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1

NEW EDU-KIT MAJOR

Completely Soideriess

Construction Kit. Build these projects without
soldering iron or solder

* 4 Transistor Earpiece Radio. * 5 Transistor Push Pull
Amplifier.
* Signal Tracer.
* 7 Transistor Loudspeaker
Radio MW/LW.
* Signal Injector.
* 6 Transistor Short Ware
* Transistor Tester N PN-P 5 P.

* 4 Transistor Push Poll

Radio.

* Batteryless Crystal Radio.
* One Transistor Radio.
* 2 Transistor Regenerative
Radio.

* 3 TranMstor Regenerative
Radio.

* Electronic Metronome
* Electronic Noise Generator.

* Audible Continuity Tester.
* Sensitive Pre -Amplifier.

Components Include: 24 Resistors 21 Capacitors 10 Transistors 31" Loudspeaker Earpiece Mica Baseboard 3 12 -way connectors 2 Volume controls
2 Slider Switches * I Tuning Condenser 3 Knobs Ready Wound MWiLW;
SW Coils Ferrite Rod 6+ yards of wire I Yard of sleeving etc. Complete kit of parts including construction plans.

Total Building Costs

29.99

VHF AIR
CONVERTOR KIT

ELECTRONIC CONSTRUCTION KITS

ECK 2

Self

Contained

Multi -

Band V.H.F. Receiver Rif.
Transistors and 3 Diodes. Pneh/Pull
output.
Loudspeaker, Cain Control.
Superb 9 section swivel ratchet and
retractable chrome plated telescopic aerial,
V.H.P.
Tuning Capacitor.
ReeistOrs,
Capacitors. Transistors, etc. Will receive
T.V. Sound. Public Service Band, Aircraft,
V.Ff.F. Local Stations. etc. Operates from a
9 Volt P.P.7 Battery (not supplied with kit)
Complete kit of parts including construction plane
8

Build thin Converter Kit and
receive the Aircraft Baml by

r

placing it by the side of a radio
tuned to Medium Wave or the

£7.95

Long Wave Band and operating
as shown in the instructions
supplied free with all parts.
Uses a retractable chrome
plated telescopic aerial, Gain
Control, V. H. F. Tuning
Capacitor, Transistor, eta.

P.P. and Ins. atm.

ECK 4

7 Transistors. 6 tuneable wavebands, MW, LW, Trawler Band, 3 Short Wave Bands. Receiver...ER With 5" x 3'
Loudspeaker. Push/P.12 output stage, Cain Control, and Rotary Switch. 7 Trans:atm. an14 Diodes. 6 section
chrome -plated telescopic aerial. 8' Sensitive Ready
Wound Ferrite Rod Aerial. Tuning Capacitor,
Resistors, Capacitors, etc. Operates from a 9 Volt
P.P. 7 Battery (not supplied with kit). Complete kit
of parts including
p.r. .ad Ins. 55p.
construction plat.

£7.25

TRANS EIGHT

A11 Parts including Case and Plans.

£4.35

P.P. end
Ina 40p

ROAMER TEN
MARK 2
With VHF including aircraft
Now with free earpiece and switched socket. 10 Transistors. Latest 5" x 3" Loudspeaker. S Tamable Wave-

8 Traiasistors and 3 Diodes, 6 Txmable Wavebands: MW, LW, SW1, SW2,
SW3 and Trawler Baud. Sensitive Ferrite rod aerial for am and LW.
Telescopic aerial for Short Waves. 3iu Speaker 8 improved type transistors
pins 3 diodes. Attractive rase in black with red grille, dial and black knobs
with polished metal inserts. Sian 9 a
51 x 2.tin approx. Push pull output.

Battery economiser switch for extended battery life. Ample power to

P A 1' 65n

bands. 3.17V1, MW2, LW, SW1. SW2, SW3, TrawlerBand,

and Local. Stations also Aircraft Band. Built in
Ferrite Rod Aerial for 31W/LW. Chrome plated 6 section

Telescopic AerL1, can be angled and rotated for peak
short wave and VHF listening. Push/Pull output using
600mW Transistor. Car
Aerial Socket 10 Teas.

Total Building Costa

drive a larger speaker. Complete kit
of parts including construction plans.
(Overseas Seamail P. A P. Z250)
P.P. & lee. 05p

£6.99

sietOrs

plus

3 Diode._

Ganged Tuning Conden-

ser with

NEW JIFFY TESTER

"EDU-

KIT"
Bad

Radios,
Amplifiers.
etc.

Five units
to construct
Components include:
Tuner Condenser: 2 Volume Controls: 2 Slider Switches:

Fine Tone 3" Moving Coil Speaker: Terminal Strip:
Ferrite Rod Aerial: Battery Clips: 4 Tag Boards: 10
Transistors: 4 Di.oles: Resisters: Capacitors: Three 1'
%nobs. Units once constructed are detachable from
Master Colt, enabling them to be stored for future use.

Easy to build and operate, fits in the pocket. A
quick checker for continuity of resistors, chokes,
diodes' transistors,
circuit wiring (not
...Ina) and loudspeakers. Complete
with earpiece. lack
plug and socket reeiStOrs, capacitors,

Push Pull output. Complete kit of parts including con-

struction plans.
Total

13'llai'g
Costa

25.50

F.P. S The- 50p.

(Overseas Sammil
P. & P. 62.30)

diagrams.
pp

£3.15

P.P. & Ina. 30p. (Overseas

Smmail P. I P. 2170)

NEW EVERYDAY 6

Ferrite MI aerial 3" loudspeaker. etc., MW/LW coverage.

and

Total Building Costs Z11-87 P.P. and Ine- 65P

atructiOu plans.
Total Building Costs

diodes. super -sensitive ferrite rod aerial attractive

6 Transistors and 3 dials. Powered by 9 volt battery.

tone Controls. Attractive
in rich Ctestnut
shade with gold blocking
x 4".
Siac 9" x
Case

Stone

kit of
parts including con.
Complete

NOW WITH 3"
LOUDSPEAKER
3 Tunable wavebands. MW,

£6.99

Separate coil for Air-

craft Band. Volume on/
off. Wave Change and

Easy to follow instnm-

components, etc.

Ideal for Schools, Educational Authorities and all those
interested in radio construction.
Complete kit of parts including
Total Building Coate
construction plans.
P.P. & Iris. 55p.
(Overseas Seamail P. & P. 13.40)

ma oration.

TO RADIO EXCHANGE LTD., 6IA HIGH

POCKET FIVE

STREET, BEDFORD MI(40 ISA. Tel; 0234 52367,
REG NO. 788372

Callers side entrance "Lavells" Shop.

LW and Trawler Band 7
stages, 5 trangi.f.,,, and 3

Open 10-I, 2.30-4.30. Mon -Fri. 9-12 Sat.
1 enclose r:

black and gold case. Sire
si." x 11" x 34" approx.
Complete kit of parts including construction plans.
P.P. & Ins. 45p
(Overseas Seamail
P. & P. E2.30)

Name
Address
Total

for

If you're a constructor,

I

can think of no finer investment.

Do all your ordering in the comfort of your own home.
You'll find nearly all your wants in this superb catalogue.
Just think of it! 6,000 items and nearly 2,000 illustrations
spread over 240 pages.

I've been using Home Radio's Components Catalogues for
16 years, so I can claim to know something about them. The
first aim of Home Radio's staff was to provide a first rate
catalogue of electronic components that was easy to use.
Next, they made it easy for you to order. They provide a
simple order form, or for a small charge-you only pay for
the stamps-they will send you six order forms and six prepaid envelopes. And nowadays everyone who has a catalogue can start a credit account. Send off an order at any

time and settle your account with one monthly cheque.

They even have an answer phone so credit customers can

ring up any hour of the day or night, seven days a week. A
further incentive for credit account customers is that after
a year you get a new catalogue, free! I feel sure that by now
you'll want one of these indispensable catalogues. Just fill
in the coupon and send it off with your cheque or postal
order. The cost is 85p plus 45p postage and packing, but
remember they give 14 coupons with every catalogue, each
one worth 5p. So there's 70p you can get back! It certainly
is a gilt-edged investment!

Please write your Name and Address in block capitals

Today's finest Components

NAME

Catalogue 85p plus 45p MTKISNG

ADDRESS

POST THIS COUPON
with cheque or PO for

30

The price of £1.30 applies only to customers in the
U.K. and to BFPO Addresses.

I
I HOME RADIO (Components) LTD., Dept EE,

234-240 London Road, Mitcham, Surrey CR4 3HD

London 912956)

HOME RADIO (Components) LTD Div EE, 234-240 London Road, Mitchani,CR4 3HD Phone 01-648 8422
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PO BOX 6
WARE, HERT

111-PAK
1

SEMICONDUCTORS
POSTAGE & PACKING
Please add 25p. Overseas

add extra for airmail
Minimum order
75p.

SUCH REDUCED
PRICES -IT'S CRIMINAL

TRANSISTORS

74 SERIES TTL IC's
100

I

£

p

7400 0.08
7401 0.12
7402 0-10
7403 0.12
7404 0-10
7405 0.10
7406 0.28
7407 0.28
7408 0.14
7409 0.14
7410 0-08
7411 0.20
7412 0.20
7413 0.26
7416 0.28
7417 0-27
7420 0.10
7422 0-25
7423 0.26
7425 0.26
7426 0-26
7427 0.26
7428 0.36
7430 0.12
7432 0.25
7433 0.35
7437 0.25
7438 0.25
7440 0-12
7441 0.64
7442 0.60
7443 0-95
7444 0.95
7445 0.75
7446 0.95
7447 0.68

Quantity

Type

Quantity

Type

f

p

6

7448
7450

0-09
0.09
0.09
0.09
0.09
0.25
0.25
0.10
0.10
0.07
0.18
0.18
0.25
0.25
0.24
0.09
0.23
0.24
0.24
0.24
0.24
0.34
0.10

7451

7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481

7482
7483
7484
7485
7486
7489
7490
7491

7492
7493
7494
7495
7496
74 00
74 01

0.22
0.32

0.22
0-22
0.10

0.58
0.52

7405
74 07
74 10

0.90
0,70
0.55
0.85
0.65

74
74
74

II

18
19

74 21

Quantity

100

1

007

Type

fp

p

£

f

p

p

0.42
0-56
0.62
0-70

0-40
0.50
0-60
0-65

1.30

1.25

74151
74153

0.65
0.65

0-60
0-60

74154
74155
74156
74157
74160

1-30
0.65
0.65

74122
74123

0.30
2.70
0.38
0.60
0.43
0.38
0.45

0-68
0.10
0.10
0.10
0.10
0.10
0.24
0-20
0.22
0.23
0.40
0.25
0.35
0.90
0.62
0.68
0-80
0.95
0.25
2.50
0.32
0-50
0.35
0-35
0.40

0.58
0-68

0.70
0-12
0.12
0.12
0.12
0.12
0.26
0.22
0.26
0.27
0.44
0.28
0.40
0.95
0.72
0-80
0.85

100

I

74141

74145
74150

1-25

0.60
0.60
0.80
0-85
0.85
0.85
0.85

0-90
0.95
0.95
0-95
0.95

74161

74162
74163
74164
74165
74166
74174
74175
74176
74177
74180

66

6p
6p
6p
Op

BC154
BC147

20p

0.90
0-85
0.95
0.95
0.95

BC1 48

8p

BC! 49

10p
12p
10p

74181

2.00

1.80

74182

.00

0.90

0-50

74184

.50

1-40

74190

0-30
0.30

0.63
0-90
0.25
0.25

1.30
1-30
1.00
1.00

0.30

0-25

-40
.40
-10
.10
-00

0-50
0.80
0.90

0.45
0-75
0.82

1.30

1-20

1-20

1.00

0.26

0.25

74191

74192
74193
74194
74195
74196
74197
74198
74199

0.95
0.70
0-95
0-95

0.75
1.00
1.00
1.90

1-80
1.70

.1.80

BPS 14

10p.

BPS 1 6

1

1 p.

8PI N

BC I 57

BC158
BC159

Op

10p

0C169C 7p
BC170
BCI71
8C172

20p.

42p. DUAL NE556 85p.

Price
26p
30p

BF2S8

BF259

BFX29
BFX84
BFX85
BFX86
BFY50

18p
15p

20p

BFY51

BFX52
BFY53

16p
15p
15p
15p
14p

10p
11 p

6p

2N706A 6p
2N I 613
2N1711
2N 1893
2N22 1 7
2N22 1 8

15p

I5p
I 8p
15p
14p

2N22 I 8A
15p
2N22 I 9 14p

2N2219A

Sp

2N2221
2N2221 A

10p

15p
14p

10p

2N2222 14p

BC 184

12p

2N2222A

Op
Op

8C2 I 3

2p
6p
2p
2p

BC2 1 4

BC251

BC327
BC328
BC337

1p
1p
Op

8
BBC3315
F1

BF198
13F199

BF194
BF195

i

2N371 I
F.E.T.
2N38 I 9

12p

8p
8p
9p
9p
8p
8p
9p
9p
9p
9p

2N3903
2N3904
2N3905
2N3906
2N4058
2N4059
2N4060
2N4061

2N4062

2N5I72

15p

UT46=-

2N2369A
12p

2N2904 Ilp
2N2904A
13p

2N2905 13p
2N2905A
13p

20p

ZTX300 Sp
ZTX500 8p
ZTX107 Sp
ZTX108 5p
ZTX109 5p
DIODES
OA I 0

0A47
0A85 --

2p
2p
9p

2N2907
2N2907A

12p
1

1p

13p

2N2926G 9p
2N2926Y 8p
2N3053 15p

0A81
0A91

N4001

3p

N4002
N4003

4p
4p
5p

N 4004

N4005
N4006

Sp

6p
7p

N 4007

S.C.R.'s

IA/50V
TO5 15p
IA/400V
TO5 25p
5A/50V
TO66
25p
5A/400V
TO66
40p
VOLTAGE
REGS.

LI 29

(UA7805)
85p
(UA7812)

8Sp

LI 31

TIS43

2N2369 12p

Type Price
IN4148 4p

L130

JUNCTION

2N2906A

1p
lip

9p

8p
8p
7p
7p
7p
7p
7p

2N3709
2N3710

Op

BBF257

Op

2 N 3708

OpBF173

lip

8p

2N3702
2N3703
2N3704
2N3705
2N3706
2N3707

2N2906 10p

BF 196

Price

2N3055 40p

UNI15p

BCI83

BC2 2 L & K

Type

7p

2N708

5p
5p

BC:182 L& K

BFI67

TIMERS
NE555

2N696
2N697
2N706

9p

BC 1 18

LINEAR IC
74IP

OC71
BC107
BC108
BC109

1.10
1-10
1.10

I.C. SOCKETS
9p.

Type

1-20
1.20
1.20
1.00
0.95
1-00
1.00
1.00

Devices may be mixed to qualify for quantity price. (TTL 74 series
only) data is available for the above series of I.C.'s in booklet
form. Price 35p.

BPS8

Type Price
AC128 10p
AC153K 18p
AC176K 20p
AC153 /I76K
38p
MP
ACI87K 20p
AC188K 18p
AC187K/
I 88K MP
38p

(UA78 I 5)
85p

L.E.D.
T1L209/
FLV117
RED
5 for SOp

I5p
Sp
Sp
Sp

0A200/
BAX13 5p
0A202/
BAX16 Sp

IN914

4p
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SEMICONDUCTORS

111-PAK

P.O. BOX 6, WARE, HERTS.

POSTAGE AND
PACKING

-

Add 25p unless otherwise shown

Add extra for airmail MINIMUM £1.00

STEREO FM TUNER
Fitted with Phase Lock -loop
Typical Specification:

* FET Input Stage
* VARI-CAP diode tuning
* Switched AFC
* Multi turn pre-sets
* LED Stereo Indicator

OUR PRICE ONLY

The 450 Tuner provides instant programme selection at the touch
of a button ensuring accurate tuning of 4 pre -selected stations, any
of which may be altered as often as you choose, by simply changing
the settings of the pre-set controls.

Sensitivity 3,u volts
Stereo separation 30db
Supply required 20-30v

at 90 Ma max

STEREO

PA 100

PRE-AMP /PIER

Used with your existing audio equipment or with the BI -KITS
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 can be
used if no suitable supply is available, together with the Transformer T461.

The S450 is supplied fully built, tested and aligned. The unit is
easily installed using the simple instructions supplied.

Frequency Response + 1dB
Sensitivity of inputs:
1. Tape Input 100mV into
100k ohms
2. Radio Tuner 100mV Into
20Hz-20KHz.

AL

VAT
ADD
25%

60
25 Watts
(RMS)
Max Heat Sink temp. 90C. Frequency response 20Hz
to 100kHz. Distortion better than 0-1 at I kHz. Supply
voltage 15.50v. Thermal Feedback. Latest Design
Improvements. Load -3, 4, 5, or 16ohms. Signal to
noise ratio 80db. Overall size 63mm. 105mm. 13mm.
Especially designed to a strict specification. Only the finest

A top quality stereo pre -amplifier

and tone control unit. The six

push-button selector switch provides a choice of inputs together
with two really effective filters for

high and low frequencies, plus

tape output.

100k ohms

3. Magnetic P.U. 3mV Into
50k ohms

P.U. Input equalises to RIBA
curve within idB from 20Hz to

20kHz. Supply 26.35V at 20mA.

Dimensions-2911mm x Semm
>, 35mm.

OUR PRICE

£13.50

MKIO AUDIO KIT: Comprising: 2x SPM80,
and knobs. 1 Kit of parts to Include onloff switch,1 x &TWO, 1 x PAIR), 1 front panel
sockets plus instruction booklet. COMPLETE neon Indicator, stereo headphone
PRICE £2765 plus 62p postage.
TEAK 60 AUDIO KIT: Comprising: Teak

veneered cabinet size 16r x 11-}" x Jr.
other parts include aluminium chassis, heatsink
and front panel bracket plus hack
panel and appropriate sockets etc. KIT PRICE £9.20
plus 62p postage.

COMPLETE
STEREO 30 AUDIO
CHASSIS

components have been used and the latest solid-state circuitry
incorporated in this powerful little amplifier which should
satisfy the most critical A.F. enthusiast.

ONLY

3.95
7 + 7 WATTS R.M.S.

Stabilized Power Supply Type SPM80
SPM80 is especially designed to power 2 of the AL60

Amplifiers, up to 15 watts (r.m.s.) per channel simultaneously. With the addition of the Mains Transformer
BMT80, the unit will provide outputs of up to 1 5A at 35V.
Size: 63mm, 105mm, 30mm. Incorporating short circuit
protection.
33-40V. A .C.
INPUT VOLTAGE
33V. D.C. Nominal
OUTPUT VOLTAGE
OUTPUT CURRENT
10mA-.1.5 amps
OVERLEAD CURRENT 1.7 amps approx.
105mm
63mm < 30mm
DIMENSIONS
TRANSFORMER BMTS0 52-60 + 82p postage

3.00

The Stereo 30 comprises a complete
pre -amplifier, power amplifiers
and power supply. This, with only the stereo
will produce a high quality audio unit addition
suitable of a transformer or overwind
for use with a wide range of
inputs i.e. high quality ceramic pick-up,
Simple to install, capable of producing stereo tuner, stereo tape deck etc.

in supplied with full instructions, black really first class results, this unit
front panel, knobs, mains switch,
fuse and fuse holder and universal
Installed in a record plinth, cabinets ofmounting brackets enablin0 it to be
your own construction or the cabinet
available. Ideal for the beginner or the advanced
1-1I-Fi performance with a minimum of Installation constructor who requires
difficulty (can be installed
in 30 mins.).

TRANSFORMER £245 plus 62p p &
TEAK CASE £3.65 plus 62O p & P.

p.

15.7
ftffsw_a
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CRESCENT RADIO LTD.
11-15 & 17 MAYES ROAD, LONDON N22 6Th
(also) 13 SOUTH MALL, EDMONTON, N.9

QUALITY` STEREO
1

1°ST

MAIL ORDER DEPT.

E595

1PRICE OFFER!

I St Michaels Terrace Wood Green London N2245,1
Phone 888 3206 & MAIL ORDER 888-4474

chassis panel'. Pitted with linta front
panels.

size 50mm x 46ulta x 33non these

for

hole

ME8 --. 0 to 50 micro amp Full Scale
11E7 - 0 to 100 micro amp ,. ..

ME8 - 0 to 500 micro amp
bola
11E9 --- 0 to
11E10 -, 0 to .5m/a
BEll - 0 to 10m/a
ME12 - 0 to 50m/it
ME13 - 0 to 100m/s

..
..
.

..
..
..

0 to 500m/a

ME14

ME15 -. 0 to 1 matt
51E18 - 0 to 50 volts
11E17 - 0 to 300 volts
ME18 ... "8" Meter

..
I

ANTEX
SOLDERING IRONS
AND SPARES

121 as watt

£2-99

1E5 i'-'llaw Element

21-47

X25 Spare SR. So. 5n. 41. 32 44p each
C240/2 15 watt
42-99
0240/2 Spare Element
£120
124012 Spare Bits No. '2, 3. 6 32p each
ST3. Soldering Iron Stand suitable
for all models
11-10
Plus 8',, VAT

ALUMINIUM BOXES

..

Metal Project Boxes ghee your work a

1..11: s, 1.

professionat finish.
-.

MEI9 s--

"YU" Meter

ASP
AMU

OUR PRICE
23.00

Plus 8% VAT

AII11
A81.2

LOW VOLTAGE

A1113

etc., ampliner.
Pia, 25% VAT

W

R

51
4

1

4

4
a

lk

24
2

2
2

.1.1111

ti

41

31
3
3

AS16
"ss' .^.

4...,

3
8

3
3

,-s
...

10
10
15

A.1319

12

,

c
1

Contents-Plastic etching dish. Sample
copper clad board. Laminate Cutter.
1 lb Ferric Chloride. Large Plastic
Spoon. Etch licallit Pen. Full Etching
Instructions.
Complete and Big Kit Value at II75P
+ 8% VAT.

FERRIC CHLORIDE

Anhydrous ferric chloride in double
sealed one pound pfd packs.
OUR PRICE - 85p 4- PP ÷ 8% pee lb,

3 KILOWATTS
PSYCHEDELIC LIGHT
CONTROL UNIT

Three Channel: Bass-MIddle-Trchle.
Each channel has its own sensitivity
control. Just connect the input of this
unit to the loudspeaker terminals of an

ampittler, and connect three 250V up to

1000W lamps to the output terminals
of the unit, and you produce a fasciasiting sound -light display. (All guarWeed.)

Lis.so plus 71p P. & P.

45p
60P
84p
890
21-35

81,02
8120
21.50

We supPly an AY. FM. Stereo toner
fully wired and aligned on a 6" x 4" x
11" Printed board, plus the ferrite
aerial and a switch which you connect
following our complete instructions.

Now you only need a 9/I2 Volt DC

supply and you can feed thin tuner into

any stereo :imolai,.

Fantastic Value at 47.00 1- 25% VAT.
LOW VOLTAGE STEREO AMPLIFIER
8 Transistor Stereo Amplitler with

volume. bass, balance and tone controls.
.Approx. 3 ...it° into 8 ohms Per

channel. Needs 9/12 volt D.C. supply
and is compkte on a 21" a 71- printed
hoard ideal for domestic record players,
etc. A bargain at a 4 25% VAT.

POWER PACKS

OMB radio

GI/

EE(2176 100 CHASE SIDE SOUTHGATE

LONDON N14 5PL Telephones: 01-882-1644

111111111

12-0-12 VOLT 500m/a

-

60mm

x

x 60mai. Fixing centres-75mm.

40mm

A REAL BARGAIN AT 21-20 each.
Plus 8°,, VAT

Pr/ Switched 6.7k9 volt Battery
Eliminator. Approx size 21" x
21" x 31". Ideal for cassette recorder,. 2E25 each.
PP3 Car converter. From 12v POs. or
Fig to -= 6-74-9 volt. Easy to fit
and transistor regulated

LOW PRICE CASSETTES

£890 each.

otherwise
stated

Enrol in the BNR & E School and you'll have an entertaining

and fascinating hobby. Stick with it and the opportunities
and the big money await you, if qualified, in every field of

P.M.G. Certificates; the R.T.E.B. Servicing Certificates; etc.
Also courses in Television; Transistors; Radar; Computers;
Servo -mechanisms; Mathematics and Practical Transistor
Radio course with equipment. We have OVER 20 YEARS'
experience in teaching radio subjects and an unbroken record

approx. size

ONLY -84-00

A hobby that
pays big salaries.

WAHL "ISO -TIP"

* Completely Portable
* Solders up to 150 joints per charge
* Re -charges in its own stand
* Fine tip for all types of soldering
* Only 8' long and weighs just 6 cue.
Our Prim 29-75. Plus 8% VAT
(Spare hits are available)

PP1 Switched 3, df, (3, 71, 0 and 12
volt (a; 500 m/a, with on/off
switch and pilot light.
Size -130 ana x55 rom x 75 Imo

68

oafStereo headphones supphed with every complete order.

Electronics today. We offer the finest home study training for
all subjects in radio, television, etc., especially for the CITY
AND GUILDS EXAMS (Technicians' Certificates); the Grad.

CABLELESS

SOLDERING IRON

240 VOLT PRIMARY
TRANSFORMER

Plus 8% VAT

unless

CALLERS WELCOME.
Access and Barclaycard Orders Accepted by Telephone

AM-FM

P.C. ETCHING KIT

U.K. CARR.

Full 12 months Guarantee.

54;

STEREO TUNER

This kit contains all that the constructor
will need to itch the circuits or his own
denim.

50p

Order early limited stocks available cash price £5995.
Credit Sale £5. 95 deposit 9 monthly payments of £7.00
(Total Credit price £68-95). P. & P. #3-00. Send £8-95
today.
Chassis only available for cash at f42-00.

SCOOP PURCHASE

£2-00

Plus 8% VAT

record and playback facilities. Dimensions 18k" x 9" x
The very latest BSR automatic record deck with cue and
pause control. Two matching elliptical speaker units.

53p

All size arc approx and in inches.
Pin a 8% VAT

,p

../e ,.

9f.,....1

A1117
A1118

Base and Treble controls. 30 watts total power output
(frequency response 25-20,00 Hz) AFC Switching Tape

54P

1

li

AM; FM radio cover-

ing long medium short and Stereo FM wavebands. Separate

54;
82;

li

51

'Stereo Tuner Amplifier chassis with

Price

19

2;

4
4

AB14

AMPLIFIER

With high IMP input this
amplifier will work as a
record player, baby Munn.

L

2/

A117

ABS

5 transistor amplifier emupiste with volume control.
is suitable for PV d.c. and
Le. supplies. Will gine
about 1W at 8 ohm output.

A A129-61,

Sove., d-oitice to Aduable ICs.
Only 40p t4 8% VAT

CLEAR PLASTIC
PANEL METERS
381iim

0075-222

IC EXTRACTION TOO L

1021-106mm x 74non x 4.1rnmss55p.
Plus 8% VAT
toopi.g front)

a

TIP421---750

15o

Plus 25% VAT

1007 ss 185min x 124mm a tiOmm-2,1.28

meters require
mounting.

jj y80313-150
A.C142K - 25;
11(114915

1005 /.05tion x 73ton, .4 45m111. -55P
1005 ,.. 150 nun .e 74rum x 47nim - 73P

dow n

LOW PRICE
TRANSISTORS

ABS PLASTIC BOXES

Handy boxes for construction projects.
Moulded extrusiou cells for P.C. Cr

SOUND,

SOLENT AUDIO SYSTEM

LOW NOISE

Good quality tape in well made screw
type cassettes.
Presented in single plastic cases.
COO =81p

Brit. I.E.R. Exam; the RADIO AMATEUR'S LICENCE;

of exam successes. We are the only privately run British home

study College specialising in electronics subjects only. Fullest details will be gladly sent without any obligation.
MI
g
IIM NM
'BRITISH NATIONAL RADIO & ELECTRONICS'
'SCHOOL, Dept EEC 26

a 1.1 I. MI IN I= NM

P.O.Box 156, Jersey, Channel Islands.

C90 .421t

C120

fittp

10% discount on ten or more cassettes
of one type
Plus 8% VAT

All prices are excluding VAT. Please

add to each item the VAT rate indicated to all orders

,NAME
IADDR ESS

(Block caps please,'

a mmmmmmmmmmm in No in

X
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MULLARD AUDIO AMPLIFIERS

AUDIO AMPLIFIER

.All in module form, each ready built complete

Part, of the famous Reditune backgrouud music
system, secondhand. but believed in good order.
However, no guarantee; we are selling for spares

with heat sinks and connection tags, data supplied.
Model
1)53 500mW
power output 51.10+

40p post A VAT.
Model 11T2 1W. power

output 5135+45p post
Sr VAT.
Model EPSOM) 4 watt
Dower output 52-40+

50p post & VAT.
EP 9001 twin channel or
stereo pre amp. 52-50+
50p post A VAT.

value only. These are 6 valve amplifiers, the output
valves are 2 x EL 84 in pcessfpull, complete with
mains transformer, rectifier and ample smoothing

equipment. The mains transformer alone, today

would cost at least £4. Size Is 94^ x 59" x 4r. Price
only 12'00 + postage and VAT £150.

TWIN OUTPUT POWER PACKS
These have two separately R.C. smooth outputs so can operate two battery
radios on a stereo amp without cross modulation (they will of course operate
one radio -tape -cassette -calculator in fact any battery appliance and will

save their cost In a few mentbs.) Specs: Full wave rectification, double
Insulated mains transformer -total enclosed in hard P.V.C. case -three

LIGHT SWITCH
Automatically switches on lights

at dusk and off at dawn. Can
also be used where light and
dark Is a convenient way to

core mains lead -terminal output. When ordering please state output voltage
49v, 6v, 74v, 9v. 12v or 24v -price £3.95 post and VAT Included.

TANGENTIAL HEATER UNIT

This heater unit is most efficient, and quiet

stop and start an operation.

running. lass fitted in Hoover and blower heaters
costing 515 and more. Comprises motor, impeller,
2kW element and 1kW element allowing switching
1. 2 and 3kW and with thermal safety cat -out.
Can be fitted into any metal line case or cabinet.
Only needs control switch. g5-82 plus VAT &
poet £1. 2kW Model as above except 2kW 54'25
plus VAT A poet 75p. Don't miss this. Control
Switch 440. P. A P. 40p.

Requires only a pair of wires to

the normal switch. In bakelite
box, normal switch -plate size.
1 amp model 53-75.
VAT and Postage 50p.

MAINS TRANSISTOR PACK
Designed to operate transistor sets and amplifiers.

Adjustable output 6v., 9v.. 12 volts for up to
500mA. (class B working). Takes the place of any

ISA ELECTRICAL PROGRAMMER

of the following batteries: PP1, PP3, PP4, PP6,

rrr. rr9 and others. Kit comprises: main

condensers and instructions. Real snip at only
51-50. VAT and Postage 80p.

SOUND TO LIGHT UNIT
Add colour or white light
to

your

amplifier.

operate 1. 2 or 3 lamps
(maximum 450w). Unit in
Box all ready to work.
£7-95 plus A5p VAT ant
postage.

MAINS MOTOR
Precision made-a.s used in
record decks and tape recorders -ideal also for extractor
fans, blower, heaters, etc. New

and perfect. Snip at 95p+

THIS MONTHS SNIP

plete with 5 spare tips and is offered at a special MAP
price 12.75 plus 85p Post A VAT.

CENTRIFUGAL FAN
Mains operated, turbo blower type. Pressed steel housing
contalos motor and impeller. Motor is 1/10th h.p. giving

considerable air flow but virtually no noise. Approx.
dimensions 100" x 4r.
Z9.50 plus Post & VAT.

by famous American
Company. Operated by 24v DC

THERMOSTAT WITH

80p, Post & VAT 201) each.

Made by Honeywell for normal air temperatures
40-80 F. (5-25 C.). This is a precision Instrument with
a differential which can be adjusted to better than
1.5 F. A mercury switch breaks on temp. rise.

Made

THERMOMETER

or by mains through resistor.
10/18s x 1'e x 29" deep.

Elegently styled and encased in an ivory plastic case
with clear plastic windows, thermometer above and
switch setting scale below -Size approx. 3.9 in. x
3.2 in. x 1-4 in. deep -can be mounted on conduit
box or directly on wall. Price 10-25 Phis 50P Post &

MINIATURE WAFER SWITCHES
2 pole, 2 scar -4 pole,
way 3 pole, 3 way -4 pole, 3 -way -2

polo. 4 way -3 pole, 4 way -2 pole
6 way -1 pole, 12 way. All at 38p
+ 15p post A VAT each.

MULTI -SPEED MOTOR
Six speeds are available 500, 850
and 1,100 r.p.m. and 8.000, 12,000

and 15,500 r.p.m. Shaft is I In.

diameter and approximately 1 in.
long. 230/240v. Its speed may be
further controlled with the use of
our Thyristor controller. Very

powerful and useful motor size
approx. '2 in. dia. x 5 M. long.
Price £1-40+45p poet & VAT.

BATTERY CHARGER

VAT.

SHORTWAVE CRYSTAL SET
Although this uses no battery It gives really amazing
results. You will receive an amazing assortment of
stations over the 19, 25, 31, 39 metre bands -Kit contains
chassis front panel and all the parts. 51 -50 -crystal earphone 55p, VAT & Postage 75p.

SWITCH TRIGGER MATS
So thin is undetectable under carpet but will switch CM
with slightest pressure. For burglar alarms, shop doors, etc.
Odin x 18in 81-90. Post & VAT 301,
x 10in 51-50. Poet & VAT 25p.

SMITHS CENTRAL HEATING CONTROLLER
.

.

Famous Atlas in metal case
with meter, output leads

terminated by crocodile clips.
For 6 or 12V charging simply

by changing plug on front
panel. Ready built new and

still in makers original
packing.
52.95, plus Post A VAT.

AMMETERS
Ideal for chargers, etc. 2" sq. full

ision-0.8 amp 955. 19" round
0.2 amp 555. 03 amp 65p. 0.4
amp 75P

Push button gives 10 variations as follows: -O) con-

tinuous hot water and continuous central heating
(2) continuous hot water but central heating off at
night (2) continuous hot water but central heating on
only for 2 periods daring the day (4) hot water and
central heating both on but day time only (5) hot
water all day but central heating only for 2 periods
during the day (8) hot water and central heating on

for - periods during the day time only -then for summer time use with oenral
heating off (7) hot water continuous (81 hot water day time only (9) hot water

twice daily (10) everything off. A handsome looking unit with 24 hour movement

and he switches and other parts necessary to select the desired programme of
heating. Supplied complete with wiring diagram. Originally sold, we believe.
at over 815 -we offer these, while stocks last, at 56.95 each, VAT & Postage

spindle. Price 51.50 + 12p. Post 2.5p + 2p.

O.C.P. 70 Photo transistor by Mallard, very popular

for circuits such as infra -red burglar alarms,
smoke detectors, etc. A big buy enables us to
offer at the very favourable price of 25p each +
2p. or 5 for £1 - 8p.
6 digit mechanical counter, made by famous
American Company, operated by 24v DC or by
AC mains through resistor, 14" x 1". 29" deep.

80p + 6p. Post 12p ÷ 1p.
Component boards, mainly ex computer, these

contain many useful parts and represent fantastic
value at 5 for fa + 8p. We guarantee the 5 would
be different. You would receive IC's, etc., variable
controls, altogether about 250 components, some

transistors with long leads and so are easy to
remove and re -use. Post 50p ÷ 4p

+ 25p. Post 40p + 10p.

with 10 amp contacts offered at the very low
Price of 20 for 51 + 8P. Post 40p + 3p.
Impulse clocks. 10" diameter, white face and
large clear hands. These require two low voltage
pulse per minute to give correct time. Really
beautiful clock, price only 55 + 40p each. Post
gl + 8p.
Screened sleecing, may help with hum problems
4mm-10p per metre.
Photo electric kit, comprises all the parts to make
an infra -red burglar alarm or broken beam
counter, etc. Kit comprises relay, photo cell,
transistors, resistors and all parts. With circuit
diagram. 51'50 + 12p. Post 20p + 2p.
EHT transformers 7-5 MV 50mA. These extremely

well -made enclosed in metal box and bitumen
filled with waterproof lid intended originally for
neon Signs. Price 816-50 + £1.32. Post 61-25 +10p.
Thin connecting wire, 500 metre drams, 7 stranded
copper core p.v.c. covered available in 10 different

colours. Price 84-50 per 500 metre drum + 36p.
Post 41.25 + 10p per drum.
Short duration time switches, Precision made,
some by Seimens, others by equally good firma,
mostly fitted with Crouset motors. Model 1,
switch on/off time adjustable from f second to
5 seconds by I second intervals. Model 2, up to
20 seconds in 1 second intervals, and Model 3
up to 60 seconds in sti second intervals. These

are all ex computers. believed to be perfect,
any not so would1p. be exchanged. Price 52-50 +

any. Post 15p +
Instrument motor by Potter of America. A 24s DC motor but with a field winding suitable for
.50 volts, presumably to permit additional speed
control. Motor rated a tenth horsepower, although

the quoted 9 amps armature ern kept would

indicate rather more than this; also the size and
look of the motor -would, in our opinion, put It
at above f horsepower. line a oplined I" diameter
shaft; was made for computer use. Price 55 +
40p. Carriage £1 + 8p.
Anti frost thermostat. The normal refrigerator
type thermostat, switches off as the temperature
falls and so is not suitable for anti frost devices.
However, we have amongst our range of thermostats the See snit -this switches on as the

temperature falls and is set to switch on just
above freering point. It is a skeleton stat so
would require boxing, but the price is modest
at 905 + 7p.

x 5" ellptical 12 ohms so
useable on any circuit between 8 and 15 ohms,
2 speaker bargains.

S watts rating. Price 2.120 + SOP- Post 35P +

5" x 2^, 30 ohms, a small but useful speaker
for those special applications. Price 80p + 209.
Post 20p -I- 5p.

Emergency light, works from the mains but
automatically switches to battery should the
mains fail, so the point is never without llght.
Uses a PP9 or similar battery. Price £8 + 48p.
Post 60p + 5P.
Instrument bargains. The instruments described
below are all believed to be complete and in
working order, but at the very low price we are
offering them we have not tested any of them,
as really these are bargains for callers who can
inspect before buying. However, if you are

prepared to take a chance, then we will send

TERMS: Where order is under 45 please add 30p surcharge to offset packing

these to you by carrier, no after the price of each
bUtraMerit we are quoting the estimated carriage
charge. All the instruments are of highest quality
used by very famous firm in their laboratories.
They are all for normal mains working.
Marconi TF 887 standard eIgnal generator,

J. BULL (ELECTRICAL) LTD

bration accuracy + ' or "- 1%. Price suo-so -iE1-56. Carriage 510 + 80p.
Marconi valve volt meter Tr 1041, more than a
volt meter. this is in fact a valve multi range meter

82p each.
expenses.

RELAY BARGAIN
Type 600 relay, 2 changeover one open and one
closed contact. Twin 500 ohm colts make this
suitable for closing of DC 6v, DC 12v, DC 24v
or AC mains using resistor and rectifier. 40P each.
Resistor and rectifier 20p extra.

Minoru American Company, these rotate at
260 rpm for 220/240 msies good length of r

All these and many other things you can do if you
Invest in an electrical programmer. Clock by famous
maker with 15 amp. on/off switch. Switch -on time

YOUR TIME is the most precious thing you have.
Do you waste it waiting for the soldering iron to heat
up? You can be soldering in a few seconds with the
E.T.P. Soldering Gun which we offer at a specially
keen price. It is in fact this months snip. A well made
lightweight unit with flash lamp to illuminate the
work. Has 100 watt double insulated mains Transformer and is built into a shockproof Thermo -plastic
case. Suitable for 240 volt, 60epa. This comes com-

6 DIGIT COUNTER

Below are some of the items in ace December
News Letter.
Cannon plug, 37 pin with flex grip. Dills socket
also with flex grip. ig per pair + 16p Post 20p +2p.
Shaded Pole Motor, 10" stack, 50 watt, made by

meg Pot with switch.. Popular sine with standard
9" spindle, available at bargain price of 5 for Al

an be set anywhere to stay on up to 6 home. Inde-

VAT & Postage 20p. Postage
20p for first one then 10p for
each one ordered.
1" stackurotor 815+ VAT &
postage 25p. 19" sractonotor
51150+VAT & Postage 30p.

up no whilst writing why not send 21.25 and
receive the next issues in advance.

Microswiteh bargain, made by Pyc, Honeywell,
Burgess and .similar find -class makers especially
for the Post Office, in fact they have been fitted
to Post Office equipment which was never put
into use. They are a change -over microswitch

pendent 60 minute memory jogger. A beautiful mill. Price £2-95, VAT & Postage
60p. or with glass front. chrome bezel, 5150 extra.

Will

at 58.50, an oscilloscope at 512.50 -a frequency
standard at 519-50 as these and many other good
buys were offered in our December Advanced
Advertising News. Send S.A.E. for a copy today.
Subscribers received this list at least a month
ago chances are best buys will have been snapped

Learn in your sleep: Have radio playing and kettle
boiling as you wake -switch on lights to ward off

intruders -have a warm house to come home to.

transformer tectifler. smoothing and load resistor

YOU MAY BE IN TIME
For a valve volt -meter at Z7 -50-a signal generator

range 15 BC/S to 30 MCfS In 11 bands cali-

(Dept. E.E.), 103 TAM WORTH ROAD,

Post and VAT 20p.
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CROYDON CRO IXX

for covering AC and DC volts up to 1000 and
ohms up to 500 mega. Price 512'50 + £1. Carriage
£2 + 18p.
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AT LASTI THE GREAT RADIO OFFER WE
HAVE BEEN WAITING FOR! Think of the

,,,

°Af

GIANT SPEAKER MODEL.

withWORLDWIDE
RECEPTION

THOUSANDS OF TRANSMISSIOO1s
IN FROM THE
Er STATIONS POUR THE EARTH'
FOUR CORNERS OF

Af/TOWAT/C R.feTI

00/PIN-POINT VISUAL TUNING INDICATORVNIC
with AUTO -STATION COLOUR CHANGE

In' automatic frequency control for ultra perfect
sensitivity.
EVERY
WAVEBAND
Instantly at your fingertips including VHF,

moDe

standard long, medium and a host of short waves
to cover the four corners of the earth 21 hours a

day, Including all normal stations, local city and
regional broadcast*, commercial, pop and
continental stations plus an incredible variety of
specialised transmissions, short mobile, experimental transmissions and messages from all
over the world! Separate Treble and Bass plus
ON/OFF, HI/LO volume controls for utter perfection of reproduction and tone. Large single
rotary station tuning control. Electronically

to 6 INTEGRATED
EouivALE

CIRCUITS

C

TO

TRANSISTORS

AND DIODES

AVEBANDS:

a fAm/FmPit,s

controlled dial illumination (for use In dark)
with energy saving feature. DIN input/output

5 SHORT WAVE BANDS

socket for tape recorders, record players, etc. T.V.

STANDARD LUND,

style co -axial and additional sockets for short-

, *3
. . - . .'"'. :: '': :IL"

TO COVER THE WORLD,

111MI IN . ANU MEDIUM

direct through battery eliminator from 220/250v.

1.0

A.C. Mains supply. Also fabulous as a CAR
orating 'fold -away' carry handle. Internal ferrite
rod aerial plus 31in. telescopic swivel antenna.
Complete with full operating instructions and
WRITTEN GUARANTEE (full U.K. service

4 h OW NP1

COMMUNICATIONS RECEIVER

tuning

RAD101 Beautiful teak effect finish cabinet,
size
x Skin. a 39In. overall approx. incorp-

VALUE!

i

STRAD
SOLAR
PORTABLE RADIO&

Latest advanced solid state, multi -transistor
INTEGRATED CIRCUITS for maximum selectivity, reliability and interference rejection. Instant
PUSH BUTTON multi -waveband and function

wave and car aerials, personal earphone, external
power supply, etc. Completely portableruns economically on standard batteries or

RELIABleTY AND

...,...A...._ ,,,,, totaf2x9Ax33/4

"..iA .m,..-- inches r 0,,,f,f,

with Other radios costing up to £80 or morewe'll refund your money in full if you're not
absolutely thrilledi Fantastic specification!

matic electronic 'Iock-In' prismatic colour change
visual indicator for pin -point tuning, plus 'switch -

YEARS AHEAD 1N SPACE-AGE
- TECHVOLOGY,OUALITYPERFORMANCE,

SHRINKS
the WORLD

seem like a 'crystal set'l Compare its performance

selection. Wider band spread with latest auto-

RUSSIAN EARTH SHRINKER

4 74 * *.

Year 11134 and what might be produced thennow get the ASTRAD SOLAR MK II and SEE
for yourself that the Russians have done it all
NOW! Wu a radio enthusiast's dream come truel
ThieBrand New. space-age model is so far ahead
of Its time it will probably make your present radio

NOT E

vE34

. . .4: ' :

...-'-.."'s

-

CONTROLAgA50

OUR EARTH SHATTERING'PRICE Mains/Battery

Eliminator L4-25
SPECIAL BONUS:

BATTERY

Watt

BOKC., POST

ET 75p

reiNFAEUtari

COMPUTERISED

Uncle, half price
WORLD TUNING GUIDE
it purchased with No more guesswork -instant data at your
Radio ONLY £2.12! fingertips enables you to zone and time

Ina flash for transmissions the world over!

facilities and spares). ONLY £2695 box, post
etc. 75p. BUT WAIT, for only Up extra you can also get the sensational 'COMPUTERISED' WORLD TUNING GUIDE (enables you to zone and time In a flash

for transmissions the world over --even lets you know when to tune into the UK when abroad-No guessing. No messing!) plus standard long life batteries(send total £3155).
Mains/Battery Eliminator under half price If purchased with Radio-yes, only E2-12 extra, if required (send total £33.67). Send quickly. 7 days' mall order approval from receipt

of goods. Refund If not delighted. Or call at either More.

ACCESS 6 BARCLAYCARDS WELCOME-PLEASE STATE NUMBER WHEN ORDERING BY POST.

Dept. EE/33, 164 UXBRIDGE ROAD, LONDON W12 SAG (Thur. 1, Fri. 7) (facing

Shepherds Bush Green). Also: 37/39 High Holborn (opposite Chancery Lane),

;1:E11;131:1101Z11113[111110 London, WC1. (Thur. 7). Both stores open from Mon. to Sat. 9 to 6.

Become a
radio amateur.
Learn how to become a radio -

amateur in contact with the whole
world. We give skilled preparation
for the G.P.O. licence.

IIIS-ISIS

si ow

SI MI SI IR IS MI MI MI MI MI SI in is Is

Brochure, without obligation to:
To: BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept. EEB 26,

-P.O. Box 156, Jersey, Channel Islands.

NAME
ADDRESS
mI NI 11111
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VALVE BARGAINS
Any S 64p, 10 99p, 50 £4.

Your choice from the
following
ECC82,

list:

ECL80,

ECH84,
EF80,

EFI83, EFI84, PC86. PCBS,
PCF80,
PCL84,
PCL86,

PCF802, PCL82,
PCL805,
PCL85,
PL36,
PFL200,

PL504, PY33, PY81, PY800,
PY88, EH90, 30FL1, 30FL2,
30PLI4. 6F28

Colour Valves 25p each
PY500/A

PL508

PL509,

Press

4 Button Tran-

AERIAL BOOSTERS

We make three types of

Boosters all for
set top fitting, with Co -ax

Aerial

Plugs and Sockets.

B I I-For Stereo and
Standard VHF Radio
B12-For the older VHF
Television,

please

state BBCI and ITV
Channels.

B45-For mon. or colour
this covers the complete UHF band.

All Boosters are complete with Battery and
take only minutes to fit.

Price 0.90 each
BARGAIN PACKS

sistor UHF Tuners £2.50

All Components in the Bargain Packs are unused
and marked.
Pack I-Polyester (C280) Axial Leads Capacitors250V/W & 400V/W, very good mixed selection from

0.01 UF to 2.2 UF. Price 100 £1.25, 1000 £1000 (our
choice).

Technical
Training in
Radio,
Television and
Electronics
ICS have helped thousands of ambitious people

to move up into higher paid, more secure jobs in the
field of electronics - now it can be your turn. Whether

you are a newcomer to the field or are already

working in the industry, ICS can provide you with

the specialised training so essential to success.

Personal Tuition and Guaranteed
Success

Pack 2-White Plastic Boxes with flick -on tops. Ideal
for most projects-inside size 31 -in x 21in x lin deep.
Price 10/il 10, 100/0-00.
Co -Ax Connectors 8p (70p).
Co -Ax Plug -8p (70p).
Jack Plugs-Standard 17p (£1-50), 2-5mm lOp (85p),
3.5mm 10p (85p).
Din Plugs -2 Pin 12p (£1 .00), 3 Pin 14p (fl -20), 5 Pin
lop (£1.50). (Price in brackets for Ten).

The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful is the key to our outstanding record in the

Prices include V.A.T. P. & P. under £1/15p, £1 to £3/20p,

City and Guilds Certificates

above £3125p. Overseas at cost. Money back guarantee on
all orders.

ELECTRONIC MAILORDER LTD., 62 BRIDGE ST.,
RAMSBOTTOM, BURY, LANCS. Tel. Rams. 3036.

ELECTRKiia
The good components service
In relatively few years, Eloctrovalue has risen to a position
of pre-eminence as mail-order (and industrial) suppliers of
semi -conductors, components, accessories, etc. There are

wide ranges and large stocks to choose from as well as
many worthwhile advantages to enjoy when you order
from Electrovalue.

CATALOGUE 8 NOW READY

Enlarged to 144 pages. New items. Opto-electronics, Diagrams
of components, applications. I.C. circuits, etc. Better than
even No. 7. Post free 40p, including voucher for 40p for spending on order over £5 list value.

DISCOUNTS
On all C.W.O. mall orders, except for some items marked NETT.
5% 270°eormrsori,,,ist value

1 0 0/0 norderslist value

FREE POST & PACKING

technical training field. You study at the time and pace

that suits you best and in your own home. In the

words of one of our many successful students : "Since

starting my course, my salary has trebled and I am

expecting a further increase when my course is
completed."

Excellent job prospects await those who hold one of
theqe recognised certificates. ICS can coach you for :
Tel4communications Technicians
Radio, TV Electronics Technicians
Technical Communications
Radio Servicing Theory
Radio Amateurs
Electrical Installation Work
Also MPT Radio Communications Certificate

Diploma Courses

Colour TV Servicing
Electronic Engineering and Maintenance
Computer Engineering and Programming
Radio, TV and Audio, Engineering and Servicing
Electrical Engineering, Installations and Contracting

Qualify for a New Career
Home study courses for leading professional examinations and diploma courses for business and
technical subjects :Engineering
G.C.E.
Fanning
60 subjects
Heating
at "0" &
"A" levels
Accountancy

Air
Conditioning
Building

Industrial
Management
Mechanical

Purchasing
Sales

Storekeeping
Work Study

POST OR PHONE TODAY FOR FREE BOOKLET.

On all C.W.O. mail orders in U.K. over £2 list value. If under,

add 15p handling charge.
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Now...the most exciting Sinclair kit ever

The Black Watch kit.
At E17.95, it's
*practical -easily built by
anyone in an evening's
straightforward assembly.

*complete -right down to
strap and batteries.

*guaranteed. A correctly assembled watch is
guaranteed for a year. It
works as soon as you put the
batteries in. On a built watch
we guarantee an accuracy
within a second a day -but
building it yourself you may be
able to adjust the trimmer to
achieve an accuracy within a
second a week.

The Black Watch by Sinclair is unique.
Controlled by a quartz crystal...
powered by two hearing aid
batteries...using bright red LEDs to
show hours and minutes and
minutes and seconds... it's also
styled in the cool prestige Sinclair
fashion: no knobs, no buttons,
no flash.
The Black Watch kit is unique,
too. It's rational -Sinclair have
reduced the separate
components to just four.
It's simple -anybody who can
use a soldering iron can
assemble a Black Watch without
difficulty. From opening the kit to
wearing the watch is a couple of
hours' work.

The special features of The Black Watch
Smooth, chunky, matt -black case,
with black strap. (Black stainless steel bracelet available as extra see order form.)
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Large, bright, red display -easily read
at night.
Touch -and -see caseno unprofessional buttons.

Runs on two hearing -aid batteries
(supplied). Change your batteries
yourself -no expensive jeweller's
service.
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The Black Watch -using the unique
Sinclair -designed state-of-the-art IC.

Complete kit

The chip...

...and how it works

The heart of the Black Watch is a
unique IC designed by Sinclair and
custom-built for them using

A crystal -controlled reference is used
to drive a chain of 15 binary dividers
which reduce the frequency from
32,768 Hz to 1 Hz.This accurate
signal is then counted into units of
seconds, minutes, and hours, and on
request the stored information is
processed by the decoders and
display drivers to feed the four
7 -segment LED displays. When the
display is not in operation, special
power -saving circuits on the chip
reduce current consumption to only
a few microamps.

£1795!

state-of-the-art technology integrated injection logic.
This chip of silicon measures only
3 mm x 3 mm and contains over
2000 transistors.The circuit includes

a) reference oscillator
b) divider chain
c) decoder circuits
d) display inhibit circuits
e) display driving circuits.

The kit contains
1.
2.
3.
4.
5.
6.
7.

8.

printed circuit board
unique Sinclair -designed IC
encapsulated quartz crystal
trimmer
capacitor
LED display
2 -part case with window in
position
batteries

battery -clip
10. black strap (black stainless steel bracelet optional extra see order form)
11. full instructions for building
and use.
9.

The chip is totally designed and
manufactured in the UK, and is
the first design to incorporate
all circuitry for a digital
watch on a single chip.

LED display

All you provide is a fine soldering
iron and a pair of cutters. If you've
any queries or problems in building,
ring or write to the Sinclair service
department for help.

Quartz crystal

2000 -transistor silicon integrated circuit

Take advantage of this no -risks,
money -back offer today!
The Sinclair Black Watch is fully
guaranteed. Return your kit within
10 days and we'll refund your money
without question. All parts are tested

and checked before despatch and correctly -assembled watches
are guaranteed for one year.
Simply fill in the FREEPOST order
form and post it -today!

Price in kit form: £17.95 (inc. black

ro: Sinclair Radionics Ltd, FREEPOST, St Ives, Huntingdon, Cambs., PE1 7 4BR.
Please send me

(qty) Sinclair Black Watch
kit(s) at £17.95 (inc. black

1

Total £

strap, VAT, p&p).

*I enclose cheque for £
made out to Sinclair Radionics Ltd
and crossed.

(qty) black stainless -steel
bracelet(s) at £2.00

* Please debit my *Barclaycard/Access/
American Express account number

(inc. VAT p&p).

strap, VAT, p&p).

Name

Address

Sinclair Radionics Ltd.
London Road, St Ives,
Huntingdon, Cambs., PE174HJ.
Tel: St Ives (0480) 64646.
Reg. no: 699483 England. VAT Reg. no: 213 8170 88
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SE/2

Please print. FREEPOST -no stamp required.

*Delete as required
73

everyday
electronics

PROJECT:
THEORY

A MATTER OF GENDER
Talk of boiling liquids; it now seems that this

Though still mainly a male field of interest

water with Women's Lib if not the law. In view
of this currently sensitive matter of gender, we

bers of the fair sex. No other branch of tech-

month's cover could possibly land us in hot

(that is purely a statement of fact, honest, your
Worship) electronics has won over many mem-

certainly must avoid advising our readers to
build the Boiling Liquid Alarm for the wife or

nology can have as large a female involvement,
proportionally, as the electronics industry. Now
it appears girls and women in appreciable num-

for mum. This might me misconstrued as blatant
sex discrimination. It's no joke. We have already
seen the danger signals.

A remark made on this page a few months
ago referring to the kitchen as a peculiarly

feminine domain did not go down too well with
female members of the EE staff. Their indignant

reaction we must presume to be typical of

womenfolk in general. In these brave new days
of female equality-now recognised and backed

by the full authority of the law-a mere male
must tread warily and avoid making any imputation that a woman's place is in the home,
and certainly must not pin -point the kitchen as
her particular and exclusive domain.

So, natural as it might seem to recommend
our readers to make this handy instrument for
a female relative, we have to be circumspect in

bers are discovering the fascination modern
electronics can offer as a hobby. And (dare it be

said) they usually have a more realistic view
concerning helpful and labour saving devices
for domestic use. Many simple electronic gadgets

capable of being built by amateurs, regardless

of sex, come into this field.
Any woman having witnessed the disastrous
results of the male in action in the kitchen will
instantly welcome this month's Boiling Liquid
Alarm. Some of our fair readers will assuredly
see the wisdom of making this device not merely

for their husband or for dad but, in fact, for

everyone to use.
Those cover pictures? Oh, we were just giving

the poor male ego a bit of a much needed
boost, that's all. Believe us you girls.

this matter and not risk invoking the Sex
Discrimination Act!

Leaving aside this sensitive and emotional
area, there is in fact another perfectly sound
reason for avoiding any differentiation in matters of gender when discussing electronics.
arch issue will be published on Friday, February 20
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THE unit described in this article was designed

after much cursing and elbow grease as a
result of leaving pans of milk on the cooker

and promptly forgetting about them. This device

provides an audible warning at the onset of
boiling of either water or milk. It requires no
electrical connection to the cooker or mains,
being battery powered and using a submersible
temperature probe.

CIRCUIT OPERATION
The circuit of the alarm is shown in Fig. 1.
It is built around an NE555 integrated circuit

and an ordinary silicon diode. The diode is

mounted in the probe tip and acts as the actual
temperature sensor. The forward voltage
variation with temperature change of the diode,
normally a nuisance in most diode applications,
is fully exploited in this circuit. The NE555 is
connected as an astable multi -vibrator and

drives the earphone or speaker to give an audio
tone.

When the temperature of the diode increases

the current into the base of TR1 decreases,

turning it off. The voltage at pin 4 of IC1 rises
enabling it to oscillate freely.

Potentiometer VR1 permits the trigger tem-

perature to be correctly set while S2 gives
switching for milk/water and a battery test
facility. In position 2, R1 and R2 are in circuit

and the unit

will

trigger when the probe

approaches the boiling point of milk. In position
3, R1 and R2 are shorted out and the unit now

triggers at the boiling point of water. With S2
in position 1 the probe is shorted out and IC1
oscillates freely.

CONSTRUCTIONAL DETAILS
Most of the components are mounted on a
small piece of 0.1 inch matrix Veroboard, 20
holes long by 12 strips wide. If the constructor
has little experience in soldering it is recommended that a more spacious layout is adopted,

necessitating a bigger piece of board and a

BOILING
LIQUID

ALARM
By P. J.TYRRELL
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larger box. Also IC1 can be mounted in a socket
if desired. The component layout and the track
breaks required are shown in Fig. 2. The holes
for mounting VR1 should be drilled to suit the
particular component available.
The prototype unit used a small 45mm

ESTIMATED COST*
OF COMPONENTS
excluding V.A.T.

£2.00
excluding case
*Based on prices prevailing at
time of going to press
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diameter telephone earpiece for LS1 although
a high impedence (20 to 100 ohms) speaker may

be adopted instead. A plastic soap box was at
hand and this provided an admirable housing
for the alarm, although there is of course no
reason why a metal container should not be
used.

Veroboard wiring up is also shown in Fig. 2.
Pieces of cardboard were used in the prototype

to insulate the battery case from the switch

terminals and the Veroboard from the back of
-

LS1.

Lastly 2 strips of magnetic rubber were stuck
to the underside of the box permitting the unit
to be easily secured to a cooker top.

PROBE CONSTRUCTION
The encapsulation of the diode is shown in
Fig. 3, this provides a waterproof probe. The
aluminium can (about 12mm long by 6 mm
diameter) was obtained from an old transistor
(0081, 0C200 etc.). A crocodile clip was fixed
to the supporting wires to permit the probe to
be clipped to edge of -a saucepan.

SETTING UP
Fig. 1. Complete circuit diagram of the Boiling
Liquid Alarm.

With the probe plugged in and S2 set to

"water" (position 3) the unit should be switched
on. If a meter is available the current consump-

rComponents
Resistors
R1

270f2,

R2
R3
R4
R5
R6

330i1

R7
R8

39ki2

0

10052

151d)
1k12
3952

All -I watt - 5% carbon
Capacitors
C1

C2

0.1/AF 100V polyester
10,uF elect. 25V

Semiconductors
IC1
TR1

Di

NE555 integrated circuit timer
BC108 silicon npn
IN916 silicon diode

Miscellaneous
LS1

20

to 10052 telephone earpiece or

loudspeaker
Si
single -pole on/off switch
52
2 pole 3 way switch
SKI and
PL1
VR1

sub miniature jack plug and socket
4-7k .O. miniature preset potentiometer

Plastic box; battery connector; Veroboard,
0.1 inch matrix, 20 holes by12 strips; Veropins;
connecting wire etc.
i

ki.

Lowilb._
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1

Photograph of the completed prototype corn ponent board.
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TO DI

BOILING
LIQUID

Si
ION OFF

PL1

PROBE

ALARM

Fig. 2. Layout and wiring of the Vero board and complete wiring up details
of the unit.

A photograph of the completed unit is
shown below.
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VR1 WIPER
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tion can be measured; it should be around 15mA

ing it may be found that the diode has been

at this stage, S2 should now be set to "test"

connected the wrong way around.

(position 1) and an audible tone should sound

Now try out the alarm on a pan of milk

from the speaker-the current consumption

(setting S2 to position 2). If there is any discrepancy in the milk/water settings- VR1 can
be set to give a compromise, or R1 altered

should increase to about 30mA.

Immerse the probe tip in about 25mm of

water in a pan and heat. Set VR1 to minimum
resistance and wait until the water approaches
boiling point. Rotate VR1 until

to compensate.

MODIFICATIONS

the alarm

sounds. Now allow the water to cool a little and

If the unit is required to trigger at some

then reheat it. As it approaches boiling point
the alarm should trigger; if not adjust VR1
accordingly. If the alarm fails to trigger with

lower temperature R1 or R2 can be increased

in value. Also the output tone can be increased/
decreased in frequency by decreasing/increasing the value

VR1 at maximum resistance and the water boil DIODE

CROCODILE CLIP

ALUMINIUM CAN

TWISILU FLEXIBLE
O

WIRES TO PL1

r111111111111111111111111111111111t17,11,11 aliWILI111111111

SOLDERED
CONNECTIONS

STIFF SUPPORTING
WIRES (INSULATED)

SOLDERED CONNECTIONS

ARALDITE

TAPED OVER

Fig. 3. Showing the construction of the temperature sensor probe.

ABOUT
SUPPLIES
Explains circuit action and limita-

tions of stabilised power supplies
By J. SMITH
short article will explain the difference
between constant voltage, constant current
and current limit as applied to power supplies.
THIS

It will also introduce the readers to another
feature found in power supplies, "crowbar
protection".

CONSTANT VOLTAGE
The principles of a modern constant voltage
power supply are shown in Fig. 1. A high voltage
Everyday Electronics, February 1976

d.c. source is fed through a series regulator to
the output. The series regulator is designed to
drop a voltage proportional to its control

voltage. The regulator is usually designed to
vary the voltage at the output terminals from 0

volts to within a volt or so of the high d.c.
voltage.

A constant output voltage is achieved by
comparing the output voltage with a reference
voltage in the difference amplifier. With this

arrangement any change in load or output

voltage is sensed by the difference amplifier,
which then produces a compensating control
voltage to correct the change. Thus the output
voltage remains constant regardless of changes
in load or mains supplies.

In practice constant voltage supplies have
79

SERIES

SERIES

REGULATOR

REGULATOR

A

HIGH
D.C. VOLTAGE

REFERENCE
VOLTAGE

HIGH
CONTROL
VOLTAGE

DIFFERENCE
AMPLIFIER

CONTROL
VOLTAGE

D.C.VOLTAGE

DIFFERENCE
AMPLIFIER

REFERENCE

You

VOLTAGE

CURRENT
SENSING
RESISTOR

OUTPUT
VOLTAGE

Fig. 1. Block diagram of a constant voltage

Fig.

2. Block diagram of a constant current

power supply.

some very definite limitations which must be
allowed for, these are: current limitation,

The actual constant current setting may be
changed by altering the reference resistor, but
the amount of current the supply can give is

voltage limitation, mains limitation.

A constant voltage across a short circuit
requires infinite current, clearly impossible.

Therefore all power supplies are limited, in
their design, to the amount of current they are
capable of supplying.

The high d.c. voltage is limited by the dissipation capabilities of the series regulator. When
the power supply is set to its minimum output
voltage and maximum current, the series
regulator has to dissipate the voltage dropped
across it. Therefore the design is limited to give
a maximum d.c. voltage at the output terminals.
Finally if the mains voltage drops so will the
high d.c. voltage, so the designer puts a limit
on the permissible mains variation. This enables
him to design a supply capable of compensating
for all the specified conditions.

CONSTANT CURRENT
A constant current supply would work in the
fashion shown in Fig. 2. It has a series regulator,

differential amplifier and reference voltage in
common with the constant voltage supply, but
its method of operation is quite different. A
current sensing resistor is fitted in series with

the load. If the current through this resistor
changes, the voltage across it changes. This
change is sensed by the difference amplifier
which produces a control voltage to compensate
for the change. By this means the voltage across

the sensing resistor is held constant thereby
keeping the current through it constant. If the
1

-

power supply.

load (in series with the current sensing resistor)
changes then the supply will change its voltage
output in order to maintain a constant current.

As with the constant voltage supply so the

constant current supply has identical limitations.
To maintain constant current in an open circuit
requires infinite voltage, but the supply is only

capable of giving a certain maximum. This
maximum output voltage puts an automatic

limit

to the highest value of load resistor

through which the supply can keep a constant
current flowing.
80

limited by the design of the series regulator. The
designer therefore puts a maximum limit to the
amount of current the supply can give. As with
the constant voltage supply the designer works

within specified limits to the mains supply
variation.

To summarise so far: A constant voltage

supply strives to keep a fixed voltage across its

output terminals and will vary its current to

maintain this voltage when the load is changed.
Conversely a constant current power supply will

vary its voltage in order to maintain current
flowing in the load.

CURRENT LIMIT
The most common type power supply is the
"constant voltage" supply, which as we have
seen is limited by dissipation in the series

regulator to the amount of current it can supply.
If a constant voltage supply is shorted accidently

it will quickly burn out the series regulator

unless some form of protection, such as a fuse,
is provided.

Modern supplies provide this protection by
limiting the amount of current the supply is
capable of giving. The circuits which achieve
this approximate to constant current supplies

under certain conditions, but the supply is not a
constant current supply in normal use (a circuit
using this type of limit is discussed later).

CROWBAR PROTECTION
Some supplies are fitted with "crowbar protection". This is a circuit arrangement used with
fixed voltage supplies which senses an over voltage (fault) capable of damaging the transistor circuits the supply is driving. When an
over voltage is sensed a silicon controlled
rectifier (thyristor) is fired and shorts across the
output terminals. The thyristor will take a very
heavy current until a fuse blows. This heavy
short circuit current capability of the system
gives rise to the name "crowbar".
Everyday Electronics, February 1976
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Fig. 3. Typical circuit diagram of a constant voltage supply with current limit.

SUPPLY CIRCUIT
The circuit reproduced inFig. 3 is of the
power supply published in our February '74

volts at 0-5A with VR2 turned to its maximum.

crowbar

If the load exceeds 0- 5A the supply automatically changes to its current limit mode of
operation. Similarly with smaller loads the

protect the series regulator.
The series regulator comprises TR1. TR3 and
their associated components with the control

and users must ensure that they know these

issue.

This circuit

does not have

protection but it does have current limit to
voltage input fed to R6. The series regulator
may be tested (with IC1 removed) by connecting

a voltage between R6 and earth. The output

terminals should take up a potential a volt or so
less than this voltage. If this control voltage is
varied the output should follow. The current
limit comprises a sensing resistor R10 and VR2
connected to the base of TR2. When an excessive

output current flows TR2 conducts, thereby
robbing TR1 of its base current.
When a short circuit occurs across the power
supply output terminals, TR1 is robbed of most
of

its base current and the output current

limited to 0.5A or so. The precise limit will
depend upon the particular components used,
but it may be adjusted to 0.5A by selecting an

appropriate value for R6. Thus, under short
circuit, or near short circuit conditions the

supply behaves in a similar manner to a constant
current supply. However, under normal conditions the supply is constant voltage.

To summarise, the supply will give 0 to 20
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current limit will come into operation if VR2 is
turned down. Thus there is interaction between
the voltage and current under certain conditions
conditions.

With VR2 at its maximum, loads of up to

0.5A will not bring the current limit into
operation. However, if VR2 is turned to its
minimum position, the supply will only function

normally with loads of less than 50mA. Once
these currents are exceeded the supply switches
to its current limit mode, behaving like a
constant current supply by giving a varying
output voltage.

Readers will no doubt be interested to hear

of a completely new type of power supply design
now being used for professional electronic
equipment which overcomes the dissipation

problem of series regulators. This new supply
called a "switching supply" is smaller and more
efficient than the conventional supplies described
here, and has the additional advantage of

tolerating a much wider variation in mains
voltage. Needless to say, they are very much
more complicated than the conventional designs
in current use.
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Eir\C
By A. P. STEPHENSON

Part Five
THE DIODE
A diode is a component which possesses the
property of allowing current flow in one direction only.
Most of the varieties manufactured resemble resistors
in appearance but instead of the colour code bands

there is a single band or spot at one end called the

cathode; the unmarked end is called the anode,
see Fig. 5.1a which shows the appearance and the

circuit symbol and photograph of diodes used in

this series.
The arrow of the symbol indicates the direction of
conventional current, i.e. only from anode to cathode.
ANODE

$
CATHODE*/

A

Fig. 5.1a. Schematic and circuit symbol of a diode. Photograph
shows diodes used in this series (A) rectifier (B) point contact
germanium (C) general purpose silicon (D) Zener (E)Le.d.

To illustrate the one way only behaviour see Fig.
5.1b. Apart from the one way only property, a diode
does not obey Ohm's law when it is passing current.
If the voltage across a diode is doubled, the current,
instead of doubling, will rise enormously. If the diode
is made of silicon (and most of them are nowadays)
current will only become appreciable when there is
0.6 volts across it.
The current will rise at an enormous rate for even

slight increases of voltage above this figure-in

fact 1 volt is sometimes sufficient to destroy a small

CURRENT
FLOWING

NO CURRENT

CAN FLOW

Fig. 5.1b. A simple circuit to illustrate the uni-direction property of a diode.

diode. For this reason it is necessary to include a
resistor in series

with

a

diode to

limit

the

current flow to safe limits. Never place a diode
straight across a battery-unless you are a sadist.

S.2 THE DIODE GRAPH AND CALCULATIONS
The complete behaviour of a silicon diode can be
shown very simply by means of the graph shown in
Fig. 5.2a. This graph shows:
(a) Even when the applied voltage is the "right way

way round" (known as reverse volts or reverse

bias) no appreciable current flows until about

voltage axis of the graph is not the same scale

round" (known as forward volts or forward

0.6 volts is reached.

(b) The current rises rapidly for even small rises of
voltage above 0.6 volts.

(c) When the voltage across the diode is the "wrong
82

bias) negligable current will flow unless the
voltage reaches a value called reverse avalanche voltage. Very heavy current will flow if
this voltage is reached. Note that the reverse

as that of the forward voltage. The reverse

avalanche will normally be at least 50 volts but
could beas high as 400 volts, depending on the
type of diode.
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FORWARD CURRENT

SO

40

30

20

Fig. 5.2bA forward biased

10

diode "drops" 0.6 volts.
0.2

REVERSE VOLTS

0.4

0.6

0.8

FORWARD VOLTS -N. -

taken as a reasonable approximation; Fig. 5.2b shows

--how to treat the diode in circuit calculations.

Current flowing in circuit-(4.5-0.6) volts
1 kilohm
=3.9 milliamps

REVERSE CUR RENT

Fig. 5.2a. Graph showing forward and reverse characteristics
for a silicon diode.

Since a diode with forward bias doesn't obey
Ohm's law, there is little point in asking what is its
resistance? A diode has a resistance but it is not a
constant value and useless for circuit calculations.
What is useful is the 0.6 volts drop which can be

The silicon diode has been the standard general

purpose diode for some years. The first semi-

conductor diodes were made of germanium which
differed in two ways from silicon.
(a) Germanium "leaks" badly. (Some current flows
even with reverse bias.)

(b) The forward volts volts drop is about 0.2 volts
instead of 0.6 volts for silicon.

5.3 USE OF DIODES
Our prime source of power so far has been the
battery which delivers a reasonably constant voltage
of fixed polarity known as d.c. (meaning direct current). The domestic mains electricity supply on the
other hand is a.c. (meaning alternating current) and

unlike the battery, delivers a voltage which is continuously reversing its polarity fifty times a second!
To convert a.c. to d.c. all that is needed is a diode

to

prevent

the

current

reversing

and

certain

smoothing components (which are dealt with later
in the series). Such diodes are called rectifiers and
may often pass currents of many amperes.

Apart from this, diodes are used abundently in
many areas of electronics, sometimes simply to
drop about 0.6 volts.

5.4 THE ZENER DIODE
Zener diodes are used to prevent a voltage from
changing, i.e. to provide a constant voltage drop,
voltage reference, etc. For example, if we wished to

maintain 4.7 volts across two points in a circuit, a
4.7 volt Zener diode could be used. Unlike normal
diodes, Zeners are used with reverse bias sufficient to

cause avalanche breakdown. The circuit symbol,
physical appearance and correct operating polarity are

shown in Figs. 5.4a and b.

The circuit shows up an important point-the
battery voltage must be greater than the Zener
voltage otherwise the Zener diode could never
avalanche or "strike" as it is sometimes called.
Once the Zener diode has struck, the voltage across
it remains locked at 4-7 volts (approximately) even if
we change the value of R or increase or decrease
the battery voltage within reasonable limits. Thus if

we reduce R, more current will flow through the
Zener, but it will still maintain nearly the same 4.7

volts across it. Although the 4.7 volt Zener has been
used as the example, manufacturers produce a whole
range of Zeners with different striking voltages up
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(a)

(b)

Fig. 5.4a. Shows the circuit symbol and appearance of a Zener
diode (b) correct polarity to ensure Zener action.

to over 100 volts, and different power ratings.
For example, a Zener may be quoted as 6.8 volts,
300 milliwatts. The power rating indirectly specifies
the maximum permissible current which in this
case is given by:

/ - PV

milliwatts
_ 3006.8
volts

= 44 milliamps
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The actual construction of a Zener and also the
graph of current/voltage is no different to a normal
diode, except that the reverse avalanche point is
precisely stated. A Zener with forward bias drops

the usual 0.6 volts.
The physics (behind the construction) is interesting but is unnecessary information at this stage.

LS LIGHT EMITTING DIODES
Semiconductor diodes always send out some form

of radiation when they are forward biased. Normal
silicon diodes have no useful radiation but special -diodes currently made from a material called gallium
phosphide emit visible radiation when passing
current. Diodes manufactured to exploit this property

are called light emitting diodes (I.e.d.s.) and are
becoming very popular as panel lights, as general

CATHODE END
G NORMALLY THE
LONGER LEAD

on/off indicators and, perhaps most important of all

to form the numerical displays in computers and

hand calculators.
Light emitting diodes must not be dismissed under
the heading of "just another little light bulb". Normal
lamps are crude inefficient devices which squander

most of their energy as heat with a little light as a

Fig. 5.5a. Shows physical appearance of a common light
emitting diode oval circuit symbol. Sometimes the cathode is
marked with a spot on the body.

current rating of 40 milliamps continuous. If we use

sort of by-product.
The light from an I.e.d. is relatively pure and only
slightly contaminated by heat, which means extremely
low power consumption. For example, a typical "pea

say a 4.5 volt battery, the series resistance must

least 40 milliamps at 4 or 6 volts. An equally typical
I.e.d. would give sufficient indication off about 5mA

The diode voltage drop can be taken as 2 volts in
most cases, so in our example:

have a minimum value given by:

R-

lamp" suitable for on/off indication consumes at
at 1 volt, a power saving in the order of 40 to 1. Typical
appearance and circuit symbol are shown in Fig. 5.5a.
Two vital rules apply to the operation of the l.e.d.'s:

(a) They must be operated the correct way round,
i.e. cathode must be held negative with respect
to the anode. Three or four volts reverse bias is
normally lethal.
(b) Like any other diode, never place them straight

Battery voltage - Diode voltage drop
Maximum permissible current

=(4.5 - 2) volts- 62.5 ohms
40 milliamps

However it is seldom necessary or wise to run
"full -out". A faint, but still quite visible, glow would
be apparent at a current of 1 milliamp, that is with

R=

2.5 kilohms.

The percentage of gallium phosphide present in

across a battery, even a 1.5 volt battery could
kill them. They must have a series resistance to
limit the current.

the device determines the colour of the radiated light,

The value of the resistance depends on how much
light you want but must never be lower than a certain
minimum, dictated by the manufacturers maximum
current rating. For example the TIL209 has a maximum

Another advantage of the I.e.d. is the enormous
speed at which the light can be turned on or off, less
than one microsecond is not unusual.

the available colours including red, orange, yellow
and green.

TEACH -IN '76 EXPERIMENTS AND EXERCISES
EXPERIMENT 5A
To prove the "one way only" property of a diode.

PROCEDURE

1. Assemble the components on the Circuit Deck as
shown in Fig. 5A.2. Compare with the theoretical circuit of Fig. 5A,1. Because the diode is forward
biased, the lamp should glow.

2. Remove the diode and replace it the other way
round. The lamp does not glow as current cannot
flow through the lamp due to the reverse biased
diode.

Note: No current limiting "resistor" is incorporated
84

in the circuit as the bulb fulfils this function.
Question
Assuming the battery was changed to 9 volts, what
value series resistor should be used to ensure that
the lamp is still operating within its voltage rating?

L P1

I BI

4-5V

6V

60mA

Fig. 5A.1. The theoretical circuit diagram to illustrate the "one
way" property of a diode.
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The current through the diode has increased by

about 600 percent, but the voltage across the diode
has changed very little.
Repeat the experiment using the 25 kilohm and 2
megohm potentiometers. Your calculations should
confirm even more strongly the diode's disregard for
Ohm's law.
Question

If the diode is reversed, the voltage across it would
be 9 volts irrespective of the potentiometer setting.
Why is this?

EXPERIMENT 5C
Fig. 5A.2. The layout of the component and wiring up details
on the Circuit Deck for experiment 5A.

EXPERIMENT 5B
To show that the diode voltage is fairly constant
in spite of large current variation.

PROCEDURE
1. Assemble the components as shown in Fig. 5B.1
leaving the 1 kilohm potentiometer fully anticlockwise.
2. With the meter set for 1 volt, measure the voltage

across the diode. You should obtain a reading of
between 0.6 and 0.7 volts.

3. Now slowly rotate the potentiometer control and
note the meter reading rises by only a small amount.
With the control fully advanced the reading will still
be low, around 1 volt.

To show how a Zener diode can "lock" or stabilize a

voltage.

PROCEDURE
1. Assemble the components on the Circuit Deck as
detailed in Fig. 5C.1. Leave switch S1 off and the
1
kilohm potentiometer fully anticlockwise. Before
switching on ensure that the Zener is connected in
the correct way around.
2. With S1 on, measure the voltage across the Zener
diode, VouT, with the voltmeter plugged to the 5 volt
range. Slowly advance the potentiometer control in a
clockwise direction; VouT will rise smoothly towards
4.7 volts because the Zener is not conducting until
this value is reached. For VIN above 4.7 volts VouT

will start to "lock" and will rise only slightly, even
when the potentiometer is fully clockwise.

CONCLUSION

CONCLUSION
The minimum current flowing is given by:
(9 - voltage across diode) volts
1.2 kilohms

=7mA (approximately)
The maximum current flowing is given by
(9 - voltage across diode) volts
0.2 kilohms
=40mA (approximately)

/-

Although VIN changed from 4.7 volts to 18 volts,
the Zener voltage VouT has only changed by half a
volt or so. The so called "control ratio" of the
circuit is given by:
change of VIN
change of VouT

(18 - 4-7) volts
(max VouT - 4.7) volts

Example

If the maximum VouT was 5 volts, the control ratio

Fig. 581. Component layout on
the Circuit Deck and complete
wiring up details for experiment
58. Also shown is the theoretical
circuit diagram.
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is equal to

sa

csc 83

(18 - 4-7)
(5 - 4.7)

-

00

4-5V

-F

-

Se.

82
9V

81

-

co&

4,5V

--L-81 4.5V

I

=44 (approx.). Don't expect
the Zener to be exactly 4.7
volts,

remember,

all

.-

com-

1k12

T 33 4.5V

Ti

VR1

the Zener diode reversed
(i.e. in the forward biased

(ki2

111

-<1 .
R1
1k12

mode, and observe that the
Zener behaves as a normal
diode "locking" at about 0.6

RI 1kR

B2 9V

i

ponents have tolerance.
3. Repeat the above experiment procedure but now with

VR1

DI

8ZY88C4V7

RED (+ve)

volts).

01
82'1'88 C4V7

(8 ©I

EXPERIMENT 5D
To investigate the light emitting diode.

TO METER (5V)

BLACK (...velo)}

Fig. 5C.1. Shows the layout and wiring up of the components
on the Circuit Deck, together with the theoretical circuit
diagram for experiment 5C.

PROCEDURE
1. Connect up the components on the Circuit Deck
as shown in Fig. 5D.1. Take great care that the I.e.d.
is the correct way round noting that the shorter lead
is the anode and must go to the positive terminal of
the battery.
2. Commence with the 25 kilohm potentiometer fully

anticlockwise and rotate slowly until you can just
see the I.e.d. glowing. Calculate how much resistance

is in series with the l.e.d. by noting the percentage
rotation of the control relative to 25 kilohms.
3. Calculate the minimum glow current from:
1-

battery voltage - voltage dropped across I.e.d.
total resistance in series with I.e.d.

9 -2
R,

where R, includes the 220 ohm series limiting resistor.

4. Now advance the potentiometer fully clockwise,
note the brilliance and calculate the current.
Don't reverse the diode to prove it won't work backwards because it won't - ever again!

EXERCISES
5.1 A simple diode is usually marked with a spot

or coloured band at one end and will not pass

"forward current" unless this end is held
with respect to the other end. Fill in the blank.
5.2 A diode is in series with a 2 kilohm resistor
and a 9 volt battery and is passing current. Calculate the aproximate current expected.
5.3 What assumption was necessary in order to
answer question 5.2.
5.4 If a diode was passing a very large forward
current would we still expect a drop of 0.6 volts.
Answers
Jajau OJOUI JO IVA P
'en 14,1 Jo tule.0`
aq pinop doip arl1, oN -vg sll0A g .0 Inoqe sdolp
-sdummtui z--17 Z'S
apotp aqj,

NZ\
DI

TIL209

B1

9V

R1

2202

-L_
VR1

25ka
VR1

25kR

Fig. 5D.1. Component layout
and wiring up details for
experiment 5D with circuit
diagram
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apart from a few innovations

such as radio -therapy in medicine,

was mainly concerned with radio

communications, essentially the

ia ELECTRONICS

By Peter Verwig

THE ROYAL AIR FORCE
WHEN Britain was faced with
possible annihilation, as

was the case in the critical days

leading up to the start of the
1939-45 war and during the first

years of the struggle itself, the

level of technical innovation and
the speed of its implementation
accelerated tremendously.

And

nowhere more spectacularly and
with such demonstrable success
as in air defence. One is reminded

of Samuel Johnson who said on

September

19,

1777,

"Depend

upon it, Sir, when a man knows
he is to be hanged in a fortnight,
it concentrates his mind wonderfully".
The earlier 1914-18 war was the
forcing ground for the technology

of the flying machine. At the

beginning of that war the aeroplane was little more than a
mechanical novelty. By the end,
the technology of flight was such
that the foundation for the
development of civil and com-

mercial aviation has been sub-

stantially completed. The process
was repeated in the 1939-45 war

but on a far broader techno-

logical front.
The design of aircraft and
engines saw continuous improve-

ment and even completely new
innovations such as the jet engine
which, in later years, was to

supersede the piston engine on
all but light aircraft. But the

main distinguishing feature of

the 1939-45 from its predecessor
a generation earlier was the
introduction of electronics.

RADAR
The key development was radar

and the trigger for its ultimate

development was a paper "Detection and Location of Aircraft by
Radio Methods" which arrived at

the Air Minisliy in London on
February 12, 1935. Its author was
Robert Watson -Watt, the Superintendant of the National Physical
Laboratory's Radio Research

Station at Ditton Park, just outside Slough. Within a few days
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a demonstration- was arranged,
the object of which was to prove
that electromagnetic
energy
would be reflected from an aircraft and could be detected by

building of receivers and transmitters for professional or entertainment purposes. The main-

stream of effort during the war
had become directed to signal
processing and display, and the
generation of powerful signals at
microwave frequencies almost undreamt of in the 1930s.

The realisation that the elec-

tron could be manipulated effectively

for purposes other than

suitable equipment.

"wireless communication" led to
new branches of technology such

supreme simplicity, and used the
BBC short wave broadcast trans-

industrial automation.
The war -time experience, however, created something else

The experiment was one of

as the electronic computer and

mitter at Daventry which had a
power of 10kW and radiated in

entirely new. It brought about,

a beam of 30 degrees at an inclination of 10 degrees above the
horizon. To prove the point an air-

craft would fly through the beam
and it was hoped that signals reflected from the aircraft would be
received on specially adapted
equipment which would neutralize
the direct transmission from

Daventry and display only the

signal reflected from the aircraft.
On the morning of February 26,

a Heyford twin-engined
bomber of the Wireless and
Electrical Flight took off from the
Royal Aircraft Establishment,
Farnborough, and flew a pre1935,

arranged course in the Daventry
area. The aircraft was detected

by the receiver at ranges of up

to 10 miles and radar in its most
embryonic form had arrived. The
receiver used in the historic
equipment eventually found a

home in the Science Museum,
South Kensington.

The practical outcome of the
experiment was that £10,000 (a
laughable sum by today's standards) was allocated for further
development of the system. But

from this small
beginning
emerged a fantastic series of
technical inventions and, once
the fighting had started, an
intricate game of electronic move

and counter-move practiced by
both sides and then called the
Radio War, and today is known as
Electronic Warfare.

OUTCOME
By the end of the war a great

electronics industry had been

built up much broader in scope
than the pre-war industry which,

reluctantly at first and then with
growing impetus, a partnership

between the air arm and the

scientific establishment which has
continued to the present day. The
Royal Air Force, youngest of the

British armed services, was unemcumbered

by-

centuries

of

tradition. It was uninhibited and

therefore able to seize on new
ideas which would improve its
efficiency.

In the post-war years one might

have imagined that the pace of

technical development would
have slowed. Events decreed

otherwise. The Cold War of the
'50s demanded continued military
preparedness in conventional
weapons, and the great new field
of space flight, if anything,
accelerated research and the
introduction of novel techniques.
The past two decades have
ushered in the transistor, the

integrated circuit, the miniature
airborne computer.
The aerospace industry was

responsible for all the advances
in high packing density of electronic components leading first to
miniaturisation, and then to
microminiaturisation, so that today powerful electronic equipment that would have completely

filled the largest bomber of the
193945 era can be packaged for
stowage in the smallest fighter
aircraft.

In a world which remains disfigured by conflict and the threat
of conflict a substantial defence

force is the best guarantee of
peace and security-at least until
universal disarmament, a dream
which has never been realised
and probably never will be.
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tional conditions have changed.
Aircraft fly within an air defence
complex in which all movements,
friendly and otherwise, are
detected by radar, and evaluated
by electronic computer which
determines the most effective
counter-measures.
An efficient ground back-up is
equally important, operationally.
as the airborne component. What
was once an art has now become

a science. And although there is
still opportunity for the exercise
of individual skill and initiative,
air defence today is far more of
a team effort by specialists.

How can you become one of

these specialists-one of the elec-

tronic trades elite in the Royal
Air Force of the late 1970's and

through the 1980's? Naturally, if

the RAF is to spend thousands
of pounds on your initial technical

Raymond Baxter, TV commentator, takes his seat in a two-

seater Harrier VTOL aircraft at the Farnborough Air Show. RAF
Harrier squadrons are deployed in Germany.

GOOD ENOUGH?
As we have seen, the aerospace

industry has been the father of

technical innovation and it follows

naturally that if your interests
are in technology at the highest
level, in many cases at the very

frontiers of science, then the

Royal Air Force is a career goal
well worth pursuing-if you are
good enough!

Yes-if you arc good enough.
Look at it this way. In the early
days

of

training and then re-training you
at various stages of your career,
you need to be young at the start
and willing to stay with the
Service for a long time, normally

fit is nearer £2 million than
£20,000 and often considerably

for 12 years or nine years plus
three years on reserve, with the
further possibility of staying on
for a total of a 22 -year career

In short, today's military aircraft is far too complex and, for
that matter, far too valuable to

APPRENTICESHIP

ever

should

more.

be entrusted to the amateur, howgifted.

Moreover,

opera-

which carries a pension.

If you are still at school you
consider

an

RAF

A RAF Nimrod maritime reconnaissance aircraft overflying a
warship of the Soviet Union. The Nimrod carries an exceptionally
heavy load of electronics equipment.

aviation people built

flying machines and then added
equipment to them-machine
guns, bombs, cameras, almost as
an afterthought. Today's military

aircraft are designed from the

start as a complete weapons
system. At the time of the Battle
of Britain the key British aircraft
were the Hurricane and Spitfire,
each costing about £20,000 ready
to fly.

Sydney Camm, responsible for
the design of the Hurricane, was

chief designer at Hawker from
1925 until

his death in 1966.

During this period he originated
52 aircraft types, an average of
more than one a year. Nowadays
it takes huge teams of designers
typically ten years from putting
pencil to paper to getting a new
aircraft type into squadron
service. And the cost per aircraft
with full avionics and weapons
88
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apprenticeship or cadetship. You

must be medically fit and be a

British subject or a citizen of the

Republic of Ireland. There are

some exceptions on nationality
and residence requirements, so if
in doubt on whether you qualify

on these grounds your nearest

RAF Careers Information Office
(there are over 70 of these
throughout the United Kingdom)
will give you advice.

The
apprentice
technician
trades in electronics are Electronic Technician (Navigational
Instruments) and Electronic Technician (Air Communications/Air
Radar). The age limits are
normally 16-18'9 years and in

exceptional cases up to 21. You
need four '0' level GCE passes
or equivalent which must include
mathematics, a specified science

or other technical subject plus

two other subjects.
Again, you can get advice from
RAF Careers Offices. Pay a visit
to your nearest office and have a
chat with the serving officers and

NCOs on duty there. They will
ask you questions but you, in
turn, will be able to question
them because it is just as important that the RAF will suit you
as that you should suit the RAF.
If you decide to go ahead with
your application for an appren-

Your term of service starts
when you are 18 or at the age of
entry, whichever is the later. As

well as plenty of free time for
sports and other recreation you
will be entitled to six weeks leave

a year on full pay and four free
travel warrants.
If you are too old to join as an
apprentice there is a direct entry
scheme for adults provided you
have the basic educational qualifications and, if you already have
some practical experience as an
electronics technician, this is all
to the good. After recruit training
you will be sent on a single

and intelligence tests followed by
two private interviews. After the
second interview you will be told
whether you have been accepted
and your parents will receive an
official letter of confirmation. But
you may well have second
thoughts. Is this really the life for
you? After all, it is a big decision

for a young man to take and the

Royal Air Force understands this.
So you may withdraw your
application at any time until you
have been actually attested.

TRAINING
If your decision is still to go
ahead, then, after basic recruit
training, you move on to No. 2
School of Technical Training.
RAF Cosford, which is near

Wolverhampton, where you will

be trained for up to three years
with general grounding in electronic engineering and specific

provided you are 22 years of age
or

under

or,

in

exceptional

circumstances, up to the age of
24.

PROMOTION

fitter categories, Air Radar,
Ground Communications, Air
Communications, or Navigational
Instruments.

standard and other courses will
be on staff training and management training. As a highly professional organisation the RAF

tunities for further specialist
training
to
second
degree

The pay in specialist trades is

today has no use for the "old boy"
network. You get promotion from
Pilot Officer to Flight Lieutenant
on "time". After that, all the way

comparable with that in the
equivalent trade in ordinary

civilian life but as an airman (or
airwoman) you will be bound by
service regulations and may be
posted to any location, home or
overseas, where you are needed.

To most airmen this

is not a

handicap but a first-class method
of travel and a beneficial broadening of experience.

up from Squadron Leader to Air
Chief

Marshall,

promotion

is

entirely on merit.
As an Engineering Officer you

may find yourself in the later

stages of your career working on
research and development interpreting the RAF's needs to
equipment manufacturers and
influencing their designs.

The RAF has a special welcome

Whatever the rank to which
you may aspire in an Air Force
career you will be handling the
newest technologies and be well

it is a large, complex, technology orientated organisation with a

equipped, technically, to continue
your profession in civilian employment when you have left the
RAF. And while you are serving

GRADUATES
for graduates. If we look at the
RAF from a business viewpoint

pay -roll of some 100,000 people

and an expenditure of some £2
million per day. A "firm" of this
size needs a lot of management
and because of the nature of the
"firm" it demands management
skills every bit as good as in
general commerce and industry
and,

in

some

areas,

you have job security and job

satisfaction as well as having the
rather special additional satisfaction of playing your part in keeping the peace.

greatly

superior skills. It is well worth

while to try for commissioned
rank and while you may be

accepted with a minimum of five
`0' level passes you stand a much

better chance if you read for a
degree. And the RAF will help

you to get one.
If you are a sixth -former staying on for 'A' levels you may be
fortunate to win a Royal Air

on the equipment you will encounter when your training has

the
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you already have a degree you
can still join under the scheme

to 18 months and on completion
emerge in one of four electronic

Force scholarship which will lead

been completed.

degree and the RAF also pays all
tuition and examination fees. If

intensive course of study of up

training in chosen fields. The

courses are both theoretical and
practical and include instruction

an income while reading for a

With an interest in electronics
you would naturally opt for the
Engineering Branch and as your
career develops there are oppor-

ticeship you will undergo a series

of verbal and written aptitude

already have these qualifications
an RAF Cadetship will bring you

to a Cadetship. The scholarship
carries a grant towards the cost
of staying on at school to obtain

qualifications necessary to
enter a degree course. If you

That Sonic Bomber Game you made
for the children-here's a list of things
they bombed that you'll have to replace.
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sordE form of field strength monitor is an

extremely useful adjunct to a radio control
link. It is really the only sure way of knowing
if one is obtaining the maximum possible output

from the transmitter, and thus also obtaining
the maximum reliable range. It is an extremely
useful piece of equipment even if the transmitter is a relatively simple one, such as that
described in the January issue of EVERYDAY
ELECTRONICS. But when using more complicated

transmitters where there are oscillator, output
stage, and possibly aerial loading coils to be
adjusted, such a unit is virtually indispensable.
The monitor can easily be miniaturised, and
the prototype has external dimensions of only
AEI

CIRCUIT OPERATION
Basically the circuit consist
cuit (1.1, Cl and C2) feeding

of a tuned cir-

Dl, which in turn feeds a mo
circuit diagram of the unit is

diode detector
coil meter. The
own in Fig. 1.

winding of Ll, which can be
entire 27MHz radio control b
Cl; C2 is adjusted to give Cl a
correct frequency coverage, alt

proximately the
ough the setting

The aerial is coupled dire y to the tuned
tuned over the
d by means of

of this is not too critical,

Cl provides a

degree of excess frequency co rage.

Signals in the tuned circa

impedance, and must be fed
a low impedance coupling w
provide an efficient coupling,
excessive damping of the tune
made Denco Range 5T blue

are at a high

the detector via

ing in order to
and to prevent
circuit. A ready

is used for M.
The third winding on the re y made coil is

LI RANGE ST

6..

SKI

Qc

?USED

C2 2,

al

DI

9

0A91
(SEEMITEXT)

VOOOPF

unused in the circuit.
The detector diode Dl, remo es the negative
going r.f. half cycles, but p
is the positive
going ones to pass. The re
g half cycles
are smoothed to a positive d.e. gnal by C3, and
it is this d.c. signal that ope
the meter.
Obviously, the stronger the ignals received
by the aerial, the larger the signal which is
induced into the tuned circuit, d the greater

the deflection of the meter.
Fig. 1. Complete circuit diagram of the Field
Strength Meter.

about 77 X 51 X 25mm, excluding the aerial and
control knob. The unit is thus completely
portable.

A passive circuit is used, and therefore no
batteries or running costs are involved. This

results in a less sensitive circuit than is possible
when employing active (amplifying) devices, but
the circuit is, nevertheless, sensitive enough for
use with low power transmitters.

he meter thus

presents an indication of the fi d strength produced by any radio control tran itter operating
in the proximity.

A jack socket can be conn cted across the
meter terminals, and if a
tal earpiece is

plugged into this, any audio gnal modulated
onto the carrier of the monit red transmitter
will be reproduced by the earpi ce. Many simple

radio control receivers inclu e this feature,
including the one described
the November
1975 issue of EVERYDAY ELEC. tames, and for
this reason no audio output s

et was included

FI EL
ET
By R.A. PENFOLD

Provides

visual

indication of

radio control transmitter output
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Lomponents
Capacitors
C1

C2
C3

10pF air spaced variable (Jackson C804)
40pF ceramic trimmer
10nF type C280

(IOIIS

Miscellaneous
D1
M1
L1

0A91 or similar germanium diode
333
2501A or less moving coil meter
Transistor useage coil type Denco Blue
range 5T

AE1 Telescopic aerial with swivel base approx.
685mm long

Ski 3-5mm jack socket (if required)
Case to suit; control knob; insulated wire;
solder

on the prototype unit, although one is shown
on the circuit diagram for completeness.

CONSTRUCTION
Virtually any small case will make a suitable
housing for the monitor. The prototype is contained in a ready made aluminium box type
AB12, with a modified lid.
The layout and wiring up of the unit is shown

in Fig. 2, but as the unit is passive, the exact
layout is not critical. However, when wiring up
circuit it is advisable to keep the con-

necting wires as short and direct as possible.

This point should be borne in mind if a different
layout is adopted.
AERIAL

If a metal case is used, the aerial, must be
insulated from the case. This can be achieved
by drilling its mounting hole slightly over size,
and using rigid insulating washers either side
of the hole with the aerial positioned so that
it is not in direct contact with the case when

the mounting nut is tightened. A continuity
tester or ohmmeter should be used to check
that the aerial is in fact insulated from the case,
but this must be done before pins 1 and 6 of Li
are wired up, as the aerial connects to the case
through this winding.
The coil has an OBA threaded portion at the
top, and comes complete with a plastic fixing
nut, and these are used to secure the coil to the
side of the case. Do not tighten the nut to more
than finger tightness, as the plastic screw thread
is easily sheared.

Since the meter is only required to give a

relative indication of the field strength, the type
of scale fitted is irrelevant, and an inexpensive
level or battery condition type meter is suitable,
provided it has a sensitivity of 250 micoamps
f.s.d. or less (e.g. 100fLA or 50p.A).
It is well worth shopping around when buying
one of these meters as there are extremely wide
variations in prices.
The fact that this type of meter is very robust
and is not easily damaged by overloads is a very
useful feature in this particular application.
An ordinary type panel meter can be used if
preferred, but will need a larger case, and has
only one real advantage, that of being easier to

read. Whatever type of meter

is

used, the

greater its sensitivity the better.
The cut-out for the meter in the case can be
Fig. 2. Layout and wiring of the Field

Strength Meter. Socket SK1 is not

INSULATING WASHERS

shown but this is simply wired across
M1 if desired.

Ll BASE

COST*

'7

GfOck
OD &NcE OS COESTIMATED
PONENTS
excluding V.A.T.

003

t4.20
*Based on prices prevailing
time of going to press
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from the top of the coil. Place an operating
27MHz band radio control transmitter in the

proximity of the monitor, with each aerial

extended and parallel to each other. Set Cl at
about half way, and then adjust C2 for peak
reading on the meter.
If necessary, move the two units further apart,

or partially collapse the monitor's aerial in
order to prevent the meter from being over-

loaded. If, on the other hand, a tighter coupling
is necessary, move the two units closer together.
It should then be possible to tune the monitor

to any frequency in the 27MHz radio control
band of 26.96 to 27. 28MHz, and the unit is ready

for use. When operating the monitor, always
tune it as accurately as possible to the transmitter's frequency (by adjusting Cl for peak
reading on the meter).
It may be found easier to make transmitter

I22

adjustments with the transmitter in a horizontal
rather than a vertical position, and this can be
achieved by simply laying the transmitter on the
workbench, and swivelling the monitor's aerial

into a horizontal position, roughly parallel to
the transmitter's aerial.

made using a fretsaw or a miniature round file.
Miniature level meters are not always intended
for normal screw fixing, and can be mounted by
either being made a tight push fit into the cutout, or by being glued into position.

When all the large components have been
mounted, the unit is wired up using insulated
leads. Be sure to connect Dl and the meter the
correct way round.

ADJUSTMENT
Screw the core of Ll right down so that virtually none of the metal screw thread protrudes

JACIt PLUG

FAMILY...

BE ORIGINAL, I THOUGHT. MAKE HIS DAY BY
GIVING HIM THE IDEAL SOLDERING KIT OFFERED
BY EVERYDAY
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New products and
component buying
for constructional
projects

in

ignores the fact that the real star of
television, as in all electronic systems, is Faraday's electron. For us it

any small plastic one will do and a

of course,
Electron.

is

The

Field Strength Meter
The most important point to watch

SHOP
Tell
BY the time you read this the 1975/76
Faraday Lecture Tour will be

well under way-unfortunately we did
not receive information on the lecture

in time for it to be useful to those
readers in the Cardiff, Bristol and
Sheffield areas but the following
synopsis of the lecture-arranged

annually by the IEE together with
dates and venues should be of
interest to a large proportion of our

Birmingham The Town Hall
26-27 January 1976 E MAE
London The New London Theatre
3, 4, 5, 6 February 1976
E MAE ME MA
Exeter The Great Hall, Exeter
University 26 February 1976
AE
Bradford St Georges Hall
9 March 1976 AE
Nottingham The Albert Hall
11 March 1976 AE
Liverpool Philharmonic Hall

19 March 1976 AE
Manchester Free Trade Hall
22-23 March 1976

E AE

Glasgow The Kelvin Hall
21 April 1976
Edinburgh The Usher Hall

The lecture is entitled The Entertaining Electron and is presented by
F. Howard Steele FCGI, BSc(Eng),
CEng., FIEE, FIERE, Director of Engineering, Independent Broadcasting

23 April 1976 AE
Newcastle The Newcastle City
Hall 27 April 1976 AE
Portsmouth The Guildhall

M=Morning A --Afternoon
E = Evening

The lecture will also visit Belfast
and Dublin. Dates for these two
venues have yet to be fixed. Tickets

Authority. A special stage is used

for the lecture

which includes quadraphonic sound
and big screen colour television
projection to display the various

available from Mrs. B. Newman, IEE,

filmed and other sequences used

hours.
Changing

only

two lecturers are on stage at one

are free

and are

Savoy Place, London WC2R OBL.
The lecture lasts approximately 1.
the

subject

slightly,

before we cover component buying

time over a dozen other people are
actively involved in each presentation backstage, controlling lights,
balancing sounds, preparing demon-

for projects in this issue, we have

cameras,

the review should appear next month.

operating

the

still been unable to include a review
of the Sinclair Black Watch Kit but
they assure us a kit is on its way so

managing the stage and actually
producing
displays.

the

various

electronic

The lecture largely ignores wires,
resistors, semiconductors and the
like. Instead it concentrates on the
true marvels of television. The way
it makes use of the human eye and
brain; the way

it

processes in-

formation for transmission and reassembles it again in your own home;

the way it makes use of the three
primary colours to produce a near
approximation on a little glass screen

of the hues in which the world is
painted. The way television pro -
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Two Tone Audio
Oscillator
Another straightforward project
the Two Tone Audio Oscillator provides

when buying components for the
Field Strength Meter is that the meter
itself is the correct type and that it is
bought at the right price, about £1-50
to £2.00. None of the remaining parts
should cause any problem, however

if they are not available from your
local shop try contacting one of the
larger suppliers who advertise in our
pages. If necessary Denco can supply
their coil direct, they are at 357-9 Old
Road, Clacton -on -Sea, Essex.

Boiling Liquid Alarm
One or two of the components for
the Boiling Liquid Alarm may prove
difficult to get in some areas, once
again the answer is to try one of the
larger

4 May 1976 MAE

readers.

strations,

variety are available.

Entertaining

Lecture Dates, Times
and Places

for demonstration. Although

a variety of places to suit its
application. If a case is required

grammes are made, and the way that
technology is changing. But it never

a good volume output not

mail

order

suppliers

who

advertise in our pages; a few catalogues will overcome most of the
problems.

Recourse to larger suppliers may
be

necessary for the 555 timer-

although this is now a very popular
device-for the 30 to 100 ohm loudspeaker or telephone earpiece, and
possibly for the double -pole threeway switch, if this is to be a miniature
type as used in the prototype.

Electronic Watchdog
Basically speaking no buying problems for parts used in the Electronic
Watchdog, apart from repeating what
has been said above.

Such things as pressure mats are
advertised from time to time and we
believe J. Bull who advertise in our
pages have a stock of them. Bells or
other warning devices, if used, can
be purchased from most electrical
shops, the type will obviously depend
on its use and the supply available.

Kits

unlike a police car siren-with modifications available as given in the text.
None of the parts should be difficult

to get-we suggest the use of a

One final word although it may
seem obvious to most readers we
do not supply components or kits
for projects in this magazine. Con-

holder for the i.c. No case details
have been given since it is likely
that readers will wish to fit the unit

structors must buy all the parts from
the various suppliers, a good selection of whom advertise in our pages.
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Physics
is FUN!
TAKING STOCK

but there will be more things to

series has been running
THIS
now for twenty months and

useful

this is as good a time as any to
pause and take a look back, as
well as forwards. We have done
lot

a

of

experimentation

on

magnetism and static electricity

as well as some work on capacitors

and electrolysis. On the way, we
glanced at a simple cell battery
and recently we have been find-

ing out that any two dissimilar
metals will make a battery.

one outstanding point is this: that
magnetism, static electricity,
current flow and chemistry are all
We may take
inter -related.
examples of any one of the four
and produce any other!

I would like you all to jot down

make. Next month for example, I

on paper the details of what is

while

it as brief as possible, add a

will show you how to make a
circuit -breaker,

coming up soon after that will be
full instructions on making a
Van de Graaf Generator.
Another of our fun projects will
be the ever -popular but harmless
shocking coil. Then there's meters,

bells, motors, receivers-oh, and
a whole lot of other things, so

stay with us and learn the fun
way!

What single idea binds all this

work together? I think that the

"/

YOUR FAVOURITE
EXPERIMENT
One of my fondest memories
relates to a group of children to

YOUR favourite experiment. Keep

sketch if necessary
explanation why it
favourite.

and

is

an
your

It doesn't matter if you are a

schoolboy or a University Don;

an apprentice or a technician;

whoever you are, we would like

to hear from you, so please-do
write. A reward will be made for
every letter published.

We will not be looking for

frightfully difficult experiments,

or anything connected with the
more abstruse aspects of electronics-although there is no
reason why you should not submit

such an experiment if you wish-

whom I was demonstrating that a
flame uses up air. It's a well-

but we will be on the look -out for

research into theory and tech-

the jar to take the place of the

wish, and (5) explain simply why
it is your favourite.

world can be summarised as find-

I had performed this experiment many times, but for these

chemical change from (say) static
electricity, or produce current
flow from magnetism. Much of the

known and very simple experiment in which you put a candle
inside a jar that is up -turned in
a saucer of water (Fig. 1). The
water of course rises up inside

niques in the laboratories of the

oxygen that is consumed.

By the appropriate technique
we can for example produce a

ing yet more ways of changing

one of these forms of energy into
others.

Now energy can take many

forms and is not simply confined
to the four that I have mentioned.

Light, heat and sound are three
more forms of energy with particular

interest

to

electronic

enthusiasts and in the coming
months we shall be looking at
some experiments connected with

all of these; changing them into
electricity and vice -versa; interchanging them; intermodulating
them; playing around and having
fun.

Experiments will continue to
play the major role in this series,
94

children it was the first time, and
they did not know what to
expect. When the denouement of
the experiment was reached there
was a great spontaneous roar of

amazed delight-a happy sound

that always brings a smile to this
tired old face whenever I remember it. It is for this reason

that that particular experimentalthough so simple-is my
favourite one.
So what has this got to do with
electronics, or even this column?

Well, it is by way of introducing
an invitation to all of our readers
-and we know that many
thousands follow this column.

those that use simple apparatus.
To summarise: (1) keep it simple
(2) use simple apparatus (3)
explain how to do it, what will
happen (4) add a sketch if you

HOW TO DEFLECT
ELECTRONS
I have not left much room for
experiments this month, so the
two I shall describe are very

simple and closely related.
For the first, take your ordinary
permanent magnet and while your

television set is switched on and

giving a good picture, put the
magnet in close proximity to the
screen. In the region of the
magnet the picture will be
distorted.
Nov for the second experiment.

Spread a piece of tinfoil over the

top of a 100 watt electric light

bulb. Charge an electroscope as
fully as possible by vigorously
Everyday Electronics, February 1976

Physics
is FUN!
Fig. 1. Simple burning candle experiment.
rubbing a glass plate and touching
the electroscope with it. Now

connect the electroscope to the
tinfoil by means of a thin wire.

FOIL

POSITIVE CHARGED
ELECTROSCOPE

(Fig. 2). The leaves of the electro-

scope will remain open, but the
instant that the lamp is switched
on, they will collapse. (A homemade electroscope was described
in Physics
1974.)

Is

Fun November

Take my word for it that
rubbing the glass plate will charge
the electroscope with positive

electricity. Therefore, when the
lamp is switched on, the hot
filament must give off negative
particles, called electrons. These

fly across space to the positively charged foil. But here is an
anomaly - (summat odd!) - it
seems that we must think of positive charge as being the absence
of electrons and a negative charge

as being an excess of electrons,

and this is indeed the modern way
of looking at it.

Fig. 2. Electroscope and
ELECTRON GUN

light bulb to demonstrate electron polarity.

The connection between the
two experiments? It's like thiselectrons in their flight can be
ELECTROMAGNETIC COILS

deflected by a magnetic field. In
a TV tube there is a 'gun' firing

a constant stream of electrons

at the screen. (Fig. 3). When they
strike the coated surface they
make the material glow momen-

tarily. To deflect the stream to
make a sensible picture, magnetic
coils are arranged in pairs, N and

Fig. 3. Basic construetion of a television tube.
Everyday Electronics, February 1976

S, E and W, but the addition of
our hand-held magnet deflects

them locally even more, hence, the
distorted picture.
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Fox the benefit of this article we would rather
keep to a wide definition for a circuit board.

More often than not the title conjures up pictures of printed circuit boards, but there are
many other ways in which flat insulating board
can be used as the basis of an electronic circuit.

There are a number of commercial circuit
wiring boards available-the most well known
being Veroboard-but there are other forms of
assembly which can be used by the amateur to

good effect and which do not cost a lot (tag

strips and group boards etc).
In complicated projects there is nothing better
than a genuine printed circuit board but at first
sight it might be felt that these are outside the
scope of the amateur to make at home. This is
not necessarily true it is a comparatively
simple job to make certain types of printed layout without recourse to very specialised equipment.

In this article we shall try to explain the ins
and outs of applying the various circuit wiring
techniques.

PLAIN MATRIX BOARD
Probably at least seven out of every ten projects printed in these pages calls for matrix
board, of one form or another so we had better

ei

. .

N

N

N

N

NNV.,M

(3- 8mm) and 0. lin (2 54mm).
Special pins can be inserted into selected holes
and the components are soldered to the top side

of the pins while the bottom ends are inter-
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connected with tinned copper wire-giving
something like a point to point wired printed cir-

cuit board. With a bit of skill one can usually
design the underside interconnecting of the pins

so that none of the wires have to cross each

other; this makes for greater simplicity in
wiring because one can use un-insulated wire.
Some project designers will specify the use of
this type of Veroboard (which incidentally is the
trade name of Vero Electronics) which does not

have copper strips on it. It is sometimes called
"unclad or plain matrix board" which is, probably, a better title because it does not constantly

infringe a single manufacturer's trade name.

There are other makes of insulated circuit

board (RS Components have a brand of their
own) which carry pin holes.

If you intend to use pins you should ensure

1. Two types of circuit board ; (a) plain
matrix board (b) Veroboard with copper conFig.

necting strips.

O0000000000000
O0000000000000
O000000C000000
O 0 0 0 0 0 0 00 0 0 0 0 0

start by describing this constructional method.
This type of circuit board is available in various
forms. Basically it is a sheet of insulating board

(resin bonded paper) which is covered with a
matrix of holes. These holes are set on specific
pitches for the different types of board; the two
most common matrix pitches being 0 15in
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(a)

0 0 0
0 0 0
C 0 0
0 0 0

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 C 0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

0
0
0
0

0 0
0 0
0 0
0 0

(b)
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that you get the correct sized pin for the make
of board you
differences!

purchase-there are slight

You can, of course, use unclad matrix board
without pins by inserting the component leads
through the holes and simply soldering the leads

together on the other side. This is certainly a
cheaper way of going about the job but it usually

ends up rather unsightly and none of the components ever seem to be rigidly held in place.
This is apart from the fact that it becomes very
difficult to replace a single component without
half the circuit falling apart!
COPPER CLAD BOARD
The board we have just described is probably

not as common as copper clad Veroboard.
The board most frequently called for in
projects has strips of pure copper bonded on

Typical appearance of a circuit wired on Vero board. The use of a file on the edges of the bare

holes (Fig. 1). The pitch of the copper strips can
again be 0- lin or 0- 15in and very often it is important that you follow the designer's specifica-

This is easily done (as will be explained later)

one face of the board to coincide with rows of

tion because in his layout he might be relying

on the standard hole pitch to mount certain
special components (integrated circuits, etc).

board would have given a better finished
appearance.

but is a very obvious source of trouble when one

is copying a design from the pages of a magazine-it is all too easy to leave out one or two
breaks of the wiring by mistake!

If you are a beginner and the design seems

fairly simple without too many miniature components, you would always be advised to start
with the larger pitch Veroboard as its use calls
for slightly less soldering skill.

COMPONENT LAYOUT
Producing a neat design on clad Veroboard is
very difficult and this is one of its biggest drawbacks. To make best use of the board one has to

use the copper strips like printed circuit board

connections but as they only run in one direction
great care has to be taken in the original design
to arrange, as far as possible, for the components

to be positioned so that there is a minimum

amount of "jumpering" (the use of tinned copper
wire to bridge from one copper strip to another).

One may wish to break a conductor strip to
isolate one group of connections from another.
A neat finished project employing Veroboard.

BONDING

One can be forgiven if one thinks that the

copper foil and the insulated board are bonded
together by some magic glue which gives 100
per cent perfect adhesion but it should be remembered that there is no such glue available
and there is always a tendency for the clad Vero -

board to "de -laminate" when subjected to high

temperatures and stresses-this is most likely
to happen during the soldering operation and
is much more likely to happen if you have
broken the copper strip near the soldered connection. For that reason it is not advisable to
make soldered connections immediately adjacent
to conductor break points-sometimes it is essen-

tial to do this, but if so you should take great
care that you do not overheat the job.
Likewise you should avoid making soldered
connections too close to the edge of the board

where the strip stops.
Because of the fragile nature of the bonding

between the copper strips and the insulated

board, you should not expect the foil to act as
a mechanical support for bulky componentse.g. transformers or large electrolytic capacitors.

If you have to insert any of these they should
be bolted down as well as having their connections soldered.

BRIDGES

From the constructor's point of view the

biggest hazard, when using clad Veroboard, is

the high possibility of getting solder blobs
bridging from one conductor strip to the next.
Everyday Electronics, February 1976
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This is usually caused by inexperienced soldering or dirt on the board which causes the solder

to "ball up". When a large ball of solder is

formed is very easily flops over on to the next
strip.
If you start off with a clean board, clean component leads, the right solder and a good solder-

ing iron at the right temperature you can carry
out your soldering with the minimum amount of
solder and hence totally prevent the possibility
of "strip bridging".
The simplest way to "un-bridge" a gap is to
turn the board upside down so that the copper -side is pointing downwards and then very carefully touch the solder blob with the tip of the
soldering iron (from which all the excess solder
has been removed). This method sometimes fails

if there is a lot of charred flux or dirt in the
vicinity of the bridge; what you should do in
these circumstances is remove as much of the
solder as possible by the above method but then
use a sharp knife and scrape down between the
conductor strips until there are no foreign particles to be seen.

CUTTING AND DRILLING

Always finish off mechanical work on the

board before you start electronic assembly i.e.
make sure that you have drilled all the fixing
holes and have removed copper from any areas
where it is not required.
To break a conductor strip at a single point
you can use the special Vero "Spot Face Cutter"
which is rather like a simple hand held end mill

-the spike on it should be inserted into the
hole where the break is to occur and with a

reasonable amount of pressure the tool is turned

and it neatly cuts away a circular piece of the
foil.

To save the cost of this special tool you can

use a 6mm bit hand held (do not use a drill

brace). A twiddle or two with the bit centred on
the hole in question will have more or less the
same effect, but be careful not to press too hard
otherwise you might start drilling through the
board! After having removed material at break

points always check that there are no small
pieces of swarf shorting tracks together!

INSERTING PINS
Whether you use clad or unclad Veroboard, or,

When cutting clad Veroboard to size you

for that matter, make up your own board by
drilling holes in insulating board, you may re-

straggly ends of copper short circuiting the

pin should just enter the hole but the splined
bulk of the pin should not go through the hole.

should use a very fine blade hacksaw and work
from the copper clad side-this stops the sawing
action from ripping the copper away from the
board. If you are cutting across the strips there
is a possibility that you might leave one or two

quire to use pins to support components or take
lead out wires. As we have previously said, you
must make sure that you have the correct diameter pins for the holes-ideally the nose of the

strips. To prevent this you should file or sandpaper a fine bevel down the copper side edge of
the cut.

The trick is to push the splined portion of the pin

Method of breaking the copper strip with a drill
bit held in the hand.

half way through the hole so that it is held

tightly in place by friction.

It is almost impossible to do this without a
tool of some sort. Again Vero Electronics supply a special tool for inserting their own pins
but quite honestly it is so simple that anyone

could quickly make one up at home in a few
minutes. All you need is a hole (the diameter
of the pin) drilled in the end of a 3mm diameter

steel rod. The depth of the hole should be just
under half the length of the pins you intend to
use so that when the tool is used to push the
pin into the hole just over half goes into the
hole and the rest, when the tool is removed, is
left protruding from the surface.
Rather than bother with a handle on the tool
you can use it with the aid of a hammer if you
support the board over the jaws of a metal vice.
FIXING HOLES AND MOUNTING
When planning the position of fixing holes in

copper clad Veroboard you must remember that
the nuts and washers which will be used might

extend over several conductor strips and this
could give rise to short circuits, so it is just as
well to remove all copper in the vicinity of the
mounting holes.

If you have high voltages on the board it is
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Fig. 3 (a and b). Two types of tagboard often
used for construction. Also shown is a typical
component layout.

The Hex mounting pillar's used to hold two
printed circuit boards.

a wise move to remove as much copper as pos-

sible from surrounding areas to prevent the

possibility of arcing or tracking.
When mounting the board into a cabinet you
must use stand off spacers to keep a gap between

the soldering and the cabinet (this gap should
be at least 6mm). If you do not have spacers you

can get the same effect by using a number of
nuts on a long bolt, see Fig. 2.
From time to time readers suggest novel ways

of fixing boards into cabinets and a particularly
good method which sticks in the author's mind
involves the use of plastic binding strips (as used
to hold office reports together). These could be
glued or screwed into position and used for high
density vertical packing of boards. The advan-

tage of this method is that the boards are so

easily removable, simply by sliding them out of
the plastic grips.

I

TAG BOARD

I

type of board which is still very much available

One must not forget the comparatively old

under the name of tag board or group board,

Fig 3. This is a piece of insulating resin bonded
Fig. 2. Mounting a circuit board using spacers
and screws.

paper with solder tags riveted down each edge.

It can be obtained in various widths, various

pitches and there is the option of different sorts
of solder tags. Although we imply various types
are available you will probably find that your
local supplier will only carry one or two alternative styles.
The wider type is very useful because there is
usually enough space- between the rows of tags

to drill holes for potentiometers, switches or

other components which need mechanical support. Although not very practical for larger pro-.
jects this type of board can save an awful lot of
headaches for the smaller constructional job-

particularly those which are wired up for experimental purposes rather than "for keeps".
PRINTED CIRCUIT BOARD
These days one finds it difficult to keep clear
of projects requiring printed circuits. Although
in EVERYDAY ELECTRONICS we tend to avoid

calling up printed circuit layouts, there are

occasions when they can be used to advantagean obvious example is in producing a keyboard
for a stylus type of organ.
Apart from providing a much neater assembly
for an electronic circuit there is a terrific satisfaction to be obtained from designing your own
printed board or even simply copying someone
elses design straight from the magazine. The art
of converting a pen and ink drawing on paper
into an etching on metal is a fascination in itself
and, who knows, if you get good at printed cir-

cuit work you may find yourself starting into

yet another hobby, photo -engraving!
In the following paragraphs we shall describe

a few ways by which you can make your own
etched circuit boards but before you embark
on any of the suggested ways please take heed
of the warning that the process requires the use
of chemicals which could be harmful to health
if taken internally or splashed on the skin or in
the eyes, so we do not recommend that
youngsters be allowed to experiment unless
closely supervised by an adult who fully understands the various warnings.
Everyday Electronics, February 1976
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A printed circuit is a thin layer of copper foil,
bonded to one side of an insulating base, which
has been etched into shape to route electronic

signals around the circuit from component to
component. The components are inserted into
the board from the non -copper clad side of the
board through holes which are drilled in
strategic places.

The major art in producing a printed circuit
is in the original design, to try and get the com-

ponents laid out neatly without there having

to be any cross overs in the wiring. Once the layout has been decided upon (usually as a sketch

on a piece of paper) it has to be transferred to

circuit board.

BOARD MATERIAL

ETCHANT RESIST
To produce the conductor pattern in the copper all that is necessary is for you to put an
etchant resistant film over the areas of copper
which you wish to keep on the board (Fig 4),
and when this is done you remove the rest of

To start with you need a piece of plain copper
clad laminate. This is an insulating board with
a continuous layer of copper bonded all over one

surface. It is possible to obtain double sided

laminate (with copper on both surfaces) but we
do not recommend you embark on this sort of
material as it is difficult to use (even for
specialists!).

The insulating base of the board is usually

resin bonded paper or epoxy bonded glass fibre.

r

Photograph of a finished unit using printed

the copper.

the copper in a suitable etching bath. We recom-

mend ferric chloride solution as being one of
the least hazardous etchants but more will be
said about this later.

The latter is much stronger than the paper

The most difficult choice you have to make is
which type of resist you will use. Some are easy
to use but limit the accuracy of your work while
others are neater and produce a better finish but
require rather more skill in applying and there

is less tendency for the glass boards to de -

photographic techniques. The latter method will

boards but, as you might expect, is somewhat
more expensive. Unless glass boards are specified you can use either type of base material.
Apart from being mechanically stronger there
laminate when soldering and they have rather
better electrical insulation properties.
The thickness of the copper foil has a
relevance to the maximum current that a given
width of track will carry but for most amateur

applications this is not a factor that need be

worried about unduly as most projects involve

only low currents. Thicknesses of foil range

from about 25 microns to 75 microns (1 micron

equals one millionth of an inch). Generally
speaking you can reckon that a 4mm wide

strip to 25 micron foil will carry a current of up
to 5 amps and a similar width strip of 75 micron
foil up to 15 amps.
Fig. 4. Appearance of the printed circuit board
showing masked areas of copper.

is, of course the ultimate method which uses

probably be outside the scope of most of our
readers so we shall not go into details of the
true photo -etching method.
Probably the easiest to

use in the

first

attempts at making a printed circuit board is

ladies' nail varnish. It may need diluting a little
with thinners if you wish to get fine detail but
avoid over diluting as you will impair its resist
capabilities. Use a very fine brush and make sure

that you cover the areas you wish to protect
with a good thick layer of varnish. You should

leave the varnish to go really hard before

attempting to etch.
Alternatively you might prefer to make use
of one of the fibre tipped resist pens which are
now readily available from advertisers in

this magazine. These can be used just like a
normal felt tipped pen but wherever you draw

a line you will be protecting the copper from the
eventual attack from ferric chloride.
The only problem with this type of pen (one

type is called a Dalo pen) is when it comes to
filling in large areas; firstly it is difficult to get
an even coverage over an area and secondly
there is a good chance that the pen will run out
on you half way through! To overcome this use

the pen to go round the edges to get a good
sharp resolution and then use nail varnish to
fill in the large areas.
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by no means critical but it is advisable to make
USING FABLON
solution as strong as possible if you want
A method that will produce very clean sharp the
the etching process to be reasonably quick. We
edges to a layout but requires a bit more skill
suggest you start by mixing about 100 grams
entails the use of Fablon. A piece of white selfof hydrated ferric chloride into 100 millilitres
adhesive film should be stuck to the copper surface of the board and the design drawn on it in of warm tap water; stir thoroughly and when all

pencil. All one then has to do is use a sharp
artists' knife and cut round the perimeters of

the copper areas to remain, removing the Fablon
from the rest of the surface. The material that is
left acts as a very good resist and the knife cuts

round the edges give the appearance of very
high resolution when the circuit is finally etched.

No doubt experimenters will come up with

other possible resists but it should be remembered that whatever is used should be
capable of fairly easy removal (either with a

solvent or by gentle abrasion) after etching has
been completed.

FERRIC CHLORIDE SOLUTION
You should next obtain or make up a solution
of ferric chloride suitable for etching copper. If
you are not chemically inclined you should have

a word with your local pharmacist who will

probably oblige by making up a suitable strength

solution. Alternatively you can make up your

own if you obtain some hydrated ferric chloride

crystals. This looks more like fudge than

crystals and should be crushed up very finely
before trying to dissolve it. This material is
poisonous when wet it is rather harmful to the
skin and has the nasty habit of staining every.
thing with which it comes into contact a bright
yellow colour. The wet crystals also make nasty
stains on "stainless steel" working surfaces and

draining boards so make sure you thoroughly
rinse down any such surfaces with plenty of

has dissolved try and dissolve a further 50
grams.

As the solution becomes stronger it will be
more difficult to get the remaining ferric
chloride into solution. As soon as you notice this

difficulty occurring do not bother to add any

more solid material.
When making up the solution we suggest you

use rubber gloves to protect your hands and it
is essential that you use gloves during the etching process as you may have to dip your fingers
into the solution.

ETCHING TECHNIQUE
To carry out the etching you should preferably warm up the solution and pour it into a
plastic photographic dish or any flat bottomed
glass dish. The board to be etched should be
slid (copper side up) under the surface of the
solution and the surface gently stroked backwards and forwards with a wad of cotton wool.
The process of etching with ferric chloride is
not the normal acid erosion one expects. The
process is one of replacement where the copper
reacts with the ferric chloride to form copper
chloride and the iron in the ferric chloride is
deposited as a fine sludge on the surface of the
copper. Brushing the surface with cotton wool
removes this sludge and exposes a fresh surface
of copper. The board after etching is shown in
Fig. 5.

It is difficult to say how long the etching process will take but be prepared for it to go on for

water if you happen to drop any.
You should use plastic or glass vessels to mix
and store the solution which should be made up

five or ten minutes. Should it take longer you
either have to warm the solution up a bit or

Fig. 5. Illustration of part of a printed circuit
board after etching.

solution several times but remember that it will
gradually get weaker and there comes a point
when you just have to discard it as the etching
time becomes too protracted.
When etching is completed, rinse the board

to be quite strong. The actual proportions are

increase its strength. You can use the same

well and then remove the resist by using nail

varnish remover (if you used nail varnish in the
first instance). Gently abrading with fine wire
wool will remove other forms of resist, e.g. Dalo
pen markings, and will help remove any traces
of stickiness that may be left after stripping off
the Fablon if you used the last method.

It only remains to drill holes for the component leads, and the printed circuit board is
complete.

A 1/32 inch or comparable size drill should
be used to drill the holes. The board should be
clamped down, drilled from the copper side and
only a small length of the drill should protrude
from the chuck to avoid breakages.
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over, at low frequencies, traffic

noise in the street outside made
measurements

impossible,

and

the same thing happened at high

frequencies. Also a massive dip in
the speaker's apparent bass
response around 60-80Hz suggested that bass was being soaked

up, probably by a wall cavity or
stair well. Not surprisingly, the
final results were wholly unusable

as a guide to the performance of
the speaker combination under
test.

To be usable, the tests would

have to be re -run in a sound -proof
anechoic chamber using pink

By ADRIAN HOPE
RECENTLY we looked at the, as
yet, largely unrecognised
problems of thyristor interference

to medium and long wave radio
and mains

intercoms.

In fact

thyristor controls are odd things
in

more ways than

this. As

explained, they work by chopping

up the mains wave form so that
only a part of each half cycle gets

through to the load. Thus the
frequency stays the same, but
there is more or less energy in

the wave form and thus more or
less power available for the load.
It follows that (until the power
is reduced to zero or thereabouts)
a thyristor control should have
no effect on a synchronous motor
because its speed is governed by
the supply frequency. But have
you ever tried using a full wave
thyristor control on a shaded pole
synchronous motor, such as a fan?

If you haven't, give it a try and
surprise yourself. The chances are

that you will find the thyristor
control gives smooth variation of

the motor speed, from more or
less zero r.p.m. right up to full
speed. I still haven't worked out
a really satisfactory reason why.
but doubtless a reader somewhere
will be able to enlighten me!

Speaker Testing
A fairly elaborate test

with

brought some interesting audio
morals and lessons to light. The
requirement was to check how a
particular bass and treble unit
behaved together in a loudspeaker
cabinet with a trial crossover
unit. The combination as a whole

sounded good, but, in an effort
to qualify results, we rigged a
102

tones were fed to a high quality,
high power amplifier (Yamaha

the speaker
combination. To check that the
speaker was receiving constant
power at all frequencies, a twin
beam oscilloscope was also fed
CA1000) to drive

by the amplifier, with one beam
set to display the sine wave and
the other set as a rail to define a
constant, power level.

The sound level of each tone
reproduced by the speaker was
read with a Castle CS17A precision sound level meter (using
the C scale and with necessary
additional corrections made to
convert its readings to the linear
scale). I mention these details
simply to show that the test was
conducted carefully, rather than
casually. But, as it turned out,
we might just as well have been
and the reasons why
serve as a warning to anyone who
pontificates in ignorance on how
casual,

a loudspeaker "sounds" to them.

Environment
Because constant

which I was involved recently

precision test.

An elaborate oscillator was used
to produce a string of steady
sine wave tones over the full
audio frequency range, and these

sine wave

tones were used in a domestic
room (rather than an anechoic
chamber) standing waves built
up at some frequencies. As a
result the meter could be persuaded to read almost anything
we wanted simply by moving it
slightly to one side or another,
into and out of the nodes of the
standing wave.

Even the movement of people
in the room, well away from the

meter,

produced

substantial

differences in its readout. More-

noise or gliding tones. But think
about the significance of that last
remark. When you or I listen to

music at home, we do so under
just those circumstances under
which our failed test was run.

And modern music contains
plenty of steady tones for instance
from guitars and electronic instru-

ments. So what you hear from a
loudspeaker

in

a

domestic

environment depends far more
on factors like the position of the

loudspeaker and the listener in
the room than many

people

imagine..

It is a brave, or more likely

foolish, man who will listen to a
domestic hi-fi loudspeaker setup
and condemn it for audible peaks
and dips at some frequencies. So

next time you feel tempted to

criticise a system for being "thin
in the base" or "squawky in the
mid range", or "shrill at the top"
think hard before you open your
mouth, because you may well end
up putting your foot in it.

Digital Timer
Here's a final thought for the

month. The electronic world is now

knee-deep in digital clocks such
as desk -top or wall timepieces,
alarm clocks or radio alarm
clocks. But so far no one seems to
have marketed what would be far

more use than all the other types

put together - namely a time

switch with digital readout and
controls.

The necessary technology must
already all be available, because
a digital alarm clock or radio works

in this way. So will some enter-

prising manufacturer please string
the necessary chips and com-

ponents together and market a
time switch that is accurate, not
to the nearest five minutes, like

some of the mechanical ones, but
to the nearest second.
Everyday Electronics, February 1976
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the line
rod, put sit
back
aid; rest your unit
a nd
A fisherman'scontacts on the bite an audible
through theWhen you get a
and relax.
immediately.
alarm will tell you

Old or new, your car could profit

from this simple to build electronic
rev. counter. Uses a 270 degree

meter to provide
finish.

Phone Bell
Repeater

a

professional -

If you work in your garage,
shed, garden or even parts of
the house where you cannot

hear the phone ringing, this
simple project will overcome

the problem.
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'MB 0 I' 0 NE
AUDIO
OSCILLATOR
By G. C. GOOCH
A versatile audio oscillator for a variety of applications.
THE device to be described is built around an
inexpensive digital integrated circuit, which

together with a few additional components

makes a simple but versatile two tone oscillator
suitable for a variety of applications, e.g. door
"bell", intercom call tone generator, alarm cir-

cuit for electronic digital clocks, klaxon horn
for model fire engines, trains. etc., or even as
an excess voltage alarm.

OSCILLATOR CIRCUIT
The circuit, shown in Fig. 1, is built around an
SN7413 dual 4 input NAND Schmitt trigger, one
Schmitt wired as a switchable frequency audio
multivibrator and the other as a low frequency
tone switching circuit.

The audio multivibrator has two timing networks Cl/R1 and C2/R2. When running, the
frequency of operation is determined largely .by
the Cl/R1 combination until it is rendered inoperative by the tone switching circuit holding

Cl although at a lower
frequency.
The tone switching multivibrator is unusual in

that the charging current for the timing capacitor C3 is derived entirely from the i.c. input.
Diode ry2 prevents any charging of this capacitor

through R3 but allows it to discharge normally
after the Schmitt output drops to 0. This
arrangement gives the lowest possible operating
frequency for a given size capacitor, consistent
with a fairly even mark/space ratio.

The diode D1 isolates the audio oscillator

stage from the switching circuit until the switch
output goes high.

COMPONENT VALUES
No difficulty has been experienced by the
author in the use of 470 ohm resistors for R1,
R2 and R3 but it is possible that with same i.c.s
these resistors may have to be lowered slightly

the appropriate gate input positive at which

in value to ensure reliable oscillation. Do not use
values lower than necessary.

time C2/R2 will take over as timing components
at a lower frequency.

approximately 650Hz and 950Hz with a switching

At switch on, Cl and C2 (connected to
separate inputs of Schmitt A) will be at zero

voltage (logic 0) and the output will be at logic
1, allowing both capacitors to begin charging
through their respective resistors. Capacitor Cl
will charge to logic 1 first because of its lower
capacitance.

No change will occur in the output until C2

I

the same way as

With the component values given, tones of

speed of 1Hz will be generated. The pitch of
either tone can be raised or lowered by using
smaller or larger capacitors respectively for Cl
or C2 or raised by increasing the resistors R1

or R2. The amount by which these resistors can
be modified is dependent on the characteristics
of the particular i.c. used, a typical maximum
is around 1 kilohm.

rises to 1 as well (NAND action) when the output

will switch to 0 and both capacitors will begin

ESTIMATED COST*

logic 0 which will switch the output before C2
can drop below the logic 1 level. The capacitors
will then both begin charging again.

OF COMPONENTS
excluding V.A.T.

to discharge. Capacitor Cl will discharge to

It will be seen that once charged C2 will
on operation until Cl is held positive by the

remain at the logic 1 level and will have no effect

switching circuit which will allow C2 to drop
to 0 and then continue to control oscillation in
104

£2.00
*Based on prices prevailing at
time of going to press
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The discharge resistor R3 in the switching
circuit is chosen to give an even mark/space

MARK TO SPACE
If the value of C3 is reduced to around 10014F

a warble effect will be produced. This will be
found preferable in applications requiring short
bursts of operation, e.g., door bell circuit, etc.

Components ..
Resistors
R1

R2
R3
R4
R5

47052
47052
47052

2.2kfl

Mal§

C3
C4
C5

2.2,uF elect. 6V
3-3,uF elect. 6V

470uF elect. 6V
33pF elect. 6V
150,uF

this component to ensure correct working of the
switching circuit. In this event the mark/space
ratio may be restored at the expense of higher
frequency working by connecting a suitable
resistor (typically 10 to 20 kilohms) between the
positive end of C3 and the positive supply line.
of C3.

Incidentally, if capacitor Cl and resistor R1
are removed and a jumper wire used to replace

diode D2, the circuit will operate as a single
tone "bleeper".

Capacitors
C2

slight alteration in value to achieve this end.
It may also be necessary to reduce the value of

In this case the frequency may be reduced to
the former value by increasing the capacitance

see text
R6
see text
All 10/1/ J- 10% carbon
C1

ratio to the switching waveform, and may need

elect. 6V

Semiconductors
D1 -D4 0A91 or similar germanium diodes
(4 off-see text)
TR1
BC108 silicon npn
IC1
SN7413 dual 4 input NAND Schmitt
Miscellaneous
LS1 35 to 75 ohm miniature loudspeaker
Veroboard 10 strips by 24 holes by 0.1 inch
matrix, 14 pin d.i.l. i.c. socket, 4-5V type 1289

battery, connecting wire, any small plastic
case if required.

The oscillator may be switched on and off
either by switching the supply current or by

taking one of the unused inputs of Schmitt A to
a logic 1 or 0 source and leaving the supply line
permanently connected. The latter method will

be found the most convenient if the unit is to
be used in connection with digital circuits or
as an excess voltage alarm as will be described
later.

OUTPUT STAGE
The output stage is designed to draw no

power until the oscillator is working. This keeps

the quiescent current in applications utilising
the gated input mode of switching to a minimum (approximately 14mA).
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TO MONITORED
VOLTAGE

TO POSITIVE
LINE

TO GATE INPUT

(PIN 2)

TO NEGATIVE
LINE

*SEE TEXT

Fig. 2. Input gate circuit for an excess voltage
alarm.

Under "off" conditions the output of Schmitt
A will be high which would result in the continual saturation of the output transistor if C4
was not included in the circuit to block the d.c.
path from the i.c. output.
At the commencement of oscillation the out-

put drops and the charge on C4 is effectively
shorted by D3. The following rise in output
voltage is then transferred via C4 and R4 to the

base of TRI. The input to TRI will thus be a
train of positive pulses identical to the output
from the i.c., which will be amplified by TRI
and fed to the loudspeaker at the collector of
this transistor.
If the on/off switch is included in the power
supply lead, C4 and D3 may be omitted and the
free end of R4 connected directly to the i.c.

If a higher power output is required any

appropriate amplifier with an input impedance
of

2

kilohms or greater can be connected

directly to the i.c. output and the existing output
stage may be dispensed with.

EXCESS VOLTAGE ALARM
As oscillation can be initiated by a positive
voltage applied to an input that is normally held
at a low potential, it follows that if a voltage
divider is connected across that input (see Fig.

Photograph of the completed unit.

but a suggested layout is shown in Fig. 3. The
use of an i.c. socket is recommended but is not
essential if care is taken during soldering and
a heat shunt is used on the i.c. pins. Care must
also be taken while making all solder connections, not only to prevent damage to the components but also to the copper strip which can
be detached from the board by excess heat.
All components are mounted vertically, with
the exception of C3 and C5, on the plain side
Fig. 3. Layout and wiring of the components
mounted on the Veroboard.

2) any voltage in excess of a predetermined level
can he made to give an audible warning. Diode
D4 is to prevent the maximum gate input voltage

being exceeded by clamping the gate input to
the positive line.

The values of the divider resistors are best

found experimentally, resistor R5 being just low

enough to prevent oscillation and R6 to give
the required voltage detection. Considerable
differences in value will be found with different
i.c.s and preset potentiometers may be used to
advantage.

Voltages much below

5

detected by this arrangement.

volts cannot be

0 00
o
0
o

00

0 0 0 0000000000

00

-----0

0

a
0

a

CONSTRUCTION
The prototype was constructed on a piece of
0.1 inch matrix Veroboard 10 strips by 24 holes.
The layout of components is in no way critical
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of the board and solder connections made as

required on the copper strip side. The necessary
breaks can be made in the copper strips either
with a special spot face cutter, a 5mm twist drill
or even a sharp craft knife.

It will be seen that in the suggested layout

one of the unused Schmitt inputs (pin 1) is con-

nected to the positive supply instead of left

floating as in the circuit diagram. This is done
simply because pin 1 is over the positive supply
strip and as a gate input taken to the positive
line has the same effect as if left floating, no
change in performance will be made. Pins 11
and 4 are also connected together but this will
have no effect because pin 11 is not connected

Although all the capacitors in the circuit are
shown as 6 volt components, due to the lack of
availability of low capacitance/low voltage electrolytic capacitors, components with a much

higher working voltage may have to be used
especially for Cl and C2.

The input gate connection may be used with
the circuit of Fig. 2 or left disconnected if the
supply line is switched.

internally to the i.c.
The recommended supply voltage for the i.c.

(5V) should not be exceeded by more than a
few per cent and operation from a 4.5 volt
supply will be quite satisfactory. Battery operation from a type 1289 battery will therefore be
very straightforward.

11

Photograph of the Veroboard layout.

needs 500 volts d.c. today? I am

5.

sure you are all familiar with
valves, and so there is no need

fr

yY'Mf4:#

for me to make a comparison in
size

with

transistors. Coils in

screened cans have shrunk from
about 40 x 40 x 100 mm to 10 mm

14.2
t6Ngq

cubes. Perhaps the item that has
changed the least is the air
spaced variable capacitor, which
is understandable as the size is
dependent on the air gap.

It can be fun to see what our

SOMETIMES when I write this

have to remember
the approximate date that you
will be reading it. This one is a
article

I

case in point, because you will be

reading it (I hope) in January
1976, and therefore it would be
timely to wish you all a happy
and prosperous 1976. At first I
did think of writing to tell you
what your new year's resolutions
should be, but apart from sug-

electronics world everything is
getting smaller and smaller. You
lucky people! I say that quite
seriously, because in the last
fifteen Years the diminution of all
components has been unbelievable.

Let me cite a few examples:

twenty years ago all our resistors

were one watt (never less) and

and that you should all write to

were about 35mm by 8mm. They
were in fact capable of carrying
a 100 per cent overload and
would therefore be classified today as two watts. The construc-

the creek, no paddle and four

could use.

gesting that you read Uncle Paul's
articles every month without fail,

the editor and tell him how much
you enjoy them, I could think of
nothing else to say, and I was up
hundred words still to go.

of that era would have to
stock a selection of these and
there was nothing smaller he
tor

A sixteen microfarad electrolytic capacitor measured 115 by
30 mm and today's equivalent
measures 10 by 8 mm. It is only

This started me thinking about
filling up space, and by natural
progression, I came round to
thinking that in the modern
fair to add that the first one
world, space is at a premium.
would carry 500 volts and the
How fortunate it is that in the
second only 40 volts, but who
Everyday Electronics, February 1976

fathers had to contend with.

although it means a visit to the
Science

Museum.

Coils

were

about 45 by 10 cm and capacitors

were large glass jars covered in
tin foil, in fact the early units of

capacitance were known as "jars"
not farads.
Valves were, I believe, about
the size of 150 watt lamps. However, let us look forward, instead
of backwards, and rejoice in our
good fortune. Instead of needing
a large room for our hobby, which

few families can spare, we only

need the occasional use of the

kitchen table. Already i.c.'s have
once more dramatically reduced
sizes, and it seems we may soon

have to do all our constructing

under a magnifying glass, a
prospect us older generation
cannot view with equanimity, but

for the rest of my readers 1976

and beyond looks truly exciting.
Happy constructing in the
coming months.
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INTRODUCING AMATEUR ELECTRONICS
By Ian R. Sinclair
Published by Fountain Press, Argus Books Limited.
Station Road, Kings Langley, Hertfordshire, England.
Size 79 pages, 21.5 x 14 cm approx.
PRICE £1.25

A good book for those interested in getting a quick
start in understanding simple transistor circuits
and also in basic techniques such as soldering. The

greater part of this easy to read book is taken up
with basic theory and the operation of simple circuit
blocks.

9 MADE IT MYSELF"

Imagine the thrill you'll feel ! Imagine how impressed
people will be when they're hearing a programme on a
modern radio you made yourself.

Now! Learn the secrets of radio
and electronics by building your
own modern transistor radio!

This is not a book that will show you how to

build various projects, but it will give a good background to the subject and is suitable for the complete
novice. However, I feel it could have been much

more helpful had the "Bare Essentials" chapter

been expanded to give more information on basic
construction techniques.

Well illustrated and laid out but, like most of the
electronics books, rather expensive for its size.

Practical lessons teach you sooner
than you would dream possible.
What a wonderful way to learn-and pave the way to a
new, better -paid career! No dreary ploughing through
page after page of dull facts and figures. With this fascinating
Technatron Course. you learn by building!
You build a modern Transistor
. . a Burglar Alarm. You

Radio .

learn Radio and Electronics by
doing actual projects you enjoymaking things with your own

ELECTRONIC TEST EQUIPMENT

hands that you'll be proud to own!
No wonder it's so fast and easy to

By Harry T. Kitchen.

Published by Fountain Press, Argus Books Ltd.
Size 200 pages, 22cm x 14cm.
Price £4.50

This book is the work of an enthusiast who draws
upon his extensive practical experience as a designer
and constructor to impart to his readers basic facts
about instruments and sound advice concerning their
selection and use.
The book starts off with moving coil meters and
provides a thorough treatment of principles of

operation and practical aspects of extending ranges
through the use of shunts and multipliers. Then the
following kinds of electronic instruments are

learn this way. Because learning

becomes a hobby! And what a
profitable hobby. Because opportunities in the field of Radio and
Electronics are growing faster than
they can find people to fill the jobs!

No soldering - yet you
learn faster than you
ever dreamed possible.
Yes! Faster than you can imagine.

you pick up the technical know
how you need. Specially prepared
step-by-step lessons show you how

to read circuits-assemble components - build things - experi-

covered: electronic meters, a.f. oscillators, r.f.
oscillators, attenuators, and oscilloscopes. The

ment. You enjoy every minute of it!
You get everything you need.

level higher than that of the kind of reader this

the

explanations of electronic circuitry are somewhat
sketchy and often assume a theoretical knowledge

book is chiefly aimed at. But in matters of handling
and usage, the book serves as a good introduction
to the various kinds of instruments commonly
encountered or likely to be needed, and points out
their merits and demerits and brings out quite
clearly the essential factors that must be taken into
account when considering their purchase and use.
Representative examples of commercial instru-

ments are mentioned with perceptive comments

based upon the author's own practical experience as

a user. The author's enthusiasm for his subject is
conveyed through the matey tone of his writing, and
clear evidence of his own practical involvement is
provided by several home made instruments referred
to.
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F.E.B.

Tools. Components. Even a versatile Multimeter that we teach you
how to use. All included in
course.

AT NO EXTRA

CHARGE! And this is a course
anyone can afford. (You can even
pay for it by easy instalments).

POST
TODAY FOR

FREE BOOK

,,",

So fast, so easy,

this personalised course
will teach you even if
you don't know a thing
today!
No matter how little you know
now, no matter what your background or education, we'll teach
you. Step by step, in simple easy to -understand language, you pick

up the secrets of radio and electronics_

You become somebody who makes

things, not just another of the

millions, who don't understand.
And you could pave the way to a
great new career, to add to the
thrill and pride you receive when
you look at what you have

achieved. Within weeks you could
hold in your hand your own tran-

sistor radio. And after the course

you can go on to acquire highpowered technical qualifications.
because our famous courses go
right up to City & Guilds levels.

Send now for FREE
76 pgae book - see how
easy it is - read what
others say!
Find out more now! This is the

gateway to a thrilling new career.
or a wonderful hobby you'll enjoy
for years. Send the coupon now.
Theft', nn obligation.

To: ALDERMASTON COLLEGE
DEPT. BEE85 READING RG7 4PF

Also at our London Advisory Office.

4 Fore Street Avenue,
Moorgate, London EC2Y SEJ. Tel: 01-628 2721.

Yes, I'd like to know more about your course. Please send

me free details-plus your big, 76 -page book that tells
about all your courses.
NAME

ADDRESS

POSTCODE

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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this,

I am holding part of

Ventilated Postman!

a

potentially dangerous circuit, i.e.,

II

MS'

IMF
Guitar Shocks
As a newcomer to electronics
I am writing to your magazine in
the hope of some advice.
Just recently I have been put-

ting together an "effects unit"

consisting of Waa Waa, Phaser,

Ring Modulator, etc., for use with
my electric guitar. The power to the
modules used needs to be 9 volts
or 12 volts (it makes no difference)
and all are wired negative to

earth. Not wishing to use batteries I want to use some kind
of mains driven power supply. I

the strings on my guitar which,
via the bridge, is connected to
the circuitry of the instrument. I

May I through your columns
appeal to your readers for help,
or pose a challenge to circuit de-

In view of this I would be very
grateful if you could suggest a

is one continual threat to my

signers who may read this.
In my job as a postman, there

don't want anything to go wrong!

safety --dogs! The latest sport it
seems is to stand on one's doorstep and laugh as "Rover" provides extra ventilation to the
postman's uniform. The public
love it-so do the dogs! Needless
to say, I don't. I seek a deterrent.
I want to build a "magic box"

power supply available that could

be built into my unit. Also will
the power supply I use need to be
earthed? If so then I envisage

earth hum loops and was told it
is safe to disconnect one of the
mains earths either from the
unit or main amplifier. Is this

which will oscillate at a frequency
disliked by dogs (but not to harm
them) and will keep a vicious dog
away from the user. Similarly

safe? I thank you for your time.

R. T. Axon

Southport.

supply or "battery eliminator"

this must be a fairly simple device. It would certainly be a
golden asset to me, and my col-

former to provide complete isola-

a circuit, or where I could get

The thing to check is that the

employs a double wound trans-

leagues. If anyone knows of such

tion from the mains-this can be
done by contacting the manufacturer or distributor. If a supply
is constructed a double wound
transformer must be used.

more information. I would be
interested to hear of it.
Many thanks for your excellent
magazine. I hope you can help by
printing this letter.

be earthed

P. D. Hobday,

sell for use with their calculators,

the amplifier to avoid hum loops,

the mains and possibly dangerous.

not earthed until the lead is connected and that the lead must be
kept in good condition. The obvious dangers with this type of
arrangement can be overcome by
connecting the d.c. supply to the
effects unit via the same plug as
used for the output to the ampli-

We sympathise with you and
other postmen and hope that dog
owners who read this will take
note and keep their "best friend"
under control when the postman

was contemplating using the 9
volt power supply that Sinclair
partly because of its small size
which is necessary to my needs
and also because it doesn't generate much heat even after long
usage, until I read your June '73
project on the Mini Organ and
the bit about some battery eliminators not being isolated from
If

I am correct in assuming

The circuit

S.Devon.

but this means that the unit is

is around.

We regret that we are unable

to help you with the "magic box"
you need, perhaps other readers

can and will let us know. (How
about a chain -Mail uniform?)

fter.

CIRCUIT DECKS
We recently published a note concerning the
supply of Teach In 76 Circuit Decks by Mr. B. H.
Malme, "Newhaven", Mill Lane, East Runton,
Cromer, NR27 9PH. Mr. Malme tells us that he has
sold well over 100 decks and kits but that he is now
forced to omit the base panel in order to keep to the
original price, this is due to cost increases.

We would like to point out that the deck is not
constructed in exactly the same way as that showr
in the October '75 issue but that it is quite suitable
for the purpose, arid at £2.80, varnished and inclusive of postage etc., is very reasonably priced
(the kit is £1 .75 ready to assemble). Supply of the
deck may take a few weeks due to delays in delivery
by BRS Parcels Ltd.
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can

through the connecting lead to

COLOUR CODE
I am writing this letter to you to ask for your help,
my problem is that do not understand the reading
of resistor values by the colour code. My problem
I

is how do you get the points in the values like a
1.8k12 and how do you not mistake it for a 18k0
resistor; also if you had a box of unknown resistors

how would you know or find out if they were kW
carbon or +W and so on.
R. Chick
Newcastle-upon-Tyne 4
The number of noughts on the end of the resistor

value and thus the placing of the decimal point in
kilohm and megohm values is determined by the
third band. Thus red red red =2200 or 2.2k0.
The wattage of the resistor can only be determined
by knowing its form of construction and its physical
size-you will get to know this in time.
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ELECTROMIC
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By 0. N. BISHOP
snoozes peacefully all day, con-

WATCHDOG
suming a current of only 1.5 milliamps.

With his one eye he watches darkness come in
the evening, and the brightening sky of dawn.

The day may be sunny or dull, yet he never
stirs. But if there is some rapid change in the
scene, perhaps a person walks by, or an object
is taken from his view, or a light is shone on

him, then the Electronic Watchdog springs
instantly into action, giving out a loud whine!

OPERATION
Most light -triggered devices are set to operate

at a definite light level. They switch on room
lights at dusk, or sound an alarm when a beam
of light is interrupted by an intruder. The light
beam must come from a constant light source;
if daylight or room lights are used the alarm
is triggered at dusk or when the room lights
are switched off. Even a cloud over the sun can
set off the alarm.
The Electronic Watchdog is different because

Don't be deceived

it does not simply rely on light level. It is not

...

triggered by slow changes of light such as

may look asleep but

occur at dusk or dawn, or when clouds pass by.
It responds only to rapid changes, such as might

slightest movement
arouse "'him"

occur when a person passes between it and a
window or a room lamp, or when a torch is

shone on it at night-or even a single match
struck a few feet away.

The device responds to many kinds of movement in its vicinity, for a moving person or

object nearly always causes an alteration in
the balance of light and shade sufficient to

ESTIMATED COST*

OF COMPONENTS

sed in a game of skill, as described later.

including V.A.T.

£4.20
excluding case
*Based on prices prevailing
time of going to press
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trigger the circuit. It can look out for intruders,
spot the car headlamps of expected guests, or
keep guard on almost any object. It can even be

T DETECTOR
unit uses a light -dependent resistor, or
a

ductive cell (PCC1) wired in series

esistor to make a potential dividing
Fig. 1.

111

+9V

470ki2

OV

OV

Fig. 1. Potential divider circuit.

Fig. 2. Basic response

circuit.

As light intensity increases, the resistance of

PCC1 decreases, and the voltage at point A
therefore increases. Voltage at A is about 0.1
volts in darkness, and rises to about 8.5 volts in
bright sunshine.

The next stage in the circuit is designed to
respond to rapid changes in this voltage, even
though these changes may be relatively smallof the order of 0.05 volts.

If the voltage at A (Fig. 2) rises there are
corresponding rises at B and C. Voltage at C

rises virtually at once, but the rise at B is
delayed.
For the voltage at B to increase, the charge on

the capacitor must be increased, and this can
only occur by current flowing from A through
the

high

value

resistor.

This

takes

an

appreciable time. The voltage at B rises more
slowly than that at C; the result is that, for a
short period after A has risen, the voltage is
higher at C than it is at B. If A changes slowly,

the charging capacitor more -or -less keeps pace

with the rise in voltage, and C is only slightly
higher than B. If A rises rapidly, the lag at B
produces a bigger difference between B and C.

The more rapidly A rises, the bigger the
difference between B and C.

DIFFERENTIAL AMPLIFIER

Next we have to detect and amplify these

Fig. 3. Differential amplifier circuit.

output of the amplifier, which remains at zero.
It is only when a rapid increase of light occurs,
and A rises, causing C to be greater than B, that
the output of the amplifier increases.

The gain of the amplifier is 330 with the

resistor values shown in Fig. 3. This means that

the output voltage is 330 times the difference
between input voltages (subject to a maximum

of about 7 volts, set by the voltage supply of the
circuit). So to get an output of 1.5 volts, which

is what is required to trigger the next stage,

the difference between the inputs need be only
1-5/330 volts, which is less than 50 millivolts.
This explains the high sensitivity of the device.
Consider what happens as light intensity falls.
In brief, the reverse of the above occurs. Voltage
at A drops, the capacitor discharges. This takes
time, so for a period, B is higher than C. The
difference between C and B is negative, and the

output of the amplifier is negative (less than
zero volts). Though it is possible to devise a
circuit which is triggered by a negative -going
output, it is easier to make one that is triggered
by a positive -going output. The circuit used in
the Electronic Watchdog responds only to
positive going outputs, and this simplification is

no great loss, for usually a movement in the
vicinity of PCC1 will produce both decreases

and increases of light intensity-often many
fluctuations in succession-and the alarm will
be triggered.

voltage differences. To do this we use an operational amplifier connected as a differential

amplifier, as shown in Fig. 3. Whenever the

voltages at the two inputs are equal (zero

difference), the output voltage of the amplifier
is zero. If input voltage at C is greater than input
voltage at B, the output voltage is greater than

zero. In other words, the output voltage is

proportional to the difference between the input
voltages. Note that it does not matter what the

voltages are; if B is 1.1V and C is 1.2V
(difference is 0.1 volts) or if B is 6.75V and C
is 6.85V (difference is still 0.1 volts) we get the
same output from the amplifier. If B and C are

both equally low in dim light or both equally
high in bright light, this has no effect on the
112

TRIGGER CIRCUIT
The "trigger circuit" can be seen on the com-

plete circuit diagram shown in Fig. 4. The output

of IC1 passes through a resistor to the gate of
the thyristor, CSR1.

No current passes from the anode to the

cathode until the gate is made more positive
than the cathode. This happens when the
amplifier output exceeds about 1.5 volts. After
this has occurred, current will continue to flow
through CSR1 even when the amplifier output
returns to zero, or becomes negative. The effect
of the thyristor operation is that on a positive
Everyday Electronics, February 1976
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LIGHT
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DIFFERENTIAL
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TRIGGER

j

OSCILLATOR/OUTPUT

1

SKI *

.
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V.-41

R2

RS

470k1

?Oka

...A.AArLit_iss.A/v.
R3
470k12

0
IS1a

52
RESET

R6
3.3A1.12
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7

CIRCUIT

CSRI

IC1741
3

AC)

R7

RI3

+

r--, C2

R1

CR1 401C

k

P5ka

4

TRI

8.2ka

252646

50,4iF

10k12

b2

3.3M12

R9 4.1°
56032

b1

RL A
1

TW
C3

04)/F

-P
I

LS1

60a

* SEE TEXT

82 '3V

Fig. 4. Complete circuit diagram of the Electronic Watchdog.

output from the amplifier, current to the

oscillator (and relay) is switched on, and con-

tinues to flow until the circuit is broken by
pressing the reset button, S2 (thereby turning
off CSR1. Once the alarm is triggered it will
sound until it is reset.

Note that power supply to the oscillator is

provided only after triggering, so saving current
and allowing the unit to be run for long periods
without exhausting the batteries.
OSCILLATOR
The oscillator is built around a unijunction
transistor, TR1. The resistance between b2 and
bl is about 9.1 kilohms, allowing little current
to flow through the loudspeaker. Instead, current

flows through R8 and charges C3. When the
latter has charged to about 7 volts there is a
"breakdown" between the emitter and the base

of the transistor. A burst of current flows
through the emitter, through the base to bl,

and then through the loudspeaker. This flows,
discharging the capacitor, until the voltage at
the emitter has fallen to about 2.5 volts. The

flow then stops and the capacitor recharges
again. The charging and discharging occurs
several hundred times a second, the rate depend-

ing upon values of R8 and C3, and the intermittent current through the loudspeaker produces the required alarm tone.
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CONSTRUCTION
The Veroboard layout is shown in Fig. 5; the

copper strips need to be cut between the

opposite pins of the IC1, but not elsewhere. As
wiring proceeds, make temporary connections
to the Veropins for testing purposes. All voltage

measurements are made with the negative

terminal of the testmeter connected to the 0 volt
line (bottom strip of board). First mount PCC1
and R1; check that the voltage at their junction

is almost nil in darkness, and rises to about
8 5 volts in bright sunshine. Then wire up the
resistor -capacitor network, and check variation
of voltages at the upper ends of R2 and R3.

You will not be able to check if one lags
behind the other until IC1 is connected, so
mount this next not forgetting its feedback

resistor R6. Then check its output voltage. Place
your hand over PCC1. Output should go negative
(below zero on your test -meter), but after about
a second return to zero. When you remove your

hand quickly it will swing up to 3 or 4 volts,
then fall quickly to zero. See how little the
voltage increases if you move your hand away
slowly!

Next assemble the oscillator (R8, R9, TR1, C3).

Connect the loudspeaker temporarily and wire
the b2 connection of TR2 temporarily to the plus
9 volt supply. The oscillator should now work.
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Fig. 5. Layout and wiring of the complete unit.
Everyday Electronics, February 1976

If you like, you can adjust the pitch of the note
by altering R8, but if you alter it by too much
the oscillator will not function.

Finally mount C2, R7, CSR1 and the reset

button. The unit may then be given its final test
before fixing it in its case. The board is mounted
with PCC1 at the bottom, in line with a hole in

the case, so that it will come to be close to
whatever surface the unit is stood on. Thus,
small objects may be placed in front of the hole,
and if they are taken away the alarm will sound.

RELAY OPERATION

To obtain a really loud alarm the thyristor

is wired to a relay, as shown in Fig. 4. This can

be additional to the oscillator or instead of it.
In the latter case, you can then omit R8, C3,
TR1 and LS1. The relay can then be wired to
switch on an electric bell (or bells) when its
coil is energised. The bell can be driven from
a heavy-duty battery or a mains -powered bell
transformer. If required the bell and its power

The relay can also be used for switching on
( or off) any other electrically powered devices
such as lamps, motors, audio equipment, model

locomotives or cars, or projectors. The relay

switch contacts are able to handle mains current,
so mains -powered equipment can be switched

in this way. But the inexperienced constructor
should beware of attempting this, for there is

not only the chance of accidental damage to
components but also the serious risk of electric
shock.

Those who have some experience of wiring
relays into mains circuits will be able to find
many applications for the Electronic Watchdog.

It can be used to switch on a porch light or
garage light in response to the headlamps of
an approaching car. It can switch off the radio
when someone picks up the telephone. It can

be used by infirm persons or operate many
electrical devices such as a bedside lamp, a

supply can be at some distance from the Watchdog, where the alarm can be more easily heard

radio, or a room heater. In these applications it
must be remembered that the device will only
trigger the switch once-the reverse condition
has to be obtained by pressing the reset button.
Thus the main applications for this device are
where once -only switching is required-alarm

ensure thyristor "latching".

systems and fail-safe systems.

and is safe from tampering by the intruder. If
a relay is not fitted R9 should be inserted to

Components

EXTERNAL PROBES
Additional photoconductive cells may be connected in parallel with PCC1. Increase in light
intensity
a change of voltage which triggers the circuit.

Resistors

photocell inside to give a compact device, it

R1

10kS2

R2
R3
R4
R5

4701d2

470k.0

3.3Mi-2

Although the prototype was made with the

R6
R7
R8
R9

3-3M.Q.
1.51d2

might be essential to have one or more external
cells, connected via SK1. When the alarm sounds
an intruder could quickly switch it off, but if the

8.2kO
56052

10ki-2

All IW -L10% carbon

Capacitors

(IOIIS

C1

0-56pF tantalum or polystyrene

C2
C3

50pF elect. 12V

33S

0-1pF plastic or paper

Semiconductors
PCC1

ORP12 or similar photocell

IC1
TR1

741 op. amp i.e.
2N2646 unijunction
CR1 401C or any 50 p.i.v. IA thyristor

CSR1

Miscellaneous
SKI miniature jack socket and plug to suit

d.p.s.t. toggle switch
s.p. push to break pushbutton
B1, 82 9V PP6 (2 off)
LS1 35 to100 ohm loudspeaker
RLA1 18552 6-12V relay with normally open
contacts (rated as required) Type MH2 or
similar
6BA fixings, Veroboard 34 holes by 24
strips, case 150 x 110 x 40mm, connecting
S1

S2

wire

cell or cells are unobtrusively located around
the house, and the rest of the circuit is in some
place where it can be heard (bedroom, kitchen,
office) there is less chance of interference.

For other purposes the internal photocell is
more convenient-the unit can be placed so that
it is "looking" down the drive to watch for the

milkman, or to detect an approaching car. It
can be put on the ground to sound when the
cat comes in. If the unit is placed hole downward, it is a game of skill to lift it so slowly
that the alarm is not triggered.
The device can also be adapted to concentrate

on distant events. A small pocket lens can be
arranged (either permanently in a tube, or
temporarily) to focus the image of more distant
areas onto the photocell. The light from a match

bursting into flame will trigger the device at a

distance of over 2 metres if a pocket lens is used

to catch and concentrate the light. This works
not only in darkness, but also in a well -lit room.

Another type of probe

is

the pressure-

sensitive resistor. This is a spongy plastic which
is conductive and is manufactured in small slabs

between two metal plates. It comes in many
Everyday Electronics, February 1976
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shapes and sizes, and all seem to work well as

external probes. When the plastic is compressed,
its resistance decreases, and the circuit is
triggered. Even a brief and light touch is enough.
Such resistors placed under carpets and in other

strategic positions can be used to detect all

manner of movements. These resistors can be
connected in parallel with photocells, via SK1,
to give a complete detection system.
One final point-the Electronic Watchdog
responds best to rapid changes in light, so as far
as possible illumination in the area should be_
contrasty. Well -diffused lighting such as that
from large windows, or fluorescent tubes tends
to dispel shadows and makes for less change of
light intensity. The watchdog does not need a
lot of light; a small window or a single lamp
bulb will give greater lighting contrast.

0

days was that it was hard to calibrate meters, that is, to give

Down TO EARTH'
By GEORGE HYLTON
THE CHRISTIE BRIDGE
year (1975) marked the
centenary of the death of

LAST

Charles Wheatstone, inventor of
the

concertina.

Knowledgeable

readers may have heard the
name in connection with a rather
different gadget, the Wheatstone
Bridge. Forget it. The bridge was
(as Wheatstone himself freely
acknowledged) the invention of
another chap, called Christie.
Wheatstone took it and used
it for the resistance measurements which he needed to make

in the course of the electrical

work which made him rich and
famous-work on telegraph systems, magneto generators, and
submarine cables.

Somewhere along the line he

found time to invent amusements
like the concertina and the stereo-

scope. He even invented a kind
of linear motor, though it lay
forgotten in a cupboard in King's
College, London, until 1973, and

in the meantime various other

cal engineers are a good starting

point. They had a solid, down-

round all these problems. It uses

comparator

In the early days, there were

no voltmeters, ammeters or ohm-

meters. The beginnings of the

meter go back to the discovery,
by the Danish physicist Oersted,
that the flow of current in a wire
deflects a compass needle placed
near the wire. By coiling the wire

(to increase the magnetic field)
the effect is strengthened. Oersted

was a friend of Wheatstone and
it's interesting to note that
Wheatstone's

early

telegraphs

used deflected magnetic needles
like compass needles.

The deflected -needle idea can

be worked up into a system for
measuring current, an ammeter,

make) moving coil meter. One of
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trying to find out how to measure
resistance.
The Wheatstone bridge gets

ment of the "Wheatstone" bridge.

might have led to the develop-

by more than one reader

explain. These Victorian electri-

accurate voltages and you are

the meter, not as a current

people had re -invented it.
That's by way of introduction
to the subject of measuring

to

known voltage to a known resistance. Too bad, if you don't have

to-earth approach which I admire.
Having few instruments, they
substituted thought, and came up
with the right answers. Let's
have a look at the back -to -first principles sort of thinking which

in other words. The moving -iron
meter, as it was eventually called,
is still used, though it has largely
given place to the more sensitive

bridges, which I've been asked

them an accurate scale. To do
this you need precisely known
currents. The way to get an
accurate current is to apply a

and convenient (but harder to
the great problems in the early

measurer, but merely as a current indicator, to show whether
there is some current flowing,
none. It doesn't need an
accurately known voltage. In its
simplest form, its accuracy as a

or

of

resistances de-

pends, not on having accurate

electrical standards, but merely

an accurate measurement of
length.
In its earliest form (what
Wheatstone called "Mr. Christie's

arrangement of wires") straight

lengths of copper wire were used
as standard resistances. The very

first bridge was for comparing
two nearly equal resistances. I'll

cheat a bit and go straight on

to more versatile kind of bridge
actually developed later.

BRIDGE PRINCIPLE
One way of understanding the
bridge principle is to begin with
a simpler circuit (Fig. 1). This
has a battery and two resistances in series. The same current passes through each resistance. Common sense tells you
that if the resistances are identiEveryday Electronics, February 1976

Fig. 1.

Fig. 6.

Fig. 5.
Fig. 4.

Fig. 2.

Fig. 3.

Figs. 1 to 6. Showing the circuit arrangements to find resistance ratios and the derivation of the

Wheatstone (Christie's) Bridge. Fig. 4 is the arrangement of nails and wire used to form a resistance.

cal, the voltage across one is the

same as the voltage across the
other. Also, if R1, --R2 the two
resistances behave like one resistance equal to 2RI. What if they
are not equal?

If R2-3111, then R2 could be
replaced by three resistances as
in Fig. 2. It is clear that one
quarter

of

the voltage

must

appear across each "Rl." The
three "RI" that make up R2 get

34 of V, and 111 gets 34; 112 gets

three times the voltage R1 gets.

The ratio of the voltages is the
same as the ratio of the resistances. Note that though the

actual voltages increase or decrease as V increases or decreases the ratio is always the
same. It is independent of V.
Now,

if RI were a standard

resistance, and R2 an unknown
resistance, you could use this

circuit to compare the two, so
long as you could measure the

voltages across each. Thus if 112
dropped 7 times the voltage that
R1 dropped, R2 must be 7R1. Unfortunately, in Wheatstone's day
there were no accurate volt-

meters. So the problem was to

measure the ratio without measuring the voltages.
This is the apparently impos-

sible problem which the pioneers
set about solving. Looking back,

we may guess that they did it in
two stages.

can

be

done

very

easily

by

measuring lots of equal lengths
of resistance wire. In practice,
it was often done by knocking
two staggered rows of equally
spaced

copper

nails

into

a

wooden board and threading the

wire tightly from one nail

to

another (Fig. 4). This gives a zigzag with each zig or zag of equal
resistance. (Now you know how
the circuit symbol for resistance
came into being!)

By analogy with Fig. 2 you
can see that by comparing one
part of this chain of resistances
with the remainder you can get

many different ratios. In principle, by using enough nails to
make enough zig-zags you can

get as many ratios as you like,
all known with a high degree of
precision, so long as the resistance wire is uniform and the
nails are in the right places.
The next stage in the problem

is how to use all these known

ratios as a yardstick for measuring unknown ones. Remember,
we need to compare the unknown R2 with the standard RI.
The first step is to connect the
zig-zag R across the same battery

There must be some
point on R where the voltage
(Fig. 5).

has been. dropped by exactly the
same amount as by RI. That is,
there must be a possible tanning
point on R whose voltage is the
same as at point X. Now, if you
can find this tapping point, you
have also found the ratio of

what that is from the number of
zig-zags.

All that is needed, therefore,

is some means of finding, by trial

and error, the tapping point on
R where the voltage is the same

as at X. Now the clever bit. If

you do find this point, and connect it to X, no current will flow
through the connection. This is
simply because there is no voltage difference between the two
points.

To find this no -current tapping

all you need do is connect the

current indicator such as a moving -iron meter as in Fig. 6 and
try various tappings until you get

the one where no current

is

registered. The meter helps you
because if you tap too high up

on R the pointer needle is de-

flected one way, and if too low.
the other way.
I use the word "tap" advisedly.
Old moving -iron current indica-

tors were not only insensitive,
but poorly damped. Given a kick

of current, the needle swung to
and fro for a long time before
settling down. This was put to

good use. By tapping the connec-

tion to R in time to the swing
of the needle each tap reinforced
the previous one, giving greatly

increased sensitivity, at the ex-

pense of time and effort. The old
engineers had plenty of both.
I think it would be an instructive school project (in both
physics and carpentry) to re-

R2 to R1, because this must be

make one of these early types
of bridge, right down to the

RI and R2 and construct a chain
lower part of R (below the top)
of equal resistances (Fig. 3). This
to the upper part, and you know
Everyday Electronics, February 1976
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RESISTANCES
The first was to forget about

the same as the ratio of the

meter (which was usually called
a galvanometer, by the way) and
see how well it works.

The Extra
ordina
Experiment5
of

Profea5
Ernes
Evemure
by nnthony John 13a5sett
THE Prof. had shown how the
Breakdown Voltage Tester
can help to distinguish compo-

nents which generate a lot

of

noise, and those which generate
only a little and also how it can
give some guidance on the voltage levels at which most noise
is produced.

"I notice there is a terminal
on the tester for connection of
an oscilloscope," observed Bob.
"Is it really necessary to use an
oscilloscope with the tester?"

OSCILLOSCOPE
"No, Bob, it is not. The tester
is enormously useful without an
oscilloscope, but if you do connect an oscilloscope in addition
to the built-in milliameter and

the multimeter, the iis.efulness of
the equipment is increased even
more."

The Prof. connected the input
terminals of an oscilloscope to
the appropriate terminals an the
tester by means of a length of
low noise co -axial cable with the
inner wire connected to the oscil-

loscope terminal on the tester
and the outer braid connected
to the earth terminal. He returned the "test voltage" control on the tester to zero, and
switched on both instruments.
When the oscilloscope had
118

warmed up and

green line
screen he
adjusted the sensitivity control

appeared

a

the

on

on the oscilloscope so that when
he gradually rotated the voltage
control on the tester, the oscilloscope trace, after making a rapid
vertical movement, returned to
its previous position in the
middle of the screen.
The Prof.

continued

to in-

crease the voltage and as he did
so, the line on the oscilloscope
tube appeared to become broader
and by adjusting the horizontal

reduced the amplitude of the saw -

tooth waveform displayed on the

screen but without much effect
on the waveshape. Bob could

hear a low hum coming from
the earpiece_

AMPLIFIER
"I can hardly wait," Bob said
excitedly, "to see the effect of
breakdown voltage on the trace
on the screen, and to hear the
results. If we connect an audio
amplifier in place of the crystal

synchronization

earpiece then maybe we can hear

tooth triangular wave form to

voltage breakdown. Can we use
one of the class A amplifiers
which I built recently Prof.?"

frequency

and

controls the Prof. caused a saw appear on the screen (Fig. 1). Bob

noticed that alternate peaks of
the sawtoath were at different
heights on the screen.

"This is due to the

voltage

doubler circuit used in the tester
to generate the h.t. voltage," the
Prof.

explained,

"and

because

the h.t. smoothing in the tester

is not perfect a saw -tooth ripple
remains on the h.t. voltage sup-

ply. As well as seeing it on the

oscilloscope, you can hear this as

an audio output by means of an
audio amplifier connected to the
scope terminals, or by means of
a sensitive crystal earpiece."
The Prof. connected a crystal
earpiece in parallel with the oscilloscope input terminals, and this

the sound effects produced by

"Yes, Bob. It should be posuse almost any audio
amplifier but the class A amplifier you built would be a good
choice for two reasons. Firstly,
because it runs from a battery,
sible to

there should be no problem with
mains earth loops and secondly,
because it is a class A design
there is no chance of cross over
distortion or heavy dissipation

due to charge storage effects if
we

encounter any frequencies

much above the audio range.
Whichever

amplifier

you

use,

however, it is best to connect a
high value resistor in series with

the input to avoid loading the
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This hobby
brings big
rewards.

A soldering iron and a screwdriver. if you
know how to use them, or at least know one
end from the other, you know enough to
enrol in our unique home electronics course.
This new style course will enable anyone to
have a real understanding of electronics by a
modern, practical and visual method. No
previous knowledge is required, no maths, and
an absolute minimum of theory.
You build, see and learn as, step by step, we
take you through all the fundamentals of
electronics and show you how easily the
subject can be mastered and add a new
dimension not only to your hobby but also to
your earning capacity.
All the training can be carried out in the

N
Build an oscilloscope.

PLUS

comfort of your own home and at your own pace.
A tutor is available to whom you can write, at
any time, for advice or help during your work.
A Certificate is given at the end of every bourse.

2

As the first stage of your training,
you actually build your own Cathode
ray oscilloscope! This is no
toy, but a test instrument
that you will need not only for the
course's practical experiments.
but also later if you decide to
develop your knowledge and enter the
Read, draw and
profession. It remains your property
and represents a very large saving
understand
over buying a similar piece
circuit diagrams.
of essential equipment.
In a short time you will be able to
read and draw circuit diagrams,
understand the very fundamentals
of television, radio, computers and
countless other electronic devices
and their servicing procedures.

Carry out over 40
experiments
on basic circuits.
We show you how to conduct
experiments on a wide variety of
different circuits and turn the
information gained into a working
knowledge of testing, servicing and
maintaining alltypes of electronic
equipment, radAo, tv etc.

To find out more about how to learn electronics in a new,
exciting and absorbing way, just clip the coupon for a free
colour brochure and full details of enrolment.

FREE GIFT!
ALL STUDENTS ENROLLING IN
OUR COURSES RECEIVE A FREE
CIRCUIT BOARD ORIGINATING
FROM A COMPUTER AND CONTAINING MANY DIFFERENT
COMPONENTS THAT CAN BE
USED IN EXPERIMENTS AND
PROVIDE AN EXCELLENT
EXAMPLE OF CURRENT
ELECTRONIC PRACTICE

3

Brochure without obligation to:

BRITISH NATIONAL RADIO
& ELECTRONICS SCHOOL, Dept
P.O. Box 156, Jersey, Channel Islands.
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CLOCK PARTS FOR LAST MONTH'S DIGITAL CLOCK
]

1

COMPLETE KIT: This kit comprises of all parts to build the clock as described in the article: AY -51202, 5LT-01, Printed Circuit Board, Resistors, Capacitors, Diodes, Transformer, Switches, Vero pins
Verocase, green perspex panel, mains flex and plug, nuts, screws, washers, wire, fuse wire, grommet,
PRICE .... £17.50
I.C. socket,
CLOCK MODULE KIT: This kit comprises of all -parts as above except for the Verocase, perspex panel,
mains lead and plug, screws, nuts, washers, grommet, switches.
PRICE .... £13.00

INDIVIDUAL COMPONENTS
5LT-01 DISPLAY £6.26
PRINTED CIRCUIT BOARD £1.51

AY -5-1202 CLOCK CHIP £514
VEROCASE AND GREEN PERSPEX £3.17
TRANSFORMER £1433

ALL PRICES SHOWN ARE VAT INCLUSIVE, CARRIAGE PAID

SINTEL
53E, ASTON STREET, OXFORD. TEL: 0865 43203

Don't miss your copy of
P&P

board, Gardners low Reid
transformer 6 -IC's

VIDEO SPORT
ON YOUR OWN TV

I

Play three exciting elec-

ball games.I

500

Plusl5p

TEXAN 20.-20 W STEREO AMP
Features glass fibre PC

WITH THE FABULOUS

only

HENRY'S
CATALOGUE

Build the Texan & FM Tuner

ELECTRONIC FOOTBALL
& TENNIS

tronic
FOOTBALL. TENNIS,

if.:

* OVER 5,000 ITEMS - largest UK range of
electronic components for home
constructors.
* 200 PAGES - every aspect of electronics and
components for amateurs and hobbyists kits, projects, test gear.
* DOZENS of new lines and new ranges.
* MANY price reductions throughout tlfe new
Catalogue.
* A Discount Voucher with every copy, worth
50p.

II
I

TV arid away you go.

size 151"x2i" x 6-1" mains
operated. Free teak sleeve with every kit.
£35.00 (built & tested £45-001(Carr.500.

Completely safe for you.
Your children and your TV. M'ns operated.

HENELEC STEREO FM TUNER

OUR INCREDIBLE PRICE at29.50,iikr
Post/Packing t Insurance

Features capacity diode tuning, lead and
tuning meter Indicators, mains operated.
High performance and sensitivity. Overall

DEMONSTRATIONS NOW

IN ALL CENTRES!
AM;FM MODULES LPI179 LPII71
Combined AM/FM tuner modules,

together with a small number of R.C.'s
Ferrite aerial, make up a sensitive
FM/MW/LW tuner.
6v. Supply, supplied with
data and circuit sheets.

LP1171 COMBINED IF
STRIP E6.60
LPTI79.

FM

FRONT

END AND AM GANG £4.64.
a-62 THE PAIR.
Suitable Ferrite aerial 87p

UMF TV
line receiver UHF transistorised
tuners UK operation.
625

Brand new. (Post, packing 25p each).

TYPE B 4 -button push button (adj.)

ESTABLISHMENTS
when ordered on official notepaper.

FREETO EDUCATIONAL

Write now for your copy, enclosing 65p remittance.

Now Open Supermarket,
Browse Round The New
Supermarket at 404 Edgware
Road.
ALL PRICES INCLUSIVE OF VAT

120

HENRyS
RADIO

signed by Texas

gineers for Henry's

and P.W. 1972. Overall

the aerial socket of your
t

diodes etc. De-

lnstru mentsen-

I

HOLE IN THE WALL
on your own TV! Just
plug Video Sport Into

JIENRgS

10 -transistors plus

ti

04.60.

size In teak sleeves 8" x21" x 65'. Complete
kit with teak sleeve.
f_26.2.5 (built 4, tested £31.20) (Carr, 50p).

JOIN THE LARGE SAND OF
CONSTRUCTORS!

AM/FM AND DECODER BOARD
Containing Mullard
Modules LP1185,
LPI186 and LP1181
with MC1310
decoder IC on

compact printed
circuit board.
Ready aligned,
requires only Ferrite Aerial Tuning Gang
and AM Oscillator Coll. Tuning Pot and
Zener. 15V supply, output 300mV,
75 ohms aerial input. input circuit and
instructions supplied.

f16.50 Inc. VAT & Postage.

TYPE C variable tuning C290.
TYPED 6 -button UHF/VHF tuner 8.520.

FREE:

SEND NOW FOR OUR FREE LIST

ALL HENRY'S PRICES
INCLUSIVE OF VAT
LONDON.

OF OVER 2,000 SEMICONDUCTOR

DEVICES AT NEW LOW PRICES.

YOUR NEAREST STORE

EDGWARE ROAD LONDON WT
AomA umooA.H camn A T.......tnOt .402 AM1

MI M.. Cw.

NO. 36 FOR OUR COMPLETE RANGE

XS
rorocs
TOTTENHAM COURT ROAD WI

OUT OF TOWN
NOTTINGHAM
4000
8.1/5 tHoHm. Can a 50 'na
ALL MAIL 0110[111,0303.10WAIR. ROAD Var,

:Xec=:::Z=ar:TA uE

-Barclaycard'

Accesswelcome
All PRICES MIDGE VAT
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Fig. 1. The sawtooth triangular waveform
produced by the tester.
input of the oscilloscope."
Bob connected his amplifier to

the scope terminals in place of
the crystal earphone and with a
470 kilohm resistor in series with

the input, this had very little
effect on the oscilloscope trace.
But when he switched on the
amplifier and turned up the
volume control the buzz from

the sawtooth waveform could be
heard clearly from the loudspeaker.
"The amplitude of the sawtooth

waveform is so low that it does
not interfere substantially with
the breakdown voltage measurements," the Prof. informed Bob,
"and the other audio effects can
be heard superimposed upon it.
We will see during the course of
our experiments just how useful
it is to have this sawtooth waveform upon the steady 'pedestal'
of an adjustable d.c. voltage. Let
us start with a few tests on some
simple two terminal components
then later we can advance on to
the three terminal devices such
as transistors and thyristors."

NEONS
The Prof. brought a small wire -

ended neon from amongst his

stock of components and inserted
its leads into the c and e sockets
of the transistor holder. He
turned up the test voltage slowly,

and as he did so the triangular trace on the oscilloscope
gradually increased in amplitude

and the sound from the speaker

became louder. Bob turned down
the volume to prevent overload -

Everyday Electronics, February 1976

Fig. 2. The distorted waveform produced

with the neon 1,n circuit.

ing of the amplifier. The voltage

was now approaching 60 volts
and the Prof. warned Bob that
this was near to the firing voltage of the neon bulb. "Soon we
should see something happen,
Bob, as most neons of this type
fire at a voltage of around 60 to
90 volts. I have heard of some
neons which will light up at only

30 volts but these are exceptional."

As he turned the voltage up to
about 74 volts there was a slight

pop from the loudspeaker and
Bob could see that the neon had
lit up, with an orange glow
around one of its electrodes. The

reading on the multimeter had
fallen to about 65 volts and the
milliameter showed that a small
current was being consumed by
the neon, about 100,LEA.

The waveform on the oscilloscope now showed a large reduc-

tion in amplitude and was no

longer a clean sawtooth shape.
It had become both distorted and
reduced in amplitude (Fig. 2).

"This is because the neon,
once it begins to conduct, acts
as a low impedance so that as

well as conducting a d.c. current,

it shunts some of the sawtooth

waveforms," the Prof. explained.
"So now you can see how a neon

tube can be used as a switch

d.c voltage.
Notice how much quieter the
sound from the loudspeaker becontrolled

by

a

did so noticed how the trace on
the oscilloscope and the sound
from the speaker were affected
as the neon lit and extinguished.
"This phenomenon has proved
to be very useful in electronic

music and for sound effects." The
Prof. continued. "Neons have

been used in electronic organs

and similar instruments not only

to generate tones, but also to
route them through the complex
circuitry of the instruments in
response to d.c. voltages, introduced when the organist plays
the instrument. This has simplified the keyboard arrangements
considerably.

Now although neons are being

replaced by solid state devices
and especially by integrated circuits in electronic organs and
musical instruments they are
still very interesting to work

with and it is easily possible to
obtain

some

quite

surprising

sound effects from neons with

fairly simple circuitry. The
Breakdown Voltage Tester comes

in as very useful here, as it enables us to select neon bulbs
whose breakdown voltages match
each other closely.
The extinguishing voltage can
also be measured by turning

down the test voltage to the
point at which the neon just becomes extinguished."

Now Bob began to adjust the

comes when the neon conducts."

test voltage with the neon lit, and

NEON SWITCH

which the neon would extinguish
he noticed some very interesting

Bob rotated the voltage control back and forth, and as he

as he approached the voltage at
effects on the waveform and some
121

rather peculiar sounds from the

the neon and the voltage across

loudspeaker. He tried several different neon. bulbs, and whilst the
effects were similar, there were
noticeable differences between

it approach closely the conditions

the loudspeaker.
"Prof.," called Bob, "this is

which are the sounds you can

them, both 'on the oscilloscope
screen and in the sounds from

very peculiar. As I turn the test
voltage gradually down towards
the point where the neon extinguishes, the sawtooth waveform
appears to do somersaults on the

oscilloscope screen and it becomes

covered in small ripples. at the
same time a very peculiar sound

comes from the loudspeaker and
the effect is different with each

neon I try. It even changes if I

reverse the wires of an individual
neon."
"Ah, yes," explained the Prof.,
"these effects and their variations

are due to a combination of the

properties of the neon gas in
each bulb, and to the surface

where it is about to become extinguished the negative resistance

characteristics of the device become enhanced and this tends to
oscillations

parasitic

produce

hear from the loudspeaker.
This

negative

resistance

property also has the effect of
exaggerating the differences be-

tween individual neons so that

slight differences in gas pressure
or composition and minute differences in surface texture of

the electrodes make a considerable difference to the behaviour
in the circuit from one neon to
the next.

tion and many other uses. So

that in addition to the neon tubes
you see used for advertisements
and the small neons used as indi-

cator lamps there are all sorts
of other neon tubes which are

manufactured for special purposes, some having over 20 electrodes."

"It seems, Prof. as though the

humble little neon bulb, to which

we tend to pay very little attention deserves a lot more study,"
remarked Bob enthusiastically.

"Oh, yes!" the Prof. agreed.

there is another device
more recently brought into com"and

also

mon use which is also very in-

are also sensitive to the type of
use or treatment that each neon
receives, each neon may be regarded as a different individual

much lower voltages than are

Because

these

effects

change as the neon ages, and

whose character changes through-

texture and geometry of the electrodes."

out its useful life until it goes

PARASITIC
OSCILLATION

within certain limits it may be
employed as a mass produced

"Whenever the current through

poses involving light emission.
waveform operation, switching
voltage regulation and protec-

out of specification or becomes
blackened and useless.

Whilst its performance remains

article for a huge variety of pur-

teresting. It gives out light at

necessary to fire a neon bulb and
is a solid state type semiconductor device. I am referring of

course to the family of devices
known as light emitting diodes.
The Breakdown Voltage Tester
can be used for some interesting
experiments on these and on
other types of diode.
Next Month: Bob and the Prof.
experiment with various diodes.

RADIO CONSTRUCTION FOR AMATEURS
By R. H. Warring

Published by Pitman Publishing Ltd., Pitman House,

BONN IiIEVIEWS
ABC OF HI-FI
By John Earl

Published by Fountain Press, Argus Books Ltd.

Size 168 pages, 22cm x 14cm.

Price £375
The subject matter is grouped in chapters devoted
to the familiar regions of amplifiers, loudspeakers,
programme sources and signals, radio tuners,
recording and replay, and sound and room acoustics;

with another chapter devoted to "quadraphony".
Within these chapters individual items are alphabetically arranged, with helpful cross references.
Treatment varies in length from a sentence or so
defining some expression or quality etc., to a page
or more where the subject merits fuller descriptive
treatment. There are many diagrams and photo-

graphs to illustrate the text.
The immediate and obvious usefulness of this book
is as a ready source of reference for all audiophiles.
As a "continuous read", the newcomer to hi-fi could
find this an easy and agreeable way to acquire an
overall appreciation of what actually is involved in
D.D.R.
sound production systems.
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39 Parker St., London, WC2B 5PB.
Size 120 pages, 22 x 14 cm approx.
PRICE £2.50

A well known technical author and a book that
lives up to his but perhaps not "its" name. From
basic radio principles we are quickly led through
crystal sets to a combined theory and practice section
on tuned circuits followed by amplifier and general
theory sections, taking up the first half of the book.

The remaining 60 odd pages are devoted to the

description of various radio circuits with three
chapters-"TRF Receivers", "Regenerative and

Reflex Receivers", and "Superhets"-followed by an
excellent section on components with gocd illustrations and descriptions for those who are new to
the hobby.

The two final chapters are very brief and deal

with "Circuit Construction", and "F.E.T.S and ec.s"

and if any criticism can be levelled at this book

it is that these final chapters are too short. I do feel
that most readers with little experience in construction would require more instruction in the
techniques, and some construction diagrams for the
various receivers discussed in earlier chapters. For
this reason I feel that the title may be rather misleading, since no construction drawings are shown for

anything other than crystal sets. The section on

"F.E.T.S and t.c.s" cover only four pages and is hardly
M.K.
worthwhile.
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BRAND NEW MODULES FROM A FOREMOST BRITISH
MODULE DESIGNER AND EXCLUSIVE TO B -P -P

NEW FOR 1976
THE SS.125 HIGH-FIDELITY POWER AMPLIFIER
Not only

is

this Stirling Sound's

best audio amplifier yet; it rightfully qualifies as one of the best of
its kind yet made available CO
constructors. Intended above all
for high-fidelity, the characteristics
of the SS.125 are such that it can
be used in many other applications
where dependability is the prime
consideration. The 55.125 integrates

well with other S.S. units as well
as those of other manufacturers.
Incorporates new circuitry using
a complimentary long-tailed pair

full compiementary
input
output circuits co give lab standards
of performance.
and

OUTPUT

2.5 watts R.M.S. into 80 using 50V
22 watts R.M.S. into 4 n using 33V

DISTORTION

Less than 0.05% at all power levels

(Love imp. not less than 4 0)

(From 10Hz co I OKHz)

1dB 15 Hz to 30 KHz(4 0)
I dB 10 Hz to 30 HKx (8 0)

FREQUENCY
RESPONSE

+_

HIGH Z INPUT

100 Kohms (40dB gain/100x)

INPUT
SENSITIVITY

150mV for 25W. R.M.D. out

SIZE

(Inc. 40w. built on heat sink)
41" x 3" x 7/8" high

HIGH-FIDELITY

SS.202

SS.203

25.105

I.F.amp. A metre and/or A.F.C. can be connected
(size 3" x 2")

Stereo decoder for use with SS.201 and 2M or any
good F.M. tuner. A LED beacon may be attached

in each of which Is a
£500

£.3-25

5 watt amplifier to run from 12V. (3i" x 2' ail

E2.its

SS.120

20 watt module when used with 34 volts into 4

SS.140

Relivers 40 watts R.M.S. into 4 ohms using a 45W2A

Size -Se x 3"x 2*"
high (P/P add 50p

stages.

any model)

12V/IA

£3-75

18V/1A
24V/1A

£4.60

SS. 334
SS. 345

-15

34V/2A
45V/4A

£5.20
£6-25

(all above are at 8% V.A.T.)

A new Stirling Sound Capacity Discharge Ignition
Unit for your car.
55.202

4ohms

stabilised take -off point
to provide for tuner,
pre -amp and control

SS. 312
SS. 316
SS. 324

£2'65

(3" x 2")

SS.110 Similar to SS.105 but more powerful giving 10W. into

£7.50

Robustly designed units

With easy to follow instructions
F.M. TUNER UNITS
Tuner front end. Ganged, geared variable tuning.
88-108MHz. A.F.C. facility

Power Amp.

... And 5 NEW
Stirling Sounds
POWER SUPPLY UNITS

More Stirling Sound Modules
SS.201

GS.I25

£2.75

Sven batter than the original B -P -P version, thousands of which are
In use saving motorists appreciable time and money for petrol. Very

easy to install. The Stirling Sound model incorporates switch for
instant change to conventional ignition; immediate adaption to pos.

£3-00

or neg. earth return; anti -burglar Immobilising switch, pre-set control

for rev. limitation. There are no exposed parts, the unit, on p.c.b.
supply such as our SS.345 the power and quality
of this unit are superb-two in bridge formation will
give 80 watts R.M.S. into 8ohms. size 4"x 3"x}".

being housed in strong enclosed metal box.With instructions and leads.
SS.203

£3,75

SS.100

Active tone control stereo. ±15dB lift -cut bass/treble £1.60

SS.102

Pre -amp for cerarni_

SS.103

Active pre -amp (stereo) inc. R.I.A.A, and line feed

Et 60

back

Size 71" a 4r 2i" ex. switches.

KIT £7.95

BUILT & TESTED Z10.50

A USEFUL CATALOGUE-FREE
Send us a large S.A.E. with 10p stamp and we will send you the latest
Si -Pre -Pak catalogue free by return. Packed with useful lines, its a

£2.25 S5.140

real money saver.

TERMS OF BUSINESS:
VAT at 25% must be added to total value of order except for items marked
or (8%) when VAT is to be added at 8%. No VAT on overseas orders. POST
& PACKING add 300 for UK orders unless marked otherwise. Minimum mail
order acceptable-£.1 Overseas orders, add £1 for postage. Any difference
will be credited or charged. PRICES subject to alteration without notice.
AVAILABILITY All items available at time of going to press when every

TO STIRLING SOUND (81-PRE-PAK LTD) 220,222 WEST ROAD.
WESTCLIFF-ON-SEA, ESSEX SSO DOF
IPlease send

for which I enclose

effort is made to ensure correctness of information.

Order your Stirling Sound products from

13I-PRE-PAK LTD
Co Peg No 820919

222 224 WEST ROAD, WESTCLIFF ONSEA. ESSEX SSO 9DF.
TELEPHONE: SOUTHEND (0702) 46344
CHEQUES; MONEY ORDERS PAYABLE TO ID-PRE-PAK LTD
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ALL STOCK SUBJECT TO AVAILABILITY

GIRO NO. 331 7056 Access &

Barclay Cards accepted. C.W.O.
Discount:
&
P. 25P

only. P.
415-10%

(except

net

TEACH -IN SERIES

items)

Export Order enquiries welcome
(45 min. order)

COMPONENT KIT

Official Orders accepted from
Educational & Government Departments

KIT No. T12

ALL PRICES INCLUDE VAT

LEIGHTON ELECTRONICS
CENTRE

ALL COMPONENTS AS SPECIFIED BY E.E.

YOUR
COMPLETE

FULLY GUARANTEED AND NEW STOCK

.E15.50

MULTI METER U4323

22 Ranges plus AFIIF Oscillator 20,000521Volt.

LECTRONIC

NET.

Vdc-0.5-1000V in 7 ranges
Vac -2-5-1000V in 6 ranges
Idc-0 .05-500mA in 5 ranges
Resistance -512 -IMO in 4

AND
SRC=

CATALOGUE No. 4A
NEW CONVENIENT
SIZE. AND FULLY

INCLUDING VAT

anges.

Accuracy -5% of F.S.D.
OSCILLATOR -I KHz and 465
KHz (A.M.) at approx. volt.
Size -160 x 97 x 40rnrn.
Supplied complete with carrying
case, test leads and battery.
PRICE £864 net p & p 75p.

STORES.
MAIL
ORDER

HAVE YOU
GOT YOURS

+60ppe,,

ILLUSTRATED

*

ITEMS

WOOD KIT
U4323

1.

CONTAINS MANY
HARD TO GET

I

PAYS FOR ITSELF

Includes all wood as specified by E.E., cut
to size, ready to assemble and includes

WITH DISCOUNT
VOUCHERS

adhesive and screws

MULTIMETER U4324

WORTH

£3 NET + 75p p. & p.

34 Ranges. High sensitivity.

20,0000/Volt. Overload protected.
Vdc-0 .6-1200V in 9 ranges.
Vac -3-900V in 8 ranges.
Idc-O .06-3A in 6 ranges.

20p

*DISCOUNTS

*ALL NEW STOCK

lac -03-3A in 5 ranges.

Resistance -2512-5M0 in 5 ranges.
.Accuracy -dc and R-24%, of F.S.D.
ac and db-4% of F.S.D.
Size -I57 x 98 x 63mm.
Supplied complete with storage case,
test leads, spare diode, and battery.
PRICE £10-64 net p & p 75p.

OR FREE WITH CATALOGUE
U4324

-DEPENDABLE

,SATISFACTION
GUARANTEE

FULL LIST AVAILABLE. S.A.E. PLEASE

SERVICE

S.A.E. FOR SUPPLEMENT NO. I

E. & 0.E.

B. H. COMPONENT FACTORS LTD.

(E.E.) LEIGHTON ELECTRON ICS CENTRE,
59 NORTH ST., LEIGHTON BUZZARD, BEDS.
Tel. LEIGHTON BUZZARD 2316

(STD. Code 05200)

ENGINEERS

CJL

CJL LTD. P.O. BOX 34.CANTERBURY,CTI lYT

ALL PRICES INCLUDE P&P AND V.A.T.
!AERIALS Telescopic, 15£1.50
KEYNECTORS Rapid connect to
maIns.Bui It -1n piano switches,
£3.55
neon & 13A fuse
MULTIMETERS Vdc/ac-10,50,250,
E4.95
1,000.1dc-0.1A.R-150k
PRINTED CIRCUIT KITS Contain
all items necessary to produce
printed circuits
£3.99
SIGNAL INJECTORS Audio through
120 cm

video signals, ideal servicing
amplifiers, radio and tv
£4.25
TEST SWITCHES 5 miniature
£1.00
push to test switches
AUDIO LEADS

5pdinplgto5pdinplg. 1.5w £1.20
£1.45
2pdinplgto2pdinskt.10m
5 pin dinplugto2phoroplugs£1.20
BIB HI-FI ACCESSORIES
Groov-Kleens /42

£1.95
£1.50
£1.65
Cassette Head Cleaners /31 £0.65
£2.15
Hi -El Stereo Test Cassette
Cassette Wallets (hold 6)
£0.90
CASSETTE HEAD DEMAGNETISER
Shaped pole piece -saves timeE3.65
EARPHONES Stethoscope style,
8 ohm dynamic
£1.20
Crystal earphone- lead &plug £0.65
INTERCOMS 2 -station, ideal for
the home -baby alarm,office,with
£6.35
cable and staples
MICROPHONES Dynamic, remote
start/stop , 200 ohms, 100-10kHz

}"Tape Editing Kits /23
Cassette Editing Klts /24

6n -1V output

124

This 76page

STEREO HEADPHONES St,pern
stereo listening in comfort and
privacy , 30- 15kHz , 8 ohms £4.85
STEREO HEADPHONE JUNCTION
BOXES 3 way unit selects phones
only, speakers only or both £2.30
STEREO PRE-AMPUFIERS
3 -30mV V. R I AA . Out : 200 -800enV

flat.20-20kHz.Supply:PP3 £7.30
SPEAKERS Miniature, 75rnm
dia, 8 ohms
£0.95
SOLDERING IRONS (ANTEX)
15W, 'C' miniature irons,
£2.30
slide on & off 3/32" bit
3/32',' 1/81 3/161 bits -each £0.45
£1.10
C 'E lernents
25W, X25 irons. low leakage,
slide on & off 1/8" bit
£2.30
3/32'; 1/813/161 bits -each £0.47
X25 Elements
£1.15
Soldering Kits, SK1, 'C iron,
2 spare bits 3/32" & 5/32" ,heat
£3.85
sink, solder ,base, book let

FREE

YOURSELF FOR A

BETTER JOB WITH
Do you want promotion, a better job,
higher pay? "New Opportunities" shows
you how to get them through a low-cost
borne study course. There are no books to
buy and you can pay-as-yriu.learn.

MORE PAY!

This helpful guide to success should be
read by every ambitious engineer.
Send for this helpful 76 page FREE book
now. No obligation and nobody will call

on you- It could be the best thing you
ever did.

NM MO MIN"

IMECUT OUT THIS COUPON

CHOOSE A BRAND NEW FUTURE HERE!
Tick or state subject of interest. Post to the address Snare.

Engineering

Electronic Mechanics 0

0

0

General Radio anti
TV Engineering

CITY AND GUILDS

0

Radio Servicing,
Maintenance and
Repairs

TransLstor

Computer Prng
0 Technifinry
I To: ALDERMASTON COLLEGE

X

Installations and
Wiring

C 5 0 Radio, T.F. and

Electrical Installations
and Wiring
Electrical
Draughtsmanship
Electrical
Mathematics
Electronic
Engineering

I

Colour T.V. Servicing 0 CITY AND GUILDS

Electrical

Stands, ST3, H igh grade base,
spring , sponges , accomodat ion spare bits
£1.10

SOLDER -in handy Bib
£0.43
dispenser
TRY SQUARES
10 tools in one -ideal -marking
out Cabinets, Chassis, PCB's
£2.50
WIRE STRIPPERS & CUTTERS
Bib 813, 8 guage selector, automatic
opening, easy grip handles £0.85
FOOT SWITCHES
£2.70
Push on/off,Antl skid

shows howl

Electrical

Technicians

0

II

CITY AND GUILDS
Telecommonlantions

Radio Amateurs'
Exam. etc. etc.

111 DEPT. EEV 14 READING RG7 4PF
'Also at our London Advisory Office, 4 Fore Street Avenue
Moorgate, London EC2Y 5EJ. Tel: 01-6282721.
NAME (SI.. CAPilAl Nom)

EEV

0

I

141

I ADDRESS

I deallgati by C . A .C.C,
Oth.r sublets

POSTCODE

As.
MarraUr of 4.11.C.C.

HOME OF BRITISH INSTITUTE Of ENGINEERING TECHNOLOGY
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Complete the coupon and

wellsendyou
our complete, new catalogue.

Including our full range of test
equipment, amateur radio gear, hi-fi
equipment and many general
interest kits.
Heathkit even more interesting and
So, when you receive your
satisfying.
catalogue you should have hours of pleasant reading.
And, naturally, being Heathkit, every kit is absolutely
And, if you happen to be in London or Gloucester, call
complete. Right down to the last nut and bolt So you won't
in and see us. The London Heathkit Centre is at 233
find yourself embarrassingly short of a vital component
Tottenham Court Road. The Gloucester showroom is next
on a Saturday evening-when the shops are shut
to our factory in Bristol Road.
You'll also get a very easy to understand instruction
At either one you'll be able to see for yourself the
manual that takes you step by step through the assembly.
Clip the coupon now (enclosing a 10p stamp for postage) one thing the catalogue can't show you.
Namely, how well a completed Heathkit performs.
and we'll send you your copy to browse through.
Heath (Gloucester) Limited, Dept. EE -26 Bristol Road,
With the world's largest range of electronic kits to
Gloucester, GL2 6EE. Tel: Gloucester (0452) 29451.
choose from, there really is something for everyone.
Digital electronic stop watch
AM/FM 60 watt r.m.s. stereo receiver
Digital rev counter

The new Heathkit catalogue
is now out. Full as ever with exciting,
new models. To make building a

The
new Heathkit catalogue.Out now FRE
To: Heath (Gloucester) Limited, Dept. EE -26 , Gloucester, GL2 6EE.
MEATH

Please send me my Heathkit catalogue. I enclose a 10p stamp for postage.
Address
Name
Postcode

Schlumberger

Full details in the catalogue. Offer available for limited period only.
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Everyday Electronics Classified Advertisements
RATES:12p perword (minimum 12 words). Box No. 35p. extra. Seml-display-£8.00 per single column inch. Advertisements must be prepaid
and addressed to Classified Advertisement Department, "EVERYDAY ELECTRONICS," I.P.C. Magazines Ltd., Fleetway House,
FarrIngdon Street, London EC4A 4AD. (01-634 4451)

EDUCATIONAL
HOLIDAY FOR BOYS. 14/16 years.
Summer 1976. Tuition and practical
work in Electronics, Radio Production
and Tape Recording, Engineering
(Karting) and Photography. Eleven
days in Norfolk -£27-00. Send postage
far brochure: INTER -SCHOOL
CHRISTIAN FELLOWSHIP, c/o 1,
Hubbard Road, London, SE27 9PJ.

Study for success with ICS. An
ICS home study course will

ensure that you pass your C. & G.
exams. Special courses for Telecoms. Technicians, Electrical
Installations, Radio, TV and

Electronics Technicians, Radio
Amateurs.

VALVES, RADIO, TV, TRANSMITTING, INDUSTRIAL 1930 to 1975.
2,200 types in stock. Many obsolete.
S.A.E. for quotation list 20p. Postal
export service. We purchase new and
boxed valves. Cox Radio (Sussex)
Ltd, The Parade, East Wittering,
Sussex. West Wittering 2023.

Also Practical Radio
courses with FREE construction
Exam.

kit.

Colour TV Servicing
Learn the techniques of servicing

Colour TV sets through new

home study course approved by

MULTIMETER
Type

Overloadprotected,
50,000 ohms/
eC7l
volt, 15uA movement. 12 DC
Voltage ranges from 0.25V -

ENAMELLED COPPER WIRE 32, 34, 36 S.W.G.
1p ft. 12v. D.C. PLUG-IN RELAYS D.P. CIO 420.
REED SWITCHES Large/Small 10p. BAR MAGNETS 7p. RED L.E.DS 25p, 5 for £100.
3 DIGIT COUNTERS 15p. TELEPHONE PICK UP

1000V; 10 AC voltage ranges

from 1 5V -1000V; 10 DC current
ranges from 25i,A-10A. 4 resist-

COILS 62p. BC108 5 for Op. ROCKER SWITCHES
PANEL MOUNTING 2A, 2513.13A. 42p.
5 yards CONNECTING WIRE, asstd. colours 10P.
LOUD 6v D.C. MOTOR DRIVEN SIRENS £1'20p.
LOUDSPEAKERS 4" 8 ohm 75p. 21" 80 ohm 75p.
Prices Include V.A.T. Add 12p post. List 913

ance ranges. dB scales. Size
160 x 120 x 63mm. Only EIS 20.

Send 10p for Illustrated brochure
of meters.

Lb BARGAIN PARCELS

Contains hundreds of resistors, pots, capacitors,

GRIMSBY ELECTRONICS
64, Tennyson Road, Cleethorpes, Humberside

switches, translators, PC Boards and loads of
odds and ends. Only E3.25.

caps 0.01 to 1µF Et 30: 200 mainly unmarked

500 COMPONENTS. Resistors, Capaci-

tors, Diodes, Transistors, Pots, Coils,
etc. Identified, formed leads, fall -out,
& surplus. Good value at £1.60. All
inclusive. (UK postal rates only). CWO
please to L. PENSENEY, E. Bankhead
South
Farm,
Lothian.

courses

for

Radio and Audio servicing.

Technical Training
Courses include Electronic Tech-

nicians, Computer Technicians,
Radio and Television Technicians
and many more.
Write for full details TODAY stating subject
of interest.

ICS School of Electronics
Dept. 7110, Intertext
House, London SW8 4UJ
or phone 622 9911 (all

hours).

Queensferry,

West

SERVICE SHEETS for Radio, TV,
Tape Recorders, Stereo, etc., with free
fault-finding guide, 50p and SAE.
Hamilton Radio, 47 Bohemia Road, St.
Leonards, Sussex.

BELL'S TELEVISION SERVICES for
service sheets, manuals & books on
radio/TV etc. Service sheets 50p plus
SAE. Service sheet catalogue 25p.
Back issues of magazines from April
'74 onwards cover price plus 12p post.
Free booklists on request. SAE with
enquiries please to:- B. T. S. 190,
Kings Road, Harrogate, Yorkshire.
Telephone

Harrogate

(Code

042.3)

55885.

arrangement. Caledonian Components.
P. 0. Box 3. Glenrothes, Fife, Scotland.
STEREO MAIN AMP. PANEL 2XBD695,

FOR SALE

2X8D696 or RCA equiv. 6 other trans. requires
27V £2.25 (150) circuit 20p. Not guaranteed.
BANK OF 20 NEONS 75p (150) 2M.C. plus M1
Meter. 3-£1.50 (50p). T.V. CONVERGENCE
PANELS 2XAC128, 3 slugged coils, 3 slide
switches, 11 W.W. pots, 3 carbon presets, 2
ferrite chokes etc. £1.30p.p. TALKING PAGE
PANEL 2 pots, 12 stilton trans. and SCR. 8 nice
electrolytes 80p (15p). THREE TRANSISTOR

AUDIO AMP Trans. equiv. to AC128, 0072.
40p (10p) 3-£1 p.p. COPPER CLAD PAX

PANELS 51 x 51" 6-7Sp. 12 x 12" 75p. 16 x91",

75o. 8 x Sia" 3-£1.15. All C.P 74 SERIES IC's

55885.

MICROPHONES: AKG D202E1, £45.00;
K D224,
AKG D190C or 'E' £20.00; AG
£60.00; Sennheiser MD211N, £45-00. All
brand new and boxed. Please add 25%

for VAT. All other AKG and Sennheiser mikes. SAE for quote to J.

J.

Francis (Wood Green), Ltd., Manwood
House, Matching Green, Harlow, Essex.
Tel: Matching 476.

P3WER SUPPLY PANEL 2 x 2N3702, 2 x AC153

MISCELLANEOUS

Bridge rectifier 2 x 117.50V and 1000, 250 MFD 35V

electrolytes 45p (I0p). VALUPAKS 10 Silicon

J. W. B. Radio, 2 Barnfleld Crescent Sale
Cheshire M33 1 NL.

Postage in brackets
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Mail order only.

12-0-12V IA E2.20; 30-0-30V to £3.30: 30V IA
tattled to give 3, 4, 5, 6, 8, 9, 10, 12, 15, 18, 20, 24
or 30V, or 12-0-12 or 15-0-15V E3-15. 2A version

£445.

GREENWELD ELECTRONICS (EE2)
SI Shirley Park Road, Southampton SOI 4FX

All prices Include VAT and Postage In UK
SAE List. Callers welcome 9-6 Mon -Sat
Telephone (0703) 772501.

SUPERB INSTRUMENT CASES by
Bazelli, manufactured from heavy
duty PVC faced steel. Hundreds of
people and industrial users are
choosing the cases they require from
our vast range, competitive prices
start at a low 75p. Over 400 Models
to choose from, Prompt despatch, Free
literature, (stamp would be appreciated). Bazelli, Department No. 24,
St.

Wilfreds, Foundry Lane, Halton,

HOME SCIENTISTS

Get the key to a FANTASTIC WORLD of
previously UNHEARD -OF -PROJECTS.
The NEW Boffin catalogue lists LOTS
of HIGHLY UNUSUAL, LOW-COST
BARGAINS, READY -BUILT MODULES.
Here are just a few examples, there are
stacks more!
Dazzling MINI -STROBE (pocket size)

Oil PANEL(S) 10-85p (10p). STABILISED

diodes 650V 11,a, on tagboard 50p (10p). 100 S/
MICA caps 55p (10p) 100 C280 polyester caps
Li (15p) Lists 15p. Refund on purchase.
31bs Computer Panels Li .70 p.p.
71bs Assorted Components £2.50 p.p.

Mains TRANSFORMERS

100mA 95p; 12-0-12V 100mA EI; 6-0-6V 11A £1.95;

WANTED
"RADIO AND TELEVISION SERVICING" books wanted, from 1963-1964
edition onwards. £2.00 paid per copy
by return of post. BELL'S TELEVISION SERVICES, 190, Kings Road,
Harrogate, N. Yorks. Tel: Harrogate

dom and Ireland. Overseas prices by

pack £3.30.

12-0-12V 50mA II0p; 5-0-6V 100mA 90p: 9-0-9V

Lancaster LA2 6LT.

RECEIVERS and COMPONENTS
COMPONENTS GALORE, pack of 500
assorted radio, TV and electronic
components a real bargain at a
realistic price, send only £1.50 C.W.O.
This applies only to United King-

miniature electrolytes. Only E1-35. Ova of each

PC ETCHING KIT Mk II
Contains 1Ib Ferris Chloride, DALO Etch resist
pen, 100 sq Ins copper clad board, etching dish,
abrasive cleaner, instructions and now 2 miniature drill bits as well. Only E3-65.

SERVICE SHEETS

with numerous illustrations and
Other

CAPACITOR PACKS

200 mica ceramic poly caps E1-15; 100 polyester

leading manufacturer. Covers
principles, practice and alignment

diagrams.

Street, Oxford. Tel: 0865 43203.

Asstd CAPACITORS or RESISTORS 25p pkt.

(Callers to Lambert Road)

Radio Amateurs
Covers C. & G. Radio Amateurs

LOWEST COST IC SOCKETS. Use
Soldercan IC socket pins for 8 to 40
pin DIL's. 50p for strip of 100 pins,
£1.50 for 3 strips of 100, £4 for 1000.
10p p&p for orders under £2. Add
8% VAT. Instructions supplied -send
sae for sample. SINTEL, 53e Aston

PROFESSIONAL GRADE Audio Mixers

and Kits at realistic prices. Also pre power supplies compressors,
voice operated autofades, slider faders,
amps,

cabinets, consoles. SAE for catalogue:
PARTRIDGE ELECTRONIC, 21/25 Hart
Road, Benfleet, Essex. Ref: EE.

PEOPLE DETECTOR
Big -Ear SOUND -CATCHER

Mini DREAM LABORATORY

f3-50
[4.20
[4.20
[4.20

Don't take our word for it thought
GET A COPY & SEE!
SEND ONLY 20p, and we'll RUSH YOU
A COPY (YOU'LL GET THE GOODIES'
JUST AS Q UICKLY TOO!)

BOFFIN PROJECTS
4 Cunliffe Road. Stoneleigh,
Ewell, Surrey
(Mail Order U.K. Only)

BRIDGE ROL J.* IERS. 100v 6amp £l-80,
18volt 10amp £1.50, 18v 3amp 60p,

Diodes 100v 25amp £1.25, Thryristors
500v lOamp £3.80, Santon 2 -pole 3 -way
Rotary Switches 25amp £4.40, Power/
packs 240v to 12v d.c. 2amp smoothed
for Car Radios etc £4-50.-MALDEN
TRANSFORMERS, 134 London Road,
Kingston on Thames. 01-546 7534.
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LOUDSPEAKERS
Speakers, kits and
cabinets for DIY.,

VEROBOARD

62 AMPLIFIER
6W IC audio amp
with free data and

Iv

printed circuit £2.60.
Special offer:- only

£245 If bought with
deluxe kit.

HI Ft, P.A., Disco,
etc. by EMI, Fane,

"- .611

DELUXE KIT FOR THE JCI2

Includes all parts for the printed circuit and

volume, bass and treble controls needed to

Good mans,

complete the mono version £2-29. Stereo model
with balance control £4.95.

Baker, Ker, Elac,
Richard Allan.

JCI2 POWER KIT

Supplies 28V 0.5 AMPS £3.95.

Wharfedale, etc.

PREAMP KITS FOR THE JCI3

Send stamp for

Type 1 for magnetic pickups. ROCS and tuners.
Mono model £105. Stereo model £345. Type 2
for ceramic or crystal pickups. Mono 95p. Stereo

free booklet "Choos-

ing a speaker"

£1-90.

SEND SAE FOR FREE LEAFLET ON KITS

WILMSLOW AUDIO

Dept. LE. Swan Works. Bank Sauart.
Wilmslow, Cheshire SKO IHF
Tel. Wilmslow 29599

VEROBOAROS GIVE A PROFESSIONAL

components for digital clock, 4 x 0-3" digits (less
case, switches, transformer): £5195. Extra for

x 0-6' 'Jumbo' displays: £3.44.
Successguaranteed! See our free Information
etc. for details. (Can be converted to 4 range
timer/'stopwatch' for use in e.g. darkrooms.)
Economy type displays DL -704E & DL -747E

available separately. Wp & £1-70 each. AY -5-1224
clock chip £3.64, MK 50253 alarm clock chip £.550.

Circuit diagrams available free on request (an
S.A.E. would be a help to us). AddlOp per order

IC20 10+10W stereo amp.
kit with free booklet and

1020

above £4.1715.

printed circuit £1511

DIGITAL CLOCK COMPONENTS
For beginners: easy printed circuit board and

SINCLAIR

PS20 power supply kit for
VP20 volume, tone control
and preamp kit Including

AMPLIFIER

printed circuits C.O.
SP20 lOW 4r2 loudspeaker
£2.95

FINISH TO YOUR WORK

SEND SAE FOR FREE DATA BOOKLET

0.1"and 0.15"pitch, -plain and copper
clad universal circuit boards.

BATTERY ELIMINATOR BARGAINS
6 -WAY SPECIAL

AVAILARLS 1-1.1,41 Tolle LOCAL RCTAILER.
TR.OffiC131STRIRUTOR N. Rose InectoceR LEO., LoodLes W.C.1

end VAT CO.; 8%.

Switched output of 3/4+16/7419:
12V at 500mA with unique
4 -way multi -lack connector and
free matching socket £4-95

-

3 -WAY MODEL
Switched output of 6, 7* and

GREENBANK ELECTRONICS (Dept. ECE)

94 New Chester Road. New Ferry, Wirral,

9V at 250mA with unique 4 way

Merseyside, L62 5AG.

multi -jack connector and free
matching socket £2-95.

RADIO MODELS
50mA

Peepett

£2-95. Double 41-1-4V
£3.95. 6+6V £3-95. 9+9V
f-3-95.
9V

TAPE RECORDER MAINS UNITS
7;-V output complete with 5 pin DIN plug to run
cassette tape reorders from the AC mains £3-45

Trade and Export enquiries welcome.

S.A.E. Brings List.

with

sistor radios etc. 6V £295.

VERO ELECTRONICS LTD,

Copper - Nickel Chrome - Eureka - ManganIn
Wires.
Enamelled - Silk - Cotton - Tinned Coverings.
No minimum charges or quantities.

4 -STATION INTERCOM

P.O. BOX 30, LONDON, E,4 98W

output

battery tonnectors for tran-

THE SCIENTIFIC WIRE CO

-..--

SINCLAIR CALCULATORS
Cambridge £1195
MAINS UNITS

Scientific £13-95

Oxford 100 £8.95
Oxford 300 £22.98

Programmable P.O.A.

CBM CALCULATORS

he

STYLI -CARTRIDGES
FELSTEAD ELECTRONICS (EEI02)
Longley Lane, Gatley, Cheadle, Ches.

£17.25

SKS 4EE

Our new complete list with illus. stylus
chart and best values in cartridges, cassettes,
tape, audio leads, microphones, meters and

Solve your communication problems -with this

8 Subs), in robust plastic cabinete for des,- or wall
mounting. Call/talk/listen from Master to Subs and
Subs to Muster. Ideally suitable for Business, Sur-

of Trionix, 177 School Lane, Kingsway

MAINS INTERCOM NEW MODEL

Cnr. 19

gery,

Schools,

Hospitals

and

Office.

Operates

on one 9V battery. On/off switch. Volume control
Complete with 3 connecting wires each 66ft. and
other aceeortea. P. a P. 72g.

No batteries -no wires. Just plug in the maims

for instant two-way, loud and clear communication.

On off switch and volume control. Prim 961.24
per pair P a P. 75p.

TREASURE TRACER
MK III Metal Locator
Varlcao tuning

Britain's

best

selling

metal

locator kit; 4,000 Sold

Weighs only 22oz. Fitted with
Faraday shield

Speaker and earphone operation

Knocks down to only 17in
Prebuilt search coil assembly
Thoroughly professional finish
As seen on BBC1 and BBC2 TV

You only need soldering Iron,
screwdriver, pliers and snips

kat
Co

Kitmplete

Five transistor circuit
Send stamped add,
nvelooe for leaflet

212.50

Built & tested

d

217.50

Post 859-£1 00 VAT (3%) Post 859-£1-93 VAT (8%)

MINIKITS ELECTRONICS
6b CLEVELAND ROAD.
LONDON. BRIAN _
(Mail order only)

Everyday Electronics, February 1976

776M13 7 digits/%/memory £7-16
88713 8 digits/%/memorylconstant c9-95
385R 8 diglts/constant/Vrechargeable £1085
GL976MD £9-50. GL976MR £1360
GL997D £1195. GL997R £15-30
SR7919D 8 digits/memory/scientific notation/
ri Wig/log/power/roots £1455
SR4148R £42-95. Mains unit for machines £2-95
All others include mains charger unit.

4 -Station Trans/stet Intercom eyetem (1 master and

multi -testers, phones, plugs, sockets and
useful accessories for radio, recording and
hi-fi. Yours FREE for S.A.E. Usual trustworthy service.
Most items available to callers in Manchester.

For Oxford Series £3.11
For Cambridge, Cam.
Mem. and Scientific
£3 -IS

1VEy y I

AMERICAN TYPE CRADLE

TELEPHONE AMPLIFIER

,.,-,.NLY
0

12-95

+ AT 41.-04

FERRANTI ZN414
IC radio chip with data £1 -69. Printed circuit and
extra parts for radio IA -64. Case £1 extra. Send
sae for free leaflet.

leseems.

SINCLAIR PROJECT BO
AFU £7-55. FM tuner £13-25. Decoder £1-5.6,
Z40 £5.75. Z60 £7-10. PZ8 £9-20. Trans for PZ8
£5-40. Stereo 80 £7-45. PZ5 £3-95. Project 805.
£29-95. PZ6 £670.

S-DECS AND TDECS
S-DeC £224
T-DeC £4-05

1.1-DeC A £4.45

m-DeC B £7-85
IC carriers: 16 cid: plain £1-18.

--.....

----..

--..
With socket £2.21.
10 T05: plain £1-09. With socket £2-08.
SST1 3 for £2; SSUI 3 for £2; SSNI 3 for £240.
25p off any order accompanied by PB Electronics

coupon.
Latest transistorised Telephone Amplifier with
detached plug-in speaker. Placing the receiver on

to the cradle activates a switch for immediate

two-way conversation without holding the handset.
Many people can listen at a time. Increase efficiency
in office, shop, workshop. Perfect for 1'conference"
calls: leaves the user's bands tree to make notes,

consult files. No long waiting, eaves time with
long-distance calls. On/Off era -itch, volume. Direct
tape recording model at £13.95 -- VAT £112
P. & P. 70p, 10 -day price refund guarantee.
WEST LONDON DIRECT SUPPLIES

EP:

169 KENSINGTON SIGH STREET, LONDON, WS

SWANLEY ELECTRONICS
Dept E.E. PO BOX 68,

SWANLEY, KENT BR88TQ.
Prices Include post and VAT.
Official orders from schools etc welcome.
Overseas customers please deduct VAT (8% on
calculators and S-DeC and T-DeC range, otherwise 25%)
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The tried, tested, proven, reliable, complete,
professional, capacitive discharge,

"sparest' was volcl boat of a sane on testod by Popular Motoring Magazine

Electronic Ignition Hit
Sparkrite MK2Is a high performance, high Quality,

capacitive discharge electronic ignition system.
Because of the superb design of the Sparkrite
circuit it completely eliminates problems of the
contact breaker. There Is no misfire because
contact breaker bounce is eliminated electronically by a pulse suppression circuit which prevents
the unit firing If the points bounce open at high

_MP

ORD
To ELECTRONICS DESIGN ASSOCIATES DEPT EE2
82 Bath Street. Walsall. WS! 3DE.

Phone 33652.
From Name

Address

Qty.

Sparkrite Mk 2 DIT Ass. kits i@ £1093
Sparkrite Mk 2 Ready Built Negative
earth @, El 3-86
,Sparkrite Mk 2 Ready Built Positive
earth lit £13.86
i ignition changeover switches (' £2.79
R.P.M. Limit systems in the above units
1

© £2.42
I

enclose cheque/P.0.s for £

Cheque No.
(Send SAE if brochure only reauired)

R.P.M. Contact breaker burn is eliminated by
reducing the current to about 1/50th of the norm. It

0

I

will perform equally well with new, old, or even

badly pitted points and is not dependent upon the
dwell time of the contact breakers for recharging
the system. Sparkrite incorporates a short circuit
protected inverter which eliminates the problems

of SCR lock on and therefore eliminates the

Possibility of blowing the transistors or the SCR.

(Many capacitive discharge ignitions

I

are

not

completely foolproof In this respect.)
Sparkrite can therefore give you: up to 20% better

fuel consumption, instant all weather starting,

cleaner plugs-they last up to 5 times longer without attention, faster acceleration, higher fop
speeds, longer coil and battery life, efficient fuel
burning and less air pollution, smoother running,
continual peak performance.
THE KIT COMPRISES EVERYTHING NEEDED.
Ready drilled pressed steel case coated in matt
black epoxy resin, ready drilled base and heatsink,

"C.InGt2::4Mtntnuc-e-2,-;:trs:,-c-Araunuar.2===re..z=n

In addition to the title, the current (or
last) Volume No. and date is blocked on

the spine, but for any of the previous
volumes a set of transfer figures is

Performance drivers etc.

Electronic/conventional ignition switch. Gives
Instant changeover from "Sparkrite" ignition to
conventional ignition for performance comparisons, static timing etc., and will also switch the
ignition off completely as a security device.
Includes: switch, connectors, mounting bracket
and instructions. Cables excluded.
PRICES

D.I.Y. assembly kit £1093 incl. V.A.T. post and
Packing. Ready built unit £13-88 intl. V.A.T. post
and packing. (Both to fit all vehicles with coil/
distributor ignition up to 8 cylinders.)
Switch for instant changeover from "Sparkrite"
ignition to conventional ignition £.279 Incl.
V.A.T. post and packing. R.P.M. limiting control
£242 incl. V.A.T. post and packing. (Fitted In
case on ready built unit, dashboard mounting on
kit.)

CALLERS WELCOME

post paid. Please enclose S.A.E. with all other enquiries.

TRADE ENQUIRIES WELCOME

supplied.

".'4C-IMInc..1=n1:12"4=ClrY..1===t7.1MIMI=MkIL

Send your order with remittance to:

PLEASE MENTION

To Post Sales Dept., I.P.C. Magazines Ltd.,
Carlton House, 66-68 Great Queen Street,
London WC2.
for
enclose p.o.icheque value
binders at £1.85 each for EVERYDAY ELECTRONICS. Vol. Nos

EVERYDAY
ELECTRONICS

I

4-41==,..--.1=1=re.lt-41tX=Y4t.M.c.,====1"JCZng

Included in the unit to prevent over revving, an
advantage to most companies, hire firms, high

reliability, every coil being inspected
twice plus a final test and near spot-on
-4/
alignment.
General catalogue showing full product range 32p,

12 copies of EVERYDAY ELECTRONICS.

Date

Electronic R.P.M. limitation. This can be

authors and constructors throughout
the world, for their performance and

spine, the Easibinder is designed to hold

Address

instructions to make the kit negative or positive
earth, and 10 page Installation Instructions.
OPTIONAL EXTRAS

Our components are chosen by technical

with the title blocked in black on the

Name

circuit board, nuts, bolts, silicon grease, full

357-8-9 OLD RD., CLACTON -ON -SEA
ESSEX. C015 3RH

Bind your magazines in the
EASIBINDER
Attractively bound in orange Balacron

When ordering please indicate which
Volume is required.
Price £1 ,85 including postage and V.A.T.

top quality 5 year guaranteed transformer and
components, cables, coil connectors, printed

DEN
CO (CLACTON) LTD.
Dept. E.E.

Create your own EVERYDAY
ELECTRONICS Library
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WHEN REPLYING TO
ADVERTISEMENTS

8
Incre.mr..=.:Mrceanv=r-..crAnunczncmc=cr.r., :tx:racs
Everyday Electronics, February 1976

ENGINEERS

Marshall's

A. Marshall (London) Ltd Dept: EE
42 Cricklewood Broadway London NW2 3ET Tel: C1-452 0161/2
Telex: 21492
& 85 West Regent St Glasgow G2 200 Tel : 041-332 4133
& 1 Straits Parade Fishponds Bristol BS16 2LX
Tel 0272 654201/2
& 27 Rue Danton Issy Les Moulineaux Paris 92 Tel 644 2356
Catalogue price 25p
Trade and export enquiries welcome

YOURSELF FOR A

Our range cover. over 7.000 items. The largest selection in Britain

Top 200 IC's TTL, CMOS & Linears
CA3020A LI 80 C04050
66p NE556
CA3028A
79p C03130
889 NES60
CA3035 41.37 CD4510 LI - 25 NE565
CA3046
CA3048
CA3052

70p CO4511

L2- I 1 C04516

LI 30-SN7446
£4-485N7447
f4-481SN7448
£1.805N7450

MpISN74 I 53

85p

90pISN74157

959

95pSN74154 LI 50

100/74160 £1.10

LI - 94 SL414
.25 SL610C £1.70514745 I

16p5N7416 I £1 10
16p'SN74I 62 £1 10
16p SN74163 LI 10
16p 51474164 £2.01
33p SN74 I 65 £2.01

LI -62 DC4518 LI -87 SL6I IC LI -70'SN7453
CA3089E El 96 CD4520 £1-87 SL6I2C £1.70 SN7454
CA3090Q £4 23 LM30IA
48p SK620C £2 -60 5N7460
CD4000
36p LM308
El - 50 5L62IC £2.60 SN7470
CD4001
36p L005TL
LI -50 SL623C L4.59 SN7472
2.6p SN74167 64'10
CD4002
36p LM380
El - 10 SL64OC E3 105N7473
36p SN74174 LI '25
C04006 41'58 LM381
E2 - 20 SN7400
16p'0N7474
36p 51474175
90p
36p LM702C
CD4007
75p SN7401
SOp SN74176 CI .44
16p SN7475
CD4008 LI 63114709
SN7401AN38p 5147476
35p SN74180 LI .40
CD4009 LI -18
T099
38p SN7402
16p SN7480
50p SN74181 £1 -95
CD4010 CI -18
BOIL
45p SN7403
16p SN748t E1 -25 5N74190 £2.30
CD4011
36p
I4DIL
38p SN7404
19p 5147482
75p SN74191 £230
36p LM710
CD4012
47p SN7405
19p SN7483
95p51474192 LI '15
CD4013
66p LM723C
*Op SN7406
45p SN7484
95pSN74 I93 41 -15
CD4014 LI 72 LM74IC
40p 5N7407
45p SN7485 LI .25,SN74196 LI .60
CD4015 £1 .72
8DIL
40p 5147408
19p 5147486
32p5N74197 LI -58
CD4016
66p.
14DIL
38p SN7409
22p 5N7490
45p.5N74198 £2-25
CD4017 LI -71 LM747
CI 'OS SN7410
16p 0147491
85p 5N74199 £2-25
C040 I 8 6255.LM748
SN7411
15p SN7492
45p SN76003N C2.92

004019
869'
C04020 LI .91:
CD4021

CD4022
CD4023
CD4024
CD4025
CD4027
CD4028
CD4029
DC4030
CD403 I

C04037
CD4041

CD4049

BOIL
I 4DIL
61'72 1143900
LI .66 LM7805
36p LM7812
41 -24;LM7815
32p1LM7824

609 5147412

73p SN7413
70p SN7416
L2 -00 SN7417
£2.50 51,47420

£2.50 SN7423
£2-50 SN7425

43/11C1303L LI 50 0147427

LI .501MC1310P £2 -50 SN7430
£3 '50[MC6330P 90p SN7432
87p:MC135IP 80p SN7437
£5'19 MC14553 L4 -07S147438
LI '93 MC 1466L L3-50 SN7440

28p 5147493

45p 51,176013NL1.95

81/s5N76023N61.60

35p SN7494

35p 51.47495

tunities- shows you how to get
them through a low-cost, Home
Study Course. There are no books
to buy and you can pay as you
learn.

ELECTRICAL and
ELECTRONICS
Practical Radio

ALTO and AERO MECHANICAL
Motor Mechanics 0 A.M.S.E. (Mech.)Ei

C. & G. Motor V.

General Mech.

(with KIT)

Mechanics

Eng.

Electronic
Engineering
Certificate
General Elect. Eng.
Certificate

General Auto
Engineering

Air Registration

Engineering

C. & G. Elect. -

Board Certs.

Welding

Electronics

Elect. Install. &
Work

POPULAR SEMICONDUCTORS
214696
214697

2N698
214699
214706
214708
214916
214918

22p
16p

82p
59p
14p
17p

26p

2N1308

47p
45p
009
78p
94p

214171 1

LNLIVL
2142147
2142148

31 p

2N2218A 22p
2N2219A 26p
2142220 259
2142221

2N2222
2N2369
2N2646
2N2904
2142905

2N2906

SSp
7.1p

Zip

19p

12p
13p

ISp

15p
14p

2N3714L1 38
2N3716 Cr 80
2113771n -20
2N3773£2.65
210789E2 06
21438I 9
2143820.

2N3904

37p
64p

27p

189

67p

ISp

3N141

8Ip

40361

40p

40362
40406
40407
40408
40409
40410

2142907
2142924

2143702
2143703
2143704
2143706
2143708

2144058
2144062
2144289

42p

3N200 1249

1139

10p
209

21p
20p
2N2926G 12p
2N3053 25p
2N3054 60p
2N3055 75p
214339I
28p
2N3392 15p
2N3393 15p
2N3440 59p
2N3442 41-40
2N3638 15p

27p

34p
2N4920 E1-10
2144921
83p
2N4923 LI -00
2145245
47p
2145294
48p
2N5296 48p
2145457 49p
4N5406 409
2N5459 49p
2146027 4Sp
3N128
73p
314140 C1,00

28p
32p
2141302 18}p

2141304
2141306

2N3906
2N4037
2N4036

40411

40594
40595
40636
40673

AC162
AC 127

AC 28
AC 151

ACI52
'

AC153
AC176
AC1/37K
AC188K
AD143

ADI61

ADI62
AFI06
AFI09
AF115
AFI 16
AFI 17
AFI 18
AF I24

45p
44p
35p
50p

Sip
S2p

£2-00
74p
84p

LI I0
739
20p
20p
20p
27p
49p
3Sp
30P

35p

40p
600
SOp

50p
40p

40p
3SP

35p
35p
35p

30p

AFI39

AF239
AF240
AF279
AF280
BC 108

BC109
BC 147B
BC 148B

BCI49B
BC157A
BC158A
BC1678,

BCI688
BCI69B
BC182
BC182L
BC183
BC183L
BC184

659
65p
90p
70p
79p
14p
14p
14p
14p
15p

15p
16p
16p
15p
15p
15p
12p
12P
12p
12p
13p
13p

BCI84L
BC2I2A 16p
BC2I2LA 16p
BC2I3LA 15p
BC2I4LB 189
602378
BC238C
BC239C
BC257A
BC25813

602596
BC301
1303078

BC308A

169

ISp
15p
16p
16p
17p

34p
17p
15p

BC309C 20p
BC327
BC328
BCY70
BCY7 I
BCY72

23p
22p
17p

22p
15p

130121 L1.00
BDI 23

00124

02p
67p

8D131

40p

BD 132

50p

8D136

.431,;

BDI 35
EDI 37
BD 138

A.M.I.M.I.

55p
63p

5D739

71p

MPSA56 31p

BF-: :5
13FI,7

3,60
SSp

0C35
0C42

3B:54
BF:59

38180

Sip
200
73p

BF -184

35p
36p
309

BF19.4

120

BF:8;

BFI95

BEI%
13E197
138198
13F2.44

BF257
58258
BF259
BF561

BF598
8FR39
BFR79
BFX29
BFX30

BFX84

BFXBS
BFX88
BFY50

BFY5I
BFY52
BRY39

12p
13p

ISp

219
47p
33p
33p
27p
23P

249
14p
30p
27p
14p
30p
25p

M1481

MJ490
111491

OCAS
T1P29A
T1P29C

7P3IA

T.P3055

50P

T1S43

RADIO and
TELECOMMUNICATIONS
Colour TV

Heating, Ventilating

& Air

Conditioning
Architectural'
Draughtsmanship
C. & G. Telecoms. & Design
Technician's Ccrt.E

2.15p

ZTX301

13P

ZTX501

13p

ZTX500 ISp
ZTX502 Illp
114914

1N3754

1145408

I 1p

95p
LI -20
El -03

E145

M12955 LI -00
1410340
48p
1110370
65p
MIE371
75p
MJE520
60p
MJE52.1
70p
M1E295561.20

M1E3055 759
MP8113 47p
MPFI02 39p
MPSA05 25p

MPSA06 3Ip
MPSASS 3Ip

Meat. Cert.

L.1.O.B.

Plumbing
Technology

Engineering
Course

Decorating

0

0

AA119
BAI02
BA145
BA154

BAIS5

BB1O3B

881048
BY126
BY 127

BYZ1 I

BYZI2
0A47
0A81
0A90
0A91
0A200
BYI64

7p

I

Inst. of Cost &
Managements
Accts.

General

Draughtsmanship E

Radio, Servicing & General Building
Repairs
1-]
Painting &
Radio Amateur's
Exam.

Computer
Programming

DRAUGHTSMANSHIP and
DESIGN

Carpentry &
Joinery

Radio & TV

1
MANAGEMENT
and PRODUCTION

CONSTRUCTIONAL

C. & G. Radio,
TV & Electronics

0

A.M.I.E.D.
Electrical
Draughtsmanship El

I
I

ZTX300 139

2.3p

4p

60p
50p
32p
49p
58p
62p

TIP35A L2.90
7:P36A L3'70
TiP41A 74p
TiP42A 40.90
7-P2955 cap

IN4007
IN4148
IN5404

20ip

76fp

7:P32A
74P
TiP33A El -01
T.P34A L1.51

12iP

11E0402 20p
ISp
1.1E0412
ME4 102
M1480

0028

EI

M.A.A./I.M.I. Dip.

Servicing

AL102 £1-00
8C107

Inst. Engineers &

0 Technicians
0 Maintenance

Technicians

LONDON GLASGOW PARIS AND NOW

BRISTOL
ITS OUR SERVICE THAT MAKES US GROW

ambitious engineer. Send for this
helpful 76 -page free book NOW!
No obligation, nobody will call on
you. It could be the best thing you

CUT OUT THIS COUPON =I1=

C. & G. Elect.

85p

SUCCESS should be read by every

CHOOSE A BRAND NEW FUTURE HERE

Installations

65p 5N74151

This easy to follow GUIDE TO

ever did.

3.5p SN74123
3.5p SN74141
16p 51474145

2895N74122

MORE PAY!

WITH

Do you want promotion, a better
iob. higher pay? "New oppor-

77915N76033NE2.92
35p SN7496
759.TAA263 LI -10
I6p 5N74100L1 -25 TAA300 LI .80
29p SN741 07 36p TAA350 A L2-10
60p
29p 51474118 LI -00 TAA550
29p SN74119L1 -92 TAA611C 62-18
I6p SN74121 37p TAA621 £2.03

50p TAA6618 £1.32
60p TBA64I B £2.25
85p TBA65I LI -69
909 TBA800 41.40
El -86 MCI 469 R 62.75 SN744IAN859 5N74150L1 -50 TBA8IO 41.40
81p. NE555V

BETTER JOB

G.C.E.

Nom'

-58 '0' & 'A' Level Subjects

I

-over 10,000 Group Passes!

15p

10p
1p
2.2p

lOp

Ip

23p
ISp
11p
12p
2.3p

45p

lip

ISp

3Ip
5Ip
6p
IBp

Aldermaston College
Dept.

TEE 13 Reading RG7 4PF.

also at our London Advisory Office, 4 Fore Street Avenue,
Moorgate, London EC2Y SEJ. Tel. 01-628 2721.
NAME (Block Capitals)

I
I

ADDRESS

6ja

6p

Ip

57p

ST2diac 20p
40669 Li 00
29p
TIC44
C106D
65p
ORP12
60p

Prices correct at December 1975, but all exclusive of VAT. P. & P. 25p

Postcode

Other subjects of interest

Age

Accredited by C.A.C.C. Member of A.B.C.C.

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

132 PAGES INCLUDING PROJECTS FOR YOU

TO BUILD. PLUS HUNDREDS
OF ILLUSTRATIONS OF
01
COMPONENTS.
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I enclose Cheque/P.O. value
copyicopies of your Catalogue

For

Et -

NAME
ADDRESS

I

MAPLIN ELECTRONIC SUPPLIES P-0. 8o x 3. Rayleigh
Essex SS6 8LP.

I

