.2 GADGETS,GAMES & KITS SUPPLEMENT INSIDE

JUNE 81

p,9/0/0 * “eop

=IectTronics

For A Down-To-Earth Approach To Electronics

mpllfler

e easy to buil
o special kit of

Centinuity Checker - ~ —_
o use it for circuit fault finding U — 3 (
o kit under £5 i

LA
Other Projects & CB News Inside

How To Use An Oscilloscope
Special Practical Feature




LINEAR ICS LINEAR ICS LINEAR ICS LINEAR ICS 4000 series 4000 series L P TTL N LPSN MICROMARKET LEDS LEDS

POSTAGE 50p ORDERS UNDER £12 - FREE OVER £12

;m :()/(:;0 : Terms and conditions of sale: CWO please, MA available
He2su T 165 | for schoools, colleges, industrial users etc. Please ask for
FMTX: Fund details. ACCESS/BARCLAYCARD may be used for mail
20pF HC25U or phone orders (Mastercharge/Visa overseas}. Please add
% freq 1.85 ; 7 o
PAIRS...AM 3.10 | enough for overseas airpost (inc catalgues pse} since the
PAIRS...FM 3.25 1 airmail rates have been dramatically increased in January,
CHANNELLING:
27MHz. 50kHz
35MHz: 20kHz

AM TX/RX

SN

This tisting gives a brief insight into the wide range of active and
passive components available from AMBIT, Our full catalogues &
pricelist include the LARGEST STOCK RANGES OF COILS,
CHOKES, CERAMIC/MECHANICAL/CRYSTAL FILTERS, all | 2386484
MSL9362 ~ 1.75 9.000 8lpols: 1450 | types of radio modules for AM/FM/SSB - plus the most sophist: | 235780
icated DIY FM tuner parts in the world. £1.85 (inc) wilt get you | 25c2547
full set of catalogues {pts. 2,3 & 4) or 75p per individual section. § 2541085

SL6700 23 3 - XTAL FILTERS
ICL803BCC 4. i d 10M4B1; 10.7Mhz, 15Khz BW

1.00 [SL1610P  1.601HA11223 2.15 0.18]4068! 0.258TTL °N°  ‘LSNRTTL °'N'° °‘LSN'{TTL 'N° ‘LSN‘{ TTL 'N' ‘LSN’ STD DOMED TYPES
1.95 1.60 1.45 0.1814069 0.2517400 0.13 0.20 [7454 0.20 0.30 74128 074 74194 1.05 5mm RE| 2p
1.28 1.60 1.45 0.24 1 . 073 o078 |741% 132 120 RED eir 15p
i 1= bl amlen el o3 "SRl 1% " R i
i L H . 72 7403 0.14 ¥ ' (]
128 217 120 0.80 | 4073| 0.24 | 7204 0.14 s A L3 GRN  15p
0.67 244 1.58 0.58 {4075 0.26 {7405 0.18 268 24247 0 o093 GRN cir 16p
0.30 328 033 0.58 | 4076 | 0.90 | 7406 0.36 EXT 74267 o8 RN 16p
0.65 217 0.80 0.24 4077 0.35|7407 0.38 312 74 o8 GRN  20p
Q) red FrREQ. DISPLAY 0.2414078 0.307408 0.19 ° 097 |74279 0.88 M 158
o8 B NG SvaTH 938|402 "0.2317409 0.21 178 |7 1.20 NG
1.86 - . .86 17410 0.18 i i p
0.49 JE:5] DEVICES 0954176 1.15|7a11 026 ooy AL1S e YL 20p
0.76 1.25]5A " 0524503 1.15|7412 0.27 f 055 0.90 0.65 ORA 20p
375 3.05 08014506 0.68|7413 032 07% 070 0.85 064 ORA cir 29p
1.00 1.00 0.60|4510 0.99f7414 0.51 104 099 130 0.92 §81LS97 ORA 19p
1.00 0.70 09814511 1.49|7415 ° 0.40 075 1.10 180 2.5x5 ORA

}-g; ;gg gg% :g}‘ z'§§ 7416 g.gg 205 080 bty LEDS LEDS N |n:=rand 56p
- i . .5517417 0. .| BPW41 IF Det 1,51
1.80 1.40 0.25]4518 1.03|7420 0.19 o oZENe 0 5 FLAT ROP LEDS!] (£ Opto Cpir 1.44
0.30 0.80 0.76|4520 1.09(7421 0.38 050 078 2.10 - . Smm Clip 5p
0.50 0.90 0.25|4521 2.36{7423 027 057 099 899 1.30 SQUARE 3x3mm

350 0.46 1.80|4522 1.49{7425 0.27 085 059 0og # RECT. 2.5x5mm

4.05 220 0.79|4529 16117427 032 070 115 99 09| T8 s TRIA. 2.5x5mm

4.29 1.27 1.04|4539 1.28]7428 0.35 058 1.20 099 095 ! TRIA. 3x3mm

1.00 2.85 0584549 350)7430 017 188 ot .65 | TRIA. 5xEmm

1.60 0.60 1.20[4554 1.73]7432 0.32 - 0.45 120 145 . ROUND 3mm

3.8 0.68 0.98/4560 2.18|7437 040 063 et ROUND Smm

3.28 2.80 0.85}4566 1.59|7438 033 054 Y 210

1.81 2.80 0854568 2.18|7420 020 0,68 230 288 PRICED BY

0.64 0.80 0934569 303|7aa1 074 - Saeit COLOUR:

0.46 0.60 0904|4572 0.30{7442 0.70 087 1o Red

0.65 1.95 1.30[4585 1.00|7443 1.15 080 Green 20p

0.59 1.95 0.99 7444 1.12 0.84 Yellow 20p

0.66 1.80 0.52 7445 1.05 2.80 Orange  26p

0.27 1.09 | MC145156 0.55 7446 1.32 -

030 265 'misc oo LA lolse 1.35

. . 7 . -

244 5 | ICM7106CP 9.55 uira s 3

2385 5 | ICM7107CP 9.55{ 02 a4 e oo 0.92

0.78 54 ICM72168P 19.50 1.18 7453 0.20 a2

1.80 ICM7555 0.94 | 406E g 1.

211 3 ~

211 5 CRYSTALS _ _RADIO CONTROL ALL PRICES EXCLUDE VAT — CURRENTLY AT 15%

.45 2

.95 5

69 29

04

95

05

20

00

00

.40

.99

.55

90

20

20

90

75

86

SeNAAN S aOaa W

N
o

MSL9363 . 10M220; 10.7Mhz, 2.4Khz BW,
HA11211 L SSB, 8 pole. 17.20

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBITG POSTCODE CM134SG

200 North Service Road, Brentwood, Essex

Low S FILTERS

f Now from 10kHz to 20MHz
TOKO’s recently expanded
LPF series covers from the
audio spectrum through to
20MHz in a series of LPFs
for mpx, video, radio etc.

The LPFs are based on
7&10mm formats with
up to 4 LC tuned ele-
ments per block. Many
stock types available.

RIS\ IR 2 & 3 elements available CERAMIC RESONATORS &
Featuring low insertion losses, PIEZO SOUNDERS
-80dB at the
- +/- 21.4MHz Audio buzzers now .
- points. Ask down to 1kHz - low

for details.

cost 400-600kHz

l:- crystal replacements
for MPUs, RCs etc.
Low cost - wide range.

Video frame stores are a new add-
ition to TOKO’s. memory product
range. They permit easy analysis of

VIDEO FRAME STORES

525/625 operation N i foney low dose X-Ray pictures, digital
512 pixell/line processing of picture information
Local or remote control v ! - (including the VFM10D with 8”

disk drive) with much better
resolution than available from VTR

TELEPHONE (STD 0277} 230909 TELEX 995194 AMBITG POSTCODE CM144SG

200 NorthService Roud, Brentwoad, Essex

Top/bottom & L/R reverse
Models available with digitized 1/0

AMBIT international
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Lower Prices In
Heathkit Catalogue

Some of the general-
purpose test instruments
featured
Spring/Summer ‘81 cata-
logue have been reduced in
price.

Among the test meters, the
SM2215 hand-held digital
multimeter, which has a liquid-
crystal display and a maximum
accuracy of 0.03% of full scale,
now costs £76 assembled or
£63.25 in kit form (original price
was £87.40).

Hand-held frequency counter
SM2400, which has a range of
50 Hzto 512 MHz and typicalin-
put sensitivity of 10 mV RMS,
now costs £89 assembled or
£85.10 as a kit (original price
£102.35).

in Heathkit’'s

NEW Hesrlhkit products in \his catalogue

. TRAN, Microsa!{"™
» AAatic™ Mamory Keyar sosTaiReMic g
+ Hand-heid Digital
Capacitance Metet
« Anterna Tunes with
WatimelerSWR 8ridge

Programming Courses
© HiFL Audio Products
& Ultrasonic Car Alarm

Function generator SG1271,
covering 1Hz to 1MHz, is now
£125 assembled or £121.90 as
a kit {(original price £143.75).

And among the power sup-
plies, the SP2718 tri-output
power supply (5 VDC fixed and
2 x 0 to 20 VDC variable) has
been priced at £99 assembled, or
£66.70 as a kit (original price
£113.85).

Emphasis is placed on digital
electronics in this catalogue, with
16 of its 64 pages dedicated to
computer hardware, software
and programming courses.

HE hopes toreview a couple of
Heathkit’s courses in a future
Gadgets, Games & Kits supple-
ment.

The catalogue is available
{send 25p in stamps) from: Heath
Electronics (UK) Ltd, Bristol
Road, Gloucester GL2 6EE or The
London Heathkit Centre, 233
Tottenham Court Road, London
W1P 9AE.

High-quality
Sound . . . All
Round The House

SoundLink is a new product from
a new company, IMP Electronics
of Cambridge. It enables you to
relay music from most hi-fi
systems to an extension
loudspeaker — without trailing
cables.

Based on what is described by
IMP as the ’established principle
of FM mains transmission’, the
system is supplied as a pair of
ready-built circuit board modules.

For the system to operate, itis
first necessary to connect the in-
put module to your hi-fi system

and to connect the output module
to an extention speaker. {Addi-
tional output module and speaker
combinations can be added as re-
quired.) But that’s not the com-
plete story - some’ additional
hardware is required, including
two mains transformers, two
potentiometers, two switches
and, of course, the extension
speaker.

HE hopes to review the
SoundLink system in a future
Gadgets, Games & Kits supple-
ment.

SoundLink is available for
£45.50 from IMP Electronics, 34
Caraway Road, Fulbourn,
Cambridge CB1 5DU (tel 0223
881105).

Sussex Mobile Rally

A second Sussex Mobile Rally is
to be held at Brighton Race
Course on Sunday 19 July 1981.
The event, organised by six
amateur radio clubs in the Sussex
area, will run from 10.30 am to
6 pm.

Last year nearly 3,000 people
attended the rally, with more
than 100 stands under cover.
This year the rally will be larger
{over 20,000 sq ft of display
area) with more trade stands
dealing with all forms of elec-
tronics including amateur radio,
microprocessors, components
and CB.

This rally will cater for the
family, with free trips to the sea
front by minibus, restaurant and
bar facilities and many attrac-
tions.

Entrance charge will be 50p
{including draw ticket), with no
charge for disabled persons or for
children under 14 years.

Parking space for more than
4,000 cars will be available,
together with an area for caravan
parking.

More details are available
from: A.K. Baker (G4GNX), 38
Elphick Road, Newhaven, Sussex
(tel 07912 5327 evenings).

HE COMPETITION
— Project Design
for IYDP

Come on! You’re not trying hard
enough! The response so far to
HE’'s electronic project design
competition for the International
Year of Disabled Persons,
announced in the April ‘81 issue,
has been disappointing. Or
perhaps your project entries will
all come in at the last moment!
Just think of a physical or
mental handicap, or of a disabled
person you know and then think:
‘What ingenious device can |
come up with to help cope with
that handicap or aid that person?’
As stressed in the April issue,
no design is too small — and the
first prize is big — £200 in cash.
So if you have any difficulties

{

or questions, give Hugh Davies a
ringon 01 437 1002 or drop him
a line at HE, Modmags Ltd, 145
Charing Cross Road, London
WC2H OEE. Please head your
envelopes ‘Competition’.

Next month we plan to run a
special article on electronic aids

for the disabled.
b Q
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Clean Up Your
Video Head

Cleaners in cassette form have
been available for some years for
audio tape heads: now one has
been produced specifically for
tape heads in video recorders. In-
tended for use with tape head
systems inBETA-MAX recorders,
the Bib Videophile Edition tape
head cleaner is claimed to have
sufficient tape for 20 cleaning
operations, covering 800 hours
of playing.

After each 40-hour period of
playing, the cassetteisinsertedin
the normal way and run for 15
seconds. No portion of tape, once
run through the machine, should
be replayed.

Recommended retail price for
the cleaner is £8.98, including
VAT.

Bib Hi-Fi Accessories, Kelsey
House, Wood Lane End, Hemel
Hempstead, Herts HP2 4RQ (tel
0442 61291).
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PETs On Show

The Second International
PET Microcomputer show
will be held at the West
Centre Hotel, London
SW6, from June 18 to 20.

The show, open to the public
from 1.00 pm to 7.00 pm on
Thursday 18 June, 10.00 am to
7.00 pm on Friday 19 June and
10.00 am to 5.00 pm on Satur-
day 20 June, will enable visitors
to see about 300 PET computers
showing off their tricks.

Among the estimated 100 ex-
hibitors will be companies from all
over Europe and the US. Also ex-
hibiting will be PET user club
groups.

Apart from computer systems
and applications for business,
medicine, education and
engineering, products and pro-
grams for the home will be on
show.

Of particular interest to HE
readers will be the Commodore
VIC colour home computer,
which can be connected to a TV
and is likely to cost under £200.

HE hopes to report on this
event in a coming issue.
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Commodore VIC 20 computer

Keep A Hold On
Your Cells

Two new holders are
available from Magenta
Electronics for RM401 mer-
cury cells. The first, priced
at 22p, holds asingle 1.4 V
cell, while the other, priced
at 27p, takes two cells side-
by-side.

Despite their small size (about
28 mm long by about 11 mm
diameter) RM401 cells have a
remarkable capacity —
800 mA/h. Shelf life to 75% of
full capacity is three years. These
cells are available from Magenta
at 64p each.

Most cells are difficult items
to connect or solder leads to, and
are equally difficult to anchor
down to a circuit board. The

holders are fitted with solder ter-
minals and have pre-drilled holes
for mounting.

In common with most other
mercury cells, the case of the
RM401 is positive (+ve) while
the tip is negative { —ve). So the
springs in the holders go to the
case-ends while the studs go to
the tips. Each holder has a small
picture of a cell between the ter-
minals as a guide. However, as
pointed out by Magenta, because
the holders were originally in-
tended for another type of bat-
tery having the same case size as
the RM401, it is best to ignore
the pictures and be guided by the
spring and stud connections in-
stead.

Add 40p with each order plac-
ed with Magenta Electronics Ltd.,
135 Hunter St., Burton-on-Trent,
Staffs DE14 2ST (tel. 0283
65435).
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Vintage Radio

Readers who have an interest in
radio can do two things this
month: first, read Radio, the
special feature starting on page 24
in this issue; and second, take a
subscription to the Antique
Wireless Newsheet.

This Ab5-sized booklet is
published by The Vintage Wire-
less Company in Bristol. The
company, run by Tudor Gwilliam-
Rees. specialises in vintage radio
{or should we say ‘wireless’)
receivers and all the associated
hardware and nostalgia.

Gwilliam-Rees told HE that the

the ravages of the recession,
because their value has dropped
in recent months.

Gwilliam-Rees is at present
restoring some receivers for the
company which origlnally made
them in the early-to-mid 1930s
— Clarke-Atlas.

Subscription to the Newsheet
is £2.50 per year (£5.00 for
overseas via airmail). It is issued
12 times a year.

The Vintage Wireless Com-
pany is based at 64 Broad Street,
Staple Hill, Bristol BS16 SNL (tel
0272 565472).

most sought-after sets are the [The

BBC period models from the early,
1920s. These have a type- /=
approval stamp, with the let-
ters BBC in a circle, and with
‘type approval by the
Post Master General
printed around the circle.
He said that, at present,
most collectors are on
the look-out for sets
from the 1930s. The
more unusual they
look the better:
square-box sets
have little value
unless they pos-
sess some excep-
tional technical
qualities. It ap-
pears, however,
thateven these
vintage sets
have not
escaped
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Next month

Here are just a few of the things we have planned for the
July issue of Hobby Electronics.

Burglar alamm

A simple-to-build yet very effective thief detector, designed
to stop burglarsin their tracks. HE Ultrasound Burglar Alarm
uses the tried and tested Doppler effect along with
ultrasonic sound waves, in a low-cost battery operated
circuit, which means you won't have to spend all the
money you are trying to protect on building it.

Treble booster

The next project in our series of complementary guitar
effects is a good-looking, and even better-sounding treble
booster. It has two switched boost options — a ‘normal’
boost, identical to that from other circuits and a 'super’
boost for real ear-splitting treble from your guitar. Itis
housed in the same style case as two previous projects, the
Fuzzbox and this month’s Envelope Generator.

Doorbuzzer

Commercial doorbells and buzzers usually operate along
electromagnetic lines. Typically they need a low-voltage
transformer too. Our doorbuzzer is different — it's battery
operated for a start (a single PP3-sized battery should give
around six months’ operation) and it features a solid-state
design (ie, there are no moving parts to wear out). Total
cost of this project should be around a fiver. With those
specifications and that price, what more could we offer?

THE JULY ISSUE IS
ON SALE JUNE 12th

-
s e P (T

Roger Jefcoate demonstrating the TCL Lightwriter, an

electronic aid for the handicapped

Electronic aids for the disabled

How many projects have you built that have been fun for a
while and then have been either left to gather dust or just
be discarded? Hugh Davies spoke to Roger Jefcoate,
consultant assessor and lecturer on technical aids for
disabled people and was made aware that many electronic

¢ \ projects, some of them very simple, can be

{7 Y, of great benefit to the disabled. This article

\\/l Vﬁ) ’\} describes some projects in use, looks at

\\Q b[/ computer-controlled aids and opens the
S way for your ideas.

HE ELECTRONIC

DOORBUZZER |
¢l o Iolile] [® .
o o 1o o] Fiionre |
e o s o000 |
¢ @ & o eele
o 000 00
e " 1 Pus
: e - News and information,
g s @Jﬁ' -circuits, projects, regular
\ _gf_—* - features, your views — all

" presented in an understandable and down-

to-earth fashion.

Keep up with the rapidly changing world of electronics

with Hobby Electronics — the magazine that's written for
the electronics enthusiast and hobbyist.

Items mentioned here are those planned, but unforeseen circumstances may affect the actual contents
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WATFORD ELECTRONICS

35 CARDIFF ROAD, WATFORD, HERTS., ENGLAND
MAIL ORDER, CALLERS WELCOME. Tel. Watford 40588/9

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/
P.Os OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS’ OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY
WELCOME. P&P ADD 50p TO ALL ORDERS UNDER £10. OVERSEAS ORDERS
POSTAGE AT COST, AIR/SURFACE. ACCESS ORDERS WELCOME.
vAT Export orders no VAT. Applicabile to U.K. Customers only. Unless stated otherwise, all
.prices are exclusive of VAT. Pleass add 15 % to the total cost including p&p.

ated behind Watford Foothall Ground.

pen Monday to Saturday, 9 a.m. to 6 p.m.

Free Car Parking R‘“ available.
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220n 30p; 330n 42p; 470n 51p 80n 60p; 14 F 68p; 2u 2 82p; 44 7 BSp.

160V: 10nF, 12n, 100n 11p; 150n, 220n 17p; 330n, 470n 30p; 680n 38p; 14 F 42p; 14 545p; 242 48p;
47 58p.

1000V: 1nF 17p; 10n 30p; 15n 40p; 220 36p; 33n 42p; 47n 42p; 100n 42p; 470n 99p.

RADI EAD
lOnF I5n 220, 27n 8p; 33n, 470, 68n IOOn 7p 150n 220n 10p.
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9
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0. Track. 0.25W Log & 0.5W Lin. ELECTRONICS

5000, 1KQ & 2K (Lnear only) Single § LEDs plus.clips

Gang 29p LEDs plus Clips

5KQ-2M() Single Gang 29p || TIL209 Red

5K(-2MQ) Single Gang D/P Switch 78p | TIL211 Gmn.

| 5KQ-2M() Doubie Gang 88p | TIL212 Yel.

.2 Red

[ BRE
1WV |nF 2, 4, 4n7, 10 8p; 15nF,
_22n, 30n, 40, 47 7p; 56 100n, 200 9p;
J70n/50\/‘ 12p

SLIDER POTENTIOMETERS
0-25W log and linear values 60mm
5K()-500K( single gang
10K()-500K0) duai gang

Self Stick Graduated Bews

.2 Yel. Gm.
Square LEDs

2-6pF; 2 ‘IOpF zzp, 2.25pF &- 5SpF
!Op 10-88p F! p

PRESET POTENTIOMETERS
Vertical & Horizontal

3-40pF; lO—BOpF 20p; 20-250p‘ 28p; 0.1W 500—5M(} Miniature

100-580pF 39p; 400-1250pF 48p

POLYSTYRENE CAPACITO
10pF to 1nF 8p; 1. Snf 1o 10nF 1op
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Power Amplifier

Designed to match the HE Pre-amplifier, this project allows you to choosg power
output level to suit your own requirements. Modular construction makes it easy-to-

build

»OBBY ELECTRONICS  Biwec Powsr Amghtiys

HAVE YOU EVER heard 300 W of
power (ie 150 W per channel into
speakers of 4R impedance) at a
distance of only 6 ft? It's loud.

Pardon?
| SAID IT’S LOUD! In fact, after we
had tested the HE Power Amplifier
in our project laboratory it took two
hours before our hearing had
returned to normal and we could
hear anybody knocking on the door
to ask what it was.

No, really, joking apart, 150 W
per channel /s loud and for those
readers who want a very good
quality amplifier system but with
not quite that power output, there
is an option to lower the output to
the more manageable figure of
60 W per channel.

Whatever output power rating
you choose, your finished amplifier
will be a high quality device.
Distortion is very low, meaning that
the amplifier will faithfully
reproduce at its output an amplified
version of whatever signal is
applied to the input, without adding
any extra bits of its own. Its
frequency range limits are well

‘below and above the limits of
hearing, so whatever you can hear,
the amplifier can amplify with no
problem.

Other Uses

The amplifier is suitable not only for
home use but, because of its high
output power option, is ideal as a
high-power disco amplifier, a group
instrument amplifier for guitar,
organ, etc, or a high quality public
address (PA) amplifier for on-stage
use in, say, a theatre. In most

10

situations, the amplifier will be
limited only by the other equipment,
eg pre-amplifier, speakers, etc,
used with it.

Stylish Appearance

Apart from extremely good
technical specifications the power
amplifier is also aesthetically
pleasing, being housed in a sleek,
low-profile, black plastic-coated
steel case.

The modular format of the
project means that even those
readers who aren’t too sure of their
capabilities should be able to build
it. The case is available ready to
use, pre-formed and punched to fit
all hardware. The most difficult job
is the wiring-up and we’ll take you
through that stage, step-by-step,
next month.

Table 1 is a list of the
specifications of the complete
amplifier.

Bandwidth 10 Hz to 70 kHz
(+3 dB)

Input sensitivity 775 mV (variable
by RV1)

Input impedance 10k

Harmonic distortion <0.06%

Signal-to-noise ratio 100 dB

Damping factor minimum 100

Table 1.
Power Amplifier electrical specification

Construction

You have to decide at this point
which power rating you want. As
supplied, the amplifier printed
circuit boards (PCBs) are complete
and ready for operation in their
higher power option. To derate

I e e
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them to 60 W amplifiers, the
following procedure should be
adhered to.

Desolder and remove the middle
two power transistors on the
heatsink. Then desolder and take
out R34 and R35. Replace the two
resistors with wire links. You now
have a 60 W power amplifier PCB.

The remainder of this month’s
work concerns the case hardware.

First, locate and fit all the rear
panel components onto the blank
chassis of the case: three
fuseholders, two phono sockets, a
5-pin DIN socket, four 4 mm
sockets, the power supply cable
clamp, and the small false panel.
Figure 1 shows where each part is
positioned.
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Next fasten the mains on/off
switch and neon to the inside front
panel. Leave the false front panel
aside for the time being, safe from
harm.

Locate and fit the inside
hardware, as shown in Fig. 2, by
bolting from the underside of the
chassis.

Two special points to note are:

® the 12-way terminal block is
held by two self-tapping screws

® both PCBs are mounted as
follows: Fasten eight nuts and bolts
{one per corner of each board) to
the chassis bottom. Put a nylon
washer over the end of each bolt.
Insert the two PCBs into the chassis
so that the bolts go through the
ready-drilled holes in the corners of
the boards. Fasten the boards down
with a nut on each bolt

Next month we shall describe the
wiring-up procedure of the project.

Internal view of the completed project.
Below you can see details of the chassis
and all parts.

TRANSFORMER T1

@ @

\\\

REMOVE FOR 60W
© OPERATION

EARTH TAG
BOLT

\\\

REMOVE FOR 60W
OPERATION

CAPACITOR
FIXING BAR AMEEIGIERIECE . ——" AMPLIFIER PCB . —
\— =] O
W 0 O 0
CAPACITOR @ g Oa o
. Q) ©
12-WAY S O 0 S Q ——
TERMINAL CAPACITOR O 0 O u
BLOCK FIXING el
o b 2 o o= o g ®
~— CAPACITOR| BRIDGE
c2 RECTIFIER
BR1
? J
ALSE FRONT
SWITCH SW1 et
(ON FRONT PANEL}
Figure 1. Positioning details of the major parts within the chassis of the HE Power Amplifier
PHONO SOCKETS  SPEAKER FUSEHOLDER SPEAKER FUSEHOLDER 5_PIN DIN MAINS FUSEHOLDER
{INPUT) +5A FUSE +5A FUSE s/ocxsv +5A FUSE
ek 1 g B
T4 Y
o © | 2 e
S (&)
(-] > @
) ®elo © &S
:
\ / \ [ CABLE CLAMP
N7 N/
FALSE 4mm SOCKETS 4mm SOCKETS o TAINSICAELE
PANEL {OUTPUT) {OUTPUT)

Figure 2. Rear panel hardware locations
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Figure 3. Circuit of the power supply used in this project

_How ItWorks

The HE Power Amplifier consists of three main stages: an input stage
which allows simple gain adjustments, a driver stage which provides
the power necessary to drive the output stage, and an output stage
formed by high-power transistors.

Four output transistors (two pairs in parallel) are used in the 150 W
amplifier option. Derating the amplifier to 60 W is a simple matter of

removing one pair of transistors.

INPUT DRIVER l
STAGE STA
INPUT

Integrated circuit IC1 and associated
components form the input stage of the
power amplifier. The IC presents a fairly
high impedance to whatever signal
source is used, thus acting as a buffer
amplifier. This stage’s gain, and in turn
the whole amplifier's gain, is set by
preset RV1.

One of the purposes of the driver
stage is to produce DC standing
voltages on the bases of the output
stage transistors turning them partially
on at all times. The standing voltages are
set by the voltage across Q9 and can be
varied by RV2. ‘

,f SPEAKER

The AC signal to be amplified is
superimposed onto the standing
voltages.

Final amplification in this stage is per-
formed by Q6 to Q8, and Q10.

The power stage in the Power
Amplifier is formed by transistors G11
to Q14. By removing Q12 and Q14 the
amplifier can only deliver about half of
the maximum power.

From the output of the amplifier there
is a feedback loop via R6 to the input of
the operational amplifier IC1. This is a
negative feedback loop and defines the
overall gain of the complete amplifier.
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_____PartsList—
CAPACITORS
C1,2 4700u (or greater), 63 V

electrolytic

SEMICONDUCTOR

BR1 10 A, 400 V bridge
rectifier

MISCELLANEOQUS

SW1 double-pole, double-

throw push-button switch

T1 120/240 V primary,
50-0-50 + 15-0-15 V
secondary transformer

Case to suit }

Neon with integral resistor

3 x fuseholder + fuse (all 5 A)

5-pin DIN socket

4 x 4 mm socket (2 red, 2 black)

2 x phono socket ’

Mains cable + entry clamp

2 x ready-built PCB

12-way terminal block

Mounting hardware

Cable harness
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Power Amplifier
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Figure 4 Circuit of the 150 W power
amplifier, reproduced by courtesy of
Capricorn Electronics. Two identical circuits
are used on ready-built PCBs in the HE
Power Amplifier

—_Buylines——

A complete kit of parts for the HE Power
Amplifier project is available from:
Capricorn Electronics,
281 Balmoral Drive,
Hayes, Middlesex UB4 8HD
{(Tel: 01 573 1566)
for £155.
If you prefer to build the amplifier into
a case of your own choice, Capricorn
can supply all parts (excluding the case)
for £125.
Please add £1.50 to your order to
cover p&p.
All components and parts are also
obtainable individually from Capricorn.
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TTLs by TEXAS: 74365  100p 402! 110p
400 1p 74366  100p 4022 100p
74500 60p 74367  100p 4023 20p
7401 12p -74368  100p 4024 s0p
7402 12p 74330  200p 4025 20p
7403 14p 74393  200p 4026 130p
7404 14p 74490  225p 4027 50p
7405 18p 4028 84p
7406 30p 4029 100p
7407 30p 74LS sEmEs 4030 55p
7408 17p  74LS00 4031 200p
7409 19 741502 15;: 4034 200p
7410 15p 741503 18p 4035 110p
7411 24p 741504 18p 4036 295p
7412 20p 741S05 25p 4039 295p
7413 30p 74LS08 22p 4040 100p
7414 40p 741809 21p 4041 80p
74C14 90p 74LS10 20p 4042 80p
7416 27p 741811 40p 4043 90p
7417 27p 741513 40p 4044 90p-
7420 17p 741814  S0p 4046 110p
7421 40p * 74L.820 20p 4047 100p
7 22p 74521 40p 4048 55p
7423 34p 74LS27 38p 4049 45p
7425 30p 741830 20p 4050 45p
7426 40p 741832 27p 4051 80p
7427 34p 741537 30p 4052 80p
7428 38p 74538  38p 4053 80p
7430 17p 74L842 70p 4054 150p
7432 30p 741547 60p 4055 125p
7433 40p 74L851 2 4056 135p
7437 35p 74155  30p 4059 600p
7438 3p 74L573 50p 4060 115p
7440 17p 74LS74  27p 4063 120p
7441 70p 741875  3sp 4066 50p
7442A 60p 74LS76  a5p 4067 as0p
7443 112p 741583 Jop 4068 27p
7444 112p 741585 80p 4069 20p
7445 100p 74L586 40p 4070 30p
7446A 93p 74LS90 40p 4071 25p
7447A 75p 741592 7Top 4072 25p
7448 80p 74L593  50p 4073 25p
7450 17p  74LS9 110p 4075 25p
7451 17p 7415107 45p 4076 107p
7453 17p 74LS109 80p 4081 27p
7454 17p  74LS112 40p 4082 27p
7460 17p 7415113 90p 4086 72p
7470 36p 7418114 45p 4089 150p
7472 30p 7415122 80p W93 70p
7473 34p 7415123 60p 4094 250p
7474 30p 7415124 180p 4095 95p
7475 38p 7415125 5op 4096 95p
7476 32p 7415126 50p 4097 340p
7480 50p 74LS132 60p 4098 120p
7481 100p 7415133 30p 4099 200p
7482 84p 74LS136 55p 40100  220p
7483A 90p 7405138 S55p 40101 132p
7484 100p 7405139 55p 40102 180p
7485 10p  74L8145 120p 40103 180p
7486 34p 7415147 220p 40104 99p
7489 210p 7418148 175p 401056  120p
7490A 30p 74LS151 8op 40106 75p
7491 B0p 74LS153 60p 40107 60p
7492A 46p 74L5S154 200p 40108  470p
7493A 36p 74LS155 80p 40109  100p
7434 84p 7418156 9op 40110 300p
7495A 70p 74LS157 60p 40114  250p
7496 65p 74LS158 60p 4502 120p
7497 180p 7415160 90p 4503 70p
74100  130p 74LS161 75p' 4507 55p
74107 34p 74LS162 140p 4508 290p
74109 55p 74LS163 60p 4510 90p
74116 100p 74LS164 90p 4511 80p
74118 100p 74LS165 140p 4512 80p
74119 120p 74LS166 180p 4514 250p
74120 10p 74LS173 110p 4615 300p
74121 34p 7418174 100p 4516 110p
74122 48p 7418175 75p 4518 s0p
74123 60p 74LS181 200p 4520 100p
74125 75p 74LS190 80p 4521 250p
74126 60p 74LS191 80p 4526 108p
74128 75p 74LS192 80p 4527 150p
74132 60p 7415193 80p 4528 100p
74136 60p 74LS195 140p 4532 140p
74137 50p 74LS196 120p 4534 §50p
74181 50p 7415197 90p 4536 375p
74142 200p 7415221 120p 4538 120p
74145 90p 7415240 140p 4543 180p
74147  190p 7415241 120p 4553 320p
74148 150p 74LS242 120p 4556 72p
74150 130p 74LS243 120p 4560 200p
74151A  70p 741S244 120p 4569 250p
74153 70p 7415245 150p 4572 40p
74154  120p 7415247 140p 4583 110p
74155 90p 7415251 140p 4584 75p
74156 90p 7408253 90p 4585 150p
74157 70p 7418257 90p 4724 250p
74159  190p 74LS258 160p 40097 30p
74160 100p 74L5259 160p 14411 700p
74161  100p 7415266 100p 14412  1100p
74162 100p- 74LS273 130p 14433  1100p
74163 100p 7418279 90p 14500 700p
74164  120p 7415283 90p 14599  290p
74165 130p 7415298 160p

74166 120p 7415323 400p

74167  200p 7415324 200p

74170  240p 7405348 200p INTERFACE
74172 450p 7415365 48p [Cs

74173 120p 74LS367 50p ADS36A £13
74174 90p 74LS368 100p ADS61J 1400p
74175 85p 7405373 150p AD7524 600p
74176 90p 74L5374 150p DMB123 175
74177 90p 74LS375 120p DMB131 375p
74178  160p 7415377 160p DPB304 450p
74180 93p 7415378 140p DS8835 250p
74181 160p 7415330 90p DSBB36 150p
74182 90p 74LS393 90p DS8B38 225p
74184A 150p 7415399 200p MC1488 75p
74185  150p 7415445 140p MC1489 75p
74186 500p 74LS670 400p MC3446 300p
74188 325p MC3480 850p
74190  120p 25510 350p
74191 120p 75107  160p
74192  100p 4000 SERIES 75110  200p
74193 100p 4000 15p 75150  175p
74194  120p 4001 22p 75154  175p
74195 95p 4002 20p 75182  230p
74196 95p 4006 95p 75324  375p
74197 80p 4007 20p 75361 300p
74198 150p 4008 80p 75363  400p
74199 150p 4009 40p 75365  200p
74221  160p 4010 50p 7545172 72p
74250  140p 4011 20p 75491/2  70p
74269  250p 4012 25p 8126 160p
74278 2%0p 4013 40p BT28 160p
74279  110p 4014 B4p 8T95 180p
74283  140p 4015 84p BT97 160p
74284  360p 4016 45p B1LS95 120p
74285  360p 4017 60p 81LS96 140p
74290  150p 4018 89p 81LS97 120p
74293  150p 4019 45p 81LS9B  140p
74298  200p 4020 90p 9602 220p

NEW RETAIL SHOP

305 Edgware Road, W2
Open: 9.30-5.30

- . -
r NSISTORS | BFR40  26p ) TIP30A  48p | 2N3055 48p | 3N140  120p | 6A 50v 80p
9gos1mlss160p ;gososmsgp ;g};: ;ggg AC126  25p | BFR4l 25p | TIP30C  60p { 2N3442 140p | 3N141  110p | 6A 100V 100p
9302 175 74504 €0p 745132 160p | AC12718 20p | BFR79  25p | TIP31A  58p | 2N3563 240p | 3N201  110p | 6A 200V 120p
9308 3160 74505 75p 745133 75p | AC176 ' 25p | BFRBO  25p | TIP3IC  62p [ 2N3565 30p | 3N204  120p | 10A 400V 200p
9310 275p 74508 75p 745138 225p | AC187/8 25p | BFR8) 25p | TIP32A  68p | ZN3584 250p | 40290 50p | 25A 400V 400p
9311 275p 74310 60p 745139 225p | AF116  50p | BFX29  40p | TIP32C  82p | 2N3643/4 48p | 4036172 75p
912 160p 74520 60p 745157 250p | AD149  70p | BFX30  3dp | TIP33A  90p | 2N3702/3 12p 408 90p [ JenERS
9314 185p 74530 60p 745163 300p | AD161/2 45p | BFX84/5 40p | TIP33C 114p | 2N3704/5 12p | 40409  100p | 55y755y
9316 2255 74532 o0p 745174 250p | AU107  200p | BFX86/7 30p [ TIP34A 115p [ 2N3706/7 14p | 40410 100p | 45500 gp
9321 225p 74337 90p 745175 320p | BC107/8 11p | BFX88  30p | TIP3C 160p | 2N3708/3 12p | 40411 300p | 150
9322 150p 74364 80p 745194 350p | BC109 11 | BFWIO  90p | TIP3SA 225p | ZN3773  300p | 40594 120p
9334 380p 74574 90p 745241 s0p | BC117  20p | BFYS0  30p | TIP3SC 290p | 2N3819  25p ( 40595  120p
9368 250p 74585 300p 745260 70p | BC147/8  9p | BFYS1/2 30p | TIP36A 270p  2N3820  S0p | 40673 750 | roiacs
g0 doop 7ases 180p 7aSyiasonp | BCHS, 1m) BV S0P | TR CGP | INie  op oo T 1P eiastic
p P p p
Sa - awp 712 120 7asans 00 | BC1ss  1ip | BRY3®  45p | TIP4iC  78p | 2N3302 700p | DIODES SNetoy Nisn
LINEAR ICs BC169C  12p [ BSX19/20 zo;: TIP42A . 70p | 2N3903/4 18p { BY122 = 12p A il
AY1-0212 600p | MB3712 150p 172 12p | BU104 225p | TIPA2C  82p | 2N3905/6 20p | BYX36-300 20v S0Vl b
AY11313 668p | MC1310P 150p | BC17/8 17p| BU105 190p | TIPS4  160p | 2N40O37  65p 8““ spangy  pEh
AY1-1320 320p | MC1458 a8p 179 18p | BUI0B  250p | TIP120  120p | 2N4058/9 12p | OO 159 T2Ad00V 850
AY1-5050 1a0p | MC1495L 30p | BC182/3 10p | BUY09  225p | TIP122 130p | 2N4060  12p Aﬂg 15p 12A 500V ok
AY3.1270 840p | MC1496 70p C182  11p | BUI26  150p | TIP142 130p | 2N4123/4 27p | OA2 PRl ey M
AY3-8910 800p | MC3340P 120p | BC187 30p | BU1B0A 120p | TIP1a7  130p | 2N4125/6 27p | QA1 9 oAy 1309
AY3-8912 550p | MK50338 750p | BC212/3 11p| BU205 200p | TIP2955 78p | 2N4401/3 27p 0:95 Foll 1200y Pos
AY5.1224A  240p | ML920 775p | BC214 12p| BU208 200p | TIP40S5 70p | 2N4427  s0p | O A;go 9p P
AY5-1315 600p. | MM57160 620p | BC237 15p | BU406  145p | TiS43 45p | 2N4871  60p 0N91 42 ‘2P
AY5.4007D  520p | NES31 150p | -BC327  16p [ E3A00 50p | TIS93 30p | 2NS087  27p }NS 2 32 | mvmistons
CA3019 80p { NESS5 20p | BC337 16p | E308 50p | ZTX108  12p | 2N5089  27p | 10° L R 0
CA3046 70p | NESS6 70p | BC338 16p 310 s0p | ZTX300 13p | 2N5172  27p m“ 48 1 44 so0v g
CA3048 225p | NES64 420p | BC461 36p | MJ2501 225p | ZIX500 15p | 2N5179  90p ‘N4°°”2 5p | Jado0v 1000
CA3080E 72p | NES65 130p | BC477/8 30p | MJ29S5 90p | ZTx502 18p | 2Nsi91  gop | INMAO0S/3 Bp SAlh R
CA3086 a8p | NES66 155p | BC516/7 40p | MJ3001 225p | ZTX504 30p | 2N5194  90p 4006 P | 12 400V ,503
CA3089E 225p | NES567 140p | BC5478  16p JE340 S0p | 2N457A 250p | 2N5245  4op | 1NGO0G/7 - 7p | SRRl 18
CA3090AQ  375p | NES71 425 | BC548C  9p | MJE2955 100p | 2NE96  35p | 2N5296  55p | IN340V/3 1dp | S s T20P
CA3130E 90p | NE5534A 250p { BCS49C 18p | MJE3085 70p | 2Ne97  26p | 2N5401  Sop | INS404/7 19p | ESCN o
CA3140E 50p | RC4136 80p | BC5578 18p | MPF102 45p | 2N698  45p | 2N5457/8 40p | 1S920 % 4 C106D i
CA2160E 100p | 55668 270p | -BCSS5SC  18p | MPF103/4 40p | 2N706A 30p | 2N5459  40p [ o uye MCR101 385
CA3161E 140p | SAD1024A  1250p CY70  18p | MPFi05/6 40p | 2N708  30p [ 2N5460  60p | S oon' | yicas 7
CA3162E 450p SFF96364 1100p 8CY71/2 22p | MPS6531 SOp 2N918 45p | 2N5485  44p At 2N3525 130p
CA3189E 300p | SL4%0 400p | BD131/2 50p | MPS6534 S0p | 2N930 18p | 2N5875 250p ngansis?m'szz Naasa 1 40"
A3280 160p | SN76477 160p | BD135/6 54p | MPSA06 30p | 2N1131/2 36p | 2Ne027  4Bp | N7 S000 2 IN5060 34"
DAC1408-8  200p | SPB515 750p | 8D139  S6p | MPSA12 50p | 2N1613  25p | 2N6041 160p P INEoGs 400
FX209 750p | TA7120 120p | BD140  60p | MPSA13 50p | 2N1711  25p | 2N6044 160p P
HA1388 260p | TA7204 200p | BD189  60p | MPSA20 50p | 2N2102  70p | 2N6052 300p BRIDGE
ICL7106 850p TA7205 250p BD232 95p | MPSA42 50p 2N2160 350p | 2N6059 325p RECTIFIERS LOUD-
ICLB038 300p | TAA62] 275p | BD233  75p | MPSA43 50p | 2N2219A 30p | 2N6107 65p | 1A 50V 19p | SPEAKERS
ICM7555 80p | TBA641B11 300p | BD235  BSp | MPSAS6 32p | 2N2222A 30p | 2N6247 130p | 1A 100V  20p | Size
LF351 48p | TBABS1 oop | BD241  70p | MPSA70 50p | 2N2369A 25p | 2N6254 130p | 1A 400V 250 | 215 4R BOp
LF356P 95p | TBAS0O sop | BD242  70p | MPSUDS 63p | 2N2484  30p | 2N6290 65p | 1A 600V 30p | 212 BR  80p
LM10C a25p | T3A810 100p | BDYS6 200p | MPSUO7 60p | 2N2646  d45p | 2N6292 65p | 2A SOV 30p| 2 8RR 90p
LM301A 27p | TBAB20 S0p | BF200 32p | MPSU45 90p | 2N2904/5 30p | 2SC1172 150p | 2A 100V 35p | 11 gR 100p
LM311 J0p | TBASS0 300p | BF244B  35p | MPSU65 78p | 2N2906A 30p | 2SC1306 150p | 2A 400V d45p
LM318 200p TCA220 350p BF256B  70p | OC28 130p | 2N2907A 30p | 25C2028 120p 3A 200V 60p
LM319 225p | TCAS40 175p | BF257/8 32p | OC35  130p | 2N2926  9p | 25C2029 250p | 3A 600V 72p | MODULATORS
LM324 asp | TDA1004 300p | BF259 36p | TIP29A  40p | 2N3053  30p | 25C2078 120p | 4A 100V 95p | 6MHzUHF 378p
LM339 75p TDA1008 320p BFR39 25p | TIP29C 55p | 2N3054  65p | 3N128  120p 4A 400V 100p | 8MHz UHF 450p
LM 95, TDA1010 225,
LM358P sog TDA1022 570p ‘ MEMORIES 79 950p LOW PROFILE DIL socxm BY TEXAS | ZERO
LM377 175p | TDA1024 120p 2101-4L 400p TMS9918 POA pin 9p 18pin 16p 24 pin 24p | INSERTION
LM380 75p TDA10348 250p 2102-2L 120p 2Z80P10 500p 14‘,," 10p 20pin 20p 23 pin 30p FORCE SKT
LM381AN 180p TDA1170 300p 21078 500p ZB0AP10 550p 16pin 11p 22pin 20p 40pin 30p | 24 pin
U R I ER
M 1 TDA2020 320 - p p
s ggg TLO71/81 450 | 211 300p Z80ADART  £15 | WIREWRAP SOCKETS BY TEXAS PLUGS
LM710 s0p | TLO72/82 75p | 21142 500p 2Z80ADMA £12 8pin 25p 18pin  §0p 24pin  20p| 14pn  50p
M733 100p TLo74 130p 4027-3 375p Z80S10-1 £24 14pin  35p 20pin  60p 28 pin 80p| 16 pin B0p
LM743 18p | TLO84 110p 4044 900p UART 16 pin  40p 22pin  65p 40 pin 100p| 24pin 100p
LM747 720p | TLI70 50p 4116 400p AY-3-1015P  450p 140 pin_ 275
LM748 35p UAA170 175p 41184 780p AY-5-1013P  400p SOFTY (deal Software/Hardware Development Tool.
LM2917 250p | ULN2003 100p 5101 400p 1M6402 450p Using SOFTY you can develop your Programmes. De-
LM3302 140p | UPC1156H  300p 6514-45 £5 CHARACTER bug/Verify and then commit them to EPROM.
LM3900 70p | XR2206 300p 6810 20up GENERATORS KIT £100. BUILT AND TESTED £125
LM3909 70p ZN414 90p 745201 400p RO-3-2513 U.C. Also available Expansion Board for Programming single
LM3911 130p | ZNa19C 225p ROM/PROMSs 600p rail {+5v} EPROMS. Ready built £40.
LM3914 225p ZN424E 135p 71301 700p RO-3-2513L.C. 700p
LM3916 225p ZN425E 350p 745188 225p SN745262AN  £10 MiNI FLOPPY Plsc DRIVE MECHANISM: Teac. Type FD-
LM3916 225p ZN427E 650p 745287 350p KEYBOARD 50A 40track 5%4’" Double/Single Density drives £140
LM13600 125p | ZN1034 200p 745471 650p ENCODER FLOPPY DISC CONTROLLER
VOLTAGE REGULATORS Z4SST G AY-52376  700p | FDI771 €24
Fixed Plastic TO-220 CPUs 74C922 500p FDI79 ?5
arieT o v cystas | oS 550
5V 7805 60p 7905 osp| IBOXE 0 RIGAKHz 20 2143
12v 7812 60 7912 65 z p ill erase up to 14
15V 7815 60; 7915 7°: gggg 333: 200KHz 370p Emgmssi?\‘asp?:ﬁxngem&!h:loasvsvhdeﬁn tray ‘f’or safe
ey Ton e Al ol ss0p i, ;gg: use. MAINS and ERASE indicators £81.50
100mA  TO-92 oA 3E0L 18432MHz  325p [ ACORN ATOM. Supplied with full size QWERTY Key.
5V 78L05 30p 79L05 70p 8085A 6501 2.00MH:z 325p board, 8K ROM, 2K RAM and can be expanded to 12K
12v 78L12 30p RE  r e A 245760MHz  325p | ROM, 12K RAM. Included are UHF Modulator for
15V 78L15 30p 79L15  70p 2 3.276MHz 300p connection to domestic TV and Free Manual on Pro-
TMsg080A  £20 35795MHz 175 : ing in BASIC or Machine Cod
DTHER REGULATORS 78HGKC 600p | Z80 550p 3.00MHz e g | FUEDnGID O e 120_ Bt £150. PEFP £2.50.
LM 7;(' 135p 78HOSKC !1)509 Z80A 650p 4194MHz PO, - i
LM31 200p 78MGT2C 35p |  EPROMs ;
(M323K 500p 78HGKC 600p [ 1702A 500p o Joap | vEROBOARDS 0.1 b | THONS. ERDERNG
2, 37p TL497 300p | 2708 450p 8.0MHz 300p | 25x3.75” 75p | C15W 415p
2716 (+5V) £ 6.144MHz 300p | 2.5x5” 85p | CX-17W 426p
OPTO-ELECTRONICS 2532 £9 7.0MHz 00p | 3.75x3.75" 8p | CON-15W 425p
2N577 59 ORP60 120p £9 7.168MHz 300p 3.75x5" 95p | X25 440p
OCP7 ORP61 120p SUPPORT B8.00MHz 300p 3.75x17"" 340p
ORP12 1300 TIL78 55p | DEVICES 8.867MHz 00p | 4.75x17.9"  420p | SPAREBITS
om’o JSOLATORS 3242 800p 10.00MHz 310p* | Pktof 100 pins 50p §/CX/CCN 50p
LD 130p TN sop | 3245 4500 10.7MHz 300p | Spotfacecutter 86p | X2° 50p
MCTZG 100p T2 9op | 6522 600p 1p.0MHz 350p | Pin insertion tool SPARE ELEMENTS
MCS2400 190p TIL116 sop | 6832 L 16.00MHz  350p 1 C/CX/X25 180p
6820 375p 18.00MHz 300p Vero Wiring Pen CCN 200p
LEDS 0.2' 6821 200p 18.432 350p
0.125" TIL220 Red 16p | 6845 €18 19.968MHz  390p
TIL32 55p TIL222 Gr 18p | 6850 200p 26.690MHz  350p COUNTERS TTL & ECL
TIL209 Red 13p TiL228 Red 22p 6852 370p 27.145MHz  325p 74€925 550p  MC4024 325p
TiL211 Gr 20p Rectangular 6875 600p 38.6667MHz  350p 74C928 600p MC4044 325p
mpwe, o WOSW w82 =B mam b Kime e o
B 570, .5MHz 00, p 3504
Tikzi6lRed | 18p 5 4050 800p | .1 8205 320p 116MHz 3s0p | ZN1040E J0p 10237 L2
gipuars e TR S R
130
Rh1e s 1330 1a0p | 6224 275p wSPECIAL OFFERS %
DL707Red  140p 7750/60 200p 8226 250p
ENDIS7 2o Whnivens 8228 250p 1-24 25-99 100
FND500 Hop 9368 250p ggg; gzgp 2114L (450ns) 150 1.40 1.00
FND507 10p 9370 300p | 8955 4500 2708 3.00 2.75 250
MAN3640 175p UDN6118 320p 8257 800p 2716 (+5V) 3.00 2.75 250
MAN4640 200p UDN6184 320p 8259 800p 4116 (200ns) 150 140 1.30
7
/
BOOKS &5y TEXAS INSTRUMENTS  Understanding Digital Eleclronlcs
TTL Dara Book {700 pages) ~ £6.80 (240 pages) €3, g;‘,;:(%m‘ggﬁ THANDOR TEST EQUIPM ENT
Powef Semiconductor Data Book Understanding Communlcatlons EXP350  315p | DM235 Digital Multimeter
o I e st cme lrerar TTL Cook Book P94 | Expeno 5atp | DM350 Digital Multimeter “9
p: o e CMOS Cook Book €775 | EXPESO gggp TM352 Hand Held DMM £48
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How To Use

An Oscilloscope

John Strong describes some simple tests and
inexpensive oscilloscope

AN OSCILLOSCOPE is probably the most informative instrument
that anyone interested in electronics can possess. Used properly it
can give a visual indication of what a circuit is doing, and often it
can show what is going wrong quicker than any other instrument.

As with most things, the more money you spend, the better the
equipment you can get. However, for the average hobbyist, equip-
ment cost cannot be allowed to get out of proportion with the hob-
by itself. For this reason it is better to start with a simple and inex-
pensive ‘scope rather than an elaborate and expensive one. As
knowledge and finances improve, you can move on to more ‘pro-
fessional’ equipment.

Getting Started

It is best to start with a single-channel, single-timebase
oscilloscope. Such an instrument has the advantage of being fairly
inexpensive (new ones can be bought for around £ 100) and it will
have the minimum of controls.

Regular readers should have some idea of how a 'scope works
(see The Oscilloscope, HE February 1981, pp18 to 22) but as a
reminder, Fig.1 shows a basic "scope in block form.

AC—COUPLED n

measurements that can be done with an

ting, equivalent to least sensitivity) and work down the range until
the correct setting is reached.

5) Check that the vertical input selector is set to the correct
mode (that is, DC- or AC-coupled).

6) Check that the timebase and vertical amplifier controls are
in their ‘calibrated’ positions {(if these settings are provided).
Remember that the CRT is the most expensive single componentin
a 'scope so keep beam intensity down to the minimum required for
a particular test. Take care to ‘turndown the glare’ on slow sweep
speeds or if the ‘scope is being used in the external horizontal
timebase mode, as described later. When using the 'scope in this
mode, avoid displaying a stationary bright ‘dot’ for any length of
time. Once the phosphor coating has been burned from any part of
the CRT screen the only remedy is to renew the CRT.

Practical Measurements

Rather than plunge into the depths of complicated circuits, it's best
to start with something simple such as some rectifying and
smoothing circuits. Figures 2a to 2d show various transformer,
rectifier, capacitor and load resistor combinations, with test points

il Idica[ed.
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AMPLIFIER —_— Figure 2. Simple power supplies. Figs. 2c and 2d are shown overleaf

a) single-diode, half-wave rectified circuit, with resistive load.

Figure 1. Principal stages of a simple oscilloscope

To make use of your ‘scope it is best to follow the same pro-
cedure every time. Even those who make regular use of ‘scopes
can make mistakes by assuming that the controls are set correctly.

The following steps should serve as a guide.

1) Turn the horizontal gain fully up, and make sure that the
sweep range control is not set to an external input position.

2) Withnosignal applied to the ‘scope, adjust the position con-
trols so that a continuous horizontal line is displayed across the
centre of the screen. Check that the intensity and focus controls
are correctly set at this stage. If the intensity control is set to high
then there is a danger that the life of the CRT {(cathode ray tube} will
be shortened.

3) Checkthat the input voltage does not exceed the maximum
value specified for the ‘scope or of any probe used with the ‘scope.

4) Check that the vertical gain (attenuator) control is set to, or
above, the voltage of the signal to be measured. If in anyasured. If
in any doubt, start with maximum attenuation (highest voltage set-
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He,
b) as clrcuit a, with smoothing capacitor.

Nothing is critical about the components used in these circuits:
suggested values are given in Table 1. When wiring up '(heg
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transfomer, take care to insulate the primary winding connections
to avoid the chance of any electric shocks from exposed ‘live’

points. It is also advisable to ‘breadboard’ the components; that is, -

to mount the diodes, capacitor and resistor so that they can be
easily rearranged for each configuration shown.

Power Supply Components

Low-current type (say 50 mA) with 240 V
primary and 6 V/6 V centre-tapped secon-

Transformer

dary

1N4001 or similar

1000u, 10 V electrolytic  *
1k0, % W

Diodes D1 and D2
Capacitor C1
Resistor R1

Table 1. Suggested components for circuits shown in Figs. 2a to 2e

It is also worth mentioning that a valuable aid when making
oscilloscope measurements is a pair of probes. If you have aninex-
pensive 'scope then you won't need a deluxe probe set with built-
in compensation components, variable gain and a kitchen sink buiit
in. For most measurements, two lengths of ordinary insulated wire
are sufficient. However, you will probably like to invest in a set of
ordinary test leads, the black or earth lead having a crocodile clip or
similar on one end, and the red or signal probe lead with a test prod
or probe at its end.

Switch the 'scope to DC-coupled mode and adjust the trace to
the centre of the screen before making measurements. Connect
the clip of the earth probe to the point on each circuit marked with
the earth symbol
{ie, *r1)

With the circuits shown in Figs. 2a and 2b only one half of the
secondary winding is used (centre tap and one 6 V tap). Both win-
dings are used in the other two circuits, with the centre tap earth-
ed.

When the probe is applied to point A in the circuit shownin Fig.
2a, trace A in Fig. 3 should be obtained. This represents an AC
voltage with a frequency of 50 Hz {mains frequency).

The waveform of trace B at point B in Fig. 2a shows the effect
of diode D1; that is, only the positive half-cycles are allowed to
passthrough to the load resistor R. This waveformrepresentsDCin
its crudest (unsmoothed) form. This kind of rectification is used,
for example, in simple battery charger circuits.

Moving on to the circuit in Fig. 2b, capacitor C has been added
in parallel across the resistor. The smoothing action at point C isin-
dicated in trace C.

Figure 3. Traces that should be obtained from points A to E in clrcuits in
Fig. 2

HRH

Figures 2¢ and d both show a full-wave rectified circuit. Here,
two diodes are used to extract both half-cycles, giving the con-
tinuous line of ‘humps’ shown in trace D. With the capacitor in cir-
cuit as shown in Fig. 2d, a smoother trace is obtained: much
smoother than obtained with the single-diode circuit.

You will notice that even the best smoothed circuit has some
ripple {trace E). Pure DC from a battery would, by comparison, give

16

[ ] Lo T 01. l

240 VAC

NO- 5t ?

Rt

EO—

7
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a straight line on the ‘scope. In the DC-coupled mode, the
displayed line simply moves up the screen in proportion to the DC
voltage. Thus the ‘scope enables you to ‘see’ the presence of any
ripple, whichis the part of the AC voltage which, after rectification
by the diodes, escapes smoothing by the capacitor. If the load
were increased by reducing the value of R, then the ripple would be
worse. If the ripple is observed with the ‘scope in the AC-coupled
mode, then the sensitivity of the vertical amplifier canbe increased
to allow the amount of ripple to be measured without the trace shif-
ting out of view. This power supply ripple is an important con-
sideration when designing some circuits and can, for example, pro-
duce an unwanted buzzing sound from an audio amplifier when itis
run from a supply with a high ripple content.

Amplifier Measurements

To observe the response of an amplifier at various frequencies you
will need, in addition to the ‘scope, an audio-frequency generator
similar to the one described in HE February 1981, pp 36 to 38.
The instruments are connected to the amplifier as shownin Fig.
4. Connect the generator, set to its lowest output voltage, to the

OSCILLOSCOPE

Figure 4. How an audio-frequency

generator and oscilloscope are used A

to measure the response

of an amplifier o © DN\ O ¥ B

o o
GROUND
POINT *
ON 'SCOPE
LOUDSPEAKER

AUDIO

FREQUENCY AMPLIFIER

GENERATOR

NOTE

CHECK THAT EARTH PROBE OF 'SCOPE
CAN BE SAFELY CONNECTED AS SHOWN
TO ONE SIDE OF THE LOUDSPEAKER
WITHOUT CAUSING DAMAGE TO THE
AMPLIFIER
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input terminals of the amplifier, and connect the output of the
amplifier to the vertical input terminals of the 'scope. Adjust the in-
put attenuator and timebase controls to obtain a display. With the
output signal from the generator held constant, try varying the
generator frequency over the range of interest while adjusting the
timebase controls to display only a few cycles of the waveform.
The response of the amplifier at chosen frequencies can be observ-
ed, and the probe can be moved from the output of the amplifier
back to the input to make comparisons of the shape and size of the
signals at these points.

Simple Frequency Measurements

A display of what are called Lissajous figures can be useful for
measuring the frequency of signals, particularly where no indica-
tion of time or frequency is given on the ‘scope. Lissajous figures
are obtained by feeding two different signals at the same time into
the ‘scope, one into the vertical input and the other into the
horizontal input. Under these conditions, the timebase is switched
off (that is, it is set to external horizontal timebase). The
waveforms can be used to measure frequency if one of the signals
has a known frequency while the other has an unknown frequen-
cy.
Y OSCILLOSCOPE

o o @ e
%
xINPUT & L v mweut
GENERATOR SIGNAL
SOURCE
eV {(UNKNOWN
FRE FREQUENCY)
i min

Figure 5. How a signal generator, providing a signal with known fre-
quency and a signal source of unknown frequency, are connected to an
oscilloscope to produce Lissajous figures

Connect the 'scope as shown in Fig. 5 and adjust the gain and
.position controls to centre the trace on the screen. Apply the
unknown frequency to the vertical input and adjust the gain con-
trol to give a convenient sized.display. Then adjust the generator
frequency for a stationary display. The unknown frequency can
then be calculated as follows:

Number of crossing points
over the horizontal scale line
Number of crossing points
over the vertical scale line

Unknown _
frequency

Known frequency
from generator-

For example, let’s assume that the generator frequency is 1 kHz. If
the trace in Fig. 6a is obtained, then the unknown frequency will be:

TWO CROSSING POINTS
ON VERTICAL AXIS

L e

a TWO CROSSING POINTS b
ON HORIZONTAL AND
VERTICAL AXES

Figure 6. Lissajous figures produced by signals applied to the vertical
and horizontal inputs of a ‘scope: a) trace crosses horizontal axis at
four points (twice at centre of screen} and vertical axis at two points
{both at centre of screen), b} six crossing points on horizontal axis and
four on vertical axis
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4
7 x 1000 = 2 kHz.

If the trace in Fig. 6b is obtained, then the unknown frequency will be:
6
4 x 1000 = 1.5 kHz.

Reading The Scale

Ali the measurements described so far have been based on obser-
vation of the displayed image, and this method is satisfactory for
most purposes. Often, the ‘scope is used as an 'eye’ to see what
is going on in a circuit, and with experience much can be gained
from correct interpretation of what is displayed. For example, if
you are putting a pure sinewave signal into an amplifier and you
get a flat-topped waveform from its output, then ‘clipping’ is tak-
ing place in the amplifier as the result of over-driving one of its
stages. (See O Level Q & A, HE May ‘81, page 55 for a descrip-
tion of this effect.)

Sometimes, however, you may need to take measurements
of units such as frequency and voltage direct from the screen. To
do this, you will need to know what each little square on the
screen means in terms of time and voltage. Anexample is givenin
Fig. 7.

T

giialisga ey
T

TET I eIey

ITuIves
T

Tree

HHHHHHHHH
(/
~

Figure 7. Example of sinewave signal displayed on typical oscilloscope
screen. Timebase has been set to 5 ms/cm and vertical attenuator to
1 Vicm

A sinewave signal has been applied to the ‘scope’s vertical in-
put, with the timebase set to 5 ms/cm and the vertical attenuator
setto 1 V/cm. Therefore, the period of the waveform, measured
over a full cycle, will be six divisions along the horizontal axis,
equivalent to:

6 x bms
or 6 x 0.006s = 0.03s.
OK, you may say, what does 'period’ mean? Let’s convertitto

frequency f (number of full cycles per second), by taking its
reciprocal, where

f= 1
Period in seconds.

Therefore,

f=_1 = 33cycles/second or 33 Hz.
0.03

What about the voltage? Counting the vertical divisions bet-
ween the peaks gives:

6 x 1V =6V.

Thus we have a 6 V peak-to-peak sinewave signal with a fre-
quency of 33 Hz. All this calculation may seem a trifle com-
plicated but you will soon get a ‘feel’ forit, and you can oftendo a
rough calculation of frequency or voltage in your head.

Remember that the more practice you getinusinga ‘scope the
more useful it will become. HE
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THIS is the last chance to own the most valuable aid
to the electronics hobbyist — AN OSCILLOSCOPE.
With a screen size of 75 mm and a bandwidth of DC
to 5 MHz the Kikusui 538A will enable you to ‘see’
how circuits are working instantly.

Apart from the CRT, semiconductors are used
throughout the circuit: the ‘scope is ready to operate
in under 20 seconds. it comes complete with
operating manual containing full details of operation,
maintenance, calibration and circuits. (Probes not
supplied.)

All-inclusive cost of the 538A, delivered to your
door, is only £95. Each ‘scope carries a full one-year
_guarantee.

Such was the response to our advertisements for the
538A in the February and April ‘81 issues that
stocks quickly disappeared. Our supplier has
allocated one last consignment to HE at the above
price, so don’t miss this chance to own a high-quality
‘scope.

r----------------------‘

= W L | WISH TO PAY

BY BARCLAYCARD
] VISA | PLEASE CHARGE TO MY ACCOUNT
l MY BARCLAYCARD NUMBER IS:
|
- IERRR NN ANENAN
l lencioseachequefor . . . ..., ......... ... ... .. .......
l for......... Kikusui 538A Oscilloscope/s
= SIGNATURE. . . . . ... . .. it
B OSIAR. . e T ] e e e e
l {BLOCK CAPITALS)
l IO =SS e B 0 6 6 o Blo 4 5ol oF Db AR LR . ST
I4
|

-
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OSCILLOSCOPE

EXCLUSIVE OFFER

_last chance for HE readers

Enter your Barclaycard number in the
space provided on the coupon, add your

Pay by -Barclaycard or cheque:
signature, name and address — and we'll
do the rest.

Enter your name, address and the amount

in the coupon and send it with your
cheque, made payable to Modinags Ltd.

Please also specify the number of ‘scopes you require

SEND ALL ORDERS TO:
HE Scope Offer,
Modmags Ltd.,
145 Charing Cross Road,
LONDON WC2H OEE

Please note that the offer applies to UK mainland only: allow 28
days for delivery

BRIEF SPECIFICATION

Vertical Deflection
Voltage sensitivity
Bandwidth

< 10 mV/division

AC 2Hzto 5 MHz

DC DCto5 MHz within-~ 3dB
Input impedance 1MO + 5% within 35 pF
Ext. Horizontal Amplifier
Voltage sensitivity

Input impedance

CRT

< 250 mV/division
1MO 10% within 35pF

75 mm (2.95” ) round screen, green
phosphor

Power Requirements

Voltage 100, 110, 117, 220, 230, or 240 VAC,
50 to 60 Hz

Wattage about 10 VA

Dimensions 202 mm wide by 160 mm high by

305 mm deep. (7.9 by 6.3 by 12”)
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STEREEO RECORD-PLAYER

39.95 incl. V.A.T. + £2p. & p.
Stereo Record-Player with Speakers
5 + 5 Watts Music Power
2-speed Semi-transcription Deck
Durable White Vinyl with Perspex Cover
7-day MONEY-BACK GUARANTEE

ADJUSTABLEEZPOWER SUPPLY KIT

5.00 all incl.
Complete Kit
Fully adjustable from 1.25V. to 30V.
100% Output Shortcircuit Protection
Automatic Current Limiting
Thermal Shutdown -
1 Amp, 3 Amp or 5 Amp (please specify)

ELECTRONIC THERMOMETER

£18.50 allincl.
Complete Unit

Remote Temperature Sensor
33 Metres Cable Fitted
Temperature Dial Reads 0.50° C.
PP3 Battery not supplied

INSTRUMENT CASES

Easy Slide-in Assembly with extra slots for PC boards, etc. Anodised aluminium
with leather textured finish to top and base.

%%

32 % %

2% %%

"Size ininches Width Height Depth Price
12 x 2% x 5in. £11.75
12 x 3% x 9n £14.25
12 x 5% x Qin. £16.25

Other sizes available, please enquire.
CAR CLOCK MODULE, Green Display...........ccccooeciviiinnn
CAR WASHER BOTTLE LEVEL SENSOR
ALARM CLOCK MODULE, 24-hour, Red LED ..........
7-SEGMENT LED DISPLAYS:
0.3in. comm. anode ........ccoceiiiiiiiieiis
0.5in. c. an/c. cath., dual digit package
0.6in. c. an/c. cath. ...
SOCKETS:
Low Profile, dual-in-fine. Low price. Send s.a.e.
ALL PRICES EXCLUDE V.A.T. UNLESS STATED. POST AND PACKING ADD 40p
TO ALL ORDERS UNDER £10.
SEND S.AE. FOR PRODUCT INFORMATION AND PRICES TO:

TWO + ONE
COMPONENTS LTD.

P.0. BOX 77, GERRARDS CROSS, BUCKS, SL9 ONT
TELEPHONE: 02-407 3568

TECHNICAL TRAINING
IN ELECTRONICS AND
TELECOMMUNICATIONS

ICS can provide the technical knowledge that is so essential
to your success, knowledge that will enable you to take advant-
age of the many opportunities open to the trained man. You
study in your own home, in your own time and at your own
pace and if you are studying for an examination ICS guarantee
coaching until you are successful.

City & Guilds Certificates

Telecommunications Technicians
Radio Amateurs
Electrical Installation Work

Certificate Courses

Colour TV Servicing

Electronic Engineering and Maintenance
Computer Engineering and Programming
Radio, TV, Audio Engineering and Servicing
Electrical Engineering, Installation

and Contracting

POST OR PHONE TODAY FOR FREE BOOKLET

I To: International Correspondence I
Schools
I Dept. 262H Intertext House, London l
SW8 4UJ or telephone 622 9911

I Subject of Interest I
I Name I
I Address I

Tel J

-,

Get a Grip

on the state of your 1L.C’s

The Logic Monitor 2 by GSC provides greater
versatility and precision in testing all types of
digital circuits.

Itincorporates a fully isolated power supply
which means that there is no loading of a
circuit under test; avoids logic level shifts,
false triggering and power supply loading.
The self contained power supply in
conjunction with |.C. comparators
provides constant current drive to LEDS
and ensures a uniformly bright display.
A logic family selection switch enables
the precise selection of logic thresholds
and provides more accurate measurement
of 1.C.’s under test.

GLOBAL SPECIALTIES CORPORATION

G.S.C. (UK) Limited, Dept. 14DD
Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex CB11 3AQ.
Tel: Saffron Walden (0799) 21682 Telex:817477.
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The LM2 just clips over the |.C. and displays

- " instantly and automatically the logic state of the
I.C. elements.

If you want to hear more of this gripping
story then just send the coupon off or
better still place an immediate order
with your Access, American Express

or Barclaycard.

£65.00 (exiuding P&P and 15% VAT,
For immediate action
The G.S.C.24-hour 5-day a week service.
Tel: (0799) 21682 and give us
your Access, American Express,
Barclaycard number and your order
will be in the post immediately.

my/ SAE IS TN GNP D GE NE o

G.S.C. {UK) Limited, Dept. 14DD, Unit 1,
Shire Hill Industrial Estate, Satfron Walden, Essex CB11 3AQ.

For FREE
[LM2 l £76.47 inc. P&P and 15% vaT) | QMY REad | o iaiogue
tick box

1 enclose cheque/PQ for £

1
l Debit my Barclaycard, Access. American Express l

No _ e R o SExpsdafel———
L G D IS O G N e .
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Continuity
Checker

Here’'s an ideal project for you to build —
it’s cheap, simple-to-build and very useful

THERE ARE MANY times in the
electronics hobbyist’s life when a
need arises for a quick and simple
test to check fuses, coils, circuit
boards etc, for short or open
circuits. Normally this means
searching for a multimeter (only to
find that the internal battery is long
dead) or diving into the junkbox to
look for a battery, bulb and holder,
and suitable wire (and then
struggling to hold all connections in
place between your knees while
trying to position the probes onto
whatever you're testing). The HE
Continuity Checker is a project to
end all of that. In fact, once you
have built it you won’t know how
you ever managed without it.
Housed in a small, hand-held case it
combines usefulness with good
looks. Total cost is around £5 so
the project won’t burn a large hole

in your pocket, and it is very easy to
build.

The circuit is formed around a
single IC, the LM3909, which
directly drives a miniature
loudspeaker with an audio
frequency tone. The frequency of
this tone varies with the resistance
between the two probes — the
lower the resistance, the higher the
frequency. We reckon that, with a
bit of practice, the ‘experienced’ ear
should be able to distinguish easily
between short circuits, open
circuits or rough values of
resistance from about 10 to 220R.
The audio tone generated also
means that you don‘t need to look
away from the object under test (as
would be necessary with a meter)
while holding the. probes in position
on that object. ,

When the Continuity Checker is

20

connected to a loudspeaker, the
speaker under test (if it works) will
also emit the tone, so giving a
good/bad speaker acoustic test.

No on/off switch is necessary
because when the probes are
disconnected battery drain is ni/ and
battery life of the project (using an
RM401 battery) should be a matter
of years with average use. These
batteries are specified as having a
capacity of 800 mA/hours and a
battery shelf-life, to 75% of full
capacity, of 3 years.

Construction

Start construction by making the
four breaks in track, on the
underside of the Veroboard beneath
IC1, asindicated in Fig. 2.

Next, insert and solder the links,
followed by an 8-pin IC holder for
IC1. Now insert and solder R1 and
C1 making sure that you polarise
C1 correctly, and then push IC1
into its socket.

Mark and drill the case for the
two 4 mm probe lead sockets, also
drill a number of holes in the front
panel to act as a loudspeaker grille.
Glue the speaker into position,
being careful not to get glue on its
cone, and fasten the two probe
sockets into their positions.

Finally, wire together the
speaker, battery holder, Veroboard
and 4 mm sockets as shown in
Fig. 2 using short lengths of
connecting lead, and then fasten
the board and the battery holder
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into the case using double-sided
adhesive pads. Insert the battery,
seemingly the wrong way round (ie
+ ve to the spring) into its holder.
The construction of these batteries
is such that their outer case is
positive, unlike most batteries of
similar size, and consequently they
should be inserted into the holder
the opposite way round.

Figure 2. Veroboard layout, showmg
underside view and track breaks,
along with connection details

RED
4mm SOCKET

-0
NOTE: BLACK
8R 4mm SOCKET
IC1 IS LM3309
SPKR TO PROBES
§ ° =
ic1
10u
8 4 T
B1
1.4V
R1 1 2345 6 7 8:9410 11 1213 14 15 16 17 18
k0 -
Aloooooooo@looooog@ooo
B|o
Figure 1. Circuit of the clo
Continuity Checker == DfoO R10
‘ BATTERY 5 “ E|o
F|lo
Gooooooooooo o ofo oo o]

-Internal view of the project

/

gloooooo0oo0oo0o0o0 000
et FlOoOOODODODOOO® ® OO
—PartSLISt—Eooooooooo. 00O
RESISTOR (%W, 5%), D[]0OOODODOOOOOO 00O
R1 1k0 clooooooooee 000
CAPACITOR B|lOOOOOOOOOO @ OO
Cc1 10u, 10 V electrolytic AlOOOOOOOO @0 oo
SEMICONDUCTOR 1 234656 78 9101112131415161718
IC1 LM3909 LED flasher/
oscillator
MISCELLANEOUS =
Case to suit {Vero type 202-21025K)
RM401 battery + holder
8-pin DIL IC socket
2 x 4 mm probe sockets (red and black)
2 x probes (red and black)
8R speaker
Veroboard, 7 strips x 18 holes, 0.1”
matrix HE
. - i - = - - - .. -
_—__Buylines——— R
A complete kit of parts for the Continui-
ty Checker is available from Magenta
Electronics for £4.86 including -VAT,
probes and battery.
RMA401 batteries are available
separately for 64p each, the holders
cost 22p each and LM3909s cost 79p 1
each, all from Magenta. I CONTINUITY
Please add 40p p&p, whatever the
total order price. CHECKER

Hobby Electronics, June 1981 21



Continuity Checker
_________HowltWorks

Integrated circuit IC1 is a purpose-
designed oscillator requiring a
minimum of only one external
component, a capacitor, to operate.
Its main function is as a low-voltage
(as low as 1 V) LED flasher.

HE PROJECT KITS

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS for H.E. Projects. We supply curn’ully

selected sets of&ans to enable you to construct H.E. projects. Kits include ALL THE ELECTRON
ICS AND HARDWARE NEEDED. Printed circuit boards {fully etched, drilled and rofler tinned) or
veroboard are, of course, included as specified in the original article, we even include nuts,
screws and LC. sockets. PRICES INCLUDE CASES unless otherwise stated. BATTERIES ARE NOT
INCLUDED. COMPONENT SHEET INCLUDED. i you do not have the issue of H.E. which includes
the project — you will need to order the instruction reprint as an extra 45p each.
Reprints available separately 45p each + p&p 40p

LATEST KITS: S.A.E. OR PHONE FOR PRICES
AUDIO MILLVOLTMETER, May ‘81
VOICE OPERATED SWITCH May ‘81
Microphone extra..
SUPER SIRON, Apr 81
DOORBELL MONITOR, Apr‘81..

GUITAR TREMELO, Apr ‘81........
+HVv WINDSCREEN WASHER ALARM, Apr ‘81.
RUSSIAN ROULETTE GAME, Apr ‘81 .... £8.31 less case
PUBLIC ADDRESS AMPLIFIER, Mar ‘81........cc.cccooviinnnnne £16.56
Extras — horn speakers ..................... e .£6.83 each
PAmic...........

FUZZBOX, Mar ‘81

= WINDSCREEN WIPER CONTROLLER, Mar ‘81

AN STEAM LOCO WHISTLE, Mar ‘81 ...
PHOTOGRAPHIC TIMER, Mar ‘81 ..

LM3909

o

The output stage of the circuit is quite
powerful and a small 8R loudspeaker
can be driven directly, replacing the LED
in the above circuit.

Oscillator frequency is dependent on
supply voltage, so if the probe leads are
made part of the supply line then what-
ever resistance is in between the probes

HEARTBEAT MONITOR, Feb ‘81....
HIGH IMPEDANCE VOLTMETER, Feb '81 ..
AUDIO SIGNAL GENERATOR, Feb“B1.......
BACKGRUND NOISE SIMULATOR, Feb ‘81..
TWO-TONE TRAIN HORN, Feb '81 .........
MEDIUM WAVE RADIO, Feb '81....
BENCH AMP, Jan ‘81 .......
NICARD CHARGER Jan ‘81 .....
CHUFFER, Jan 81, less case.............
CARREV COUNTER, Jan 81, less case
Case exXtra.....ccccovicuiiiiinneniiriiinaiias
DIGITAL SPEEDO, Dec. ‘80.
MODEL TRAIN CONTROLLER, Dec. ‘80
BATTERY CHARGE MONITOR, Dec.’80
JACK LEAD TESTER, Dec. ‘80 ...... o
STEREO POWER METER, Dec. '80.

. : PARTY GRENADE, Nov ‘80 ........ £7.
e o e o e |G TRANSISTOR TESTER, Nov ‘80, €557 inc. test leads
9 Ve DOUBLE DICE, NOV ‘B0 ......ccoooovvrvvveeioriienieicinmisosmnnsssssssnnes £13.80
GUITAR PRE-AMP, Nov 80 £5.65 case (dlecast) extra £2.99
H E BATTERY ELIMINATOR, Nov ‘ . £14.88
3 Channel Sound to Light Public Address Amphﬂer 18 watts
— —_— == 500 watts per channel. Independent 12 volt

Beasties / )

... ANN -THEN THERE WJAS THe [RISH
R0 ASTRONO MER WHO TRIEN 10

controls for bass, middle and treble.
Full wave output via PL552 socket
and PL551 plug. Complete with
p.c.b. and case.

Instructions included £18.98.

Chaser

A psychedelic light show. 3 modes
of flashing — two chase patterns
and a strobe effect. 3 channel —
total output power 750W per chan-
nel. Supplied with plug and socket

—

As featured in H.E. March 81. Make
yourself heard with this high
powered amplifier. Two inputs —
one for mirophone and an auxiliary
line each with its own level
control — allows mixing of music
with announcements, etc. Compact
unit built in a black anodised alu-
minium ‘sink box’. Uses a 12 volt
d.c. supply — so can be powered
from a car battery or a mains

powered 12V supply. Uses a special
audio i.c. to deliver 18 watts Into 4
ohms (2x8 ohms in parallel). P.A,
Amplifier kit £16.58. Extras: P.A. Mic
£4. ho 8 ohm horn speakers £6.83
each.

for output to the bulbs.
Instructions included £19.98.

(AR A CHeqy RANK. ..
\ 2 ATSO\:R.\‘_\_L//

Sound Pressure Level Meter

Featured in Feb. 81 E.T.1 Uses a
precision ceramic microphone.
Portable. Moving coil panel meter.
30-120dB sound level. Internal net-
work gives A weighted {loudness)
response or fiat response for abso-
lute measurements. Suitable for
domestic, schools, industrial or

Guitar Fuzz Box. H.E. March 81
Produce delightful distortion from
your electric guitar in a novel way. A

disco use. simple to build project with foot pe-

L&’E' Instructions Included £45.75. dal control. This unit produces a
very smooth sound. Circuit is

Printed Circuit Boards — Hobby housed in a ‘brand new’ style of box

Electronics — compiete with a pedal to operate

an internal switch. Features more
controlled distortion and less back-
ground noise than most other de-
signs. Guitar Fuzz Box, Mar 81 £9.42.

Fully etched, drilled and roller
tinned p.c.b.s available for most
Hobby Electronics projects — send
s.a.e. for p.c.b. price list.

1981 ELECTRONICS CATALOGUE

KITS Hundreds of iHustrations, producé da(tja, cir't:uitsI |  TOOLS
ICs and details ‘of all our kits and educationa RESISTORS
courses. Up to date price list included. All pro-
TRANSISTORS ducts are stock lines for fast delivery. | HARDWARE !
CAPACH’ORS Send 70p in stamps or add 70p to your order. | CASES ]

Beas'ﬂes | SDoN'T oy Bk ThaT |

150 VoLTs miatt B A
RIT RICA COR THESE RARY
ComPUTERS ??

0
A Same style as above book; 11 pro]ects based on Integrated circuits — includes: dice, two-tone
doorbell, electronlc organ, MW/LW radio, reaction timer, etc. Component pack includes a Bim-
board, 1 plug-in breadboard and the components for the projects.

Adventures with Microalectronics £2.35. Component pack £26 35 less battery.

‘ VENTURE H ELECTRONIC

An easy to foliow book suitable for all ages, ideal for beginners. No soldering. Uses an 'S Dec’
breadboard. Gives clear instructions with lots of pictures. 16 projects — including three radios,
siren, metronome, organ, intercom, timer, etc. Helps you learn about electronic components and
how circuits work. Component pack includes an S-Dec and the components for the projects.

I Adventures With Electronics £1.90. Component Pack £16.72 less battery.

by Tom
Duncan
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MAGENTA ELECTRONICS LTD.

NOBELL DOORBELL, Oct. '80..
INTRUDER ALARM, Oct. '80....
FREEZER ALARM, Oct. ‘80 with probe ..
TUG O’ WAR, Oct. ‘80.
KITCHEN TIMER, Oct. ‘80 (2% resistors) ..
MICROMIX, Sept. "80..................

AUTO PROBE, Sept. ‘80..
TOUCH SWITCH, Sept. ‘80
GUITAR PHASER, Sept. '80..
BENCH PSU, Sept. ‘80................
EQUITONE CAR EQUALISER, Aug.
OP AMP CHECKER, Aug.'80 ......
MOVEMENT ALARM, Aug. ‘80 ..

RADIO TIMER, Aug. ‘80 .....

PASS THE LOOP GAME, Aug. '80. b
SOUND OPERATED FLASH TRIGGER, July ‘80, no s ... £4.59
18W+18W CAR STEREO BOOSTER, July ‘80 .. £29.98 (stereo}
FOG HORN, JUNE ‘BO......ccooverniuisirrosirsanssoriisarassssassmnsasssosnsmsansan £5.65

SPEED CONTROLLER FOR R/C, April ‘80
DIGITAL FREQUENCY METER, April ‘80.
HOBBYCOM: TWO WIRE INTERCOM, April ‘80.

SUb Station ..........ccoocviiiiiniis i
ELECTRONIC IGNITION (CD), April ‘80 . ... £20.87
WIN INDICATOR, Feb. ‘80 (with switches). . £13.92
DIGI-DICE, Jan. "B0......cc...c.oiveieieciaaiiarariiiiins s cssinasanins £9.98
BARGRAPH CAR VOLTMETER, Dec £7.33 less case
RING MODULATOR, Dec. '79.. ... £12.95

. £33.95 (Master)
. £3.38 each

tructor

INCORPORATING AN INS8060
MICROPROCESSOR CHIP

cessors and their fi . It is not a

The Instructor is a low cost assembly which provides a practical introduction to micropros

{f but it is a working circuit which allows
microprocessor working to be followed, ons program step at 8 time. Build the Instructor
and you will gain microprocessor experience. The series is based on the INS8060 micropro-

e
A FULLY CONSTRUCTIONAL PROJECT

cassor IC, aiso known as the SC/MP Mk. 2 Circuits are built on a plug in Eurobreadboard. Kit
is svailable with or without the breadboard. INSTRUCTOR COMPONENT PACK: Including

Eurobreadboard £27.85; or less Eurobreadboard £21.65

INSTRUCTOR COURSE NOTES AND OPERATING‘ INSTRUCTIONS

£2.96 extra.

GUITAR TUNER, Nov. ‘79.. . £10.98
HOBBYTUNE, Oct. ‘79 ....... . £26.98
ANALOGUE FREQUENCY METER, Oct. ‘79 . £15.52
MULTI-OPTION SIREN, Oct. '79.... ... £15.98
ULTRASONIC SWITCH, Sept. ‘79 .... £28.85less 3 pin mains socket

HOME SECURITY UNIT, Aug. 79 ....

SIREN. .

... £28.56 less siren

INTO DIGITAL ELECTRONI

LED TACHOMETER, Aug. ‘79..
INJECTOR TRACER, Aug. ‘'79..
CONSTANT VOLUME AMPLIFIER, Aug. ‘79.
LINEAR SCALE OHMMETER, July 79
GSR MONITOR, June ‘79 .........
ENVELOPE GENERATOR, June '79.
WHITE NOISE EFFECTS UNIT, May ‘79.
TRANSISTOR GAIN TESTER, April ‘79..
PHOTOGRAPHIC TIMER, Mar. ‘79
CARALARM, Feb.’79 ...............
SCRATCH/RUMBLE FILTER, Feb. '79..

PUSH BUTTON DICE, Dec. ‘78 ...

£5.09 less case

... £17.98
.. £4.34
. £15.60
. £15.98

.. £25.48 Mono
£29.98 Stereo
. £6.98

Current H.E. series Part 1 in Sept. ‘80. Covers digital electronics from the basics.
Circuits are built on a plug-in Eurobreadboard. Reprints of back issues available
45p each. Eurobreadboard and components for series £18.95 less battery. Com-

ponents only £12.75.

INTO ELECTRG

CONSTRUCTION

H.E. 6-part Series: Feb. ‘80 to July '80. COVERS THE BASICS OF ELECTRONICS -
LOTS OF PRACTICAL WORK. Circuits are built on a plug-in Eurobreadboard.
REPRINTS AVAILABLE, 45p each part. Eurobreadboard and Components for

Series £15.63. Components only £9.43.

.E.LADDER OF LIGHT,JAN. 81

Novel ‘sound to light’ project. Creates a pulsating, rising and falling light show.
WiIIl drive up to 10 100W light bulbs either in bar mode — In a line increasing from
one end; or in dot mode — one bulb at a time. Filter allows selection of bass,
treble or middle frequencies. Extra with our kit only — additional circuit and

components for strobe and chase features.

Ladder of Light Jan ‘81 £29.98. Reprint extra 45p.

MEMORY BANK
SYNTHESISER

Minlature synthesiser featuring vibrato, en-
velope tempo, volume and pitch controls.
Uses 24 push button switches in a keyboard
style layout. Based on a custom designed

i.c. The accessible memory stores a 32 beat
length sequence of notes and spaces. Can
be played live’. Fitted .with an internal
speaker. Jack socket allows the use of an
external amplifier it wished.

Memory Bank Synthesiser £33:85

3BAND
S.W.RADIO

Simple T.R.F. Design. Covering most Ama
teur Bands and Short Wave Broadcast
Bands. Five controls, Bandset, Bandspread
Reaction. Wavechsnge and Attenuator Coil
section 1s by Wavechange Switch Use with
Headphones or a Crystal earpiece. Kit con-
tains all the components required ncluding
the P.C. Board and Case. Instructions are
included with this kit

KIT £18.97. Headphone extra £2.98.

MAGENTA ELECTRONICS LTD.

HH9, 135 HUNTER ST., BURTON-ON-TRENT, STAFFS, DE14
2ST. 0283-65435. 9-4 MON.-FRI. MAIL ORDER ONLY

ADD 40p P&P TO ALL GRDER

=

an ot b
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Al grices incioge 15% VAT

Bl oroers wecome

irish Republic & B.F.P.O. Europe de-
duct 10% from prices showrs. Payment
must be in sterling.
Access and Barclaycard {Visa) orders

C106D ... 56p 2N5457..58p BFY51.... 24p LINEAR ICs | LM3900N...85p
2N5484..63p BFY52....23p 855.............. 32p LM3809N.., 79p
40673 ....98p BFX88 ... 32p 556. LM3911N.£1.55
AC128...29p BRY39...48p. 741. LM3914N £2.89
AC141 . 38p | MPSAB539p 748, 55p | LM391SN £2.98
AC142 . 39p | RPY58A CA3080..£121 | MC3340..£215
AC176 .37p | =sies £1.16 CA3085A.£1.32 | TBAB20..£1.05
BC182... 11 TIP31A .. 52p CA3130T. £1.12

1N4001.5%p BC'IBZ.L". ”p TIP32A .. 83p CA3140E.... 57p

1N4005.... 6p BC183 & ”p TIP33A ..94p HA1388.. £2.85 ULN22838

1N4148....5p BC'IBd“" ”p TIP34A ..99p ICL7611...£1.04 T e £1.47

1N5404.. 18p BC184[.. ”p TIP121 £1.12 1CL8038CC ZN1034E .£219

1N5408.. 19p BC212 ””p TIP2955. 69p .. £3.92 ZN4at4 . £1.09

BF244B.. 45p BC ”p TIP3055. 69p ICM7555. £1.19 ZNA319CE. £2.59

MPF102. 69p Bcg}gL 110 | ms43...38p ZNA24E . £2.14

TISBBA..57p | gRoii 113 Tﬁsma. 35p ZNA2SE ... £5.98

e A2y | BC214L11p | SN30S- 25D

2N3819.28p | BD131..48p [ 2N3702.11p

2N3820..78p BFY50.... 25p 2N3704.. 11p

YaW, carbon film resistors, E12 serles,

1R-10M, 1%p each. Min. horiz. presets

100R-4M7, 12p each. Midget pots,

Linear, 470R-4M7, 37p each. Log 4k7-

2M3, 38p each. Switched pots, 4k7-

1M, Lin. 75p. Log. 76p.

Polyester {C280) capacitors 250V

10nF; 15nF; 22nF; 33nF; 47nF 7p ea. 418N . 18p

68nF; 100nF 8p. 150nF; 220nF 12p.
330nF 15p. 470nF 20p. 680nF 28p. 1uF
33p. 1.5uF 49p. 2.2uF 65p.

Sub miniature plate ceramics 63V.
Values in pF: 2.2; 3.3; 4.7; 5.6; 6.8;
8.2; 10; 15; 22; 33; 47 & 56pF 7p each.
68pF; 100pF 7p each. 150; 220; 330pF
11p. 390pF; 470pF; 1000pF 5p. 2200pF
6p. 3300pF; 4700pF 7p. 10nF 13p.
100nF 22p. 47nF 14p.

Electrolytic capacitors, AXIAL
leads:— 1uF/16V  11p; 1uF/63V,
1uF/100V 12p; 2.2UF/63V, 3.3uF/63V,
4.7uF/63V  12p; 10uF/16V  11p;
10uF/63V  12p;  22uF/25V  12p:°
22uF/63V_15p; 33uF/40V, 47uF/25V

TIL?8...

Le.d.s with clips

3mm: Red 15p; Green 18p; Yellow 20p. 5mm;
Red 16p; Green 19p; Yellow 21p.

Flashing l.e.d. 78p. Rectangular red 58p.
Mains panel neon 32p.

Zener diodes 400mW, BZY88. Range
2V710 33V 12p each. .

L.c. sockets

5 . 8 pin. 18 pin...
12p; 47uF/25V 12p; 47uF/40V 15p; ! :
47uF/63V  18p; 100uF/16V  12p} (g P
100uF/25V  15p; 100uF/40V  18p; Jac’l’(s‘;n

220uF/10V  15p;
470uF/16V. 29p;
470uF/40V  55p;
32 1000uF/10V  30p;
1000uF/16V 33p; 1000uF/25V 46p;
1000uF/40V 58p; 1000uF/63V 79p;
2200uF/10V  39p; 2200uF/25V 64p;
2200uF/63V £1.10.
RADIAL leads:— 0.47uF/25V_ 8Vap;
10uF/16V, 22uF/16V, 47uF/16V,
100uF/16V, 100uF/25V 12%p;
220uF/63V 39%p; 1000uF/16V 35%p;
220uF/16V 64V2p.

100uF/63V  29p;
220uF/25V  19p;
470uF/25V  36p;
680uF/16V

3]

Switches

Min. toggle: spst 59p; spdt 69p; dpdt
79p. Min. push on 18p; push off 22p.
Footswitch alt. action: spco £1.39;
dpco £1.88. Rotary switches: 1p 12
way, 2p 6w, 3p 4w, 4p 3w 69p each.
12V 185R dpco relay £2.98.

Soldering

Antex X25 soldering Iron, 25W £4.98.
Soldering iron stand £1.99. spare bits
{for X25) small, std, large 64p each.
How to solder sheet 12p. Solder bob-
bin 30p. Desolder pump £5.98. De-
solder braid 69p. Solder, handy size
98p. Heat sink tweezers 15p.

300pF dilecon £2.36. 500pF dilecon
£2.92. C804 var. capac. 10pF £2.28;
25pF £2.46; 50pF £2.48; 100pF £2.83;
150pF £3.48. ‘01’ 365pF £3.48; ‘02’
365pF £4.49; '02' 208+176pF £3.98.
4511 DAF 6.1 drive £1.74.

ow cost cutters £1.69. Low cost long
nose pliers £1.68, Wire strippers and
cutters £2.48. P.c.b. assembly jig
£11.98. P.c.b. etching kit £4.98. Piastic
tweezers 69p. Eurobreadboard £6.20.
Bimboard 1£6.48. S. Dec £3.98.
Speakers miniature, 8 chm 87p; 64.75
ohm 89p. Crystal earpiece 65p. Mag-
netic earpiece 15p. Mono headphones
£2.98. Stereo headphones £4.35. Tele-
phone pick-up coil 72p. FM aerial 49p.
Min. buzzers 6V 50p; 9V £1.10; 12V
65p.
PP3 clips 10p; PP9 clips 11p. Panel
meters 60x45mm £4.99 each. S50uA,
100uA, TuA, 1A, 25V.
Veroboard 0.1"° copper
10 strips, 24 holes £1.20 per 5. 248 37H
78p. 24S 50H 89p. 365 37H 89p. 36S
50H 99p. Terminal pins 48p/100. Pin
insertion tool £1.69. Spot face cutter
£1.23.

Multimeter type 1. 10C00pv with proves, 2'x3%2'x 1"
Multimeter type 2. 20,0000pv inc. transistor tester...

Croc clip test lead set. 10 leads with 20 clips...
Connecling wire pack, 5x8yd coils .

Resistor colour code calculator.........

Towers international Transistor Salector...
AM-FM aircraft band portable radio
2 station desk intercom....
Plug-in power supply, 4.5V,
Dimmer switch.............
PVCtape ~ 3reels .............
Dentists Inspection mirror..
Jewellers eyeglass .
Hand magnifier, 3’
Wuminated magnifier,

| .E7.48 3 station..

€118

|

accepted by ‘phone or post.
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Radio

Even in this age of microelectronics, radio
still has its appeal. lan Sinclair traces its
development and describes wave
propagation, reception and simple
receivers

"THERE WAS A TIME” quavered the old man, his stick
trembling slightly, ” when every recruit to the ranks of
electronics as a hobby would have started by making his
own radio receiver.”
It would have been, of course, a simple receiver, not
the sort of miracle-box which automatically tunes Radio
Tokyo for you at 7.25 each morning, but a receiver which
at least you had built with your own fair hands. In those
days, too, we could take it for granted that everyone who
started that way knew a fair bit about radio, because there
wasn’t much else to electronics in the early days.
Things have changed a lot. Radio is just one tiny part of
the whole electronics scene, although one which looks as
if it might make quite a comeback as an amateur activity
when legal CB comes into operation later this year, Many
people nowadays join this hobby of ours without ever
coming into contact with radio, and that’s a pity. Perhaps
this article will help put some of that right.

Early Discoveries

The best place to start is always the beginning, and the
beginning was, as so often happens, a bit of a false start.
In 1864, James Clark Maxwell, a physicist of con-
siderable distinction, put forward the idea, backed by
theory, that light was an electrical wave.(See Famous
Names, pp 63 to 64 in last month’s.HE.) He also said that
it should be possible to generate similar but invisible elec-
trical waves which would travel through space with the
speed of light and which, unlike the telegraph or
telephone, would need no wires to connect the transmit-
ter with the receiver. His ideas were met with polite
disbelief, his calculations were thought to be unrealistic,
and because no-one had succeeded in producing any
detectable waves by electrical methods, Maxwell’s Elec-
tromagnetic Theory, as it was called, remained just a
theory. Like alltrueresearch, however, it was not wasted,
In 1888, some nine years after Maxwell had died, a
researcher called Heinrich Hertz succeeded in producing
the waves that Maxwell had predicted — and that’s why
we use the word hertz today for the unit of frequency. A
brief look at Hertz's achievements is given in this month’s
Famous Names, on page 56.

Why had it been so difficult to produce radio waves? To
answer that, we must know something of what was need-
ed (as Maxwell knew) and also why it could not be achiev-
ed easily. What was needed was an alternating voltage
which alternated at a high frequency. Alternating

‘voltages had, of course, been around for several years
{even in the 1860s), because an alternating voltage is

24

what you get when you spin a coil of wire between the
poles of a magnet. The voltage between the ends of the
wire is alternately positive, zero, negative, zero and
positive again in each revolution of the coil. The frequency
of the alternating voltage is the number of times per se-
cond that it goes through this complete cycle of changes.
When the alternating voltage is generated by a coil
rotating between the poles of a magnet, the frequency of
alternation is easily found — it's the same as the rate of
turning in revolutions per second. In the 1860s, it was
reasonably straightforward to build generators which
could rotate at around 3,000 revolutions per minute.
That’s 50 revolutions per second, giving a frequency of
50 Hz, the frequency we stilluse for mains supplies today.

Now it wasn't at all obvious from Maxwell’s equations
that the frequency of an alternating voltage should be an
important factor in deciding whether or not it could be us-
ed for radio. Nevertheless, the information was there and
several researchers found it and drew the correct conclu-
sions — that the amount of radio wave which could be
radiated from a piece of wire would be immensely greater
if the frequency of the AC voltage on the wire was higher,
much higherthan 50 Hz. Asithappens, the frequency ofa -
.radio wave is very closely related to another quantity call-
ed wavelength. The wavelengthis, as the name suggests,
the distance between two neighbouring wave peaks
{Fig. 1), when the wave is travelling through space.
Wavelength multiplied by frequency of a wave gives
wave speed, and for all electrical waves — and that in-
cludes light — the speed is constant at around 300 million
metres per second. By comparison, Concorde at full
speed manages to cover just 630 metres per second.
Because the speed of all types of radio waves is constant
and of known value (in space), we can find the
wavelength for any frequency by dividing the speed by
the frequency.

For a 50 Hz wave, for example, the wavelength is

50
which is a wavelength of 60 million metres, a distance
equal to 15 times around the earth.

WAVELENGTH
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Figure 1. Wavelength. As the radio wave travels through space,

there is a measurable distance between wavepeaks. This distance is
the wavelength

-

RADIO"
WAVE

Now Hertz and several others reckoned that an alter-
nating voltage on a wire would cause a radio wave to be
launched only if the wire was long compared with the
wavelength — and no-one was likely to come up with a
wire long enough to launch a 50 Hz wave. Hertz therefore
concentrated on trying to generate much shorter
wavelengths, which meant much higher frequencies.
That, in turn, meant forgetting about rotating machines,
because no alternator could stay in one piece at the fre-
quencies Hertz was trying to generate; that is, frequen-
cies of several thousands of millions of hertz. He solved
the problem by using spark-gaps to generate high-
frequency signals (see Fig. 1 on page 56), and radio was
born at last.

Hobby Electronics, June 1981



Shift To Thermionic Valves

.Radio has changed a lot since that momentous discovery
by Hertz, and the work of Marconi, Tesla, Popov and
many others who developed Hertz’'s laboratory ex-
periments into a workable method of communication.
Radio at the start of this century was still primitive — anin-
duction coil to develop a high voltage, a spark-gap to
cause high-frequency oscillations, and an aerial. The only
control that was possible was to switch the induction coil
on and off, using a telegraph key so that Morse code could
be transmitted. To distinguish this from the ‘normal’
-method of telegraphy, transmitted along wires, it was
christened ‘wireless telegraphy’, and that's where the
word 'wireless’ comes from.

POSITIVE

FEEDBACK
CONNECTION

B

FREQUENCY
SELECTOR

ouTPUY

AMPLIFIER

Figure 2. Block diagram of an oscillator

As a way of communicating short or emergency
messages spark-gap transmitters were effective, and
they were carried as emergency transmitters on ships
right up to the '560s. But radio broadcasting needed
something much more electronic in nature, and that came
when thermionic valves were developed during the early
years of this century. The thermionic valve was the device
that dominated electronics for half a century. It could rec-
tify (convert ACinto currentin one direction only), amplify
(create a large-scale copy of an alternating voltage) and,
mostimportant of all, oscillate. Oscillation means creating
an alternating voltage, and the important difference bet-
ween a valve oscillator and a rotating generator is that the
valve, like the transistor, has no mechanical moving parts.
That in turn means that higher frequencies were at last
simple to generate (as long as they were not too high!). It
also meant that transmitters could operate at last on set
frequencies.

That last remark needs some explaining. An oscillator,
whether it uses a valve or a transistor, consists of three
parts: an amplifier, a frequency selector and a positive
feedback circuit (see Fig. 2). The amplifier has an input
terminal and an output terminal, and produces at its out-
put a large-scale copy of the alternating voltage — the
signal — at its input. A frequency selector is a circuit
which, as its name suggests, picks out one frequency of
signals and rejects all others. A positive feedback circuit
connects the output of an amplifier back to its input so
that the amplifier provides its own input signal and
doesn’t need any other signals. Put these three com-
ponents together and you have the kind of oscillator that
is useful for radio. Because of the frequency selector,
though, the signal from such an oscillator is a sinewave
which has a single frequency, a frequency which can be
changed only by altering the frequency selector circuit.

The old spark-gap transmitters lacked such
refinements, and in the early days of radio no-one needed
them anyway. As more and more transmitters were built,
however, it became important to prevent them from in-
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terfering with each other (as they did because the spark-

-gap created signals which comprised a huge mixture of

frequencies). Valve oscillators allowed different transmit-
ters to operate on different frequencies, not interfering
with each other. They also permitted something else —
modulation.

Controlling The Waves

Modulation means 'control’, and inradio it means the con-
trol of the high-frequency oscillations of the radio wave or
carrier wave. Morse code is a simple type of modulation,
on or off, a digital signal long before its time. Why would
we want to modulate a carrier wave? In the early days the
most important reason was' the ability to carry speech
rather than Morse code. The human voice (yes, | include
even DJ’s) produces sound waves in air. Microphones
can then convert these into electrical waves which have
the same frequency and waveshape (Fig. 3) as the sound
waves, so that we can amplify the electrical waves,
something we can’t do with sound waves. We cannot,
however, transmit these electrical waves through space
because their frequencies are too low — most voice
signals are in the range of 300 Hz to 2000 Hz. The solu-
tion that was found simultaneously by several pioneers of
radio was to make the high-frequency signals produced
by an oscillator carry these low-frequency signals — the
audio frequency signals, as they were later called. To do
this it was necessary for the audio signals to contro/ some
feature of the high-frequency radio signals. In other
words, the audio signals were used to modulate the radio

signals.
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IN 1 SECOND = FREQUENCY OF 3 Hz
SINE WAVE
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/ SAWTOOTH WAVE

WAVESHAPES

Figure 3. Frequency and waveshape. Frequency {a) is the whole
number of complete cycles of a wave which happen each second.
The waveshape is the shape of the graph of the wave plotted
against time. For a sound wave, the quantity that is plotted is air
pressure, and for an electrical wave, voltage is plotted
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The idea had been around for a long time. In 1903,
Valdemar Poulsen (who invented tape recording)
patented a way of modulating the output of a spark-gap
transmitter. It was called the ‘singing arc’ and it was
necessary to speak directly into the spark. There were no
volunteers for DJ duties — not surprising, when the spark
was a foot long and generated by nearly 100,000 Vi

The use of valves as oscillators made possible a com-
paratively simple method of modulation, known as
amplitude modulation. The amplitude of an oscillation is
the voltage of the signal measured from one peak of the
wave to the opposite one (Fig. 4): strictly speaking, this is
peak-to-peak amplitude, because there are other ways of
measuring amplitude. The idea of amplitude modulationis
to use the audio signal to control the amplitude of the car-
rier wave, so that the carrier wave has its normal
amplitude only when the audio wave voltage is zero.

+ T

PEAK -TO-PEAK

VOLTAGE AMPLITUDE

— T IME
* Figure 4. Peak-to-peak amplitude for a wave

When the audio wave is at its negative peak the carrier
wave amplitudeis reduced, and when the audio waveis at
its positive peak the amplitude of the carrier wave is
greater than normal. In this way (Fig 5), the outlines of the
carrier wave are a copy of the waveshape of the audio
wave — the carrier has been modulated. The carrier wave
is still aradio frequency wave, so thatit canbe transmitted
easily. At the same time it carries the information of the
audio wave with it.

Band On The Side

A curious thing happens when a carrier wave is
modulated. Before modulation, a carrier which is a sine-
wave consists of one frequency only. When it is
modulated other frequencies are present, equal to carrier

CARRIER
(HIGH FREQUENCY)

AUDIO SIGNAL
(LOW FREQUENCY}

HIGH FREQUENCY
/ CARRIER

MODULATED
CARRIER

T

OUTLINE OR "'ENVELOPE*
HAS WAVESHAPE AND
FREQUENCY OF AUDIO
SIGNAL

Figure 5. Modulating a radio-frequency carrier so that it carries an
audio frequency wave. The frequency of the carrier must be much
higher than the frequency of the audio wave
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frequency plus audio frequency and carrier frequency
minus audio frequency. For example, if the carrier fre-
quency were 100 kHz, then before modulation only a fre-
quency of 100 kHz would be present. When this same
carrier is modulated with, for example, a 5 kHz sinewave,
then four frequencies are present. One is the carrier fre-
guency of 100 kHz, another is the audio frequency of 5
kHz. In addition, however, there are frequencies of 105
kHz (carrier + audio) and 95 kHz (carrier - audio) present,
and these are called sidebands. The reason for the name?
If we draw a graph of signal amplitude plotted against fre-
quency, these two new frequencies lie on each side of the
line that represents the carrier frequency (Fig. 6).

AMPLITUDE

T CARRIER

LOWER UPPER
SIDEBAND SIDEBAND

A BANDWIDTH —p» FREQUENCY ——»

Figure 6. Sidebands. A carrier alone has a single value of frequency.
When it is modulated by a low-frequency signal, the result is two
new frequencies, the upperand lower sidebands

Why should this be important? For one thing, it limits
the range of frequencies that we can use for radio
transmitters. We can’t, for example, have one transmitter
operating at 100 kHz and another at 105 kHz if they are
both being modulated with audio frequencies up to 5 kHz.
If we did, then any receiver which was tuned to réceive
the complete signal (carrier plus sidebands) from one
transmitter would also receive some of the sidebands of
the other transmitter {see Fig. 7). This overlap causes in-
terference, so that clear reception of either transmitter is
not possible.

AMPLITUDE

T I ® ®

® ® 0O ®

S

{

SIDEBANDS. EREQUENCY——2

OVERLAP

Figure 7. Interference is caused when the sidebands of two
transmitters overlap, even though the carriers are separated

The sidebands have another effect. We have assumed

‘so far that the radio transmission has been at a single fre-

guency, the carrier frequency, so that a receiver which
could receive only that frequency would suffice. Because
a modulated carrier contains sidebands, however, a
receiver for a modulated signalmust be able to pick up and
amplify the full range of frequencies from the lower side-
band frequency to the upper one: this is the range of fre-
quencies that we call the bandwidth.

Capturing Signals With A Ferrite Rod

Receiving aradio wave starts with catching a chunk of the
modulated radio wave which has been sent out from the
transmitter. The traditional way of doing this was to use a
long piece of wire (Fig. 8), the aerial, slung between in-
sulators and well clear of buildings. The radio waveis both
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Radio

-an electric and magnetic wave, and the electric part of the
wave will produce an alternating voltage between the
ends of any wire in its path. The voltage is greatest if the.
length of the wire is equal to a quarter of the wavelength
of the wave, and that is the principle that we use for TV
(operating at ultra high frequencies) and FM radio
(operating at very high frequencies). For transmissions at
medium wave, where the wavelength is several hundred
metres, a quarter-wavelength aerial is usually impractical.

INSULATOR

— — 00

INSULATOR

SUPPORT SUPPORT

TO RECEIVER

Figure 8. The traditional aerial, a long piece of wire insulated from its
supports

The alternative to a long-wire aerial is to detect the
magnetic part.of the wave, using a coil. This method has
been used for many years (it was called a frame aerial in
the early days of radio) but was given a tremendous boost
in the late '50s by the use of ferrite rods. Ferrite is a non-
metallic magnetic material which, like all magnetic
materials, has the ability to concentrate magnetism (see
Fig. 9). By winding a coil round a ferrite rod , the magnetic
portion of the transmitted wave canbe made to provide an
alternating signal between the ends of the coil, and
because of the concentrating effect of the ferrite this
signal can be as large as would be obtained from quite a
long aerial wire. In addition, the ferrite rod is directional,
because it is'the magnetic waves approaching the ends of
the ferrite rod that are most concentrated by the rod.
Other magnetic materials, incidentally, are useless for this
purpose because they are conductors, and the signal cur-
rent flows within the material rather than in the coil — we
had to wait for non-conducting ferrite before this method
became really useful.

Now that we have a radio signal between the ends of a
coil, what do we do with it? There are two important re-
quirements. One is to select the signal we want from the
thousands which are sent out from transmitters all over
the world. The other is to amplify the signals, and extract
the modulating audio signals from them.

DOTTED LINES SHOW
PATH IN ABSENCE OF
FEARITE ROD

LINES OF
MAGNETISM

Figure 9. How ferrite concentrates magnetism. The dotted lines
show what the tracks of the magnetic lines would be if no ferrite
were present

Sorting Out The Signals

Selection is not quite so difficult as it sounds. Of all these
thousands of signals, many are so faint that we can forget
about them, and the stronger ones, providing they are all
ondifferentcarrier frequencies, can be separated by using
resonant circuits. A resonant circuit in its most familiar
form consists of a coil (inductor) and a capacitor
(Fig. 10a). The most usual form of this circuit in
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amplitude-modulated radios is the parallel one, and that’s
the one we will look at.

i% éb+ = R cT
; f:I[ )% !

CURRENT CAUSED BY
DISCHARGING CAPACITOR

Figure 10. The resonant (tuned) circuit (a). This is a paraliel type. If
the capacitor were charged and connected to a resistor (b), then the
capacitor would rapidly discharge through the resistor (c)

Imagine, to start with, a charged capacitor. If we con-
nect this capacitor to a coil, the charge will flow from the
positively charged plate of the capacitor through the coil
to the negatively charged plate: this movement of charge
is a current. If we had simply connected a resistor to the
charged capacitor the current through the resistor (Fig.
10b) would heat up the material of the resistor, the heat
would be lost to the air around, and once the capacitor
was discharged that would be the end of the process. In
other words, the energy of the charged capacitor has been
changed to heat energy and lost. When the capacitor is
connected to a coil which has a very low resistance,
however, things are very different. The action of a coil, an
inductor, is to keep current flowing, because the energy of
the current goes into creating magnetism rather than
heat, and magnetism does not flow away. Even when the
voltage that has caused the current to flow is at zero the
current does not stop, because the magnetism converts
back into current, pouring charge back into the capacitor,
this time charging it up in the opposite direction (Fig. 11).
It can’t stop there as the coil is still connected to the
capacitor, so that the capacitor discharges again, sending
current through the coil in the opposite direction this time.
Once again the coil keeps the current flowing so that the
capacitor ends up charged again, almost as it was in the
beginning, and will then start to discharge again. This see-
saw action keeps going at a rate which is set by the value
of the capacitor and the inductance of the coil, butit can’t
go on forever because the coil has resistance which
causes some of the electrical energy to be converted into
heat and lost.

Wae have to leave the story of Radio at this point, but next month we’ll
continue the saga starting with the waveform obtained from a circuit
such as that in Fig. 11.

CHARGED == e

CHARGED

S CHARGED =y
DISCHARGED

T :

/-\ CURRENT MAXIMUM /
A STARTSTO @cuunmr i

d e f
/ CURRENT
i STARTS TO 4
FLOW CURRENT
'3 == CHARGEO é: STOPS

+ DISCHARGED) - =
MAXIMUM \
CURRENT

Figure 11. A charged capacitor in a resonant circuit. Figures 11a to
11f show how the charge produces a current which then charges .
the capacitor in the opposite direction, reversing the current until the
charge is almost at its original value HE

27

CURRENT ST
FLOWING

FLOWING



ZD85 Sept. 80

GUITAR PHASER £9.60
BENCH POWER SUPPLY UNIT  ZD87 Sept. ‘80 £25.00
DEVELOPMENT TIMER 1D86 Sept. 80 £8.75
TOUCH SWITGH (on Vero)- 1D84 Sept. 80 £4.50
AUTO PROBE D83 Sept. ‘80 £3.00
REACTION TIMER 1082 Sept. 80 £26.50
MICROMIXER (on Vero) 2D81 Sept. 80 © £8.50
EQUITONE CAR EQUALISER 1052 Aug.’80 £13.30
GAS DETECTOR 1D55 Aug. ‘80 £22.00
PASS THE LOOP GAME 1D56 Aug. 80 £12.00
RADIO TIMER (on Vero) ZD57 Aug. ‘80 £5.50
MOVEMENT ALARM (on Vero)  ZD54 Aug. '80 £5.00
OP. AMP CHECKER (on Vero) D53 Aug. ‘80 £4.00
CAR BOOSTER (no speakers) ZD50 July '80 £18.00
HAZARD FLASHER 1D48 July '80 £10.50
*PUSH-BUTTON VOLUME

CONTROL 1047 July '80 £19.50
SOUND FLASH TRIGGER (on Vero)ZD49 * July '80 £3.50
2 WATT AMPLIFIER (on Vero) 1D46 June "80 £3.90 -
METRONOME {on Vero) ZD51  June ‘80 £3.50
MICROBE R/C SYSTEM

(less Servos) 1D45 June ‘80 £17.50:
FOG HORN D44  June ‘80 £4.50
*EGG TIMER ZD43  June ‘80 £6.50
MINI CLOCK D10 May ‘80 £26.00.
5080 PRE-ANP ID11  May ‘80 £32.00
TRACK CLEANER D12 May 80 £7.75
*R/C SPEED CONTROLLER ZD3  April 80 £9.60
HOBBY COM D8  April ‘80 £28.60
ELECTRONIC IGNITION D2  April ‘80 £18.25
DIGITAL FREQUENCY METER  ZD9  April 80 £27.75
SHORT WAVE RADIO 1080 March '80  £19.50
TOUCH SWITCH Z079 March ‘80 £5.00,
5080 PSU MODULE D78 March'80  £29.50
SYSTEM 5080A ID77 March'80  £15.00
PASSION METER ZD6  Feb. 80 £5.00
WIN INDICATOR 1DA2 Feb. 80 £9.00
INFR RED REMOTE GONTROL  ZD7  Feb. ‘80 £19.35
SCALEXTRIC CONTROLLER 2041 Jan.'80 £52.50
CROSSHATCH GENERATOR 04 Jan. 80 £11.25
DIGI-DIE : 05 Jan. ‘80 £5.50
RING MODULATOR 01  Dec.’79 £8.50
SCALEXTRIC CONTROLLER 1039 Dec. 79 £21.50
BARGRAPH CAR VOLTMETER  ZD40 Dec. ‘79 £6.60
GUITAR TUNER 2038 Nov. ‘79 £8.50
*R2 D2 RADIO 2037 Nov. 79 £8.60
TANTRUM D33 0Ct. ‘79 £37.50

£18.00

HOBBYTUNE 1034 0ct.'79
MULTI OPTION SIREN 2036 Oct. ‘79 £10.50
ANALOGUE AUDIO .

FREQUENCY METER 2035 Dct."79 £15.00
'COMBINATION LOCK 2029 Sep.’79  £12.50
*STARBURST 2030 Sept.’79  £14.50
LAMP DIMMER 2031 Sept.'79 £6.50
ULTRASONIC SWITCH ~ ZD32 Sept.’79  £21.00
CONSTANT VOLUME AMPLIFIER D28 Aug.'79 = £11.50
INJECTOR TRACER 1027 Aug.’719  £4.50
LED TACHOMETER 1026 Mug.'79  £14.75
BABY ALARM 2025 July ‘79 £13.50
POINTS SWITCH r 024 July'79  £12.50
LINEAR SCALE OHMMETER 7023 July'79  £14.00
SHARK 1022 July'79  £22.75
G.S.R. MONITOR 1019 June'79  £10.50
ENVELOPE GENERATOR 2020 June'79  £11.79
DRILL SPEED CONTROLLER  ZD21 June '79 £7.00
WHITE NOISE EFFECTS UNIT ~ ZD18 May'79  £16.85
PARKING METER TIMER. 2017 "May 19 £6.70
DIGIBELL PROJECT D16 May ‘79 £5.00
‘VARIABLE POWER SUPPLY .

0.30V 1 AMP D15 May ‘79 £30.00
‘TRANSISTOR GAIN TESTER 7076  April ‘79 £6
'CISTERN ALARM 2075 April ‘79 £5.50
MODEL TRAIN CONTROLLER  ZD74 April'79  £26.00
PHOTOGRAPHIC TIMER D73 March’'79  £14.50
TONE CONTROL ID72 March’79  £9.00
CASANOVA’S CANDLE 1071 March'79  £7.50
SHORT WAVE RADIO D66 Feb.'79  £12.50
'SINE/SQUARE WAVE

GENERATOR 2067 Feb. ‘79 £22.50
SCRATCH AND RUMBLE B

FILTER MONO 1068 Feb.’79  £22.50,
SCRATCH AND RUMBLE

FILTER STEREQ 2069 Feb. ‘79 £25.00
CAR ALARM D70  Feb.'79 £8.50
FLASH TRIGGER (less flash gun)  ZD65 Jan.'79  £10.50
"TOUCH SWITCH 2063 Jan. 79 £5.50
VARI-WIPER 2064 Jan. ‘79 £8.00
GRAPHIC EQUALISER 1062 Jan.'79  £25.00
PUSH-BUTTON DICE 2061 Dec. ‘78 £6.00
AUDIO MIXER I014 Dec.’78  £20.30
BEDSIDE RADIO D58 Nov.'78  £12.50
STEREO AMPLIFIER (HOBIT)  7D50 Nov.'78  £52.50
WAA-WAA PEDAL 1060 Nov.'78  £30.00

1ONISER KIT: ZD13. This negative lon generator gives you power to saturate your home with millions of refreshing ions. without fans or moving
parts it puts out a pleasant breeze. A pure flow of ions pours out like water from a fountain filling your room. The result? Your air feels like fresh
ocean air, crisp and wonderfully refreshing. All parts p.c.b. and full instructions £10. A suitable case including frent panel neon switch, etc.,

available at £8 extra.

[PLEASE NOTE OUR NEW ADDRESS|

LATE EXTRA
Watchdog Intruder Alarm . ZD89

Temperature Controlled Soldering iron ZD90

Freezer Alarm (on Vero)
Tug O’ War Game . . . .
Nobell Doorbell

Kitchen Timer {on Vero)
Light Dimmer

. ZD91
7D94

. 'ZD93
.. ZD92
. ZD88

All kits contain components as specified plus Texas 1.C. sockets,
where required, also connecting wire.

FAIRCHILD FLV150 red. 2 LEGS, 10 for £1.00, 100 for £7.50
DALY ELECTROLYTIC CAPACITORS 2000uF 100v £1.50
~ PHILIPS SCOPE Tube 5” CV2191/06-13-2 £10

If you do not have the issue of H.E. which contains fhe
_Project, we can supply a reprint at 40p extra. Please add
.30p post and packing. Add 15% VAT to total order.

Céllers please ring to check availability of kits.

T. POWELL

ADVANCE WORKS

‘44 WALLACE ROAD, LONDON, N.1

sanci .‘ SHOP HOURS:
=1 o) SRR

Minimum telephone Orders £5
Minimum Mail Order £1
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Your Letters

A selection of your letters to.the Editor

IT IS ALWAYS frustrating to have reached
the final stages of project construction . . .
and to be stuck for one vital component. This
was certainly the experience of David White
in our first letter.

Dear Sir,

From your October 1980 HE issue, in my
schools Electronics Club, | have built the “In-
truder Alarm’’. But, | am unable to complete it
because two ICs used in the circuit | cannot
obtain. So could you tellme where | can get it
and how much they cost or an equivalent as
the project has already cost me £9.

The IC’s numberisdCL 7611. Maplin and
Watford do not stock it.

David White
Hornchurch, Essex

True, the ICL 7611 is not a widely-stocked
device. However, a quick check by ‘phone
revealed that it is available directly from
Magenta Electronics, 98 Calais Road,
Burton-on-Trent, Staffs for £1.31 plus 40p
postage and packing.

The next two letters relate to circuit boards.

Dear Sir,

/ am wondering if you could explain the
Hobby Prints and also generally how P.B.C. is
constructed.

R.G. Bannocks
Leytonstone

The Your Letters page is the wrong place to
answer your two queries in sufficient depth. |
would suggest that you read Building Site in
the November ‘80 issue of HE, on pages 46
and 47. A good description is given of how to
use Hobbyprints and of the different stagesin
the production of a PCB. (| assume it was PCB
that you were referring to.)

Dear Sir,

! am very interested in H.E. projects. |
found it difficult to follow mounting of com-
ponents on P.C.B. given for the ‘Watchdog’
Alarm (H.E. October 1980).

Since | am a beginner and keen on H.E.
profects, would you please help me to mount
components on Veroboard layout, which |
find much easier to follow. In most of your
projects you do give Veroboard layouts but
on this occasion you gave it on P.C.B.

D.L. Rao
London N18

When | looked at the component overlay in
Fig. 3, page 61 of the October ‘80 Issue, |
could appreciate your problem. We try,
wherever possible, to show a faint pattern of
the copper track — appearing as if the board
were translucent {(see Light Dimmer, Fig. 4,
on page 35 of the same issue). Around that
time we were experimenting to see if the
overlay could be shown without the pattern,
One problem associated with including the
pattern is that, when the board contains

pE=|

FIVE NEW BOOKS

R QEN L ES

Q

Each book contains a collection of constructional projects, giving details of how the circuit works, how it
may be assembled and how setting-up and trouble-shooting problems may be solved. The skilful use
of colour in the text helps to clarify operation and circuit board layouts are suggested. Shopping lists of
components are drawn up for each project. Each book measures 216 x 135mm and has 96 pages.

many components and connection points, in-
clusion of an outline of the track on the
overlay can make the overall picture confus-
ing. Most designs published since October
‘80 have, however, included the pattern.

Some projects are more suited to PCB
layout while others are better suited to
Veroboard. A few readers have told us that
they have tried to use Veroboard in place of
our PCB patterns but have become confused
in the process, because of the cross-linking
required. We will continue to use both
methods: Veroboard for the simpler projects
and PCBs for the complicated ones (or where
space-saving is important).

Finally, a call for some information on elec-
tronic components.

Dear Sir,

! am a pupil at Tunbridge Wells Technical
High School. | am undertaking an English
Study on Electronics.

/ would be very pleased if you could send
me some information on how components
are made and work. It is a beginners study so |
need information on resistors, capacitors,
diodes and transistors etc.
lan Scholey
Edenbridge, Kent

We plan to take a careful look at the fun-
damental components of electronic circuits
in a few issues’ time. Meanwhile, you might °
like to refer to Into Electronics Plus, a booklet
which gives broad coverage of electronic
components. It is available, price £1.30 (in-
cluding post and packing) from the Hobby
Electronics Book Service, Modmags Ltd, 145
Charing Cross Road, London WC2H OEE. HE

AVAILABLE NOW!

from your local bookshop
or in case of difficulty direct from us:
Piease tick the books you need. This coupon can
be cut out and returned to Patricia Davies at
the address below.
Please send me _ copy/ies as marked 1

B More
Electronic
Projects in

M Electronic M Electronic
Projects in Test
Photography Equipment

[ Projects in
Amateur
Radio and

M Electronic
Projects for
Home

above. | enclose cheque/PO for € in
total payment or debit my credit card account’
as folows (please tick)

Access E Barclaycard American

Security R A Pentold and Projects the Home Short Wave Master- & other Express
Owen Bishop é%ge[’;gygo . Atan C Ainslie A JFhind Listening charge Visa Cards

0408 00535 1
Descnibes electronic
alarms to detect and
deter intruders or give
warmngs of gas or fire

0408 00528 9

The projects described
n this book will assist
with the construction
or development of
audio and radio
frequency circuits as
wel as logic and
control nstrumentation

0408 00501 7
Contains a selection
of circuits which will
be useful around the
home. including
electronic switches.
atarms and intercoms.

F G Rayer - G30 GR
0 408 00502 5
Describes recewvers
and other aids which
will be useful to the
licensed amateur Date
and to the short
wave listene

Contains fitteen
electronic projects for
the photographer or
electronics enthusiast

My Credit Card No. is

(S (T T S |

Signature

Already well established in the constructors projects series

B Eiectronic Game Projects
F G Rayer 0408 003790
WElectronic Projects in Audio  [llElectronic Projects in the Home
R A Penfold 0408 003383 Owen Bishop 0408 00346 4
Electronic Projects in the Car  ijElectronic Projects in the Workshop
M George 0408 00386 3 R A Pentoid 0408 003839

B Electronic Projects in Hobbies
F G Rayer 0408 00354 6

WE!ectronic Projects in Music
AJFlind 040800391 X

Projects In Radio and Efectronics
lan R Sinclarr 0 408 00345 6

(HE/6.81)

I Newnes Technical Books

Borough Green Sevenoaks,Kent TNI1S 8PH
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ELECTRONIRIT
Introducing our new

CHIP
SHOP
KITS

Each CHIP SHOP KIT is complete in every way and contains all
the components necessary to build and operate the project
described. All you need is a Soldering lron (see Kit No. 2) and a
9v battery. Each kit includes step-by-step instructions on con-
struction and detailed educational notes about the individual
circuit, together with advice about soldering techniques.

Kit. No. 2 — SOLDERING IRON — contains a high quality
British soldenng iron; a TAmp fuse and solder together with
straightforward instructions upon how to handle your solder-
ing iron and the best techniques for its use and maintenance.

Kit No. 3 — ELECTRONICS TOOLS - contains a selection of
useful tools for anyone starting in electronics, together with
instructions about the use and care of your equipment.

SOLDER is included with every kit.

. Morning Call plus
Transistor Tester
Soldering lron ...
Electronics Tools
Electronic Organ
Morse Code Trainer and |ren Oscdlator
Light Operated Burglar Alarm...
Buzzer - Aircraft
Light and Sound Alarm...
Lie Detector
Lamp Flasher plus
Sleep Inducer
Cat Sound plus
Night Light Reminder
Bicycle Horn plus
Electronic Shocker
Light Sensitive Alarm plus
Electronic Lamp
2-Transistor Radio
Morning Alarm
American Police Siren ..
Flashing Dual-tone Horn .
Two-way Interphone...
4-Transistor Radio... .
Cllcker—HehcopterO c:llato

All kits packed individually in attractive boxes. Loudspeakers
are included with each kit (except nos. 2, 3, 14 where they are
not required).

-Kitnos. 1, 10, 11, 12, 13 contain two separate projects.

These kits are becoming available in Hobby
and Electronics Stores all over the Country
— look out for the CHIP SHOP DISPLAY in
your local store.

ff you cannot locate a stockist please order direct from

Electroni-Kit Ltd. Please add 50p per kit for postage and pack-
ing.

Trade and Educational Enquiries welcomes.

Cheque/P.0./Access/Barclaycard (or 23p for full-colour illus-
trated literature) to DEPT. HECS.

-
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GEC AM/FM STEREO TUNER
AMPLIFIER CHASSIS. Originally de-
signed for installation into a music centre
Supplied as two separate built and tested
units which are easily wired together.
Note: Circuit diagram and interconnec-
ting wiring diagrams suppiied. Rotary
Controls: Tuning. on/off volume,
balance, treble, bass. Push-button con-
trols: Mono, Tape, Disc, AFC, FM (VHF).
LW, MW, SW. Power Output: 7 watts
RMS per channel, at better than 2% THD
into 8 ohms. 10 watts speech and music.
Frequency Response: 60Hz-20kHz
within *3dB.Tape Sensitivity: Output
— typically 150 MV. Input — 300 mV for
rated output. Disc Sensitivity: 100mV
(ceramic cartridge). Radio: FM (VHF),
B7.5MHz — 108MHz. Long wave

520kHz — 1620kHz. Short wave.
5.8MHz — 16MMHz. Size: Tuner — 2%in.
x 15in. x 7% in approx. Power amplifier —
2in. x 7%in. x 4%2in. approx. 240V AC
operation. Supplied complete with fuses,,
knobs and pushbuttons, and LED stereo
beacon indicator. Price £21.50 plus
£2.50 postage and packing.

145kHz — 108kHz. Medium wave,

Stereo Cassette Tape Deck Module comprising
of a top panel and tape mechanism coupled to
a record/play-back printed board assembly.
Supplied as one complete unit for horizontal
installation into cabinet or consoie of own
choice. These units are brand new, readv-built
and tested. Smart black and silver finish.
Features: Three digit tape counter, Auto-stop,
Six piano type keys, record, rewind, fast for-
ward, play, stop and eject. Automatic record
level control. Main inputs plus secondary in-
puts for stereo microphones. Input sensitivity
100mV to 2V. Input impedance 68K. Output
levet 400mV to both left and right-hand chan-
nels. Qutput impedance 10K. Signal to noise
ratio 45dB. Wow and flutter 0.1%. Power,
supply requirements 18V D.C. at 300mA.
Connections the left and right-hand stereo in-
puts and outputs are via individual screened
leads all terminated with phono plugs (phono
sockets provided). Dimensions: Top panel
S%in. x 11%in., clearance required under top
panel 2Valn,

Supplied complete with circuit diagram and
connecting diagram.

Price £26.70 + £2.50 postage and packing.
Supplementary parts for 18V D.C. power
supply (transformer, bridge rectifier and
smoothing capacitor) £3.
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