

TRANSISTOR INVERTORS
TYPESB TYPEC
Input: 12V DC input: 12V to 24V DC
Output: 1.3kV DC 1.5MA Output: 1.5kV to 4kV AC 0.5MA

TYPEA
Input: 12V DC
Output: 1.3kV AC 1.5MA

TYPED
Input: 12V to 24V DC
Output: 14kV DC 100 micro amps at 24V,
Progressively reducing for lower input voltages

Price £3.46 Price £11

Price £4.70 Price £6.38

Postage & Packing 36p

Unless stated — please add £2.00 carriage fo all units.
VALUE ADDED TAX not included in prices—please add 8%

Officlal Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order
Open 9 am to 6.30 pm any day (later by arrangement.)

N EHILTMEAD |

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/659I6
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The largest selection

BRAND NEW FULLY GUARANTEED DEVICES

Type Price  Type Price  Type Price  Type Price  Type Price = Type Price  Type Price  Type Price Price  Type Price
ACl107 0.22 ADIS1 & BC150 0.20 BDi31 0.55 BF182 0.44 MJE2035 0.95 2G308 0.39 2N2192 0.39 0.16 2N4080 0.13
AC113 0.20 ADIG2MP) 075 BCIsl 0.22 BD132 0.66 BF183 0.44 MJE3055 0.62 2G309 0.39 2N2193 0.39 0.18 2N461 0.13
ACl1b 0.22 ADT140 0.55 BC152 0.19 BDi133 0.72 BF184 0.28 MJE3440 0.55 2G339 0.22 2N2l 94 0.39 0.16 N 0.13
ACI17K 0.32 AF114 0.27 BC153 031 BD135 0.44 BF'185 0.33 MPF102 0.46 2G339A 0.18 0.24 0.16 0.19
ACl22 013 AF115 0.27 BCi54 0.33 BDI36 044 BF187 0.30 MPF104 0.41 2G344 0.20 0.22 0.16 0.19
ACI125 0.19 AFI16 0.27 BC157 0.20 BD137 0.50 BF188 0.44 MPF105 0.41 2G345 0.18 0.22 0.19 0.19
AC126 0.19 AF117 0.27 BC158 0.13 BD138 0.55 BF194 0.13 0C19 0.39 2G371 0.18 0.24 0.23 0.19
ACy27 0,20 AF118 0.39 BC159 0.13 BD139 0.61 BF195 0.13 0C20 0.70 2G371B 0.13 0.22 0.23 0.19
AC128 0.20 AlI24 0.33 BCL60 0.50 BDI40 0.66 BF196 0.16 0c22 0.52 2G373 0.19 0.22 0.31 0.19
AC132 0.16 AF125 0.33 BCl161 0.55 BDI55 0.88 BF197 0.16 0C23 0.34 2G374 0.19 0.19 0.46 0.19
ACI34 0.16 AF126 0.31 BCl67 0.13 BD175 0.66 BF200 0.50 0C24 0.62 2G377 0.33 0.16 0.17 0.19
AC137 0.16 AF127 0.31 BCl168 0.13 BD176 0.66 BF222 £1.05 0C25 0.42 2G378 0.18 0.16 0.17 0.19
ACl41 0.20 | AF139 033 | BCLGY 0.13 | BDIF7 0.72 | BF257 0.50 | 0026 0.32 | 2G381 0.18 0.27 0.31 0.19
ACI$IK 032 | AFIT8 0.55 |{ BCI70 0.13 | BDITS 0.72 | BF258 0.66 | 0C28 0.55 | 2G382 0.18 0.27 0.31 0.13
AC142 0.20 AF179 0.55 BC171 0.16 BD179 0.77 BF259 0.94 0C29 0.55 2G401 0.33 0.52 0.83 0.60
AC142K 0.23 AF180 0.55 BCI72 0.16 BDI80 0.77 BF262 0.61 OC35 0.46 2G414 0.33 0.23 0.74 0.35
AC151 0.17 | AFISL 0.55 | BCl73 0.16 | BDI&S 072 | BF263 061 | 0C38 0.55 | 2G417 028 | 2N2712 023 0.82 0.35
ACl54 0.22 | AFI86 0.55 | BCI74 016 | BDIS 072 | BF270 038 | OCH 0.22 | 2N388 0.39 | 2N2 I 0.82 0.44
AC155 0.22 | AF239 041 | BCI75 0.2¢ | BDIST 077 | BF271 033 | 0C42 0.27 | 2N3884 061 0.10 075
AC156 0.22 | AL102 0.72 | BC177 0.21 | BDISS 077 | BF272 0.88 | 0OC#4 0.17 | 2N404 0.22 0.13 0.55
AC157 0.27 | AL103 072 | BCI8 0.21 | BDI8 0.83 | BF273 038 | 0C#5 0.14 | 2N404A4 031 0.13 0.46
ACIG5 0.22 | ASY26 0.28 | BCI79 0.21 | BDI%0 083 | BF274 0.39 70 0.11 | 2N524 0.46 0.14 0.46
ACI66 0.22 | Asy27 0.33 | BClso 027 | RDIPs 094 | BFWIO 086 | OCT1 0.11 | 2N527 0.54 0.13 0.62
AC167 0.22 | ASY28 0.28 | BCISI 0.27 | BDI9G 0.94 | BFN29 0.30 | OCT2 0.16 | 2N598 0.46 0.13 0.77
AC168 0.27 | ASYZ9 0.28 | BCI82 0.16 | BDIH7 099 | BFNs4 024 | OCT4 0.16 | 2N590 0.50 - 0.4 0.8
ACI69 0.16 | ASY50 0.28 | BCIS2L 016 | BDIoR 0.99 | BFX85 033 | 0oC15 0.17 | 2N696 0.14 0.09 0.86
ACI176 022 | ASYsI 0.28 | BCI83 0.16 | BDI99  £1.05 | BFX86 024 | 0OC16 0.17 | 2N697 0.15 0.10 0.86
ACI177 0.27 | ASY52 028 | BCIS3L 0.8 | BD20n €105 | BFNRT 027 | OCIT 0.28 | 2N698 0.27 0.10 0.62
AC178 0.31 | ASYS54 0.28 | BCISt 0.22 | BD205 0.88 | BIN8S8 0.24 | Ocsi 0.17 | 2X699 0.39 0.10 0.46
ACIT9 0.31 ARY55 0.28 BC184L 0.22 BD206 0.88 BIY 50 0.22 081D 0.17 2N706 0.09 0.31 0.46
ACI80 0.22 | ASY56 0.28 | BClst 0.31 BD207 £1.05 BFYS51 022 | OC82 0.17 | 2N706A 0.10 0.55 0.62
ACIROK  0.32 i 0.28 | BCI187 031 | BD208 105 | BFY52 0.22 | OC82D 017 | 2N708 0.13 0.39 0.77
ACI81 0.22 0.28 | BC207 012 { BDY20  £L10 By Vi3 019 | OC83 0.22 | 2N7IL 0.33 0.31 0.77
ACISIK 032 0.28 | BC208 012 | BFIIS 0.27 0.17 | OCIi30 0.22 | 2N717 0.39 0.31 0.77
AC187 0.24 0.44 BC:on 013 BRI17 0.50 017 0C140 0.22 2N718 0.27 0.33 0.77
ACIBTK 0.25 0.14 BC212L 0.14 BI'S 0.77 0.17 OC160 0.28 2N7TIRA 0.55 0.31 0.46
ACISS 0.24 0.4 | BC213L 014 | BFLID 0.77 0.17 | 0C170 0.28 | 2N726 0.31 0.30 0.44
ACISSK 025 0.15 018 | BFI2i 0.50 0.17 ; OCITI 028 | 2N727 0.31 0.13 0.50
ACYIT 0.28 0.11 0.28 | BF123 0.55 2 0.17 | 0C200 0.28 | 2N743 0.22 | 2N3055 055 | 2N405% 0.1
ACYI8 0.22 0.17 039 | Brizs 0.50 | BSY29 0.17 | 0C201 0.31 | 2N744 0.22 g y
ACYls 022 017 | BCIOL 030 | BFI37 055 | BSY38 020 | 0C202 031 | 2N®l& 016  DIODES /ANDERECTIRIELS .
ACY20 022 017 | BCae 0.27 | BFI52 061 | BSY30 020 | oC203 0.28 [ 2N018 033 | Type Pricc  Type Price Type Price
ACY2L 0.22 020 | BC303 0.35 | BFI53 0.50 | BSY40 0.31 | OC204 0.28 | 2N929 0.23 | AAllg 0.09 | BYI28 017 | 0Al0 0.15
ACY22 0.18 0.11 BC304 0.40 BI154 0.50 BSY41 0.31 00205 0.39 2N930 0.23 AAL20 0.09 BY130 0.18 D47 0.08
ACY27 0.20 0.33, | BC140 0.34 BFI55 0.77 BSY495 0.14 0OC309 0.44 2N1131 0.22 AAI 0.09 BY133 0.23 OATD 0.08
ACY28 021 0.88 | BC16) 040 | BF156 053 | BSYS3A 014 | OCPTI 048 | 2N1132 024 | AAY30 0.1 | BYlsd 0.55 | 0470 0.08
ACY29 0.39 0.13 BCY30 0.27 BF157 0.61 BUIL05 £2.20 ORP]2 0.48 2N1302 0.16 AAZIR 0.11 BYX38/30 0.46 OA81 0.08
ACY30 0.31 0.20 | BCY3L 0.29 | BI'158 061 |CIIIE 0.55 | ORPGO 0.44 | 2N1303 0.16 | BAIG 0.11 | BYZIo 0.39 | OARS 0.10
ACY3L 0.31 013 | BCY32 033 | BF159 0.66 | Ci00 0.33 | ORPGL 0.44 | 2X130+ 019 | BAll6 0.23 7 0.33 | OAm) 0.07
ACY 34 0.23 0.20 | BCY33 024 | BFI60 0.44 | C407 028 | P20 0.55 | 2N1305 019 | BAI2 0.24 0.33 | 0A91 0.07
ACY35 0.23 013 | BCY34 0.28 | BF162 044 | C24 0.28 | P346A 022 | 2N1306 023 | BAI4s 0.16 0.28 5 0.08
ACY36 0.31 017 | BCY70 016 | BFI63 044 | C425 0.55 | 397 0.46 | ®N1307 023 | BAI54 0.13 0.4 0.07
ACY40 0.19 017 | BCY7I 022 | BFI6t 044 | C12 0.39 | STl40 0.14 | 2N1308  0.26 | BAL5S 0.16 039 | 0A2 0.08
ACY4L 0.20 0.44 BCY72 0.16 BF145 0.44 C428 0.22 ST+ 0.19 2N'1309 0.26 BALSG 0.15 0.39 SDHO 0.06
ACY44 0.39 0.33 BCZ10 0.22 BF167 0.24 Ci41 0.33 TIS43 0.34 2N1613 0.22 BAL73 0.16 0.31 SN19 0.06
ADI30 0.42 0.33 BCZ11 0.28 BI'173 0.24 C442 0.33 UT46 0.30 0.22 BY 100 0.17 CGo62 1N34 0.08
ADI140 0.53 033 | BCZI2 028 | Bri%e 039 |Ct4 039 | ZN4l4  £1.20 0.35 | BYI0I 013 | (LABIEQ) 0.6 | IN34A 0.08
ADI42 0.53 0.33 BDI115 0.68 BE177 0.39 C450 0.24 "(-dl)l 0.21 0.50 BYI05 0.19 CG651 (OATU- ENGI4 0,06
ADI43 0.42 0.50 | BD!l& 0.88 | BF178 033 |MaATloo o021 |2 0.21 041 | BYIl4 0.13 | 7) 0.07 | INOIG 0.06
AD149 0.55 0.1% | BDI21 0.66 | BFI79 033 [MATIOL 022 0.21 079 | BYl124 013 | OAS 0.39 | IN4148 006
ADI61 0.39 on BDI123 0.72 BF180 033 MATI20 0.21 0.27 0.63 BY128 0.16 0AS short 15021 0.11
ADI162 0.39 013 | BDI2s 076 | BF18( 0.33 [ MATI2I 022 |2G306 044 | 2N2160  0.66 | BYI27 0.17 leads 0.23 | 18951 0.07
e —
LINEAR 1.C’s—FULL SPEC. DTL 930 SERIES 7 H LA
A LOGIC 1.C' 4 Series T.T.L. 1.C’s
Type No. 1 25 100 + Price
72702 0.50 0.48 045l 7ype . o 106+ J] BI:PAK STILL LOWEST IN PRICE. FULL SPECIFICATION
22709 0.35 0.33 0.30 | 51530 o v o3 [] GUARANTEED. ALL FAMOUS MANUFACTURERS
2709P 0.33 0.31 0.29 f Bpys2 016 0.15 014 = 3. -
72710 0.45 0.43 0.40 § Bpro33 0.16 015 014 Quantities Type Quantities Type Quantities
72741 0.40 0.38 0.35 § RPO35 0.16 0'15 0'“ 25 100 + i 25 100 + 1 25 100 +
72741C 0.45 043 0.40 fl Brots 018 s ot 018 017 016 | 7448  £110 £1.07 £1.05 | 74122 088 086  0.84
72141P 0.38 0.36 0.34 B BPO44 0.16 015 014 018 017 016 | 7450 018 017 016 | 74123 £L58  £1.54  £1.50
72748P 0.38 0.38 0.3¢ § BPoss 0'30 0.28 0’25 0.18 0.17 0.16 7451 0.18 0.17 0.16 74141 0.85 0.82 0.79
SL201C 0.59 0.45 0.40 { 3pog; 0'15 0'14 0‘13 0.18 0.17 0.16 7453 0.18 0.17 0.16 7145 £1.58 £1.54 £1.50
SL70IC 0.50 0.45 0.90 l Bross 50 os oS 018 017 016 | 7454 018 017 016 | THM €230 £240 £2.30
SL702C 0.50 0.45 0.40 § BI’951 0'70 0.65 0.60 0.18 0.17 0.16 7460 0.18 0.17 0.16 74151 £1,10 £L05 £1.00
TAA263 0.80 0.70 0.60 | B1962 a5ts o s 039 034 031 | T 032 029 027 | 7453 €120 £110  £1.00
TAA293 £1.00 0.95 0.90 l Brooss 043 s i 039 034 031 | wm 032 029 027 | 7454 £198 €190 £L75
TAA3S0A £1.85 £1.80 £1.70 § BIooys 0'45 0.43 0'40 0.25 0.24 0.23 7473 041 0.39 0.35 74155 £1.20 £1.15 £110
®AT03C 0.28 0.26 0.24 § BpPougT 0'45 0"43 0‘40 0.25 0.24 0.23 7474 0.41 0.39 0.35 74156 £1.20 £115 £1.10
#AT09C 0.35 0.33 0.30 f zpoves A ohas i, 018 017 018 | 475 060 058 056 | 74157  £1.20 £115  £110
pATil 045 043 0.40 l Deviees miy be mixed to qualify for quantity 028 021 0.2 | 7476 044 043 042 | TH60  £173  £170  £165
TBA8V) £1.50 = - R e quantity prce o appliation 030 029 028 | T80 074 071 064 | 74161 £173  £170  £165
(DTL Y 0.32 0.31 0.30 T481 £1.30 £1.25 £1.20 T4l02 £1.73 £1.70 £1.65
NUMERICAL INDICATOR TUBES 040 039 038 | 7482 090 085 080 | 74163 £1.73  £1.70 £1.65
CD66 .. o at we £1-87 0.40 0.39 0.38 7483 £1.20 £1.15 £1.05 464 £2.20 £210 £2.00
GRI16 . .. .. .. £170 F VOLTAGE REGULATORS 018 017 016 | 748  £1.10 £1.05 £1.00 | 74165  £220 £210 £2.00
3015F  Minitron .. £1-50 0103 Plastic 15 Amps 030 029 028 | 7485  £2.00 £1.90 £1.80 | 7466  £235 £230 £2.25
MAN 3M. L.E.D. 7-segme nt 0.1277 £1:90 B LA 7H05/LI29 5V (Equiv. to 0.40 0.39 0.38 T486 0.35 0.34 0.33 74174 £200 £1.95 £1.90
All indicators 0-9 4 Decimal point. MVRAV) . . . £176 0.40 0.39 0.38 7489 £4.00 £3.75  £3.50 T4175 £1.40 £1.35 £1.30
Al side viewing. Full data for all types B, A 7812/L130 12V (Equiv. to 0.40 038 0.36 7490 0.74 0.1 0.64 74176 £1.60 €155  £1.50
available on request. MVRIZY) . £176 040 038 036 | 7491  £1.10  £1.05 £1.00 | 74177 £1.60 £1.55 £1.50
ZNil4 . £1-20 cach § uA. 78]5/L[J] l‘iV (l<,qu1v s 045 0.42 040 749:2 0.74 0.71 0.64 74180 £1.60 £1.55  £1.50
LC. Radio Ree. incl. full cir. data. MVRI5V) . L £176 018 017 0.16 | 7493 0.74 0.71 0.64 7481 £5.00  £4.50  £4.00
—— 040 038 036 | 7494 085 082 075 | 74182  £L50 £1.45  £1.40
TRIPLE 66-bis DYNAMIC DUAL-IN-LINE SOCKETS AN N Gay g mbse (OB W0Ey 035 [ TlEL 240 (RN a3220
SHIFT REGISTER EDSR 3166 v el ¢ o —— 045 042 040 | 7496 0.96 093 086 | 7490 £21I5 €210 £260
R 14 & 16 Lead Sockets for use with DUAL- =
1 s6.hit 9 ; s o v . 3 0.45 0.42 0.40 74100 £1.50 £145 £1.40 74101 £215 £210 £2.00
Comprises three 66-bit 2 O dynamic shift FIN-LINE 1.C's. TWO Rangex PROFLNS - PN 5
; ith linde e s TON q 0.18 0.17 8.1 74104 0.70 0.68 0.66 74192 £2.15 £210 £2.00
registers with independent inputs and out- BSIONAL & NEW LOW COST. I' RO Rk
I - 0.74 0.71 0.64 74105 0.70 0.68 0.66 74193 £2.15 €210 £2.00
puts. TTL compatibility and Luffered clock § TYPE No. 1-24 25-99  lobup.
" . ] 0.74 0.71 0.64 74107 04 0.42 0.40 74194 £1.90 £1.80 £1.70
lines to reduce the capacitive Inad presented ll TSO 14 pin type 33p 30p 27p -
at the clock pins. A hoot-strapped buffer § TSO 16 38 35 39, £120 £1L15 £1.10 74110 0.60 0.55 0.50 74195 £160 £1.50 £1.40
ensures a full logic swing at the output. LOW COST No. a “ia L £120 £L15  £L10 T4l1l 0.95 0.92 0.90 74146 £1.73 £1.70  £1.65
2250 onch BESH 6 Mp  12p £1.98  £195 £190 | T4l8  £110  £105  £1.00 | 74197 €173 £170  £L65
BECTE I 5 i £120  £115 £110 | 74119 £1.50 £1.40 £1.30 | 74198  £345 €335  £3.20
BPS 8 spin type 15; 13; “: 110 £1.07  £1.05 | 74121 050 048 045 | 74199  £3.10 £3.00 £2.90

IDEVICES MAY BE MIXED TO QUALIFY FOR QUANTITY PRICE. (TTL 74 SERIES ONLY) DATA IS

===
ALL PRICES INCLUDE VAT. AVAILABLE FOR THE ABOVE SERIES OF 1.C's IN BOOKLET FORM. PRICE 35p.
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-the lowest prices!

QUALITY TESTED SEMICONDUCTORS
P.W. TELE-TENNIS [&& vie | KING OF THE PAKS  Unequalled Value and Quality
£p
KIT OF PARTS Q1 20 Red spot transistor PNP. . 3 0.55
Q 2 16 Winte spot R.F. transistors PNT | 0.55 vv
Including all resistors, capacitois, Qa3 (OCTTyICranRisfor 055 NEW BI-PAK UNTESTED
Q4 6 Matched transistors 0024 40/81/81D 0.55 SEMICONDU CTORS
semi-conductors, I.C. sockets, switches Q5 4 OCT5tranmistors .. 0.55
Q6 5 OCT2 transistors 3 o 0.55
0 Uaﬂd tlra;sformfe:r 7 50 Q7 4 istors P\P h:gh gam L 0.55 Money back refund if not satisfied
i . Q 8 4 ACI2¢ transistors PNP i 0.55
ur Usual Price £2 Q9 7 OCSI type transistors 0.55
SPECIAL OFFER Q10 7 OCTI type transistors ' . 053 Pak No. Description Price
QI1 2 ACl ’7/1 28 Cnmplemrntar) pmr« . £p
£23-50 incl. VAT and P. & P. . PND/NDPY ’ 0.55 U1l 120 Gl'a.cs SubAMm..Gonnral Itllrposo Germanium Diodes 0.55
8}§ :; He :mns}s:om ggg U2 Mixed Germaninm Transistors AF/RF e e 0.55
f ; E o e transistors g E (o . Y B 3 =
Ne regret free pack not applicable to this offer QL4 3 OCITI HP tope transistors : 355 Us 15 Gtrmum'um Gold 3011(1« q Sub-Min. like OAS5, 0A47 0.55
Q15 7 2N2926  Sil Epoxy transistors U4 Germanium Traosistors like OC81, ACI28 0.55
{D 120 NIXIE DRIVER |[SIL. G.P. DIODES £p - _— txll«mr?& 3. or. E g:g U5 60 200mA Sub-Min. Silicon Diodes 0.55
IRANSISTOR 30tmW 30 035)Q17 5 XST.14 XST.140 - q < 7
juitalle replacement  for | 40PIV(Min) 100 185]QI18 + N \Dl S AxMAT 100 & 2 xMAT U 6 30 Sil. Planar I‘ra:m NPX like BSY054. 2V¢00 0.55
SOID ppee i g e e U7 16 8il. Reetifiers TOP-HAT 750mA VLTG. RANGE up to 1000 055
éO‘vvb. ! P ' Full Teated 1,000 990(Q19 3 \XADTb 2xMAT 101 &  XMAT U 8 50 Sil. Planar Diodes DO-7 Glass 250mA like OA 200/202 .. 0.55
Ideal for Organ Builders. 0.35 8 20 Mixed Voltages, 1| Watt Zener Diodes
. }9 02‘;’7 Ig(;; 3 Q0 4 ()(A—-i Gormanium tmnsnsturs AF. 0.35 310 23 BI\X(,,) ol i /.m"f Dm(i« : 055
? s 4 Q21 4 ACI27 NPN Germanium transistors 0.55 | AY50 charge storage Diodes DO-7 Glass 0.55
Q22 20 NKT transistors A.F. R.F. coded .. 0.55 un PXNP 8il. Planar Trans. TO-5 like 2N1132, IN2004 0.55
Q23 10 0A202 Nilicon diod®s sub-min. 0.55 1 30 PNP.NPN Sil. i “ S
S5il.  trans. suitable  for AD161I162 » | Q24 8 OARI diodes .. 0.55 gli 150 Mi ‘1\4qu\ 3l [‘(;-a(n orI ;)0 e 104 55
PE Organ, Metul Tot |\ oo oo oo PHPL (25 15 1X814 Silicon diodes T5PIV Tma| 0.55 txed Silicon and Germanium Diodes 0.55
Equt. ZTN300 6p cach. i)éJR(IL(A)I\I\)'l;S'lB?’[R";CE!E)SE Q26 8 O0A9 Germanium diodes sub- mm U1s NPN Sil. Planar Trans. TO-5 like BFY51, ‘)\1097 - 0.55
Any Qty. 50 PER PJ.IR IN69 : 0.55 UI6 10 3 Amp Silicon Reetitiers Stud Type up to [000P1V . 0.55
P gllio Q27 2 10APIV Slhvon r(-etlhors ]94.’5R - 0.55 - : U1 AF Transictons R 5
E ’ U17 30 Germanium PNP AF Transistors TO-5 like ACY 17-22 0.55
Q28 2 Silicon power rectitiers BYZ13 .. 0.55 — o
GP 100 TO3 METAL Q29 4 Silicon tramsistors 2x2N696, X Uls 8 6 Amp Silicon Rectitiers BYZ13 Type up to 600 PIV .. 0.55
CASE GERMANIUM looK FDR Dun 2N697, 1 x2N608 | 0.55 U19 Silicon XPN Transistors like BCLOS - 055
Vebo = 8OV. Voo = SOV, @0 7 5"‘1\?;’," switeh  transistors SN706 0.85 U20 12 1.5 Amp Silicon Reetifiers Top Hat up to 1000 PIV 0.55
50“ Wohte BT, AUDIO & Q6 smm.‘. switeh transistors 2N708, ’ U2L 30 AF. Germanium Alloy Transistors 2G300 Series & OCT1 0.55
s X : 0.55 U23 MADTs like MHz Series PNP Transistors T 0.55
Replaces the mmnjority of 5 » s
Goemaninm  power  tran- Q2 3 1 \IP -:)\hlm';x transistors 2 x2N1131, . U24 20 Germanium 1 Amp Rectifiers GIM Series up to 300 PIV 0.55
sistors in  the OC, AD COMPONENTS 033 3 \ﬂwzu INES lmnshmn 2\11“ 0'55 U25 25 300MHz N PPN Silicon Transistors 2N708, BSY27 0.55
and NKT range, 0% 7 Sili NPN transist 2369, ’ U26 30 Fast Switching Silicon Diodes like IN914 Micro-Min. 0.55
1 25 100 + ADVERTISEMENTS | « 7 l.l;(()(t))"\l}{z o r][:,l;‘q;ﬂ) ors - B B | i('R'v;"]‘()‘r; : el iy e D
. . 2! Amp SCR's -5 can, up to 600 P1V CRS1/25.600 L10
0.47 0.44 040 | PRACTICAL WIRELESS [ 035 3 silicon PNI' TO-5. 2x2N2004 & T . : . i
EVERYDAY 15 3IN2905 . 055 U32 25 Zencr Diodes 400mW DO-7 case 3-18 volts mixed 0.55
ELECTRONICS AND Q36 7 T0.18 p]ﬂ\(lc 300MHz NPN 0.55 U33 15 Plastic Case [ Anip Silicon Rectificrs IN400 Series 0.55
GP 300 T03 METAL RADID CONSTRUCTDR Q37 3 3 3 NIN Silicon transistors . 0.55 U34 30 Silicon PXP Alloy Trans. TO-5 BCY26 28302/4 0.55
3 7 XD 3 X2N37 !
CASE SILICON Q8 ! At x2NS03 . U35 25 Silicon Planar Transistors PNP T0-18 2X2006 .. 0.55
;’gm = :00\" \:copr t.l')ﬁ\' 2het a - - U36 Silicon Planar NPN Transistors TO-5 BFY50/51/52 .55
= amp ot = ; 5.2 PN .
MHBW. e — 20 100(T. ;ﬁ;]l)'ngﬁrzﬁ%a%‘i‘: %Egﬁ% U37 30 Silicon Alloy Transistors SO-2 PNP 0C200, 28322 0.55
IMHz. Snitable replacement 233V, 400mV (DO-7 Case) U38 20 Fast Switching Siticon Tran PN 400MHz 2N3011 0.55
for .’A\) 3055, BDY L1 or 12p en. W (Top-Hat) U30 30 RF. Gern, PNP Transistors 2N1303;3 TO-5 0.53
B:)Y Lo s ;;p ca. JOW (SO0 Stud) 1WUs p each Us0 10 Dual Transistors 6 kead TO.5 2N2060 0.55
e P ca. U43 25 Sil. Trans. Plastic TO-18 A.F. BCIL
055 0.53 0.51 5 Sil. Trans. Plastie TO-18 A . BC113/114 0.55
Ud4 20 Sil. Trans. Plastic TO-5 BC115/116 0.55
U4s 7 3ASCR. TO66 up to 60011V 110
NEW 8th EDITION MAMMOTH I.c. PACK C46 20 Unijunction transistors similar to TIS43 . . 0.55
250 pages U47 10 'PO220AB plastic triaes 50V 6 L10
TRANSISTOR EQUIVA- APPROXIMATELY 200 P'ECES ASSORTED U4 9 NPN Sil. power transistors like 2N3055 o 1.10
m‘l‘iﬁ rmfu ar;dm:‘l]\&':;v MANUFACTURERS FALL-OUT INTE- U49 12 NPN 8il. plastic power trans, 50W like 2N5204/5206 w110
R GRATED CIRCUITS INCLUDING LOGIC A e - S—
¥ ode Nos. mentioned above are given as a guide to (2 e O evice in
’{‘Tﬁs?lt%? Lxl:!lusnc to BL. 74 SERI Es Ll N EAR and AU Dlo AM PLI FI ERS the pak. The devices themselves are inrmalh unnﬁ)rkcd o
oac
MANY CODED also SOME UNKNOWN
A LARGE RANCE OF TYPES—YOU TO IDENTIFY FREE
TECHNICAL AND DATA One 535p Pak of
p Pak of your own
REORSARE NOW AVAIL PAK NO. M.L.C. 200 choice free with orders SIL RECTS. TESTED
- . valued £4 or over. .
EOR FREEILIST; PRICE £1-25 per PAK including P & o] &V.AT. PIV 300m A 750n.1A 1A L5A 3A 104 30A
300003 008 INJOOL 005 0.08 0.15 021 0.80
INTEGRATED CIRCUIT PAKS 100005 007 IN4K2 006 010 0.17 023 075
e . 1974 CATALOGUE CADMIUM CELLS 2000 0.06 0.10 IN43 007 012 0.22 0.25 £1.00
Manufacturers’ “Fall Outs” which include Funetional and Part Functional Units. These NOW READY 10p ORPI2 48p 00 GO% 015 NN 008 0.15 0.30 0.38 £1.35
are classed as ‘out.of-spee’ from the maker's very rigid speeifieations. but are ideal for 600 009 017 IN4003 0.6 0.18 038 045 £1.90
learning about 1.C.% and experimental work. K00 0.12 019 [N#Nw 011 020 0.38 0.55 £2.10
Pak No. Contents Price ~ Pak No. Contents Price  Pak No. Contenis Price NEW LOW PRICED TESTED S C R S :Qb’:; 014 :;2{_) IN4007 012 3;‘: g;s 8,?2 ggg
2 — 35 — b . . .4
UIC00=12 x 740 0.55 U046 - 5x 7446 0.55 b]CﬂO 5 X 7400 055 § pIv IA 34 5A 5A 7A 104 16A 304
vlcol 2 X 7401 0.35 UIC48 =5 x 7448 0.53 T4 0.55 TO5TO6 TOG6TO4TO48 TO48 TO48 TO48
UIC02=:12 x 7402 0.55 b 1 0.55 0.55 50 0.26 0.28 039 039 052 055 059 £1.27
g..‘ig 3.55 0.55 § 100 0.28 037 052 0.52 055 064 070 £1.54
.5 .55 0.55 § 200 039 041 054 054 063 0.67 083 £1.70 3
UIOW--12x 7405 055 055 085§ 400 48 0.52 0.62 062 0.74 083 2103 £193 | por e MACE L TRIACS
UIC06=8 x 7406 0.55 0.55 | 0.55 § 00 DAY 083 0.75 075 085 £1.07 £L3%  — | g P Mo F | VBOM24 - 6A 104
UICOT=8 X 7407 055 055 UICO0=5xT4100 055 800  0.70 0.77 0.88 0.88 0.99 £1.32 £1.65 £4.40 Ol A Ngz0R e TO-5 TO-66 TO-48
UicC10 X 7410 0.55 055  UICI21=:5xT74121 0.35 POTTED £ £ £
UIC20=12x7420 0.5 7 035  UICHHL-5x7414l 035 BRI R [0 033 o5 083
VIC30=12 x 7430 0.55 UICT4=8 x7474 0.55 UIC151=5xT4151 0.55 h - Kk 200 055 068 099
UICi0=12x7480 055 UICT6=8x7476 055 UICIS$=5x7415¢ 0.5 ORI 100 077 083 121
UIC41=5 x 441 035 UIC80=5x7480 055 UICL93-=5x74193 0.5 BIY.199p ac
UIC42=5 x 7442 0.55 UICBI==5 x 7481 0.55 UIC199=5 x 74199 0.55
UIC43=5 x 7443 0.55  UICB2=5x7482 0.55 115 WATT SIL
UIC44=5 x 7444 055 UlIC83=5x7483 035  UICXI=25 Assorted | POWER NPN Giro No S86 ot
UIC45=5 x 7445 035  UIC86=>5x7486 0.53 T4’s £1.65 o e SRR
55p EACH Picdse sead ail arafPs dorecl fo waed fouse ingd o
Paks cannot be split, but 25 assorted pieces (our mix) is available as PAK UIC X1.
2 Amp. BRIDGE RECTS.
50 v l%MS 85p each D169 NPN SILICON LINEAR INTEGRATED CIRCUIT PAKS
100 v RMS ap DUAL TRANSISTOR ULIC700 10 — 709 0.55 __f ]
200 v RMS 43 (Similar to 2N2060) ULIC7I0 7 — 1710 0.55 . "
400 v RMS - 1 25 100 + } ULIC74] 7 — 741 0.55
1000 v RMS 55p 028 026 0.2 ULIC747 5 — 747 = P.0O. BOX 6 WARE HERTS
Sixe 18 mm x 16 mm g - * ULIC748 7 — 748 0.55

and pocking wdd T1p Overseas add vetes for aimas
Minsmum arder Shp Cash wilh osder plrace

Guaranteed Satistaction or Money Bach

Postuge
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GIRO NO. 331 7056

C W.O.only. P. & P. i0p on orders betow L5

Discount: £10-10%, £20-15% (except nec items)
Expart Order enquiries welcome (VAT free)

SPECIAL RESISTOR KITS (Prices include post & packing!
JOEI2 ;W KIT. 10 of each E12 value, 22 ohms—1{M, s total of 5TO0(CARBON FILM 5%,), £3 63 net
10E12 yW KIT: 10 of each E!2 value. 22 ohms— 1M, a total of STO(CARBOHMN FILM $* ), €3 88 net
2SEI12 §W KIT: 25 of each E 2 value, 22 ohms—i M, a total of 1425 (CARBON FILM 5%, £8-39 net
25E12 ;W KIT: 25 of each E12 value, 22 ohms— M. a total of 1425 (CARBON FILM 5%.). (8 4% net
20E12 W KIT: 20 of each Ei2 value, 22 ohms—2M2, a total of 1220 (METAL FILM 5%, £1] 0% nat

ALL QUANTITIES SPECIFIED ABOVE ARE APPROXIMATE,

OHicial Orders accepted from
Educationa) & Governmant Departments

ALL PRICES INCLUDE VAT

MULLARD POLYESTER CAPACITORS C200 SERIES
250V P.C. Mounting: 0-01uF, 0-0184F, 0 0224F, O 03)uF, 0-047,F, 34p. 0 068.F.

CF—High Stab Carbon Film, 5°, MF—rligh Stab Meta! Film, 59,.

S0V: (

560, 6g0. 82
24p.each. 01, JOV, 4yp.

POLYSTYRENE CAPACITORS 160V 5%,

(pF) 10, 15, 22, 1), 4
4700, 6800, 10,000

10,000, 4%p.

?iluf. ;9:-10" '5{F2. 4Fa‘91..0 22uF, 84p. 0-JJuF, 8p. O-4YuF, 99. 0 -68uF, 12p. 1 iF, W.‘cfloazlzanllr: II-99 ‘1’09;499 3026999 éogg gﬂu‘. n;ms
p. | -SuF,23p.2 uF, 26p. -
MULLARD POLYESTER CAPACITORS C296 SERIES o v | B ] 95 J9s105
400V: 0 001 uF, 0 00154F, 0 0022uF, 0-0033.F, 0 00474F, 29p. 0 0068,:F, 0-014F, ME 10.aM7 2 | 54 1] e 1.7
.0-0154F, 0-022uF, 0 03IuF, ltp. 0-047uF, 0 068,F, O IuF, 4ip. O I5uF, &4p. ME  10-2M2 2 ) L3 0 99 Y108
0:22,F, 84p. 0 JIuF, 12p. 0 4TuF, I4p. { Me 10/l0M 3 | 98 ] | 65 thl)
;60\8: gzOIFu;. [ gl)siaF,‘0.0nglhln'- giN;u:..O;O?;uF.I llpi‘O‘ VuF. 4lp. O 15uF, | 3 Me j0.1OM 4§ ) §2 1 68 278 HYE R
. uf, 8¢p. 0 JILF, 6jp. 0 47:PF, Bip, 0-68uF, I12p. | uF, 14p. X ‘ i i i ‘ X

MINIATURE CERAMIC PLATE CAPACITORS For valus mixing prices, pleste refer to cur catalogue iprice in pance sach)

F) 22, 27, 33, 39, 47, S6., 68, 82, 100, 120, 150, 180, 220, 270, 330, 390, 470,
6.1, TS, 2K2, IKI, 4K7. 6K8, (uF) 001, 0018, 0 022, 0 03], 0-047,

7, 68, 100, 150, 220, 110, 470, 680, 1000, 1500, 2200, 3100,

VALUES AVAILABLE—E 1] Series on!y

PRESET SKELETON POTENTIOMETERS

MINIAlLUIE 0:25W Vertical or harzontal 6p each 1K, 2K2, 4K7, 10K, ett.
up te o

SUB-MINO OSW Verctical, 1002 to 220K {2 Sp each

(Net prices above 100)
. 2 |

[] HEDDINGTON AD, P
NR. LEIGHTON BUZZARD, BEDS, LU7 OAQ
Tel. : Cheddington 668446 (Std. Code 0296)
PLEASE WRITE FOR FREE CATALOGUE

T ivti VEROBQARD 01 0.15 | POTENTIOMETERS .
Miniature M;‘“a'd Electro "\'/“ 24 x 5 28p 28p | Carbon Track SK (1 co 2M (), lns or Iin. Single, 16,p Duai Gang 46p. Log Single with switch 26p
:g:; :;; 8 : 2311: égv? : 24 x 32* 26p 19p | Shider Pots. 10K, 100K, 500K, 30mm, J4p. 45mm, 47p. 60mm, $5p. (Semi-log}

3 x §° 32p 33p

2 2.F 63V 63p 100uF 10V 6ip g DIODES PLUGS ELECTROLYTIC CAPACITORS. Tubular & Large Cans
3-JuF 63V 64p  1004F 25V 6ip 33 g f?' “g z;: IN400( 6;p | DIN 2Pin 12p | (uFIVy: 1125, 2/73. 4725, 4 7/10, 5/25. 8:25. 10/10. 10:50. 16/25,
v M Wes|iiews  Zup|WERiR| ek 8 | e, iu e hs g s e G, s g
3 ' " i — in 3 3 25, p. 150, p. HB P, . .
6 8uF 63V 6ip  150uF 63V 13p | 2i (Pl — tde | 104003 90 | & 0 0" 1470 | 500130, 18p. 1000/15. 15p. 1000125 12p | 00050, 408, 2600/15,
8-0uF 40V 6ip  220uF 6 4veyp | o % 4 (Fain) 59p 59p | IN400S t13p | 2.5mm jack 1ip | 20p. 10001100 90p. 2000:25. 30p_2000/100. 95p  2500/25. I8p.
104E 16V 30 2204k 10V 61 | FSELAST a4p 44p | IN4008 14p | Phono 55p | 2500:50, 62p. 3000/50. 80p. 5000/25. 66p. 5000:50. £.10

I0WF 63V 61p  2304F e3v s | Pins. Pke.2s 10p 10p | IN914" 7p | sOCKETS HI-VOLT: 41450, 14p. 8/350. 19p. B/a50. 20p. 16,350, 21p.
1S9F Tev 61p  3304F Sev 1S IBNNG ;p DIN 2 Pin 10p | 16/450, 23p. 32/350. 2p. 50{250. 20p. 100500, 88p.

154F. 63V 6ip  3)04F 6Iv2sp | TRANSISTORS e P ol 19 | METALLISED PAPER CAPACITORS

164F 40V 6ip  4704F 6-4V9p | ACI27 I6;p BC2I2L 12p Hel dERAL » v F. 0 1.F. 6p.0 25 6p. 0 Si.F. 7.p. 1.F. 9p. SO0V
22uF 25V 6ip  A704F 40v20p | AC128 22p BC213L 12p | OA47 90 | Sed fack 143p | 250V 0 OSuF, O 1.F. 6p. 0 25, 6p. 0 SuF. 7.p. 1uF. 9.
2UE 63V 6l 680uF 16V i3p | BC107 11p BCI14L 175 | SAB! t1p | 2.5mm jack I1p | 07025.0.05.6p 0 1 6p. 0 25.7ip 05, ¥p 1000V:0 O} b,
JIUF 10V 6p  680uF 40v2Sp | BC108 125 OC4s  isp | OA200 8o | Phono Stp | 0 022, 13p. 0 047.0 | 15p. 0 22. 2p. 0 47. 20p.

JIuF 16V 64p  10004F 16V 20p | BCIO9 13p OC?t 13p [Tacesracad Yeresnad Wire, Metre 5 W AL
3IuF 40V 64p  1000uF 25V12Sp | BC148 12p OCB1  t6p | Circuits Twin Screened Wire, Metre 14: FILM 5% ULTRA LOW NOISE
324F 63V 64p  ISO0uF 64 I15Sp | BCI49 12p OCI70 23p | 4A709C  30p | Sterco Screened Wire, Metre Y2p | NEW RESISTORS WITH FULL
474F 10V 6ip  1500uF 16V 25p | BC182L 12p TIS43  33p | ,A74iC  38p | Connecting Wire, Alt colours, Metre .~ 3,p ] COLOUR CODING 5 EACH
4TuF 25V 63p  2200uF 10V23p | BCIB3L 12p 2N2926 11p | ,A72) €1 | Neon Bulb. 90V W.re Ended 5for 24p | €12 VALUE 108-1M, TOTAL
4TuF 63V Bp 3I00uF 6-4 26p | BCIB4AL 13p 2N3IT02 Mlp | ZNal4 £1.32p | Panel Neon, 240V Red. Amser, Clear 20p | 305 £2.78

byt D
CHANTICLEER

READ: TIME & ALARM
ELECTRONIC ‘BEEP' ALARM TONE
TEN MINUTE ‘SNOOZE’ FEATURE
BRIGHT, CLEAR DISPLAY

NO MOVING PARTS

EXECUTIVE STYLING

SOLID STATE RELIABILITY

Digital clock

The heart of the CHANTICLEER is a tiny electronic
package containing thousands of transistors which divide
the 50 cycles/second mains frequency into precise time
units. The clock ““movement” in fact has no moving parts
to wear out or tick or tock or hum or click.

519 95 +VAT.
|

* ¥ ¥ ¥ ¥ ¥ *

RECOMMENDED
PRICE
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BYLUOD

COMPLETELY ELECTRONIC
NO MOVING PARTS

Alarm

Has a.m. or p.m. setting with alarm on/off indicator. A
gentle electronic ‘beep’ tone with special snooze feature
that resets the alarm for ten-minute intervals. The snooze
is activated by simply tilting the clock forward and then
releasing. Upon cancelling, the alarm can be immediately
reset for the same time next day.

BYWOOD ELECTRONICS,
181 Ebberns Road,
Hemel Hempstead,
Herts. HP3 9RD.
Tel: 0442-62757
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AUDIO

100W GUITAR AMPLIFIER . . .
Rugged, high quality circuit handles 100W continuous power
MIXER PREAMPLIFIER .

Simple circuit for use with 100W guitar amp

MASTER MIXER

Major project gives professional performance

SIMPLE AMPLIFIER

1.8W amplifier using discrete components

SIMPLE LOUDHAILER

A few components — a lot of power

38

83

90

TEST GEAR

WIDE RANGE VOLTMETER

Solid-state circuit has 22 ranges — from 10mV to 1000V a.c. /d c.
TRANSISTOR TESTER o

Basic circuit measures gains up to 1000

FET DC VOLTMETER. o

Cheap-to-build with 10MS) input /mpedance
OSCILLOSCOPE CALIBRATOR

A circuit to build into your ‘scope

AUDIO ATTENUATOR o :
Provides 0—59d8 attenuation in 1d8 staps

23

24

65

84

FOR THE MOTORIST

ELECTRONIC TRANSISTORISED IGNITION .
A popular design to improve your car’s performance
THE REVEALER

Is there metal or filler underneath the pamr? a

BRAKE LIGHT WARNING
Dashboard mdlcamr shows when brake lights are o, k

30

60

76

FOR THE PHOTOGRAPHER

PHOTOGRAPHIC TIMER
Provides accurate timing of photographic plocassas
SOUND OPERATED FLASH

Can be triggared by anything from a dropping pm ra a rhundarc/ap

26
66

FOR THE HOME

TEMPERATURE METER

Gives a meter reading — even at a distance
UHF TV PREAMP o
One transistor circuit peps up weak smnm
BURGLAR ALARM

A variety of alarm circults are dascnbad

19
20
86

MISCELLANEOUS

LOW POWER LASER
Build your own laser for about £100

COIN COLLECTOR METAL LOCATOR . . . . .

Simple but sensitive circuit

EASY WAY TO MAKE P.C. BOARDS
Solves messy painting and hours of time
TECH-TIPS

A collection of circuit ideas for rha experimanter

ol

62
70
80

92

J
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IN CASE OF DIFFICULTY, USE THIS FORM TO OBTAIN YOUR
COPY DIRECTLY FROM US.

ELECTRONIC SPEED CONTROL
FOR MOTORS

Continued from page 51.

maximum rms voltage available to the
motor under half-wave conditions is
less than for full-wave, the motor
should be designed for use under these
condmons to obtain max|mum speed.

. CDNTRDL OF PERMANENT

MAGNET MOTORS

As a result of recent developments in
ceramic permanent-magnet materials
that . can ‘be easily moulded into
complex shapes at low cost, the
permanent-magnet motor has become
increasingly attractive as an appliance
component. Elgctronic control of this
type of motor can be easily achieved
using techniques similar to those just
described for the. universal motor.
Figure 16 is a circuit diagram of a
control system  to control

permanent- magnet motors presently

being used in blenders. Potentiometer
R3 and diode D; form a dc charging
path for capacitor Cy; variabie resistor
Ry and resistor ‘R, form an ac
charging path which creates the ramp
voltage on the capacitor. Resistor Rq
and diode D, serve to isolate the
motor control circuit from the ramp
generator during the positive and
negatwe half-cycles respectively.

A small amount of cycle sknppmg can
be experienced at low speeds using this
control, but not enough to necessitate
further development work. Since the
voltage generated during off time is
very high,” the thermal runaway
problem does not appear at ail.

HEATER CONTROL AND TIMERS

The circuit shown in Fig.2 or 3 could
well be made to contro| heaters in
domestic appliances without any
modifications.

If the eapacitor Cr in Fig.3 is made
very large a timer results. The time
delay is set by the value of C7 and the
variable resistor Rr. ®

We must emphasis that this article is
not intended as a constructional one
and component values cannot be supp-
lied. However a number of practical
circuits covering speed control are
scheduled for the magazme in two
months.
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—it’s ¢

This month we continue our dis- Fig.9. The basic

structure and symbols

PART Tib

cussion of Amplification by looking 1
at the basics of the transistor amp- ffa’,,i’}ft;f‘;y;’js’_” SHEgy ENTTIER COLLECTOR -
lifier. pInlpl— eln pln c
BASE b
C
b b
p—-n—p TYPE n-p-n TYPE

Fig.10. The actual
transistor chip is indeed
tiny — as these
enlargements show.
The scales at left half
millimetre divisions.
The smaller chip is a
high-frequency small-
signal transistor,
mounted in a TO5
case, the other a power
transistor mounted in a
TO3 case.

THE TRANSISTOR

Transistors are made from two basic
materials — germanium or silicon.
These two materials are known as

semiconductors because they are
neither good insulators, nor good
conductors. That is, they are
somewhere in between.

Germanium was used for early

transistors, but has largely {although
not entirely) been replaced by silicon
in modern devices. Although there are
some important differences between
transistors constructed from these two
materials, the basic theory, as follows,
is the same.

The basic pure material is modified
by adding a controlled amount of
impurities called dopants, to form two
new materials, one {celled P type)
having a deficiency of electrons and
one (called N type) having & surplus of
electrons.

If two pieces of these differently
doped materials are intimately joined
we have what is called a PN junction,
Such a junction of P and N materials
will conduct current more readily in
one direction than in the other — it is
in fact a rectifier, or in other words, a
semiconductor diode.

Current flow occurs when the P type
material is made more positive than
the N type material. The physics-
involved in this phenomenon are
complex, but of little interest at this
stage, We are only interested in the
fact that it happens.
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To make a transistor we add a third
layer of material to form a three-layer
sandwich in either NPN or PNP
format. We refer to the transistors in
this way — as a silicon NPN or PNP
type etc. The symbols for the two
types are shown in Fig.9. Each
terminal is given the name as shown,
the base being the centre connection,
the emitter the one marked by an
arrow and the collector unmarked.
Note particularly that the direction of
the emitter arrow denotes whether the
transistor is a PNP or NPN type also
that the symbol is the same for both
germanium and silicon devices.

In actual manufacturing processes

the three layers are formed by
selectively growing N and P crystal
layers, or by diffusing P and N
impurities into the opposite sides of a
pure, silicon or germanium crystal,

The actual transistor chip may be
extremely small, often pin-head size
and is generally a tiny fraction of the
total packaged volume of the device.
This is illustrated in Fig.10 which
shows the inner construction of
different types of transistor. From
this we see that although small, a
conventionally packaged transistor
wastes a relatively enormous amount
of space. Integrated circuits, where
both active and passive components
are made and connected by layering
and diffusion processes, are logical
developments from transistor tech-
nology — it is just as easy to fit 20 or
100 transistors in a TO5 case as it is
to fit one.

The main problems in integration are
in limiting power dissipation within a
‘given chip or case, and in fabricating
resistors and capacitors.

SYNBOLS

As we go further in electronics we

must use shorthand methods of
expressing  things —  otherwise
explanations  tend to  become

unwieldy. For example, in our
discussion of transistor parameters we
will be considering the currents,
voltages and  impedances  etc.
associated with each lead of the
device. To avoid having to write for
example, “‘current in the collector
lead”” we simply write lc. The main
symbol | tells us we are concerned
with current and the subscript ‘C’ tells
us that it is the collector lead we are
talking about.

Thus Ep = base voltage

Ec = collector voltage

b = base current

Ece = voitage between collector
and emitter.

Now that we have established our
shorthand we are in a position to
examine the practical characteristics of
transistors.

COLLECTOR DISSIPATION

BASE CURRENT |

25 MILLIWATTS U SHERORHIES

-10— ~140

-120

~-100
1 \ -90
c ~ 80

COLLECTOR .5 ~70 le
CURRENT 5 ~60
IN MILLIAMPS / -50
/——L‘/f‘- 0
-30
/ | Ec
~10
0 -5 -10
€ COLLECTOR TO
€ EMITTER-VOLTS
Fig.11, Typical characteristic curves for a small sipnal PNP-transistor.
—~ -V -\
Ry Ry
ofe OUTPUT
INPUT Ti
@) 4 0 (b)
0
R1 Rq
R R — 4 — s W0
1 L Ry RO
' 0/ 2]

1 /p Fig.12(a). To use a transistor as an
amplifier we first need to insert a load
resistor RL. (b} The load resistor

Ra together with the resistance of the
transistor become a voltage divider.
c) e fc) To amplify ac signals we must
BIAS CHAIN use a bias current to offset the

CHARACTERISTIC CURVES

Let us examine what happens if we
hold the collector-to-emitter voltage,
Ece, constant at -5 voits and then vary
the base current, Ib from 50 to 60uA
we find that we have a corresponding
ic change of 500uA (0.5 mA). Thus
we have a gain, § of 600/10 = 50.

Note that corresponding changes in
Ip at other points (e.g. 90 to 100uA)
do not result in the same gain. In
fact, there is non-linearity at extremes
of Ib which would result in distortion
of the signal.

In practice it is not necessary to
perform  these calculations, the
manufacturer tells us the gain in his
data sheet. This is referred to as 8 or
Hfe (don’t worry about interpretation
of this latter symbol} and is the ratio
of the change in collector current

ELECTRONICS TODAY INETRNATIONAL~JANUARY 1975

operating point,

resulting from a small change in base
current.
. =2 le
Thatis 8 N (& means small
change in)

Values of §§ range from 5 or so for
early transistors to several hundred, or
even thousands in modern
components. Manufacturing tolerances
don’t allow all transistors of any type
to have the same (' and the
manufacturer usually specifies the
limits within which the device
current-gain will fall,

For example the BC108 featured in
this month’s offer is specified as hav-
ing Hfe (B) greater than 125 but less
than 900 at 1c.=2mA and Vce= 5 volts.

Referring back to Fig.11, we find a
dotted line across the curves which
represents the maximum permissible
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ELECTRONICS —it’s easy!

¢ LOAD LINE FOR VALUE OF

MAXIMUM _p- J R CHOSEN

FLOWING WHEN
E¢=3

ic=

(ic ﬁ;.)

Iy

e ——— g

Ec Iy

MAXIMUM WHEN

lc:O

Ec = V (FOR Ry MUCH

LESS THAN ‘RESISTANCE’
OF TRANSISTOR)

Fig. 13. Output impedance of the stage is equal to the value of Ry. Ry is generally chosen
to be about one-tenth of the input impedance of the following stage provided that | é—/ 12R
does not exceed the rated device dissipation. The load line is then drawn and operating

point Q determined as detailed in the text.

power dissipation for the device. This
is determined by the maximum heat
that can be dissipated without the chip
being destroyed, unless the device is
cooled by a heat sink or with forced
air circulation.

For example if the transistor of
Fig.11 has an Ece of 5 V, then the
collector current must not exceed 5
mA if the dissipation is to be less than
25 mW, Thus the user must check his
design to ensure that under worst case
conditions (component tolerances,
power supply voltage etc,) this
dissipation is not exceeded. The device
must never be operated at any point
above and to the right of the
dissipation curve.

Thus we see that much information

can be extracted from the
characteristic curves..
THE BASIC AC AMPLIFIER

Used alone, the transistor cannot
amplify ac waveforms. The two main
limitations are its inherent rectifying
action and an effect known as thermal
runaway. In addition we must devise a
way of taking an output from the
transistor.

The transistor may be considered as a
resistor whose value is varied by the
input base current. Hence, if we place
a resistor in series with the collector
lead of the transistor, we will have a
voitage divider as shown in Fig. 12
The collector current, as it changes in
response to changes in base current,
will produce an output voltage across
the series resistor. This series resistor is
called the ‘load’ resistor and is denoted
by the symbol Ry .

Note that to drive more current into
the base we must raise Ey, towards the
collector supply voltage. The resulting
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increase in 1¢ will cause the voitage at
the collector, E¢, to fall. Thus the
output voltage will be the inverse of
the input. In other words, the
transistor connected in this fashion,
changes the phase of the input voltage
by 1800,

BIASING

If a sine wave were to be applied to
the base of the transistor in Fig. 12a,
the negative half cycles would be
clipped off — the waveform would be
rectified as previously explained. We
can overcome this by applying a dc
‘bias’ current to the base such that the
input signal either adds or subtracts
from this current but never drives the
base current to zero.

Hence the collector current will also
be biased away from zero and will
follow the variations in base current.
In practical circuits it is not feasible to
have a separate battery or power
supply to provide bias, so it is usually
derived from the collector supply. The
most common method is by using a
voltage divider as illustrated in Fig.
12¢c.

Biasing can aiso be illustrated using
characteristic curves. For any chosen
R value, there will be corresponding
pairs of | and E¢ values — Ohms law
again. This means for any value of R
we can draw a line — called the load
line — across the characteristic curve as
in Fig. 13. The importance of this
curve is that the input signal, |, moves
up and down this line. {f we do not
add a bias current to ly we would be
operating at the bottom end, where |y,
= 0, and only negative swings of Iy
would be amplified. By adding a
quiescent bias current we put the
mean operating point at a place

midway (this is called the Q point)
along the load line and both half
cycles of our input signal will be
amplified linearly.

The degree of distortion is decided
by the extent to which the input signal
varies lp up and down about the
Q-point. Small signal changes will be
undistorted but not large ones. One
cause of this is that the gain I/l will
change at the limits.

Secondly, if the input signal increases
still further, the peaks of the sine wave
will be clipped, at one end by the base
current reaching zero, and at the other
by the collector voltage being driven
to zero (this latter condition is called
saturation). Hence it can readily be
seen, from the characteristic curves
and load line, what maximum input
signal can be applied without
distortion occurring.

Note that the load line must always
lie below the maximum power
dissipation curve.

THERMAL RUNAWAY

As well as the currents I, and I that
are designed to flow in the transistor
there is leakage current through the
normally reverse-biased, collector-base
junction. Some of this current will
flow through the base-emitter junction
(actually all of it if the base is not
connected) appearing as a normal
signal. The apparent signal current will
be amplified causing an (. of fly,.

Now here is the danger — the leakage
current is proportional to temperature.
So the increased |, heats the
transistor, the leakage current
increases, |, increases still further —
and the process may continue until the
transistor destroys itself.

The actual process is more involved
than we have described but the
explanation suffices for our purposes.

With silicon transistors leakage
current is very small and of little
importance but silicon has another
temperature effect that produces
similar, although not as serious,
thermal runaway. This is that the Ep,

1\

i
EMITTER RESISTANCE

Fig.14. The amplifier is stabilized against
the effects of thermal runaway by adding
an emitter resistor.
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ELECTRONICS -it’s easy!

of a silicon transistor, required for a
certain collector current, falls with
temperature. Hence with a fixed input
voltage the resultant |, causes a rise in
temperature, which causes a decrease
in Epe required, and hence a further
rise in |¢ — result thermal runaway.
Silicon transistors can be used over a
much wider range than can germanium
but therma! runaway must be
compensated for with both types.

Fortunately this potentially
damaging effect is easily overcome, in
both cases, by adding a resistor into
the emitter path as shown in Fig. 14.
1ts effect is as follows.

As the collector current rises (due to
leakage current) the voltage dropped
across the emitter resistor, Re,
increases  thus reducing the
base-emitter voltage V.. This reduces
the base current, and almost restores
the collector current to its original

value. Mathematics tells us the ideal
conditions to achieve stability and
show that an emitter resistance
roughly one sixth of the collector load
resistance is about right. The bias
chain values must be readjusted for
this and again there are complex
mathematical expressions  for
optimizing the values. In practice a
good choice is that the chain has
values in the same ratio as the
collector chain but about ten times
larger.

BYPASSING

Having overcome thermal runaway
conditions we now find the amplifier
is nicely stable but lacks gain. This is
because the same collector current
flows through the emitter resistor as
through the load resistor. Hence the
gain can only be equal to the ratio of
Ry to Re, that is, in our case 6. And

this is completely independant of (.
We can restore our gain by adding one
more component— a capacitor across
Re'

Thermal effects occur slowly by
comparison with ac signals (10 Hz and
above) so a capacitor connected across
the emitter resistor will act as a low
impedance to ac signals (thus restoring
ac gain) but as a non-existant
component to dc. Hence we get the
best of both worlds — thermal
runaway is eliminated and ac gain is
maintained. The capacitor is chosen
such that its reactance is about one
tenth the value of R at the lowest
frequency of interest.

Further reading:

‘’Understanding Solid State
Electronics’’ Texas instruments Ltd.
Manton Lane, Bedford.

ELECTRONICS - in practice

THE CIRCUIT of a typical ac
amplifier, for audio frequencies, is
given in Fig. 15. The input signal is
coupled in via a capacitor that
provides dc isolation between the
preceding stage and the bias network.

As the capacitor needs to be fairly
large (X, less than one tenth the
resistance from base to ground at
lowest frequency) it is usually an
electrolytic. An electrolytic may be
used as long as the positive terminal is
connected to the most positive dc
potential.

The circuit uses the transistors in
this month’s offer and may be put
to work (and tested) by adding the
components as shown in Fig. 16.

In effect we now have a light
intensity meter which can be used to
monitor the modulated content of the
radiation from a fluorescent-light tube.
Note that it does not measure the
steady-state light radiation.

The light dependant resistor, type
ORP12, provides a small amplitude
100 Hz signal when excited by the
light from a fluorescent tube. The
amplifier increases  the  signal
amplitude by about forty times. The
output from the amplifier may then be
half-wave rectified to provide a dc
output proportional to the leve! of the
100 Hz light signal. This may be
measured by a normal multimeter, or
alternatively, the ac signal may be fed
directly to high impedance
headphones. You will then hear the
100 Hz tone from the light radiation.

100uF

> +12V

OuUTPUT

Fig.15. The addition of a
bypass capacitor restores
ac gain and an input
capacitor provides
isolation for the input. We
now have a complete ac
amplifier. Two or more
stages can be used in series

of more gain is required.

INPUT 8C109,108,107
ISOLATING
CAPACITOR
100uF
YPASS
| CAPACITOR
STAGE d.c. -
10k

0AP12

0V —-5Vd.c.

METER
RANGE

1 HE 3

i

test of correct amplifier operation,

Fig.16, The modulated light output from a fluorescent lamp may be amplified
and measured by adding just a few more camponents. This also provides a simple

0.1uF (FAST RESPONSE)
1004F {SLOW RESPONSE)
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CS by Jobn Miller-Hirkpatiick

PETROL PRICES UP! Food Prices
Up! Clgarette Prices Upl Electronics
Prices Downl

Has it ever occured to you that
whereas most products in this country,
In fact in the world, have suffered
from price Inflation, products connect-
ed with the electronics.industry tend
to go down In price. Such things as
television sets, HiFi sets, calculators,
clocks, etc. all tend to go down in
price regardless of the rate of inflation.
This is quite possibly because most of
the raw materials used in the elect-
ronics industry are cheap and reason-
ably plentiful. Even those materials
which are expensive or rare {(such as
are used in semiconductor manufact-
ure) are used in such small quantities
per finished unit that the cost per unit
is relatively small. If the material cost
is low then the only inflationary costs
involved are power and labour, thus
the price of such components is based
substantially on the actual manufact-
uring costs. Thus to keep prices down
the manufacturer must use less of the
expensive materials and at the same
time automate as much as possible.
The LS| integrated circuit has meant
that more functions can be packed
onto a small silicone chip and there-
fore fewer of those functions need to
be made up from discrete components
on a PCB, this cuts the component
cost, PCB cost, assembly cost and
testing costs.

As the finished PCB becomes simp-
fer to assemble and contains fewer
and fewer components other than ICs
so the economics of automated ass-
embly become more feasable. Mach-
inery already exists for automatically
assembling PCBs from ICs and dis-
cretes, other machines can automat-
ically make the ICs from the raw
materials, yet other machines can
produce and/or purify these raw
materials. From shovelling in the
basic materials at one end {which
could be done automatically) to pro-
ducing the finished PCB at the other
end, the whole process can be done
automatically and controlled by a
computer. This same computer can
also test the finished PCBs and auto-
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matically reject or perhaps repair any
that are below spec.

Of course, the human brain is still
used in the original design and layout
of the ICs and PCBs - or is it?
Computer Aided Design is now used
for optimum design in most ICs and
some of the more complex PCBs.
The computer uses pre-written pro-
grams and sub-routines to route the
tracks of the various parts of the IC
and to calculate the amount of mat-
erial required to give the resistance
or capacitance needed. Similarly, the
computer can help out with the
theoretical circuit design by simulat-
ing the circuit under any conditions
and changing theoretical values for
other values. By using massive sub-
routines the computer can call in
complete IC functions in one go, ie it
could call up the equivalent of a
7490 decade counter rather than
incorporating one built from basic
principles. The computer can also
be taught to build in much larger
units into its circuits design, the
designer couid call for a ten decade
count module or a clock module or a
256 bit RAM, all of these units can be
simulated by computer programs and
built into the PCB or IC being
designed.

At some stage in the operation the
human designer has to tell the com-
puter to incorporate, so the system
is not completely automated yet. The
computer cannot ‘think’ for itself - or
can it? Most large computers now are
capable of scheduling their own work-
load and deciding which programs or
sub-routines it requires at any one
time. The computer also usually
writes its own programs, the human
programmer in fact programs in a
language more like English or mathe-
matical notation and the computer
converts from these high-level language
programs into its own machine lang-
uage instructions by using another
program called a compiler. The com-
puter can also modify these programs
if it thinks that the programmer has
made a mistake, or if the computer
knows of a better way to approach
the problem. When the program is

being executsd the machine can stiil
alter the program to make the most
efficient use of the core, disk or tape
storage available. The programs could
be models of a system the designer is
testing and the computer will write
its own program by trial and error
until the absolute optimum is
developed.

Our computer is now capable of
designing a program to design a set
of 1ICs and PCBs, another program
to control the machine that will
assemble the PCBs, another program
for aminicomputer to test the finished
units. There is no reason why the
machine could not also pack the units
for despatch to customers, debit the
customers account, produce invoices
and statements, print ‘“‘solicitor’s
letters’”” for overdue payments, etc.
At the other end of the business the
computer could turn out designs for,
let us say, calculators, list the com-
ponents required either make them
or send out orders for them, it could
write letters to all existing customers
about its new calculators, schedule
incoming orders against production,
etc. Most of these functions can and
are being done by computers now in
various companies. |f all of these
functions could be controlled by one
computer then that computer could
do its own design, ordering, schedul-
ing, marketing and sales. All you do
is to sit back and press a 'start’ button
and colliect the profits - if the
computer decides to pay you!l Im-
possible? - No. The cost of such an
exercise could be too high even to
contemplate but there are some com-
panies who could afford to extend
their existing system until it became
like our system. The only hope we
have is that the computer is going to
break down or need servicing at some
time. But wait a minute, our com-
puter is electronic and is in the
electronics business, could it? - no,
its not possible, it couldn’t diagnose
its own faults, design replacements
and then design a machine to install
those replacements. — Could it?

N.B. The above should be read
very late at night after a heavy meal
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of cheese and perhaps just a little
wine. Pleasant dreams!

AND NOW FOR SOMETHING
COMPLETELY (?) DIFFERENT

National Semiconductors (UK) Ltd
have just released a new list of digital
clock chips. These chips are extensions
of their existing range of chips and
some of them we have mentioned in
this column before. The first commer-
cial clock chip available and readily
obtainable in this country was the
NS MM5311, the 5311 family was
then extended to the 5312, 5313 and
5314 chips and the MM5314 is still
(but only just) the cheapest 6-digit
clock chip on the market. This
family has now been extended to
include the MM5309 and the MM5315,
these are basically the MM5311 and
MM5313 with a reset to zero function
added - now we might see some
decent digital stopwatch designs in-
corporating these chips.

The MM5370 and MM5371 alarm
chips with passive interface to high-
voltage displays are now available.
These chips were mentioned in ETI
some months ago (it was even news
to some NS peoplel) and so we will
not repeat details here again. Suffice

to say that they are definately now
available, | have even seen one work-
ing, but for some obscure reason with
a Phosphor-diode display not a Gas-
discharge display.

One of the very new families is
the MM5375. This is basically one
chip which can be mask programmed
(ie before production) to give several
options of use for its second count
register, and such things as 50/60Hz,
or Timer functions in the second
12/24 Hour, Alarm tone or switch,
etc. Already NS have 6 versions of
this chip with various options, it seems
& shame that they could not design the
chip so that some of the options such
as the 50/60Hz could not be selected
at operation time rather than at pro-
duction time. | assume that the lack
of these options is due to the fact
that the clock chip has only 18 pins,
presumably to save on space and cost.
| would refer the NS designers to
Electronics Tomorrow in the August
1974 edition of ETI.
 Another of the NS 18 pin chips is

the MM5378 ‘Auto’ (car) clock chip.

This runs from a quartz crystal at
2,097152MHz, with a minimum of
additional components and gives a
digital clock system suitable for use
in cars, boats, etc. In the diagram it
can be seen with a circuit to drive
LEDs but it would aiso direct drive

ELECTRONICS TODAY INTERNATIONAL—JANUARY 1975

Phosphor-diode type displays, thus
cutting the component count even
further. The MM5378 functions are
basic four digit clock in 12 hour mode
with flashing colon and brightness
control, another chip with the same
spec but with circuitry for driving
Gas-discharge type displays is the
MM5379. The only problem with the
5379 is where do you get 200V
necessary for the display in a car
environment, surely NS could have
put an inverter driver onto the chip
at very little extra cost?

Having ‘written this much of this
column | decided to ring NS and
check the prices of the MM5375
and MMb5378, they're not as cheap as
one would expect for 18 pin chips.
The one-off prices of the MM5375
are £9.00 and the MM5378 at £8.40,
| expected them both to be in the £5
area. MNational Semiconductors (UK)
Ltd, The Precinct, Broxbourne,Herts.@

BACK NUMBERS

Back numbers are available for 30p
each plus 10p. postage on one, 16p
for two or more.

We are unable to supply the
following:

April, May 1972

February, November 1973

March, September 1974

There -are -very limited supplies
of certain-other issues.

Many popular constructional
features in the issues no longer
available -are in the Top Projects
Book available for 75p + 10p
postage.

Orders should be sent to:

BACK NUMBERS DEPT.
Electronics Today International,
36 Ebury Street, London SW1W

- OLw,

A special bumper issue containing reprints
of over 20 of same of the most popular ETI
constructional projects published in the past.
2%z years. Now available at your newsagents:

9,
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* NLCAD DISCHARGE LIMITER
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Nicke!l-cadmium batteries should never be completely
discharged as this feads to shortened life. The circuit shown
may be used to disconnect the battery from the load when
ever output voltage falls below a preset level.

In operation C1 charges through R1 and turns on Q2, the
collector current of which flows through R2, turning Q1

~ on. Thus the battery is connected to the load. When the

output voltage falls below a point set by RV1, Q2 turns off,
Q1 turns off and further discharge of the battery is
prevented

AUDIO AMPLIFIER

=0 +17.5V

R%
0.8202
At

Tav
2604F

A high input impedance of 1.1 megohm is made possible
. in this-amplifier by keeping the collector current of Q1 low,
and by using a high tevel of ac and dc feedback. The input
sensitivity is adjusted by altering the value of R3.
The quiescent current of the output stage is 2.5 mA and is
. stabilised- by resistors R5 and R8. With a 17.5 volt supply
the amplifier will deliver 2.5 watts across 8 ohms with a
~ distortion of less'than 1% at 1 kHz.

2.2k

This circuit generates a fast rise time pulse each time the
ilumination of the BPX65 photo transistor by the LED is
broken by a small object or rotating disc segment etc.

The operational amplifier, . Siemens type TAAS861,
amplifies the signal from the photo-transistor and generates
the fast rise time pulse the duration of which is determined
by the value of C2: 5 microseconds when C2= 47 pF, 1
microsecond for C2 equal to 16 pF and 0.4 microsecond
when C2 equals 5 pF. The amplitude of the output pulse is
200 millivolt. i

The circuit is thus ideal for generating pulses for an
electronic counter. The maximum separation between the
LED and the photo-transistor is around 20 mm.,

A SIMPLE TEMPERATURE-CONTROL SYSTEM
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In electronics the need often arises to stabilise the tempera-
ture of critical sections of circuitry, such as master oscitla-
tors, log converters, and reference supplies. This circuit
will control the temperature of a small mass of metal, such
as a heat sink onto which critical components can be
mounted, simply and efficiently.

The difference between a reference voltage set up on
the temperature setting control VR 1, and a voltage derived
via thermistor TH1, is amplified by the op-amp, gain being
set via VR2. This output voltage is applied to heater
transistor TR2 via current amplifier TR1.- ZD1 is essential
for ~ voltage-shifting since without it even the negative
saturation’ voltage of the 741 would leave TR2 turned on.
The current flowing in TR2 is limited to 1.5Amp by TR3,
which shunts current from TR 1 base if the voltage developed
across R1 exceeds 0.6V. This arrangement leaves most of
the supply voltage across TR2 and hence it is the only
component dissipating significant heat.
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ETI is prepared to consnder circuits or ideas submltted
by readers for this page. All items used will be paid
for. Drawings should be as clear as possible and the

text should preferably bé typed. Clrcwts ‘must not be
subject to copyright. (tems for consideration should
be sent to the Editor, Electronics Today International:
36 Ebury Strest, London SW1W OLW.

TR2 is bolted to' the mass of metal to be temperature-
stabilised, and TH1 mounted as close to its flange as poss-
ible, using silicon grease for good thermal contact. The
less thermal time-lag between them, the higher the gain
that can be used without instability, and hence the lower
the steady -state error of the system. lnstabrlrty can be
easlly checked for by monitoring the op-amp output; if
this is stable at the non-saturated value, then the system is
probably operating correctly. TH1 must be the type of
thermistor that has a small head of sensitive material at the
extrerie end of the glass encapsulation; other types have
too much thermal inertia.

The prototype held a small {39C/W) heatsink within
%0C for temperature settings between 300C and 70°C;
when shielded from draughts. The unit must be powered
from a 10V PSU having good voltage regulation, to attain
this performance.

A DOUBLE PRECISION-RECTIFIER CIRCUIT

This circuit separates the positive and negatlve halves of an
input waveform, and presents. them (both phase invérted)
at separate output terminals. When the input swings posit-
ive, terminal A swings negative by an equal amount,
terminal B remaining at zero voltage due to the reverse
brasmg of DB and the virtual-earth action of the op-amp.
For negative inputs, terminai B swirigs positive by an equal
amount, terminal A remaining at zero due to the revetse-
biasing of DA. ‘

_The insertion of a resistance of valueé R/2 in series with
the non-inverting input gives .partial cancellation of drift
due to input offsét-current changes. A suitable general-
purpose value for R is 10K; note that the input-impedance
is always R due to virtual-earth action. ' :

A waveform appears at terminal C (at low impedance)
that is the inverted input waveform with the addition of
- two digde-voltage- drops, in such a way that the .central
part of the waveform is “stretched”.. If the, input is an
audio source resulting distortion prowdes an interesting
electronic music éffect.

The circuit is particularily useful because positive and
negative of a waveform can be operated on separately, and
then combined in a simple virtual-earth mixer. For ex-
ample, using two single-polarity log converters on the two
outputs would provide bipolar logarithmic conversion upon
recombination.
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A SELF-TRIGGERING TIMING CIRCHIT
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This circuit démonstrates a méthod of triggering a single
time-period from a:555 timer supply by applying power to
the circuit, thus elimindting the need for two switches or a
two-pole push switch. The or|g|nal application required that
a single 250mSec pulse be produced when a push-button
was operated, and the method shown allows the timer cir-
cuitry to be. switched on and trlggered 5|mu|taneously by
a smgle MAKE contact. This also economises on battery
power as there is no stand -by period,

A 555 timer triggers when the voltage on Pin 2 falls:.be-
low 1/3V¢c. When Sq is closed Pin 2 remains briefly below
1/3V¢c due to the finite timé C1q takes to.charge via R1,
and then climibs to 2/3Vcc Meanwhile the 555 has triggered
and the time-period has begun. When S1 is released, after
the end of the period, C1 dlscharges through R2 and the
circuit is ready for rettriggering in less than a mi'lisecond.
02 is essential to prevent supply line. transients resetting
the 555 as soon as it triggers, and Dq providés reverse-
polarity protection.

Timing ¢omponents (Ct and associated resistors) are
shown with values for 250mSec puises, though a wide
range of different values can be-used.

12V-9, 7.5, or 6V CONVERTER (AUTOMOBILE)

2N3055

O e
+
R1<
12V NOMINAL
FROM CAR BATTERY Y G
o— —0
OUTPUT VOLTAGE 9 | 15 6
R1(% WATT) 11800 7700 3300
ZENER DIODE (239) 10V ] 8vi | 6ve

Many transistorised items such.as radio, cassettes and other
electrical .items operate on batteries. Usually these are in
the 6—12V range and sockets are provided for external
power supply. :

This circuit enables these devices to be operated from a’
car’s electrical supply

The table gives values for resistors and specified diode
types for different voltage. Should more than one voltage
be required a switching arrangement could be incorporated.
For high currents the transistor should be mounted on a
heatsink. -



HOW NOT TO DESIGN YOUR
OWN BURGLAR ALARM

Innumerable designs have been
published for simple burglar alarms
based on variations of the circuit
shown in Fig. 1. In these circuits an
SCR is normally prevented from
triggering by the external guard circuit
— which is supposed to short the SCR
gate to cathode. .

These circuits are fine if the external
leads are only a few inches long — but
fcompletely hopeless for most alarm
applications where the external circuit
may extend to hundreds of feet.

Never ever hang an ‘aerial’ onto the
gate of an SCR. If you do, that SCR
will be triggered by every electrical
disturbance for miles. Thunderstorms,
arc welders, contactors, fluorescent
light starters, power drills — everything
and anything is liable to trigger the
SCR into conduction — and thus cause
false alarms.

Many of these circuits show a
capacitor or resistor connected from
cathode to gate — this the project
explains — is to prevent false
triggering.

It doesn’t.

The problem may be completely
overcome by adding a capacitor, a
unijunction and a few resistors as
shown in Fig. 2. This circuit is
virtually false-alarm proof. As long as
the external loop is closed, the

capacitor is shorted out. There is no
way in the world that the UJT can
oscillate — and until it does, that SCR
is firmly held off.

Another advantage of the revised
circuit is that, by suitably selecting
C1/R1, a time delay may be built into
the triggering circuit. This delay
should preferably be half a second to
one second. It is very worthwhile
incorporating as it will prevent false
alarms due to an external alarm switch
momentarily vibrating open due
perhaps to sudden wind gusts
physically disturbing a structure.

A further problem with the circuit
{Fig. 1) is that the SCR may also be
tirggered by signals picked up in the
SCR anode leads to the alarm bell.

This can be overcome by using the
SCR to trigger arelay. If a second pair
of contacts are available then these
should be used to self-latch the relay
thus further ensuring that the alarm
will stay latched on (the SCR is of
course self-latching).

With transistor alarm circuits,
another problem may arise if a circuit
such as that shown in Fig. 3 is used.

Here the external triggering circuit is
part of the bias circuit for Q1.
Normally the closed external circuit
will cause Q1 to be biased onvia R1.

This circuit works weil if fairly low
value resistors are used for R1 and R2.
However if R1 exceeds 75 k or so,
problems may arise. What happens is
that moisture across the external
switches or leads can create a high
resistance ‘short’ across the alarm
circuit. This ‘short’ will appear to the
alarm input as a closed switch and will
prevent the alarm functioning if
external triggering switches are
opened.

So keep the values of those bias
resistors down low. About 47 k for R1
and 4.7 k for R2 is about right.

EXT. CCT

S

A VARIABLE ZENER DIODE

e

The circuit shown behaves iike a
Zener diode over a large range of
voltages. The current passing through
the voltage divider R1 - R2 s
substantially larger than the transistor
base current and is in the region of 8
mA. - The stabilising voltage is
adjustable over the range 5 — 45 V by
changing the value of R2. The total
current drawn by the circuit is variable
over the range 15 mA to 50 mA. This
value is determined by the maximum
dissipation of the Zener diode. In the
case of a 250 mW device this is of the
order of b0 mA,

When stabilising -higher voltages or
operating at higher currents it is
necessary to fit a small heatsink to the
transistor. '

WHITE AND PINK NGISE
GENERATOR

ouTPUT

C2

Q1 2N3643
or BC108

A basic noise generator can be built
using one transistor and a Zener diode.

The 10 volt Zener acts as the noise
saurce and also stabilizes the transistor
operating point. Adding capacitor C2
will change the output from ‘white’
noise to ‘pink’ noise.

Output level for components
specified will be about 15 V for white
noise and about 14.5 V for pink noise.

The transistor should bea BC 108 or
2N3643 — other similar transistors will

do. e
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One of my favourite relaxations (apart from DXing, of course!) is
tussling with a crossword: fellow addicts will know that this leads
to the acquisition of strange, and frequently useless, pieces of inform-
ation gleaned whilst searching through dictionaries for “*A South
American invertebrate (9 letters)’ which appears to start witha Z
and ends with PNF. Hunting for some such word, my eye chanced
on the definition of “to0 monitor” in the “Penguin English Dictionary”
- *(to) listen to and report on foreign broadcasts; check accuracy of
wavelength’. What a succinct definition that is of monitoring in the
DX usage of the word.

In various parts of the world there are professional monitoring
stations belonging 1o various governments and their agencies whose
job is to listen to foreign broadcasts and check the content of their
programmes and the frequencies on which they are transmitted.

As one might expect such installations tend to be complex and to
be provided with a huge quantity of extremely expensive, and
sophisticated, technical equipment. However; good, accurate,
detailed monitoring is within the scope of any DXer however

simple his equipment provided that he possesses the mental stamina
which it certainly calls for, and has the sort of mind one finds in the
crossword addict - a mind which likes raking small clues, looking at
them from all angles and arriving at the answer by a process of
elimination and a study of the probabilities.

Essentially, so far as the hobby-DXer is concered, there are two
guite distinct kinds of monitoring, or, perhaps, three if you make a

istinction between two aspects of the first type. The first, and
simplest, is the. monitoring of fairly easy-to-hear stations either just
for the sake of sending off a Reception Report and getting a QSL
in return, or - and this is the aspect you can split off into a sub-
cate%ory - the monitoring of a particular station, day after day, as
an official monitor for that radio station. The vast majority of
major radio stations around the world are interested in knowing
how their signals are being heard and casual (one-off) reports are
of only limited use to them. What they seek is a succession of
reports, compiled over a longish period of one day or for the same
period over say 14 days, which pin-point for them a variation in
quality of their signals over the period concerned. If this kind of
work interests you it is,worth writing to the Chief Engineer of
the station concerned offering your services and asking which
frequencies and services they would like you to send reports on.
Very often, small gifts - things like calendars, picture books, LPs
and other souvenirs - will come your way in return for a long series
of reports, and you will, if nothing else, gain a great deal of in-
sight into the programming pattern of the station concerned, the
“5anting" of its programmes, a better understanding of the
problems of frequency planning and propagation, and the satis-
faction of being of assistance to the people on the transmitting
end of the programmes you enjoy (or, quite possibly, hate: many
people do monitor stations whose programmes they hate hoping
that their comments will lead to changes for the better!).

SLEUTHING!

Monitoring of the kind I’ve just described can be arduous enough
if it entails listening to repetitious programming at around 0600,
day after day. It’s not at all bad in the cool of a Summer’s
morning but it can be sheer hell dragging yourself out of bed
when the thermometer is at —100C and it’s dark, dank Winter
morning. Still, there are such things as time switches . . . and .
tape recorders!

“Sleuthing” is my name for the second kind of monitoring
and about the only use for a time switch in this regard is that it
can a) turn on the radio gear 30 minutes before you arrive on
the scene, and b) provide - given the necessary equipment and
electro-mechanical facility - a hot cup of tea to start you on your
way. More seriously, this kind of monitoring is one of the arts of
DXing and you can do it whether you have the latest £1000+
receiver or just a decent transistorised short-wave portable. Your
results will be quite different but that isn’t the idea of the exercise
which is to take a particular part of the broadcast-band spectrum
and monitor it, day after day, for the signals it will disgorge. If
you like problems this is just the exercise for you, because it will
get steadily more difficult as the days progress and you identify
more and more stations and find yourself left with a handful
which call for all the crossword addict’s ingenuity to unravel their
identity.
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if you teel like trying this kind of moniioring a suitable place
to begin is with the 49, 41 or 31 metre bands and a reasonable time
slot would be 1800-2100 in the evening. The first piece of advice
is to give yourself something reasonable and not bite off a great
deal more than even the expert would find it difficult to chew:
s0, confine yourself to a range like 9500-9750kHz or 6000-6250kHz.

Certain times of year are better than others for this sort of
exercise as stations using the international short-wave bands change
frequency at 0100 G.M.T. on the first Sundays in March, May,
September and November. Consequently, the periods from the
beginning of March-end April and early September-end October are
rather short for ones first essays into this field. The present freq-
uency period, officially known as D(1974), is with us until 0100 on
2 March 1975 so now is a good time to get started, as the chopping-
and-changing of frequencies which always takes place in the first
few weeks of a frequency period will be over by the time you read
this.

For preference - but it is by no means essential! - one should
have a copy of the current “World Radio-TV Handbook", a copy
of the current “Tentative High Frequency Broadcasting Schedule”
(published by the 1.T.U.), and as many station schedules as you can
get hold of. However, since that means some £10-worth ot books
let’s assume that they are not available and that one is starting
right from scratch. The first fact to be absorbed is that inter-
national SW stations operate at SkHz intervals and that frequencies
are shared by various broadcasters in the course of a day - indeed,
many “sharings” of a particular frequency is now the rule. Given
those facts, it is now all a question of listening and recording one's
results in usable form!

KEEPING THE BOOKS

It’s worthwhile devoting some time to setting-up the exercise
before actually getting down to listening. If you have some
form of bandspread on your receiver a graph of bandspread setting
against frequency is almost a must as it saves a lot of time later.
No bandspread? Well, it makes things rather more difficult but
not impossible - you have to start by logging stations whose
frequencies you know (from announcements or their schedules)
and “‘fill in the gaps”. How yqu record the information is
entirely a matter for you: some people like to use sheets of card
rules in a grid of quarter-hours along the top and frequencies (at
SkHz intervals: see above) down the left-hand side. Others - and
this is my own favourite method - get hold of a pack of 5™ x 3”
index cards and use one for each 5kHz channel (i.e. one for, say,
9500kHz: another for 9505, one for 9510, and so on).

The first essay into band monitoring may make the thing
seem fairly easy. In a couple of hours, over a chosen band of
say 250kHz - which means 51 channels SkHz apart - it isn’t
too difficult to record something like 20 or 30 separate stations
with accuracy. The next foray will fill in a good number of the
gaps, or let you complete the ‘scan’ which was left uncompleted
on the previous occasion. Slowly, things will start to get a lot
harder! What are those two stations fighting it out on, say,
9625kHz? What is that confounded interval signal? That
station wasn’t there last time and what language is it using?

And so it goes on! Gradually you will build up a, virtually,
complete picture of what is happening on your chosen piece
of band over a few hours of the day and, I have no doubt,
you'll manage to add a few interesting stations to your log
over the course of a frequency season.

EDXC BAND SURVEYS

If you find yourself “‘grabbed” by this kind of DXing - which is
one of the more esoteric aspects of the art! - then, maybe, you
would like to take part in some of the European DX Council’s
Band Surveys which are held from time to time. Monitors with
the necessary devotion to this kind of exercise are hard to find
and if you would like to take part in future EDXC surveys please
write to me and I will pass your letters along to the coordinator
for those exercises, the results of which are of great interest and
value to serious BC-band DXers. Please write to me, marking
your letters “*Band Surveys”, at 16 Ena Avenue, Neath, West
Glamorgan SA11 3AD. Iam afraid that I am unable to assist
with individual queries on “‘unidentifieds” but general letters
about DXing will be replied to if you enclose a self-addressed
and stamped envelope.
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news digest

CCTV INSPECTION
This CCTV system is used at the

Ferranti factory in Wythenshawe to
help check the complex printed

circuit boards used in Argus computers.

The method avoids the risk of eye-
strain inherent in purely optical
methods.

Ferranti stack their PCB’s in
several layers to achieve the required
packing density, and so that through-
connections can be made, tight
dimensional tolerances have to be
applied during manufacture. Precise
checking of the boards can only be
carried out using a magnified image.
A miniature TV camera scans a photo-
graphic negative which is-used in the
manufacturing process. The beam is
accurately positioned so that any
out-of-tolarance dimensions can be
detected by an operator watching the
screen. The magnification obtained

by this method is up to fourteen times.

8-TRACK STEREO CARTRIDGE
RECORDER :

JVC have a new 8-track cartridge
recorder numbered ED1230. The

16 transistors and 9 diodes give a
frequency response of 70-12,000Hz
{(+3dB) and a S/N ratio above 50dB

at 1TkHz. An AGC circuit controls the
tape head recording current to ensure
that all signals are recorded at the
optimum level for maximum S/N
ratio, and minimum distortion.

JVC'’s paralled head-shift mechanism
keeps the 3-in-1 head in intimate
contact with the tape no matter
which programme is playing, to reduce
distortion still further, keep cross-
talk below 60dB and channel
separation over 40dB at 1TkHz. The
precision tape transport system keeps
wow and flutter down to 0.2% (rms}.

The player starts as soon as a
cartridge is slotted in, programme
changing and recording are effected
by means of push buttons, and a
third push button provides a 2-way
programming facility.: This will
automatically eject the cartridge after
all 4 programmes have played once,
or just play continuously. RRSP is
£67.90 inc. VAT.
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The first ever quad opto coupler is now
available from Jermyn Industries. The
coupler is made by Litronix one of the
leading manufacturers of opto-
electronic devices in Europe, and is
designated [LQ74. The coupler is
compatible with most medium speed
logic families and each channel has a

An average exposure to sunlight of
10-15 minutes per day is claimed to
be adequate to charge the watch.

PLUG-IN WHITE NOISE
GENERATOR

Growing interest in the effect of
artificially created background noise
on office envirnoments has prompted
the Milbank Electronics Group
Limited, to introduce a simple, white
noise generator for.use with their
professional amplifiers. The EQA16
has been developed as a two-tier,
three device, plug-in equaliser circuit
which can be adjusted to produce
white, pink, green or blue noise.

Although, in some offices, noise
must be reduced to assist communi-
cation and privacy and to alleviate
annoyance, trials have shown that, in
other areas, the introduction of
artificially created background white
noise can effectively reduce fatique
and increase over-all efficiency.

The price of the EQA16 is £12.72
and the unit is available from Milbank
Electronics Group, Bellbrook Estate,
Uckfield, Sussex.

typical isolation resistance of 100,000,000

ohms and a minimum breakdown volt-
age of 1500V. The device is housed in
a sixteen pin dual-in-line package. The
cost’s £2.87 for one off and £1.65 for
1,000 off quantities.

SOLAR POWERED WATCH
Production is now said to have begun
on the light-powered Ragen Synchron-
ar watch.

A feature of the LED digital watch
is its 100-year calendar, which is
pre-programmed to allow for monthly
aberrations and leap years to the
year 2100.

ERRATA
Projects Book page 95. The phone
number of Marco Trading is
WHIXHALL 464, STD CODE
094872, and not as printed.

LM380 Projects December issue
page 32 and 34.

In Fig. 2 and Fig. 5 the pin on the
1C marked “13" should be pin 14. All
other drawings have correct pin mark-
ings. Also in Fig. 2 the symbols for
the batteries are the wrong way round
but the polarities are marked correctly.



TRANSISTORS TESTED $.CRs
AC107 018 BC158 043 CIUIE 058 76217 030 §0 PV 3AMP TO-66 CASE 0.26 LOGIC L.es MCS45  0.30 BONANZA
AC126 013 BCI71 D016 CV5441 027 V405A 025 | 100 PIv 3AMP TO-66 CASE 025 | TvPe MC346 014 3 MILLION CAPACITORS
AC127 013 BC172 048 Cv7464 010 VI0-50 0.40 200 PIV 3AMP T0-66 CASE 0.30 MC3930 0.16 MC948 0.25 WE CANNOT NAME THE WELL KNOWN MAKER DUE TO THE LOW
AC128 0.2 BC173 018 Cv7594 025 Y25 0.10 400 PIV 3AMP TO-86 CASE 0.40 MC932 0.15 MC962 0.15 PRICE THEY ARE OF THE VERY LATEST DESIGN AND TYPE.
ACI38 020 BCI84 018 CV7648 030 2118 078 | GOOPI 3AMPTO-66CASE0.50 | MC933 0.15 MC9093 040 | 100 mixEp VALUES AND TYPES VALUED AT OVER £5.00 YOURS FOR
:E:Z; ::: :E;g: g:; ;VDBS?:; :: g:;g; ::: 800 PIV 3AMP TO-66 CASE 0.60 MC944 016 MC9097 0.40 ONLY €1.50 NO MORE TO PAY {WHAT A BARGAIN).
AC153 022 BC212L 0.14 ME4102 012 2Tx502 0.17 | ZENERDIODES Electrolysios 6 BUEe 101 00U ®.63v S80UL®) Bujate;
ACI76 015 RC301 030 NKT162 025 2G106 021 | CY720411vSTUDTYPE 060 Polyestar 15000/ @ 400v 0.001 5pf @ 400v 0.0068pf @ 400v.
ACI75 WP  BC3I6 015 NKTISS 025 26306 044 | TeveoTomBTIes 74 SERIES 1.CS Minatura Metalized Film 0.22nf @ 250v 47nf @ 260v etc.
ACIZS 025 BC33? 045 NKT212 020 2G3a5A 0.8 | conpas oFE SN741 285[SN74001 [018], | [Carsmic Plata 82508100y 2200051 @ 40% 470001 @ 4Ov o,
AC178 028 BCZ11 028 NKT221 047 26402 0.2 - SN7400 0.18 SN7405 0.18 etc. ..elc...etc.. . ec.. . 6C...0fC...elc...etC. .. ol . ..
ACY17 028 BDI31 040 NKT224 018 2N526 048 | OPTOELECTRONICS :: ;:g; :':: 2:;:2; :':: BPECIALOREERICY S ——
ACY19 022 BDI32 040 NKT270 015 2N697 015 | ORP12 048 0CP71 048 ) ’ BULK PURCHASE BRAND NEW BULK PURCHASE BRAND NEW
ACY20] 1022 1BD13N) (MPL INKT273 105 i2N745) 1035 14 PIN DECADE COUNTER BC 337 TRANSISTORS NPN
ACY21 022 BD132) 076 0C22 050 2N726 025 el SUPERBARGAINIPACKS SN 7430 2 FOR ONLY £1.00 TO 84 case 20 FOR £1.00
AD181 038 BD139 060 OC28 050 2N753 0.55 No Qv Contents Price
AD162 038 BD140 080 0C35 048 2N1304 0.9 J1. 1 Pre-amp component kit plus data. 0.55 SPECIAL OFFER DIODES
ADIE1) MP  BF167 024 0OC36 065 2N1305 0.9 42 3Transistors AF116 new & marked. 0.55 | SPECIAL OFFER RESISTORS IN 4148 BRAND NEW
AD162) 076 BF194 012 0C45 Q14 2N1308 025 | J3. 10 Teansistors Y25 new & marked. 055 | CARBON FILM CR 25 TYPE 40 FOR ONLY £1.00
AF115 026 BF196 048 OC?0 041 2N1754 020 J4. 4 Transistors 2N726 new & marked. 055 | 1m2 2m2 10% 10 120 470k
AF116 026 BF197 018 OC71 041 2N2484 030 | J5 B8 Zenerdiodes top hattype 75 volt. 055 | Shhewc.. . etc.. .ewc.. . SPECIAL OFFER 1.C 17V
AF178 060 BF274 038 OC72 016 2N2926 044 | J6 75 Diodes mixed new & marked. 0.56 | 200 MIXED FOR ONLY £1.00 TCA 2706 ONLY £3.00
ASY52 022 BFX29 030 OCS! 047 2N3055 0.50 J7. 50 Metres con/wire mixed colours. 055
BC107 008 BFXx85 033 OC207 030 2N3702 042 | J8 25 Metres conwire. 4 Metres sotder. 0.55 | MAINS TRANSFORMER 240v INPUT 12v Samps 25v 1.1 amps 30v
BCI0O8 008 BFYSO 020 OC445K 025 2N3703 0.12 J9 100 Resistors Hi/Stab §w mixed values 0.55 1.8 amps C CORE £2.50 p&p 25p.
BC109 0.00 BFYS51 0.20 SGS26920.16 2N3704 0.14 J10. 100 Resistors Hi/Stab w mixed values. 0.55 PAPST TAPE MOTOR 220v 50hz £2.50 p&p 28p.
BC142 030 BFY52 020 SGS26942 14 2N3710 0.10 J11. 45 sqr. inches aprox. Copper clad vereoboard. 0.55 AMPUFIER 9 volt 500 m/w 0.95 p&p Bp.
BC143  0.30 BEVA! 0.85 SGS26949 15 2N3711 0.10 J12. 250 Resistors mixed valuas. 0.55 P.A. R BISTABLE RELAY LATCHING 24y DC4 C/O CONTACTS 0.88
BC147 040 BSY38 020 SGS27022 18 2N3713 020 | J13 100 Polystyrens capacitors 10pF to 300pF 0.55 | RELAY KEYSWITEH 24v 1 POLE 2 WAY NEW & BOXED 0.58.
BC148 010 BSy39 020 SU203 085 2N4047 025 | Ji4 100 Capasitors minature mixed values. 0.55 | RELAY T.M.C MINATURE 3.300 ohms. 2 POLE 4 WAY 0,85,
BC149 0.10 BSYA0 031 TKI00 075 25322 046 J15. & Terminal blocks 12 way brand new 0.55 TELEPHONE DIALS BRAND NEW £1.00 EACH plip FREE.
BC157 011 BSy4r 037 TISIOM 033 25712 046 | J16 4 Toggl switches assorted 0.55 | ELECTROLYYICS 0.1uf 250v 9p. 25uf 60v Bp. 40uf 16v 4p.
BC1S8 041 C111° 050 TIS9IM 033 25745 046 J17  10Switches § push 1o make off / on. 0.55 18- 16uf §00v CAN TYPE 38p. 32-32'uf 450v CAN TYPE 38p.
J18 12 Standard crocodile clips. 0.55 | CAPACITORS 0.047uf 400w 8p. 125uf 10v 7p, 100uf 10v 8p.

‘ j;z :i::;er:"u?:;;i's"i:;:t':gf':m e ::: FREE OFFER ONE J PACK OF YOUR OWN CHOICE WITH ALL OROERS
DIODES BY100 048 0A202 008 IN4OO3 0.05 g VALUED AT £5.00 AND OVER.
AA119 008 BY127 048 IN34A 008 IN40O4 008 J21. 2 Solonoids 24 voit pult ex-new equipment. 0.55
2/AALLY 018 BY184 056 IN202 D10 IN4OOS 007 | 22 20Volume controls mixed lin & log.. 055 | PLEASE ADD 10% TO ALL TOTAL ORDERS FOR POST AND PACKAGE.
AAZI5 0.1 BIVX:!&':;OO IN262 0.10 IN4OOG 008 J23. 75 Syn/rubber grommes mixed sizes. 0.55 .
s 046 INB4B 010 INOO? 008 J24. t Companent board full BC107-8-9 etc. 0.55 MAIL CRDER DEPT.
BAT11 020 BYZI3 028 INT124 010 IN4IS! 006 J25. 20 Screw on rubber feet § inch dia. aprox. 055 ONLY
BA112 020 B2vS5 015 INI0G4 012 INA148 004 [ 26 1 Packmarkersieeve mixed rod. oiss .
BAY31 015 OA8) 008 IN40O! 005 IN4244 o007 | 2/ Slengthsoffeniterod .58 (Callers by appointment)
BAY74 0.1 0A200 0.07 IN4OD2 006 [S3036A 0.5 ji:' i?\;ag:s‘""‘s :55‘:‘9":“9"‘5' :::

icre witches brand new.
J30 2 Sets of 5 bank push switches new 0.55 J 'E'T' E LECTRON lcs
2ENER DIODES BZY31C12 STUD TYPE 3.00 J31 20 Pre-set pots lin & log mixed. 0.55 90A. MAWNEY ROADR, ROMFORD* ESSEX AM7 7DA
400 mW 2-33v all 0.07 each 8ZY91 C33A STUDTYPE  3.00 J32. 20 Capacitors can type mixed. 0.55 TELEPHONE: ROMFORD 81486
1w/1.5 2-33v all 0.16 each BZY91C43 STUDTYPE  3.00 433. 50 Creamic plate capacitors mixed. 0.55 | SPECIAL OFFERS ARE AVAILABLE ONLY WHILE STOCK LASTS

1.Understand

2.Become a

electronics.

Step by step, we take you through

radio amateur.

Learn how to become a radio-

all the fundamentals of electronics
and show you how easily the sub-

amateur in contact with the whole
world. We give skilled preparation

ject can be mastered using our for the G.P.O. licence.
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Build an oscilloscope.

Read, draw and understand
circuit diagrams.

Carry out over 40 experi-
ments on basic electronic
circuits and see how

they work.

Brochure, without obligation to
BRITISH NATIONAL RAD!O & ELECTRONICS SCHOOL, Dept EXT 15
P.O. Box 1566, Jersey, Channel Islands.
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You can build this reverse polarity procf light for use in homes,
garsges, csravans, for camping, or emergency lighting.
, P

FOR FURTHER INFORMATION
PHONE: BOB EVANS
01-730-2139

Evarything; tube, all Iwork, atl
ions etc., is supplied.

Price only £3-19

DIFFUSER ONLY " 69p extra

ORDER NOW TO -

ELECTRONICS DESIGN ASSOCIATES
WSt 3DE
Phone

82 Bath Street Walisall

HARDWARE

drilled to spec.

aluminium,. Bp for details.

29 Shelhourne Road,

Screws, nuts, washers etc. Sheet aluminium cut
to size or in standard packs, plain or punched/

Printed circuit boards for published designs or

individual requirements, one-off or small runs.
Facia panels, dials, nameplates etc. in etched

RAMAR CONSTRUCTOR SERVICES

Stratford on Avon, Warwicks.

TV Convergeance Panels 2xAC 128, 3 slugged
colls, 3 slide switches, 11 wire- wound pots,

carbon presets, 2 “ferrlte chokes etc.
£1.10 C.P. First Grade C/Clad Fibre Glass
Panels 12V:''x7" 75p C.P. x11*" £1.20
C.P. Paxolin Panels C/Clad sl/z"xSI/z" 6-55p
11%2"x9* . 3-£1 C.P. Large Computer
Panels 35-50 translstors with long leads 85p

post 30p.
JW.B. RADIO
2 Barnfield Crescent, Sale,
Cheshire M33 1NL..
PRICES INCLUDE VAT

SPECIAL OFFER!

SANKEN 25W
AUDIQ AMPLIFIER
"TYPE SI-1025A
{Normal price £9.00 + VAT)
SPECIAL OFFER PRICE
ONLY
£7.00+ VAT

PHOTAIN CONTROLS LTD.
RANDALLS ROAD,
LEATHERHEAD,

SURREY.

*Why not also send for details
of our wide range of photo-
cells?
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DRAUGHTING AIDS
Give your P.C.B.’s that professional
look. Tapes, pads and I.C. groups for
1:1 masters. S.A.E. for price list.
ADELTA, 54 Dickens Avenue,
Hillingdon, Middlesex.

Electronic Doorbell. Four note, programm-

able, IDEAL XMAS GIFT. Module and

sBpeak'%r with instructions £8.95. M. Davidson
ox. No

AERIAL BOOSTERS: £3.00

Can produce remarkable improvements on
the picture and the sound in fringe or
difficult areas. L11 for the VHF radio.
L12 for the VHF TV bands (please state
Band 1 and 3 channels). L45-tunable
over the complete UHF TV range.

P and P 10p.

LANCASHIRE MAIL ORDER SUPPLIES,
6 William Street, Stubbins, Ramsbottom,
Bury, Lancs.

TTL AT LOW PRICES!
Al devmes ex-stock. Prices mclude VAT)
1/24 25/99 1/24

25&99
7400 17p 15p 7402 17p

7404 20p 18p 7410 17p 15p
7420 17p 15p 7430 17p 15p
7440 17p 15p 7442 74p 73p
7445 £1.03 96p 7447AN 98p 98p
7451 17p 15p 7473 36p 34p
7474 36p 34p 7475 56p 50p
7576 35p 32p 7480 53p 50p
7483 £1.02 95p 7489 £3.56 £3.33
7490 57p 55p 7492 57p 53p
7493 59p 56p 74121 37p 35p
74123 72p 67p 7486 36p 34p
74157 87p 81p 74175 £1.01 95p

All devices full spec. by famous manufact-
urers. Devices may be mixed for25 /99 prices.
SAE for full list. 10p P&P on orders under
£1, otherwise post free.
J. C. JONES
46 Burstellars, St. lves, Hunting PE17 4XX
(Mail Order only)

MARCONI INSTRUMENTS LIMITED

ELECTRONIC
TECHNICIANS

are required to work on calibration, fault-finding and testing of
telecommunications measuring instruments, The work is varied
and will enable technicians with experience of r.f. circuits to
broaden their knowledge of the latest techniques employed in
the electronics and telecommunications industries by bringing
them into contact with a wide range of the most advanced
measuring instruments embracing all frequencies up to uh.f.

Entrants may be graded as Test Technicians, Senior Test
Technicians or Technician Engineers according to experience
and qualifications. Our production and servicing programme,
geared to our recagnised export achiavement, provides employ-
ment combined with prospects of advancement, not only
within these grades, but into other technical and supervisory
posts within the Company at St. Albans and Luton,

Salaries are attractive and conditions excellent. A Pension
Scheme includes substantial life assurance cover provided by
the Company, Assistance with removal may also be given in
appropriate cases. Please write or telephone, quoting reference
ET7410, for application form to:

Mr. P. Elsip,

Personnel Officer,

Marconi Instruments Ltd,
Longacres, St. Albans, Herts.
Tal: 5t. Albane 69292

Mambar of GEC-Marconi Electronics

u1 qurtn g awiny
T wEUITvY 1084

RESETTABLE COUNTERS: 5 Figure 18/
22V wil work on 12V £2.25 post 25p.
STEPPING SWITCH; 22 way with reset
a.c. mains operated £1 post 25p.
NEONS WIRE ENDED: Bank of 5 with
5-C407 drlver transistors 55p post 10p.
COUNTING UNIT Wwith 10-DM160 min.
maglc eyes, ferrite pot core three trans-
istors etc. in smart black case with plug
and socket £2 post 2
SINGLE SIDED COPPER CLAD PAXO-
LIN PANELS: 6x9ins. 3—50p, 11¥>2x9ins.
3—£1. 12¥;x12ins. 2—£1 all post paid.
SMALL PANELS: Three transistor audio
amp, transistors equiv. to AC128. OC72
5 electro!ytu:s diodes etc. with circuit
40p each 3—£1. Four transistor panel
2-2N3702, 2-AC153 silicon bridge rectifier
30V 300mA. Electrolytics 3-10MFD 50V,
250MFD 35V and 1000MFD 35V, 6.8
MFD tantatlum 35V signal diodes and
resistors 45p. Twelve transistor pane! 2-
2N930 10-CS4/BC108, 5x0.1 caps 2-10
D 20V tantalum caps, diodes and hi-
stabs 25p. Post on these 10p any number.
POLYSTYRENE CAPACITORS 125V
20 100, 120, 150 180 220 330 39

820, 1508
1sob 2200, 2700 '3300 3900' 5600,

6800 8200, 0.01, 0 012, Price 2p each
100 assorted less 10% Post 10p
3LBS HIGH QUALITY COMPUTER

PANELS £1.50 POST PAID
Send 10p for lists of Valupaks. Refund on

purchase.
JW.B. RADIO
2 BARNFIELD CRESCENT, SALE,
CHESHIRE M33 1NL.
Prices inciude VAT,

SPECIAL OFFER

Prices include VAT and carriage

Qty Price

10 for £2.60
741 8pin DIL 25 £5.75

100 £21.00

GREENWELD ELECTRONICS,
51 Shirley Park Road, Southampton
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HOLIDAY FOR BOYS

14 - 16 years, August 1975. Tuition and
practical work in electronics, radio prod-
uction and tape recording, engineering
{Karting) and photography. 11 days in
Norfolk: £23.00. Write for free brochure

INTER-SCHOOL CHRISTIAN
FELLOWSHIP,

¢/o 1 Hubbard Road,

London SE27 9PJ

“SPECIAL OFFER

POST FREE INCLUSIVE

8p 5 for 145
7 IN 10 feor 2.80
OP-AMP 50 for 540

74] SOCKETS . ADD 119. PER I.C.
] SLANDDEVICES,P.OBDXI‘IEMRGATE.KENT. ‘

IDEAS, inventions, new products,
contact me immediately. Make

money, winning team. Do it now
and win. S.A.E. P.O. Box 17, ETI

FERRIC CHLORIDE

Anhydrous to Mil-spec in double-
sealed packs, 1lb 55p (22p) 3Ib
£1.32 (30p} 10ib £3.85 (60p).

71b BARGAIN PARCELS

Contain hundreds of resistors, swit-
ches, capacitors, pot (all new) +
crystals, transistor panels and loads
of odds and ends. Only £1.82 (40p).

VERSATILE POWER UNIT

Contains double insulated mains tran-
sformer, 2 amp thermal cut-out and
bridge rectifier.  Will give 1,7v—
10.5V output with two extra cap-
acitors (provided). Ideal for Nickel-
Cad charger, 5V TTL supply, cass-
ettes, radios, etc. Supplied complete
with information 95p (20p). Also
available as model garage woth lamp,
switch, jack plug, etc. £1.35 (30p).

3W TAPE AMPLIFIERS

Polished wood cabinet 14 x 13 x 9”
containing a sensitive (20UV) 4 valve
amplifier with tone and volume con-
trols, 3 watts output to the 7 x4” 3
speaker. Also included is a non-
standard tape deck. Supplied in
good working condition with circuit
Mains operated. £3.30 (£1.25). Amp-
lifier chassis complete and tested
(2xECC83, EL.84, EZ80) and speaker
£2.20 (45p).

COMPUTER PANELS
3lbs assorted panels £1.10 (30p) 7ibs
£2.20 (40p). Pack containing at
least 500 components including at
least 50 transistors 66p (20p). 12
high quality panels with power tran-
sistors, trimpots, IC's, etc. £2.20
(30p) 100 for £13.00 (£1.00). Trade
supplied,
ALL PRICES
C_arrigg_e in brackets,
enquiries.
GREENWELD (ET2), 51 Shirley
Park Road, Southampton, New
Retail Wholesale/Mail Order Pre-
mises. Tel. 0703 772501. Also
Retail shop at 38 Lower Addis-
combe Road, Croydon.

INCLUDE VAT;
SAE list,

BARGAIN PACKS: P & P 15p, VAT
mcluswe price list send SAE or 10p stamp

hr. service. 100 transistors 54p. 100
Dlodes 54p. Resistors E12, 5% YW, V=W
1izp each. Small Red LED’s 13p each.
50 400mW Zeners 54p. 40 2W Zeners 54p.
5 LED’s 60p/100. Box. No. 15.

G UNITS ¥or

all types of
TRANSISTOR eawmewr

RUN YOUR TAPE RECORDER

MAINS

OFF AC MAIN
Mains unit supplied
complete and ready to
plug into your cas-
sette-recorder, (State
voltage, make and
type of plug required.
If in doubt send dia-
gram of recorder
socket).

onLy £2°'907

CAR OWNERS
Buy a British Made battery
eliminator for your car.
Thia unit cnables you to
run your causette tape
recorder from the car
whilst travelling. It is
easily fitted and comes
complete with fitting in-
structions. Piease xtate
make of cassette, voltage
and typ of plug required.

Price £2 * 6 5

MAINS UNIT FOR

TRANSISTOR RADIO

ONLY

For single outputs, 6v or 9v £2-42.

For two separate outputy, 6v + 6v. or

£ 9v. + v, £2:97 per unit. (Please clate

¥_utputs required).

All units are completely isolated from mains by

double wuund transforiner ensuring 1009, safety.
ALL PRICES INC VAT & P. & P

BRITISH MADE
FULL REFUND I¥ NOT COMPLETELY SATISFIED

R.C.S. PIO(DDUCTS (RADIO) LTD.
ept ETI1)
36 Raymond Ave., South Woodford
London, EI8 2HG

PRECISION
POLYCAR!ONATE CAPACITORS

440V AC (+10%} Rnnp 1% £2% 5%
0.1uF- (11/8"x%") BOp 047uF 56p 46p 36p
0.22uF (13/8"x5/8")69p 1.0uF 66p 56p 46p
0.25uF (13/8"x5/8")62p 2.2uF 80p 65p &5p
047uF (13/8"x%") T1p 4.7pF £1.30 £105  85p
0.6uF (13/8"x%") 75p 6.8uF £1.64 £1.29 £1.00
0.88uF (2''x%") 80p 10.0uF £2.00 €1.80 £1.40
1.0uF (2"x%") 91p 15.QuF £2.756 £2.15 £1.90
20uF (2°x1")  £1.22p 22.00F£3.50 £2.90 £2.55
Transformers, Pr.220-240V, Sec, 12V
@ 2A,24V @ 1A.E2.00 + 22p postage
TANTALUM BEAD CAPACITORS~Values availsble:
0,1,0.22, 0.47, 1.0,2.2, 4.7, 6.8uF at 15V/25V or 35V;
10.04F at 16V/20V or 26V; 22.04F at 6V/10V or 16V;
33.0uF at 8V or 10V; 47.0uF st 3V or 8V; 100.0uF at
3V. All at 10p sach; 10 for 85p; 60 for £4.00.
TRANSISTORS:
BC107/8/2  9p ac212/212|. 14p BFYSD 20p

BC147/8/9 10p 12p 8FY51 20p
8C157/8 12p BCSSSA 12p BFY52 20p
BC182/182L 11p BF1894 12p OCT 12p
8C18%/183L 11p BF197 13p

2N3055 50p
BC184/184L 12p AF178 30p 2N3702/4 11p
POPULAR DlODES All brand new and marked:
1NO 14 8p; 8 for 45p; 18 for 80p; INB16 8p; 6 for 45p;
14'for 80p, 1544 6p; 11 for 50p; 24 for £1.00. 1IN4148
5p; 8 for 27p; 12 for 48p. LOW PRICE ZENER OIODES
400mW; Tol. 5% at SmA..Values availsbie: 3V; 3.6V;
4.7V;5.1V; 5.8V; 6.2V; 6.8V, 7.5V; 8.2V; 9.1V; 10V;
11V; 12V: 13V 13.5V; 16V; 16V, 18V; 20V; 22V; 24V;
27V; 30V. Ali at 7p each; 6 for 39p; 14 for 84p Special
Offer: 100 Zeners for £6.50. RESISTORS: High stabil-
ity, low.noise carbon film 5%; %W at 400C; 1/3W at 700
€. E12 saries only - from 2.2 to 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 2.202 to 2.2M2 {730 re-
sistors) £6.00. SILICON PLASTIC RECTIFIERS - 1.5A -
8rand new wire snded DO27: 100 P.LV. =7 p (4/26p)
400 P.1.V.—8p (4/30p) 800 P.1.V.—11p (4/42p) BRIDGE
RECTIFIERS: 2%A 200V—40p 350V—4Sp 800V—55p.
SUBMINIATURE VERTICAL PRESETS - 0,1W onlv:
All at 5p each: 5882, 2202, 47052, 680€2, 1k, 2.2k,
: L7k, 6. 8k 10k 15k, 22k, 47k, 100k, 250k, 680k,

M, 2.6M,’5M.
Ploass -dd 10p Post and Puckmg on all orders below
£5.00. All export orders add cost of Ssa/Airmail,
Plesss add BX% VAT to orders. Send SAE for lists
of addjtional ex-stock items, Wholesale price lists
available to bona fide-companies,
MARCO TRADING
Dspt. T10, The Oid School, Edsteston, Near WEM,
Salop. Tol: WHIXHALL 464 {STD 094872)
{Props: Minicost Trading Ltd.}
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Wilmslow
Audio

THE firm

for
speakers/

Baker Group 25. 3.8 0r150hm ......... £7.75
Baker Group35.3,80r150hm ... ....... £8.50 |
Baker Deluxe.8or150hm ....... ... ... £10.75
Baker Major, 3, 8 or 15 ohm ]

Baker Regent. 8 or 15 ohm
Baker Superb. 8 or 15 ochm
Celestion PST8 (for Unilex})

Celestion MH 1000 horn. 8or 15 0hm
EMI13 X 8.3.80r150hm ......... ... £2.25
EMI 13 X 8.150d/c3.80r 150hm ..., £2.50
EMI 13 X 8.450t/tw3.80r150hm ., ...... £3.75
EMI13.x 8,350.80r150hm .. ... ...... £8.25
EMI13 x 8. 20wattbass ............... £6.60
EMI21"tweeter8ohm .. .. .. ... ... .. .. £0.65
EMI8 X 5.10watt, d/c, roli/s8ohm ... ... £2.50
Elac 59RM 108 150hm, 53RM 1148 ohm

Elac 63" d/cone, roll/s8 ohm
Elac TW4 4” tweeter
Fane Pop 15 watt 12" ... ... . ..
Fane Pop 25/2 25 watt 12
Fane Pop 40, 10” 40 watt . .
Fane Pop 50 watt, 127 ..., .
Fane Pop 55. 12” 60 watt
Fane Pop 60 watt, 15"

Fane Pop 100 watt, 18"

Fane Crescendo 12A or B. 8 or 15 0hm

Fane Crescendo 15, 8or 150hm ... ... .. £36.00
Fane Crescendo 18. 8 or 150hm ... .. .. £49.95
Fane 8077 8” d/c. roll/s, Bor 15 0hm .. ... £3.85

Fane 8017 8” d/c, roll/s, 8ohm . ... ... ... £7.00
Goodmans 8P 8 or 15 ohm .

Goodmans 10P 8 or 15 ohm
Goodmans 12P 8 or 15 chm

Gocdmans 12P-D 8 or 16 chm . . ..

Goodmans 12P-G8or 150hm ... .. ... £15.75
Goodmans Audiom 100 8 or 15 ohm £12.00
Goodmans Axent 100 8chm . ... ... . ... £7.25
Goodmans Axiom 401 8 or 15 ohm . .. .. £17.25
Goodmans Twinaxiom 8” 8 or 15 ohm .. £8.25
Goadmans Twinaxiom 10" 8 or 15 ohm . .. £9.00

KefT27 b
Kef T15 d
KefB110 . o
Kef B200 ... b
KefB139 ... )
KefDN8 ............. H
KefDN12 ... ... ... ... .......... ... £4.95
KefDN13 “. .. ... ... .......... £3.30
Richard Allan’ CGBTB”d/c roll/s ... ... .. £6.35
STCA001Gsupertweeter . ............. 6.19
Fane 701 twinribbonhorn ............. £35.00
BakerMajor Moduleeach ............. £10.75
Fane ModelOneeach .................. £9.90

Goodmans DIN 204 ohmeach .......,.. £9.75
Helme XLK25 {pair} .

Helme XLK30 (pair} ...

Helme XLK50 (pair) ...

Kefkit2 each ......... A e —1
Kefkit3each ... .. 3
Peerless 3—15 {3 sp. system)each ....... £15.00
Richard Allan Twinkit each
Richard Allan Triple 8 each
Richard Allan Tripteeach . .............
Richard Allan Super Triple each
Wharfedale Linton 2 kit (pair) ........ ...
Wharfedale Glendale 3 kit (pair)
Wharfedale Dovedale 3 kit {pair)

PRICES INCLUDE VAT
Cabinets for PA and HiFi, wadding, vynair, etc.

Send stamp for free booklet *’Choosing a Speaker’".

FREE with orders over £7—"'HiFi loudspeaker
enclosures’’ book.

All units guaranteed new and perfect.
Prompt despatch.

Carriage: Speakers 38p each. tweeters and
crossovers 20p each, kits 75p each (pair £1.50).

WILMSLOW AUDIO

Swan Works, Bank Square, Wilmslow,
Cheshire SK3 1HF Tel. Wilmslow 29599
{Discount HiFi, PA and Radio at

10 Swan St, Wilmslow.}
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% ELECTRONIC
PIANO KIT

% SYNTHESISER
KIT

% ELECTRONIC
ORGAN KITS

There are five superb Elec-
tronic Organ kils specially
designed for the D-I-Y en-
thusiast. With the extreme
flexibliity allowed In design. )
you can bulid an organ to your requirements,

which will.compare with an organ commercially bulit

costing double the price. ; .
YPortable organ with 4 octave keyboard, £145-29. % Console
organ with 5 octave keyboard, £250.95% Console organ with
1 2 x 4 octave keyboards and 13 note pedal board. £470-85, ¥
Console organ with 2 x 5 octave keyboards and 32 note pedal
board. £680.% Console organ with 3 x 5 octave keyboards
and 32 note pedal board. £960.k W/W Sound Synthesiser Kit.
£130. % W/W Touch Sensitive Electronic Piano. £100.

All .components can be purchased separately, i.e., - semi-
conductor devices. M.0.S. master oscillators, coils, keyboards,
peda!l boards, stop tabs, draw bars, key-contacts, etc.

your own parts list, enclosing S.A.E. for qustation,

ELVINS

ELECTRONIC MUSICAL INSTRUMENTS
Designers and component suppliers to the musical Industry
12 Brett Road, Hackney, London, E8 1JP. Tel. 01-986 8455

Send 50p for catalogue which includes 5 x 10p vouchers or send |

INDEX TO ADVERTISERS

Ambit, . . . . . . . 2 5 v e 9
AMEIOn . . .+ . . e e e e e e .. 42
Atbour . . . . . + « « « &« « .« . . 33
B.H.Components . . . . . . « . . . . 58

BLET. . . . . « u « v v v o . . T8
BiPak. . . . . . ., « « . .« « . . .56/57
Bi-Pre-Pak . & « + » o« v e s . . o« < 1T

BNRS . . . . . . . « .+ o « s .1
Bywood . » . . . « « « . . .« . . .43/58
Chiltmead . . . . . . <« + « . . « . 8§
Dabar . N - B E c o+ a8 . % r 42
Decon. . & : 3 3 « & 3+ & » & & » 5 T4
Doram . . . + « & « + s ¢ « « 2+ u 16
EDA. . . . . . . .« .+ a. <. . 34
Electroni-Kit. . . . . . « . . « « . . 34
Electrospares. . . . . 4 . 4+ + + s+ « . 33
Elvin’s™ . « . « . 5 & . % m .s ; = . 14
Forgestone Components . . . . . . , . . 42
Greenweld . . . . . . . . + . . < 713
Hart Electronics . . . . . « . . . . . . 32
Heathkit . . . P . Y
Henry’s . . . . « .« 4 « ¢ + o « + ~ 2
Integrex + . . . + « « .« « + % . . . 33
JET.. . + & & s s 5 % « & % 5 s « 1
Lieril . . . . . « . . .« . + < . ,» 34

MarcoTrading . . . . . . .« . . . . , 173
Maplin.....,..,......29

Marconi . , . . .

Marshall’s. . . . . s+ . . « « +« «'¢ . 30
Minikits . . . . . . .+ . + .+ .+ . . . 16
PEC.. i v & +v v v o« « s =0 &« w9

Photain . . . . « « « « 4 .« « s . 12
RCS.Products . . . . . . +« . « » . . 13
Richards . . . . o « « + o « « « « « 32
Sinclair Calculators . . . . . . « . . . . 4/5
Sinte!l . . . . . . . . .+ . . . .« .« .9

Trampus . + « « « « + . o+ o« . . x + 43
Wilmslow. . . . .« « « + + .+ « = » =« 13
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- 0.G.80RED?

— not with the

A unique drafting aid for the
electronics engineer enabling
him to prepare in minutes a
perfect PCB.

A fine-tipped marker charged
with a free-flowing etch-resist
ink. Simply draw the
desired circuit onto copper
laminated board—etch—
clean.

The circuit is ready to use.

B S

NO MESS — NO MASKING
£1.10 for one off £4.40 for six £8.80 for twelve VAT
and post included. Available now in every country in
EUROPE!

The Decon-Dalo 33 PC marker is now available in France., Ger-
many, Italy. Switzerland, Austria and all Scandinavian countries.
Send for details of local supplier.

Please send me further details on the 33PC:

Name

Address

Post to: DECON LABORATORIES LTD.
FREEPOST

PORTSLADE,BRIGHTON,ENGLANDI
(No Stamp Needed) Phone 0273 414371 |
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TEXAN 20 -- 20 WATT IC STEREOQ AMPLIFIERS

Features glass fibre PC board. Gardeners iow ...eld trans-
former. 6 ICs. 10 transistors plug diodes etc. Designed
by Texas instruments engineers for Henry's and P.W.
*972. Supplied with full chassis work, detailed con-
struction handbook and all necessary parts. Full input
and control facilities. Stabilised supply, overall size
154 in. x 23 In. x 6§ in. mains operated. Free teak
sleeve with every kit.

and sensiti with unique
Overall size in teak sleeve 8

£21.00 Complete kit with teak sleeve £24.95

LARGEST SELECTION OF ELECTRONIC
COMPONENTS AND EQUIPMENT.
LOW PRICES- MEAN LESS VAT.

You can build the Texan and Stereo FM Tuner

(GB post paid)
£31.00 Builtand tested

£37.50
STEREO FM TUNER

Features capacity diode tuning. led and tuning meter indicators,
stabilized power supply—mains aperated. High performance

station indication IC stereo decoder.
in. x 23 in. x 6§ in.

(GB post paid). Built and tested

JOIN THE LARGE BAND OF HAPPY CONSTRUCTORS!

TRANSISTORISED ‘ ’{%
MODULES Y (g
Tuners—Power Suppliers—Amplifiers y‘“'/

Amplifiers (Al single channel unless stated)
4.300 9 volt 300 MW

EMI SPEAKERS

Special Purchase

13x8 chassis speak-
ers  {carr/packing
30p each or 50p pr)
*150TC 10 watt 8 A\,
ohm twin cone 2.20 . =
%450 10 watt 4, 8, 15 ohm with twin
tweeters and crossover £3.85 each.
EW 15 watt 8 ohm with tweeter £5.25
350 20 watt 8, 15 ohm with tweeter
£7.80 each. Polished wood cabinet
£4.80 carr., etc. 35p each or 50p pair.

EXCLUSIVE .. :w
BWATTIC
AMPLIFIERS

Special purchase 5 watt output 8-16
ohm [oad. 30 voit max DC operation
complete with data.

Price £1.50 each or 2 for £2.85.
Printed Circuit Panels 50p.

625 line receiver UHF transistorised
tuners FM. UK operation. Brand new.
TYPE C variable tuning £2.50. TYPE B
4-button push-button (adjustable} £3.50.
{Post/packing 25p each).

TEST

EQUIPMENT
MULTIMETERS
{carr/packing 35p)

U4324 20KQv
with case

£9.25
U435 20KQvV
with steel case

£8.7
U4313 20KQV
with steel case
£12.50
U4324 20KQV
with case
.25

£9
U435 20KQV
with steel case

£8.75
U4313 20KQV
with steel case
£12.50
U4327 20KQV with case

U4341 33KQV plus transistor
£10

tester steel case
U4323 20KQV plus 1KHz
465KHz OSC with case
ITI-2 20KQV slim type
THL33D {L33DX) 2KQV
robust
TPS5N 20KQV
(Case £2.00)
TPS10S 2KQV
TW20S 20KQV
TWS50K 50KV
EP10KN 10KQV
AF105 50KQV De-luxe
(Case £1.90)
S100TR 100KQV plus
transistor tester
New Revolutionary Supertester 680R
Multi-Toster

440KHz 28MHz
e TEBE 28 range valve voltmater
= TE20D RF generator

120KHz-200KHz
» HM350 In circuit transistor

taster
~ C3025 De-luxe meter 1-300MHz
- TT145 Compact transistor tester
e G3-36 R-C osc. 20H2-200KHz
—C3042 SWR Meter

SE350A De-Juxe signal tracer
— SE400 Mini-lab all In one tester
C1-5 Scope 500,000K Hz (carr £1.00}
— £3043 5 CH F/A meter 1-300 MHz
Resistance sub box".
Capacitor 20p
2 amp variable transformers carr £1)
Radio activity counter 0-10r {carr £1)
Mains unit for above {care 50p)

£16.50

£12.50
£22.50

£18.50
£19.95
£22.50

£19.95

£19.50
£6.95
£14.75
£14.75
£6.75
£12.95
£15.50
£43.00
£5.75
£2.40
£2.10
£6.55
£9.97
£3.75

VAT 8% EXTRA

Semi-conductors. Any one type or mixed SN 74 Series
10 12+Extra 10% 25+Extra 15% 100+EXTRA 20%

INTEGRATED
CIRCUITS

74 Series Linear
£ ¢, RCA
N7400N . 028  sN7492n 070 CA3012  £1.32
N7401N . 022  SN7493N 070 CA3014  £1.80
N7402N .22 SN7494N 0.830 CA3018 £1.02
N7403N .22 SN7495N ... 080 (CA3019 £1.12
N7404N . 028 N7496N ©._0.95 (A3020 £1.80
N7405N .. 0.22 N7497N . 387 (2307,  £1.93
N7406N || 0.42 N74100N .. 1.89 -
N7407N [042 sSN74l0an 088 CA3028A £1.03
N7408N . 0.28 N74105N . 0853 CA3036  £1.08
N7409N .. 0.28 SN7410/N . 045 CA3046  £1.03
N7410N .. 022 SN74110N ' 0S8 CA3048 £2.76
SN7411N .. 0.28 N74111N .. 0.88 CA3075 £1.75%
N7412N .. 0.30 N74116N .. 1.89 CA3081 £1.80
N7413N . 0.38 N74118N .. 0.90 i
CA3089E €294
N7414N 0072 N74119N 188 Ch30008 &
NI4ISN 038 Surdizon oss CA30900 5.40
7417N .. 0. N74121N .. 0.50
N7420N . 0322 N74122N . 070 NES55 £0.85
N7421N .. 0.33 N74123N .. 1.00 NE560B £5.00
N7a2ZN g; N7a1ZoN 0.6 NESG1B  £5.00
N7425N 1037 T SN7412IN 080 nNeeoas  £5.00
! NESE7B £3.50
N7426N 32 N74145N 26 motorole
N742Z7N .. 037 N74150N .. 1.76 ax
N7428N . 040  SN74151N .. 1.00 MCI303L f1r.42
N7430N 2 N74163N .95 MC1304P €179
N7432N .37 N74154N ' 200 MC1310P £2.91
N74330 37 N74155N . 100 MC1458CPI£0.77
. g 1710CG £0.
N7438N 37 N74157N . 095 M 4000P 0o
MFC4000P £0.45
Nt oz s i MIGIGE B
1 K N E ¥
n7asIN . 078 NTATEN 138 MFCE040P £1.00
N7 127 R
N7444N 127 N74164N . 178 TBABOO  £1.50
7445N | 1.60 N74165N .. 1.76 SN76003N
N7446N [ 1.89 N74166N | 1.80 £1.50
7447AN | 180 N74167N .. 3100 SN72741P £0.80
. N74170N .. 282 SN72748P £0.61
N N74173N . 1.88
702C £0.75
N74174N .. 1.87
N74175N . 1.90 709C £0.33
N74176N 28 723C £0.90
N74177N 28 728C £0.45
N74180N g: 741C
N74181N . 3. £0.
N74182N . 126 747¢ 50
N74184N || 1.8D 3 £1.00
N74185N 80 g
N74190N 00 748C £0.81
N74191N o0 LM308SK £2.00
N74192N .00 TAA960 £1.78
N74193N 00
N74194N 30 SINCLAIR
N74195N 10 It 12
NI41a0n 130
1 g
.3.87 N74198N .. 2177 W AMP
N7490N .. 0.70  SN74799N .. 2582 £2.20p
SN7497AN .1.00

£1.75
2004 9 volt 250 Mw £2.70
104 9 voht 1 watt £3.10
304 9 volt 3 wati £3.95
555 12 volt 3 watt_ £4.10
5555T 12 volt 14x 14 £585

watt

E1208 12 volt 5 watt £5.10
608 24 volt 10 watt £4.95
410 28 volt 10 watt £4.95
820 45 volt 30 watt £9.95
z40 30/35 vait 15 watt £545
260 45/50 voit 25 wau £6.95
SA6817 24 volt 6+ 6 watt £10.20
Amrliﬁon with controls :
E1210 12 volt 2} + 2§ watts 8 ohms £8.25
RESOO Mains 6 watts 4-16 ohms £6.30
SAC14 Mains 7 + 7 watts 8 ohms £11.75
SAC30 Mains 15+ 15 watts 8 ohms £14.85
CAQO38 9 volt 11+ 1} watts 8 ohms £6.
CADBE 12 volt & +3 watts 8 ohms £1050
FM Modules
Mullard LP 1186 FM tuner (front end) with data 10.7MHz o/p £4.85
Mullard LP 1185 10.7MHz IF unit £4.50
Gorler Permability FM tuner (front end) 10.7MHz o/p f420
FM and AM tuners and decoders
FM 5231 {tu 2) 6 volt FM tuner £1.95
TU3 12 volt version {FM use with decoder) £795
SD4912 Sterec Decoder for Tu 3.12 volt £7.95
SP62H B volt stereo FM tuner £1495
A1007 8 voit MW-AM r1uner £4.80
Sinclair 12/45 volt FM tuner sterea recorder for abovy 7.
A1018 9 volt FM tuner in cabinet £13.95
A1005M (S) 9-12 volt stereo decoder FM for above £750
1062 12 voit stereo decoder. General purpose £6.50
Preamplifiars
Sinciair  Stereo 60 Preampiifier. £6.75
E1300 CART/TAPE/MIC INPUTS § volt £2.85
E1310 Sterea 3-30mV mal cart 9 voht £4.75
FF3 Stereo 3mV tape head 9 volt f4.95
3402 Stereo 5-20mV Mag. cart. mamns £5.85
EQ25 Mono 3-250mV Tape/cart/flat. 9 volt £1.95
Powaer Supplies— Mains input (*chassis-rest cased)
470C 6/7 1/9V 300mA with adaptors £225
P500 9 volt 500mA £3.20
HC244R 3/6/73/3 volt 400mA stabilised 5.50
*P1124 volt ; amp £3.30, *P15 28 volt § am £3.30
*P1080 12 voit 1A £4.70, *P1081 45 volt 0.9A £7.80
P12 4312 voit 0.4-1 am,| £7.15
SK014 3/6/8/12 voly 1 amp stabilised £1275
P1076 3/43/6/7}/9/12 volt } amp £420
SkBOOA 1-15 volt O} A stabilised £17.50

PA-DISCO-LIGHTING
EQUIPMENT

2/
Without doubt UK’s best range of modu-
far and complete equipment. Lighting,
mixing. microphones,  accessories,
speakers, amplifiers, lenses, etc., etc.,
FREE stock lists (Ref. No. 18) on request
CALL IN AND SEE FOR YOURSELF at
Henry’s Disco Centre. 309 Edgware
Road, 01-723 6963,

TAPEHEADS

Marriot XRSP/17 L-track high

Marriot XRSP/18 }-track med

Marriot XRSP/36 §-track med

Marriot XRSP/63 }-track high

Marriot BX12E 343 }-track erase

Marriot erase heads for XRSP
17/18/36 (xES11)

R/RPI record/play §-track

H/RP single-track rec/play

Bogen type UL290 erase

Miniature stereo-cassette rec/play

op 15p

£2.50
£350
£5.00
£1.75

.75

075
045
0.35
£1.50
£225

COSMOS INTEGRATED
CIRCUITS. FULL
RANGE IN STOCK

CALCULATORS

Sinclair

Cambridge Kit £13.50
Sinclair

Cambridge

Kit (built) £17.50

Sinclair memory
Sinclair scientific
Sinclair scientific kit

STC + ITT

MINITURE REPLAYS

'L450 RECHARGEABLE BATTERY

2V 400ma/HR 50p pp 15p

1250-watt Light

Dimmer Denshi Board Kits

£3.50 pp 20p SR-2A 16 PROJECTS £7.70

MANUFACTURED BY ULTRA LTD SR-3A 100 £14.95

Supplied with Plate, Knob and ST-45 45 £10.50

instructions. ST-100 100 £13.20

Radionic Kits Tumer Kits

X20 20 PROJECTS £86.70 10in 1 10 PROJECTS £6.80

X40 40 PROJECTS £12.756 50in 1 50 £15.45

X40A ADD-ON £10.45 150In 1 150 £23.65
Sinclair Project 80

$T80 stereo pre-amplifier £11.85

Audio fiftes umt 1695

Z40 15 watt amplilier £545

280 25 wan amplitrer 1£6.95 PACKAGE OEALS (C: 35p)

PZS power supphes lor 1 or 2740 £438 2 x 240. 5780, PZ5 £25.00

P28 power supplies {S TR3} 2 x 260, $780. P76 £21.75

tor 1'or f198 2% 280,5780. PZ8 + Trans f ¥

PZ8 power, msvplm 8 TR3} ' &

for 1°or 2 26 n * Project 8D steren

TJeanstormer for P28 £3.95 preamphier £8.75 post 20p

FM tuner £11.95 * Project BOS it £19.95 post 25p

Stereo decodar £1.86 * Cambridge caiculator

Al above post pard GB only} it £13.58 post 15p

PHILLIPS 12V FLOURESCENT
INVERTER

For 8W  Flourescent tube.
Supplied with instructions and
tube.

£3.50 pp 30p

EDGWARE ROAD, W2

150r 6v 2p.c.o.

185 13y o BRAND
1250r 12/55v . NEW
1700r 18/24v - 60p
1800r  24v 4dpc.o. pp 15p
2500r 18/24v 2p.c.p.

4000r  24v

10.7 MHz MINIATURE
CERAMIC IF FILTER

40p per pair pp15p

SL414

Plessey SW Power Amp IC
£1.65 pp 15p

40 KHz Ultra-Sonic
Transducers. £5.90 pp 25p
TAA 860 40KHz Amp.

£1.76pp 15p

Electronic Centres L
404-406 Electronic Components & Equipment 01-402 8381| A/ F1 and

309 PA-Disco-Lighting High Power Sound 01-723 6963
303 Special offers and bargains store
All mail to 303 Edgware Road. London W2 1BW

Prices correct attime of preparation. Subject to change without notice E.&0 E.

£ £ £p

12 60 TIP42A. . . 0.9C

13 TIS43 . . . 0.2€

.20 .2.

.27 .08

.12 .1

.42 .1

.54 .1

.72 .1

.90 2N706. . .0.1

80 2N930. .. 0.1

.00 A2

25 .2

.47 .21

.63 .2

.77 .2

.1.27 .71

1038 2160 . . 0.7

. 0.66 N2926..0.1

.72 N3053 .. 0.1

.0.18 N3054 . . 0.48

08 N3055 . . 0.4!

.06 N3440 . . 0.58

X N3442 .36

55 N3526 . 0.9

. 0.60 N3614 . . 0.8

.20 N3702 .1 0.1

.0.20 N3714 &

18 N3771..1.7

.28 N3773 .. 2.40

54 N3790 . .2.10

.29 N3819 . . 0.38

.27 N2806..0.72

.14 N3903 ..0.15

.30 N4002 . . 0.14

.54 N4126..0.15

.90 N4B71..0.34

.20 N5457 .30

.80 S303 .80

.56 40550 .54

.18 40361 .45

.20 40362 .40

49 40408 .80

.57 40486 .- 0.8

... 061 40636 . 1.00

TIP41A. .. 0.74 40430 .85
FREE LIST NO. 36 FOR

COMPLETE RANGE of SEMI CONDUCTORS.

Electronics
Centres Open
9am-6pm

-

o
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With the Doram catalogue, even
the guarantee is guaranteed.

Doramis an entirely new
way of buying electronic
components.

So, to succeed, it's got
to have something going for -
it, right?

We agree with you.

And where Doram scores is in
the security it gives the amateur
buyer.

We'll give you peace of
mind three ways. |
No-quibble guarantee.

Firstly, we guarantee to
replace any component which
arrives faulty. Absolutely free
of charge.

And secondly, our
guarantee is backed by the
biggest electronics distribution
Group in Britain. -
7-day service.

Thirdly, we guarantee
you'llhave your components
within 7 days from our receipt
of your orders.

We're so confident of our
service thatitwe can't supply

76 ‘

~ the partyou wantwithin 7 days

we'll give you animmediate
refund.
Soyou'llnevergeta
tedious wait. |
You know just where you
stand with Doram.

All branded goods.

All goods supplied by
Doram are made by big-name
manufacturers. And they're
allto manufacturer's specifi-
cations. They're the best money
can buy.

Infact, Doram gives the
amateur the sort of service only
professionals have enjoyed
before.

Millions of components.

Allin all, we're bigenough
to offer you stocks of millions of
components, on over 4,000
product lines.

Allyoudois buy the
Doram catalogue for 25p
(that's a yearly reference book
forthe price of a pintof lager!
and then take your pick from it.

Use the coupon now.
Send today for the first-ever
Doram catalogue. It can take
alot of worry outof amateur
components buying.

Andfor25p that's not
bad, isite

rl----

ENCLOSE 25p* PLEASE
SEND ME THE NEW DORAM
CATALOGUE.

Doram Electronics Limited,

PO Box TRE,

Wellington xozs ~z.e7'z Zscte,
Wellingten 2-2z2. 2223 52 2UF
EThiswid B29E ECEE ™ SHEE




