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THE RANGE OF ADCOLA
SOLDERING INSTRUMENTS
INCLUDE MODELS FROM

19 WATTS WITH A WIDE
SELECTION OF BITS, COPPER
OR LONG LIFE
PENTACOATED. FOR EACH
MODEL PRICES START AT 33/6.
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FOR A QUALITY SOLDERING INSTRUMENT
AT THE RIGHT PRICE, CHOOSE ADCOLA.
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FEREST [ TEMS

AFX-3U AM/FM STEREO TUNER

Superbly engineered by world famous manufacturer, the Model AFX-3U is an ultra sensi-
tive AM/FM stereo multiplex tuner using 14 valves and 9 diodes. The extra wide band-
width of the tuner and unique multiplex circuitry ensures the finest possible FM ption
with optimum stereo separation of over 38dB. Stereo signal beacon with special eircaitry
unaffected by external noise, simplifies FM stereo broadcast seleetion. 3 gang variable
condenser provides highly sensitive reception on both bands. The multiplex circuit is
completely free from subcarrier leakage and permits direct tape recording without any beat
noise interference. An MPX noise fllter is also fitted. Briel specification: 14 valves, 2
Germanium diodes and 2 Silicon diodes. Frequency range: FM—| Bm‘.lozim-fs AM—555~
1,606ko/a. Sensitivity: FM—1-9uV/08Mc/s, AM—2uV/100ke/s. Output FM/FM Sterec

, AM—3V. Frequency response: FM—20-20,000c/s. Distortion less than 1%. Special
Circuits: FM Stereo indicator, AFC, Noise filter. Qutput for direct tape recording. Hammer
enamel and brushed alloy finish. Cabinet size 14} x &« 9}in. For 220/240V a.c. Mains
(60 or 60c/s) operation. Complete with operating manual. List Price 55 Gna.

Lasky’s Price 26 Gns. cariage ana Packing 7/6

MODEL 9R-59DE
Brief spec.: 4 band re-
celver coveéring 600ke/s
to 30Mc/s continuous and
electrical band spread
on 10, 15, 20, 40 and 80
metres. 8 valve plus 7
diode circuit. 4/8 obm
output and phone jack.
Special features: SSB-
CW @ ANL @ Variable
BFO @ S meter @ Sep.
band spread dial @ IF
frequency 455ke/s . Audio output 1-5W @ Variable RF and AF gain controls. For use
on 115/250V a.c. Mains. Beautifully designed control layout finished in light grey with
dark grey case, size 7% 15 x10in. Weight 191b. Fully guaranteed, complete with instrue-
tion manual and service data.

Lasky’s Price £39.15.0 carringe and Packing 1276
MODEL JR-500SE

Briel spec.: Covers all the amateur bands in 7 separate ranges between 3-5 and 29-7Mc/s.
Cirenit uses 7 valves, 2 transistors and 5 diodes plus 8 crystals; output 8 and 500 ohm and
500 ohm phone jack. Special featurea: Crystal controlled oscillator @ Variable BFO @
VFO @ AVC @ ANL @ S meter @ S83B-CW @ Stand-by switch @ Special double gear
dial drive with direct reading down to 1kHz @ Remote control socket for connection to
a transmitter, Audio output 1 watt. For use on 115/250V a.c. Mains. Superb modern
styling and control layout—finished in dark grey. Cabinet size 7 x 13> 10in, Weight 181b.
Fully guaranteed, complete with instruction manual and service ds

Lasky's Price £68.0.0 c.iiace ana packing 1278

FOSTER HF-204 COMBINED
MICROPHONE/HEADSET

High quality moving coil headphones and sensitive
dynamic;microphone combined in one lightweight umit.
For use with tape recorders (provides constant monitor-
ing), communications equipment, PA (crowd or
tra'Ee control), stage direction, language
labs, ete. Extremely comfortable to wear for
long periods—adjustable foam padded
cushions, vinyl . covered headband.
Headphone imp. 801, max. input
100mW. Microphone imp. 250.
Weight 880z, Single cable contains
h headphone and microphone leads.

Lasky's Price 59f6 Post 2/6 Ei’.% Price 7 Gus.
ET. YOUR LASKYS

F R EE Second Great Reprint Issue Now Ready. Twelve 16:< 11}in pages —
over 1,500 items! Just send your name, address and 1/- for post only

Tel: 01-723 3271

Tel: 01-636 2605
' Tel. FLEet §t. 2833

-E-1318 Lamp Flasher Module—flashes two miniature lamps alternately.

LASKY’S ENDAPSULATED

input

8 completely new special function circuit modules.
Bize of each module only 2} X 1} X #in. Ready for
immediate use—just connect to power source (usually
9V batt.), input and output. Encapsulated modulea
are shockproof and almost indestructible, Comp. with
full ins. Post 1/8 each.
E=1311 Phono Pre-amp Module—max. out-
put 3V. RMS, input S50mV, input fmp. 29 s
100k Q, gain 28dB, RIAA compensation. /
E-1312 Tape Head Pre-amp Module—max. output 3V, RMS, input 50mV, input 29 6
imp. 100k}, gain 25dB, NARTE compensation. [’
E-1313 Microphone Pre-amp Module—max. cutput 4V, RMS, input 50mV, 29/6
imp. 100k}, gain 28dB, response 10-50k
£-1314 Power Amplifier Module—max. o tput 300mW, input imp. 1k, gain 29)!6
20d4B, response §0-10k/cs, distortion 3% at 20mW.
E—lﬁls Electronic Orgm (tone nuﬂl'l.tur) Module—irequency 200-1,000¢/s, zsi
output 80mW. For use with keyboard, variable resistora and 8Q speaker. v
E-1316 Morse Code Practice Oscillator Module—frequency 400c/s, output
80mW. For use with morse key and speaker.
E-1317 Modulated Wireless Signal Transmitter for use in test bench fault finding 25/_
—frequency 400¢/s-30Mc/s, tone freq. 400c/s. For use with any AM receiver.
For use 25/.

with 8V, 100/200mA bulbs and AV power supp!

TEST EQUIPMENT

N E LASKY'S . EXCLUSIVE
MIDLAND Model 10-502

VHF AIRCRAFT BAND
CONVERTER

An entirely new item for the radio enthusiast bringing instant
reception of the ground-to-air, air-to-ground waveband. For use
with any standard AM or FM radio covering 535 to 1,605ke/s, 88to
108Mc/s respectively—with mo_electrical conversion or con-
nection required. The Model 10-502 (self powered by one 9V
(PP3 type) battery) is merely placed close to the receiving set
and then tuned over 110 to 135Me/s which covers the whole
aircrait communications band. Volume and reception effective-
ness is adjusted by moving both sets to the most favourable
position and baiancing the volume controls of each accordingly.
The Model 10-502 has a smartly designed black plasticicabinet with brushed metal imnt
panel and 1Bin chrome telescopic antenna, size only 4 X 2] X 23in (inc. knobs). Complete
with battery and full instructions.

Lasky's Price 79/6 rost 3/6
TTC Model C-105]

A_completely new design 20,000 0.P.V. pocket
multimeter with mirror seale circnit and
built-in thermal protection. Exceptionally large
easy to read meter with D"Arsonval movement.
Colour coded scales. Single positive click-in,
recessed selection switch for all ranges. Ohms
zero adjustment. Range spec. a.c. volta:
0-6-30-300-1,200V at IDK,‘ohmn[‘ D.c. i ~x :
volta: 0-3-15-150-300-1-2KV at 20K/ -

ohme/V. Resistance: 0-60K-6megs. D.c. current: 0-60pA—300mA. Decibels: —20dB
to +'I 7dB. Hand calibration gives extremely high standard of accuracy on all ranges.
J one 11V penlight battery. Strong impact resistant plastic cabinet—size only
31 x1iin. Two colour buff/green finish. Complete with test leads and batfery.
Orig. list price £5.5.0.

LASKY'S PRICE 75/~ Post2/s

CLEAR PLASTIC PANEL METERS
Precision made in Japan by TTC. Each meter boxed and
fully guaranteed with all fixing nuts and washers. Sizes are
of front panel. Add 1/8 P. on each. (Quotes for quantities.)
Type ER-52 3 x 21in (illustrated).
< SO0pA .......... 56/~
1mA 8 Meter

L]
‘“mn;,,f"z

'\‘
0
-

WA

100uA
500uA
Tmo II-HA 8in square

High. Fidelity Audio Centres

42 Tl]T[ENHAM CT. RD., LONDON, Wl Tel.: 01-580 2573



Send 5.A.E, for lull lists, Other ranges available. Please include postage.

0014
T 1004.1 A
200uA .
G00.A

.82/8
5 82 0

Special quotations for quantities.

CLEAR PLASTIC METERS

Type MR.52P. 21:1.1 square Ironis
100n.A .

.
100-0- llJD_u. \
S00uA
ImA
smA
10mA
50mA

TEl[Im A
1 amp

100V d.e.
- I::[l\ d s
.B5/- . .25
. . .85/~ 8.
. .26 . BB/~
D88/~ | 500V ac. 25/ Type MR.65P. 3iin
500m A .85/~ | 8 meter lmA 29,8 50pA .
VU meter 39/8 50-0 S0uA
Type MR.45P, 2in square fronts 00l =
B0A ... 42/8 | 10V d.c. .27/6
lsn o an,u\ 89/8 | 20V. . 2718
-.39/8 | 50V d ... B8
IDD 0- 1"0,; A .35;- .i()ﬂ\ d. < .. R7/8
500 A -.20/8 | 15V ... 2718
ImA 300\ a . ..27/8
SmA S meter ImA 35/-
10mA VU meter 42/6
G0mA 1 amp a.c.* 27/8
10mA . 5 amp. 2 p
500m A ] 10 amp 5. 1L 3T
1 amp. .27/8 [ 20 amp. .. 20 nmp,
& amp. 27/6 | 30 amp. a.c.* 2778 30 ump:
50 amp.
10V d.c.
20V d.c.

“Moving iron, all
others moving coil.

BAKELITE PANEL METERS

Type MR.65. 3lin square Ironts
ee....87/8 | 50012A ....32/8
BOA ”15,:— 1 amp. 3z/8

...32/8

BmA
10mA
abmA
100mA

300V we. -...37/8
8 Meter lmA .
VU Meter ....5l
1 amp. a.c.* ..
5 amp. a.c.* ..87/8
10 amp. a
20 amp. a
30 nmp. a.c.*
4lin fronts

15 amp.

S Meter 1mA
VU mc!er +emt
N

30 amp. a.c.*

* aim fronts

10 amp.
20 anp.
30 amp. a.c.

VU meter ....

NEW RANGE OF “SEW”

EDBEWISE METERS
MODELPE70. Dimensions 317/32 » 11
2] deep overall. Available as follow

8ine Wave 20c/s to
200kc/s. Bquare Wave
20¢c/s to 30kejs. High
and low f§mpedance
output. Output vari-
able up to 6 volts.

Mode! 22. Power Supply 0-15V d.c. £14,10.0
Mode) 30. Audio Generator. £10,10.0
Mode! 31. R.F. Signal Generator. £12.10.,0
Mode! 32. C.R. Bridge. £10.10.0
Mode! 33. Inductance Bridge. £20.0.0
Mode] 66. Inductance Bridge. £18.0.0
Mode! 61. Power Supply. £6.10.0

50 microamp 57/8 500 micron
50—0—50 microamp B6b/- 1 milliamp
100 microamp . .. §8/- 300V a.c. ..
100-0-100 micro: mp 52/8 VU meter
200 microamp . 52/8 Post extrx
TE-20D RF SIGNAL GENERATOR T T.M.C. 1000 SERIES
Accurate " wide “1! KEY SWITCHES
range sigual gen- i ’ TR .
erator covering (Eufi;r:.is'\w wetabeRs
120Lc}s to 600Mc/s g
# banda. | 1 way,2¢/o7/8; 1 way,2c/o2b, 7/6;1 way,
Dlmu:i) G \llhruted 4 c/o. 8/; 2 way, 3m., 3m. 8/8;2 way, 2 cjo.,
Variable 2 ¢fo 8/8; 2 way, 2 ¢fo., 4 ¢/o. 10/-.
attenuator, uudln P 3 v
piat Xtal ost extra. Quantities nvailable.
socket for calibra- ]
:l:l:ﬂ- & 320{3?“ NOMBREX TRANSISTORISED
. 2 %
3is 170mm. TEST EQUIPMENT
Brand mew with All Post Paid with Battery
instructions. $15.
Carr. 7/6.
TY 75 AUDIO
SIGNAL
GENERATOR

AVO CT.38 ELEGTRDNIB MULTIMETERS

a. c. aml. d.c.
Power output. Ranges d.c. volts EbomV—IO,WUV.
(1omeg[1 110megQ input).

25

]00111"'*250\
250Mc/s).
output 50 micro-watis-5 watts. Operation
0/110/200/260V, C.
complete with circuit lead and RF probe #25,
Carr.

gh quality 97 range instrument which measures
Voltage, Current, Resistance and

D.c. current 1

Ohms: 0-1,000mg0. Ac. volt
(with RF measuring head up te
A.c. current 10uA-256 amps. Fower
Supplied in perfect condition

16/-.

TYPE I3A DDUBLE BEAM
0OSCILLOSCOPES

exc(:llunl. general
oscillos-
. 2efs-T50
Bandwidth 53
Mc/s. SBensitivity 33mV/
CM. Operating voltage
0/110/200/250V
Supplied in
working

condition.
£22.10.0. 1

Or o

AM,’FM SIGNAL GENERATORS

Oscillator Test No.
2. A high quality
precision instru-
ment made for the
ministry by Airmee.
Frequency cover-
age 20-80Mc/s. AM/
C.W.FM. Incor-
poriates precision dial, level meter, precision
attenustor 1uV-100mV. Opemunn irom 12V

with  all  accessories,
probe, leads, lid, ete.
£25. Carriage 80/-.

ADMIRALTY
B.40 RECEIVERS
Just released by
the Ministry. High
quality 10 valve
receiver manu-
factured by Murphy.
Coverage in 5§ bands
G50ke/s - 30Mc/s,
I/F 500 ke/s. In-
corporates 2 R.F.
:md 3 LF. stages,
and-pass filter,
noise limiter, ;r\awl comrollml B.F.0.,
calibrator output, etc. Built-in
speaker, output for phones. Operation
150230V . Bize 191 x 13} X 16in.
Weight 1141 Offered in good working
condition, £22.10,0. Carr. 30/-. With
cirenit dingrmms. Also available B.41

L.F. version of above 1dke/s-T00ke/s.

£17.10.0 Carr. 30/-.
CLASS D
WAVEMETERS
A crystal controlled
hetrodyne frequency
meter covering 17—
8Mc/s.

6 volts «.c. Ideal for

Or brand new with accessories

7.10.8. Carr. 7/6.

d.c. or 0/11f )/ a.c. Size 12 x 8] « 8.
Supplied in brand new condition complete
wl:h all connectors fully tested. £45. Carr,
20/-.

MARCONI CT44/
TF956 AF
ABSORPTION
WATTMETER

1 p/watt to 6 watts
£20. Carr. 20/-.

AVOMETERS

Supplied in excel-
&4 lent condition, fully
tested and checked.

Complete with
prods, leads amd
instructions.

Model 47A £8,19.6,
P. & P. 7/6 each.

AUTO TRANSFORMERS

0/115/280v, Btep wup or step down,
¥ ully shrnuded
£1,12.8, P. & P. 3/~
300 “. £2.7.8, P. & P.3/6
500 W. £3.10.0, P. & P. 6/6
1,000 W. £5.10.0, P. & P. 7/6
1,600 W. £6.10.0, P. & P. §/6
3,000 W. £7.10.0, P. & P, 12/6
7,600 W. £15,10,0, P. & P. 20/~

MARCONI TEST EQUIPMENT

EX-MILITARY RECONDITIONED.
-TF 14
85ke/s-25 Mc/s, £25, carr. 3t
OSCILLATOR. 0-5Mc/s,

£45. Carr.

T.F.195M. BEAT FREQL‘ENC\' OSCILLATOR
30/-; TF.142E.
20/-.

0-40ke/s, 200/260V a.c. £20, car
Distortion Factor Meter, £20,
above offered in  excellent
tested and checked. TF.
METER, Brand New, ;F,.':D

care
condition

4G STANDARD SIGNAL GENERATORS,
TF.885. VIDEO

1100 VALVE VOLT-
a TF.1371.

30/-.

All
fully

Wide

Band Millivolt Meter, £50.

Brand new, guaranteed and curriage p:
High quality construction. Input 230V 30
Output full variable from 0-260V.

60 cycles.

Bulk quantities available.
1 amnp.—£5,10.0; 2.5amp.—=£6,15.0; 5 amp.—
8 amp.—£14.10,0; 10 amp.—£18.10. 0; 12 amp.—£21 ; 20 amp.—£387,

£9.15.0;

HSSDN DOUBLE BEAM USI!ILLUSGDPES
Type general  purpose . a.c.
mﬂ]-‘lf'-l Type 1049 L. ¥. .c coupled
235 each. Carr. 30/-.

AMERICAN TAPE
First grade quality Awerican
Brand new. Discount on quan
3in., 2251t. L.P. acetate ...
3%in 600ft. T.P. mylar
5in, 600ft. std. plastie. ..
5in, 900it. L.P. acetate .
5in. 1,200£t, D.P. mylar
5in. 1,800ft. T.P. mnylar
53in, 1,2001t. L.P. acetat
53in. 1,200it. L. P. mylar .
5%in. 1,800{t. D.P. mylar ..
oiin. 2,400ft. T.P. mylar .
7in. 1,2001t. std. acetate
7in. 1,800it. L.P. acetate
7in. 1,8001t.
7in. 2,4001t.
7in. 8,6001t. T.P. m;
Postage 2/-, Over £d poet 11

TAPE CASSETTES
C60-60 mins. 12/8. C90-90 mins. 17/8.
Over £2 post paid.
VIGNOLES SER!

EVERSHED IES II 500
VOLT MEGGERS. Perfect condition £21.
P. & P. 10/-.

tapes.

LUCAS 20/0/20 . Brand new
boxed. Suitable car/motoreycle. 12/8.
P.&P. 2=

NO.76 TRANSMITTER
2-12 Mc/s. Crystal Controlled (not
supplied). BOTPA, Operation 12V, D.C.
(Rotary transformerf). 9 watts output.
C.W. only. New condition. 72/8. Carr. 12/6.

LELAND MODEL 27 BEAT
FREQUENCY OSCILLATORS
0-20ke/s. Output SkQ or 500 ohms.
200250V a.c. offered in excellent con-

dition. £12.10.0. Carriage 10/-.

OMRON

Mk. 2 RELAYS

Brand New and Boxed.
24 volt d.c. coils. 2 Pole
changeover. 5 amp con-
Qiaigte. 7/8 each. P, & P

& Co. (Radio) Ltd.

3-34 Lisle St., W.C.2
ALSO SEE OPPOSITE PAGE




UNR-30. 4-BAND
COMMUNICATION RECEIVER

Covering 550Kc/s—30Mo/s. Incorporates variable

MULTIMETERS /A EVERY purpose/

BFO for CW/SSB reception. Built in speaker and
LAFAYETTE DE-L'PLXAFB 100 %&gg‘!’, TE-800 20,0000 phone jack. j!letal cabinet. Operation 220/240V. a.c.
o g1 = VOLT GIANT Supplied branil new guaranteed with i 3 GNS
Giant 6}in. scale. MULTIMETER instructions. Carr. 7/6. .
H Built-in  meter pro- Bin, full view meter, 2

tection. 0/-5/2-5/10/50/

250]000/1 000V d.c.

Of.i | 60 | 260 /500

00V a.c. 0,‘ 0/
l[lOp.-\ /10 / 100 j 500 |
‘L&f‘.’.ﬂ,’iﬂ-\ 01K/ |
|

colour seale, overload
protection.  0/2- /
250/1,000/5,000V
0/25/12:5/10) 501
250 / 1,000 | 5,000V
d.e. 0/ 50pA [ 110 )

LAFAYETTE MODEL HA700 AM/CWSSB AMATEUR
COMMUNIGATION RECEIVER

8 wvalves,

5 bands incorporating 2 MECHANICAL
4 Ior exceptional solccth’it:.' and sensi-

K i y. Frequency coverage on 5 bands 150-

j 100K | 10M / 100 / 500mA  10A Cc/s, 550-1,600Ke/s, 1-G6-4-0Mc/s, 4-8-14-5Mc/s,
10MQ. —10 to49- 41"3515 18.0. P. & P. 5/-. d.e. 20K [ 200K [ 20 10-5-30Mc/s. Circuit incorporates R.F. stage,
LAFAYETTE M. £15. P. & P.5/- aerial trimmer, noise limiter, B.F.0. product
&7 Range Super MODEL AS-100D, — detector, electrical bandspread, 8 meter, slide rule

50,000 O.P.V.
Multimeter. D.c.
Volts 1256V-1000
A.. Volts 1.5V-
1000V, D,c. Current
26pA-10 Amp,

Ohuns. 0-15 Meg Q.
dB. —20 to'-81dB.
Overlond Protection. £12,10.0. Carr. 3/6.
KEW MODEL 500.30,000
O.P.V. with overload
protection. Mirror scale.
0/0-5/2:5/10/25/100/

250 [ 500 | I.DOG\', e,
0/25 (10 /25 100/
1,000V £

&0 / 5001
d.e. 0/80) Kh
[60megohm £8,17.6.
Post pald.

PROFESSIONAL 20,000 0.P.V.
LAB. TESTER

Automatic
overlond pro-

)’U / 500
n

tectlon, nir-
ror scale.
Ranges: 1/10/
50 [ 250 / 500 |
1,000 volts, d.e. aaul y =500,
10mA, 250mA. Current: 0/20K, 200K,
2 miegohm. Decibels: —20 to +22dB.

£25.19.6. P & P. 2/6.
MODEL TE-70. OIJUU
O.P.V, 0/3/1
GDOrl,',!Uu\
30 /120 [ 600 ( .‘200
0/40), | 8/30 f
16K/ 160K/

MODEL 450.'[ Z.DDU

0PV, 0/10/

2,600V. d.c

500/2,000V.

Ofﬂmegohm
=20

49/8, P. & P 2]&

100K /VOLT Din.,
mirror seale.  Bailt-
in meter protection.
0/ 3/12/60] 120/
[ 600 | 1,200V.

0/6/30/120/300/
a.e.  0/10uA/

—20 to

4
0/302.A/6/60/300M A
nip. O/10K [ 1M/ 10\[

MODEL TE-12, 20,000
0 P.V.  0j0- m.sc»flnumooﬂ
1,200 / 3,000 [ 6,000V. d

1/6/30/ 120/ bOG;I,EDO ooy
(1] ﬁﬂu\ [ 6] 60/ I';OUMA.
0/ 6K/ 600K / Buieg./60.
Mcgo}:m 0PF. 2 MFD
£5.10.8. P. &£ P. 3/6.

0y uK 160/ K
£4.17.8. P. & P. 3/-.

0711001500
mA. d.c. 0/100
Kn 89/8.P. & P.

ADVANCE
TEST EQUIPMENT

Brand new and boxed in original
sealed cartons

VM76. YALVE VOLTMETER
R.F. measurements in excess
of [00Mc/s and d.c.
measurements up to 1,000V
with accuracy of :l,a-
D.c. range 300mV to IkV.
A.c. range 300mY to 300V

MS. Resistance  0.02-
S00MQ. Price £72.

YM78. A.C. HILLIVOLTHETER
Transistorised. ImY to 300V.
Frequency lc/s to IMc/s.
Price £55.

VM79. UHE MILLIVOLT METER
Transistorised. A.c. range
I0mY to 3V. D.c. current
range 0.01 2/A to 0.3mA.
Resistance | ohm to 10

gohms. £125.
AUDIO SIGNAL

GENERATOR
I5¢/s to 50kc/s, sine or
square wave. Price £30.

JIB. Aum&smnn

15¢/s to SOkc]'s. Pricc £30.
J2B. AUDIO §
GEIIEIUATOII
As per ]IB except fitted with
output meter.
TTIS. TRANSISTOR TESTER
f37 10.0. Carriage 10/- per
tem.

TRANSISTORISED
TWO-WAY
TELEPHONE
INTERCOM

Operative over amazingly
long distances, Beparate call
and press to talk buttons,
2-wire connection. 1000's of
applications. Beautifully fin-
ished in ebony. Supplied
complete with batteries amd
wall brackets.

£6.19.6.P. & P. 3/6

INTERCOM/BABY SITTER
Transistorised In-
== tercoms, ideal for
it home | office | work-
 shop ete. 2-way
buzzer call system.
For desk or wall
mounting. Supplied
complete with con-
necting wire, bat-
teries, instructions,
& P. 2/6. 4 station

2 station 58/6. P.
£8.12.6.P. & P. 5/-.

MODEL ZQM TRANSISTOR CHECKER
1t has the fullest capacity for

checking o' A, B and Ico.
Equally adaptable for
checking diodes, etc. Bpec :
A: 0-7-0-9967. B: 5-200,
Ico: 0-50 microamps
0-5mA. Resistance for
diode 200Q-1MQ.
Supplied complete with
Instructions, battery and

leads, £5.19.6. P.&F. 2/6.

4 or
1 18 2 10in.
‘-l "A.E. for leaflet.

dinl. Output for phones,

Supplled brand new and guaranteed with handbook.

low to 2K 0 or spenker
220/240V. a.c. Bize
36 GNS. Carr. 10/-.

Sohms. Operation

NEW LAFAYETTE SOLID
STATE HAG600 RECEIVER

5 BAND AM/CW/SSB AMATEUR AND
SHORT WAVE. 150EC/S TO 400EC/S
AND 550EC/S TO 30MC/S.

F.E.T. iront end @ 2 mechanical filters @
Huge dial @ Product detector @ Variable
BFO oise limiter @ S Meter @ 24%in.
Bandspread @ 230V a.c./12V d.c. neg.
u.lrlh npcmtmn ® RF gain control. Bize

> Bfin < 8lin. Wt.18 Ib.

EKEEPT]ONAL VALUE £456. Carr. 10/-.

B.AE

lor full details,

TRIO [‘.DMMUNIBATIDN
EIVER DEL H-SBEE

4 band receiver covering 530Kc/s to 30Mcofs
continuous and electrical band spread on
10, 15, 20, 40 and 80 metres. 8 valve plus
7 diaJe circuit. /8 ohm output and
ANL @ Variable

.\mlin mnpnt 15W. @
'RP and AF gain controla.
0V. a.c. Mains. Beautifully designed.

15 10in. With instruction
md service data, £37.10.0.

Carriage 12/6.

A completely new transistorised receivs
152-174Mc/s.
(not suppliem for
Indorporates 4

Built in speaker and llluminated dial
and volume controla, Tape
760 aerial input. Headphone jack
230V a.c./12V d.c. - Neg. earth. £37.10.0.

cov

fixed {requency

Fully tunable or crystal controlled
operation.
INTEGRATED CIRCU
Squelch
recorder output.
Operation

ering

ITS.

Carr

LAFAYETTE LA-224T TRANS]STUR STEREU

Distortion 19; or le

AMPLIFIER

8 diodes, THF*® music power,
Response 30-20,000 +24B at 1W
Tuputs 3m\V and 250mV.

- - OQutput 3-16Q. Separate L. and R. volume
* - . controls, Treble and bass control. Stereo
o oNb ‘:’5"'@”, phone jack. Brushed aluminium, gold anodised
. xtruded front panel with complimentary metal
= s ey - : 3% Titin. Operation

. £28. Carr. 7/6.

GARRARD DECKS

Brand new and guaranteed.

1025 mono £7.10.0
1025 stereo £7.19.6
2025 TC less cart. £7.10.8.
2025 TC stereo £8.19.6.
8P25 MK.TI less cart, £12.10.0.
ATO Mk.IE less cart. £12.12.0.
LAB80MKk.IIlesscart., with base £27.10.0,
Carr. 7/6 each

Wooden Plinths for Garrard Series 1,000,
2,000, 3,000, etc., with perspex cover.
£4.10.0. P. & P. 4/6.

GARRARD TAPE
MOTORS

Brand new stock as
used by famous
manufacturer. 200/
260V Capstan
motor 15 Fast For-
ard 10/8. Fast Re-
Set of three motors

*TRANSISTORISED FM TUNER¥
6 TRANSISTOR

HIGHQUALITY
TUNER. SIZE
ONLY 6 '« 4 -
2in. 3 IF.
stages.  Double
tuned  diserime
inator. Ample

output to feed

most amplifiers. Operates on 9V,
battery. Coverage 88-108Mc/s. Ready
built ready for use. Fantastic value for

money. £6.7.6. P. & P. 2/6.
Stereo multiflex adaptors & gns.

HOSIDEN DHO04S 2-WAY STEREO
HEADSETS

Each headphone con-
tains a 2%in woofer

and a 3in tweeter.
Built in individual
level controls.

25-18,000¢/s. 80 imp.

with cable and stereo

plug. £5.19.6. P. & P.
6.

RECORDING HEADS

Reuter i-track. As fitted to Callaro Mk. 1V

and Studio Decks. High imp. record pl
hm:k Jow imp. erase. Brand new. 18/8
MINIFLUX !-track record 12/6.
COBII'.OGOBD 4-track with mounting plate.
TR1-500/P/W record/replay 85/-;
120/P/W reccrd]rephw .'--TTT L

heads. Record/playback.

e v

P/W Erase 20/-,
ngh imp. 05

Erase low imp. 20/-. Post extra.

DUBILIER !ﬂ'l'BOﬂEL CONDENSERS,
Brand new. 8mF 800V, 8/6. P. & P. 2/-;
2mF, 5,000V, 42/8. P. & P

CT.53 SIGNAL GENERATORS. 8-9-15-5 and
20-300Mc/s. Qutput 1pV-100mV. Mains
operated.  Perfect condition less charts.

£12.10.0, Carr. 15/

W8.88 TRANS/RECEIVERS. A and B sets
available, Complete with valves. 39/8 each.
P. & P. 4/6. Accessories avallable.

OPEN

am. to
6 p.m, every
day Mon. to
Sat. Trade
supplied.




NOW - Knight-Kits quality
at new lower prices!

. . . and anyone can build them

Simple, step by step instructions enable you to build these right-
up-to-date Knight-Kits hi-fi units at a much lower price than
similar made-up units. Acclaimed by reviewers, the Knight-Kits
range offers equipment to everyone’s standards and specifications
using professional components. Get your free Knight-Kit booklet
now showing hi-fi units, 'scopes anc test equipment, plus car
tuning, photographic and other interssting electronic kits. Here
are some typical examples.

KG 195 Stereo Tuner Al silicon

Stereo F.M. Tuner. Frequency
reﬁpﬂ + 1 dB. 30 to 15,000 Hz, harmoni:
:]lsbm'ﬁuh ‘Jess then 1%, 88 to 108 MHz

Wi tuning range. Matches KG 865 or other

20,000 Hz at 1% harmonic dishnrtlun amnllllam Automatic smreo swit-ch
£34 19s. 8d. Tenk case extra £4 14a. 5d. £20 1Bs, 2d. Teak case extra £4 14s. 5d. plus
plus 13s. 1d. &lgd Baaxu'l‘unmx eart £6 3s., 4d. plus

KG 980 Stereo S.M. Receiver Star

Combined Stere S M. Recelver and R

%‘muliﬂcr with 25 w cslxd%}* channol Roamer 5 band shortwave receiver
réquency response ) A deluke A.M. receiver able to cover world
Haz. e 88 to 108 MHz. Speaker

ouiputs for 3! 8 ohms. £55 50, 64. Teak Limend B.T. conversations plus all the

plus 14s. 0d.
'anns Heart%&u 1d plus €1 125, 8d.

'p Separation and maxim
sensitivity (10 microvolu for 10 dB signnl
to noise ratio). Automatic volume control
and noise limiter, £21 18s. 0d.

Auto Analyzer

Kit This simple
to x;.‘suumhle it

Battery Charger Kit

makes car Car battery charger
tune-ups and for easy winrer
troub! starting a:

rformance and more miles per uallan.
fOu can perform actual road tests to

Selfl powered wlch lol.s of special

features. £23 17s.

Electronic Science

Lab Kil IUU in1
Create o
Cransistor and valve

Timing Light projects with this

Kit 5y components kit. Build
amplifiers, voltometer,
checking crystal set radio,
g;:fgg“ 2de buzzer, solar cell.
synchroniza- 156 page ’m‘gl ginvl:é

tion of double-
breaker i\rms and sparking-advance
your car gets better permrmnncd
reliablllty and more miles to the
gallon, This high-intensity type of

be made, especlally in mmunccfon
wiLh r.he aubo analyzer kit, KG 375A

page
full instructions on
principle and
Dmccice ns 2s. ua
plus 5s. 1d.

New 960 page Hobbies Manual

12 Hobbies Sections - over 12,000

units & components for dozens of

Hobbies 16/6

I Please send me: Free Knight-Kits brochure |
The new Electroniques Hobbles Manual. (16/6) ]

I Enclosed 18 a cheque/postal order for 16/6 (which

includes the 5/~ pp) made payable to
Electroniques (P‘w 'rop. STC) pLy

l Name .
I Addruss‘,“.‘ PB4

kmgl:t-k:t —

I Eltcu'onluuee (Prop. STC) Ltd.,

'h Way, Harlow, Bmx
—-—_———— —elecfromques—
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HIGH SPEED MAGNETIC COUNTERS (4 « 1 :« lin). 4 digit. 12/24/48V (state
which) 8/8-eack. P. & P, 1/-,

COPPER LAMINATE BOARD (8% < 5% « Jin). 2/8each, 5 for 10/-,
RE-SETTABLE HIGH SPEED COUNTER (3 = 1 i %in). 3 digit. 12/24/48Y (state
‘which) 82/8 each.

BULE COMPONENT OFFERS

100 Capacitors 50pF to 0.5uF.
250 Carbon Resistors £ & iW (Transistor types).
250 Carbon .'Rmubors &1

(5%).
12 Precision Resistors (0.1% several standard values included )
25 Close Tolerance Caps. (2%).
12 8ilicon Diodes 500 p.i.v. 750 m.a.
4 Silicon Rects. 400 p.i.v. 3 amp.
8 8ilicon Rects. 100 p.i.v. 3 amp.
50 Silicon Trans. (2N706/708, BEYWZQ BCY41/42 types.) Unmarked, Untested.

ANY ITEM 12/6. ANY 5 ITEMS £2.10.0.

8.C.Rs. (Thyristors) CRS1/20 5-’6- CRS1/40 7/8; CRS3/10 7/8; CRS3/30 8/8;
CRS3/40 10/-; CRS3/50 12/8 eac!

“3000" TYPE RELAYS (ex. new eqnip.) 10 for 25/~ (our choice) P. & P. 5/-.

VENNER LIGHTWEIGHT ACCUMULATORS (loz 17 :< 13 % lin). 1-5 Ahr 18/6 each,
gggﬂm LOGIC BOARDS containing: 14 BCZ11, 2 trimpots, diodes, ete., 20/=

LIGHT DIMMER/SPEED CONTROL MODULES: 200 watt, 85/~; 500 watt, 45/-;
1,000 watt, 60/-,

RECORD LEVEL METERS (By Smiths). 1} 3¢ }in, 15/- each. P. & P. 2/6.
MINIATURE RELAYS (loz, § % & x 2in), 24V 1 o/o, 7/6 each. 12V, 10/ each,

P. C. CONKECTORS (13 way in-line), 4/8 pair.

LARGE CAPACITY ELECTROLYTIOS: 100 + 400uF, 275V 100K, BOY; 2,600uF,
70V; 3,200uF, 16V 5,000uF, 15V, 4/- each. 4,000uF, 90V 5,0001:F, 25V, 7/8 each.
5ooo;m 50V 6,300,F, 63V; 10,000uF, 30V; 16,000uF, 15V; 25,0000F, 15V, 10/«

m.\m BARGAINE (E.M.I. 13 < 8in.) With two Tweeters and ,!over. 15 ohm,
85/=; with Dual Cone, 15 ohm, 52'8. Single Cone, 3 or 15 chm, 45/-. P. & P. 3/-.
FANE, 12in, 20waH (Dual Cone), 85/~ P. & P, b/-.

TWEETER (E.M.I. 3in), 16 ohm, 12[3.

CAR RADIO (3/5 ohm), 7 : 4in, 15/=; 8 12 5in, 17/6.

L.T. TRANSPORMERS. Prim 240V. SEC 10/20/25V. and 3.5 amp, 20/-, P. &£ P. §/-.
& amp. model 25/-, P, & P. §/-.

PATTRICK & KINNIE
8] PARK LANE, HORNCHURCH, ESSEX
ROMford 44473

SAME DAY SERVICE

VALVE NEW! TESTED! GUARANTEED!

SETS 1R35, 185, 1T4, 354, 3V4, DAFO1, DF91, DK91, DL92, DL94,
Set of 4 for 17/8. DAF96, DF96, DK9%, DLO6, 4 for 28/-.

Ozi  4/8|124X7 48 DKUS 7 ELi2 99| PENSCIY- ) UcCss g8
1A7GT 7 ,:21{&01‘ 76| DLi> 5o | ELSi 49 | PFL0012)- | uCF0 8]
1HSGT 73 [20F2  10/8 | DL92 EL® 5 PL3 918 | UCHi2 o
IN5GT- 7/0 (2011 16/9 | DLo4 59 | EL9S 5/
1R3 5/8 | 20P3- 14/8 | DL96
185  4/3|20P4 18/8 | DYSS 5
1T4 /8 | 25U4GTIL8 | DYST 5/
384 58(30C1 7/~ | EABCSO §
3V4  5/9(30C15 13/8 | EAF42
5U4G_ 4/6 | 30C17 12/6 | EB91
SYJGT 5/ |30C18 §/- | EBCS3
5ZAG  7/8 | 30¥5 12;—}530&1
G/0L2 138 | JOEL1 126 EBFE0
2/3 | 0FL14 126 | EBFsS
BOL1

GAQS  4/8 | 30L15
BATH 4/- | 30L17

EMB0

BAUB /68 | 30P4

6BAS  4/8 | 30P12

6BE6  4/8 | 30P19

GBJ6 /8 | 30PL1 12/

6BWH 13/- | 50PL13 14/6 | ECF82  6/0
HC4 /9 | 30PL14 14/8 | ECH35 6/-
6F13 /8 | 35L6GT 8/- | ECH42 10/86 |
BF14 /- | 35W4  4/8 | ECH81 5/

6F23  12/8 | 35Z4GT §/- | ECHS4
BK7G /8 | 85A2 7/8 | ECL80
6KEQG /3 | 6063 12/8 | ECL82
6L18 8/- | AZ31 9/- | ECL83
6V6G  3/8 Bf!‘i 12;6 BECL86

PCC
PC(.59 10/8
PCC189 9/8
PCF80 7/-
PCF82 6/-
PCF86  9/9
PCES00 13/8
PCF801 7/8 | Ul 18/8
PCFR02 9/6 | UABCB0 G,’s 0C44 /8
PCFB05 9/- | UAF42 0C45 13
PCF80611/6 | UB41 B;’ﬂ 0C71 /8
PCF80812/8 | UBC41 7/9 | OC72 /8
PCL82 7/3 | UBC81 7/- | OC75 =
PCL83 9/- | UBFB0 6/- | OC81 Ik
!’( LR-I 7/6 | UBF89 6/9 | OC81D 2/3
8/3 | UBL21 §/- | OC82 /3
PC]'..BB 8/8 | UCH2 5/- | 0C82D 2/6
9 el PENA4 6/9 | UCC84 7/9 |OC170 2/8

READERS RADIO

85 TGRQUAY GARDENS, REDERIDGE, ILFORD,
SEX. Tel. 01-550 7441

l‘o:t.'\gn. on 1 valve 9d, extra. On 2 valves or more, postage 6d. per
valve extra. Any Parcel Insured against Damage in Transit 6d. extra.

12AU7
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ULCIHI-FI AMP.JRECORD PLAYER AMP. “SOLENT" ® BARGAIN — Speakers, Hi-Fi — The Baker
STEREO 7w x 7w | As fitted to most popularfScandinavian style speaker SONOTONE ﬁ::?:?:sssn;h::rfsIoh:n:n:::nnlnsse":a;fl;w: !2&
MODEL 207 record pldyers. Our Bar-Jsystem (teak). Full maker's TA-HC resonance 40-50c/s, solid aluminium chassis. Ousr price
Usual price gain Prité 59/6 only. ﬁﬁ:‘&ﬁ%hgﬂ?ﬁ:ﬁ?u& b Brand 12 ths’ di i
£19.19.0 Fully B v feetod BP0 000 e Tw:etersﬁ. diamond ‘,P‘n? new, months’ unconditional guarantee,
Our big discount JEL84 output. 230-24pV |Frequency fopen 40c/s- ® BARGAIN — Speakers, Hi-Fi — The Baker
15, Orce mains operated. 2controls|.sr eaice 16 Grs o TE000 gase, 15 ohie, rossonte S0 1000, ks
uineas —vol.,— i lumini chassis, heav:
pivs 101 pio. _Jiesa. o g "o OUR PReE 1 o] PlUs 28 Blp. [ i e s e
BARGAIN—CHANGER DECKS AT YOU WON'T FBIHEGAE:E;!II'-EZI BSAYR%IEIW“ ANYWHERE !
LOWEST PRICES EVER TELETON F2000 STEREO (MULTIPLEX) C
: AM-FM TUNER AMP emait o OUR PRICE
Plinth WB1 GARRARD 1025 p/p. 7/6 £8.0.0 | TE| ETON S1003 SPEAKER g M
£2.15.0 GARRARD 2025 p/p. 7/6 £8.10.0 | ENCLOSURES (PAIR) £0.136 P 59
Cover SPC1 ATE0 Mk. 11 p/p. 8/6 £13.10.0 | GARRARD SP25, SONOTONE 9TA. DIAM. L GNS.
£2.15.0 gg%"ﬂ 1l p/p. 8/6 £12.10.0 |'PLINTH TO MATCH £2214 E FREE
25 .76 £6.15.0 i
plp- 7/ TOTAL £67.3.9 E DELIVERY
EMI HI-FI SPEAKERS 2 i
Beautiful oiled teak enclosure FULL EAGLE RANGE TUNER UNITS,

13 8in. 47/6, p/p. 5/-. 13 8in. plus 2
twr. 57/6, p/p. 7/6. 8¢ 5in., 7x 4in. 22/6,
p/p. 3/6. Catalogue, full spec. on
request. Distributors for EMI Sound.

to suit EMI 13x8in. speakers.
Retail value £8.15.0. Our low-
low price ONLY 99/6 plus 8/- p/p.

AMPLIFIERS, MICROPHONES, SPEAKERS,
ACCESSORIES, etc.

All less 15%.

INTERNATIONAL MAGNETIC TAPE BASF TAPE 33} OFF
7_Stan.dard : Long Play Double Play Standard Long Play Double Play
57 600ft. 10/~ | oooft.  13/6 | 1200t.  17/- 5 600ft.  12/6 | gooft.  17/- | 1200it.  27/6
53" 900ft.  13/6 | 1200ft.  16/6 | 1800ft.  21/- 53 | 9ooft. 17/- | 1200ft.  21/6 | 1800ft. 36/
77 | 1200ft.  15/- | 1800ft.  17/6 | 2400ft. 26/~ | | 7 | 1200t.  21/6 | 1800ft.  33/- | 2400ft. 52/6
POST & PACKING 2/-. OVER £5 FREE Thank you for reading our advertisement.
S.B.E. Atlas House, Chorley Old Rd., Bolton  ®%&:"

MARTIN IS HIGH-FIDELITY

ASSEMBLY

ONLY FROM MARTIN

Cover the widest possible range of
requirements. They are available for
Mono, and can be doubled up for
conversion to stereo, or as complete
stereo units. 3 ohm and 15 ohm
systems. Special pre-amp for low out-
put pick-ups. Escutcheon panels to
suit the arrangement you choose.
Tuner is styled to match.

Start by sending for leaflets at once

MARTIN ELECTRONIGS LTD.

For many years now Martin Electronics
have been producing highly efficient
and dependable prefabricated module-
type units for simple assembly into
reasonably priced high fidelity systems.
Many purchased at the time of the
introduction of the Martin Audiokit
system are in regular use to this day,
completely justifying our claims for
years of trouble-free service. No
system gives you wider flexibility in
the choice of units available than
Martin and all equipment conforms

STEREO CONTROL

precisely to stated specification.
AMPLIFIER SYSTEMS s
UNITS INCLUDE:

neee

M 5-stage input selector
M Pre-amp tone controls
B 10 watt amp. (3 ohms)
M 10 watt amp. (15 ohms)
H Mains power supply
B F.M. Tuner
Trade enquiries invited

154/5 HIGH STREET, BRENTFORD
MIDDLESEX. ISLeworth 11612

Address

154 High Street, Brentford, Middlesex

Please send Recordakil{F.M. Tuner|Audiokit
Hi-Fi Leaflets.

Name .....

The first and still the most
satisfactory unit assembly system

When new units are introduced, they
are designed for adding to those pro-
duced so far, making it easy and
economical to extend and improve
your existing Martin Audiokit set-up.
Anyone can assemble Martin equip-
ment with ease and the fore-knowledge
that when finished, he will be
possessed of a true hi-fi assembly of
the very best kind which looks and
sounds completely professional in
every way—and MARTIN AUDIO-
KITS remain as ever, the units that
have true add-on-ability.

TUNERS e RECORDERS

T P Y

MARTIN ELECTRONICS

(Strike out items not wanted)

P.E.10/68
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SHICOR IMTEORATED CIRCWT TYHE 1010
COMBINED SOWER AND FRES -

the world's most advanced high-fidelity amplifier

The Sinclair IC-10 is the World's first monolithic integrated
circuit high fidelity power amplifier and pre-amplifier. The
circuit itself, which has an output power of 10 Watts, is a
chip of silicon only a twentieth of an inch square by one
hundredth of an inch thick. This tiny chip contains 13
transistors (including two power types), 2 diodes, 1 zenor
diode and 18 resistors, all of which are formed simultane-
ously in the silicon by a series of diffusions. The chip is
encapsulated in a solid plastic package which holds the
metal heat sink and connecting pins.

Monolithic I.C's. were originally developed for use in
computer and space applications where their extraordinary
toughness and reliability were even more important than
their minute size. These same advantages make them ideal
for linear applications such as audio amplifiers, but hitherto
they have been confined to low power applications. The
IC-10 thus represents a very exciting advance. Not only is
it far more rugged and reliable than any previous amplifier,
it also has considerable performance advantages. The most

important are complete freedom from thermal runaway due
to the close thermal coupling between the output transistors
and the bias diodes and very low level of distortion.

The IC-10 is primarily intended as a full performance high
fidelity power and pre-amplifier, for which application it
only requires the addition of the usual tone and volume
controls and a battery or mains power supply. However, the
IC-10 is so designed that it may be used simply in many
other applications including car radios, electronic organs,
servo amplifiers (it is d.c. coupled throughout) =tc.

The photographic masks required for producing monolithic
1.C’s. are expensive but once made, the circuits can be
produced with complete uniformity and at very low cost. So
we are able to sell the IC-10 at a price far below that of the
components for a conventional amplifier of comparable
power. At the same time, we give a 5 year unconditional
guarantee on each |C-10 knowing that every unit will work
as perfectly as the original and do so for a lifetime.

sSinci=ir-

SINCLAIR RADIONICS LTD, 22 Newmarket Rd. Cambridge.Tel: 0CA3-52731
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- JOWATT VORI

HGUIT AMPLIFIER

m Specifications

Power Output 10 Watts peak, 5 Watts R.M.S.
continuous,
5 Hz to 100 KHz--1dB.

Less than 1% at full output.

Frequency response
Total harmonic distortion

Load impedance 3to 15 ohms.
Power gain 110dB (100,000,000,000 times) total.
Supply voltage 8 to 18 volts.
Size 1 x 0.4 x 0.2 inches.
Sensitivity 5 mV.

Input impedance Adjustable externally up to

2.5 M ohms for above sensitivity.

® Circuit Description

The circuit diagram of the IC-10 is shown on the right.
The first three transistors are used in the pre-amp and
the remaining 10 in the power amplifier. The output stage
operates in class AB with closely controlled quiescent
current which is independent of temperature. A high
level of overall negative feedback is used round both
sections and the amplifier is completely free from cross-
over distortion at all supply voltages. Thus battery
operation is eminently satisfactory.

m Construction

The monolithic |.C. chip is bonded onto a gold plated
area on the heat sink bar which runs through the package.
Wires are then welded between the I.C. and the tops of
the pins which are also gold plated in this region.
Finally the complete assembly is encapsulated in solid
plastic which completely protects the circuit. The final
device is so rugged that it can be dropped thirty feet on
to concrete without any effect on performance. The
"circuit will also work perfectly at all temperatures from
well below zero to above the boiling point of water.

SINCLAIR RADIONICS LIMITED,
22 NEWMARKET ROAD, CAMBRIDGE
Telephone OCA3-52731

NUTEERATED

SIZE OF IC-10.
TO RIGHT, VIEW OF

625 TIMES.

ABOVE SHOWS ACTUAL

AMPLIFIER MAGNIFIED

| 1 =
i i:;. £t ‘ 2.: 3= 48
o | g
'3 | _%:'.. L %w = 0
-~ o 1 F . £
i == e e <
it i s e

m Applications

Each IC-10 is sold with a very comprehensive
manual giving circuit and wiring diagrams for a
large number of applications in addition to high
fidelity uses. These include public address,
loud-hailers, use in cars, inter-com., stabilised

power supplies, electronic
volt meters, tape recorders
radio receivers,

The

SINCLAIR

1G-10

. solar cell amplifier,

transistors in the 1C-10 have cut off
frequencies greater than 500 MHz so the pre-
amp section can be used as an R.F, or I.F.
amplifier making it possible to build complete
radio receivers without any additional transistors.

organs, oscillators,

The complete IC-
10 with the man-
val and 5 year
guarantee costs
Just

Post free

ORDER FORM AND MORE SINCLAIR

DESIGNS OVERLEAF
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The most challenging loudspeaker

development in years

It costs about a quarter of what you would expect
to pay for a good stereo speaker system when you
choose Q.14s. This is because of the considerable
amount of research and experimentation into the
acoustic properties of special materials that went
into the design of this excellent speaker. It
resulted in an instrument so outstandingly good
that experts, reviewers and the public alike were
unanimous in their praise for the Q.14 at this
year's Audio Fair. The Q.14 is very compact,
measuring only 9%in square on its face by 43in
deep. Its unusual contours permit it to be
positioned where no ordinary speaker could be
used to advantage. The neat black matt finish

— | g | — || g

with aluminium bar trim keep this speaker
pleasantly in conformity with modern design
trends. The Q.14 has acoustically con-

toured and sealed sound chamber. Smooth
response from 60-16,000Hz. Loading up to
14 watts. 8 ohms impedance. Brilliant

transient response. Size 9%in square on
face. Finished black matt with aluminium
bar trim. Detachable pedestal base. Hear
the Q.14 in your own home. If you are not
delighted with it, send it back, and your money,
including cost of return postage to this office,
will be refunded in full.

£7-19-6

SINCLAIR RADIONICS LTD., CAMBRIDGE
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Sinclair IC-10 a revolutionary new amplifier-See previous pages-




@ 1% X 18 X iin

@ Tunes over medium waves
Plays anywhere
Magnetic earpiece

@ In kit form or complete

Complete kit inc.
magnetic ear-piece
and instructions.

Ready built and tested

each 2/9.

world—and it's British.

49/6
9/6

Mallory Mercury Cell RM.675 (2 needgd)

SINCLAIR

PZ.4

;‘I‘ABILISED

OWER

: SUPPLY UNIT

A heavy duty a.c. mains power supply
unit delivering 18V d.c. at 1:5A. De-
siq?ed for Sig::il:;r Lllggo

or tor assem ing

;gn:nli.ms and stereo 99/6

Ready built and tested.
SINGLAIR GUARANTEE
Should you not be completely
satisfied with your purchase when
you receive it from us, your money
will be refunded in full at once and
without question. Full service facilities
available to all purchasers.

- -

— [ [ — |
SINCLAIR RADIONICS LTD
22 NEWMARKET ROAD
CAMBRIDGE. OCA3-52731

with slow motion tuning.

NGLAIR MIGROMATIC -

The smallest radio set
in the world

The Sinclair Micromatic is available ready built or in kit form.
This latter now comes in a convenient new presentation pack
complete down to a generous free supply of solder. The moulded
polystyrene interior enables you to check the contents in an
instant, and helps to make building even easier.and surer.
the Micromatic is better than ever—more powerful and better
sounding to assure superb listening. Selectivity is better than
many larger sets. Whether you build it, or buy your Micromatic
ready built, it is the best and the smallest personal radio in the
In elegant aluminium fronted black case

Now,

IN THE NEW
KIT PACK

This attractive new presenta-
tion pack enables you to
check the contents of your
kit instantly. Everything is
there down to the last nut
and includes easy to follow
instructions and genersus .
supply of free solder.

SINCLAIR Z2.12 _

12 WATT AMPLIFIER
AND PRE-AMP

The Sinclair Z.12 has fantastic power-to-size ratio,
and great adaptability. It will operate fronf batteries
or PZ.4 mains power supply unit, and gives superb
sterec reproduction for modest outlay. Thousands
are in use throughout the world—in hi-fi, electronic
music instruments, P.A., intercom systems, etc. This
troe |2 watt amplifier is supplied ready buile, tested
and guaranteed together with the Z.12 manual which
details control circuits enabling you to match the
Z.12 to your precise requirements. For complete
listening satisfaction use your Z.|2 system with Q.14
loudspeakers. It assures superb quality with sub-
stantial saving in outlay.

Y IDEAL FOR BATTERY OPERATION

3 x 13 x Itin @ Class B Uletralinear output @ 15—
50,000Hz = IdB @ Suitable for 3, 5, 8 or 150
speakers. Two 301 speakers may be used in parallel @
Input—2mV into 2k @ Output—I2 watts R.M.S.

continuous  sine wave
(24W peak) I5W music

power (3 peak)
@ Ready built, tested
and guaranteed.
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To: SINCLAIR RADIONICS LTD. 22
Please send POST FREE

For which | enclose cash/cheque/money order
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LEARN AS YOU BUILD
AT HOME
THE EXCITING WAY

g!:ar. simple, versatile, this rugged system can build alm&st any elec-

nic circuit. Ideal for the experimenter; the t and
beginner. Already used by well over 1,500 schools in the U.K.

Selected by the Council of Industrial Design for all British Design
Centres. Featured in Sound and Television broadcasts.

Beautifully battery no soldering; no prior knowledge needed.
Results guaranteed by our technical ﬁepa:rmem People say:

++ 1 can only describe the results as brilliant, absolutely brilliant.”

“You nave opened up a new world.”

“ Nothing could palnt the picture clearer than building these sets.”
“The kit has been used by my son (aged 10) with (nmp]ete success.”

* Most impressive—a stroke or‘ genius whoever devised it.

UNIQUE! Our “No soldering* printed cireunit board for superhet port-

plete

able. Simply insert components and tighten nuts.

No. 1 Set £7.10.0. 14 Circults (Earphone)
No. 2 Set  £5.0.0. 20 Circuits (Earphone)

No. 3 Set 213,100, 22 Circuits (7" x 4" Loudspeaker Qutput)
No. 4 Set £18.10.0. 26 Circults (incl, é-transistor and reflex superhets)
ELECTRONICS KIT: 30 plus circuits £19.7.0.

(Prices Post Free)

Full details from :

RADIONIC PRODUCTS LIMITED
STEPHENSON WAY, THREE BRIDGES

CRAWLEY, SUSSEX
Tel.: CRAWLEY 27028

Theoretical Circuit

RADIO & ELECTRONIC
INSTRUCTIONAL SYSTEM

Practical Layout

E|605 Light Operated Relay.
Our 'E' Series of basic electronic circuils is available separalely.

£7/15/0
Bolve your communicas
tion problems with this
G-Shhon Tnnmtor Intercom system (1 master and
3 Bubs), in de-I;
mounting. Ca
Subs to l!aslar ]dc.m} suitable for Business, -
gery, Schools, Hospital, Office and Home. Operates
on one 9V battery. Onjoff switch. Volume control.
Complete with 3 connecting v ch 66ft. and
other acoessorics. P, & P.

WIRE-LESS INTERCOM
Ko batteries—no wires. Just plug in the nmuu fur
instaut two-way, loud amd clear cor
Onjofl switch and volume coutrol. l'rn(‘ 12 gm
P.& P TMiextra

Bame as 4-Station Intercomn for two-way instant
communication. Iideal as Baby Alarm and Door
Phone. Complete with G81t. connecting wive, Battery
2/6. P. & I. 4/6.

Ursoily s
59/6

Why not boost
business  effi-
eiency with this iucredible De-Lusc Telephone Ampli-
fier. Take down long telephone messages or converse
without holding the handset. A useful office aid. On/
off switch. Volume control. Battery 2/6 extra. P. & P.
2/6. Full price refunded if not sutisfied in 7 days.

WEST LONDON I)IBBC'I' SUPPLIES (PE/10)
1683 KENSINGTON HIGH STREET, LONDOX, W.8

OUR
// \\ THOUSANDS

IT’S A MUST
N\ // S A MUS
CATALOGUE
JOIN THE
OF SATISFIED CUSTOMERS
SEND NOW FOR

OUR NEW 1968/69
illustrated catalogue

NOW AVAILABLE

(send 2/-in stamps for your copy)

Catalogue contains prices and de-
tails of Amplifiers — Hi-Fi Tuners —
Loudspeakers — Pick-ups — Playing
Decks —Microphones — Test Meters —
Hand Tools — Valves — Soldering
Irons — Tape Recording Accessories,
ete.

OFFICIAL SUPPLIERS TO MANY
EDUCATION AUTHORITIES AND
RESEARCH ESTABLISHMENTS

Usual Educational Discounts

ALPHA RADIO SUPPLY CO

103 Leeds Terrace, Leeds 7.  Tel. 25187

CRESCENT RADIO LTD.

(electronic component specialists)
For all regular compenents try

40 Mayes Road, Wood Green, N.22

For surplus components and equipment try

1l Mayes Road, Wood Green, N.22

THREE TRANSISTOR RADIO KIT
For you to make on a ready made printed
circuit board. Gives good loudspeaker
reception on the medium wave. Price
includes postage and full set of instructions.

Complete Kit 39/6 each.

SPECIAL LINES
45 m/h Ferroxcube Choke L.A.3
size 46 each
Midget Relays 500 ohm at 9 volt 5/« each
OC8| Driver Transformer (Trans-
former-Transistor Type) 2/- each
Mullard Polystyrene Capacitors
0-47mF

2/- per doz.

Brass B.A, Terminals 6d each

On/Off Rocker Switches 1/3 each

D/P Mains Rotary Switches 2/- each

3:5m/m Insulated Jack Socket /= each
Twin Transistor Heat Clips (OC8I

size) 6d each

B ohm Transistor Earpieces 1/6 each
REED SWITCHES

Hivac XS54 4/6 each

Hivac XS8 4/6 each

Hivac UD 563 4/6 each

BARGAIN CHASSIS
All usable components
I Electrolytic capacitor 100 plus 100mF
| Electrolytic capacitor |100mF «' 150V
I Electrolytic capacitor BmF « 450V
I 0:12mF @ GDD
2 Silicon Diod
2 Pre set Pots (I] 500kq. (1) 2MQ.
I 2mF 350V
5 mixed resistors
I Transformer 6/6 each

With our new premises in Mayes Road we can
now offer an even wider selection of com-
ponents for the home constructor and
enthusiast.

POSTAGE WITH ORDER PLEASE
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Short of a.lead?

With a 3-pin DIN plug on one end and 3.5mm jack on the other? With the
Goldring Screened Audio Lead Set, you've got it—instantly—at your
finger tips. And 37 other different equipment-to-equipment connections
as well, With cable lengths of 207, 40", or 60"
according to the combinations you use. All
tidily and instantly to hand in a small neat
storage box. There's no longerany need to have
an unwieldy collection of dozens of different
leads . . . and still be short of the right onel
This new Goldring set will give you most of the
connections you're ever likely to want—
without searching for cables and plugs,
without soldering, without waiting, without
further expense. The Goldring Audio Lead Set,
from your Hi-Fi dealer,

is a real investment at £3. 6-0

- *Goldring are now marketing an extremely
useful range of individually packed leads,
plugs, sockets and connections for audio
enthusiasts.

GOLDRING MAI\IUFACTURING CO. (G.B.) LTD.,
G 486-488 High Road, Leytonstone, London, E.11.
Tel: Leytonstone 8343.

STEREOGRAM CABINET £19

An elegant Stereogram Cabinet in
modern Veneered Mahogany and
cloth covered Front Pana!
BLACK LEATHERETTE SIDE PANELS
Dimensions: 52" x 174" « 12", Speaker
positions for Twin 10" » 5" Speakers

COCKTAIL/STEREOGRAM
CABINET £25

Polished walnut veneer with
elegant glass fronted cocktail
compartment, padded.
Position for two 10" elliptical

OTHER MODELS—SEND FOR LIST

speakers. Record storage
space. Height 351", width
52i depth I4§" Legs | gn.
extra.

17in—S11.10.0  carr. 30/-
19in. SLIM-LINE
FERGUSON 24 gns.

TWO-YEAR GUARANTEE
EX-RENTAL TELEVISIONS

TRANSISTOR CHASSIS DI
59/6

6 Transistors, LW/MW, Brand
New. Famous British Manu
l'a::urer (LESS EPEAKERS)
Size 33" P. &P, 4/6.
TRANSISTOR RECOR
PLAYER CABINETS I9[6
P. & P.7/6.
SINGLE PLAYER CABINETS
15/6. P.&P.7]6.
TRANSISTOR CASES 19/6.
Cloth covered many colours.
Size 94" 65" % 34" P. &P, 3/6.
Similar cases in plasnc 76,

= 7 "FREE ILLUSTRATED
LIST OF TELEVISIONS
17"—19"—21"—23"

AUTOCHANGERS £8.19.6

Garrard 3000 with Sonotone 9T
DEMONSTRATIONS DAILY HC. D/S Stereo Cartridge.

DUKE & CO. (LONDON) LTD.
621/3 Romford Road,; Manor Park, E.12
Phone 01-478 6001-2-3 Stamp for Free List.

WIDE RANGE OF MODELS
SIZES AND PRICES

SOLDERING
INSTRUMENTS

With the introduction of the latest
moulded Nylon handle, the
change-over to this type throughout
the range is now complete. The
LITESOLD range includes seven
models (10, 18, 20, 25, 30, 35 and 60
watts), and many accessories.

The newest handle is fitted to the 30,
35 and 60 watt models, the latter
being an improved version of the

55 watt model which it supersedes.

Other improvements featured on the
60 watt model are the simplification
of the bit mounting and element
fixing arrangements, which bring

it into line with the other LITESOLD
models. There is also an increase
in performance.

All LITESOLD models are now
available, to special order, with neon
indicator lamps. This feature is
valuable ih reducing the risk of
burns, and of fires caused by
instruments left on.

The indicators are mounted inside
the handles, which are made from
translucent Nylon for this
application. An orange glow is
clearly seen through the handles
whenever the supply is switched on.

Please ask for colour catalogue L[37

LIGHT SOLDERING
DEVELOPMENTS LTD.

28 Sydenham Iload. Croydon, CR9 2LL b ;
Tel. 01-688 8589 & 4559 |
|



Look What’s New from HEATHKIT

Low-cost FM Stereo Receiver, AR-17

. 28 transistor, 7 diode circuit, 14 watts music power,

Kit K/AR-17 10 watts r.m.s. from 25-35,000Hz @ -+~1dB. Auto-

£39 0 0 matic ‘stereo indicator light. Adjustable phase

LA control. Complete front panel controls: Fly-

P.P. 10/6 wheel tuning.- Factory assembled and aligned

0 WYY FMfront-end. Circuit board assembly. Compact

d ; 103" deep x 3" high x 12" wide. Use free standing
Cabinet walnut or teak finish £3.10.0 extra with Heathkit cabinet optional extra.

Quality FM Stereo Receiver, AR-14

. 31 transistor, 10 diode circuit can deliver --1dB, 15

Kit K/AR-14  { 50,000Hz at 10 watts per channel (20 watts total)

£54 0 0 15 watts per channel 1HF music power (30 watts

o total). Wide-band FM/FM stereo tuner plus two

P.P. 13/6 preamps, two power amplifiers. Compact only

= . o ?%" high x 153" wide x 12" deep. Install inla wall,

§ : ree standing or in Heathkit cabinet optional extra.
Cabinet walnut or teak finish £4.10.0 extra 210-240v 50|?|z a.c.

Low-cost FM Mono Receiver, AR-27

: 13 transistor, 6 diode circuit. 7 watts music
Kit K/AR-27 power. -1db, 25 to 60,000Hz at 6 waits. Input
£22 10 0 connectors for phono and aux. Complete front

. . panel controls. Flywheel tuning, factory pre-

P.P. 10/6 aligned FM tuner. Circuit board assembly.

L Compact bookshelf size. Install in a wall, free

] standing or in cabinet optional extra. 210-240V
Cabinet walnut veneered £3.10.0 50Hz a.c. operation.

Solid-State Volt-ohm-Milliammeter, IM-25

9 a.c. and 9 d.c. ranges 150mV up to 1,500V f.s.
7 resistance ranges, 10 ohms centre scale with
Kit K/IM-25 multipliers x1, x10, x100, x 1k, x 10k, x 100k and
% 1Meg. . . . measures from 1 ohm to 1,000Mohms.
£48_10.0 11 current ranges from 15 A" full scale to 1-5A full
scale. 11Mohm input impedance d.c. 10Mohm
P.P. 10/6 input impedance a.c. 6" 200uA meter. Internal
battery power or 120/240V a.c. 50Hz supply.

PCB construction.

Solid-State Volt-ohm Meter, IM-16

. " 8 a.c. and 8 d.c. ranges 0-5V to 1,500V f.s. 7 ohm-
Kit K/IM-16 meter ranges with 10 ohms centre scale with
£928.8.0 multipliers x1, x10, x100, x 1k, x 10k, x 100k and

x1Meg. ... 11Mohm input on d.c., 1IMohm on a.c.
P.P. 10/6 Internal battery power or 120/240V a.c. 50Hz supply.

Solid-State Low Voltage Power Supply, IP-27

Kit K/IP-27 0-5 to 50V d.c. with better than =15 Millivelts
/ regulation. Four current ranges 50mA; 150mA,
£46.12_0 500mA, and 15 amperes. Adjustable current
limiter: 30 to 100% all ranges. Panel meter for

P.P. 10/6 output voltage or current.
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HEATHKIT for Top Value in Electronics

A kit for every interest — Home Workshop — Hi-Fi — Radio — Test — Amateur
Latest STEREO TAPE RECORDER, STR-1|Latest STEREO AMPLIFIER, TSA-12

Fully portable—own speakers 12 % 12 watts output

Kit £58. 0. 0 incl. P.T. P.P.10/6 ,
Ready-to-use £72. 0. 0 incl. P.T. Kit £32. 16. 0 /ess cabinet P.P.10/6

P.P. 10/6 Cabinet £2. 5. 0 extra

FOR THIS SPECIFICATION Ready-to-use £39. 10, 0 (less cab.) P.P. 10{
+ track stereo or mono record and
playbackat 74, 33 and 13 ips. Sound- | FOR THIS SPECIFICATION

ON‘S?JUIP?' and sound-with-sound | 17 transistors, 6 diode circuit. --1dB, 16 to 50,000Hz at 12W
capabilities. Stereo record, stereo per channel into 8 ohms. Output suitable for 8 or 15 ohm

4 playback, mono record and playback | |oydspeakers. 3 stereo inputs for Gram, Radio and Aux.
on either channel. 18 transistor circuit for cool, instant and depend- | Modern low silhouette styling. Attractive aluminium, golden

able operation. Moving coil record level indicator. Digital counter | anodised front panel. Handsome assembled and finished
with thumb-wheel zero reset. Stereo microphone and auxiliary inputs | walnut veneered cabinet available. Matches Heathkit models

and controls, speaker/headphone and external amplifier outputs ... | TFM-1 and AFM-2 transistor tuners

front panel mounted for easy access. Push-button controls for 4

operational modes. Built-in stereo power amplifier giving 4W rms per | Full range power ... over extremely wide frequency range. :
channel. Two high efficiency 8" 5" speakers. Operates on 230V | Special transformerless output circuitry. Adequately heat-

a.c. supply. sinked power transistors for cool operation—long life, 6 position
Versatile recording facilities. So easy to build—so easy to use. source switch.

Htgh performance CAR RADIO, CR-1 |Latest Portable Stereo Record Player, SRP-1

Automatic playing of 16, 33, 45
Superb long and medium wave | and 78 I‘I:m records. At“ transis-
tor—cool instant operation. Dual }
entertainment wherewfr you drive. LP/T8 stylus. Plays mono or
Complete your motoring pleasure | sfereo records. Suitcase port-
with this compact outstanding unit. | ability. Detachable speaker en-
closure for best stereo effect.
8 Latest semiconductors (6 transistors, 2 diodes).  For 12V positive or 12V | Two  8in > 5in  special loud-
negative earth systems. Powerful output (4W). Preassembled and aligned | speakers. For 220-250V  a.c.
tuning unit. Push-button tone and wave change controls. Positive manual | mains operation. Overall cabi-
tuning. Easy circuit board assembly. Instant operation, no warm-up time. | net size 154 > 3 < 104in.
Tastefully styled to harmonise with any car colour scheme. High quality | Compact, economlcal stereo and mono record playing for the whole
output stage will operate two loudspeakers if desired. Can be built for a | Family—plays anything from the Beatles to Bartok. All solid-state

= =

total price. circuitry gives room filling volume.
KIT (incl. speaker) £14.12.0incl. P.T. Ready-to-use£19.12.0 | KIT £28.6.0 incl. P.T. P.P.10/6 Ready-to-use £35.4.0
P.P.4/6 (incl. speaker) P.P. 4/6 P.P.10/6

A wide range of Transistor Portables
SPEAKER SYSTEMS UXR-1, now available in Modern

coloured cases or leather.

g;ﬂd.sEﬁﬁt?:-':ons:ass:i:lﬁexmgfbei! 6 transistor, 1 diode circuit. 7 x 4in.
net “in the white”. Two speakers. Epesakler.brol‘.ww :aer;?h::wmco;:;:gfs'
Vertical/horizontal models with legs, Kit i = ; k' >

SSu-1 £14. 0. 0. P.P. 12/-. Without legs, Kit | 1@y blue, coral pink, lime green.

£13.4.0incl. P.T. P.P.7/6 Y Please state 2nd choice.
Kit £12. 8. 0. incl. P.T. Colour
Kit £13. 8. 0. incl. P.T. Leather

The BERKELEY SLIM-LINE | Ready-to-use £15.10.0. P.P. 4[6
SPEAKER SYSTEM, fully finished &

walnut or teak veneered cabinet for faster leff-z.thchalce of black or brown
construction. Special 12” bass unitand 4” feAl seather cases. it. Batt
mid/high frequency unit. Range 30- |7 transistor, 3 diode cﬁ(ﬁ,u' d aMe\:'Vy
17,000Hz. Size 267 » 17" only 74" deep. | S2¥ing circuitry. an

: i coverage. Pushbutton wave change.
?Ia?'?:.rn attractive styling. Excellent Stide rute funing.

Kit £21. 4. 0. P.P. 13/6 Kit £15. 10. 0. incl. P.T. Leather
Berkeley Ready-to-use £24. 0. 0. P.P. 13/6 Ready-to-use £17.10.0. P.P. 6/ st
SEE HEATHKIT MODELS at
GLOUCESTER LONDON BIRMINGHAM
Factory and Showroom 233 Tottenham 17-18 St. Martins House
Bristol Road Court Road Bull Ring
— — — — — — — [3eEEsRRs iyl - —

: 6 DAYSTROM LTD, Dept. PE-11
FREE Gloucester Tel. 29451

CATALOGUE [ Enclosed is £.... 4
] Please send model(s) g s A THE Rt
| g:;crét;%s e:;‘::em:';g ) Please send FREE Heathkit Catalogue 1 Details
Kits, Save up to50% by | Name A G
ling them yguraelf. (Please Print)
coupon and send BAATORE ..occcciiiiciniine cisisns
cop City

...plus Packing and Post.

Prices and Speciﬁéatlons subject to change without prior notice. -l




HOME RADIO (Mitcham) LTD., Dept. PE, 187 London Rd., Mitcham CR4 2YQ, Phone 01-s48 3282

Ever had trouble locating a particular piece
for your project? Ever wasted time thumbing
through confusing price lists? Ever been
foot-weary and frustrated tramping round

. 2

A bargain the shops’ - :
] Sigh no more. Just sink into an armchairand

at 7 6 enjoy life with a Home Radio Catalogue!

3-p& Pick your parts. Grab your pen. Make for a
P’"s P P- letter-box. Your chosen items will be with
‘ you almost before you can get back to that
3 armchair!
This Catalogue soalyiin a. mistif yifge 0T T T =S DRSS R AR m M AN e
interested in Radio and Electronics. It has |
256 pages, over 7,000 items listed, over |
/1,300 illustrations. With each catalogue |
: we supply a Bargain List, a Book Mark |
giving Electronic Abbreviations, an Order |
Form and an Addressed Envelope. All this |
for only 7/6 plus 3/- post and packing. ,
By the way, every catalogue contains j
5 vouchers, each worth 1/- when used
as directed. Send the coupon today with i
your cheque or P.O. for 10/6. 1

Home Radio (Mitcham) Ltd., . PE, 187 London Rd., Mitcham,
me ( m) Dept. PE, mz"('::
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VOL. 4 No. 11
November 01968 ELECTHDNICS

ELECTRONS AND NEURONS

DOWN the ages mathematicians, philosophers, scientists,
and other great minds have expended thought and
effort in attempts to devise machines with some kind of
artificial intelligence. Numerous artifacts, automata, or
robots (name them what you will) that imitate, albeit in a
«crude way, some of the characteristic attributes of man
have been built at various times. The techniques
employed have been equally varied in character.

Since the advent of electronics, the crude efforts of
earlier days have been put in the shade. Much more is
possible now. The intelligent machine is now a reality.
But it is well to separate fact from faney.

The affinity between electronic circuit systems and living
systems is generally well known. The creation of an
electronic system analogous in many ways to the human
nerve system can be achieved. But even so, the electronic
automata will fall short of its human counterpart in many
important respects. Present techniques do not permit the
assembling of anything like the electronic equivalent of the
10,000 million cells or neurons contained in the human
brain. Despite this limitation, some truly amazing
results have already been achieved in simulating certain
human faculties. Assuredly great advances will continue
to be made.

Scientists have explored electronic circuit techniques for
biological and other research purposes. Their tech-
nological interests overlap those of industrial engineers
who specialise in the field of control systems and auto-
mation. Apart from this, however, the philosophical
approach of the scientist intent upon building working
models that closely resemble a living cell or whole animal
will be in contrast with the more materialistic approach of
the engineer engaged in designing systems for strictly
utilitarian purposes.

Now, can the amateur do anything purposeful and
creative in this rather exotic field? We think he can, and
for this reason have launched this month a fascinating
series entitled “Bionics”. In one sense, the experimenter
will be on familiar ground, working with the normal
electronics stock-in-trade; but he will need to reorientate
his thinking to a considerable extent.

Experimenting in this field of “‘electrons and neurons”
will lead to a wider appreciation of other branches of
science, particularly biology. It could be a stimulating
change from more mundane applications of electronics.

F. E. Bennett—Editor

THIS MONTH

CONSTRUCTIONAL PRO ECTS

SENSITIVE D.C. VOLTMETER
HI FI TRANSISTOR

MICROPHONE 781
RHYTHM GENERATOR 792
FROST ALARM 802

SPECIAL SERIES

BIONICS—I 768
EXPERIMENTS WITH SOUND,
LIGHT, AND COLOUR—4 804

GENERAL FEATURES

INGENUITY UNLIMITED 784
INFRA-RED COMMUNICATIONS 788
LSA DEVICE 813

NEWS AND COMMENT

EDITORIAL 767
MARKET PLACE 787
NEWS BRIEFS 801
MEETINGS 801

RADIO TRADE SHOWS 1968 808

Qur December issue will be published on
Friday, November 15

All correspondence intended for the Editor should be addressed to: The Editor, PRACTICAL ELECTRONICS, George Newnes Ltd., Tower
House, Southampton Street, London, W.C.2. Advertisement Offices: PRACTICAL ELECTRONICS, George Newnes Ltd., 15/17 Long Acre,
London, W.C.2. Phone: 01-836 4363. Telegrams: Newnes London. Subscription Rates I.nclnd.i.ng postage for one year, to an 81“1
the world, 42s. © George Newnes Ltd., 1968. Copyright in all drawings, photographs and articles published in PRACTICAL ELEC‘ER

is specially reserved ughout the countries signatory to the Berne Coi
these are expressly forbidden.

Convention and the U.S.A. Reproductions or imitations of any of
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N nearly every one of us there is a latent desire td
create. Not only to create, but to create something

unique. It is therefore not surprising that since time

immemorial man has made numerous (relatively

unsuccessful) attempts to devise machines that might

imitate himself. :

Probably one of the first examples we can find is the
lever; not in fact an actual imitation of man, but a
device that could aid his physical strength. As time
continued, so he produced more and more powerful
“muscle amplifiers’ (this is, after all what they are), and
so if we stop to consider say a huge jib crane capable of
lifting some tons, the amplification factor involved may
well be in the order of several million. No mean feat,

for a man!

AMPLIFICATION OF MENTAL ENERGY

The foregoing examples serve to indicate the
“stepping stones’’ from which man began his attempts
to synthesise certain characteristics of himself and other
animals. It was not long, however, before it occurred
to him that if muscular energy could be amplified, so
indeed the same should apply to mental energy, and so
we have the abacus or bead board which certain
Asiatic countries are still using with great success.

With the advent of electronics it was at once realised
that more rapid and yet more powerful machines
could be built; and so we see the giant abaci of today:
we call them computers. When electronic computers
came into existence the popular press of course tended
to over glamourise the machines’ capabilities using such
anthropomorphic terminology as “brains”, “thought™,
etc. What the press lost sight of was that a basic
digital computer however powerful or rapid, is still
none-the-less a rather more sophisticated version of a
mechanical desk calculator.

The design and construction of electronic
‘“animals” or machines with artificial intelligence

THOUGHT AND LEARNING PROCESSES

Unfortunately, although thought is a very intimate
part of us we remain, ironically enough, unable to
specify exactly what it is. However, we can say what it
is not, and in no wise does any characteristic of a
computer (save perhaps memory) qualify the right to be
called a thought process. Before a computer can
operate at all on the complex mathematics that it must
handle, a programme often taking months to prepare
and containing very precise orders, must accompany
any calculation. If this were not enough, the computer
must have all its instructions written in machine
language.

It was not until about two decades ago, that man
even began to “‘scratch the surface’ of what appear to be
the underlying principles of “thought” and learning
processes. Although little is still understood, it is now
possible to synthesise certain characteristics of the
biological brain, albeit crudely, by applying the wealth
of electronic principles we now have at our elbow. It
is with this in mind, and with the almost limitless
possibilities that it suggests that we shall discuss, and
even construct, artefacts which. will have “memory”
and the ability to “learn”™,

MOBILE BREADBOARD

However, prior to considering rather more exotic de-
vices, from a practical point of view it is a pre-requisite
that we design and build some type of mobile breadboard




upon which we can pérform modifications and
“surgery’’. This then will be our first consideration,
and at this stage an initial glance at Fig. 1.1 will reveal
the main structure and “muscles” of the electronic
animal.,

Generally speaking, those of us whose interests lie in
electronics rarely claim a similar zeal for the field of
mechanics. In bionics this state of affairs can be a real
handicap, because there are all too often times when a
particular item just does not exist and one has no
alternative but to fabricate. However, most of the
mechanical problems can be largely solved by the use of
Meccano, which readily lends itself to adaptation and
“grafting”. In addition, Meccano produce ‘“‘ready-
made” drive gearboxes which can either be used in
conjunction with one of their motors, or a motor of the
constructor’s choice.

As will be seen from Fig. 1.1, the breadboard is
basically of rigid box construction, cross members
being incorporated to reduce possible twist along the
length and increase its strength. The choice of chassis
size was very much an arbitrary one; but in fact,
providing readers maintain the general format it may be
. constructed to personal preference.

GEARBOX AND WHEELS

The original model was shod with plastic tracks, but
as these are frequently difficult to come by we have
chosen separately driven wheels for the device given
here. The motor gearbox units are mounted at the
rear end of the chassis, and drive power is
transmitted via final bevel gears to the road wheels.
The forward end of the chassis is supported by a pair of
castors; one at each corner. This was found necessary,
since a single castor introduced excessive chassis twist.

Fig. I.I. Mobile breadboard for experiments in the
building of an intelligent machine or electronic ““animal®’
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The “muscles™ selected to power our model are a pair
of Meccano E15R motor gearbox units, but in fact any
reliable equivalent would do just as well provided that
the overall gear ratio is kept lower than 160 : 1. Any
higher ratio would tend to make the “animal’’ rather
intractable, and apart from anything else accurate
observation would become impossible.

There are, of course, two fundamental methods for
controlling the motors: relays and power transistors.
As variable (analogue) control of the motors was often
required, relays were rejected at an early stage in favour
of power transistors. The use of transistors involves
somewhat more complex circuit arrangements, but in
view of their inexpensiveness and ability to provide
more sophisticated control, extra time taken in building
the equipment is adequately rewarded.

“MUSCLE” CONTROL CIRCUITS

The “‘muscle control’” circuits are shown in Fig. 1.2.
At the risk of causing some slight confusion the right
and left hand side motors have been referred to
respectively as Port and Starboard—the reason becomes
obvious upon reflection because the right hand motor
will cause the ““‘animal’’ to move to port, and vice-versa.
Motor Mol is therefore Port and Mo2 Starboard:
together they drive the animal in forward or reverse
directions.

Alternative steering and drive arrangements of
course are possible, but owing to various problems that
will be apparent as we progress, the present scheme will
be retained. In any case there are unlikely to be any
actual biological examples which utilise separate
steering and motive systems; indeed, steering is usually
a function of motivation. In our model steering is
achieved as an integral part of the drive functions.
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Fig. 1.2. ““Muscle control’’ circuits for a simple electronic animal

TWO CHANNELS

Control over the motors is brought about through
two separate channels which can provide facilities for
operation in rate of response, scansion, and direction
modes. Each channel consists of complementary
emitter follower type configurations of pnp-pnp and
npn-npn Darlington pairs. It is essential to ensure that
the drive transistors have low leakage, otherwise there
will be a pronounced tendency for the motors to rotate
even when the inputs are grounded.

Prior to connecting the motors into the muscle control
circuit, attention must be paid to establish correct
polarity. With a negative input at each channel, TR1
and TRS5 will conduct causing their associated power
transistors TR3 and TR7 to drive up, thereby bringing
Mol and Mo2 into operation: these inputs should
cause forward rotation of the motors. Reverse
rotation results from application of positive inputs,
¥111&n TR2 or TR6 will conduct to drive up TR4 or

PRACTICAL POINTERS

All circuits can be built on Veroboard. No
difficulties should be experienced in drilling the holes to
take mounting bolts for the power transistors. The
power transistors for each channel are located side by
side and take up very little space; no heat sink being
reqal:ilired as even maximum current demands are fairly
sm

ANIMAL PSYCHOLOGY AND
BEHAVIOURAL THEORY

Up till now, and for quite valid reasons, we have
considered only the basic muscle control circuits.
Having built and installed them, we shall now be able to
c_hgncentrate our energies upon somewhat more creative

es.

As discussed previously, we shall consider the
feasibility of synthesising electronically certain very
limited aspects of memory and learning: these will be
eventually incorporated within our mobile breadboard.
It is simple enough to build an animal that will react to
light and this will be discussed, but before attempting

these projects it would at this stage be prudent to
re-discover certain basic facts about animal psychology
and behavioural theory.

Ostensibly, the problem we are facing appears
simple enough: all that seems necessary is to arrange
for a design procedure which will fit in with our concept
of what a biological animal’s psychology is. But then
we don’t really know completely, even if we examine it.
The minute an animal is confronted with the unnatural
conditions of a laboratory its responses tend to be
artificial. Often, animals are bred in the laboratory,
and behavioural tests with these are frequently even
more sterile because they have never known a normal
environment. On the other hand if an animal is
within its normal environment we cannot easily
examine it.

It is gratifying to discover that in our quest for
information there are some short cuts that may be
taken, so we can, as a cliché suggests “stand on the
shoulders of giants’”. One of these “‘giants’, Pavlov in
fact, has already done a lot of ground work for us and it
is to a large extent from this and other classical data
that we shall draw our inspiration.

BLACK BOX ANALYSIS

In experiments designed to assess the reasons behind
certain animal behaviours, “black box™ principles have
been used. This amounts to qualifying the animal and
its brain as an unknown quantity and placing this in a -
hypothetical box with inputs and outputs. The notion
being that if we have known inputs and measurable
outputs, a relationship might be established between
them which will tell us about the contents of the “box.

This method in principle is a good one, and probably
the only one we can safely utilise, because any direct
attempts to evaluate the brain and its peripheral
equipment by way of surgery necessarily interfere with
the animal’s behaviour.

However, the black box analysis is not without certain
pitfalls. One obvious difficulty is that no matter how
many different inputs we apply, there may still remain
further modes of response that the animal can produce;
thus never giving us a complete look inside the “box™.
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repertoire of possible actions: it is therefore sometimes
impossible to be specific ahout outputs.
At present then, for our'purposes at least, we must be
i tent to base our reasoning along the lines of well
‘tested and easily reproducible features of behaviour.
Even then, actual design work must needs be largely
based on experiment.

CONDITIONED REFLEX

One aspect of animal behaviour which should show
us some rewards upon synthesis, is the conditioned
reflex.

Reflexes, or more correctly reflex responses, are due
to stimuli exciting certain sensory organs: they may
for example be the result of light shone into the eyes, or
a touch applied to some area upon the skin. These
stimuli having excited a receptor cause nerve impulses to
pass along the various neural pathways to the reasoning
part of the brain, or cortex. Here they may interact
with other types of sensory information either produced
simultaneously or stored at some time in the past.

Now the reflex that concerns us is a special condition
occurring as a result of the former variety, the con-
ditioned reflex—Ilet us call it R.. To understand what
it is and how it may be evoked, we must hearken back to
Pavlov’s early experiments.

Pavlov, who performed the conditioning experiments
with hungry dogs, used food as a basic drive—this we
shall call the “‘specific”” stimulus Ss. The amount of
saliva produced upon application of Ss was then
measured. When the animals became hungry again, a
further stimulus was included which would not normally
‘cause salivation; this was a *““neutral’’ stimulus in the
form of sound, i.e. a bell. This we shall designate Sh.

Pavlov found that if S, was applied shortly before Ss,
and the combination repeated a few times, Sn would
eventually produce salivation in the same way that S
did. Hence the animals had /earnt that the sound of the
bell meant food. The neutral stimulus Sn, had thus
been conditioned to the specific stimulus Ss and so the
result of applying Sy at future times was to elicit a
conditioned reflex.

There are two important factors to remember if we
require the stimulus combination to be successful in
producing a conditioned reflex. Firstly Sn should
occur before Ss not after; the reader will appreciate that
there is little point in sounding the dinner gong after the
meal has been eaten! The second fact is that assuming
Sn occurs before S, it must be just before, or else it will
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INHIBITION .

So far, so good! But we have only
excitation mode of conditioning. What if we ¢
the Apphcatlon ‘of Sn without the reinforcement of Ss (AT
That is, ring the bell without feeding the animal.

The effect of course can be virtually predicted; the
bell no longer signifies the coming of food, and so the
conditioned reflex is inhibited. The animal therefore
no longer responds to Sn. This state of affairs is
generally referred to as extinction.

However, an interesting fact emerges from mhlbmon
of this kind, in that it too can be inhibited. One easy
way to bring Re back is to re-establish the reinforcement
Ss).

There are more unexpected ways too: assume we
take the case of a dog which, say yesterday, had. its
conditioned response extinguished. If today we
re-apply Sn, back comes the conditioned response as
strong as before; even more surprising is the fact that
no matter how many times Rc is extinguished it will -
always re-appear. This “recovery” or disinhibition as
it is called, seems to be the result of the inhibition
placed upon R. dissipating with time.

DISTRACTING STIMULI

Disinhibition can occur in an even more striking way,
a way which in fact caused Pavlov no end of problems
from quite a different point of view. During his
experiments there were times when he found it difficult,
often impossible, to condition the animals—and it was
not long before he realised the cause.

Most of the experiments were conducted in an
environment where the ambient noise level was relatively
high, resulting in distracting stimuli which either
inhibited the conditioning, or caused irrelevant con-
ditioned responses. These ‘strong “‘external’’ stimuli
whilst inhibiting excitation, will also remove inhibition.
Hence, if R. has been extinguished it can be recalled by
the simple expedient of introducing a powerful external
stimulus.

With the conditioned reflex mentioned earlier, we
considered only two kinds of stimuli. Of course,
virtually any stimulus combination could be used, and
as we proceed with the design of our electronic ‘“‘animal’’
so its need to deal with more and more combinations
(some of them quite unusual) will increase.

Next month: “Muscle” control and reflex response.
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- SEISITIVE D.C.VOLTMETER

This is the third project in our five-part series

featuring the integrated circuit linear amplifier Type SL701C

N ow that the inexpensive high gain silicon transistors

are readily available, very small collector currents
in the order of tens of microamps are often encountered
in equipment, and a conventional multirange voltmeter
may consume sufficient current to make voltage readings
inaccurate. This article describes a d.c. amplifier
which may be used to increase the sensitivity of a meter
by ten or one hundred times.

VALUE OF INTEGRATED CIRCUIT

We could design and build a high gain d.c. amplifier
using conventional components, but we might have a
problem with drift in d.c. levels with temperature. The
best solution would be to use an integrated circuit
operational amplifier, where the manufacturer has
already done the best he can to minimise offset voltage
and drift, and where the very method of construction
ensures that components are inherently excellently
matched.

Until this point in our series on the use of the
operational amplifier, we have only considered a.c.
circuits, and have suggested that the d.c. level at the
output of the amplifier will be almost zero. While this
is true, since we now require a d.c. amplifier, we must
investigate in more detail the reasons for this offset.

THE OFFSET VOLTAGE

The d.c. offset at the output of the amplifier is due to
the following causes.

(a) Mismatch of the electrical characteristics of the
amplifier; mainly the difference between base to emitter
voltages and current gains of the two transistors which
comprise the differential input pair, and also the mis-
match between their associated collector resistors.

(b) The finite input current flowing through the
series resistor in each input lead.

Since the magnitude of the offset will depend on the
closed loop gain of the complete amplifier circuit, the
parameters of the integrated circuit itself are always
referred back to the input of the integrated circuit. If
the amplifier were perfect each input would draw the
same current and require the same base to emitter
voltage, but in practice this is not so. The difference
between the input currents is defined as the input offset
current, while the input offset voltage is that voltage
which has to be applied between the input terminals to
obtain zero output voltage.

For a d.c. amplifier it is obviously important to
know what output offset we must expect, and how to
trim this out if required, but even for an a.c. amplifier
the undistorted peak to peak swing of the output may be
restricted if the d.c. steady state level of the output is
appreciably unbalanced.

For the Plessey SL701C the parameters we require
are:

Input base current (either side) = 3xA maximum

Input offset base current = [-8uA maximum

Input offset voltage = 25mV maximum

These are maximum figures, and typical figures are
less. By inserting the appropriate figures in the
formulae to be considered next we can obtain typical or
maximum values, but we have only used the maximum
values for our examples. For completeness we first
consider the offset of an a.c. amplifier.

OFFSET YVOLTAGE OF AN A.C. AMPLIFIER

For the amplifier it does not matter if we use the
inverting or non-inverting configuration, the d.c.
conditions are idential. In the example of Fig. 1
we have a 100 kilohm resistor from the non-inverting
input to earth and a 10 kilohm resistor from the inverting
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Fig. I. The offset voltage at the output of a typical
~a.c, amplfier, due solely to unequal source resistors.
- (a) inverting, (b) non-inverting configuration

7 ‘(a) P {by Ver)
Fig. 2. The method of minimising initial offset by

making the input source resistances equal. (a) in-
verting, (b) non-inverting configuration

input to the output. The output is assumed to be a low
impedance point so that the effective source resistance
for this input is 10 kilohm. %

If we assume for the moment that there is no“offset
voltage and no offset current for the integrated circuit,
we can work out the possible offset voltage. Input 1
draws up to 3xA through 100 kilohms and so can be up
to 300mV below .earth potential. If there is no offset
voltage between the two inputs (in any case the maxi-
mum value of 25mV we might have is small compared
with 300mV) then input 2 must also be at —300mV.

Since input 2 also draws 3xA, the 10 kilohm resistor
will have 30mV across it and the d.c. level of the out-
put will have to be at —270mV to maintain these d.c.
conditions. We thus have an output offset voltage of
270mV solely due to the different source resistors for the
two input. If we now take offset voltage and current
into account this could increase or decreadse this value
depending on the relative polarities.

Unless we specifically need the high input impedance
" of 100 kilohms for the non-inverting configuration we
can minimise this offset due to unequal source-resistors
by making the resistors equal, as in Fig. 2.

In the inverting configuration it might be advisable to
decouple the non-inverting input to earth, both to
prevent capacitive pickup which might cause positive
feedback and also to help maintain closed loop h.f.
stability., This is especially important if a high value of
source resistance is used, as in Fig. 3.

INITIAL OFFSET
If the source resistors are made equal so that the
effects of input base currents through the input resistors

are approximately self cancelling, then the initial offset
(it depends now on the offset current and offset voltage)
may be calculated. The offset due to current is given
by the input offset current multiplied by the source
resistance, for our example of Fig. 2, this becomes:
Offset due to current = 1-8.10-%.10.10% = 18mV

We are better off with low values for the source
resistors rather than high ones.

From the d.c. point of view any offset voltage at the
input is amplified unity times, so that the possible total
offset is:

Total offset = offset due to current + offset due to
voltage

= 18 + 25mV = 43mV

We can place these results into a general formula for
future reference, and need the Fig. 4. The offset
voltage has been shown as an addition to the non-
inverting input while the current offset has been shown
as a current which in effect flows out or into the
inverting input and through the feedback resistor. We
have equal source resistors for both inputs, and /Iy is the
current offset and Eg the voltage offset. Total
offset = current offset x R -+ voltage offset.

E, = Ia R + Ea. A.C. amplifier

OFFSET YOLTAGE OF A D.C. AMPLIFIER

For a d.c. amplifier we have a similar situation, but
the offset voltage of the integrated circuit is amplified by
the overall gain of the complete circuit (Fig. 5).

Ry

Fig. 3. For the inverting configura-
| tion, the non-inverting input may
- need to be decoupled to prevent in- amplifier,
4 1 : e :  minimum offset

showing conditions

F}g‘ The circuit diagram for the Fig. 5. Theoretical circuit diagram
caiculation of offset of an a.c. coupled for offset calculations for a d.c.

of coupled amplifier, showing conditions
for minimum offset
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In this case to maintain the same source resistance for
each input, the resistor R has to be made equal to the
resistance of Rs and Ry in parallel.

ReRs
Rt + Rs

If we consider the practical d.c. amplifier of Fig. 6, we
can arrive at our d.c. offset. From the point of view of
the feedback both circuits are identical, but from the
signal point of view we obtain different gains because of
the slight difference in how the signal is applied. For
the non-inverting configuration the input adds to the
voltage developed across the feedback resistor, while
for the inverting configuration this does not happen.

For Fig. 5 or Fig. 6 the total offset voltage is given by:

R..

f

po o
Eo = Ed(1 + F) L IaRe  D.C. amplifier

In the case of Fig. 6 this becomes:
E,= 251 +9) + 1:8.107%.9.10°
= 250 + 16-2mV = 266:2mV

For a.c. amplifiers where the d.c. offset might
reduce the available swing or for d.c. amplifiers where
we require OV out for OV input, we will wish to balance
out any offset.

AMPLIFIERS WITH OFFSET BALANCING

The best type of circuit chosen to balance offset
depends on the impedance of the signal source. For
low impedance sources (say up to 5 kilohm) the circuits
of Fig. 7a or b are suitable.

In Fig. 7a since we have a control to balance offset,
the low value resistor from the non-inverting input to
earth may be omitted. R3 is chosen to be much
greater than R1 and the range on the potentiometer is
chosen so that the gain from point X (of R over R3) to
the output is sufficient to balance out the expected
offset. For Fig. 7b VR is chosen to be much greater
than R, while the high value resistor to the h.t. line is
chosen to give a suitable range.

For a high impedance source acting as a current
generator, it would be better to use the circuit of Fig. 8.
To give sufficient range on the potentiometer the values
are chosen so that the potentiometer value is 1-5 times

. R2 while the series resistor is 0-5 of R2. This gives

(for R2 of 47 kilohms) a potentiometer value of
70 kilohms and a series resistor of 22 kilohms, so that
using 100 kilohms with a series resistor of 22 kilohms
should give more than enough range.

Now that we have dealt, in general, with d.c.
amplifiers and balancing, we can go on to consider our
current amplifier.

Ya

Fig. 7.

’x l’:, Sk

Two methods of bu!unclng out oﬂ'set for fow»‘lmpedunce sources

100k0

A

oy
(s,




THE CURRENT AMPLIFIER

We would use a circuit like Fig. 8 to give us the gain
we require, and a suitable circuit for a 100xA meter
and times ten gain is given in Fig. 9.

An alternative approach is Fig. 10, and this was
adopted because it has the advantage that the meter
resistance does not enter into the calculations for current
gain, and once the circuit is set up we could replace the
100#A meter by another meter of known sensitivity and
still expect its sensitivity to be multiplied by ten times.

The complete finalised amplifier circuit is shown in
Fig. 11. R7is included in series with the meter to limit
the maximum current, while R8 is shunted across the
meter to complete the d.c. path for the amplifier if the
meter is removed. RS need not be added for a per-
manently wired in unit. Cl rolls off the amplifier
response at a low frequency and prevents any possible
difficulties due to h.f. instability.

CONSTRUCTION

The form of construction given in this article follows
the pattern set by the previous projects in this series,
The integrated circuit ICl and most of the discrete
€omponents are mounted on a piece of perforated
s.r.b.p. This board is secured to the die-cast box,
using extra nuts or spacers to provide clearance between
the metal and live points on the circuit board. The

SENSITIVE D.C. VOLTMETER CIRCUIT

box should have already been drilled to accommodate
the sockets, feed-through terminals and the potentio-

meter VRI. All essential details can be obtained
from the diagram Fig. 12 and the accompanying
photograph.

Individual constructors may wish to .use a larger
box so that the meter can be built-in with the electronics.
The battery could also be accommodated within such a
larger box, thus achieving a single, self-contained piece

-of test gear.

SETTING UP

For this circuit using a 100%A meter and a times 10
gain (to give 100 kilohms volt sensitivity) the input
offset for the amplifier will be up to 1-8#A. When this
is multiplied by our gain of 10 times it becomes - 18pA
as a maximum value, which is still small in comparison
with our f.s.d. of 100xA.

In our instrument we used a balance control of
10 kilohm and suitable series resistor to give a control
range of +£6xA. While this was adequate, it is quite
small, and it would be preferable to use a 25 kilohm
potentiometer to give more range. The series resistor
R4 can then be chosen so that the potentiometer gives a
control centred about zero.

Since the 10V range is probably the most useful one,
the instrument was set up by applying a known voltage

O
+i2v
RS 1080
R 10MD VA'A
SKi ﬂM——L e RE 4Th0
RZ MO
sk2 3 AA— TN
W B3100e0 ] > 2 J_
SK3 R7 f0k0 + c3
T T s i 1000pF
i R9
BALANCE, " 8200
¢ é 5-6k0
S '-‘!FT VR2 5000
47e0 GAIN
ov
sug ‘ + —0
v o
T 1000pF -12y
R
Fig. I1. The complete circuit for ten times current amplifier for a 100mA meter with
appropriate resistors to give IV, 10V, and 100V f.s.d. :




Build yourself a quality
transistor radio

guaranteed results
backed by our
after sales service!

roamer seven mk iv

SEVEN WAVEBAND PORTABLE AND CAR RADIO WITH A SUPER
SPECIFICATION GIVING OUTSTANDING PERFORMANCE!

7 FULLY TUNABLE WAVEBANDS—

MW1, MW2, LW, SW1, SW2, SW3 AND TRAWLER BAND.

pocket five

MEDIUM WAVE, LONG WAVE
AND TRAWLER BAND (to 50
metres approx.) PORTABLE
WITH SPEAKER AND EARPIECE

Attractive black and gold case. Size 5! x 1}
3}in. Fully tunable over both Medium and Long
Waves with extended M.W. band for easler
tuning of Luxembourg, etc. All first grade com-
ponents—7 stages—b transistors and 2 diodes,
supersensitive ferrite rod aerial, fine tone moving
coil speaker, alsc Personal Earpiece with switched
socket for private listening. Easy build plans and
parts price list, 1/8 (FREE with parts).

Total building costs

a4/

P. & P.
3/6

transona five

MEDIUM WAVE, LONG WAVE
AND TRAWLER BAND (to 50
metres approx.) PORTABLE

WITH 3" SPEAKER AND EARPIECE

Attractive case with red speaker grille. Size 6}
4] x 1}in. Fully tunable. 7 stages—5 transistors
and 2 diodes, ferrite rod aerlal, tuning condenger,
volume control, fine tone moving coil speaker also
Personnl Earpiece with switched socket for private
listening. All first grade components. Easy build
plans and parts price list 1/6 (FREE with parts).

Total building costs

a7/

P. & P,
3/9

Extra M.W. band for
easier tuni of Luxembourg, etec.
Built-in ferrite rod aerial for Medium and Long Waves.
5 Section 22in. chrome-plated telescopic aerial for Short Waves—can be angled and
rotated for peak 8.W. listening. Socket for Car Aerial. Powerful push-pull output.
7 transistors and two diodes including Micro-Alloy R.F. Transistors. Famous make
7 x 4in. P.M. speaker for rich-tone volume. Air spaced ganged tuning condenser.
Separate on/off switch, volume control, wave change switches and tuning control. Attrae-
tive case with hand and shoulder straps. Size 9 x 7 x 4in, approx. First-grade com-
ponents. Easy to follow instructions and diagrams make the Roamer 7 a plensure to
build with guaranteed results.

Total building costs
P. & P. Personal Earplece with switched socket
5 - 1 9 ™ -”5 for private listening 5/- extra.

Parts price list and easy build plans 3/- (Free with parts).

super seven

THREE WAVEBAND PORTABLE
WITH 3in. SPEAKER

Attractive case size T4 x B} » 1lin. with giit
fittings, The ideal radio for home, car or outdoors.
Covers Medium and Long Waves and Trawler
Band. Special circuit incorporating 2 R.F. Stages,
push pull output, ferrite rod aerial, 7 transistors
and 2 diodes, 3in. speaker (will drive larger

speaker) and all first grade components. Easy "

build plans and parts. Price list 2/- (FREE with
parts). (Personal Earpiece with switched socket
for private listening 5/~ extra.)

69/

Total building costs

P. & P.
4f6

roamer six

SIX WAVEBAND PORTABLE
WITH 3in. SPEAKER

Attractive case with gilt fittings, size 7} x 5}
13in. World wide reception. Tunable on Medium
and Long waves, two short waves, Trawler Band
Plus an extra M. W, band for easier tuning of Lux-
embourg, etc. Sensitive ferrite rod aerial and
telescopic aerial for Short waves. All top grade
components. 8 stages—~6 transistors and 2 diodes
including Micro-Alloy R.F. Transistors, ete.
(Carrying strap 1/6 extra.) Easy build plans and
parta price list 2/- (FREE with parts). Personal

with switch socket for private listening
5/~ extra.)

Total building costs

79/

P. & P.
4/6

® Callers side entrance Stylo Shoe Shop.
@® Open 10-1, 2.30-4.30 Mon.—Fri. 9-12.30 Sat.

NEW LOOK

melody six

8 stages—6 transistors and 2 diodes.
Covers Medium and Long Waves.
Top quality 3in. Loudspeaker for
quality output and also with Personal
Earplece with switched socket for
private listening. Two R.F. Btages
for extra boost. High *'Q'". [Ferrite
Rod Aerial. Push-pull output. Hand-
some pocket size case with gilt fittings.
Size 6} x 4 x 2in. Easy build plans
and parts price list 2~ (FREE with
parta).

Total building costs

6 9 / P, :;SP.

RADIO EXCHANGE LTD

| 61 HIGH STREET, BEDFORD. Tel. Bedford 52367

[T T please send items marked

= ROAMER SEVEN |:| ROAMER SIX D

l TRANSONA FIVE [_]| SUPER SEVEN |:|
| POCKET FIVE [ ] MELODY SIX []
: Parts price list and plans for...............ccccoviieiiicrsiornseasin sacsiien
| Name

I Address.............

|
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Ideal for model %
MOTOR
B s LONDONS LOWEST
payers, ape 5000 with Sonotone 9TAHC Stereo Cartridge ..  £9.19.8
teoks, el 3000 with Sonotone STAHC Diamond Stereo COMPO ”E” r
Cartridge . ae = . .. £10,18.8
| 6.3 nn.c.‘ 12‘;3"“;-\ AT60 MKII less cartridge e e E e P, RI E S
| r_-l"-“'l‘ “l"\ # t' iy AT60 MKII with Decca Deram Stereo Cartridge £18.14.8 4
| tin u;h' o 'gft‘mu din- SP. 25 MKII less cartridge £ A .. #1119
Soakis 0“;‘8 ‘P &P /8 SP. 25 MKI1I with Decca Deram Stereo Cartridge  £16,14.0
Br O R PRAK FINISH AP.75 less cartridge . v . £24.3.
ov. D.C. Gram Deck PLINTHS with perspex LAB.80 MKII less cartridge .. . £24.19.0
np.hul;m'enl motor, <0Ver €} gns. (for LAB80 All plus P. & P. 12/6
2in x 1iin. dismeter. S BA0% T B (00 Mono Cartridge 17/ extr:
Shaft iin. long x \gents for Thorens, Dual, Mono Cartridge 7/6 ex Ta.
3/3%in., 17/8. P. & P. loldring, etc. Stereo Cartridge 22/6 extra.
- TWO 3()f. i
' FOR
ot X 4o Ve SYNCHRONOUS SELECTOR
¥ CLOCK TYPE MOTORS DRIVE

Geared for 40 revolu-

| tions per minute. b
- 230V, -50 cycle, with Numerous
mounting flanges. applications.
I Bize approximately Electro mag-
13in. deep < 2}in. net and brass
" ONLY 22/8. P. & P. 2/6. tooth wheel.
A switch
wafer and
contacts are | SEND 4d POSTAGE FOR OUR NEW
| PSaAY ASTIEN coupled  to | FULLY COMPREHENSIVE 24 PAGE
TIME SWITCH and wr- | CATALOGUE OF VALVES, TRANSIS-

Made by Crommpton Parkinson. Single phuse
ith h.p. Motor 2301250V, 60 cycles. 1-3 amps.

1,425 r.p.n. Cuntiuu_uus rating. Spindle time delays from resistors, plus series contact for continuous WITH LIND-AIR COMPONENTS.
1§ < fin. |h.1.O\'erullallm:_lvwapiudleapprax, 0-10 minutes. Size 2}in. dia. ¢ 2in. long inc. operation. Ideul window displays, switch-
8 Gin. Perfect condition, A bargain for }in.: 3/16in. dia. epindle. BARGAIN PRICE ing lamps, models, etc. 12V or 24V d.c.

the work bench. 89/8. Carr, 12/6. 17/6. P. & P. 2/§

25 & 53 TOTTENHAM COURT ROAD, LONDON, W.1. Ter. or-580 1115/1112/4534/7679

Open 9-6 p.m. Monday to Saturday inclusive.

Made by Smiths.
A.C. operation.
200/230V. Double
pole. Will give

ranged to be
on for 10
pulses and off
for 13. An
Auxiliary coutact s normally on but off
1 in every 25. Complete with suppressor,

TORS, DIODES, SEMI-CONDUCTORS,
TRANSFORMERS, ETC. THOUSANDS
OF ITEMS LISTED AND PRICED.
SEND NOW AND SAVE MONEY

Brand new and boxed, 12/8. P. & P 2/6, | S

ALL POST
ORDERS TO
Dept. PE 1168
256 Tottenham
Court Road
London, W.1

Open Thursday until 7 p.m.

standingly successful
METHOD—the essential

each is illustrated by an
type drawing.

The series will be of
exceptional value in
training mechanics and
technicians in Elec- .
tricity, Radio and
Electronics. .

WHAT READERS SAY :

“May I take this opportunity to thank you
for such enlightening works and may I add, in ||}
terms, easily understood by the novice.”
L. W. M., Birmingham,
“1 find that the new pictorial method is so easy to understand and I
will undoubtedly enjoy reading the following five volumes: thank you
for a wonderful set of books.”” C. B., London.

i
¢ Please accept my admiration for producing a long felt want in the
field of understanding Electronics.” S. B. ].. London. .

€ The easiest ser of manuals it has been my pleasure to study.”
J. P. P., Taunton.

A TECH-PRESS PUBLICATION

POST NOW FOR THIS OFFER 7!

The New Picture-Book’way of learning

BASIC

You’ll find it easy to learn with this out-
NEW PICTORIAL

in the simplest language, one at a time, and

The books are based on

ELECTRICITY (5voLs)
ELECTRONICS (6voLs)

the latest research into simaplified learning
techniques. This has proved that the
PICTORIAL APPROACH to learning is the
quickest and soundest way of gaining mastery

over these subjects.
TRY IT, IS TO PROVE IT

AEE IS S E NN NS S EEEEEEEEEN
To The SELRAY BOOK CO., 60 HAYES HILL, BROMLEY BRZ THP

Please send me WITHOUT OBLIGATION TO PURCHASE, one of the
above sets on 7 DAYS FREE TRIAL, I will either return set, carriage paid,
in good condition within 7 days or send the following amounts. BASIC
ELECTRICITY #72/-, Cash Price or Down Payment of 15/= followed by 4
fortnightly payments of x{sl- each. BASIC ELECTRONICS 84/-. Cash
Price or Down Payment of 15/~ followed by 5 fortnightly payments of 15/~
cach, This offer applies to UNITED KINGDOM ONLY.
customers cash with order, prices as above.

facts are explained

accurate, cartoon-

Overseas

Tick Set required (Only one set allowed on free rrial)

BASIC ELECTRICITY [ | BASIC ELECTRONICS [ |
Prices include Postage and Packing,

Signature ..........

NAME .....
BLOCK LETTERS
FULL POSTAL
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COMPONENTS . . .

Resistors
R1 10MO 5% HS.
R2 TMQ 5% .H.S.
R3 100kQ 5°; H.S.
R4 4-7kQ  10°, carbon
R5 10kQ 59, H.S.

R6 5-6kQ 10°, carbon
R7 10kQ 109, carbon
R8 47k 109, H.S.
R9 8200 109 HS.

Potentiometers
VRI 25k carbon
VR2 5000 preset (Radiospares)

Capacitors
Cl 5uF elect. 12V
C2 1,000pF ceramic
C3 1,000pF ceramic

Miscellaneous

ICl Linear integrated circuit (d.c. coupled amplifier
—SL701C). (Available direct from the
makers: The Plessey Co. Ltd., Components
Group, Cheney Manor, Swindon, Wiltshire.
Price: 18s)

Ml Moving coil meter, 100pA f.s.d.

SKI-6 4mm sockets, and matching plugs (Radio-

spares) 6 off
Die-cast box 42in x 3%in x lin
46R.043A, but see text)

Perforated s.r.b.p. 3in x 23in

Three insulated feed-through terminals

Control knob

6B.A. screws and nuts

(Electroniques

on this range and adjusting VR2 until the meter read
correctly. On the 10V or 100V ranges the instrument
can be zeroed with the input open or short circuited
since the input resistance (I megohm or 10 megohm) is
high enough in comparison with the 10 kilohm feedback
resistance to not affect balance conditions. On the 1V
range this is not quite so, and there is a shift of 2 per cent
of f.s.d. between open and short circuit conditions. For
the most accurate results this range should be zeroed
with the leads short circuited.

Once the zero is set, drift is negligible, and only very
occasional adjustment is required.

SOME POSSIBLE MODIFICATIONS
(a) Range Extensions

Although the amplifier is intended as an addmon to
increase the sensitivity of a single or multirange meter, it
could be constructed as a complete d.c. voltmeter (see
also under “Construction’), and a meter scaled 0-1 and
0-3 could be employed with advantage to give ranges of
1, 3, 10, 30, 100V f.s.d. (making the 300 kilohm resistor
up out of 120 kilohm and 180 kilohm in series, and
making the 3 megohm resistor up out of ['2 megohm
and 1-8 megohm in series).

(b) ImA Meter Increased to 100xA f.s.d.

The meter series resistor should be decreased to
1 ];llohm and the input resistors chosen at 10 kilohms/
volt
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(c) ImA Meter Increased to I0xA f.s.d.

Again the series resistor should ‘be decreased to
I kilohm, the input resistors need to be chosen at
100 kilohms/volt. To obtain this current gain of
100 times VR2 has to be reduced to 100 ohms and R9
reduced to about 47 ohms. The maximum offset is
1801A which is 1 f.s.d. and the existing balance control
values should still be suitable.

(d) 100xA Meter Increased to | A f.s.d.

The meter series resistor should be left at 10 kilohm,
while the input resistors have to be chosen at | megohm
/volt. VR2 has to be reduced to 100 ohms with R9
at47 ohms. The maximum offset is now 180uA, which
is well over f.s.d., and there will be some difficulty in zero
setting. One solution would be to retain the 25 kilohm
potentiometer and series resistor but add an extra
1 kilohm potentiometer in series as well, the former
becomes the coarse zero with the latter the fine zero.
A more elegant solution would be to use a helical
potentiometer of 10 kilohms with a suitable series
resistor chosen to give a balance about zero.

Once set, the balance is reasonably stable with
temperature, and would only need to be adjusted every
(say) ten minutes, the difficulty is that a single turn
potentiometer does not have sufficient resolution, rather
than that the circuit drifts with temperature!

Next month: A fixed frequency sine wave test
oscillator, based on the same type IC.

LASTS THE WHOLE YEAR THHUUGH
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Practical Gift
for a practical man!
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A full-year series of PRACTICAL ELECTRONICS
issues delivered by post each month would be an ideal
Christmas present. Why not give a subscription to a
friend? He would certainly find the magazine just as
interesting as you do and each issue would remind him
of your good wishes.

But don't think too long—Christmas is very close.
Act now and send you friend's name and address,
together with your own and a remittance to cover
each subscription to: Subscription Manager, Practical
Electronics (Z), Tower Hous€, Southampton Street,
London, W.C.2. We will despatch first copies to
arrive in time for Christmas, and send an attractive
Christmas greetings card in your name to announce
each gift.

RATES (including postage) for one year (12 issues),
United Kingdom and Overseas, £2 2s 0d.

To avoid disappointment, make sure of your own copy
by placing a regular order NOW with your newsagent.




A Hi Fi Microphone that can be used with 100ft of cable without electrostatic or magnetic interference

CRYSTAL microphones are generally viewed with
scorn in the hi-fi fraternity, an image well deserved
by the majority. For while some of the more carefully
designed examples are capable of natural, wide range
reproduction and, price for price, can be superior to
dynamic types, there remains one serious disadvantage:
the capacitative nature of the crystal element limits the
length of the output lead to a maximum of about 10ft.
More than this will progressively attenuate the signal.

Also, a very high input impedance is required of the
associated amplifier to achieve full bass response, and
because of this the circuit becomes sensitive to electro-
static hum pick-up and cable-handling noises. To add
to our difficulties, the better the acoustic quality of the
microphone, the lower will be its output!

F.E.T. PRE-AMPLIFIER

This article describes the construction of a low-noise
f.e.t. pre-amplifier designed to do justice to the wide
response of a specified crystal microphone insert, and
physically small enough to be mounted as an integral
unit with the insert and battery in a convenient metal
tube,

Used in this way, it completely overcomes hum pick-
up and permits the use of a long output cable, but it can
alternatively be housed in a larger case and equipped
with an input socket for use as a general purpose audio
booster having a voltage gain of at least 25 (28dB),
suitable for feeding valve or transistor equipment. It
will handle inputs of up to 50mV and the frequency
response is flat from 10Hz to 100kHz.

CIRCUIT DESCRIPTION

The circuit’ (Fig. 1) consists of a common-source
f.e.t. stage, TR, having an input impedance of around
5 megohms (recommended value for the insert used),
direct coupled to an emitter follower, TR2. This hasa
voltage “gain” of slightly less than unity but, because of
100 per cent negative feedback, reduces the signal
impedance to less than 2 kilohms.

The input series resistor R1, in conjunction with the
gate-to-source capacitance of the fe.t., forms an r.f.

stopper. This was found to be necessary when using
the prototype next door to a radio taxi base station,
when broadcasts persisted in breaking through despite
the excellent linearity of the f.e.t. and the screening
properties of the tube.

With this potential source of trouble overcome, the
microphone is immune to all forms of interference—
both electrostatic and magnetic. To prove the point,
the prototype has been tested alongside a high-power
radio transmitter, sitting on top of a transformer
carrying 500W, and feeding a tape recorder through
100ft of unscreened flex.

BATTERY SUPPLY

Current drain is less than 0-5mA and the circuit will
operate consistently to a supply end-point of 15V, thus
obtaining good service life from the 221V battery.
Resistor R5 provides a charging path for C2.

Underside  Underside
of 2N3819  of 2N3707

Fig. I.
phone.
correspond functionally to the emitter, base and collector,
respectively, of conventional bipolar transistors

Circuit diagram of the transistor-amplified micro-
The source, gate and drain of the f.e.t. (TRI)
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COMPONENTS . . .

Resistors
Rl 3:3kQ2 R4 22kQ
R2 5:6MQ *R5 47kQ
*R3 27kQ . Ré 100k
All 109, §W carbon. *R3 and R5 should be low -
noise types

Capacitors
Cl 40uF 6V elect.
C2 8uF 12V elect.

Transistors
2N3819 n-channel field eﬁect]
transistor
2N3707 npn silicon

~Texas Instruments.

Insert
X1 Acos 39/1 crystal (Henry’s Radio)
Miscellaneous
Tube: brass, copper or brass-clad steel, Zin bore x
approx. 4iin long. Steel strip, approx 8in
long x tin wide. Cartridge-type connector.

Polyshrink tube No. 50 if required.(black or
white, sold in multiples of Ift), Home Radio.
Piece of Veroboard, I$in x #in. 4B.A.solder tag.
Thin p.v.c. flex.

From the stability point of view, no capacitor is
required across BY1. But as a safeguard against the
occasional battery that causes frying noises as it nears
the end of its life, a 10uF 25V electrolytic could be con-
nected between holes 47 and E8 on the circuit board
(see Fig. 2), with the positive end taken to 47. This
measure was found to be necessary with only one of the
large number of batteries that died prematurely while
voltage and current adjustments were being made to the
prototype, and was therefore omitted.

AMPLIFIER CONSTRUCTION

The amplifier occupies exactly half the length of the
Veroboard presented with last month’s issue of
PrACTICAL ELECTRONICS—S0 there’s sufficient material
for a (spaced) stereo pair of microphones if desired!

Cut off a portion measuring five strips wide by eight
holes long. After making the appropriate breaks in the
copper (refer to Fig. 2), the components can be soldered
in, starting with R1 and ending with the transistors.
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Fig. 2. Component layout and underside of the board
with connection details to other components.

To ensure the finished assembly will go into the tube,
all component leads must be cut to the absolute
minimum and solder blobs, rough ends, etc. should be
filed away from the underside of the board.

It is important that the amplifier board be insulated
from the S-shaped sub-frame, this prevents the copper
strip on the underside of the board from being shorted
out. This is best accomplished by cutting out a piece
of cardboard, or any plastics material, the same size as
the w1rmg board and glueing it between the underside
of the wiring board and sub-assembly chassis.

If the amplifier is to be tested before making up the
rest of the microphone, use an earthed tobacco tin or
something similar to screen the input.

View of the completed transistor
mtcrophone prior to insertion in the metal tube. It is

important to insulate the amplifier board from the metal sub-assembly.



SCREEN OF OUTPUT CABLE SOLDERED
TO TAG UNDER INSERT FIXING SCREW

CIRCUIT BOARD GLUED

INSULATI
MIC 39 INSERT TO INSULATING CARD

%

t

/4 WIDE MILD STEEL

BATTERY-ve CONTACT
SCREW (S1)

BATTERY +ve CONTACT
FROM PIECE OF COPPER CLAD
CIRCUIT BOARD GLUED TO FRAME

T/g DIA. WOODEN DISC

6BA NUT
SOLDERED OVER

FOAM -RUBBER L
PADS 40 HOLE

BACK VIEW
OF INSERT

"
e —— 1‘!2—)—

Fig. 3. Construction of the transistor microphone, with battery and metal cover removed

MECHANICAL CONSTRUCTION

The drawings (Figs. 2 and 3) and photographs give
most of the constructional information necessary. The
amplifier and battery are mounted on an S-shaped sub-
frame of mild steel, carrying the microphone insert at
one end and a circular block of wood plus a made-up
on/off “switch™ at the other (Fig. 3). The case is a
Zin i.d. thin-walled steel or copper tube (it must of
course be metallic) secured by two screws into the wood
block. The tube is grounded by contact with the rim of
the insert.

The length of the sub-frame, and the quantity of strip
needed to make it, is a little unpredictable because the
radius of the bends will vary from one constructor to the
next. Start with slightly more strip than necessary and
cut off the excess after making the final bend. After
drilling the appropriate holes and attaching the insert
and wood disc, the assembly can be measured and the
tubular case trimmed to size.

The wood disc in the prototype was cut with a hack-
saw from a piece of whitewood #in thick and filed to
shape, but constructors who take pride in their car-
pentry or who own a lathe will no doubt use their own
methods.

View of the completed
transistor microphone

FITTING THE INSERT

When connecting the amplifier to the insert on no
account make a direct soldered connection, because the
heat will immediately dissolve the crystal. Use a
gramophone cartridge type connector, or trap the lead
under a piece of plastic sleeve pushed over the “live”
post. Note that the “‘earth™ pole is integral with the
case and need not be used, as continuity is achieved via
the central fixing screw and 4B.A. tag.

FINAL FINISH

Various finishes are possible. The tube can be given
a “satin” finish by twisting it in a wad of wire wool
and protecting with a couple of coats of clear lacquer,
or it can be painted.

For the sake of trying a new material, the prototype
was sheathed in black “Polyshrink™ (available from
Home Radio), which is a soft plastics tubing that
shrinks dramatically when heated. The correct size is
No. 50, suitable for covering objects of 0-8in to 1-25in
diameter. A particular advantage of the material is its
ability to damp handling noises.




USING THE MICROPHONE

Before setting up the completed unit for trial one
most important point must be noted. The amplifier
will not function until the contact adhesive used to
attach it to the sub-frame is completely dry. The
prototype produced a terrifying rumbling noise caused
by leakage through the damp glue from the supply line
to the high impedance input, and had to be left over-
night for the noise to subside.

The specified insert is ““pressure operated” and there-
fore non-directional over most of the frequency range,
At higher frequencies however, it has a greater
sensitivity to sounds arriving directly on axis, which can
be useful in balancing the “presence” of individual
voices or instruments.

Average male speech at a distance of 12in from the
microphone produces a peak level of about 70mV at the
amplifier output, and at 3ft an upright piano (played
forté) produces 400mV, so that normally the micro-
phone will be used. in the line, or radio, socket of a
recorder or amplifier.

Fig. 4 shows a simple attenuator to prevent over-
loading the first stage of tape recorders having only a
microphone socket. Without the attenuator, the
output is sufficient to feed a simple passive mixer.

Although the output impedance of the microphone is
effectively 2 kilohms so far as immunity to electro-
static hum pick-up on the line is concerned, it should
not be operated info a load of much less than 5 kilohms.
Doing so will cause distortion on peaks and bass loss
through C2.

L e e | >

N =, AN o
MICROPHONE Re

Fig. 4. An attenuator to prevent overloading of recorders
that have only a low-level microphone socket. With
Rb = 2-7k(), Ra should be around 22k} for valve recorders
and 220kQ) for transistor models. Components should be
at the recorder end of the microphone output cable, and
can probably be mounted inside the plug

PERFORMANCE DETAILS

Judged subjectively the microphone has a most
satisfactory performance, with a noise level far lower
than could be achieved with the same insert feeding a
typical valve pre-amplifier. The maker’s literature for
the 39/1 insert quotes a frequency response flat from
40Hz to 15,000Hz, with a broad peak of 5dB at about
8:5kHz. Played through wide-range equipment, the
peak is noticeable as a slightly metallic quality on
orchestral instruments, but this is the only clue to the
“economy”’ nature of the device.

The battery should last at least six months, used for an
hour every day or for eight hours each weekend.
Expressed another way, 3s worth of energy will allow
recording of 120 7in reels of lLp. tape at 7%in/sec.
The complete transistor microphone with battery and
flex costs less than £2 10s.

*
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UNLIMITED!

A selection of readers’ suggested circuits. It should be emphasised that
these designs have not been proven by us. They will at any rate stimulate
further thought.

This is YOUR page and any idea published will be awarded payment accord-
ing to its merit. 3

PHASE SPEAKER

FTER reading the article in PRACTICAL ELECTRONICS

on Musical Phase, September issue, I thought my

method of making phased recordings may be of
interest.

The signal to be phased is amplified in the normal
way, but the output is fed into an extension speaker
with the microphone of a tape recorder mounted as
shown in the diagram below.

With theselected
programme play-
ing and the tape
recorder on record
the speaker and
microphone are
moved towards
and away from a
sound reflecting
surface.

When the
speaker and micro-
phone are one foot
away from a wall
the microphone
picks up sound
from the speaker
only. But when the two are moved closer to the wall,
sound reflected off the wall, which is out of phase, is
also picked up.

The only problem with this system is that the record-
ing level on the tape recorder has to be decreased as the
gap between the wall and speaker/microphone

diminishes.
~ G, Stratton,
Dawlish, Devon.

=

ALL
To Recorder
Microphone 3

' From
Amplifier

Extension Loudspeaker
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DE LUXE PI.AYERS
'PORTABLE CABINET As
tmf’l:l. To fit standard 69
3 WATT.
ods pestode vaive

Ready mado
lne:'l?nd-
and loud- 50§

- trlod; mtﬂ“ "lI"!. & GPl:sl
‘olume an e conirol /8 each
with i
o knobs, Qul.ﬂy 89 ’6 item
SINGLE mtm MOKNO | AUTOCHANGERS MONO
Staar (9v. 45 rpm only) BSR Superslim £8.19.8
£2.10.6 | Garrard £6,19.8
EMI Junior £2.19.6 | BSR ption - TA70
Gtrnrd £6.19.6 | Stereo/Mo .18.8
d SP25 £11.19.6 | Garrard Stereo/Mono
l'hﬂinl Aﬂlﬂ!ﬂ £10.19.6 | Model £10.19.8
.6 | Garrard AT60 £12.19.6

MI ﬂmd LI"TB siylii lnd pickup crystal complete.
GARRARD TEAEWOOD BASE WB.1. Ready 65
cut out for mounting 1000, 2000, 3000, 5525, ATe0, O3]~
GARRARD PERSPEX COVER SPC.1 for WB.1 = EACH
Complete with ACOS LP-78 Turnover

PICE-UP ARM
GI’B’? 15/-; Stereo 35/-,

GPB7 and Btylii 25/-;

e %f:Yﬂ&li:m“ INSERTS
% 3in. % iin. 8/6. BMS3, 1" dia, 9/6
MOVING COIL. MIKE with Remote Control swituhllﬂz“ﬂ

PORTABLE
TRANSISTOR
AMPLIFIER

Many uses, Intercoms,
Baby Alarms, tar
Pnutioe. Taluplwne or

Record Player Amplifier.
ONE WATT OUTPUT
Wooden cabinet 12 <8
4in, Rexine covered two

tors, 7 x 4in. spesker.
Volume control. Jack 79!6 Post 5/6.
socket. Uses PP9 batiery. Worth double

COLLARO BATTERY RECORD DECKS
4 speed mode! s
erystal cartridge. Plays 7, 10, 12in. records.
m;u;“ sart. SoR piic POST
am] ars.

69/6 T4
THE ABOVE GRANADA AMPLIFIER AND PLAYER
DECK POST FREE IF PURCHASED TOGETHER

WEYRAD P50 — TRANSISTOR CO!LS
RAZW 6 in. l"urrlls Aerl.li Spare Cores .... . 8d.
with car serial coil .. .. 12/6 | Driver Trans. LFDT4 .. 9/6
Osc, PSO/IAC .......... 5/4 | Printed Circuit, PCA1 .. 9/6
LF. PEO.‘EOE 470 ke/s .. 5(7 | 1.B. Tuning Gang .
3rd LF, P60/30C ........ 6/- | Weyrad Booklet
wlu Chrome Aerials Bin. extends to 28in.

VOLUME CONTROLS | 80oum Coax 8a vi.

Long n»ind.ion. Midget Size e
L§ ohms to 2 Meg, LOG or SEﬂ wsr&mﬂ) 30/-,

L/8 8/, D.]P.
BTEREO L/8 10{8 D T 14[8 FRINGE LOW LDBS I ]‘6
SK. B.P. Edge type, 5/-.|Ideal 625 lines

VEROBOARD 0-156 MATRIX
2} x Bin, 3/8, £} x 3}im, 6/2, 3% x 8%in.3/8.
EDGE CONNECTORS 18 way 5/-; Mwu 7/8.
PINS 36 per packet 3/4, FACE CUTTERS 7/8.
8.R.B.P. Board 0-15 MATRIX 24in. wide 8d. e 1m a.m
wide 8d. per lin.; 5in. wide 1/~ per lin. (up

BLANK Al. M 18. 18 sw.g. 2 i nd.e:
7x4in., 9 % 7in., 6/6; 11 x3in,, 6/8; 11 J-m. 7/8:
lsviiu..a.'ﬂ 14 x 1lin,, 12/8; 15x 14in., 15/-.

ALUMINIUM P. 18 lws.mxm 6/6; 14x9in.
5/6; 12 x8in. 4/6; 10 < 7in. 3/6; 8 x 8in. 2/6; € x din., 1/6.

—_—
Q MAX CHASSIS CUTTER
Complete: a die, a
/- lo. :me l.iin 19,!3 1'1:: 24,'- 2%“11:
/= lin, 19/8 1}in. 20/8 1%in. 29/- 2. 57/3
/9 14in. 18/6 1din, 21/6 2in. 89/~ lin. sq. 36/6
‘SONOCOLOR’ CINE RECORDING TAPE
5° reel, 800" with LP strobe markings, also cine light
deflector-mirror for synchronisation. 14/- each.
Tape Spools £/6. Tape Splicer 5/-, Leader Tape 4/8.
Reuter Tape Heads for Collaro models 2 track 21/- pair.
UNIVERSAL TAPE u.\samss C60. OUR PRICE 14/-.

“THE INSTANT"
BULK TAPE
ERASER AND
RECORDING
HEAD

iin,
dim,

n—u-lr-

DEMAGNETISER —
200/250 v. A.C. Leaflet 8.A.E. Post 2/6 55/ s
RETURN OF POST DESPATCH

Minimum Post and Packing charge 2/6.

RADIO COMPONENT SPECIALISTS

BARGAIN STEREO PARCEL
PLA’ ABINET suitable for Bi‘i?"o

and
£13.19.6.

E.AR. STEREO YER O,

Player Decks with 4 + 4 STEREO

6}in. LOUDSFEAEERS BUILT
CABINET AND LID Post 10/6

JULAR ELI CAN TYPES
100/25V .. 2/- | 8/800V .. 9/8
250/25V .. 2/8 16/8600V .. 12/8
[R5V .. 4/- 10+161§00V 78
+8/450V 32+4-32/250V 3/8
8+16/450V 3/9 | 50-+-50/850V 7/-
18 +16/450V 11! 60-+-100/350V 11/8
32 4-32/350V 4/6 | 3000/30V 8/8
LYTIOS. 1, 2, 4, 5, 8, 18.25.80.50.100
; 500, 1000mF 18V 8!! 2000mF 25V
cmmc m?lp!‘toﬂ 0lmF, 8d. Discs 1/-.
350V-0-1 84, 0-5 Bfl! 1mP 3/-; 2mP 150V 3/-.
500V-0-001 to 0-05 8d; 0-1 1/-; 0-25 1.".058'-
1, WI.DMOW{?.BOI.OEH + 047, 0-1, 2/8.

2f-: 3.700_5 600pF BIS 6,800pF-0-01, dﬂ]- each "
TWIN GANG. “0-0” 208pF+176pF, 10/6; 365pF, minia

ture 10/-; 500pF luudnrd with trimmers, 9/8; W
midget less "“"""'1§§3 500;5 ..3.7 wotbn_}!?nmdlg,:‘—
SHORT WAVE. Single 10 pla aﬁ, 50pF, 759!, 100pF,

TRIMMERS.
150pF, 1/8; EW;? 1,'8 mw. 'l'Wpl' 1{0 IW 2/6.

250V RECTIFIERS. Selenium } wave 100mA 5/-; BYID(! 10/-,
CONTACT UOOLHJ i wave B0mA 7/6; 85mA 8/6.
Full wave Bridge 75mA 10/-; 150mA mro 'ﬂ' raela 10/-.
azm'rom Prelerred values, 10 ohms to

W § W 1 W, 20% d.. 1% w. 8d.; Bwl.f-%wl!l%ﬁ
BIGH STABILITY, W, 1°/$ 10 ohms to 10 meg. s 2]-.

Ditto 5%. Preferred nhm 10 ohms to 22 meg,, 9d.

5 watt ‘L 0.5 to 8.2 ohm 3 w. 8/~
10 watt wnu:-w UND RESISTORS /-
15 watt f 10 ohms to 6,800 ohms 2/-

10K, 15K, 20K, 25K, BS’K, 10W. 8/~

FULL WAVE BRIDGE CHARGER

6 or 121'. outpuis. 1} amp. ﬂn‘" El 11/3; h..l'?lﬂ

CHARGER TRANSFORMERS. P 1’ 5/=. Input 200/250v.

for 8 or mv 1! amps., 17/6; 2 amnl . 21/-; 4 amps., 30/-
T e o]

wms-wom S-WAT‘T mwomm 4-WATT
. POTS. Tnc ARD SIZE POTS.
' 10ohml 4 6 M!ﬂmﬁﬂ 7!6

cubonﬂkmsmu 50 OHMS to 100 K.,

it
VALVE HOLDERS, MOULDED §4.; CERAMIC 1/- EACH.

-

NEW MULLARD TRANSISTORS 6/- each

0C71, 0C72, OCS1, OC44, OC4S, OCL71, OCL70, AF117.
SISTOR TRANSFORMERS.

ANCO TRAN!
TT45. Push Pull Drive, 8:1 CT, 6/-. TT48 Output, CT8:1 6/-.
TT49. Interstage, 20:1, 6/-; TT52 Ouiput 3 ohms, 4-5:1, 6/-.

TRANSISTOR MAINS POWER PACE. FAMOUS MAEE.
FULLY SMOOTHED. mz. WAV'B CIRCUIT 49/6
9 Volt 500mA Size 5§ x 3} x

TRANSFORMER OI'LY Bize 2} % 13 % 11 in @ volt 10/8

MAINS TRANSFORMERS %

5/- each

£50-0-250 50 mA. 6.3 v. 2 amps, centre tapped 19/8
ESD-D-EMBDM 83w ssa.ssv la,orb5v.2a. 30/~
mA. 68 2 s,or5v.2a. 85/~

: 6.3 v. 2a. 45/-

8 v, v
8.3 v. 12/8
DSE Dw VOLTAGB Outpms 4 4, 5,

E‘
SEE

>

»

®

—

2
)

ami®

=

."'

...s-

LB 19/6
TRANSFORMERS 0-115-230 v. %ut.‘l)utpnl.
Eﬂw 18/6; 1560w, 30/-; 500w. §2/6: 1000w 171

COAXIAL PLUG 1/8, PANEL SOCKETS 1/3. LINE BOCK

ETS 2/-. OUTLET BOXES. BUR]MGE on FLUSH df

BALARCED TWIN FEEDERS 1/- yd. 80 or 800 ohms.

CAR AERIAL PLUGS 1/6; SOCKETS 1/3; LINE BOCKETS 2/~

JACE SOCEET Std. open-circult 2/6, closed circuit 4/8;

Chrome Lead Socket 7/8, DIN 8-pin 1/8, B-pin £/ -; Lead 3/8.

Phono Plugs 1/-, Phono Socket 1/-, 2-5mm; 3-5mm 1/9

JACE PLUGS Std. Chrome 3/-; 2-5mm 1/9; 8-5mm 2/6; DIN

3-pin 3/6; &-pin 5/-.

WAVE-CHANGE SWITCHES WITH LONG SPINDLES.

2 p. 2-way, or 2 p. 6-way, or 8 p. 4-way -I[l! each.

1 p. 12-way, or 4 p. 2-way, or 4 p. 3-way, 4/8 each.
avechange “MAKITS” 1 p. li-tl!. 2p. &nv. 3p. 4-m,

4p. s—wu € p. 2-way. 1 waler 12/-, 2 waler 17/-. 3 waler

TOGGLE SWITCHES, p. 2/8; sp. dt. 3/8; dp. 3/8; dp. at. 4/8

EBCS1, EL84, EZ80.
Ferrite, Aecisi

sor.

Fy Iu.
’i‘.?.‘u’;'-‘.‘;ﬂ. oo £10.19
AM C. » MW, W

Alinwllﬂlihnhd.
DE LUXE STEREOQ G mms V
18-50m, SW €0-180m, lniun,pulhhttm £l9 |9
8 valve plus rect. Bize 15 x 7% x 6in. high.

Black
adapiors.
recorder, etc. 3
Size; 73* x B} » 8",
C.0.D, 5/- extra. Full List I/,

337 WHITEHORSE ROAD, WEST CROYDON

with & special BAKER
msgnet assembly having
a”flux density of 14,000
gauss and a total flux of
145,000 Maxwells. Bas
resonance 45 ¢.p.s. Rated
20 watts. Voice coils
available 3 or 8 or 15
ohms. Price £8, or
Module kit, 80-17,000
eps. with tweeter,
crossover, baffle and
instructions. £10.19.6.
OUDSPEAKER CABINET WADDING 18in 2/61t
BAKER “ GROUP SOUND » SPEAKERS—POST FREE
'Group 25'  'Group 35" ' Group 50"

3 15in
sanm, 6ONS. 55'was BFUNS. 5o 180NS.
ALL MODELS “BAKER SPEAKERS" IN STOCK

E.M.I Cone Tweeter 3lin square, mc:- 10w {::"g.

uality Horn Twesters B-lnkurl, 10W 20/8. Crossover
QMPI 30 .!Hn.aln.lia.lhl.?x‘h.
15/6 each; 8in 22/6; 84in 18/6; 10in 80/-; 12in.

3 or 15 ohm 35/-; 10 x 8in, 80/-; 8 x Bin, 21/-,
E.K.I.Denhhﬂmlﬂxﬁin,ﬂotllohm oﬂl&
SPECIAL OFFER! ohm. Siin sn ohna. ai&:. !:lnl:.

MINETTE

Chassis
12 month guarantes. Q oufput 3 nhm
and tested. Post 5/6 79’ 6

AMPLIFI ER
Bargain offer mmplnhm%
ALL EAGLE PRODUCTS

Mains Transform
Ilm?xaiwtlnhhh. Vdmlﬂ[ﬂ.lw
ngraved
engra
valves, knobs, volume and tone enneml.s. wmd
SUPPLIED AT LOWEST PRICES

BARGAIN AM TUNER, Medium Wave. 79/6
Transistor Superhet. Ferrite aerial, eto.

BARGAIN DE LUXE TAPE SPLICER Cuts, ]1/6
trims, joins for editing and repairs. With 3 "blades.
BARGAIN 4 CHANNEL TRANSISTOR MIXER. Add
musical highlights and sound effects to . Will
mix Himphonu. records, tape and tuner with 59/6
separate controls into single output.

AIN wmsm'mn FM- LW—NW m 10 semi

mlaﬂ Calibrate:
"E14/19/6

108 Me/s; MW 190-580 mukes LW BEO-

2000 metres. slmz’ x 8 x

BARGAIN 3 Aﬂl.m. 4 Transistor 69 /6

Push-Full Rasﬂy Imilt. with volume control

40-PAGE EAGE CATALOGUE 5/- Post Free
+ RADIO BOOES % (Postage 8d.)

Practical Transistor Receivers ..

Practical Stereo Handbook..

Hmrﬁ"ﬂ“ T’“‘”’E{g‘”“" E;:h w

mv.i?:’m Books 1, 2, 3, or 4 ea.

Practical Radio Inside Out..

§/-
Transistor Communication Sets 8/-
Modern for .78
Sub-Ministure Receivers .. . Bf=
‘Wireless World Badio Valve Data.. . g’l

et & glance valve '“I“"n:ns e 3008

How t0 receive Foreign 'l'v.mnmmuonrmut

by simple modifCAHONSE ......veerereirmmnsnrarsransacasinsasan 5/~
SANGAMO 3 inch SCALE METERS 45’_

Various ealibrations/movements, 500 Microamp;
1 Milliamp; 50-0-50 Microamp, etc. 8.A.E. for list.

Ohmomsmx 50 Microsmps (Full list Mefers

BRAND NEW QUALITY
EXTENSION LOUDSPEAKER
plastic cabinet, 20ff. lead and

For any radio, intercom, tape

h 15 ohm. mm
rost2e 30/

CALLERS WELCOME

Written guarantee with every purchase. (Export: Send remittance and extra postage, no C.0.D.) Buses 133, 68 pass door. 5.R. Stn. Selhurst. Tel. 01-684 1865
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Wide range of courses available include:

Radio/TV Engineering and Servicing, Closed Circuit TV, Electronics,
Electronic Maintenance, Ser hani Comp
Numerical Control Electronics, etc.

s

Through this ICS
3-way Training Method:

MASTER THE THEORETICAL SIDE
From basic principles to advanced applications,

quickly and easily through ICS. That's because
each course is set out in easy-to-understand terms.

1 you'll learn the theory of electronic engineering,

MASTER THE PRACTICAL SIDE
ICS show you how to develop your practical

abilities in electronic engineering—alongside your
theoretical studies. It's the only sure way to
success. All training manuals are packed with

easy-to-follow illustrations.
MASTER THE MATHEMATICAL SIDE

more so because noelectronicengineeriscomplete
without a sound working knowledge of maths.
But new ICS teaching makes mathematics easier
to learn.

3 To many this aspect is a bitter problem. Even

t

Engineering,

EXPERT COACHING FOR:

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS

CITY AND GUILDS TELECOMMUNICATION TECHNICIANS
CITY AND GUILDS ELECTRONIC SERVICING

R.T.E.B. RADIO/TY SERVICING CERTIFICATE
RADIO AMATEURS' EXAMINATION
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY

Build your own radio, transistor portable, and professional-type test
instruments with an ICS Practical Radio and Electronics Course. Every-
thing simply explained and easy to handle. All components and tools
supplied. For details post coupon below.

Member of the Association of British Correspondence Colleges

ForR FREE HANDBOOK POST THIS COUPON TODAY

L.C.5., Dept. 151, INTERTEXT HOUSE,
PARKGATE ROAD, LONDON, S.W.11

T e S S

ADDRESS

EOEREIRTIINL. il i AGE .. 5/68

INTERNATIONAL CORRESPONDENCE SCHOOLS
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S-DeC

BREADBOARDING

@ Fast, reliable, solderless circuit
assembly

@® Contacts last indefinitely

@ Use ordinary components again
and again

@ Test a/l the circuits in the
magazines

This breadboard is used pr y by t engi t
the world. Over 809 of current production is exported.
A booklet of projects is included with each kit giving construction details

for a variety of circuits such as amplifiers, oscillators, VHF transmitter,
, eC.

S-DeC Kit: One S-DeC with Control Panel, Jliand Accessories for
solderiess connections to controls, etc., with booklet * S-DeC Projects ' giving
construction details for a variety of circuits. 29/6d retail.

4-DeC Kit: Four S-DeCs with two Control Panels, Jigs and Accessories and
the booklet ** S-DeC Projects* all contained in a strong, attractive, plastic case.
Ideal for the professional user, £5.17.6 retail.

AVAILABLE FROM LEADING SUPPLIERS
or in case of difficulty from

S.D.C. PRODUCTS (Electronics) LTD

THE CORN EXCHANGE, CHELMSFORD, Essex
Telephone : Chelmsford (OCH 5) 56215

The most accurate
pocket size

CALCULATOR

in the world

The 66 inch OTIS KING scales give
you extra accuracy. Write today
for free booklet, or send 82/6 for
this invaluable spiral slide rule
on approval with money back
guarantee if not satisfied.

CARBIC LTD. (Dept. PE19)
54 Dundonald Road, London, S.W.19

SOLID STATE NUTRONICS LTD.  re.

FSA Voltaire Road, London, S.W.4

SILICON RADIATION DETECTOR

The NUTRONICS semiconductor radiation

detector ND7 is a compact, low cost, versatile .
radiation detector with a window area of

7mm2 and Alpha energy resolution of 50-100 -

Kev. FWHM, which has been expressly L]
designed for use in educational establishments F
and by amateur experimenters. =

The NUTRONICS semiconductor radiation fh
detector ND7 detects Alphas, Beta, Gamma <
Radiation, Fission Fragments, X-rays and &
Protons.

Send for technical data sheet.

01-874 8608




NEW HI FI CENTRE

A ' high -quality mains powered
integrated transistor stereo amplifier
and pre-amplifier has just been
introduced by Audio Components and
Services, Sound Studios, Bell Hill,
off Crown Hill, Croydon, Surrey.

A printed circuit board complete
with heatsinks and control mounting
together with a circuit diagram is
available at -50s. Components as
required, or the whole project in kit
form, are available at £12.

There are six transistors in each

channel and an output of 6% volts
-into 8 or 15 ohm loads is achieved
from 250mV input. Input impedance
is 800 kilohm and will accept up to
4_ volts without overloading. All
measurements are r.m.s.

A selector switch provides for
gram., radio and tape positions and
there is a tape take-off socket. The
tone control circuits are similar to
that shown in the P.E. data booklet
Transistor Circuits (see April issue).

It is claimed that the amplifier can
be constructed in six hours using a
d.c. voltmeter and the usual con-
structional tools.

Readers in the Croydon area may
also be interested to learn that Audio
Components and Services intend to
develop the second floor as a large
service department specialising in
audio service and applications. Also,
if there is sufficient interest, space and
facilities could be made available for
enthusiasts for increasing the scope of
their hobby.

NON-WALK FEET!

The term self-adhesive, high
friction, and odourless is given by
West Hyde Developments Ltd., 30
High Street, Northwood, Middlesex,
to their range of small feet for instru-
ment cases. They are made in a non-
plasticised, resilient, high hysteresis
material, having a high friction co-
efficient—their description, not ours.

Suitable for instrument cases,
domestic equipment, radios, drawer
bumpers, etc., these feet are self-
adhesive or screw fixing or both and
will not mark or discolour the surface
they are placed on. The feet measure
#in diameter by #in high, with a
recessed countersunk hole for a 6BA
screw in the centre.

It is claimed that if the feet are
fixed to a case which is temporarily
placed on a sloping surface it will not
slip or walk.

EMERGENCY LIGHT

A portable lamp with bright all-
round illumination has a multitude
of uses around the home, is indis-
pensable when campmg and is a
useful accessory for the “‘shack’ in
case of power failure.

The Tildawn hurricane lantern,
powered by standard dry batteries,
provides just such a light from a 5in
high virtually unbreakable poly-
propylene dome. Very stable when
standing on its wide base, it will also

MARKET
PLACE

Items mentioned in this feature are usually
available from electronic equipment and com-
ponent retailers advertising in this magazine,
However, where a full address is given,

enquiries and orders should then be made direct
to the firm concerned.

Instrument case feet by West Hyde
Developments

Hurricane lantern
Harris Marketing

marketed by

. batteries,

hang by the handle, body inverted
with the globe downwards, or
horizontal with the base flat against a
wall. Designed to withstand rough
treatment, this robust lamp can be
dropped or even thrown across the
floor without apparent damage.
Takes one or two AD28 or similar
giving up to 50 hours
illumination.

The Tildawn Lantern retails at
32s 6d plus batteries and is available
from electrical stores. In case of
difficulty contact the sole distributors,
Harris Markéting, 16 Hillcroome
Road, Sutton.

MINIATURE COMPONENT

A series of miniature terminals, no
thicker than a pencil, with a current
rating of 10 amperes and a break-
down voltage greater than 4kV d.c.,
is announced by Belling and Lee Ltd.,
Great Cambridge Road, Enfield,
Middlesex.

Known as type L1726, these new
terminals are only a quarter the size
of standard terminals but have all the
same features. These include a captive
head available with a choice of six
standard colours, a socket in the top
for plugging in connections to extra
equipment, and a .cross-hole in the
clamping gap which will accept wires
up to 15 s.w.g.

The moulded panel bush is keyed
to prevent rotation. The stem ter-
minates in an integral solder pin for
rear panel wiring. .

LITERATURE

A new Catalogue No. 137 describes
the complete range of products
manufactured by Arcoelectric
Switches Ltd. ;

Divided into seven sections, cover-
ing transformer signal lamps,
switches, neon indicators, and signal
lampholders, etc., the catalogue lists
numerous new styles and the section
on car switches and indicators has
been expanded.

Copies of the new 76 page catalogue
can be obtained from Arcoelectric
Switches Ltd., Central Avenue, West
Molesey, Surrey.

NOTICES

LST Components inform us that
due to an enormous response to their
advertisement all stocks of Texas re-
ject transistors were exhausted with
the publication of the September issue.

Unfortunately, due to an error the
advertisement in the October issue
was not corrected and the same item
was repeated.

The manufacturers of Timac auto-
matic -timer switches, Kangol Litd.,
have appointed Electroniques, Edin-
burgh Way, Harlow, Essex, as
distributors of their timing controls.

Both the 3-pin plug-in types and the
permanent wired-in versions are now
stocked for immediate dispatch from
Electroniques.
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A pollce observer using a hand-portdble passive sight
infra-red viewer

think of it as radio waves which pass through physical
obstructions, whereas visible light requires line of site
communication.

This property is extremely useful, as we shall see
later, in that an infra-red beam can be directed to a
given point without being seen. High power lamps
can be used here with a black opaque screen to cut off
visible light rays. Clear glass will pass all visible light
but will only pass near infra-red rays up to about 2-5
microns.

If transmission in the intermediate and far infra-red
regions is required certain semiconductor materials
can be used. Up to recent times germanium and
silicon have been used, but now gallium arsenide is
proving very valuable.

It is possible to detect infra-red by absorption and
conversion of heat. However, this can be a cumber-
some process, as was shown by early experiments where
a blackened thermometer was used.

WA= GOMMUNIGATIONS

NFRA-RED radiation occurs in similar form as visible
radiation, but occurs in that part of the electro-
magnetic frequency spectrum below visible light (see
Fig. 1). Therefore it has the properties of wavelength
and frequency just as visible light has, but because its
wavelength is longer, it is not visible to the naked eye.

However, light from tungsten filarment lamps contains
a very high proportion of infra-red (about 90 per cent)
and is useful for experimental and industrial work
whereby, with the use of filters, the visible light can be
made invisible (Fig. 2).

When the wavelength of any kind of electromagnetic
radiation becomes very short, i.e. for frequencies above
about 3,000 megahertz, it is more convenient to refer to
wavelength in microns, micrometers or gstroms.
The infra-red region lies in the 0-75 to 10® microns range,
one micron being equal to one 10-% metre, although the
division between infra-red and microwave frequencies
is not clearly defined.

This region is further sub-divided into “near”
(0-75 to 1-5 microns), “intermediate’” (1-5 to 10 microns)
and “far” (beyond 10 microns) regions, while above
300 microns it is often referred to as the “submilli-
metre” region.

PROPERTIES OF INFRA-RED

Electromagnetic radiation in the infra-red region is
sometimes able to penetrate objects which would
otherwise stop visible light. Here it is important to

VISIBLE

X-RAYS ULTRAVIOLET | T | INFRARED  SUBMILLIMETRE  MICROWAVE UHF  VHF
0° 10! 102 103 104
r ; i 1

i e R

Fig. I. Electromagnetic spectrum
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By M.A.COLWELL

More lately, thermocouple detectors or photocon-
ductive cells were made to respond over a wide fre-
quency range, then perhaps filtered as required. This
method is disadvantageous because the response to
temperature changes in the transmitting object were too
slow.

Current developments illustrated in this article show
examples of detection of pure infra-red radiation from
natural sources (‘“‘passive’”) and reflected radiation
dependent on an infra-red beam being bounced off an
object (“active’).

CARRIER WAYVE

There is now a new line of thinking based on the
active system whereby the transmitted infra-red can be
used as the carrier wave for pulse code frequency

e U

I-R BEAM ‘EDLARP
~
~ b e

s
T I-R FILTER

MAGNIFIER

Fig. 2. An active infra-red system consisting of an infra-
red source, which is a normal lamp with a fiiter to remove
the visible part of the spectrum, and an optkal' viewing
system incorporating an image converter tube



modulated audio signals. Propagation is by wave-
guide or line of sight, the waveguide being in the form of
2 micron diameter glass fibre.

This technique (known as ““fibre optics™) is becoming
a commercially viable proposition, although certain
difficulties still remain to’ be ironed out. Much work
has been carried at the Ministry of Technology Signals
Research and Development Establishment near
Christchurch in close collaboration with industry to
develop a system of communication in which telephone
land lines transmitting at pure audio can be replaced by
glass fibre.

GLASS FIBRE OPTICS

The engineering aspect of producing suitable glass
fibre is critical, chiefly in the elimination of impurities,
particularly traces of iron, which gives ordinary glass the
typical green appearance on its cut surface. Glass
required for fibre optic communication must be
“white”” to avoid filtering and unnecessary attenuation,
and must be of the correct dimensions.

In this, the single-mode or waveguide fibre, there are
only a few possible modes of transmission and maxi-
mum bandwidth is obtained, typically 10,000MHz over
1km. This type of fibre is most suitable where very
wide band, single channel systems are required, such as
data or telephone trunk links. 1

If several fibres are contained in one “cable” no
insulation is necessary between each provided the
physical conditions of each fibre have been satisfied.
This is because the refractive index of the glass ensures
that the infra-red or light beam is kept within the bounds
of each fibre. Consequently, common experiences
such as stray capacitance and l.f. radiation and cross-
talk are virtually non-existent in fibre optic communica-
tion. On the other hand, attenuation is at present still
a problem which can be overcome by using line
repeaters.

. To minimise attenuation the beam must not be
allowed to touch the walls. Early experiments
involved the insertion of expensive servo-operated
lenses at intervals along the length of fibre. More
recently, it has been found that if the core is sheathed
with a suitable glass cladding of lower refractive index
the light will be adequately contained within the core.

Strange as it may seem, the glass fibre although only

about as thick as human hair, has a high tensile strength

An infra-red optical two-way telephone using YIG (yttrium
iron garnet) modulator. Frequencies up to 100kHz and a
range up to 2km is obtainable

(MEL.LTD,)

" The scene through a passive sight looking at an intruder

urder overcast, starlight conditions

and is inherently flexible. If suitably protected from
crushing and given a protective plastics coating, it can
be inserted into cable ducts with the ease of conventional
copper wire. So here we now have a 200-core cable
with an overall diameter about the same as the con-
ventional plastics covered single-core bell wire. Con-
sequently more channels can be fed through under-
ground ducts than with the present copper cable.

LASER TRANSMISSION

Having looked at the link between two statioms,
what about the stations themselves; how does one get
the signal into the fibre at one end and out at the other?
The answer quite briefly is the laser and a silicon
photodiode. The laser must emit a beam which can be
injected into such a small diameter, must have high
speed and efficiency and operate in the near infra-red
region. Gallium arsenide electroluminescent sources
are used in the laser which transmits at room tempera-
ture, a pulse codé modulated signal. The laser beam is
injected accurately near the source into the fibre end,
which is sheathed in polished Perspex for laboratory
convenience, and to reduce scattering on entry. The
received signal is picked up by a silicon photodiode,
decoded and amplified in the usual way.

By using glass fibre the laser beam is not dependent on
straight line-of-sight transmission paths; indeed, there
is no reason why the fibre should not be layed hap-
hazardly or even in coil form, provided that bends and
kinks are not unnecessarily severe. :

TUNING THE LIGHT BEAM

Optical communications systems rely on the usual
signal generation as applied to any other form of radio
communication. Harmonic generation, frequency
mixing and frequency tuning take place at optical
frequencies. Tuning is an interesting subject on its
own and when applied to laser technology the results
can be in the form of pure colour generation.

Experiments at S.R.D.E. have demonstrated the
ability to “fire’” a pre-tuned colour beam for a fraction-
of a second on a white screen. Development here is
still at the purely experimental stage, but apart from
being used in signal transmission, there is the possibility
of applying the technique to coloured light displays. d

A narrow band source of radiation can be tuned over
most of the visible and near infra-red regions of the
spectrum. The tunable source results from the
selective addition of a laser frequency to a frequency
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from a continuum of frequencies generated by the laser
in a liquid placed immediately in front of a non-linear
electro-optical crystal.

NEODYMIUM-GLASS LASER

A high power Q-switched neodymium/glass laser
(Fig. 3) is used to generate an intense continuum of
frequencies in a 20cm cell of carbon disulphide. As
soon as the laser beam enters the liquid, it causes a
non-linear increase in the refractive index of the liquid.
The laser beam is forced into propagating in a region of
relatively high refractive index, and is reflected in on
itself at the interface between these two regions.

After a further non-linear increase in the refractive
index, the laser is self-trapped and rapidly collapses into
a filament, the smallest so far identified having diameters
of about 2 to 5 microns. The power density in the
filament is very high—about 10° watts per square
centimetre—leading to efficient stimulated scattering.

On leaving the carbon disulphide cell the intense
continuum and unchanged laser radiation are directed

A modified pair of binoculars used as an optical transceiver.
The range is about half a mile, but the required power is
minimal in comparison to conventional systems

into a lithium niobate crystal where frequency addition
takes place. Tuning of the sum frequency is achieved
by altering the temperature of the lithium niobate. A
tunable difference frequency has also been generated
so that tunable narrow band frequencies can be

* generated in practically the whole 0-3 to 13:0 micron
spectral range.

ACTIVE LINE-OF-SIGHT

Other methods of active infra-red communication are
generally based on line-of-sight transmission paths,
although the modulation process is here applied to the
transmitting crystal attached to a modified pair of
binoculars. This method is limited in range to about
half a mile, but the required power is minimal in
comparison to conventional systems.

This makes the system particularly useful in environ-
ments where reflections from nearby structures would
interfere with conventional systems. Examples would
be in the building industry, ship’s intercom and ship-to-
ship radio telephone.

The added attraction is that the two stations, once
lined up could be used for viewing as well as speech,
forming a visual radio-optical telephone. The speech
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modulated signal is transmitted by a gallium arsenide
lamp through the right-hand lens of the binoculars to
the left-hand lens of the receiving binoculars. Inside
this the optical picture is passed through to the eye
piece in the normal way, while the speech signal is
picked up by a silicon photodiode after being deflected
by a specially coated prism.

INTERFERENCE FREE

The link uses a pulse frequency modulation system
at 20kHz, eliminating the critical factors of heat haze
causing signal fluctuations, hand shake or changes in
daylight level. A voice operated switch is incorporated
to change from receive to ‘transmit; the system is
interference free and is completely secure from eaves-
droppers. .

The gallium arsenide pn junction in the lamp is
forward biased to emit infra-red light at 0-9 micron
wavelength. The range of the instrument is dependent
on visibility and increases to about half a mile at a
visibility of about 10,000 metres, although it is expected
that improvements will be made in due course.

The foregoing principles have now been released for
commercial exploitation, having been developed
originally for military purpose, and are born out of the
concept of using separate infra-red light beams to flood
a particular scene or object for viewing with infra-red
sensitive viewers.

The current state of the art in infra-red detection is
expected to be put to use in industrial or civil espionage
control and crime detection.
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IN OVEN

[l Oﬁ l{::‘;ff_}t‘_l ul>
7_r!.m " FILTER 2. n [::“n_:-“;! % q)
CELL ®
0sc!

SPECTROGRAPH OR
PHOTO -DETECTOR

Fig. 3.
laser

Block diagram of the neodymium glass tunable

A typical example has been cited whereby the Thames
river police are finding it increasingly difficult to make
an arrest of dockside warehouse prowlers without
arousing the attention of the prowler. The *‘tele-
scopic” infra-red viewer can be used in pitch dark to
watch the activities of an intruder. Of tourse, a lighted
match or torch will apparently flood the infra-red scene
immediately giving the security patrol an even better
picture.

PASSIVE LINE-OF-SIGHT :
The passive system relies on the detection of objec
by their emission of temperature variance with
atmospheric temperature. The photograph of the
potential intruder shows up clearly with the building.
It is now possible to make devices which can dis-
criminate a 1 degree difference between an object and
its background. As a result such a device will detect

the presence of an animal, a vehicle or human being.

A more advanced method is the thermal imager,
incorporating several detectors and a scanning system.
The signal is applied to a cathode ray tube to give a
visual picture from heat contrasts rather than colour
and brightness contrasts.



IMAGE INTENSIFIER

Although not strictly relevant to infra-red, it is worth
looking at recent development of image intensifiers
because their applications are similar to those of passive
infra-red detectors.

The image intensifier is a passive night vision device
which can amplify light directly by 50,000 times. Itisa
small cylindrical encapsulation with three light intensify-
ing modules each supplied by an e.h.t. of 15kV (Fig. 4).
_ Each module is a vacuum envelope with fibre optic
input and output windows. A photocathode on the
inner surface of the input window emits electrons
according to the intensity of incidental light. These
electrons are electrostatically focused and accelerated on
to a phosphor screen on the output window to give a
visible image.

OBJECTIVE

FIBRE-GLASS FACE-PLATES

EYE-PIECE

Fig.4. A three-stage cascade intensifier tube.

A single module is not sensitive enough for poor light
conditions; this is why three are usually banked
together in a single envelope.

This intensifier needs no special lighting conditions,
so true reproduction of natural light can be achieved,
even in starlight conditions. The performance is
dependent on atmospheric visibility, ambient brightness
and contrast.

Applications lay in intensifying x-ray images, night
navigation, and mierqscopy.

FUTURE POSSIBILITIES

Infra-red detection has numerous applications in
industry and public life. The Ministry of Technology
has released details of the work described in this article
and it is expected that the following lines will be
followed up on the basis of infra-red experiments
already, and still being, carried out.

Tremendous possibilities in the study of wild life and
nature conservation seem apparent when one is told that
Vampire bats have been successfully bred in this country
for the first time under close observation by infra-red.

.Automatic fire alarm systems become a much more
simple and reliable proposition and can double up as
intruder alarms at the same time.

Infra-red radio and television links can be coupled
with trunk telephone lines in the laser powered fibre
optic system.

Closed circuit broadcasting in a room equipped with a
centrally placed gallium arsenide transmitter and
infra-red detection equipment overcomes problems of
multi-image reflection and absorption experienced
from conventional radio devices; no wires are needed.

Telephone tapping is avoided by using the infra-red
modulated binocular and fibre optic systems.

Development work is still going on at S.R.D.E. and
co-operation from manufacturers including Barr and
Stroud, English Electric, E.M.L., Elliott Bros., Hilger
and Watts, Marconi Instruments, Mullard, Plessey and
20th Century Electronics, has brought to light some
advances that could well place infra-red techniques in
its rightly deserved place in civil communications.

Acknowledgement is made to the Ministry of
Technology, S.R.D.E. Christchurch, for illustrations
used in this article.
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THE article describes a wvariable-tempo rhythm
generator which can be used to accompany a
piano, organ or other musical instrument.

The percussive effects reproduced electronically are
high and low bongoes, short and long brushes, and bass
drum.

The rhythm selector switches provide instantaneous
choice of any one of 12 popular dance rhythms each one
being both variable in its tempo and instrumental
colour to suit the needs of the music or moods of the
instrumentalist.

OPERATION

The principle of operation of the rhythm generator is
most easily described by reference to the block schematic
diagram shown in Fig. 1. The heart of the system is a
twisted-ring counter driven by a variable frequency
clock-pulse generator. The counter has eight outputs
and is so arranged that positive-going pulses appear on
the output leads in sequence and in time with the clock
pulse generator. A start switch S, ensures that, on

switching on, the first pulse occurs on output 1, the next
pulse on output 2 and so on up to pulse number 8.
The ninth pulse appears on output | again and the
whole sequence is repeated indefinitely.

The positive-going pulses are fed to two sets of eight
differentiator circuits which allow short positive pulses
to pass via the rhythm selector switch to the various

sound generating circuits. The two sets of
differentiators, set 1 and set 2, are controlled by a
bistable circuit (bistable 5) which changes state for every
complete cycle of the ring counter. Thus the first eight
pulses are derived from differentiators in set 1 whilst the
second eight pulses are derived from set 2.

A sequence switch, S2, is connected to the bistable
and may be used to over-ride the alternating set 1/set 2
sequence to give either set 1 sequence only or set 2
sequence. It will be seen later that this facility gives a
possible total number of rhythms which is greater than
the number of positions on the rhythm selector switch.

For certain rhythms involving 3/4 or 6/8 time the
basic counter is required to have only 6 pulses for each
complete cycle and this is accomplished, when required,
by part of the rhythm selector switch, which modifies
the counter interconnections.

The arrangement given is that used by the author but
the system is easily modified to suit individual con-
structor’s requirements.

CLOCK GENERATOR AND RING
COUNTER

The tempo of the selected rhythm is governed by the
frequency of the clock-pulse generator shown in Fig. 2.
The circuit is a conventional astable multivibrator and
control of frequency is obtained by varying the voltage
supplied to the base resistors by means of VR1. To




Fig. I. Block diagram of rhythm generator

Generator

By P.R. Alicock
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Fig. 3. Interconnections and pulse routing for ring counter
and sequence gating bistables. 53t and 53s, which form
part of the rhythm selector switch, are shown in the 8 beat
position

simplify the design of the counter circuit the pulse
amplitude was reduced by R6 and R7.

Coupling to the ring counter (bistables 1-4) is by way
of capacitor C3 which ensures adequate rise time for
the clock pulse generator’s output when loaded by the
cascaded bistables.

Since bistables 1 to 4 are identical in mode of
operation the action of bistable 1 will only be considered
before examining beat generation in the whole counter.

The circuit has two stable states TR3 on and TR4 off
which is the reset state, and TR3 off and TR4 on which
is the set state. Before operation of the start switch S1
the circuit is held in its reset condition by diode D2
which clamps the collector of TR3 to earth.

START SWITCH

Operation of the start switch allows clock pulses to
pass to the base of TR3 or TR4, the routing being
dependent on the voltage ekisting at the points R and S.
These two points are connected in the complete circuit
to the collector output Ol and ©2 of bistable 4.
Reference to Fig. 3 clarifies these bistable intercon-
nections.

Since at any instant one transistor of each bistable
will be on and the other off the potentials fed to S and R
will be different and it may be seen from the circuit that
the two possible potentials are —12V and —3V
approximately (corresponding to off and on
conditions respectively).

STEERING CIRCUITS

If we assume that the potential at S is —3V and that
at R is — 12V, the clock pulses arriving at C5 and C6 are
differentiated by C6R13 and C5R10 but due to the
potential difference between S and R only D4 allows
pulses to pass. For D3 or D4 to conduct, the clock
pulse amplitude must exceed the potential difference
between S and TR3 base, or R and TR4 base,
respectively. The first pulse steered via D4 to TR3
base turns TR3 off and TR4 on, that is the bistable is

e AR
i e

set. Subsequent pulses have no effect as long as the
voltages at S and R are maintained. In normal
operation the voltages at S and R will eventually
change over due to a change of state of the bistable to
which they are connected and the next clock pulse
arriving at C5 and C6 will be steered via D3 and reset
the bistable to its original state.

The pattern of operation for.the first four bistable
circuits obviously depends on the instants at which the
voltages on S and R are changed over for each bistable
element and this in turn depends on the way the
elements are interconnected. To cater for a wide
variety of rhythms it is necessary to have counter
operation corresponding to both 3/4 and 4/4 time at
least. Certain rhythms may need other counting
sequences and this is considered later.

BASIC 8-BEAT COUNTER

The eight-beat counter can be used to generate a wide
variety of rhythms involving 2, 4, 8 or 16 beats to the
bar and the required form of interconnection is shown
in Fig. 3. The sequence of operation for this arrange-
ment, assuming that the start switch has just been
opened, is as follows:

With all bistables initially reset.

Clock Pulse 1—Set Bl 6—Reset B2
2—Set B2 7—Reset B3
3—Set B3 8—Reset B4
4—Set B4 9—Set 1, etc.
5—Reset Bl

The O1 collector outputs of the first four bistables
generate positive-going pulses for the first four beats in
the sequence and the O2 outputs generate similar pulses
for the last four beats of the sequence. The 16 beat
cycle is produced by diverting these eight pulses
alternately via two sets of pulse differentiators.

For rhythms involving 3/4 or 6/8 time only three
bistable circuits are required in the counter and this is
easily arranged by switching S and R of bistable 4 to
O1 and O2 of bistable 2 instead of bistable 3. This

TR T AT T
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Fig. 4. The two sets of eight differentiators which shape
and route the output pulses from the ring counter to the
rhythm selector switch wafers S3a to S.‘?. Pulse sequences
are governed by the switch position of 52
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particular change of interconnections is accomplished
by two wafers on the main rhythm selector switch. The
resulting cycle now generates the first three beats at the
O1 outputs of bistables 1, 2 and 4 and the last three
beats at the O2 outputs of the same three bistables.

It should be noted that bistable 3 still operates
simultaneously with bistable 4 due to its connection
with bistable 2, but it does not affect the counting
sequence and its outputs are not used when operating in
this condition.
that the counter does not run in an unwanted sequence
involving the unused combinations of states of the four
bistables and ensures that the first beat of each rhythm
pattern appears at Ol on bistable 1. The counter
output pulses are differentiated and only the positive-
going spikes are used to operate the sound generating
circuits.

DIFFERENTIATORS

The circuit for differentiating the output pulses is
shown in Fig. 4. It will be seen that there are two sets
of differentiator networks each receiving eight (or six)
consecutive pulses from the main counter. However,
only one set is operative at any one time depending on
the state of bistable 5. This bistable is fed from the O2
output of bistable 4 and thus changes state for every
complete cycle of 8 (or 6) pulses, and by controlling the
emitter followers TR13 and TRI14 the differentiated
pulses are gated in groups (in a similar manner to the
bistable steering) via the first or second set of diodes
when the sequence switch is in the ‘“‘alternate’ position.
The other two positions of the sequence switch over-
ride bistable 5 and allow pulses to pass via the first or
second set of diodes. The diode outputs are connected
to the wipers of S3a to S3p wafers on the rhythm switch
which routes the pulses to the various sound generating
circuits. Thus for each position of the rhythm switch
it is possible to generate two different rhythm patterns of
six or eight beats each, or one pattern of 12 or 16 beats
using alternate sets of pulses. Fig. 5 gives the sequential
routing of pulses for 16 beats at the rhythm switch
assembly.

A simple example will make the operation of this
section easier to follow. Let us assume that the
differentiator circuit’s output pulses are routed
by way of the rhythm selector switches to the sound
producing circuits in. the following sequence. S3a and
S3b to the bass drum circuit; S3e, S3i and S3m to the
short brush; S83j and S3n to the high bongo. The
counter is set for eight beat operation and for each
position of the sequence switch S2 the following
rhythms result (see Fig. 1). :

“Set 1 position of S2 produces a repeated rhythm
involving drum, and three short brush sounds, whilst

The start switch is necessary to ensure’
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L COMPONENTS . ..
. |
| TWISTED RING COUNTER BOARD “A” Capacitors
Resistors €337 ¢ C360-068uF C38 254F elect. 25V
| RI 68002 RI3 10kQ R25 I5kQ R37 10kQ C34* [ TeXt 37 |.0uF  C39 250uF elect. 50V
| R2 2:2kQ RI4 I5kQ R26 10kQ R38 15k C350-01uF
:-31 :gtg RI5 22kQ R27 33kQ R39 22kQ  Transistors
RI6 22kQ R28 33k0 R40 2:2kQ
oy e I R e Di'(r'r:.lless ME4103 TR16 OC7| TRI7 OC44 TRI8 OC7I
R6 10kQ RIS 10kQ R30 15kQ R42 10kQ °  p34 D36 OABI
R7 10kQ RI9 33kQ R31 22kQ R43 33kQ | o
R8 22k R20 33kQ R32 22kQ R44 33kQ "LIL2 760 [ 36 tlod Wi E
R9 15kQ R2l 10kQ R33 I5kQ R45 |0kQ g SUPNS O35 S:-W,§ Snametes s et
RIO 10kQ R22 15kQ R34 10kQ R46 15kQ °E§“N"érdaf;[;';‘;_f°;;“é’eé.'r*e;glst;"“gAss
RIl 33kQ R23 22kQ R35 33kQ R47 22k , ’
RI2 33kQ R24 22kQ R36 33kQ R48 820 Eaat s T N
All 10%, esi
T56::8 vkt carpon R85 8:2kQ R9I 39kQ R97 10kQ RIO3 120kQ
Potentiometer R86 I-5MO R92 10kQ R98 18kQ RI04 47kQ
VRI 2kQ wire wound RS7 33kQ  R93 10kQ R99 22kQ RIO05 4-7kQ
R88 8:2k0 R94 I0kQ RI00 47kQ RI06 4-7kQ
Capacitors R89 I-5MQ R95 120kQ RIOI 1-8kQ RIO7 330Q
Cl 5uF 15V gjece. C4 0-1uF ceramic R90 10k R96 120kQ R102 120k R108 47kQ
C2 5uf 15V [ C5-Cl4 5,000pF mica (10 off All 10%,  watt carbon
C3 3.300pF polystyrene CI5 100uF 15V elect. Potentiometers
. VR2 50kQ  VR3 10kQ VR4 1000
(e Capacitors
DI-DI6 OAS8I (16 off) C40 0-01F C46 |-0uF €52 1,000pF
: C4l 0-002uF  CA47 0-5uF C53 0-068uF
T".?;fj‘;;;‘; OCA4 (12 off C42 0-68yF C48 0-05uF  C54 25uF 25V elect.
(12 off) C43 0-5uF C49 0-05.F  C55 2,200pF
Sevitch C44 5-04F 15V C50 254F25V  C56 6,800pF
S|1 Press to make/press to break (1A Castelco) elect. elect.
S2 Single-pole, 3-way Dic;zse SO-IPF, C51 1,500pF  C57 6,800pF
DIFFERENTIATORS BOARD “B” D37-D38 OA8I
Resistors Transistors
R49-R56 10kQ R58-R65 10kQ TRI9 OC42 TR20 OC42 TR2l OC42 TR22 OC7|
R57 1-8kQ R&6 |-8kQ Rhythm Switch Assembly
. S3 Single-pole, 12-way “Break before make"
Capacitors wafers (Radiospares) {21 off)
Cle-C32 O-lpF Standard ‘‘Maka-Switch'' shafting assembly with 6in
Diod spindle to suit switch wafers
= e_s Socket
DI7-D33 OASI SK| coaxial socket
Transistors inductor
TRI3-TR14 OC42 L3 560 turns of 34 s.w.g. enamelled wire wound on
: Mullard LAl ferrite pot core (Henry's Radio)
BONGOES, MONOSTABLE AND NOISE Chassis Assembly (Lektrokit)

GENERATOR BOARD “C”

Resistors
R67-R68 22kQ R74 1-8kQ R80
R69 82kQ R75 390k R8I*
R70 10kQ - R76 I5kQ R82
R71 47kQ R77 33kQ R83
R72 10kQ R78 39%kQ R84
R73 47kQ R79 3:3kQ

L e R

S.r.b.p. chassis plate No. 4 (4 off)
Front panel No. | LK-401 (1 off) -

1-8kQ Chassis rail LK-201 (2 off) Side plates LK-301 (2 off)
See text Covers LK-501 (3 off) Soldering pins LK-3011
39k Q 6B.A. 1in screws and nuts

330Q (Parts for chassis assembly from Home Radio Ltd.
330Q Catalogue number shown should be included

when ordering)
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“Set 2" produces a repeated rhythm involving drum and
two high bongo sounds. ‘“‘Alternate’ generates both
the previous rhythms alternately.

RHYTHM SWITCH ASSEMBLY

The 12 position rotary switch used in the selection
and routing of the various pulse patterns is made up
from a **Maka switch” kit. This must be of the long
type with 6in spindle.

Twenty-one single pole, 12 - way wafers are
individually threaded on to the spindle, each one being
firmly butted against the other making sure that all the
wiper tags are in common alignment.

Before inter wafer wiring is commenced reference
should be made to Fig. 5 which shows the order of the
switch wafers relative to the front panel. Using this in
conjunction with the wiring diagram of Fig. 6 inter-
connection should be commenced.

Starting at switch wafer S3a, wiring to tags which are
electrically common should first be made and then
flying connections to other wafer tags as indicated.
The inter wafer wiring should proceed systematically
from switch wafer S3a through to S3u with no board
flying lead connections being made at this stage. With
wiring completed the switch bank should be placed to
one side.

BOARD ASSEMBLY

Referring to Fig. 7a showing the topside of board A,
solder pins should be located at the positions indicated.
The tapered design of these makes for easy push fitting,
and also allows the pins to be easily moved to other
holes if some congestion is encountered if using larger

‘size capacitors or resistors.
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Output summing components
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Emitter follower
cirouits
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Fig. 9. Chassis assembly showing positioning of boards and
panel controls

Components should now be mounted, each pin
connection being a good mechanical bond by wrapping
round a turn of component lead before soldering.

With topside assembly completed, the board should
now be reversed and the underside wiring carried out as
shown in Fig. 7b.

Board B assembly, Figs. 8a and 8b, should be com-
pleted and both boards laid temporarily aside.

CHASSIS ASSEMBLY

The prototype unit was built using a Lektrokit chassis
system, see Fig. 9 Both the panel controls and the
disposition of the circuits employed are shown on the
annotated s.r.b.p. chassis plates. Since this first article
is concerned with boards A and B component assembly
on these alone will be dealt with.

It is convenient to commence the Lektrokit assembly
shown in Fig. 9 by bolting the two chassis rails to one
side plate using standard 6B.A. by }in cheesehead
screws and nuts. The other side is then attached to the
free end of the chassis rails in similar manner. Chassis
boards A and B should then be mounted. to the chassis
rails by means of 6B.A. x }in screws and nuts.

Before attaching the front panel this should be
drilled as indicated for the fixing of panel controls.
Hole diameters have not been given, but the switch and
control retaining nuts can function as templates for this.

Panel controls should then be attached and the front
panel connected to the flanges of the side plates by
6B.A. x 1in screws, the lower two of which pass also
through the chassis rail.

Next month we will present the final part of this
article which will deal with the sound forming circuits
ang:l final wiring of the unit.



NEWS BRIEFS

Big Deal !

ELECTRONIC data handling techniques are spreading
through the London Stock Exchange. Several leading
broking and jobbing firms are using facsimile systems
installed by the Muirhead Group to speed communications
between their small offices or “boxes” near the Stock
Exchange and their main offices in other parts of the City.

One leading firm of stockbrokers find that, by sending
facsimile copies of dealing slips via their Mufax com-
munication system from their box to their office, they can
proﬁ'vide an even flow of work for their contract department
staff.

Golour Series for Trainee Engineers

A BBC TV COLOUR SERIES, intended to implement the
Engineering Industry Training Board's integrated
first year course for engineering craft trainees, started on
BBC-2 Thursday, Octdber 3, at 7.10 p.m.

While the series does not itself aim to provide a complete
or continuous course, but a number of self-contained
groups of programmes on selected topics, the groups are
arranged, as far as possible, to fit the order of subjects as
treated in most college time-tables, and also to provide a
logical progression. All programmes reflect aspects of the
trainees’ work—theory, works practice and industrial
application.

High Speed Gas

INSTRUMENTATION and mass-flow computers supplied by
Honeywell’s Industrial Products Group have a key
automative role in the new East Midlands Gas Board
supergrid system, now being changed from manual
operation, directed centrally, to remote control from the
Board’s control room at Leicester.

Essential feature for control purposes is to know the
quantity of gas passing into each grid offtake. Grid
Control at East Midlands Gas Board requires this informa-
tion in terms of standard cubic feet. Because of this and
the fact that the gas density can vary at different points in
the system, it was considered essential to compensate for
these variations at the point of measurement and present
all flow information to Central Control in standard form.
This unifies the read-outs from all the various stations and
enables the information to be processed into printed data.

This flow information, together with data such as back-
bone main and grid pressures, is displayed on digital
indicators on an extensive control desk, with mimic
diagram, at Central Control.

College Bomputers

A TOTAL of 22 analogue/hybrid computer systems from
the Solartron range have been purchased this year by
educational establishments both at home and overseas.

Latest two orders were signed on the stand during the
recent IFIP Exhibition in Edinburgh, and both the systems
will be installed in Scotland.

Robert Gordon’s Institute of Technology, Aberdeen,
followed-up their purchase of an HS7-1 earlier this year
with an order for a double HS7-3A system valued at
£30,000.

On the same day a £17,000 HS7-3A was also ordered by
Paisley College of Technology. i

Orders have also been placed recently by colleges in
Ireland, Sweden and Italy.

The Unknown Mass

A £42,000 coNTRACT has been awarded to the English
\ Electric Industrial Control and Automation Group at

Kidsgrove by Imperial Chemical Industries, Phar-

maceuticals Division, for an on-line M2140 computer
system, see photograph.

The M2140 will be used to process data from a high
resolution mass spectrometer. This mass spectrometer is
used by the Pharmaceuticals Division’s research depart-
ment to determine the chemical structures “of unknown
chemical compounds.

Meetings . ..

SOCIETY OF ELECTRONIC AND RADIO
TECHNICIANS

BIRMINGHAM
October 25, 7.30 p.m. Colour Television—The Decoder,
by W. J. Anderson, at Room G.11, Bynck Kenrick
Suite, University of Gosta Green, Birmingham 4.

GLASGOW
October 18, 7.30 p.m. Airport Telecommunications,
by W. A. S. Aitken, at Y.M.C.A., 100 Bothwell
Street, Glasgow, C.2.

MANCHESTER
October 31, 8.00 p.m. Colour Television Servicing,
by T. M. Robinson, at John Dalton College, Man-
chester.

MIDDLESBROUGH
October 29, 7.30 p.m. Microelectronics, by T. M.
Ball, at Cleveland Scientific Institute, Corporation
Road, Middlesbrough, Yorkshire.

INSTITUTION OF ELECTRICAL ENGINEERS

LONDON
October 16, 5.30 p.m. Thin Film Transistors, by
Prof. J. C. Anderson, at I.E.E., Savoy Place, London,

2

October 17, 10.00 a.m. Colloquium System Struc-
tures of Modern Computers, at Middlesex Hospital
Medical School. Tickets for this meeting must be
obtained from the Secretary, I.LE.E., Savoy Place,
London, W.C.2.

October 23, 5.30 p.m. Electro-optics, by Dr J. Bass
and Dr K. F. Hulme, at I.E.E., Savoy Place, London,
w.C.2.
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HIS unit, although primarily designed for the

motorist as a road ice indicator, can also be used as

an early warning device for the protection of domestic

water pipes and greenhouse or outdoor plants when
frost-is imminent.

«nipreparing this design the requirements were for long
term stability, ease of initial calibration, immunity from
small supply variations and operation of the indicator
from off to full on over a narrow temperature range.

The circuit employed is essentially a solid state
bridge arrangement with a thermisitor, or temperature
sensing element, included in one of the bridge arms.
Indication ‘of-bridge unbalance, caused when frost is
imminenit, ¢an-be either visual or audible.

Since ice formation on dimly lit roads at night is
much less apparent than in the day, a lamp on the car
dashboardswhich is illuminated with a cautionary red
glow, when external temperature is at 0 degree Centi-
grade will prove an excellent indicator of prevailing
road conditions.

For the householder, who is usually asleep when frost
is abroad, the strident tones of an electric bell will
provide the spur for some protective action.

In describing the unit, both systems will be presented.

. HOW IT WORKS
o Ini Eig. 1" it will be seen that TR1 and TR2 are
_complementary pnp and mpn transistors forming two

« arms. of avbridge circuit with the base bias resistors

“TRI-R4, which span the supply, making up the other
arms.

When balance is achieved by adjustment of VRI,
the potential at the junction of the bias chain resistors
R2 and R3 will be equal to the potential-at the collector
junction of TR1 and TR2 which is half the supply volt-
age. TR3 and TR4, which form part ‘of the detector
circuit, are non-conducting as the base/emitter potential
drops of both transistors are negligible ensuring that
both are cut off.

If the emitter resistance of TR2 increases the bridge
circuit, will become unbalanced. The resistance of
thermistor X1, which exhibits a negative coefficient of
resistance, will increase with a reduction of temperature
with a subsequent increase of potentlal drop across the
collector load'of TRI compnsmg TR2, VRI and the
thcrm:stor

Since/ this collector voltage rise is positive, both
TR3 and TR4 will conduct so switching on TR5 which
bottoms to illuminate the lamp LPI or energise a
relay, whichever load is employed.
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CONSTRUCTION

Construction of the unit is fairly simple. Cut the
copper strips according to Fig. 2. Then assemble the
components, starting at one end of the board and
working through to the other end.

When complete check the wiring and make sure the
cases of the ASY26 and ASY28 transistors are not

M- e
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31;53, VEROBOARD
CONNECTIONS
R6 1-8k01
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Circuit diagram of frost alarm. Connections at

Fig. I.
AIS/EIS can be either lamp or relay depending on appli-
cation

touching each other or any part of the circuit as the
cases are connected to the base. If the lead lengths of
the transistors are kept short this will prevent any
subsequent movement and possible damage.

CALIBRATION

The most convenient way to calibrate the unit is to
connect the 12-volt supply,.lamp, thermistor, and
switch to the Veroboard as shown in Fig. 2, using long
lengths of miniature p.v.c. 7/40 wire for the thermistor
connection. :

The module and supply should then be arranged on
top of a refrigerator.

If a Centigrade thermometer is placed at a spot close
to the ice-box, it is possible by adjustment of the
thermostat controller to set the temperature at freezing
point or 0 degree Centigrade. If the indicating unit is
intended for domestic use, the refrigerator temperature
adjustment should be for a couple of degrees above
zero.



With these reference-temperatures established the
thermistor should be placed at the position occupied by
the thermometer. The thin, flexible, 7/40 wires will
permit closure of the refrigerator doors, whilst calibra-
tion is in progress. Since the thermistor is wire ended
precautions should be taken to prevent any chance of
accidental short circuit, by laying it on a piece of cloth.

The supply should now be switched on and VR1
gradually advanced till the lamp just switches on.
Reducing the resistance value of this potentiometer
slightly will just turn off the lamp. No more adjust-
ment of the unit is necessary as calibration is now
complete and the module is ready for installation.

If a bell indicator is required a lightweight relay with .

suitable contact rating for a volt bell should be sub-
stituted for the lamp. The calibration procedure for
this should proceed on the lines as before.

HOUSING THE UNIT ;
The unit, including batteries, can be housed in a
suitably sized wooden box if intended for domestic use.
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Fig. 2. Veroboard assembly showing top view arrange-
ment of components and breaks in conductor strips

For motorists, since the supply is taken from the car
battery, the box dimensions can be considerably
reduced. In-the author’s prototype a small plastic case
was used and then fitted to the dashboard. A con-
venient form of attachment is sticky tape.

Holes should be cut to the diameter of the lamp shank
and the diameter of the calibration pre-set potentio-
meter VR1. This will make for easy screwdriver access
even though calibration will only be rarely necessary,
say once every two years.

If the unit is to be used in a car, S1 may be omitted.
One of the two supply leads should be connected to
some convenient anchorage point on the car chassis and
the other connected to the ignition switch, so that power
to the unit will be turned off when the ignition key is
removed. Before embarking on these wiring instruc-
tions, it is important that the car chassis polarity should
first be determined, that is whether positive or negative.
When this is done, the relevant supply connections can
be made without risk of damage.
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COMPONENTS . . .

Resistors

Rl 330Q 5
R2 330Q BUA
R3 330Q 9%
R4 330Q b
R5 3-3kQ 5%
R6 1-8kQ 10%
R7 220Q_  10%
All $W carbon

Potentiometer
YR1 1kQ miniature carbon preset

Transistors
TRI ASY26
TR2 ASY28
TR3 BCI09
TR4 ASY26
TRS BFY50

(Henry's Radio Ltd.)

Thermistor
X1 CZ9%A

S| Single pole onfoff toggle

Battery
BYl Two Ever Ready PPI, 6V batteries (see text)

Lamp

LP1 12V, 0-75W L.E.S. (Radiospares)

Relay (if required) 67002 lightweight B and R type
(Home Radio—Cat. No. Z70B)

”~
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d//
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APRON
SIDE VIEW
Metal shield to t
R thermistor mimu
1}2‘ dirt ete

2way nylon connecling
block

Fig. 3. Method of thermistor mounting to front apron of
car

THERMISTOR MOUNTING

The thermistor was mounted on a section of nylon
terminal block. In domestic applications the junction
between thermistor and its unit connecting leads can be
made mechanically with the terminal screws of the
nylon block. For car use, these leads should be
soldered and connected as before to preclude any
chance of the retaining screws loosening and producing
an open circuit. *

Final fixing of the block should be by screw to either
wall or shelf.

To detect road ice hazards, the block should be
mounted at the front of the car, under the front bumper.
To prevent damage to the thermistor by stones and dirt
thrown up from the road, a small deflecting shield was
formed by bending a length of sheet aluminium or tin to
the width of the nylon block, see Fig. 3. If a }in hole
is drilled in the car’s front apron, both shield and block
can be affixed with a nut and bolt. +*
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TI-IE cathode ray tube colour pattern display described
in the second and third parts of this series lends
itself most admirably for sound programming, i.e.
for producing preconceived or random patterns and
sequences of patterns in synchronisation with music.
The system also offers exciting possibilities for filming,
using all the various film techniques such as super-

imposing, zooming and panning. The writer has in fact
produced a 15 minute colour film from the display,
complete with electronic music sound tracks, but more
of this later.

FORMATION OF PATTERNS

It may be realised that patterns can be preconceived
by knowing precisely the frequencies and waveform of
signals applied to the deflector coils and the frequencies
of the grid pulses.

The photograph shown in Fig. 4.1 was taken from the
c.r.t. display and although reproduced here in black and
white it does show the basic formation of the pattern as
circular. On the actual display the pattern appeared in
multi-colour and moyving, i.e. slowly spinning.

The pattern was formed from an amplitude
modulated sine wave fed via the phase shift network to
both deflector coils as described in Part 3. This
produced the expanding rings effect shown in Fig. 4.2
and which is divided into four segments by grid blanking
pulses. The one in the photograph (Fig. 4.1) is
divided into five segments, but this division can be any
number from two up to seven or eight or more.
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Without the amplitude modulation and grid pulses
the display would simply be a circle. With modulation

£ at around 10Hz the circle will be displayed successively
§. as in Fig. 4.4. With pulses applied to the c.r.t. grid
" parts of the expanding circle will be blanked out. The

relationship between the fundamental frequency of the

signal forming the circle and the grid pulses will decide

# exactly the number of blanked out segments.

The waveforms in Fig. 4.3 may serve to illustrate the
pattern frequency to pulse frequency relationship
more clearly, and (as Fig. 4.4 shows) would produce a
pattern divided by two since each grid pulse occurs
twice during one cycle of the pattern frequency.
Therefore if the pattern frequency were 250Hz then the
grid pulse frequency would be 500Hz.

The determination of given patterns is therefore a
matter of relating the frequencies of deflector coil
signals to those of the grid pulses. The frequency of
the grid pulses can of course remain constant and the
fundamental patterns or deflection signal frequencies
varied accordingly.

Fig. 4.1.
c.r.t. display

A circular segmented pattern derived from the
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SIGNAL SOURCES

In order to produce complex patterns of this nature,
at least two audio frequency sine square wave generators
and a signal mixer are necessary—although interesting
patterns can be produced from music only. The com-
binations of signal sources and ways in which these can
be fed to the deflector coil amplifiers are as follows:

1. Audio generator to input 1 and audio generator to
input 2. :

. Audio generator to input 1 and music signals to
input 2 or vice versa.

. Audio generator to both inputs with phase shift
network in circuit.

. Music to both inputs with phase shift network in
circuit.

. Audio generator and music signals mixed to both
inputs via phase shift network.

. Two or more audio generators with signals mixed
to input 1 and music to input 2.

2
3
4
)
6

o~ ~=___ blanking
el o
" %fundammul
= o frequency
F t-r— amplitude modulation

Fig. 4.2. How a circular ““expanding rings’’ pattern simi-
Iar to that shown in Fig. 4.1 is formed

CO-ORDINATING SOUND WITH
PATTERNS

Since patterns can be partly or wholly formed from
music signals, they can be made to appear to form and
move in synchronisation, i.e. rthythmically with music.
Moreover the signals for the patterns, whether derived
from music or audio signal generators, can be recorded
on magnetic tape with a conventional domestic tape
recorder. A programme of patterns and music can
therefore be tape recorded and replayed at any time.

ELECTRONIC MUSIC

The choice of music to which the patterns can be
made to form and change and move must be left to
aesthetic and musical tastes of the experimenter..
Electronic music is of course a natural for a display

. of this kind and it was this type of music that originally

prompted the writer to investigate the possibilities of
sound, light and colour co-ordination as described in
these articles.

pulse frequency

AMPLITUDE
MODULATION

S o

+ -_—
J LOW FREQUENCY C.R.T. GRID PULSE

Fig. 4.3. Relationship of pattern signal frequency to grid
pulse frequencies ]

There are a number of records of electronic music
available and the fact that pure tone is frequently used in
this kind of music makes it very suitable for producing
patterns. Those who have the necessary audio signal
generators and a tape recorder might well be able to
produce both music sound tracks and patterns
specifically composed one for the other.

CIRCULAR PATTERNS

Programming in its simplest form would be to feed
music signals directly to both inputs of the display with
the phase shift network in circuit. With this arrange-
ment predominantly circular patterns would be formed
and in exact time with the music.

As a variation a small 50Hz signal could be injected
into one amplifier, just sufficient to produce a horizontal
line to the maximum width of the screen. This forms a
simple time base for music signals injected into the
other deflector amplifier. The display will be rather
like that of music on a conventional oscilloscope with a

slow time base in a multiplicity of colours. .

F

Fig. 4.4. How a pattern would be formed with the signals
shown in Fig. 4.3
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Fig. 4.5. System and equipment used by the author for programming
pattern signals and music on magnetic tape

USING TWO DIFFERENT INPUTS

With the aid of one or more audio generators given
patterns can be produced and made to come and go as
well as move in time with music, but this requires very
rapid manipulation of the generator controls.

A similar arrangement but one not so difficult to
manipulate is to feed music to one amplifier and an
audio generator to the other. The music signals will
provide the rhythmic movement whilst formation or
shape is produced with the generator controls, i.e.
frequency variation, amplitude variation and switching
from sine to square-waves.

TAPE RECORDER

Programming with a tape recorder and an audio
generator, as well as music signals, provides the
ultimate and most dynamic effects. With this equip-
ment the signals for a programme can be recorded and
the tape edited if necessary by the usual technique of
cutting and splicing.

For example the pattern signals can be recorded first
in chosen sequences by stopping and starting the tape.
This allows ample time in which to carry out this part
of the programming, i.e. the generator frequencies can
be pre-set before actually recording. The ideal tape
recorder for this is a half- or quarter-track stereo record/
playback machine preferably with **off tape” outputs or
at least through signal outputs. Such a recorder allows
for feeding the pattern signals through to the display
before and/or during actual recording.

The block diagram in Fig. 4.5 shows the arrangement

employed by the writer for recording patterns and music.

tracks for the c.r.t. display described in the two previous
articles.

LISSAJOUS PATTERNS AND MUSIC

Although comparatively simple in shape, the most
striking patterns are 2 to 1 and 3 to 1 Lissajous patterns
from sine or square waves. Over-complex pattérns
produced from music have no definite shape and after a
while become uninteresting. :
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Superimposing music signals upon slowly moving
Lissajous patterns is quite effective and gives the
illusion of movement in time with the music. Low
frequency signals produce the most contrasting colour
effects, i.e. frequencies which are equal to, or multiples
of the scanner speed and low frequency grid pulses
(10, 15, 25 and 30Hz).

FILMING FROM THE DISPLAY

The brilliance intensity of the c.r.t. patterns is high
enough for filming with ordinary 8mm artificial light
colour film such as Kodachrome 25 ASA film, providing
the patterns are reproduced within an area of approxi-
mately 2in X 2in. This means operating with a close-
up lens, but most dynamic sequences can be filmed this
way. The writer has made a 15 minute film with
electronic music sound tracks. (Readers who are not
equipped for filming might well find a local cinefilm
enthusiast or cineclub interested in filming such unusual
but nevertheless creative material from their own
version of this c.r. colour display.)

The photograph, Fig. 4.6, shows the arrangement used
by the writer with an 8mm reflex camera equipped for
zooming and with a close-up lens so that patterns could
be made to fill the cine screen. Here is a description of
the way in which the film was produced.

First it was decided that a coloured background
would enhance the overlays of colour patterns filmed
directly from the display. The whole film was exposed
at 12 frames per second with the aperture at f2.8 to a
white surface illuminated in colour by ‘means of a
60 watt lamp behind coloured cinemoid. Deep blues,
green and dark red provided the best colour back-
ground.

SUPERIMPOSED PATTERNS

Then the film was run through no less than three
more times in order to superimpose patterns one upon
the other and employing all the filming techniques the
camera would allow: zooming, panning, fading and
de-focussing, etc. This, together with electronic



Fig. 4.6. Set-up for filming the c.r.t. colour pattern display. Note close-up
lens on cine camera

control over the pattern signals, produced some excellent
shots which were then edited for showing with sound
tracks of electronic music.

A short sequence of film is shown in Fig. 4.7. Unfor-
tunately this is not reproduced here in colour but in the
original the background is deep red with the patterns
appearing in yellow and mauve. The film speed was
12 to 16 frames per second at F2.8.

PROGRAMMING THE SIMPLE COLOUR
LIGHT DISPLAY

The method of feeding music signals directly to the
input of the simple colour light block display was dealt
with in Part 1, which also gave constructional details of
the display itself.

Audio sine tones from a signal generator and a tape
recorder could also be employed to obtain repeating
sequences of colour change and movement with this
light display. The method of programming is similar
to that described in the previous paragraphs, i.e. music
is recorded on one track and control signals on the
other. By using audio sine wave signals much more
defined changes can be obtained since tones can be
selected with frequencies midway between those covered
by the filter circuits.

In conclusion the writer would like to mention that
one PracTicaL ELEcTRONICS reader suggested the use of
thyristor control for larger lamps in a display similar to
the one described in our opening article. The method
proposed could of course be used. In fact there is
virtually no limit to the possible arrangements for
controlling light from filtered music, or by means of
- impulse or tones recorded on magnetic tape themselves
in synchronisation with music. ~The writer has
attempted only to outline the subject and provide
sufficient basic circuit information and other details to
encourage others to experiment with two possible
methods. A great field is open for those prepared to
explore.

Fig. 4.7. An 8mm
film strip showing
patterns from the
c.r.t. display. The
original film was in
brilliant colour (see
text)




DIO TRADE SHOWS

Jottings from jaunts around the London trade shows

visiT to the Earls Court Radio Show used to be an
A outing for all the family. Dad went to nod
knowledgeably over specifications, Mum to see her
idols on the BBC stand—and make the final buying
decisions—and the kiddies to collect colourful leaflets.
Declining commercial support finally closed the
“public” show in 1964, and the handful of separate
trade shows held during the run of the show, particularly
by foreign manufacturers excluded from the main event,
has grown ever since.

TWENTY-TWO DIFFERENT SHOWS

This year, a record 57 manufacturers and distributors,
more than half of whom were traceable to continental
origins, displayed their wares in 22 centres in London
over a period of five days. The majority occupied hotel
bedrooms, the more illustrious took over complete
ballrooms, and some used their own premises.

All the exhibitors we spoke to were in favour of this
. fragmented showing and had no regrets over the
" exclusion of Mum, Dad and offspring—there were
fewer distractions and those who came to view came
also to buy. A retailer said he found the staff on the
stands better informed than the professional demonstra-
tors of Earls Court days, and the environment more

Sinclair System 2000 f.m. tuner

suitable for viewing and listening. But he was con-
cerned for the less well-known exhibitors, whose success
depended on how energetically they advertised before
the show. It takes a dealer with stout walking boots
and a heart of gold to traverse five miles of London’s
West End to see the efforts of a newcomer!

This short report will concentrate mainly on new
audio equipment—development in other fields will be
covered by the companion journals Practical Television
and Practical Wireless.

UNITS v. RADIOGRAMS

Although there is undoubtedly a trend to integrated
amplifier/tuners with separate record playing decks and
loudspeakers, this is not quite so definite as a tour
around this caravan of shows might initially suggest.

Most of the unit audio was due to continental
exhibitors who, as has been stated, were present in
force. A large British manufacturer said that radio-
grams were still very popular in this country and would
never be outstripped by strings of “bits and pieces”—
cven though he was well aware which approach gave
better performance per pound. Another, who earned a
comfortable living from “‘bits and pieces” said the
opposite.

Perpetuum-Ebner PE2020 automatic/manual turntable
with base and transparent cover
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Complete precision
snldaring kit

| This kit—in a rigid plastic
“tool-box” — contains

everything you need for

precision soldering.

B Model CN 15 watts
miniature iron, fitted
+" bit,
Interchangeable spare
bit, £5".
Interchangeable spare
bit, %",

Reel of resin-cored
solder

Felt cleaning pad
Stand for soldering iron
Space for stowage of
lead and plug

PLUS 36-page booklet on
“How-to-Solder”—a mine
of information for amateur
and professional.

From Electrical and Radio
Shops or
send cash 4 9 , 6
to Antex.

. . . pin-point precision
soldering fingertip
control . .. bits that do not
stick to shafts . . . bits that

. sharp
reliable

slide over elements..
heat at the tip . . .

elements . . . spares always
available . . .

in Europe, Africa,” Asia, .
America ANTEX sol-

dering irons are used by
experts and amateurs alike;
they have found out the
advantages of Antex . ..

you can too . .. buy one‘in
a shop or direct from us ...
or ask for our catalogue
first.

Model CN240/2
15 watts - 240 volis

Fitted with nickel plated bit (3/32") and in
handy transparent pack. From Electrical
and Radio Shops or send cash to Antex.

31’.

o8

PRECISION MINIATURE
SOLDERING IRONS

made in England

Antex, Mayflower House, Plymouth, Devon

Telephone : Plymouth 67377/8.

Telex 45296. Giro No. 345007,

plug in

the smallest
soldering iron
available

CN 15 watis. Ideal for miniature and micro
miniature soldering. 18 interchangeable spare
bits available from .040” (1mm) up
to 3/16”. For 240, 220, 110, 50 or 24 32,6
volts.

ACTUAL SIZE

From Electrical and Radio Shops or
send cash to Antex.

; nes. |
Hu. 3[83',1[8"' 3.'10". and 114‘.
220 or 110 volts. 32/6.

Ezoumu.ﬂmdm1wm. i

F 40 watts. Fitted 5/16” bit. i A
lmorc'::l;ngnbhblt“ﬂ;' 3!1:'. 'IIIB'.W

w'l ron wvailable -

for 240, 220, 110, 24 or 20 volits, 4!10.
Spll'e bits and elements for all

and voltages immediately available

llllllllllIIIIIIIIIIIIIIIIIIIIIIII

To: Antex, Mayflower House, Plymouth, Dew

Please send me the Antex colour catalogue
|:] Please send me the following irons

Model Bit Size Volts Price

Quantity

| enclose cheque/P.0./cash VRO s i e T

PE 11+ : Telephone :
AN SN SRS NSNS ENEEEEEER
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Arena stereo tuner amplifier type TI500F with two HT2I speaker units

IMPRESSIVE ADVANCES

Approaching from central London, our first port of
call was the Arena display in the Piccadilly Hotel,
where we were greeted by news of “‘the most advanced
tuner-amplifier on the market™. It uses silicon diodes
for tuning both v.h.f. and medium wavebands, uses an
improved version of the company’s plug-in modular
construction, has a sensitivity of 0-5 microvolts on f.m.
and has an audio output of 90W r.m.s. per channel.
The exhibits also provided a second opportunity to hear
the smaller-scale T1500F tuner-amplifier which was
briefly reviewed in the May issue of PRACTICAL
ELECTRONICS.

Second audio exhibit to highlight the advance in
electronics was the now well-known Sinclair 10W
integrated circuit amplifier, a pair of which had been
made up as a stereo amplifier specially for the show and
demonstrated through the new QIl4 mini speaker.
Another exhibit was the System 2000 pulse counting
f.m. tuner, which uses varactors to permit continuous
tuning by remote control. A new tuner, to complement
the Neoteric amplifier, is to appear shortly.

PERCUSSION GENERATOR

The Eagle products stand provided a welcome
opportunity for creative knob-twiddling in the shape of
the Rhythm Master percussion generator, which gives
seven percussion sounds and nine rhythms. (Do-it-
yourselfers will be interested in the rhythm generator
design that appears elsewhere in this issue.) The
display included some of the variety of plugs, sockets,
microphones, and effects generators handled by the
company.
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Rhythm Master percussion generator

RECORD PLAYING EQUIPMENT

On the Perpetuum-Ebner stand we saw Germany’s
attempt to overcome the audiophile’s inbred mistrust of
automatic record changing. The PE2020 has a 7lb
turntable, adjustable vertical tracking angle, stylus
pressure and antiskating force, a rotating centre spindle
and an ingenious stepped turntable for detecting
record-size.

Record playing equipment for different needs, but
equally ingenious, was shown by Discatron. The
RHR9001 was a combined portable radio and 45 r.p.m.
record player, similar in styling to a conventional radio.
Other combinations included a record and tape player,
and a radio, record and tape player.

RADIO FOR CASSETTE RECORDER

An interesting accessory on the Aiwa stand was a
small radio tuner which slips into their 736 Compact
cassette recorder, The TPR101, a combined recorder
and multi-band radio, gained its first public showing.

A last minute addition to the Alba range was a deluxe
radiogram, Model 4007.

With a 30W amplifier and two tuner units, Crown
made their figst attack on the British hi-fi market.

WELL CONTENTED TRADE VISITORS

As a percentage of the whole, there was little innova-
tion in this collection of displays. Colour TV, f.e.t.s.,
integrated circuits, micro-speakers have ceased to
amaze—but no trade visitor was likely to feel bored.
He could enter a competition for £1,000, a holiday in
Hamburg or a night on the town. He could relax and
watch cabaret, or politely refuse 57 complimentary
Martinis on the trot.

Eagle Products

T T—— = i ——

T



N J ENTERPRISES

Britain's premier mail-order recording
tape and audio specialists

17 THE BRIDGE - WEALDSTONE - HARROW
MIDDLESEX. TELEPHONE 01-427 7758

DISCOUNTS UP TO 409

FREE GATAI-OGUE
!‘lmaemﬁ ‘your latest catalogue to:

K.J. ENTERPRISES, {Bept. ? E )
17 THE BRIDGE, WEALDSTONE, MIDDX.

Sanliert th 8 e -t -~

CATALOGUE 1968

GOODMANS HIGH FIDELITY
N MANUAL

A Guide to full
listening enjoyment

The Manual is much meore than a cata-
logue of Goodmans High Fidelity Loud-
speakers—it contains informative articles,
including advice on stereo, special begin-
— ners page, and full cabinet drawings.
You'll find it interesting as well as
informative,

The Perfect Combination

MAXAMP 30
TRANSISTORISED STEREOPHONIC HIGH FI-
DELITY AMPLIFIER 15 - 15 watts - Silicon solid state
Integrated pre-amplifier - Negligible distortion - £54.0.0.

STEREOMAX
MATCHING AM/FM STEREOPHONIC FM TUNER
Transistorised - Qutstanding specification - Stereo de-
coder (optional) - £65.5.0 -- £15.14.0 P.T.

Both MAXAMP 30 and STEREOMAX have polished wood
cases (104" x 54" x 74" deep) in Teak or Walnut to order.

Full specifications of the Maxamp 30 and Stereomax are
given in the High Fidelity Manual—send the coupon for
your FREE copy—or pay an early visit to your Goodmans
dealer.

E..% |

FREE Please send Hi-Fi Manual together with name and address

of my nearest Gocdmans dealer, ]
l 1
B O NamME e |
1 e e i e i e e i ko :

S e s

GOODMANS LOUDSPEAKERS LTD
AXIOM WORKS * WEMBLEY * MIDDLESEX. Tel: 01-902 1200

STEP UP YOUR
EARNINGS . ..

IT TELLS YOU ALL with this complete
ABOUT—Installing | Jjbrary of electrical

omestic wirin
T know-how and practice
r . " You can have this handsomely-bound
equipment, testing, library of facts, figures, vital theory and
cables and faults, day-to-day practice sent to your home to
meters and switch- ex:minedfrehe of charge. 'I‘: wil} h:.‘Ip you
. = understan the man ranches of the vast
gear,' llghtlng‘ water electrical industry fr:m installation work of
heatlng, space all kinds, Equipment Instruments, Motors and
heating, cookers, gachmes, Re?\a"hwquh Hau?‘tenénce and
2 s H eration ri t throu to the eneﬁ‘lﬁn
refrigeration, public an% D-str’:bu:sgon of ele:tgnclty And, to make
address the 2,350 pages of ahsnrbmg text crystal clear
equipment e :herle are f:'ver 2,000 * acltnonddpho:ns and
® : explanator rawlngs na ition you
in fact everything recpewe aysllp-case of 36 large Blueprint
you need to add to charts and sheets of handy data. Plus fascinat-
your income, to ing 'colour booklet olf :;ansparﬂn ?ages ;\rhu:h
: eel away to revea ow a uclear Fower
really advance in g:anon |syoperated
your work. Leading experts explain in detail
Written by 87 experts, this PRACTICAL
library is planned to give you the knowledge
which would normally take a lifetime to
acquire. Send for your free trial set now—
no obligation to purchase.

PRACTICAL

ELECTRICAL

Here is what you receive
4 Volumes strongly bound in
Grey Moroquette, 93in, x 6%in.
containing 2,352 Pages of in-
structive information. on latest
practice; 2,100 Photographs.
Diagrams, Working Drawings,
many showing actual opera-
tions in works and plants.

24 Data Sheets in colour.

12 Quick-reference Blueprint
Charts, each in the large size of
163in. x 113in.
NUCLEAR POWER
STATIONS BOOKLET
Newnes Electrical Pocket Book
Nearly 400 pages *with 258
illustrations, diagrams, tables.
(Value 10!6(!)

“SB it FREE for 7 duvs

24 WNLIvue \
e "

g

1 9

To: Buckingham Press Ltd., 18-19 Warren Street, London, W.1
Please send PRACTICAL ELECTRICAL ENGINEERING
without obligation to buy if you accept my application. I will
return the books in 8 days or post—

Tick () here [0 Full cash price of £16, or
[ 16/- dep. & 16 monthly payments of 20/-.
If you are under 21 your father must fill up the coupon
Full Name
(Block letters)

Address

Fﬂnse gk {If hm-
The address on left is
o sty ]
Rented
unfurnished.
Fursished accom|_|
. 4 Temporary
%S IN!’!SAE
Miss

County

Signature ...

------------- i ione of the abave
please answer here

Occupation l

PEE /3835
(Credit price £16.16s.)  For Eire & N.I. send £16 with
Elsewhere Overseas add 26/~ p

|
|
I
|
|
1
|
|
|
Lo 700, Cheehied Ciaceeas 0 BB S s L e




[T'S BARGAIN TINE AT @

MORE TO CHOOSE FROM—LESS TO PAY

IMPORTANTNEW AMPLIFIER
T.R.S. STEREO 4-4

& transistor transh % with
integrated pre-amp. A TRS Lleﬂgn based on
newly developed Mullard 4 watt modules with
BC108 pre-amp. Suitable also. for speakers from
3 to 16 ohma. With bass and treble cut/boost.
Response—60 to 14kHz +3dB. This excellently
engineered lnyol.t requiree only wiring between
and lete with metal chassis
and almple\ teak-ended t.uhmatfnr instant asgembly,
Stereo/Mono and Radio/PTU switches.
Amplifier Kit with Knobs, etc., | Complete it

i’l 19.8 (p/p 3/6) ine. unbluct,l
iner TUnit £2.5.0 power pack)
(ND 2/6) DIN plugs and
; . Simplex Cabinet, £1.17.6 | socketa
(P D 2/6)
4 pre. DIN plugs and sockets if £12 Io
purchased separately, 15/0. (post free)

TRS STEREO FM TUNER

Available shortly, this comes in prefabricated
module form ready for instant and simple assembly,
Excellent sensitivity, switchable AFC, automatic
stereo function, rugged construction and matching
appearance with T.R.S. stereo 4-4. S.A.E. hrings
detai

SINCLAIR IC-10
This fantastically mipute amplifier includes
.pre-amp in & 13 tranaistor circuit a twentieth 59 6
of an inch square. Delivers § watts (10W
As advertised. With manual
CLAIR

ALL PRODUCTS IN STOCE AS
ADVERTISED )
GARRARD UNITS AND PLINTHS
LM3000 Record Player with 9T.A. Stereo Cartridge.
£10.5.0
AT.60 Mk. II De-luxe Auto-changer, die-cast turn-
table. Less cartridge. £13.5,0
8P.25 De-luxe -lngle record player, die- Laal. turn-
table. Lesa cartridge. 411.16.8

Brand new in makers’ cartons. Packing and carriage
on any one of above 7/6.

GARRARD PLINTH WB.1 In fine Teak for any of
above units. (Packing and carriage 5/-). 856/,
Garrard clear-view rigid perspex cover (carriage 4/3),

82/8.

CARTRIDGE OFFER TO PURCHASERS OF
PLAYER UNITS—STEREO Sonotone 9TA/HC
Ceramic with diamond 49/8; Decca Deram with
diamond 82/8; MONO Acos GP91-1 21/-; Goldring
MX2M 28/8.

EMI 4 speed sipgle player, 10jin T/table with
separate arm and T/O cartridge 89/8 (p. & p. 5/-).

TAPE AND FREE WALLET OFFER

With each reel of this fine tape by an internationally
famous manufacturer we give a beautiful strongly
made wallet in simulated leather with space for a
reel each side. This is professional quality full
frequency tape with metallised leader/stop foils.
These library wallets solve once and for all the
problems of eficient, tidy s:.nms oS00

S¢in. reel, 1200ft., 5in  reel .

with wallet. I1]’ with wallet. lz 6
7in. reel 1800ft., n/‘ TAPE REEL‘*—’Im Sla
with wallet, 51in.—8/-; 5&11.—3_ -
p. & p. 1/6 per reel 3in.—1/8 (p. & p. 6d.).

LARGE STOCKS OF TRANSISTORS AND MIDGET
nm'mns AND CONDENSERS

“OIR-KIT" Adhesive copper strip, Sinreel, {sin 2=,
VEROBOARD in all sizes.

MOKNEY BAVING !.l.!‘!s

Eight large printed pages, packed with bargain
offers including difficult to find lines. Send 8d. for
latest copy.

WHEN ORDERING
Send cash with order. Post and packing where not

alated odd 1/— per 3ib; 1/9, 11b; 3/6, 2ib; 5/-, 6ib;
6/6, 101b; &/-. 141b; over 10/-.

COMPONENT
SPECIALISTS

70 BRIGSTOCK ROAD, THORNTON HEATH,
#  SURREY

Telephone: 01-884 2188 9 3.m.-8 p.m. daily
1 p.m. Weds.

A few minutes from Thornton Heatk Bin, (B.E.
Victoria Section)

new
VARI-STAT

thermostatic
soldering iron

nigh Productinguﬂodel D PRICE
iniature Iron 50 watt

Voltage 12-250 volt 60/6
Weight | 3/40z.

“Screw on'’ Bit sizes |/16in., 3/32in., |/8in.,
3/16in., |/4in.

Our range also includes :

Standard Miniature Model 50W

Standard Instrument Model 70W

High Production Instrument Model 125W
Industrial Model 500W

All these irons give excellent bit and element
life since the thermostat completely elimin-
ates overheating and controls reserve
heating capacity which makes possible con-
tinuous soldering without chilling of the bit.
The consistent temperature makes these
irons ideal for printed circuit work.

CARDROSS ENGINEERING CO. LTD.,

Woodyard Road, Dumbarton.
Phone : Dumbarton 2655

NEW RANGE BBC 2 AERIALS

U.H.F, aerials now ﬂtted with tilting bracket
and 4 element grid reflectors

Loft Mounting Arrays, 7 element, 37/6.
11 element, 45/-. 14 element, 52/6. 18 element,
60/-. Wall Mounting with Cranked

7 element, 60/-. 11 element, 67/~ 14 element,
75/-. 18 element. 82/6. Mast Mounting with
2in, clamp. 7 element, 42/6; 11 element, 55/-
14 element, 62/-; 18 element, 70/-. Chimney
Mounting Arrays, Complete, 7 element,
2/6; 11 80/=; 14 el 87/6; 1

95/-. Complete assembly instructions with every
unit. Low Loss Cahle. 1/6 yd. U.HLF. Pre-
amps from 75/-. e clearly channel number
required on all omets.

BBC - ITV A’ERlALs

BBC (Band l). ‘elescoplc
.'- ID =

"l-l" .5.0.

11 57)
67/6; Chimney 1+3, 67/6;
145, 75/-.

VHF transistor pre-amps,

COMBINED BEC1—ITV—BBC2 AERIALS
117515, "Wor-." *Coft ‘mounting oty.  Specal
L - ni only.
leafiet available. * i

F.M. (Band 2). Loft §/D, 15/-, “H", 32/8, 3
t, 55/-. External units available. Co-ax.
cable, 8d. yd. Co-ax. plugs, 1/4. Outlet boxes, 5/-.
Di Crosso 3/6. C.
P, &P. 5/-. Send 6d. stamps for Tllustrated Hsts.
CALLERS WELCOME

OPEN ALL DAY SATURDAY

K.V.A. ELECTRONICS (Dept. P.E)
27 Central Parade, New Addington
Surrey—~CRO-0OJB
LODGE HILL 2266

812

SEPTEMBER

AM-FM-TV

ALIGNMENT

by R. G. Middleton 30/-
HANDBOOK OF
ELECTRONIC CIRCUITS

by R.C.A. Service Co. 20/-
PRACTICAL POWER-
SUPPLY CIRCUITS

by John Potter Shields 24/-
SYMFACT (R) GUIDE

TO TV SERVICING

by the PF Reporter

Editorial Staff 26/-
TELEVISION TAPE
FUNDAMENTALS

by Harold E. Ennes 40/-

OCTOBER

ABC’S OF ELECTRICAL
SOLDERING

by Louis M. Dezettel 18/-
BENCH SERVICING

MADE EASY 2nd Edition

by R. G. Middleton 26/-
ELECTRICAL AND
ELECTRONIC SIGNS

AND SYMBOLS

by R. G. Middleton 35/-
ELIMINATING ENGINE
INTERFERENCE

by John D. Lenk 16/-
TRANSISTOR
SUBSTITUTION

HANDBOOK 8th Edition

by the Howard W. Sams
Engineering Staff 16/-

NOVEMBER

TRANSISTOR
FUNDAMENTALS

VOL. | BASIC
SEMICONDUCTOR AND
CIRCUIT PRINCIPLES

by Robert J. Brite 35/-
VOL.2 BASIC

TRANSISTOR CIRCUITS

by Charles A. Pike 35/-

VOL.3 ELECTRONIC
EQUIPMENT CIRCUITS

by Martin Gersten 35/-
VOL.4 DIGITAL AND
SPECIAL CIRCUITS

by Reginald Peniston and
Louis Schweitzer 35/-

FOULSHAM-SAMS
TECHNICAL BOOKS

(W.FOULSHAM & CO.LTD.)
YEOVIL RD . SLOUGH. BUCKS. ENGLAND



Limren Seacecharce AccumuLamion oo

A major breakthrough in electronics rivalling in
importance that brought about by the transistor has

been achieved by recent research on semiconductors.

A whole new family of semiconductor devices is being
developed, which will in time do for microwave electronics
what the transistor has already done for the present-day

material, gallium arsenide, to emit microwaves when a voltage is applied
to a slice of the material. This concluding article deals with negative resistance

\9. application of electronics in the domestic and industrial fields. This
$. important development depends on the ability of a semiconducting

and the L.S.A. device used to overcome the problem of high frequency limitations.

LAST month we considered the properties of semi-
conductor materials and the theory behind the
transistor. The high frequency limitation of the
latter device was pointed out.

This month we introduce some comparatively new
semiconductor devices which overcome these high
frequency limitations and thus offer promise of further
great advances in semiconductor technology.

A NEGATIVE RESISTANCE DEVICE

The next semiconductor active device of major
importance that came on the scene utilised the property
of negative resistance.

ELECTRON
TUNNELLING

7

: . | ELECTRON-HOLE
@@ eee/ LEVELS SEPARATE

Ordinary positive resistance is given by the voltage/
current ratio for the current flow due to the voltage
applied across a resistance. This would be given by the
slope of a current-voltage graph as shown in Fig. 21a.

The characteristic of negative resistance on the
graph shows a negative (downward) slope as in Fig. 21b,
i.e. an increase in voltage resulting in a decrease in
current.

Current is determined by the rate of flow of electric
charge, so it depends both on the numbers and the
velocities of the charge carriers as well as their charge.
In normal positive resistance, the number » of charge
carriers flowing in a circuit usually stays constant while
their velocity increases regularly with increasing applied
voltage, so that [ increases with V.

If we could somehow decrease n with increasing ¥
sharply enough, there will be a decrease in I and thus
negative resistance will occur.

THE TUNNEL DIODE

The tunnel diode, a negative resistance device working
in this way, was invented in 1958 by a Japanese
physicist, L. Esaki. It consists of a single pn junction
in which the p- and n-type regions are very heavily
doped. Thus the difference in levels on both sides is so
great that the bottom of the conduction band in the
n-type region is below the top of the valence band in the
p-type region. This is illustrated in Fig. 22a.

Practically no electrons and holes can flow across the
junction and the current is virtually zero. If the
Junction is biased forward very slightly, reducing the
potential difference, the electrons still cannot run uphill
into the p-type region as the potential difference is still
very great. However, they are now brought into levels
corresponding with those of the holes opposite them in
the p-typeregion. These holes are nothing but absences
of electrons.

By the laws of quantum physics, an electron in the
n-type region is able to “‘tunnel’ through the junction
barrier into an empty electron level at the same height
inpthe p-type region, i.e. a hole. This surprising effect is
allowed a certain small probability by quantum
physical laws.

As the number of electrons is so large, some of them
do tunnel through and are able to constitute a current
across the junction (see Fig. 22b). As the bias is
increased, more electron and hole levels are brought
opposite one another and the tunnel current increases,
see Fig. 23.

As the bias is increased further, the electron and hole
levels separate again, and the number of electrons able
to tunnel across decreases (Fig. 24). The tunnel
current thus decreases with increasing voltage.
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The current-voltage graph thus has a negative slope
and the junction exhibits negative resistance (Fig. 25).
On increasing the bias still further, the junction begins
to conduct an appreciable normal forward bias current.

Thus a tunnel diode with an appropriate bias applied
to it will behave as a negative resistance. It can be used
i2n6;m LC circuit to generate electrical oscillations (Fig.

SHORT TRANSIT TIME

The theoretical high frequency response of the tunnel
diode should only be limited by the time taken for the
electrons to tunnel through the junctiéon. As the
tunnelling is an extremely fast. phenomenon, this
transit time limitation is much less restrictive than that
on the transistor, and thus it can work at much higher
frequencies. Tunnel diodes can be operated in the
lower frequency section of the microwave spectrum.
However, the tunnel diode also has its own high
frequency limitations.

Like all diodes, it has exposed net charges on either
side of the junction. These charges are slightly
affected by an external bias, and so the junction has a
very small capacitance Cj, which must be added to the C
in the LC circuit. The frequency of oscillation is now

1/274/ L(C + Cj)]
Thus no matter how small we make L or C, the junction
capacitance will always impose an upper limit on the
frequency of oscillation of the resonant circuit.

However, the tunnel diode is a significant advance on
the transistor as a high frequency active device. It has
* two layers and one junction compared with three layers
and two junctions of the transistor, which is a reduction
in complexity. Gallium arsenide (GaAs) devices do
not depend at all on junction effects for their function-
ing. Their negative resistance is purely a property of
their bulk material, and depends only on the behaviour
of the charge carriers in the bulk material.

- THE NEGATIVE RESISTANCE

PROPERTY OF GaAs

The negative resistance of gallium arsenide depends
not on a decrease in »# with an increase of voltage, but a
decrease in velocity, with # remaining constant. When
an n-type GaAs slice is biased to a certain voltage, a
further increase in voltage will result in a decrease in the
velocity of the electrons. Since it is the electric field
(voltage per unit length) across the slice that matters
rather than the voltage, a graph of the velocity of the
electrons against the applied electric field must be
plotted and is shown in Fig. 27.

When the field across the GaAs slice is above about
3,000 volts per centimetre, it starts to exhibit negative
resistance, as the current across the slice will decrease
due to the decreasing velocity with increasing electric
field, i.e. voltage across the slice. A decrease in the
velocity of the electrons means that less charge will
flow across the slice in a given time, i.e. less current
will flow.

THE FIRST GaAs OSCILLATOR

The first GaAs active device functioning as a negative
resistance oscillator was discovered by J. B. Gunn in
1964 while he was doing research on the high field
properties of semiconductors. A rod of GaAs when
biased above 3kV/cm began oscillating electrically and
also emitted microwaves, the oscillations being at
microwave frequencies.

H. Kroemer then put forward the explanation that the
GaAs rod was acting as an oscillator because of its
negative resistance property. Kroemer drew attention
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to the fact that three British physicists, B. K. Ridley,
T. B. Watkins and C. Hilsum, had hitherto predicted
that GaAs would show the property of negative
resistance under these conditions.

FUNDAMENTAL THEORY

To understand why GaAs exhibits negative resis-
tance, it is necessary to refer to fundamental semi-
conductor physics. Our previous energy level diagrams
(see Part 1) only show the energy values of the electrons
in a semiconductor, the horizontal axis simply standing
for the physical dimensions of the semiconductor bulk.

An energy level diagram can be drawn to show both
the energy and momentum of the electrons in the
conduction band (Fig. 28a). In this diagram, the
horizontal axis stands for the momentum of the elec-
trons. An electron in the conduction band must lie
on the curved line, i.e. it can only have the simultaneous
values of energy and momentum that the points on the
line have. This is because the energy and momentum
of a moving object are closely related. This relation
involves the mass of the object,

Now, as the electron moves in the semiconductor, its
movement is affected by the positive charges of the
atomic nuclei in the semiconductor, Thus it does not
move in quite the same way as a free electron in space.
The effect of these nuclei on the electron can be taken
into account by considering the electron as having an
effective mass quite different from its actual mass. The

TUNNEL CURRENT
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o
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DRY JOINT TESTER

The most reliable way of testing for a dry joint is to
measure the resistance between the component
lead and the printed circuit board. Our kit for
doing this comprises a large scale (3in.) moving
coil meter, a variable resistance for adjusting zero
setting, and a wiring diagram with instructions.
The only additional items you will need are a
battery, some wire, a pair of test rods.. Price
18/6. Postage and insurance 2/6,

FLUORESCENT CONTROL KITS

Each kit comprises seven items—Choke, 2 tube
ends, starter, starter holder and 2 tube clips,
with wiring instructions. Suitable for normal

cent tubes or the new “‘Grolux'’ tubes for
fish tanks and indoor plante. Chokes are Buper-
silent, mostly resin filled. Kit A,—15-20W. 19/8.
Kit B—30-40W., 18/8. Kit C—80W., 19/8,
Kit D—125W.,, 22/-. Kit E—65W., 19/6. Kit
MF1 is for 6in., 9in. and 12in. miniature tubes
19/6. Postage on Kits A and B 4/6 for one or two
kits then 4/6 for each two kits ordered. Kits C,
D and E 4/6 on first kit then 3/6 for each kit

ordered. Kit MF1 3/6 on first kit then 3/6 on

each two kits ordered.
REED-SWITCH

Suitable for dozens of different applications,

such as burglar alarms, conveyor belt swite 4
These are simply glass in cased switches which
can be operated by a passing permanent magnet
coil. A special buy enables us to offer these at
2/6 each, or 24/- a dozen. Suitable’ magnets
are 1/= each.

MINIATURE WAFER SWITCHES

4 pole, 2 way—3 pole, 3 way—4
pole, 3 way—2 pole, 4 way—3 pole,
4 way—2 pole, 6 pole, 12
way. All at 3/ each, 36/- dozen,
your assoriment.

g

WATERPROOF HEATING
ELEMENT

26 yards length 70W. Self-regulating

temperature control. 10/~ post free.

BLANKET SWITCH
Double Pole with

neon let into side so it is
luminous in dark, ideal
for dark room light or for
use with waterprooi element
—blue plastic ecase. 5/6 each.

BLANKET SIMMERSTAT

Although looking like, and fitted as an ordinary
blanket switch, this is in fact a device for
switching the blanket on for varying time
periods, thus giving a complete control from off
io full heat. Also,su le for controlling the
temperature of any ot appliances using up to
1amp. Listedat27/6each, we offer thesc while
our stock lasts at oniv 12/6 each.

PHOTO-ELECTRIC KIT

All parts to make light operated switch/burglar
alarm/counter, ete. Kit comprises printed circuit,
Laminated Boards and chemicals, Latching relay,

red sensitive Photocell and Hood, 2 Tran-
mistors, cond., Terminal Block, Plastic case.
Eseential data, cirenits and P.C. chassis plans of
10 photo-eleciric device including auto. car
parking light, modulated light alarm. Simple
invisible ray switch—counter—stray light alarm—-
warbling tone electronic alarm—projector lamp
stabiliser, ete. Only 39/8, plus'2/- post and insur.

PP3 Eliminator. Play your pocket radio
from the mains! Save £s. Complete
component kit comprises 4 rectifiers—
mains dropper resistances, smoothing
condenser and instructions. Only 68/6
plas 1{- post.

THERMOSTATS »

Type “A»™ 15A for comtrolling room heaters,
greenhouse, airing cupboard. Has spindle for
pointer knob. Quickly adjustable from 30-80°F.
9/6, plus 1/- post. Ruitable box for wall mounting,
5/-P. & P. 1/-.
Type “B” 15A. This is o 17in long rod type
‘made by the famous Sunvic Co. Spindle adjusts
- this from 50-550°F. Internal screw
s alters the setting so this could be
adjustable over 30° to 1,000°F. Suitable
for con-
trolling
- furnace,
oven kiln, immersion heater or to make
flame-start or fire alarm, 8/6, plus 2/6
post and insurance.

Type “D”. We call this the Tee-stat as it cuts in

and out at around freezing point, 2/3 amps. Has
many uses one of which would be to keep the 10£t.
pipes from freezing. If a length of our blanket wire
(16 yds. 10/-) is wound round the pipes. 7/6.
B. & P.1/1,

“E”, This is standard refrigerator thermo-
stat. Spindle adjustments cover normal refrigera-
tor temperature, 7/8, plus 1/- post.

Type “F”. Glass encased for controlling the temp.
of liguid—particularly those in glnss tanks, vats
or sinks—thermostat is held (half submerged) by
rubber sucker or wire elip—ideal for fish tanks

and chemical baths of all types.
Adjustable over range 50° to 150°F. Price 18/,
plug 2/- post and insurance.

HI-FI BARGAIN

FULL FI 12 INCH LOUDSPEAKER, This is undoubtedly
one of the finest loudspenkers that we have ever offered,
produced by one of this'country’s most famous makers. It
has a die-cast metal frame and is strongly recommended for

Hi-Fi load and Rhythm Guitar and public address,

Flux Density 11,000 gauss—Total Flux 44,000 Maxwells—
Tower Handling 15 watts R.M.S.—Cone Moulded fibre—
Freq, response 30-10,000¢/s—Main resonance 60c/s—Chassis
Diam, 12in—12}in over mounting lugs—Baffe hole 11lin
holes—}in diam. on-pitch eircle
113in dlnm—(’verailheigh biin. A £6 speaker offered for

Diam.—Mounting holes 4,

only £3/9/6, plus 7/6 P. & P, Specily three or fifteen
Don't misa this offer.

MICRO-SONIC

7 .transistor Key chain loudspeaker

adio in very pretty case, size
2} %2} % 1}in—complete with soft
leather zipped bag. Epecification:
Circuit: 7 transistor superheterodyne.
Frequency range: 530 to 1600ke/s.
Sensitivity: Smv/m. Intermedinte
frequency : 460ke/s, or 450ke/s. Power
output: 40mW. Antenna: ferrite rod.
Loudspeaker: permanent magnet
type. In transit from the East these
sets suffered slight corrosion ns the
batteries were left in them but when
this corrosion is cleared away they
should work perfectly—offered with-

batteries.

BARGAIN OF THE YEAR

ohms.

out guarantee except that they are new. 19/6 plus 2/6 post and ins., less
A pair of rechargenble everlasting batteries i

f= pair.

YOU NEVER NEED BUY ANOTHER BATTERY

for your transistor radio.

back of your set.
Offered for less than the cost of the batteries alone.

INFRA-RED HEATERS

Stupendous offer this month—a Nickle Cadmium
battery stack together with a mains operated charger whicth you mount on the
The mains flex unplugs so the set remains completely pottable.
ONLY 20/8, plus 3/6 post.

Make up one of these latest type
heaters. Tdeal for bathroom, ete.
They are simple to make from our
easy-to-follow instructions—usessilica
enclosed elements designed for the cor-

rect infra-red wavelength (3 microns). Price for 750 watis clement, all parts, metal
casing as illustrated, 19/8, plus 4/6 post and insurance. Pull switch 3/- extra.

THIS MONTH'’S SNIP

BREAKDOWN PARCEL
This unit is really an army telephone less hand-set.
useful items:

through a step down transformer.
3. Morse Tapper.
4. A very sensitive change-ov
5

and insurance 6/6.

It contains the following

. Hand operated magneto generator which willlight lamps, generate shocks,
ete.

2, Magneto bell, which will work with above generator or from the mains

relay which will operate from 1V upwards.

A useful assortment of components comprising switches, jack-sockets,
matching transformers, chokes, tag-strips. etc., Price 14/8 plus postage

PROTECT YALUABLE DEVICES

FROM THERMAL RUNAWAY OR
OVERHEATING:

Thyristors, rectifiers, trausistors ete., which
use heat-sinks can easily be protected; simply
make the contact thermostat part of the heat-
sink. Motors and equipment generally, can
also be adequately protected by having
thermostats in strategic spots on the casing
Our contact thermostat has a calibrated dial
for setting between 80-190°F or with the dial
removed range setting is between 80 and
800°F. Price 10/-.

DRILL CONTROLLER

approximately 10 revs. to
mum.

Insurance.
25/, plus 2/6 post.

Made by Smiths Electrics, these
They operate from normal to 24
15/=. Post and ins. 2/9.

Electronically changes speed irom

Full power at all speeds

by finger-tip control. Kit includes
all parts, case, eversthing and full
instructions. 19/8 plus 2/6 post and
Or available made up

16 R.P.M. GEARED MOTOR

almost silent running, but are very powerful.
maing and the final shaft speed is 16 r.p.m.

24" MOVING COIL METER

maxi-

Meters are always being needed and they are
jolly costly when you have to buy them in a
hurry. 8o it's sensible to take advantage of
this offer: 2%in. (8in. o0.d.) flush mounting
moving coil meters only 8/6 each. These are
scaled 0-300mA but once the internal shunt is
removed the f.e.d. is usually about 10mA so
you can make it into almost anything by addin,
shunts or series resistors. These are Ex. W.D.
of course but are all new and unused. Price
only 8/6 each plus 2/6 post. 12 or more post free.

MAINS TRANSISTOR POWER PACK
Designed to operate transistor sets and amplifiers.
Adjustable cutput 8V, 9V, 12V for up to 500mA
(class B working). Takes the place of any of the
following batteries: PP1, PP3, PP4, PP6, PPT.
PP9 and others. Kit comprises: mains transformer
rectifier, smoothing and load resistor, condensers
and instructions. Real enip at only 18/8, plus 3/6

postage.
CASSETTE LOADED DICTATING
MACHINE

Battery
operated
and with
all acces-
sories,

Really
fantastic
offer a
British
made

£31
outfit for

£6/18/86,

brilliantly designed for speed and efficiency—
cossette takes normal spools drops in and out for
easy loading—all normal functions—accessoriea
include: stethoscopic earpiece—orystal micro-
phone has onfoff switch—telephone pick-up—
tape reference pad—DON'T MISS THIS UN-
REPEATABLE OFFER—SEND TODAY,
£6/19/8 plus 7/6 post and insurance. Footswitch
18/6 extra. Spare Cassettesat 7/6 each, three for £1_

8eein the Dark INFRA-RED BINOCULARS

These infra-red binoculars when fed from a high
voltage source will enable objects to be seen in the
dark, provided the objects are in the rays of an
Infra-red beam. Each eye tube containe a complete
optical lens system as well as the infra-red cell.
These optical systems can be used as lenses for
TV cameras—light cells, etc. (details supplied).
The binoculars form part of the Army night driving
(Tabby) equipment. They are unused and believed
to be in good working order but sold withont a
guarantee. Price £3.17.8, plus 10/- carr. and ins.
Handbook 2/8.

Be first this year

SEED AND
PLANT RAISING

Soil heating wire and trans-
former. Suitable for standard
size garden frame. 19/8,
plus 36 post and ins.

GANGED POTS
Btandard type and size with
good length of spindle—
made by Morganite. List
price ia 10/- éach but if you act
quickly you can have them at 12/- doz. (or 1/8 each
if less than doz.). Following valves in stock 2l
“1in""—10K—10K—100K—100K — 500K
all new and unused. Post 2/9 on lst doz. then
1/~ per doz. 6 doz. or more poset free.

BECKASTAT

This is an instant
thermostat, simply
wlug your appliance
into it and its Jead
into wall plug.
Adjustable setting
for normal air tem-
peratures. 13 A
loading. Wil save
its cost in n season.
19/6. Postage and
ins. 2/9,

TELESCOPIC
AERIAL

for portable, car radio
or transmitter. Chrome pla-

ted—six sections, extends from
f 71 to 47in, Hole in bottom for 6BA
screw. 7/8 each.
MAINS RELAYS

Type A 210/250V AC coil, 2 types, one for single

whole chassis mounting, has 3 pairs heavy duty
changeover contacts. 8/8 each.

B in clear plastic case on tin base, plugs into

octal valve holder. 2 pairs changeover contacts.
12/8 each.

Where postage iz not definitely stated as an
extra then orders over £3 are post free. Below
£3 add 2/9. Bemi-conductors add 1/- post.
Over £1 post free, 8.A.E. with enquiries please.

ELECTRONICS (CROYDON) LIMITED

(Dept. P.E.) 266 LONDON ROAD, WEST CROYDON, CRO 2TH
also at 102/3 TAMWORTH ROAD, CROYDON, SURREY
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DUXFORD ELECTRONICS (PE)
97/97A MILL ROAD, CAMBRIDGE

{Visit us—at our new Mail Order, Wholesale & Retail Premises)

MINIMUM ORDER VALUE 5/-

C.W.0. Post aond Packing 1/
10% over £2
- DISCOUNT  15¢ gyer £5 :
CERAMIC DISC CAPACITORS (Hunts.). 500V --20%; 100, 220,
330pF. —20°;, -80%4; 470, 680, 1,000pF. 5d each.

ELECTROLYTIC CAPACITORS (Mullard), —10% to --50%.
Ssbminiature (all values in ,'5;)
8

4 64 125 250 400
&4V 64 25 50 100 200 320
1oy 4 16 32 64 125 200
16V 25 10 20 40 80 125
25V 16 64 12:5 25 50 80
40V 1 4 8 16 32 50
64V 0-64 2-5 5 10 20 32
Price 1/ 1/3 12 1/~ I 12
Small (all values in uF)

4V 800 1,250 2,000 3,200
64V 640 1,000 1,600 2,500
10V 400 640 1,000 1,600
16Y 250 400 640 ,000
25V 160 250 400

40V 100 160 250 400
64V &4 100 160 250
Price 1/6 2/- 2/6 3/~

POLYESTER CAPACITORS (Mullard)
Tubular, 10%, 160V: 0-01, 0-015, 0-:022uF, 7d. 0-033, 0-047uF, 8d. 0-068,
0-1u4F, 9d. O-154F, 11d. 0-22uF, 1/-. 03'1;:F 1/3. 0-47uF, 1/6. 0-684F,
2/3. 1uF, 2/8.

400V: 1,000, 1,500, 2,200, 3,300, 4,700pF, 6d. 6,800pF, 0-01, 0-015, 0-022uF,
7d. 0033uF,8d. 0047uF,9d. 0-068,0-14F, [1d. 0O154F, /2. 022F,
1/6. 0-33uF, 2/3. 0-47uF, 2/8.
Modular, metallised, P.C. mountlng. 20%, 250V: 001, 0-015, 0-0224F, 7d.
0-033, 0-0474F, 8d. 0069 luF, 9d. 0-154F, 11d. 022;¢F 1/-. 0-33uF,
1/5. 0-47uF, 1/8. 0-68uF, 2/3. 1uF, 2/9.
POLYSTYRENE CAPACITORS: 5%, 160V (unencapsulaud) 10, 12,
15, 18, 22,27, 33, 39, 47, 56, 68 82, 100, 120, 150, 180, 220, 270, 330, 390, 470,
560, 680, 820pF, 5d. 1,000, | '500, 2,200pF, 6d. 3,300, 4,700, 5,600pF, 7d.
6,800, 8,200, 10,000pF, 8d. 15,000, 22,000pF, 9d.
194, 100V (encapsulated): 100, l?.O 150, IBO 220, 270 330, 390, 470, 500,
560, 680, 820pF, 1/-. 1,000, 1,200, 1,500, i ,E00, 2,200, 2,700, 3,300, 3,900pF,
iI/3. 4,700, 5,000, 5,600, 6,800, 3.200. IOOOO 12,000, 15,000pF, 1/6.
18,000, 22,000, 27,000, 33,000, 39,000pF, 1/9. 0-047, 5,000, 0-056,F, 2{—.
0-068, 0-082, O-1uF, 2_)'3 0-12uF, 2/9. 0-15, 0-184F, 3/-. 0-22uF, 4/-. 7,
0'33_uF. 5/-. 0'39;(F, 5/9. 0-47, 0-5uF, 6/3.
JACK PLUGS (Screened): Heavily chromed, }in Standard: 2/9 each.
Side-entry: 3/3 each.
Standard (Unscreened): Witk t %, grey, white, red, blue, green or
yellow covers, 2/3 each.

JACK SOCKETS (4in Plug): With black or white bezel and chrome nut,
2/9 each. Available with: Break/Break, Make/Break, Break/Make, Make/
Make contacts.

POTENTIOMETERS (Carbon): Long life, low noise, W at 70°C.
L20% < iM, +30% > iM. Body dia., %in. Spindle, lin x in. 2/-
each. Linear: 100, 250, 500 ohms, etc., per decade to I0M, Logarithmic:
5k, 10k, 25k, etc., per decade to SM

SKELETON PRE-SET POTENTIOMETERS (Carbon): Linear: 100,
250, 500 ohms, etc., per decade to 5M.

Miniature: 0-3W at 70°C. +20% =iM, +30% > M. Horizontal
(0-7in % 0-4in P.C.M.) or Vertical (0-4in < 0-2in P.C.M.) mounting, 1/-

each.

Submin. 0 1W at 70°C. +20% =M, +30% > IM. Horizontal (0 4in %
0-2in P.C.M.) or Vertical (0-2in x 0 lin P.C.M.) mounting, 10d each
RESISTORS (Carbon film), very low noise. Range: 5%, 47Q) to IMQ
{E24 Series); 109%, 10Q to I0MQ (EI2 Series).

W (10%4), 13d (over 99, Ii—d) 100 off per value 12/-. {W (5%), 2d (over
99, 13d), 100 off per value 13/9. W (10%4), 2d (over 99, 11d), 100 off per
value 13/9. W (5%), 24d (over 99, 2d), 100 off per value 15/6.
SEMICONDUCTORS: OAS5, OABI, 1/9. OC44, OC45, OC71, OC8I,
QCelD, ocaxD, 2/-. 0C72, 2,’3."OCI70, OCITI, 2/6. AFII5, AFL16,
AFl117, 3/-. OC73, 3/3. 0OCI40, 4/3.

SILICON RECTIFIERS (05A): 170 P.1V., 2/9. 400 P.LV., 3/-. 800
P.LV., 3/3. 1,250 P.l.V., 3/9. 1,500 P.LV., 4/-.

SWITCHES (Chrome finish, Silver :untacts). 3A 250V, 6A 125V,
Push Buttons: Push-on or Push-off (with white, black, green or red buttons)

5/-. Toggle Switches: SP/ST, 3/3. SP/DT, 3/8. gP,’DT (with centre
position) 3/9: DPJST, 4/3. DP/DT, 5/-.

PRINTED CIRCUIT BOARD (Vero).

0:15in Matrix: 33in x 24in, 3/3. 5fin x 24in, 3/11. 3%in x 3fin, 3/11.
5in x 3%in, 5/6.

Q-1 Matrix: 3%in x 24in,4/-. 5in X 24in,4/6. 3%in x 3%in, 4/6. 5in X 3in,

RECORDING TAPE (Fmes: _?ualn:y MYLAR—almost unbreakable). .

Standard Play: 5in, 600fi 5%in, 850ft, 10/6. 7in, 1,200fc, 12/6.
ll-.oaggf Pllls}': 3in, 225fc, 4,' Sin, 900fc, 10/6. 5%in, 1,200ft, 13/-. 7in.
i t, L

Send S.A.E. for May, 1968 Catalogue

for quick,
easy,reliable

soldering

Contains 5 cores ot non-corrosive flux, instantly
cleaning heavily oxidised surfaces. No extra flux
required. Ersin Multicore Savbit Alloy also reduces wear
of copper soldering iron bits.

4
. SIZE 15
SIZE & SOLDER
HANDY SOLDER oy DISPENSER
DISPENSER :- Contains 21 ft. coil
Contains 10 ft. coil of 60/40 Alloy,
of 18 s.w.g. Ersin 22 s.w.g. Ideal for
Multicore Savbit § small components,
Alloy. 2/6 each. v transistors, diodes.
! etc. 3/- each.
BIB MODEL 8
SIZE 12 WIRE STRIPPER
' ldeal for home AND CUTTER
constructors. Strips insulation
Contains 90 ft. cleanly and

quickly, fitted
with unigue 8
gauge wire
selector. Plastic
handles. 9/6 each.

of 18 s.w.g. Ersin
Multicore Savbit
Alloy on a plastic
- reel. 15/- each.

@& From Electrical and Hardware shops. If unobtainable, write to:
°ﬁ° Multicore Solders Ltd., Hemel Hempstead, Herts.

NEW PREMISES

INCREASED RANGE OF
COMPONENTS

LARGER AND MORE CONCISE
HANDBOOK

EITHER WRITE,
TELEPHONE or CALL to

STUDENT ELECTRONIC SERVICES
196 Regent Road, Salford 5, Lancs.

Tel. 061-872 5187 :

-816




difference between the effective mass and the actual
mass varies with different semiconductors and also
with the energy levels of the electron.

Considering the movement of an electron in a semi-
conductor, using its effective mass instead of its actual
mass, the effect of the atomic nuclei on the electron
can be taken into account automatically. The effective
mass of an electron at any point on the energy-
momentum diagram is related to-the slope of the curve
at that point. .

. Thus in a semiconductor, whose energy-momentum
diagram looks like that in Fig. 28b, the effective masses
of the electrons at the bottom of the conduction band is
less than those at the bottom of the conduction band of
a semiconductor with an energy-momentum diagram of
gentler slope like that in Fig. 28c.

ENERGY-MOMENTUM CURVE

Gallium arsenide has an energy-momentum curve
with a drastic slope (Fig. 28b). The electrons at the
bottom of the conduction band have a small effective
mass.

Now, GaAs also has
gentler slope higher up in its energy-momentum
diagram (Fig. 29a). If we apply a voltage to a GaAs
slice, the electrons having a small effective mass are
easily moved and the current across the slice increases.
As they are accelerated by the voltage, they gain energy
and they rise up the curve on the diagram. We show
the rise only on one side of the momentum axis as they
are accelerated and gain momentum only in one
direction—that due to the applied voltage.

As they approach the levels of the secondary curve,
they begin to get transferred to the energy levels there.
This is because the energy levels there are much more
numerous than the energy levels on the main curve at
the same height (Fig. 29b).

Once they are on the bottom of the secondary curve,
their effective masses are much larger as the slope of the
secondary curve is much gentler. As a result, their
velocity decreases, since an object with a large mass is
harder to move than an object with a small mass. As
we further increase the voltage, more and more electrons
get transferred to the secondary curve and the overall
velocity of the electrons decreases. The velocity-
electric field curve thus has a negative slope (Fig. 30).

The electron current will thus decrease with increasing
applied voltage, and the GaAs slice exhibits negative
resistance.

secondary curves of

THE GUNN EFFECT

A slice of gallium arsenide when biased into the
negative resistance region should be able to generate
electrical oscillations when put into an LC circuit.

When Gunn observed the oscillations in the GaAs
rod, what was actually happening was that the rod itself
and its mounting made up its own LC circuit and thus
oscillated at a frequency determined by its own physical
dimensions. As the oscillations were at microwave
frequencies, the rod radiated the oscillating electrical
energy in the form of electromagnetic waves. This is
because a circuit element carrying an oscillation will
radiate more and more electromagnetic energy as the
wavelength of the oscillation decreases and becomes
comparable to the physical dimensions of the element.
This is a fundamental of aerial theory.

This microwave emission phenomenon from GaAs
was called the Gunn Effect after its discoverer.

ELECTRON BUNCHING

In the Gunn Effect, it was later found that when the
GaAs rod is biased into the negative resistance region,
and begins to emit microwaves, a bunch of electrons
collects at one end of the rod near the contact and
travels to the other end. As soon as it reaches the
other end, another bunch forms at the first end and the
process repeats itself. This occurred in step with the
oscillations; in fact, it seemed to determine the
frequency of the oscillations.

The electrons in the rod when it is in the negative
resistance region do not behave like normal electrons in
a normal positive resistance material. In a positive
resistance material a bunch of electrons will be dispersed
in a short time. In a negative resistance material, as
the electrons travel along in the material due to the
voltage applied to the material, any slight bunching up
leads to a greater accumulation of electrons. This is
because the bunching up creates a higher field in the
area of the bunch due to the electrons’ own charges.

This higher field affects the electrons in and near the
bunch, which then slow down because of the negative
velocity-field slope. Thus instead of dispersing, a
further accumulation of electrons takes place and what
is known as a domain forms and travels across the rod.

DOMAIN FORMATION

The actual nature of the domain is an accumulation
of electrons preceded by a layer depleted of electrons.
The overall number of electrons in the rod remains the
same (Fig. 31).

i wv cumves, i
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The result of this domain formation and travel is to
limit the high frequency response of the device. The
frequency of the oscillations is tied to the transit-time
of the domain across the rod. The domains will
always form since natural inhomegenities in the GaAs
will always result in uneveness in the electron distribu-
tion in.the rod. This uneveness is most pronounced at
the end of the rod where the electrical contacts are
made, so that the domains form at the ends. Only one
domain is sustained at a time; as the domain consists of
electrons, it travels under the influence of the applied
field to the other end of the rod. Another domain then
forms at the first end and repeats the process.

EFFECTIVE CAPACITANCE

We may look at the high frequency limitation of the
Gunn Effect device from another angle. The domain
consists of a layer of accumulated electrons having a
negative charge relative to the rest of the rod, and a
depleted layer having a net positive charge. This is
like a charged capacitor because the accumulated
charge depends on the external applied field.

Thus like the tunnel diode, the Gunn Effect device is
frequency-limited by this effective capacitance. How-
ever, it is able to oscillate in the microwave region of the
electromagnetic spectrum.

THIN SLICES BY EPITAXIAL GROWTH

Clearly then, the high frequency microwave response
is limited by the formation of the domains. In
practice, the frequency limit is pushed up by making the
domain transit-time as short as possible. This is done
by making the distance between the contacts as short
as possible, and thin slices of gallium arsenide and not
rods are used as microwave oscillators.

These slices are formed by a process known as
epitaxial growth, which also gives layers of the very high
purity required for this purpose. Thin films of GaAs
are deposited onto a heavily deped GaAs substrate
which serves as one contact. A further thin film of
heavily doped GaAs is deposited on the working layer
to serve as the other contact (Fig. 32).

Microwaves of up to about 30GHz have been emitted
from such devices. However, the restriction on the
thickness of the slice limits the power capability of the
device. As higher frequencies are reached by using
thinner layers, the power output drops sharply.

THE LSA MODE
Since the frequency limitation is imposed by the
moving domains, could we not get rid of them? If we
could, such a GaAs slice would be able to function as a
pure negative resistance device in an oscillator circuit.
J. E. Carroll, in early 1966, found that by putting a
Gunn Effect device in a suitable circuit, the domain

.could be extinguished before it reached the other end.

In the middle of 1966, M. W. Kennedy discovered that
he could make a Gunn Effect device oscillate at a
frequency far in excess of its usual one determined by
the domain transit-time. J. A. Copeland then
demonstrated theoretically and experimentally that in
this case, the domains were being prevented from
forming at all.

Here at last was the major breakthrough. The GaAs
was now being used as a pure negative resistance
oscillator, Fig. 33a, and the frequency of oscillations
was determined by the external I.C circuit (actually a
cavity at microwave frequencies).
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How were the domains prevented from forming?
They form only when the GaAs is in the negative
resistance region of the velocity-field curve. The GaAs
slice was put in a resonating circuit and biased into the
negative resistance region. A load impedance in the
circuit was of such a value that the oscillating voltage
across the load was large enough td bring the voltage
bias across the GaAs slice at one end of each oscillatory
swing into the positive resistance section of the velocity-
field diagram (Fig. 33b).
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PHOTOELECTRIC KIT

CONTENTS: 2 P.C. Chassis Boards, Chemicals, Etching Manual, Infra-

R.S.T. vALVE MAIL ORDER coO.
BLACKWOOD HALL, WELLFIELD RD., S.W.16

Special 24 Hour Mail Order Service

Red Photptransistor, Latching Relay, 2 Transistors, Condenser, R S,
Gain Contrel, Terminal Block, Elepgam Case, Screws, etc. In fact everything
you need to build a Steady-Light Photo-Switch/Counter/Burglar Alarm, etc,
{Project No. I) which can be modified for modulated-light eperation.

J;’ PHOTOELECTRIC KIT
S 39/6
Postage & Pack. 2/6 (UK)
Commenwealth:
SURFACE MAIL 3/6

AIR MAIL £1.0.0

Australia, New Zealand,
S. Africa, Canada & U.S.A.
= Also Essential Data Circuits
*r, and Plans for Building

12 PHOTOELECTRIC PROJECTS. g) Steady-Light Photo-Switch/Alarm. (2)

Medulated-Light Alarm. (3) Long-Range Strlyjilh( Alarm. (4) Relay-Less

Alarm. (5) Warbling-Tone Alarm. (6) Closed-Loop Alarm, (7) Projector Lamp

Stabiliser, (B) Electronic Projector Modulater. (9) Mains Power Supply.

&l'"o) %Ir F.:rkml Lamp Switch. (11) Automatic Headlamp Dipper. (12) Super-
sitive Alarm.

- INVISIBLE BEAM OPTICAL KIT

verything needed (except plywoed) for building: I, Invisible-Beam Projector

and | Photocell Receiver (asillustrated). Suitable for all Photoelectric B{:ular

Alarms, Counters, Door Openers, etc.

CONTENTS: 2 lenXes, 2 mirrors, 2 45-degree wooden blocks, Infra-red filter,

Brcuu:or lamp holder, building plans, performance data, etc. Price 19/6.
'ostage and Pack. 1/6 (UK). Commonwealth: Surface Mail.2/=; Air Mail 8/-,

JUNIOR PHOTOELECTRIC KIT

Versatile Invisible-beam, Relay-less, Steady-light Phote-Switch, Burglar
Alarm, Door Opener, Counter, etc., for the Experimenter.

CONTENTS: Infra-Red Sensitive Phototransistor, 3 Transistors, Chassis,
Plastic Case, Resistors, Screws, etc., Full Size Plans, Instructions, Data
Sheet 10 Advanced Photoelectric Designs''.

Price 19/6. Postage and Pack. 1/6 (UK). Commonwealth 2/-: Air Mail 4=,

JUNIOR OPTICAL KIT

CONTENTS: 2 Lenses, Infra-red Filter, Lampholder, Bracker, Plans, etc.
Everything (except plywood) to build | miniature invisible beam projector
and photocell receiver. Price 10/6. Postage and Pack. 1/6 (UK). Common-
wealth:. Surface Mail 2/-; Air Mail 4/-.

PRINTED GIRGUIT KIT

BUILD 40 INTERESTING PROJECTS on a PRINTED CIRCUIT
CHASSIS with PARTS and TRANSISTORS from your SPARES BOX
CONTENTS: (1) 2 Copper Laminate Boards 44" x 24" %2% | Board for Match-
box Radio. (3) | Board for Wristwatch Radio, etc. (4) Resist. (5) Resist
Selvent. (6) Eechant, Cleanser/Degreaser. (8) IwHe Booklet Printed
Circuits for Amateurs, (9) 2 Miniature Radio Dials SW/MW/LW. Also free
with each kit. (10) Essential Design Data, Circuits, Chassis Plans, etc. for
40 TRANSISTORISED PROJECTS.

A very comprehensive selection of circuits to suit everyone’s requirements
and constructional ability. Many recently developed very effici desi
puhlrsnd for the ﬁrg time. including 10 new circuits.

EXPERIMENTER'S
PRINTED CIRCUIT KIT
8/6
Postage & Pack. 1/6 (UK)

Commonwealth:
SURFACE MAIL 2/-

ﬁ AIR MAIL B/-
Australia, New Zealand,

South Africa, Canada
(1) Crystal Set with biased Detector. (2) Crystal Set with vullaze-quzdrup!nr
detector. (3) Crystal Set with Dynamic Loudspeaker. (4) Crystal Tuner with
Audio Amplifier. (5) Carrier Power Conversion Receiver. (6) Split-Load
Neutralised Double Reflex. (7) Matchbox or Photocell Radio. (8) “TRI~
FLEXON'" Triple Reflex with self-adjusting re;ennntion (Patent Pending).
(9) Solar Battery Loud: k Radio. The i desi yet offered to
the Home Constructor anywhere in theWorld. 3 Subminiature Radio Receivers
based on the “Triflexon™ circuit. Let us know if you know of a smaller
duiﬂl published anywhere. (10) Postage Stamp Radio. Size only |-627 x -957
x -25%, (11) Wristwatch Radio |-15° x -80° x 55", (I2) Ring Radio -707 x
*70" X -55". (13) Bacteria-powered Radio. Runs on sugar or bread. (14) Radio
Control Tone Receiver. (I5) Transistor P/P Amplifier. (16) Intercom. (I7)
I-valve Amplifier, (18) Reliable Burglar Alarm. (19) Light-Seeking Animal,
Guided Missile, (iO) Perpetual Motion Machine. (21) Metal Detector. (22)
Transistor Tester. (23) Human Body Radiation Detector. (24) Man/Woman
Discriminator. (25) Signal Injector. (26) Pocket Transceiver (Licence required).
(17} Constant Yolume Intercom. (28) Remote Control of Models by Induction.
(29) Inductive-Loop Transmitter. (30) Pocket Triple Reflex Radio. (31) Wris:
watch Transmitter/Wire-less Microphone. (32) Wire-less Door Bell. (33)
Ultrasonic Switch/Alarm. (34) Stereo Preamplifier. (35) Qunliw15te_r=n Push-
Pull Amplifier. (36) Light-Beam Telephone “Photophone™. (37) Light-Beam
Transmitter. (38) Silent TV Sound Adaptor. (39) Ultrasonic Transmitter,
(40) Thyristor Drill Speed Controller.

YORK ELECTRICS
333 YORK ROAD, LONDON, S.W.11

Send o S.A.E. for full details, o brief description and Photogrophs of all Kits and
all sgaddiﬂ. El ic and Ph i ic Prﬂjeﬂ!l' led,

AZ31 8/6 |[KET67 45/-|UCH42 10/6/12Q7GT 4/6]2N2004A12/6/GEX 541 15/
BY100 5/6|KT81(7C5) |UCHS1 6/9[20Lt 17/-|12N29268 5/3|GEX941 3/-
cIc 20/- 15/-|UCL82  8/-|20P4 19/-{2N3819 13/-GJ3M 3/6
CY30 16/3|KT8I(GEC) |UCL8S3 10/-|20P5 18/-128002  20/-|GJ6M 3/6
DAF91 4/ 35/-|UF41 10/-(26%4 6/3/28008  12/-{GJEM 3/6
DAF96 6/9/KT88  27/6|UF89 7/626Z6GT 7/-{28004 11/-|GJTM 3/6
DCC90  7/-[KTW61 10/-|UL41 0/6{26Z6GT  8/6{28006  48/-|HD2967 4/~
DF91 3/- KETW62 10/-|ULS4 7/-(80C15  13/6|28006  20/-|/HA5002 4/-
DFo6 6/9 | ML4 17/6jUY41 7/-|80C17 14/-128012  50/-|JKDA  22/6
DH77 4/6|N78 15/-UYBH 6/6|30C18  13/6{28012A b5/-[JK10A 15/
DE9 5/6|PC86 11/8(VP4B  25/-|30F5 14/-/25013  20/-|JK10B

DE92 8/-PCs8 11/6(VR100/30 6/-|30FL1  16/-{28018  60/-|JK190A 22/6

DE®6 7(9|PCOT B/9|VR150/30 6/-|30FL12 16/-(28108 60/-|JK21A 12/6
DL68  15/-|PC900  9/6/WS1 6/-{30FL14 13/6/28301 12/6|K835A 5/
192 4/9|PCCBE  6/3|266 15/-|30L15  15/3{28320  9/-/MAT101 8/6

Lo4 5/9{PCC8Y  11/-/Z319 25/-130L17  14/-[28702 15/-|MATI20 7/9
DL96 7/6|PCC189 11/6|Z7069 23/-130P12  12/-|45L 45/-INKT128 6/-
DL810 12/6/PCF80  7/-|Z803U 15/-[30P19  13/-|AC107 10/-(NKT142 8/-

DL816 30/-|PCF86 9/-|0A2 6/3|30PL1  15/-|AC126 6/6|NKT211 6f-
DLS19 30/-|PCF801 10/-/0B2 6/-130PL13 15/-|ACI27 7/6NKT214 4/-
DW4350 7i6/PCF802 10/-/0C3 5(6/30PL14 15/-|AC128 6/6|NKT216 7/6
DY86 6/-|PCF806 13/6/0Z4 4/6|35LECT  5/9|AC176 7/6|{NKT217 8/-

EAF42 10/-|PENB4 20/~
EB91 3/-|PEN45DD
033 = 12/-
EBC41 9/9|PFL200 14/~
EBC90 4/6|FL36  10/-
EBF80 7/-|PL81 8/-
EBF83 8/3/PLs2 7/3
EBF89  6/6/PL84 6/9

NET304 8/-
NKT352 8/—
NKT404 12/6

EBL21 11/-{PL500 15/- NKT452 12/6
EBL31 27/6/PX4 14/ NKT675 6/—
ECC33 15/-|PX25  12/6 NKT676 5/—

ECC40. 15)-[P¥32 /6|6
ECC81  3/9|P¥33 9/6

4/0|PY81  6/6
ECC83 6/3|/PY82 g!f

ECC8 & /616
ECC88  7/-[PY800 10/-

ECF80  6/6/PY801 10/-
ECF82  7/-|PZ30 10/
ECH35 11/-/QQV02/6 45/~

NKT677 5/-
NKT678 6/~

ECH42 11/-{QQV03/10 OA7T9 2/6
ECHB1 5/9 30/~ 0A81 2/6
ECH83 8/6/QQV03/20 ABS 2/6
ECL80 7/- 105/~ OAB6  4/-
ECL82  7/-|QQV04/15 0A91 2/6
ECLS3 10/ 105/~ 0A200 3/3
ECLS6  9/-|QQV06/40 0A202 43
'ECLLS800 30/~ 90/~ 0A210 7/6
EF9 20/-/QQV5/10 0AZ200 11/
EF37A 17/- 70/~ gﬁ%gé lgfa
EF39 6/-1QS70/20 5/6/6BS

EF41 mf- QS75/20 &5/6 0AZ204 8/6
EF80 6/-1QS75/60 20/ 0AZ206 8/6
EF86 6/9/Q883/3  7/3 OAZ208 6j6
EF89 5/-{QS92/10 4/~ OAZ222 9/6
EF91 3 /10 b/6l6CD6G  22/-(6080 25/-|BSY53  7/6/0AZ224 [10/-
EF92 2/6/Q8108/45 16/-|6CHB 5/90/6096 8/-|BSYOBA b5/60AZ225 10/-
EF98  10/-|Q8160/156 8/-|6CL6 8/6/6146 25/-|BSX82 40/-/0AZ242 4/6
EF183 6/6 S’E}Zﬂﬁg b/- gg‘:’d iiﬁ- 0003 9/~ BTYBSM‘I)%{O gigggg ;{2
EF184 6/6 = BTY9)

EF804 21/ 20/-|6DK6é  9/-| TRANSISTORS 140/-|0AZ202  9J6
EFP60  10/-|QS160/45 6F23 13/6(IN21 3/6BY100  5/-|0CI6 20/
EH90 716 20/-|6F24  12/-[IN22 5/~|BY114  5/-/0C19 716
EL33  12/6/QS150/80 GF25  12/-|IN429 12/6/BYZ11 9/6/0C20  15/-
EL34 106 20/6/6F28  11/6{IN1192 17/6/BYZ12 12/-lOC22 10/~
EL41  10/-/QS1209  7/3/6J5G 2/6/IN3065 13/9|BYZ13 7/6/0C23  11/6
EL42  10/-|QV03-12 10/-|6J6 8/-|IS113  4/6{BYZ18 15/-|0C24 16/~
ELS1 7/9|QV04-7  12/6|6J7G 4/0{18131 4/3(CDT131312/6/0C25 9/
ELS4 4/9[QV05-25 7[-|6K7G 2/-|I8420R 12/6{CG64 2/6/0C26 -
EL80 7/6|Q¥06-20 25/-6K8C 3/-{2152 4/3|CK707  2/6(0C28  12/-
ELS86 7/6|R10 15/-|0L8G 7/6{2G210  12/6/CRSI/05 7/6/0C29 16/-
ELS0 6/-|R17 8/-16Q7G 6/-|12G309  5/-ICV102  3/6/0C35  12/6
ELS5 5/6/R18 7/6/68G7 5/-12G381  5/-|CV103  3/6/0C36  12/6

EL360 22/-|R19 7/9/68J7M 7/-|2G382 6/-1CV425 3/6/0C41 6/-
ELB00 20/6|RG5/500 80/-I6SLTGT 4/9/2G401 5/-|CV2226 20/-|0C42 b/-
ELS821 6/~8130 35/-|68N7GT 4/6]2G402 6/-|CV2258 206(-|0C43 9/-
ELB22 16/-|8130F 35/-|8VGG 4/6|2G1403  10/6/CV2290  §/-|0C44 4f-
ELLS0 20/-|SP41 3/6/6X4 3/6/2G414 6/-|Cv2919  2/6|

EM34 25/-(8P61 3/616X06G 4/6/12G415 6/-|CV2848  2/6|0C45 /6
EM80 713 STV280/40 |6X6GT  6/-12G416 6/6/CV1782 30/-|OC46M  4/-

EM8&1 7l 25/-|7TB6 11/6|12G417 6/-{CV7183 30/-|0C46 56
EMB4 7/6 |STV280/80 TB7 TI6|2N247 9/6/DD003 3/610C47 76
EN32  23/- BB~ |7 15/-12N274  9/6|DD190  9/0/0C57 16/~
EYb1 7]6 [8U21560 12/6|7C6 15/-12N410 3/6|DD226A  7/6/0C58 17/6
EYS81 7/-SU21560A 12/6/THT 6/6/2N555 12/6|EW99 5/-|0C59 18/6
EY83 8/6/U19 35/0|787 20/-12N585 T/6|GET7 5/-|0C70 4/-
EYS84 7/6/U24 24/-17Y4 8/6/2N599 12/6GETS 8/-10C71 3/6

EY86 7/-|U25 13/6/110P13 15/6/2N696 10/-|GET16 7/3|0C72 b/-
EZ40 8/-|U26 13/6/11E3 42/-12N697 12/6|/GET20 10/-|0C73 78
EZ41 10/-|U191 13/-/12AC6  10/-/2N700A 6/6|GET88 6/-|0C74 8-
EZ80 5/6|U301 16/3/12AD6  11/-2N1040 20/-/GET102 6/-|0C75 6/-
EZ81 5/6 U404 11/9/12AE6 0/6/2N1132 19/6|GET114 4/-|0C76 6f-
GT1C 57/6|U801 23/6/12AT6 4/6/2N1301 6/6|GET115 9/-|/0C77 B/-
G230 10/-|UABCB0 6/-|12AT7 3/8|12N1304 6/-GET116 15/-|0C78 b/~
GZ32 /6|UAF42 10/3|12AU7 4/9{2N2062 7/6|GET571 b5/~|OC81 5/-
GZ34 11/-|UBC41  8/8[12AX7 6/3|2N2068 20/-|GET872 6/-|0CBID  3/-

G|UBCB1  B/3[12BA6 6/-|2N2147 12/6|GET874 &/-/0OC81DM 3/-
H -|{UBF80 6/9(12BES 5/9|2N2160 15/0(GET875 6/-/OCBIM  5/6
HIAIDD 13/6|UBF89  7/3[12E1 17/6|2N2369A 4/6|GET880 $/-/0C81Z 9/-

6 ocs2

6

UCC85  7/-|12K7GT 6/-|2N2398 30/-|GETB85 /-
UCH21 9/6/12K8GT 8/-|2N2004 10/-|GEX54 2/6/0C780 2/6

All valves and transistors brand new and boxed
Postage 6d. valve, transistors post free
OPEN DAILY TO CALLERS 9 a.m.—5.30 p.m. No early closing
C.W.O. No C,0.D. Tel. 01-T6% 0199 & 1649
SEND S.A.E. FOR FREE LIST OF 6,000 TYPES, VALVES AND TRANSISTORS
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GET THIS SPECIAL PACK NOW AND 4.
WITH THE FREE VEROBOARD  [RGIr¥
ENCGLOSED IN THE LAST ISSUE ;
'GOMPLETE THE SERIES OF

CIRCUITS IN THE OCT., NOV.

and DEC. NUMBERS OF
‘““ Practical Electronics”

Pack consists. of Spot j
Face Cutter and 5 pieces
of Veroboard cut to size. &

Available now at your usual retailer
TRADE ENQUIRIES TO

NORMAN ROSE (Electrical) 'LTD., 8 St. Chad's Place, Gray's Inn Road,
TECHNICAL ENQUIRIES TO

VERO ELECTRONICS LTD., Industrial Estate, Chandler's Ford, Hants SO5 3ZR

London, W.C.1

OCTOBER ISSUE
NOW ON SALE

FEATURES
A BAND SPREAD H.F. BANDS SUPERHET

An outstanding constructional project for
the beginner to short wave listening

By F. G. Rayer

PLUS 2 DETACHABLE
DATA SHEETS
i other constructional articles include:

@® CRYSTAL MICROPHONE MATCHING UNIT
@ INFINITE RESISTANCE VOLTMETER
@ ULTRA-SENSITIVE LIGHT OPERATED SWITCH

From your newsagent price 3/-, or 3/6 inclusive of postage, from Data Publications Ltd.
57 Maida Vale, London, W.9
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While the GaAs is in this section it has a normal
positive resistance; thus the electrons do not
accumulate to form a domain but will disperse in the
normal way. The formation and existence of the
domain can only take place between each swing into the
positive resistance region, when the GaAs is back in the
negative resistance region.

PURE NEGATIVE RESISTANCE

In the quenched domain mode observed by Carroll,
the time between swings was long enough to permit
domain formation, but short enough to quench the
domain before it reached the other end of the slice.
Now, if this time, which is determined by the frequency
of the oscillation, were even shorter, the domains which
take a finite time to form will not even have any chance
to do so. Thus the GaAs slice can operate as a pure
negative resistance’ device. This was achieved by
Kennedy and Copeland.

The frequency of oscillation which is now determined
by the resonant LC network must be high enough to
prevent domain formation. This is a good thing,
since it is the higher frequencies that we are interested in
anyway.

HIGHER POWER POSSIBLE

Because there is no transit-time limitation on the
devices, they do not have to be made very thin. They
can be fairly long so that they can handle much
greater powers than Gunn Effect devices at higher
frequencies. Copeland has recommended that they be
made long in the direction parallel to the current flow
and thin in a perpendicular direction to the flow, so that
heat can be easily removed from the sides of the devices
(Fig. 34).

This mode of operation of gallium arsenide as a
negative resistance material is known as the Limited
Space-charge Accumulation (LSA) mode, since the
electrons are prevented (limited) from accumulating to
form space-charge (bunched charges).

LSA devices are the first true negative resistance
devices which depend only on the properties of a bulk
material and not on layers or junctions. It is interesting
to note this further step in the decrease of the number of
layers necessary in a semiconductor active device,
compared to the three layers of the transistor and the
two layers of the tunnel diode. Furthermore, each
progressive step has pushed the frequency limit of
oscillation higher.

THE FUTURE OF LSA DEVICES

LSA devices hold exciting promise for the future
wider applications of microwave electronics. In the
not too distant future one can envisage the commercial
production of small portable radar sets.

Using Gunn Effect devices, prototype portable radar
sets have been constructed and demonstrated by the
Royal Radar Establishment.

The availability of tiny, simple and efficient
microwave generators and oscillators at millimetre
wavelengths brings nearer the day when the personal
portable sound and colour television transceiver for
communication with anybody else in the world is a
working reality.

At the time of writing, Copeland has obtained 20mW
output of c.w. microwaves at 88GHz with GaAs slices
operating in the LSA mode. The GaAs slices were
thin and originally intended for operation in the Gunn

ACTIVE IDEVICES

|
VALVES

e T
AMPLIFYING
: '-nivwgsg

e

J-LAYER

JUNCTION FIELD EFFECT
TRANSISTOR TRANSISTOR
DRIFT TUNNEL  AVALANCHE
TRANSISTOR 0I0|

Fig. 35

Effect mode. When proper LSA devices to Copeland’s
design have been constructed, they will undoubtedly
be able to generate much higher powers.

Even then, the powers already obtained are much
higher than those ever generated by previous semi-
conductor active devices at such high frequencies.

INTENSE RESEARCH

Research on LSA devices is now proceeding intensely
in many laboratories and gaining momentum with each
week. The writer is certain that by the time this
article appears, significant progress will have been made
in the practical construction, operation and application
of these devices.

As a matter of interest, a chart (Fig. 35) showing the
progress of the development, and the relationships of
active devices is included.

MUSICAL PHASE
In the article Musical Phase (September) the name of the
co-author M. G. Lewis B.Sc., was inadvertently omitted.
Mr. Lewis was in fact responsible for the invention of the
Prq,dlge phase generating equipment described in this
article.
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PRACTICAL!

VISUAL!

EXCiTing; \

a new 4-way method of mastering

ELECTFIDNICS
by doing — and — seeing

1 OWN and
HANDLE a
complete range of present-

day ELECTRONIC PARTS
and COMPONENTS

2 ’ BUILD
and USE
a modern and profes-

sional CATHODE RAY
OSCILI:_C_?_S_COPE

3 > READ and
L DRAW and

UNDERSTAND
CIRCUIT DIAGRAMS

Ri8
820
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@ VALVE EXPERIMENTS
@ TRANSISTOR EXPERIMENTS
@ AMPLIFIERS

® OSCILLATORS

@ SIGNAL TRACER

CARRY oUT OVER 40 EXPERIMENTS ON BASIC ELECTRONIC
CIRCUITS AND SEE HOW THEY WORK . . .

INCLUDING . ..

@® PHOTO ELECTRIC CIRCUIT @ A.C. EXPERIMENTS

@® COMPUTER CIRCUIT

@ BASIC RADIO RECEIVER
@ ELECTRONIC SWITCH
@ SIMPLE TRANSMITTER

@® D.C. EXPERIMENTS

@ SIMPLE COUNTER

@® TIME DELAY CIRCUIT

@ SERVICING PROCEDURES

This new style course will enable anyone to really understand electronics by a modern, practical and visual method—
no maths, and a minimum of theory—no previous knowledge required.
to test, service and maintain all types of Electronic equipment, Radio and TV receivers, etc.

It will also enable anyone to understand how

i

POSTNOW |
for !
BROCHURE !
1

| or write if you prefer not to cut page

To: BRITISH NATIONAL RADIO SCHOOL, READING, BERKS.
send your free Brochure, without obligation, to:

G SR R R et e b b G e

- — i G e (S e -

we do not employ representatives
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TRANSISTOR STEREO 8 - 8 MK 11

Now using Silicon Transistors in first five stages on each
channel resulting in even lower noise level with improved
sensitivity. A really first-clasa Hi-Fi Stereo Amplifier Kit.
Uses 14 transistors giving 8 watts push pull output per
channel (16W mono). Integrated pre-amp. with- Bass,
Treble and Volume controls. Suitable for use with
Ceramic or Crystal cartridges. Output stage for any
speakers from 3 to 16 ohms, Compact design, all parts
supplied including drilled metal work. Cir-Kit board,
attractive front panel, knobs, wire, solder, nuts, bolte—
no extras to buy. S8imple step by step instructions enable
any constructor to build an amplifier to be proud of.
Brief specification: Freq. response - 3dB. 20-20,000¢/s.
boost approx. to +12dB. Treble cut approx. to
=16dB. Negative feedback 18dB over main amp.
Power requirements 25V at 0-6 amp.
: AMPLIFIER KIT £10.10.0; POWER PACK
KIT 23,0.0; CABINET #£3.0.0. All Post Free.
Ci t diagram, eonstruction details and parts list (free
with kit) 1/6. (3.A.E.).

SPECIAL PURCHASE!
E.M.I. 4-SPEED PLAYER
Heavy 8%in. metal turntable.
Low flutter per e 200/

BRAND NEW 3 OHM LOUDSPEAKERS
Bin.14/-; Glin. 18/8; 8in.27/-; 7 x 4in.18/8; 10 % 6in, 27/6.
E.M.I. 8 x 5in. with high flux magnet 21/-, E.M.I. 13} x
8in, with high flux cernmic magnet 42/- (16 ohm 45/=).
EM.L 13 x 8in. with two inbullt tweeters and crossover
network, 3 or 16 ohms 4 gns, P. & P. 5in. 2/-, 6} & 8in. 2/6,
10 & 12in. 3/6 per speaker.

BRAND NEW. 12in, 15W H/D Speakers, 3 or 15 ohms,
By well-known British maker. Now with Hi Flux ceramic
ferrobar magnet assembly. £5,10,0, P. & P. 5/-. Guitar
Models: 25w, £6; 36w. £8.

E.M.I. 3jin, HEAVY DUTY TWEETERS. Powerful cera-
mic magnet. Avallable in 3 or 8 ohms 15/~ each; 15 ohms
18/8 each. P. & P. 2/6.
12in, “RA” CONE LOUDSPEAKER, 10 watts peak
handling. 8 or 15 ohm, 88/-. P. & P. 3/6.

85 OHM SPEAKERS
B}in. 12/8; 7 x 4in. 21/-, P. & P. 2/- per speaker.

VYNAIR AND REXINE SPEAKERS AND CABINET
FABRICS app. 54in, wide, Usually 35 ., our price 18/8
¥d. length. P, & P. 2/6 (min. 1 yd.). .E. for samples,

LATEST COLLARO MAGNAVOX 863 STEREO TAPE
DECK. Three speeds 4 track, takes up to 7in. spools.
Send 8.A.E. for latest prices.
B.S.R. TDZ, 4-TRACK STEREOQ TAPE DECK, Send 8.A.E,
for latest price.
QUALITY PORTABLE TAPE RECORDER CASE.
Brand new. Beautifully made. Only 49/6, P. & P. 8/6.
Dual Purpose Bulk Tape Eraser and Tape Head Demagnet-
iser 85/, P. & P. 3/-.
ACOS CRYSTAL MIKES. High imp. for desk or hand use.
High sensitivity, 18/6. P. & P. 1/6.
ACOS HIGH IMPEDANCE CRYSTAL STICK
Listed at 42/-. OUR PRICE 21/-, P. & P. 1/6.
FFER

SPECIAL O ! MOVIRG COIL STICK MIKE. Fitted

250 V shaded motor (90 V
tap). Complete with latest
type lightweight pick-up arm
and mono cartridge with tfo
stylii for LP{78. LIMITED
NUMBER ONLY 83/-. P. &
P. 6/6.

4-SPEED RECORD PLAYER BARGAINS
Mains models. All brand new in maker’s packing.

E.MI1. MODEL 989 Single Player with unit

mounted pick-up arm and mono cartridge...... £5.5.0

B.S.R. UA25 with Iatest mono compatible cart... £6.16.6
All plus Carriage and Packing 6/8.

LATEST GARRARD MODELS. All types available 1000

s .8000. AT80 efe. Send S.A.E. for latest Bargain

LATEST B.S.R. X1H MONOQ COMPATIBLE CARTRIDGE
With turnover sapphire siyli suitable for playing 78, EP,
{;P &mlg Bﬂl"em records with mono equipment. ONLY 22/8.

SONOTONE STAHC compatible Stereo Cartridge with
diamond stylus 50/-. P. & P. 2/-.

MONO T/0 CARTRIDGE. Complete with LP & 78
sapphire styli. Brand new 12/6, P. & P. 2/-.

gfnw ONLY! ACOS GP88/1. For EP and LP 10/-, P. & P.

QUALITY RECORD PLAYER AMPLIFIER

A top-quality record player amplifier employing heavy
duty double wound mains transformer, ECC83, ELS4,
EZ80 valves. Separate Bass, Treble and Volume controls.
Complete _v!th output transformer matched for 3 ohm
speaker. Size 7in. w. x 3d. ¥ 6 h. Ready bullt and tested.
PRICE 75/-. P. & P. 6/-.

ALSO AVAILABLE mounted on board with output
transformer and speaker ready to fit into cabinet below.
PRICE 97/8. P. & P. 7/6.

DE LUXE QUALITY PORTABLE R/P CABINET
Uncut motor board size 14} x 12in., clearance 2in. below,
54in. above. Will take above amplifier and any B.S.R. or
GARRARD nautochanger or Single Player Unit (except
;‘I‘Bﬂragf‘ls 8SP25). 8ize 18x15x8in. PRICE £3.9.8.

. & P, 5

HARVERSON’S SUPER MONO
AMPLIFIER

A super quality gram amplifier using a double wound
mains transformer, EZ80 rectifier and ECLS2 triode
pentode valve as audio amplifier and power output stage.
Impedance 3 ohms. Output approx. 3-6 watts. Volume
2nd fone controls. Chassis size only 7in. wide x 3in. deep x

on/off switch for remote control, High quality. High or
low i d (State imp. required). BARGAIN PRICE
30/-, P. & P. 2/8.

NEW B8T0C. TYPE 25 MINIATURE RELAYS—
12 volt. 4 s/p, c/o contacts, 1 amp ratmng. Coil
resistance 185 ohms. Size approx. }3 133 1}in. high.
10/- each. P. & P. 1/8.

Also some similar to above but coil resistance 5,800
ohms 48 volt operation. 8/- each. P. & P. 1/6.

SPECIAL OFFER! PLESSEY TYPE 20 TWIN TUNING
GANG. 400pF + 146pF. Fitted with trimmers and
5:1 integral slow motion. Suitable for nominal 470 ke/s
LF. Size approx. 2x1x1iin. Only 8/8. P. & P. 2/6.

. For transistor power supplies.
Pri. 200/240V. Bec. 9-0-9 at 500mA. 11/-, P. & P. 2/6.
Pri. 200/240V. Sec. 12-0-12 at 1 amp. 14/6, P. & P. 2/6.
;rAl;l?émjﬁw\'. Sec. 10-0-10 at 2 amp. 27/8. P. & P. 3/6.

HED PAIR OF 2! WATT
AND OUTPUT TRANSFO! . Stack size 1}x1§x
fin. Output trans. tapped for 3 ohm and 15 ohm output.
10/- pair plus 2/- P. & P.

PARMEEO 7-10 watt OUTPUT TRANSFORMERS to
match pair of ECL82's in push-pull. See. tapped 375,
7-6 and 15 ohm. Stack size 2} x 1 x 2in. approx. ONLY
12/-.P. & P. §/-.

7-10 watt OUTPUT TRANSFORMERS to match pair of
ECLS6's ié' push-pull to 3 ohm output. ONLY 11/-,
P. & P. 2/6.

BRAND NEW MAINS TRANSFORMERS for Bridge
Rectifler. Pri. 240V AC. Sec. 240V at 60mA and 6-3V at
1-5 amp. Stack size 2]x]x2%in. 10/8. P. & P. 3/6.
(Special gquotations for quantities).

NEON A.C. MAINS INDICATOR. For panel mounting, cut
out size 1} x § % Jin. deep inc. terminal. White case with
lens giviog brighter light. For mains 200/250V. 2/8 each.
P. & P. 8d. (6 or more post free),

HIGH GRADE COPPER LAMINATE BOARDS
8x 6% in. FIVE for 10/-. P. & P. 2/-.

BRAND NEW TRANSISTOR BARGAINS. GET 15
(Matched Pair) 15/-; V15/10p, 10/-; OC71 §/-; 0C76 8/-;
AF117 7/6.

Bet of Mullard 8 transistors 0C44, 2—0C45, AC128D,
matched pair AC128 25/-; Mullard LFH3 Audio Trans-
istor Pack AC128D and matched pair ACI128 12/6;
ORPI12 Cadmium Sulphide Cell 10/8. All post free,

3-VALVE AUDIO
AMPLIFIER MODEL HA34
Designed for Hi-Fi reprodue-
tion of records. A.C. Mains
operation. Ready built on
plated heavy gauge metal
chassis, gize 7!in w. x 4in. d.

6in. high overall. AC mains 200/240V. Supplied ab
Brand New completely wired and tested with valves and
aﬁ#mhty output transformer. LIMITED NUMBER

AT 49/6 rn

41in. h. Incorporates ECC83,
EL84, EZ80 valves. Heavy
duty, double wound mains
transformer and output trans-
former matched for 3 ohm
speaker, separate Bass, Treble and volume controls. Nega-
tive feedback line. Output 4} watts, Front panel can be
1

8 WATT AMPLIFIER. Push Pull using ECC83, EZ80 and
two EL84 valves. Buitable for uee with tuner or gram,
Beparate bass, treble and volume controls. Absolutely
complete with attractive facia panel. Size 12 x 3}  bin.

high. Brand new and tested £7.17.8. P. & P. 8/6.

tached and leads extended for remaote mounting of
controls. Complete with knoba, valves, ete., wired and
tested for only £4,5,0. P. & P. 6/~
HBL “FOUR" A KIT. Similar in appearance to
HAS34 above but employs entirely different and advanced

clrculerz. Comzlete set of parts, ete. WG.P. & P, 8-

Open all day Saturday
Early closing Wed. 1 p.m.
A few minules from South Wimbledon
Tube Station

SPECIAL OFFER!

A great oppor-
tunity

for a variety
of purposes, i.e. Intercom,
Baby Alarm, Booster unit for
transistor radios etc., aleo ideal for classroom
unit ete. Works perfectly with our special offer High
Impedance Dynamic Microphone (80/=). Output 1000mW.
Uses standard 9 volt battery. Smart two tone carrying
case size 12 x 4 x Oin, fitted standard ln)ﬂlt jack socket,
volume controls, 7x 4in. speaker. Completely bullt and
tested, brand new with full maker's guarantee.

Only 79/6 =&~

STEREO AMPLIFIER

Incorporating 2 ECL86's and 1 EZ80, heavy duty, double
wound mains transformer. Output 4 watts per channel.
Full tone and volume s, Absolutely let
ONLY

£5.9.6

P. & P.8/-.
Super De-
luxe ver-
sion with
ECLS86
valves,

trols. Full feedback.
8gns. P. & P, 8-

Type TA1

@ Peak out-
put in excess
of 11 watts.
@ All stan-
dard British
components.
@® Built on
printed eircuit panel size 6 « Sin.
@ Generous size Driver and Output Transformers.
@ Output transformer tapped for 3 ohm and 15 ohm
speakers., @ Transistors (GET114 or 81 Mullard OC31D
and matched pair of OC81 o/p). @ 9 volt operstion.
@ Everything supplied, wire, battery clips, solder, ete.
@ Comprehensive easy to follow instructions and circuit
diagram 2/8 (Free with Kit). All parts sold separately.
SPECIAL PRICE 45/-. P. & P. 3/-. Also ready built and
tested, 52/8. P. & P. 3/-.

FM/AM TUNER HEAD
Beautifully designed and pre-
ciston engineered by Dormer &
Wadsworth Ltd. Supplied
ready fitted with twin -0005
tuning condenser for AM con-
nection. Prealigned FM sec-
tion covers 86-102Mc/s. LF.
output 10-7Mc/a. Complete
with ECC85 (6L12) valve and
full circuit diagram of tuner head. Another special bulk
purchase enables us to offer these at 27/8 each. P. & P. 3/-,
GORLER F.M. , 88-100 Mc/s. 10-7 Mc/s.
I.F. 15/~ plus 2/8 P. & P. (RCC85 valves, 8/8 extra).

10/14 WATT HI-FI =
’:nwm o /_5_21
=]

A stylishly finished
monaural amplifier
with an output of
14 watts from 2
ELS84a in push-pull.
Buper reproduction
of both music and
speech, with negli-
gible hum, Separate
inputs for mike and
gram allow records
and announcements f
to follow each other. ]

Fully shrouded section wound output transformer to
match 3-160) speaker and 2 independent volume controls,
and separate basa and treble controls are provided giving
good 1ift and cut. Valve line-up 2 EL84s, ECC83, EF86 and
EZ80 rectifier. Simple instruction booklet /8 (Free with
parts). All parts sold separately. ONLY £7.8.6, P, & P, 8/6.
Also available rendy built and tested complete with std.

ing\lt sockets, £8.5.0. P. & P. 8/6.

HARVERSON SURPLUS CO. LTD.
170 HIGH ST., MERTON, S.W.19

SEND STAMPED ADDRESSED ENVELOPE WITH ALL ENQUIRIES

(Please write clearly)

PLEASE NOTE:P, & P,
Tel. 01-540 3985 QUOTED AFPLY TO U.E. ONLY.
P& P.‘O." 0 ORDE!
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THE DORSET (600mW Output)

7-trapsistor fully tunable M.W.-L.W,. saperhet portable—
with baby alarm facility. Set of parts. The latest modulised
and pre-alignment technigues makes this simple to build,
Bizes: 127 x 8% x 8%

MAINS POWER PACK KIT: 9/8 extra.

Price £5.5.0 pius 7/6 p. & p. Circuit 2/6 FREE WITH PARTS.

THE ELEGANT SEVEN MK. Il (350mW output)

7-transistor fully tunable M.W.-L.W. portable.  Set
of parts, Complete with all components, including
etched and drilled prlnbed cireuit board—back
nrinwd for foolprool constructio
MAINS POWER PACK KIT: B,B extra.

Price £4.9.6 plus7/6p &1,
Circnit 2/6 FREE WITH PARTS.

50 WATT AMPLIFIER A.C. MAINS 200-250V
An extremely reliable general purpose valve amplifier
—with six electronically mixed inputs. Suitable for
use with: miecs, guilars, gram, tuner, organs, cto.
Separate bass and treble controls.

Price 27 gns. plus 20/- p. & ».

Xi0l 10W SOLID-STATE HI-FI AMP WITH INTEGRAL
PRE-AMP

Specifications: RS Power Owiput (into 3 ohms speaker):
10 watts continuous (sine wave), 13 wails music power.
Sensitivity (for rated output): ImV into 3K ohms (0-33 micro-
amp) Total Distortion (@ 1Khz): at 5 watts 0-35%, at rated
output 1:-5%. Froquency Response: Minus 3dB points
90Hz and 40Khz, Speaker: 3-4 ohms (3-15 6hms may be UFf
used). Supply voltage: 24V d.c. @ 800mA (6-24V may be

Conirol 3 i
1. Volume: PRICE §/-.

2. Treble: PRICE §/-.

8. Comprehensive bass and treble; PRICE 10/-.

The above 3 items can be purchased for use with the X101.
Power Supplies lor the X101:

P101 M (for mono) 85/ plus 4/8 p. & p. P10 5 (for stereo) 42/8 plus 46 p. & p.

and capacitors.

Price 49/6

plus 2/6 p. & p.

'I‘HE CLASSIC
ls: Selector switch. Tape speed
eqmllnunn switch (32 and ?} ip.s).
Treble. Bass. 2 position
ﬂ.(!:r‘:tch “filter and 2 position rumble
.

Specification: Sensitivities for 10 watt output
at 1KHz. Tape head: 3mV {at. 3] ips).
Mag. P,U.: 2mV. Cer. P.U.: 80mV. Radio: 100mV.
Auzx.: 100mV. Tape/Rec. outpul: 100mV. Equalization for each input

is correct to within & 2dB (R.I.A.A.) from 20Hz to 20KHz. Tone

control range: Bass - 18&13&&80312 Treble - 14dB at 15KHz. Tolal distorlion: (for
10 watt output) <1:5%. Signal noise: <<—60dB. A.C. mains 200-250v.

Size12}" long, 4 deep, 21~ high. Teak fAinished case. Price 8 NS, p. & p. free.

The RELIANT 10W SOLID-STATE HIGH QUALITY AMPLIFIER
Specifical ﬁam. Ouiput: 10 watts R.M.8. Bine-wave; 13 watts R.M.8. Music-power.
Outpul impedance: 8 to 4 ohms. Inputs: 1. Xtal mie 10mV; 2. Gram/radio 250mV.
Tone controls: Treble control range - 12dB at 10KHz: Bass control range +13dB
at 100Hz. Frequency response (with tone controls centml) Minus 3dB points are
20Hz and 40KHz. Signal lo noise ratio: better than —60dB. ZT'ransistors: 4 silicon
Planar type and 3 Germaniwm type. Mains input: 220-250V ne. Size of chassis:
10" x 8§" » 2°. A.C. Mains, 200-250V. For use with 8td. or L.P. records, musical
instruaments, all makes of pick-ups and mikes. Saparate base and treble lift control
Two inputs wlth control for gram. and mike. Built and tested. 8° 4 5" speaker to
suit: Price 14/6 plus 1/6 p. & p. Crystal mike to suit: 12/6 plus 1/6 p. & p.
PRICE £5.5.0 plus 5/~ p. & p.

RECORD PLAYER SNIP
The “‘Princess’’ 4 speed automatic record changer and
player engineered with the utmost precision for beauty,
longlife and trouble free service. Will take up to senrecords
which may be mixed 7in to 10in or 12in. Patent stylus
brush cleans stylus after each playing and at shut off, the
pick-up locks itself into its recess, o most useful feature with
portuhla equlpment—ot!:er features include pick-up height
i

nd stylus p adjustment. This truly isa
fine instrument which you can purchase this month at Price
only £5.19.8 complete with cartridge and ready to play.
Post and insurance 7/6 extra. A.C. Mains 240v. £5.19.6

CYLDON U.H.F. THREE-IN-ONE HI-FI 10 WATT SPEAKER

TUNER A complete Loud Speaker system on one tr.une,
combining three maiched ceramic magnet

Complete with PCBS and speakers with a low loss cross-over metwork.
PCB6  Valves. Full Peak handling power 10 watts. TImpedance 15

ohms. Flux density 11,000 gauss. Resonance
40-60¢/s. l-requem:y range 060c¢/s to 20kc/s.
Bize 131° » 84" x 41". By famous manu-
facturer. List price £7. Our price 88/8 plus
5/~ p. & p. Similar speaker to the above
without tweeters in 3 and 15 ohms 30/8 plus
5/-p.&p

variable tuning. New
and unused. Size 417 >
8)° x 14" Complete
with circuit diagram.
35/- plus 3/6 p. & p.

@oods not despatched outside UK., Terms C.W.0.  All enquiries 8.A.E.

RADIO & TV COMPONENTS (ACTON) LTD.

21d High Street - Acton - London W.3
323 Edgware Road - London W.2

Orders by post to our Acton address please

ORGAN BU[LDERS' SILICON N.P.N. TRANSISTORS, ALL

INDIVIDUALLY TESTED IN PUBLISHED DIVIDER CIRCUIT!

GOLD-PLATED LEADS FOR EASY SOLDERING! Unbeatable
value at 1/6 each or £5/-/- per 100.

TRANSISTORISED FLUORESCENT LIGHT. 8 WATT Ilin
EUBE; C}mem drain only 700mA ! Complete and tested £2/19/6 only!
r in kit form:

ot 3 e in 7/6
Tramustm‘ s e L% .. 10/-
Lamp holders— e .. pair  4/-
Condensers, etc. Sy -
Tm&sforme.r (on pnnted cm:u:n o 136
Tube v - B

TRANSISTORS
all at 2/-

0C200, OC203, OC204, /- each.

ASY22, IN753, BSY28 BSY6S, 2(}344.!\ 2G345A, 2G345B, 2G3T71A,
ZG3TBA all at 1/6 each

Transistors similar to 0C4-4 OC71 and OC72, all 1/- each.
Unmarked, untested transistors, 7/6 for 50.

LIGHT SENSITIVE TRANSISTORS (similar OCP 71), 2/- each.
30 watt transistors (ASZ17), 10/- each

DIODES. Very low leakage. Make excellent detectors, also suitable
for keying electronic organs, 1/- each, 20 for 10/-.

RECTIFIERS
BY100, 800 p.i.v., 2/6 each, 24/- per doz., £7/10/- per 100, £50 per 1,000.
BYZI13, 6-amp, 400 p.i.v., available on same terms.

MULLARD POLYESTER CAPACITORS
FAR BE‘LOW COST PRICE!

0:001xF 400 volts id 0:02uF 200 volts 3d
0-0015uF 400 volts i 13d 0 15uF 160 volts 6d
0-0018u:F 400 volts oe od 0-22uF 160 volts .. .. 6d
0:0022uF 400 volts .o O 0-27u1F 160 volts .. .. 6d
0:01uF 400 volts el S 1uF 125 volts .. S

VERY SPECIAL VALUE! Small Silver-mica, Ceramic, Polystyrene
Condensers. Well assorted. Mixed types and values. 10/- per 1
?APER CONDENSERS, MIXED BAGS, 00001 to 0-5u«F. I2I6
per 1

RESISTORS! Give-away offer! Mixed types and values i- to 4 watt,

6/6 per 100, 55/- per 1,000. Individual resistors 3d eac Also & to

3 watt close tolerance. Mixed values. 7/6 100, 55/ 1,

}‘EG'IPE-IWW UND RESISTORS. 1 watt to 10 watts. Mnxed bags only.
or 10/-.

RECORD PLAYER CARTRIDGES
ACO!

S
GP 67/2 Mono. 15/- complete with needles.
GP  91/3 Stereo Compatible SIH- ’
GP  93/1 Stereo Ceramic £1/5/- "
GP  94/1 Stereo Ceramic £1/5/-

Small pick-up arms complete with cartridge and needle, 10/- only.

TRANSISTORISED SIGNAL INJECTOR KIT R.F, Il'li'-‘IA F.
-o y
TRANSISTORISED SIGNAL TRACER KIT 10/- only

VEROBOARD

23;11 ¥ lin 0-15in matrix 1/1 17in » 2%in 0-15in matrix 11/-

3iin % 2%in 0-15in matrix 3/3 17in % 3%in 0-15in matrix 14/8

33in % 32in 0-15in matrix 3/11 33in » 2 0-lin matrix 3 9
X % in 0-lin matrix 3/11
* 24in

5in X 24in 0-15in matrix 3/11 33in
0-1in matrix 3/1

5in x 3zin 0'15in matrix 5/6 Sm
« 33in O-lin_matrix 5/6
Spot Face Cutter 7/6. Pin Insert Tool 9[6 Termma.l Pins 3/6—36.

MULTIMETERS. 20,000 ohms per volt.
Ranges: sc 1,000V, SOOV IOOV, 50V, 10V.

250mA, 2-5mA., 50,

d.c. 2,500V, 500V, 250V SDV 25V, SV.

Resistance: Glﬁokﬂ and 0/6M MQ.
Special price £4/-/- only.

ELECTROLYTIC CONDENSERS

0-25uF 3 volt | 4uF 4volt | 25uF 12 volt | 100uF 16 volt
1uF 6volt  4uF 12volt | 25uF 25 volt | 1254F 25 volt
1uF 20 volt  4uF  25wvolt | 30uF  6volt | 320uF 4 volt
1'254F 16volt | 6uF  Gvolt | 304F 10 volt | 320uF 10 volt
2uF 3volt  8uF 3 volt | 50uF 6 volt | 400uF 64 volt
2uF 350 volt = 8uF 12 volt | 64uF 2-5 volt

2:5uF 16 volt 10uF 6volt | 64uF  “9volt | All at 1/ each.
3u 25volt | 10uF 25 volt lOO;AF 9 volt

32uF 64 volt | 25uF 6 volt | 100uF 16 volt | 20 assorted

| (our selection)

I =8

Orders by post to
G. Fs]l_\‘{g,F\g'ARD DRAYTON BASSETT, NEAR TAMWORTH,

Please include suitable amount to cover post and packing. Minimum
2/-. Stamped addressed envelope must accompany any enquiries.
For customers in Birmingham area goods may be obtained from
Rock Exchanges, 231 Alum Rock Road, Birmingham 8.
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BIrPRE-PAK

TRANSISTORS PRICE

PACKS OF YOUR OWN CHOICE UPTO
THE VALUE OF 10/- WITH ORDERS
OVER £4

LIMITED

EXCITING NEW PAKS

FORAMATEURS, PROFESSIONALS, FACTORIES,
ORGAN BUILDERS, AND THOSE PEOPLE THAT
JUST USE LARGE QUANTITIES OF TRAN-
SISTORS.

XA PAK

Germanium PNP type transistors, equivalents to
a large part of the OC range, i.e. 44, 45,71, 72,

81, etc.
PRICE £5 PER 1000

XB PAK
Silicon TO-18 CAN type transistors NPN/PNP
mixed lots, with equivalents to OC200-1, 2N706a,
BSY27/29, BSY95A.

PRICE £5.5.0 PER 500

PRICE no PER 1000

XC PAK

Silicon diodes miniature glass types, finished black
with polarity marked, equivalents to OA200,
OA202, BAY31-39 and DKI0, etc,

PRICE £5 PER 1000

ALL THE ABOVE UNTESTED PACKS HAVE
AN AVERAGE OF 75% OR MORE GOOD SEMI-
CONDUCTORS, FREE PACKS SUSPENDED
WITH THESE ORDERS. ORDERS MUST NOT
BE LESS THAN THE MINIMUM AMOUNTS
QUOTED PER PACK.

P/P 2/6 PER PACK (U.K.)

TRANSISTORS ONLY 1/- EACH

SILICON e PLANAR
All these types available
2N929 2N706 25131
25501 2N706A 25512
2N2411 2N3011 25102

25103
25104

2N696
2N697
2N2220 2NI507 2N1893

L] N.P.N. ® P.NP

2N1613
2NI711

25733  BFYIO
2N726 25731
2N2484 25732

All tested and guaranteed transistors—unmarked.
Manufacturers over runs for the new PRE-PAK range.

8-

No(\'-l‘
muodl‘m"?‘ e, Norkit
"Norkit Juni o

re®
F uspeﬂd"-d with

al
c in Orders:

NEW UNMARKED UNTESTED PAKS

BSY95A
NPN Silicon

TRANSISTORS 10/-

1000 PIV 1 amp.
Min. Silicon

DIODES 10/-

BSY26-27
NPN Silicon

TRANSISTORS 10/-

10 Watt Silicon
All Voltages

ZENERS 10/-

BFY50-1-2
NPN Silicon

TRANSISTORS 10/-

4 amp. Stud.
Silicon

RECTIFIERS 10/-
9 TRANSISTORS 10/-

1N914-5 OA200/202 DIODES 10/-

Sub. Min. Silicon
DIODES 10/-

High Quality

Min, Germ,
2N706 A TRANSISTORS 10/-

NPN Silicon

PRE-PAK. N.605 POWE

R
TRANSISTOR EQUIVALENT 5/- h
TO NKT301-4 eac

TANTALUM CAPACITORS 4/- each

PRE-PAKS

Selection from our lists
Ne. Price
Bl 50 Unmarked Trans. Untested - 10/-
B2 4 Solar Cells Inc. Book of Instructions 10/~
B6 |17 Red Spot AF Transistors 10/-
B6A 17 White Spot RF Transistors 10/-
B9 I ORP 12 Light Sensitive Cell 9/-
B53 Sil. Trans. 400 Mc/s Brand New 10/-
B54 L2 w NPNToeS |Trans Voltage - 10/-
BS5 " «w NPNTol8 |& Gain Fallouts 10/-
B5& " w  NPN/PNP JAll Tested - 10/-
B6B 10 Top Hat Recs. 750 M/A 100-800 PIV 10/«
B69 20 Diodes. Gld-Bnd. Germ Sil. Planer 10/-
B74 5 Gld-Bnd. Diodes, 2-OA9, 3-CAS 1)~
B75 3 Comp. Set.2G371, 2G381, 2G339A 10/-
€2 | Unijunction Transistor 2N2160 15/-
C26 3 TEXAS Power Transistors 25012A 15/-
C32 6 Top Hact Recs, I1S100 Type I5/-
Al 7 Silicon Rectifiers BY 100 Type - 20/-
A3 25 Mixed Marked and Tested Transistors - 20/-

A2l 5 Power Transistors [ADI49/10C26
and 3 others - 20/-

AND MANY MORE

BRAND NEW PAK « JUST RELEASED

REPLACES OUR VERY POPULAR B.39 PAK.
BRAND NEW SHORT LEAD COMPONENTS
ALL FACTORY MARKED AND MOUNTED
ON PRINTED CIRCUIT PANELS.
80 TRANSISTORS & DIODES ,,,
50 HIGH TOLERANCE

RESISTORS -
20 VARIOUS CAPACITORS FOR

PLEASE STATE WHEN ORDERING PAK P.l
2/- P. & P. WITH THIS PAK.

Make a Rev. Counter for your Car. The
‘TACHO BLOCK'. This encapsulated block
will turn any 0-1mA meter into a perfectly

linear and accurate rev. 20/

counter for any car. -

State 4 or 6 cylinder. ea':h
FREE CATALOGUE AND LISTS

for: —

ZENER DIODES
TRANSISTORS, RECTIFIERS
FULL PRE-PAK LISTS
& SUBSTITUTION CHART

MINIMUM ORDER 10/- CASH WITH
ORDER PLEASE. Add 1/- post and packing
per order. OVERSEAS ADD EXTRA FOR
AIRMAIL.

THERE IS ONLY ONE

BlI-PRE-PAK LTD
BEWARE OF IMITATIONS

FREE! A WRITTEN GUARANTEE WITH ALL OUR SEMICONDUCTORS
BI-PRE-PAK LT 0 58 e o o
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Practicul Electronics Classified Advertisemenis

. The pre-paid rate for classified advertisements is 1/3 per word (minimum order 15/-), box number

1/6 extra.

Semi-displayed setting £4 . 2. 6 per single column inch. All cheques, postal orders,

etc., to be made payable to PRACTICAL ELECTRONICS and crossed * Lloyds Bank Ltd.”

Treasury notes should always be sent registered post.

Advertisements, together with remittance,

should be sent to the Classified Advertisement Manager, PRACTICAL ELECTRONICS,

George Newnes Ltd.,

15/17 Long Acre, London, WC2, for insertion in the next available issue.

MISCELLANEOUS

BUILD IT in a DEWBOX quality eabinet
2in x 2}in x any length. DEW LTD.,
Ringwood Road, Ferndown, Dorset. S.A.E.
for leaflet. Write now—right now.

BIG BARGAIN PARCEL

Containing transistors, diodes, capacitors,
fuses, connecting wire, sleeving, valve
holders, tag strips, potentiometers, etc.

POST
|0[- PAID

S.A.E. for
latest lists

SALOP ELECTRONICS
9a Greyfriars Road, Coleham
Shrewsbury, Shropshire

MISCELLANEOUS (continued)

EDUCATIONAL (continued)

CALL OR SEND for list from the most interest-
ing shop in Lancashire. Klectrical Mech-
anical and Electronic Goods. ROGERS, 31
Nelson Street, Southport.

TAPE RECORDERS, TAPES, ETC.

TAPES TO DISC—using finest professional
equipment—45 r.p.m; 18/-. 8.A.E. leaflet.
DEROY, High Bank, Hawk S8treet, Carnforth,
Lancs.

EDUCATIONAL

ARTIFICIAL LIFE

Well almost, because the NEW range of
projects include: an electronic, ‘animal’
which LEARNS, and a device capable of
REFRODUCING itself! Other projects
SURE TO INTRIGUE YOU are an audio
transmltter,frecelver which has quite an
amazing range and requires NO LICENCE;
also a machine which recognizes itself, and
an electronic dog whistle, etc., etc. HOSTS
OF EASY-TO-CONSTRUCT projects.
SEND 2/6 for your list—mNOW!

To: *BOFFIN PROJECTS’
incorporating
BIONIC DESIGNS
4 CUNLIFFE RD.
STONELEIGH, EWELL, SURREY

\\\\

EFFECTS

‘l'll YOUR LISTENING...

“NEW DIMENSIONS" gives fabulous Big
Hall 3-dimension effect to all inusic. PLUS

Battery 9v.
model for radio, tape or player,

Speaker 25/- extra. 8 gns.
CAR YERSION for 6v. or 12v. + or — earth,
10 .III includinz rear speaker. 5/- post aod ins,
either mod

Hend B.A E !m' inll details direct from manuiacturers—
NO

adjustable echo, vibrato and tone.

D.E.W,. LTD.
P.E., 254 Ringwood Road, Ferndown, Dorset

GET INTO ELECTRONICS — big opportunities
for trained men. Learn the practical way with
low-cost Postal Training, complete with equip-
ment, AMLE.R.E., R.T.E.B,, City & Guilds,
Radio, T/V, Telecoms., etc. ¥or FREE 100-
page book, write Dept 856K, CHAMBERS
GOLLEG.I... 148 Holborn, London E.C1.

S8TUDY RADIO, TELEVISION AND ELEC-
TRONICS with the world’s largest home study
organisation. City & Guilds; R.T.E.B.,
etc. Also practical courses with eqmpment.
No books to buy. Write for FREE
Prospectus to ICS (Dept. 577), Intertext
House, London, SW11.

ENGINEERS. A technical certificate or
qualification will bring you security and much
better pay. Elem. and adv. private postal
courses for C.Eng., AMI.E.R.E.,, AMS.E.
(Mech, & Elec.), City & Guilds, AMIMI.,

A.I.O.B. and G.C.E. exams. Diploma ourses
in all branches.of Engineering—Mech., Elee.,
Auto, Electronics, Radio, Cnmputers,
Draughts., Building, ‘ete. For full details write
for FREE 132 page guide. BRITISH
INSTITUTE OF ENGINEERING TECH-
NOLOGY (Dept. 125K), Aldermaston Court,
Aldermaston, Berks. 2

CITY AND COUNTY OF BRISTOL
BRISTOL TECHNICAL COLLEGE

Principal :

E. Poole, B.Sc.(Eng.), C.Eng., M.l.Mech.E., M.l.Prod.E.

CAREERS IN RADIO AND RADAR

Marine Radio Officers

2 year full-time course leading to the
Second and First Class P.M.G. Certifi-
cates and the B.O.T Radar Maintenance
Certificate.

Conversion Course (Second Class to
First Class).

R.T. Licences (Full or Restricted)

Courses for Qualified Marine Radio
Officers
Single Sideband Techniques (2 weeks)

Marine Electronics Course (Phase |—
duration 3 months)

Advanced Marine Electronics Course
(Phase | |—duration 3 months)

Licensed Aircraft Radio Engineers

2 year full-time course covering the
Aircraft Radio Engineers Licences
categories A and B, issued by the
Board of Trade (Civil Aviation) followed
by a six-months' course for Radar
Rating (A and B) in association with
the above.

Training given on the latest types of Marine and Aircraft
equipment in modern, approved laboratories at

THE SCHOOL OF RADIO AND RADAR

Senior Lecturer-in-Charge: F. E. Barltrop
For further information apply to:—

The Registrar, BRISTOL TECHNICAL COLLEGE
ASHLEY DOWN, BRISTOL 7
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BOOKS AND PUBLICATIONS

SURPLUS HANDBOOKS

19 set Circuit and Notes ..... . 6/6 P,P. 6d
1155 set Circuic and Notes ..., /6 P.P. 6d
H.R.O. Technical Instructions .. 5/6 P.P. 6d
38 set Technical Instructions.... 5/6 P.P. éd
46 set Working Instructions.... 5/é

88 set Technical Instructions. ...
BC. 221 Circuit and Notes ...... L]
Wavemeter Class D Tech. Instr  5/6
18 set Circuit and Notes ...... 5/6
BC.1000 (31 set) Circuit & Notes 5[6

'U'H'“:U'U'U'ﬂ
Do
22T

CR.100/B.28 Circuit and Notes 10/- .

R.107 Circuit and Notes........ 7/~ P.P. &d
A.R.88D. Instruction Manu 18/- P.P, 6d
#2 set Circuit and Notes ...... 6/6 P.P 6d

52 set Sender & Receiver Circuits 7/6. post free
Circuit Diagrams 5/- each post free.
R.1116/A, R. I224,‘A R.1355, R.F. 24, 25, & 26,
A.1134, T.1154, CR,300, BC.342. BC.312.
BC.348.0.E.M.P, BC.624. 22 set.

Resistor Colour Code Indicator... 2/6 P.P. 6d
S.A.E. with all enquiries please.

Postage rates apply to U.K. only.

Mail order only to:
Instructional Handbook Supplies
Dept. P.E,, Talbot Il:loudsa,BIB Talbot Gardens

eeds

FOR SALE

ILLUSTRATED CATALOGUE No. 17 Manu-
facturers’ Surplus and New Electronic Com-
ponents including Semiconductors. 3/-
free. ARTHUR SALLIS LTD 28 Gardnel
Street, Brighton.

HAMMERED ENAMEL ¢
' MAKES FANTASTIC W

DIFFERENCE TO PANELS*®

say hundreds of enthusiastic use'

*Crackle’ pnlema arslikemaa
on woodand

ver; Green; Black,

Send for Free l;sl.. or BI- (- 1/9 post) for trial

é:l_l. TIN, colour samples and instructions.
d NOW.

FINNIGANSSPECIALITY PAINTS Dept. P.E.
STOCKSFIELD. Tel. 2280 Northumberland.

BRASS, STEEL, LIGHT ALLOY, STAINLESS

STEEL TUBE. Bar Material, Tools, Mechan-

ical, Electrical, plus Assorted Lots. Send

8.A E. for latest Cat. of 1,000 items. XK. R.

WHISTON, Dept. BPE, New Mills, Stockport.
MADE

MORSE &y !!

FACT NOT FICTION. If you start RIGHT
you will be reading amateur and commercial Morse
within a month (normal progress to be expected).

Using scientifically prepared $-speed records you
aotomatically learn to recognise the code RHYTHM
without translating. You can't help it, it's as easy as
learning a tune. 18 W.P.M. in 4 weeks guaranteed.

For details and course C.0.D. ring 8.T.D. 01-880 2808
or send 8d. stamp for explanatory booklet to:

G3CHS/H, 45 GREEN LANE, PURLEY, SURREY

WANTED

VALVES WANTED, brand new popular
types boxed. DURHAM SUPPLIES (E),
867F, Kensington Street, Bradford 8, Yorkshire.

WANTED. Retail outlets for New/Surplus
Radio—Electronic Spares. Excellent profits.
Details from Box 13,

SURPLUS RELAYS. Post Office 3000 type-
Any condition. Send particulars to D. SMITH,
339 Bath Road, Kettering, Northants, or ring
053-6 2681 evenings.

SERVICE SHEETS

RADIO TELEVISION, over 8,000 Models,
JOHN LBERT TELEVISION, 1b Shep-
herds Bush Rd., London, W.6. SHE 8441.

SERVICE SHEETS
(continued)

SERVICE SHEETS. RADIO, TELEVISION,
TAPE RECORDERS, 1025-1068, by return
post, from 1/= with free fault-finding guide,
Catalogue 6,000 models, 2/6. Please send
stamped addressed envelope with all orders/
enquiries. HAMILTON RADIO, 54e London
Road, Bexhill, Sussex.

SITUATIONS VACANT

AMIER.E, AMSE. (Elec.), City &
Guilds, G.C.E., ete., on *“Satisfaction or Refund
of Fee' terms. Wide range of Home Study
Courses in Electronics, Computers, Radio,
T.V., etc. 132-page Guide—FREE. Please
state subject of interest. BRITISH
INSTITUTE OF ENGINEERING TECH-
NOLOGY (Dept. 124K), Aldermaston Court,
Aldermaston, Berks.

CAREER EMPLOYMENT OPPORTUNITIES
FOR

=)
TELECOMMUNICATIONS
TECHNICIANS

IN

LONDON AND THE HOME COUNTIES
A number of vacancies still remain to be filled by
experienced men who have obtained th-: City
and Guilds Intermediate Certificate in Tele-
communications Engineering or an equivalent
or higher technical qualifications.
Salary £1,255 (at age 25) to £1,429 per annum
in Lcndun £1,130 to £1,304 per annum in Home
Counties. Plus additicnal allowances when shift
working.
Candidates and both their parents must have
been British subjects at all times since birth.
Previous applicants should not re-apply,
Further details and Application Forms from:

The Personnel Officer (PE),
Diplomatic Wireless Service
Hanslope Park
Wolverton, Bucks.

Please quote reference:.

|
|
|

SITUATIONS VACANT (continued)

SINCLAIR RADIONICS LIMITED

Require Service Engineers for varied and
rewarding work in their service depart-
ment. Experience of transistor circuitry
is necessary. Write, giving full details,
age, etc., to Richard Torrens, Sinclair
Radionics Limited, 22 Newmarket Road,
Cambridge.

ARE YOU PRACTIGAL AND
FED UP WITH YOUR PRESENT JOB?

We require a number of junior and

senior engineers with drive and

initiative for :—
Circuit design—development and
prototype construction, etc.:
Electro - mechanical drafting —
printed circuit [ chassis layouts,
etc. : Production line test and
inspection engineers : Production
line fault finders.

Excellent prospects and full train-

ing given, day release considered.

Salary up to £1,400 depending on

experience and qualifications.

Send full details in writing of ex-

perience to date and present salary

g i=—

Mr. B. C. Johnson,

Solid State Controls Limited,

Brunel Road,

Acton, W.3,

London.

1CS

TECHNICAL TRAINING by
| IN RADIO, TELEVISION AND
ELECTRONIC ENGINEERING

First-class opportunities in Radio and Electronics await the | C S trained man.
Let | C S train YOU for a well-paid post in this expanding field.
I CS courses offer the keen, ambitious man the opportunity to acquire, quickly and

easily, the specialized training so essential to success.
TV Engineering and Servicing, Electronics, Computers, etc.

Diploma courses in Radio/
Expert coaching for:

* C.& G. TELECOMMUNICATION TECHNICIANS' CERTS.

RADIO AMATEURS' EXAMINA

C.& G. ELECTRONIC SERVICING.
R.T.E.B, RADIO AND TV SERVICING CERTIFICATE.

ON.
* P.M.G. CERTIFICATES IN HADIOTELEGRAPHY.

Examination Students Coached until Successful.

NEW SELF-BUILD RADIO AND ELECTRONIC COURSES

Build your own 5-valve receiver, transistor portable, signal generator, multi=
meter and valve volt meter—all under expert guidance.

POST THIS COUPON TODAY and find out how | CS can help YOU in your

career.
sent to you by return mail.

Full details of | C S courses in Radio, Television and Electronics will be

MEMBER OF THE ASSOCIATION OF BRITISH CORRESPONDENCE COLLEGES

R e e I

I International Correspondence Schooh ]
INTERNAIIONA[ | (Dept. 152), Intertext House, Parkgate Road, l
[ London, S.W.11. |
CORRESPONDENCE [ SNV i LR .
l Block Capitals Please :
SCHOOLS l ADDRESS ... i

PR SRR S oY
A WHOLE WORLD | :
OF KNOWLEDGE | .68 1
AWAITS YOU! b e e et

827




RECEIVERS AND COMPONENTS

MICROSWITCHES FULL SPEC SEMIGONDUCTORS
51 Burnley Road, Rawtenstall
Rossendals, Lancs all new, wide variety for many DATA SUPPLIED ALL TYPES
Tol.: Rossendale 3152 jobs from 2/-. Waterproof and Py TR
metalclad from 9/-. RANSISTORS
VALVES BOXED, TESTED & GUARANTEED | INEST 4/ INO14 13
EBFBO 3/~ PCCB4 3/~ PYB2 3= | 2N706 - 1/9 200mA 200V |I/-
EBFBY  3/6 | PCF0 3/~ | UIsl  4/6 SYNCHRONOUS MOTORS 2NT06A  2/3 3A600Y 3/
ECCB2 3/- PCF82  3/6 u3ol 4/6 = 2N708 4/- 3A BOOV 3/6
ECLBO  3/- PCLB2 4/~ 6F23 5j= with gear boxes 300 rpm to | rev 2N914 46 10A 600V 5/-
Et;:g ;is PCLB3 4/~ | I10PI4 3= 24 hrs, All new, wide variety 3 to %’;‘3%29 glg 10A 800V 6/6
- PCL84  5/- 20PS 3= f
EFig3 36 | P36 S | 305 %6 20 watts mostly 230v A.C. 2500 BSY27  2/6 INTEGRATED CIRCUITS
EFIB4  3/6 Lol 4- 0LI5 5= rpm for fans, tape decks, etc. from BSY28  2/6 Pack of 6 Logic
EYBS  4/- | PL83 4~ | 3012 46 7/6d. Elements 30/-
EL4I si- | pvaz s~ | 30cis s S.A.E. list Linear Amps 5/-
EZ40  4/6 PY8I 36 30PLI3  5/6 JA.E. list.
o e s F o s i MAIL ORDER ONLY P &P I/-
POST, ONE VALVE 9d. TWO TO SIX 6d. ' ROB-ELEC
OVER SIX POST PAID, 6 Imperial Square, Cheltenham | 84 Foster Hill Road, Bedford

BI-PAK SEMICONDUCTOR

London

150 Regent Street

G100 @ 31 F-11 M o [IEL=E KING OF THE PAKS sATISFACTION GUARANTEED

SUPER PAKS—BRAND NEW
Untested Semiconductors

— DAK NO.
QUALITY-TESTED VALUE PAKS % BARGAINS UNIJUNCTION Ul 120 Glass Sub-min. General Pur-
2 Drife Trans. IN1225 Germ. PNP 4 Silicon Rects. 100 FIV 750mA 10/ 8 UT46, cove. 2n0et6, | U2 gg*,s,,f:;*g:’;x;‘;,m s e
00M 10/~ | 3 AFI17 Trans. Mullard Type 10/- Eaqvt. TIS43? BEN3000 AF/RF 10/-
& :hd“ged I'F".'ri °C;4"“5"3”"D 1o/2] 7 oc8! Type Trans. 10/~ U3 75 Germanium Gold Bonded
18 Whier 2ot RE Trane, PNP 19/~ 3 OCI7I Trans. Mullard Type 10/~ 7/6 EACH Dicdes Sub-min. Sim. OAS, OA47 10/~
'g ;‘?’;:‘:';: SRP:::‘ IA rl% PIV III;- 5 2N2926 Sil. Epoxy Trans. 10/ U4 40 Germanium Transistors like
2 10 Silicon Rects, 100 PIV .. 10/-| 7 OC71 Type Trans. 10/- ECTS TeD | us e e ISR
2 OCI40 Trans. NPN Switching ... 10/- 25 Trans. Heatsinks fit TO-i8, TO-i 10/~ J SIL. R - TESTED | 52 20 Silicon Planar Teansistors NP
I 12A SCR 100 P ... 10/=] 2 25701 Sil. Trans. Texas 10/- PIV 750mA 3A 10A 30A Sim, BSY95A, 2N706 ... .. 10—
3 Sil. Trans. 25303? A 10/=§ 3 12V Zeners 400mW 2 e 10)= 50 2/- 3/- 4/6 9/6 |7 |6 Silicon Rectifiers Top-Hat
4 Zener Diodes 250mW 3-i2V 10/-] 3 10A 600 PIV Sil. Rects. IS425R ... 10/~ 100 2/3 3/6 6/- 15/- 750mA Vitg. Range 01,000 10/-
3 200Mc/s Sil. Trans, NPN BSY26/27 10/~ 3 BCI0B Sil. NPN High Gain Trans. 15/- UB 50 Silicon Planar Diodes DO-7.
3 Zener Diodes 400mW 33V 5% Tol. 10/-| | 501 NN SIE Yrne VEBI00 /9 g Slass 250mA Sim. OA200/202... 10/~
Hi rrent Trans. t. = ixes olts watt Zener
2 Power Transistors | OC26 10C35 10/~ | , S0Mels 15~ § 5004/ g6 96 30/- EXOAM. o 2 oo | i i AR
5 Silicon Rects. 400 PIV 250mA. ... 10/—| 2 LQ00PIV Sil. Rect. |-5A RS310 AF 15/~ 600 4/3 7/~ 10/~ 37/- | UI020 BAYS0 charge storage Diedes
4 OC75 Transistors Mullard TYP! 10/~ 3 BSY95A Sil. Trans. NPN 200Mc/s 15/~ 800 4/9 8/~ 15/- 40/- 10/~
| Power Trans. OC20 100V 10/-] 3 ©C200 Sil. Trans. Bl":'uzllla;d :::“—- 1000 6/~ 10/~ 17)6 50/- | UII 30 P?gs'hiﬂllﬂaz"“ Transistors 107
10 ©A202 Sil. Diodes Sub-min. ... 10/=] 2 Sil. Power Rects. s - m. -
2 Low Noise Trans. NPN 2N929130 10/-] | Sil. Power Trans. NPN IDOH:.'s SCR’s U12 12 Silicon Rectifiers Epuxy 500~
1 Sil. Trans. NPN VCB 100 Z 10 TK201A 15/- LOWEST PRICE - mA up ;D BO?QPISI '!' 10/-
$ OABI Dicdes .. - 6 Zener Diodes 3-15V Sub-min. ... 15/= et o R B R T B ransistors 10/
C72 Transistors Mullard Type.. 2 2N1132 PNP Epitaxial Planar Sil. >
4 OC77 Transistors Mullard TYPE Trans. 15/ P‘g IAMP 7;.2 Is: ;{gIA_ ui4 I50 E:x:d Silicon and German- 10/
i ;‘lletﬂ Alloy T"il““sts‘l}" 2“ TYP" 3 2N697 Epicaxial Planar Trans. Sil. 15/~ 50 7/6 8/ 10/6 35/ | VIS 3.0 NPN_Silicon Planar _Tran-
5 G‘EmTrans Eave. OCA44 4 Germ. Power Trans. Eqvt. OCI6 15/~ 100 8/6 10/~ 15/- 45/ sistors TO-5 Sim. BFY50, 2N697 10/~
5 GETB883 Trans. E:v: OC45 I Unijunction Trans. 2N2646 ver 15]= 200 12/6 15/- 20/— 55/- | Ui6 10 3A Silicon Rectifiers Stud -
3 2N708 Sil, Trans, 300Mc/s NPN.. 2 Sil. Trans. 200Mc/s 60Vch ZT83/64 15/~ [ 300 15/ 200- 25/~ o- |, Taee we to L0 Y, b s O
5 GT41/45 G:rm Trms PNP Eqifl.:. i ':Ia:ualnénen Trans. 2N2160 "I'O-S 15~ ] 500 30/~ 40— 35/ 95/ tors TO-5 like ACY17-22 i 10/-
3 GT3I| LF Low Noise Germ. Trans. 2 Sil. n- 5A 400 pjv 3 d T: 15 600 — 40/- 50/~ — | UI8B8, 6A Silicon Rectifiers BYZ
i 2 Germ, Pawer T o::;m;ﬂ 1/ uu9§5°s°:"p O T i
erm. Power Trans. - SAGE .
BT Disten b BN Dt - I 10A Sil. Stud. Rect. 800 PIV 15— CADMIUM CELLS | ' BCiog =~ .. ... _.. 10
3 NPN Germ. Trans. NKT773 ... | Tunnel Diode AEYII 1,050Me/s 15/~ ORPI2, ORPEO B/6 each - Il-ll;: lu: to ?‘ 300 F 1\"““ N i 10/-
2 OC22 Power Trans. Germ. 2 2N2712 Sil. Epoxy Planar HFE225 15/- U21 30 AF. Germanium Alloy Tran-
2 OC25 Power Trans. Germ. 8 BY 100 Type Sil. Rects, 20/~ PRINTED CIRCUITS sistars 2G300 Series and OC71 10/~
2 OC73 Mullard Trans. - - 10/-425 Sii. and Gcrm Trans. Mixed, all EX-COMPUTER U22 10 1A Glass Min. Silicon Recti-
4 ACI28B Trans. NPN High Gain ... 10/- marked N 30/~ Packed with semicon- fiers High Voles 10/~
g. ;'Sll;lg"fvlg.g‘;:csm:; Eaur #NP.'NFN !g'.:- 4 OC44 G:rm Tran: 10/~ ductors and components, uz23 %O MADT s hke MAT series PNP 101
10 CGE2H G \nél:dlﬂl  Seglr ¥y 10 boards give a guaran- ransistors =
erm. Diodes Eqvt. OA7I| 10/- teed 35 trans and 35 U24 20 Gerrn:mum A Re:nf‘ers
3 AF116 Mullard Type Trans. 10/- dicdes. Our price GJM Series up to 300 10/~
12 Assorted Germ. Diodes Marked... 10/~ One 10/~ Pack of your own 10 boards 10/-, Plus | Y2525 300 c/s NPN Silicon Tran-
4 ACI26 Germ. PNP Trans. 10/- FREE choice free with orders 2/-P. & P. sistors 2N708, BSY27 10/-
| ORP61 Photo-conductive cell ... 10/- valued £4 or over. v ?ﬂe?;fgs‘:ﬁh'"iﬁ"’“" ‘Diodes 10/
5 i icro- -
2 GETBE0 Low Noise Germ: Trans. 107 INTEGRATED U27 [2NEN Germanium AF Transii- -
CIRCUIT tors -1 like ACI2 =
Epoxy TOS 8 lead U28 Experimenters Assor:m:m: of
* TESTED DEVICES +* TIIANSISTOR HANUAI. 8Y o.L L%oo Buffer @ 11/- Intregated Circuits, Untestad.
CIRCUITS, APPLICATIONS, INC. m. 914 Dual Gate v gc;;slmn{ of Gates, FIrB-FI;:ps.
Ll CHARACTERISTICS, . - u ers. egisters, etc ual-in-
r MATIOL . a THEORY. Y G.T. S, uL 923 J-K Flip Flop Line, 8 Assorted Pieces . 20—
30 = THEORY, RATINGS, 14/~ u29 IO SCR:! | Amp 0-500 PIV 20/~
647 PAGES EACH APPLICATIONS IC circuits data,
P.P. 20 ete. 1/6 Cndngus. mhen:inned ?bdn"' are |i'\:e|; ‘k:
3 a guide to the type of device inthe Pal
S'Cl' "‘A"un av-a.a H:f";rd“:'\"u: 21/- 'IIJ'R:‘“?;\::“ themselves are normally
.
SL70IC Plessey Ampllﬂer PLASTIC PLANARS -rnausm'l;r.acn Eaglfvm.:u'rr BOOK
i 52 pages o ross References for tran=
lNTEGRATED CIRCUIT 8 F_‘?R 10/-; 20 FOR ﬂsl:rsgand diodes, types include British,
As ment d in P.E. articles 1LC." 20/-; R £4,
$ mentioned in F.E. 3 using 3. FULLY TESTED Eurcpean, American and Japanese, Specially
21 /- eacH Al il [ inesay ranas TRANSISTORS imported by BI-PAK 10/- each.

8/6 each

OCP71

C.W.0.

IMPORTANT NOTIC

BI-PAK SEMICONDUCTO
LONDON, W.l. AL

E OWING TO EXPANSION AND REORGANIZATION OUR
NEW MAILING ADDRESS IS :—

RS, 500 CHESHA

AM
L OUR ADVERTISED STOCKS STILL AVAILABLE.
Add |/- Post and Packing. Minimum Order 10/-.

BI-PAK GUARANTEE SATISFACTION OR MONEY BACK

HOUSE, 150 REGENT STREET,
PLEASE SEND




RECEIVERS AND COMPONENTS (continued)

4 FST3/8 STC Sil. Rectifiers New and Marked
800 piv Ifamp. Good substitute for BY 100, etc ..
4 RASIIOAF STC Avalanche Rectifiers New and
Marked 1,200 piv |4 amp 5A surge rated .
& GJ4M New and Marked AEl Germanium Rectifers
50 piv | amp ..
4 GP297/1 Sub-mlmature power transislors Texas
New and Marked 3
3 ZF16 STC New and Marknd 16V 300rnW Zener
Diodes
| Pair of AD!SI*ADI&I NFNIPNP Power Com-
plementary Pair
| Pair of ACI28/ACI76 NPN,‘PNF‘ Driver Com-
plementary Pair S
| Set OCB2D +2 x OCEZ Malched Pair NEw
Mullard Marked o
4 BSY95A STC New and Marked Planar Translstors
4 BCI08 Mullard Latest type Low noise planars New
and Marked
6 NKT276 MNew and Marked Newmirket Audio
General purpose transistor
36 Square inches of 0-15 in Matrix Veroboard l:he
most popular pack of all—only from LST .
4 NKTI62 New and Marked Newmarket katchlﬂg
Transistor
2 OCI9 New and I“!arked Mullard Power Transls-
tors
5 BAII5S New and Marked Hulfard Calnur Tule—
vision Dicdes
4 2G3718 New and Marked Texas Audlo Transls:ors
4 BYX38/600 Mullard New and Marked Power
Studs 600 piv 2L amp
| “Designers Guide to British Transismrs New
data book with over 1,000 types listed—Computer
selected substicution chart. Just out from
Publishers (add 2/6 this item post) =

POSTAGE AND PACKING BY FIRST CLASS MAIL
I/~ MINIMUM PER ORDER

5/~

LOOKING mn UIJALHY VALIIE&SEHVIGE?\HIe

NI AFI16

-6 T-12 124
996
Fiip Flop l‘ﬂ I;i: "
p’uu

SLT01G E:5-24/B 2o

IO
."

10716 = 12/:

GETm

PLEASE SEND 1968 CATALOGUE TO:
(Block Capitals)
| ENCLOSE 16 STAMPS

NAME

COMPONENTS

7 COPTFOLD ROAD
BRENTWOOD ESSEX|
BRENTWOOD 7304

24 HOUR POSTAL SERVICE

ADDRESS.______

o et s i il

BRAND NEW MINIATURE ELECTROLY-
TICS, 15 volt, 2, 6, 8, 10, 15, 20, 30, 40, 50,
100 mfds, 8/6 dozen, 30 for £1. The C. R.
SUPPLY CO., 127 Chesterfield Rd., Sheffield,
88 ORN.

TRANSISTOR PANELS

New boxed, size 9in x 6in x liin with "Valvo™
transistors type OC45 or similar, with full
length leads, alsc an equal number of OABS
dlodei. H/S resistors, etc. Built on perforated
boaid in a metal frame.

Panel of 20 transistors, diodes, etc. 20/~

30 —25/- 60 — 40/-

40 — 30/- 70 — 45/-  Postage 2/- per panel,
50 — 35/- 80 — 50/-

TRANSISTOR CAPACITORS (ELEC-

TROLYTIC)

500mF 4V &4mF 40V I16mF 25V
320mF 10V 50mF 10V 10mF 25V
250mF 4V 30mF 10V 6-4mF 64V
200mF 10V 25mF 25V 4mF 64V

20mF 12V ImF 25¥%
/- each. 9/- per doz. Min. order 10/-
COMPUTOR PANELS with 40 sil, pnp or
npn transistors, Diodes and res., 22/6 Post

aa.
COMPUTOR PANELS (Flip-Flop) with
8-2G37| with diedes, 7[6' wn:honl: diodes, 5/-,
Panel with 16-0CB84, etc. 10/-
" ' 8-0C43 or GETB?S & OABI 7/~
»  50-OAB8I 6/-
Pouage 6d per panel
TEST CARDS. & transistors 20 for 20/-
ELECTROLYTICS 25,000 @ 12V, 16,000 @
12V, 15,000 @ 10OV, IODOCI @ 30V, 4000 @
60V, 3.000 @ B8OV, 2000 @ 50V, IZDO @ 180V,
8/6 Post Paid.
ZENER DIODES—2-4, 2-7. 3-6. 475, 525,
5-75, 6:2, 68, 7-5, 13, 15, IE 18, 20, 27, 30, 33
volcs 34’6 :a:h mosl I w
POLYSTYRENE CAPACITORS 350V: 180,
270, 330, 390, 470, 560, 680, B20pF. 1,800, 2,200,
2,700 ,3,300 .S.Eﬂﬂ. 6,800, 8,200
125V: 1,200, 1,500, 1,800, 2,200, 2,700, 3,300,
3,900, 4,700, 5,600, 6,800, 8,200, 0-015. BOpF
ceramic 200pF S.M. any selection 2/- doz.
4-40pF trimmers 4/- doz
BRAND NEW BOXED CHASSIS contain=
ing 2—0C35, 2—0C29 12 WW resistors 30/=.
Postage 1/6.
NEW CROSS RADIO

& OLDHAM ROAD, MANCHESTER 4

COMPONENTS AT

U.J.T.'s equiv. 2N2646, TIS43 6/ each,
GIVE-AWAY-PRICES! Tested. P, 6d per order. Data supplied,

s P&
Comprising: _Transistors; 1% _Resistors; 1.F.H. ELECTRONICS, 65 Fianders Mansions,

Condensers; Diodes;

very useful 9-way plug/sockets. Over 100
components from ex-Brand New Equipment =7

Valve Holders; plus Flanders Road, London, W.4.

Lﬂf;- or 250 ﬁ&*m:led s ﬂ.gﬂ"e d?"f- Domd I’“i‘i- SEMICONDUCTORS, For sale, 300,000 fully
raer now an AVOol sappointmen | t 112 2
DIAMOND MAIL ORDER PRODUCTS, | Iefied, but uncoded sificon festeistor aud
Prospect House, Canal Head, Pocklington, \ 2N 2360 708, BSY types, 1N914, ete. Send
York. offers, or for details to Box 15.

RECORDING
TAPES

Fully Guaranteed
7° STD 1,200 7/3
f 123

/
7° D/P Concorde
3,000° 13!6

3 5' 2{].
179,

CASSETTE TAPES
C-60 15/6, C-90 21/6
Post and Packing up to
3 reels 2/9, otherwise

8" x 57 19/6,

77 x 4° 15/6,

37 916, 57 14/6,

8" 25/6, 12" 39/6.
Post and Packing 1/6d

SPEAKERS (30hm) |

A. MARSHALL & SON (LONDON) LTD | COMPONENTS

¥ boa
28 Cncklewood Broadway, Landon, N.W.2 | 1o oot
P.E. 20 Tel.01-4520161/2 ?:*}J“eg’%r' f:‘l:

IN9I4 2/~ 2N3707 4/- BFlIS 4/6 NKT262 4/6 | 33~ x 5" 5/6;
IN916 1/6 2ZN3708 4/ BFXI2 6/6 NKT264 4/6 | 17 x 33° 16)-;
15120 2/6 2N3709 4/- BFXI3  6/6 NKT271 4/6 | 5- .21~ 4/3
15130 2/6 2N3710 4/6 BEX29 15/~ NKT403 15/- | . v,
1S132 2/6 2N3711 4/- BFXB4 B/- NKT405 15/ Lw-t:;s.-
IN§96 5/~ 2N3819 10/~ BFXBS 10/~ NKT603 6/6 | ¥ wast o
2N697 5/~ ACIO7 6/- BFXB6 B/- NKT6I3 6/6 Jlfwau“_.
2N706 3/~ ACI26 4/~ BEXB7 10/~ NKTE74 5/ |  watt Beli
2N706A 3/- ACI27 3/~ BFXBB B/~ NKT677 5/- | 3Watt i
2N929  6/6 ACYI7 5/~ BFYSO  5/6 NKT713 5/6 | 2 w2 150.
2N930  &/6 ACYIB 5/- BFY5I  4/6 NKT781 6/- watt 2/0,
2N1302 4/6 ACYI9 5/~ BFY52 5/6 OC23 8/~ | Electrolytics:
2N1303 4/6 ACY20 4/- BSXI9 5/6 OC26 7/6 | 15V IMFD up to
’e e

2N1307 &/6 ADI49 8/- BSY26 4/~ OC44 3= | 2 19,
2N|308 8/~ ADIEI 7/6 BSY27 4/- OC45 2/6 | 500MFD 3/9.
2NI1309 8/- ADIS2 7/6 BSY28 4/- OC7I 16 | presets:

2
2ZNI16I3  6/6 AFII4 5/- BSY29 4/6 OC72 2/6 i
2NI7I1 6/6 AFII7 5/ BSY38 4/6 OC74  4js | yroHorzentalor

2N2220 5/~ ASY26 4/6 BSYI9 4/6 OC75  3i-
2N2369A B/~ ASY27 B/6 BSY40 4/6 OC8BI 4/~ | Fairchild L.Cs,
2N2904 8/~ ASY28 66 BSY9SA 4/- OC83 5/~ | L900 11/~

IN2905 g/~ ASZ2l 4/6 BYIOD 4/6 OCI70 6/- | L314 11/~
2N2905A B/~ BC107  3/6 BYZIO 9/- OCI7I 6/~ | L9523 i4/-
IN2906 8- BCIOB 3/6 BYZII 7/6 OC200 5/6 | sijvered Micas—

2N2926 3/6 BCI0O9  3/6 BYZI2 6/~ OC201 5/6 | Lo'o 820pf 1/2.
2N3055 19/6 BCY34 4/6 MATIOD 66 OCP7I 8/6 | Post and Packing

2N3702 4/- BCY38  5/6 maTiol 66 QABI  1/9 | for Transistors
N3703 4/6 BCY39 6/6 QA9I I/6 | and Components
N304 46 BCY70 6/6 MATI20 6/6 Gags  yjs | 1/~ per order.

N37 6
2N3705 4/6 BCY71 10/6 MATI2l 6/6 OA200 2/- | Send &d stamp for
2N3706 4/6 BCY72 6/6 NKT261 4/6 OA202 2/- | complete list.

§29-




RECEIVERS AND COMPONENTS
(continued)

'WE ARE BREAKING UF COMPUTERS

T e maame

.
...---o,-.,

......Mg

.
.
.
.
.
*

COMPUTER PANELS (assorted) 2 x 4in.

POST FREE, with min. 30 transistors.

100 fot 85/= + p. & p. 6/6. 1,000 for 230 + carr

GIANT PANELS 54 x din. with 20 Transistors, 30 Min,

Diodes, 36 Min, Resistors and 9 56uH Inductors on each

board, 3 for £1, Post Free.

PAHEM with 2 Power Transistors sim. to 0028 on

each board + enmponents. 2 Boards (4% 0C28) 10/-,
DW TRANSISTORS sim. 2N174 Ex. Eqpt. 4 for 10/,

8 for 10/,

. p. & p.1/-

' OV'EBLDAJJ CUT OUTS Panel Mounting in the following
values at §/- each. 11,2, 3,4,5,7,8amp,
T05 TRANSIS'

MINIA’
LONG ARM TOGGLE SWITGKBS. ex. eqpt. 18/« doz.,
& p. 2/6
'p pmxzn DISC CERAMICS, 150 for 10/
LABGE CAPACITY ELECTROLYTICS, 4
All at 6/= each, +1/6 e
wke.

Serew Terminals.
16,000 Mid,
25,000 Mid. 15v.

1, 500 Mid. 180v. D.C. wkg,

KEYTRONICS, 52 Earls Court Road, London, W.8
Mail order only. Send 1/- stamps for list.

TAPE HEADS

MICHIGAN REC.PLAY
2 mcx 39/6 ok

i’ﬁg’ié}? - 45/-
BSEMALL 306 ..,

BOGEN ERASE
UL218/6

27/6

4-TRACK
REUTER — COLLARO | cosMoCORD ERASE
4-TRACK 27/6 | T aaex 27/6

F.M, WIRELESS MICROPHONE

04-104Mc/s. Transistorised. Operates from 9V
battery, Complete with additional seeret tie clip
microphone. List £12/10/- ONLY £6 Is 0
These cannot be operated in U.K. . .

TRANSISTORISED FM TURER

6 TRANSISTOR HIGH QUALITY TUNER.
BIZE ONLY 6inx 4in » 2}in 3 1.F. stages. Double
tuned discriminator. Ample output to feed most
amplifiers, Operates on OV battery. Coverage
88-108Mc/s. Ready built ready for £6 I7’ 6
use. Fantastic value for money rres

FM MULTIPLEX STEREO ADAPTOR

Printed circult biscuit, 4 trans. €
diodes 9V with full instructions £5' I 906

LOUDSPEAKERS 19" 2Aﬁnwatt. 156 ohm,
e Te 65100 | S8R 25,15,

FULL RAKRGE BIGH
COMPLIANCE. 8"
nhm, 15 watt £ﬁ 2 ﬁ

§uwi§£'§'£laK£5 5.0

10" 10 watt, 16 ohm,
i g — ,'l_
MAGNET

SWITCH ROTARY.

4" 16 ohm, £3 6 0 RECIPROCATING /_
& watt, 40-16K bhet) 4 POSITION, 154,
sk from 32/ = i’(?mlzzsi‘sﬂ ohrn’.g glf ﬁ

IE'TWIHUDlEhIO 35!‘

REFLEX CONE TYPE watt, 156 or 3ohm
TERPROO TWEETER 16 ohm

4 ”ﬁ: 10 wati, 18K-CP8 zgjs

& watt, 3 ohm, R YRR NET- 15
il tiny £4.5.0 | WoRK 16 ohm 13/6

SUPER SILICON RECT. T.V., etc., 1,200 PIV
800mA, 86 or complete with Instr. resistor,
condense §; 400 PIV HW 6A, 8/-; 200 PIV HW
B4, B/=.

Btamped envelope for full selection and bargain
offers in Multimeters, Badios, Baby Alarms, Inter-
coms, Walkie-Talkies, Rectifiers and Eagle Lists.
UNDER £1—FP. & P. 6d. OVER £1 post iree.
C.0.D. 3/6. MAIL ORDER ONLY.

DURHAM SUPPLIES

367F, KENSINGTON STREET
BRADFORD 8, YORKSHIRE

830

RECEIVERS AND COMPONENTS

Brira Close, Burntwood, nr. Lichfield.

. (continued)

| BARGAIN PARCELS of new surplus Elec-
tronic Components, 3/-, 5/-, 10/- post free.
DOLPHIN ELE 'l'lu)\ll‘s 5 Pooles Way,

REPANCO Transistor Coils and Transformer.

for the Constructor,

Send stamp for lists

RADIO EXPERIMENTAL PRODUCTS
LTD., 33 Much Park Street, Coventry.
ELECTRICAL

Ly gﬁi\\cm? &

ANN\\E“

most brilliant pnrformam:o ever (rnm

12-volt Car Battery. BRILLIANT HEAYV

DUTY 240 volt AMERICAN DYNA OTOR
QUTPUT. Marvellous for

TELEVISION, ELECTRIC DRILLS, MAINS
LIGHTING and ALL UNIVERSAL AC/DC
AINS  EQUIPI Marvellous  for

Fluorescent Ilghnnl Thousands of uses.
Tremendous purchase of this de luxe model
makes fantastically low price possible.

ONLY £6 each plus 10/- delivery. C.O.D. with
pleasure. MONEY BACK jf' not DELIGHTED.
Please send S.AE. for full illustrated details.

Dept. PE, STANFORD ELECTRONICS
Rear Derby Road, North Promenade
BLACKPOOL, Lancashire

MUDERN DIBTI[]NARY
OF ELECTRONIGS 70/

AUTHORITATIVE, CONPREHENSIVE
COMPLETELY UP TO DATE, BY GRAF.
3rd ED. POSTAGE 4/6. -

DESIGNERS GUIDE TO BRITISH

TRANSISTORS by Kampél. 25/-. P. & P.
1/6.

ELECTRONIC MUSICAL INSTRU-
MENT MANUAL, new 5th ed. by
Douglas. 55/-. P. & P. 3/-.

PAL COLOUR T.V. by Mullard. 12/6.
P.&P. I/~

SILICON CONTROLLED RECTI-

FIERS by Lytel. 21/-. P.&P.

COMPUTERS FOR THE AMATEUR
E%P:S'ITRUCTDR by Warring. 20/-.
. A VO

ABC's OF TRANSISTORS by Mann.
20/-. P.&P.

ELECTRONIC GAMES AND TOYS
FTCE)(L': E.’AN BUILD by Buckwalter, 24/-.

SOLID STATE POWER SUPPLIES

AND CONYERTERS by Lytel. 20/-.
P.&P. |-,

F.E.T. CIRCUITS by Turner, 25/~
P. & P. 1/3.

ELECTRONIC MOTOR CONTROL
by Lytel. 30/-~. P.& P. /3.

UNIVERSAL BOOK GO.

12 LITTLE NEWPORT ST., LONDON, W.C.2
(Leicester Square Tube Station)

J\

.

BATTERY ELIMINATORS
The ideal of running your TRANSISTOR
RADIO, RECBRD PLAYER, TAPE RECORDER,
AMPLBFFER etec, Types available: 9v; Tjv; 6v:
lhr (single outpu:] 39/6 each. .P. & P.2/9.

9v;: 6v + 6v; or 4iv + 4lv (two separate
nutpuu) 42]6 each, P. & P.2/9. Please state
output required, All :he above units are
completely isolated from mains by double
wnund transformer ensuring 100", safety.

C.5. PRODUCTS (RADIO) LTD.
(Dnnt- P.E.), 31 Oliver Road, London, E.I7

ELECTRICAL

An Electronic unit capable of controlling electrical
equipment up to ingertip
control of all a.c./d.c. electrical equipment. Suitable
for all types of lighting arrangements. Incandescent
lamps. Spot lamps, Are lamps. Floodlights. Makes
an ldeal dimming unit. Ideal for controlling all
types of electric drills and up to 2 h.p. electric motors
for all applications. Tdeal for all types of electric
heaters, Suitable for lathes and power tools. Containg
the latest electronic switching devices and associated
thyristor ecircuitry. Size 6 % 5§ x 2in. Louvred
metal case in pleasing hamuner finish. Attractive
front panel with matching sockel and controls.
Recommended price 25 gns. Huge purchase enables
us to offer them at £8.19.6, carriage and insurance
10/-, C.0.D, if required.

S dn

320/?0&'43 7' 256

A small transistorised receiver that will receive
civil aircraft and police/firejambulance broadcasts.
Operates from a 9 volt battery that fits internally. 6
transistors. Robust metal cabinet size approx.
7 % 4 x 4in. Attractive front panel. Speaker or
headphone output. Improved type de luxe model
price £8.10,0, carriage 10/-. Few only. Brand new
and unused.

TRANS/RECEIVERS AIR[SEA[RESCUE
TYPE

Must be dismantled or exported. Complete with
mike/speaker aerial, Work up to 100 miles. Cost
Govt. over £40 each. £2.10.0 per set, 10/- P. & P.
2 sets £§, post free.

This wonderful little set will provide hours of
listening pleasure. Listen to the thrilling sound of an
808 at sea. Super for listening to the Hams at
work. A printed circuit layout makes it simple to
build in & short time. Fully comprehensive instruc-
tions. Employs the latest components and transis-
tors. Complete down to the last detail. An ideal
project for beginners. Price 85/, Post 5/-. Matching
speaker and cabinet 80/- extra,

These
Government by a famous manufacturer.
cover the complete amateur band, Aircrait, Marine

for the
They will

excellent receivers were made

and other Government Stations. It is 2 § valve
superhet and worka from standdrd dry batteries.
Built in a robust metal case size 10 X 6 X 4in.
Half moon calibration tuning dial. Phone or
speaker output. Not new but in excellent cen-
dition. £3.10.0, carriage 10/-. Few only. Also
complete with associated transmitter covering same
band (for export, or licenced use), Price £5.15.0.
carriage 15/-.

MINIATURE TRANSISTORISED BFO UNITS. This
small fully transistorised tunable BFO umit will
enable any set to receive CW or S8B reception.
Compact single hole fixing. Full fitting details.
Only 49/8, P. & P. 3/6.

MOVING COIL HEADPHONES AND IICBD-
Pﬂﬂm Brand new in makers' cartons, 25/-. P. &
. B{-.

New Component Cenlre open al this address.

DEPT. P.E. 18, 24 CAWO0ODS YARD,
MILL STREET, LEEDS 8




PARKERS SHEET
METAL FOLDING
MACHINES
HEAVY VICE
MODELS

With Bevelled Former Bars

No. |. Capacity I8 gauge mild steel x 36in. wide ... ... ... £12.10.0
No. 2. Capacity I8 gauge mild steel x 24in, wide ... ... ... £7.5.0
No. 3. Capacity 16 gauge mild steel x |8in. wide ... £7.5.0

Also new bench models, Capacities 48in, x I8 gauge £40. 36in, x 18 gauge

£25. 24in, x 16 gauge £24. Carriage free.

End folding attachments for radio chassis. Tray and Box making for 36in.

model, 5/6 per ft. Other models 3/6. The two smaller models will form

flanges. As supplied to Government Departments, Universities, Hospitals.
One year's guarantee. Money refum_ied if not satisfied, Send for details.,

A.B.PARKER, Folding MachineWorks, Upper George St., Heckmondwike, Yorks. Heckmondwike 3997

HI-FIAUDIO PRINTED CIRCUITS

READY DRILLED WITH CIRCUIT DIAGRAMS

Ans Pre-Amplifier for magnetic p.u., etc. plus high impedance
wlv circuit or high impedance circuit with tone control comple-
ment. Two Boards make complete Hi-Fi Pre-Amplifier. 17/- per Board.

Aus 2 Complete circuit board for 5 watt + 5 watt rms transistor
ot amplifier and high impedance Pre-Amplifier. Mains Powered.
Heat sinks mounted on circuit board. 50/- per Board.

All components supplied separately or in kit form. ADYICE IS
FREE. AFTER SALES SERVICE GUARANTEED. Styling and results
must more than satisfy. Chassis, Facias, Cabinets made to order.
Callers welcome. S.A.E. for lists.

AUDIO COMPONENTS AND SERVICES

SOUND STUDIOS, BELL HILL (OFF CROWN HILL),
CROYDON, SURREY. PHONE 688 3706

TWO SCOOPS FROM "KING'S”
CONTINUOUS LOOP

(NEVER ENDING — NO REWINDING)

TAPE CASSETTE

BULK PURCHASE
RIDICULOUS PRICE

IDEAL BACKGROUND MUSIC — LANGUAGE

COURSES, ETC. 200ft. HIGH QUALITY AMPEX

TAPE. WILL FIT ALL TAPE RECORDERS.
CANNOT BE REPEATED

NEARLY ALL GONE | 8 I EACH

HURRY'! Now ONLY ™ papéd.

ALSO
BARGAIN PRICED—PHILIPS TYPE CASSETTES
TO FIT ALL CASSETTE RECORDERS

TYPE C.90 LASTS 1% Hrs. 18/11d
TYPE C.60 LASTS1Hr. 12/1id
SEND NOW. (post & pack 6d each)

KING'S TELE-SERVICE CO.
105/107 DAWES ROAD, FULHAM, S.W.6

FULHAM 1668-2998

Rapid Mail Order Service
UNBEATABLE VALUE IN NEW SEMICONDUCTORS

i:::snlu . X oty 40361 12/8; 40362 16/0; BC125 12/
npn : s -
MT491 p }matched pair output £2.19.0 BCI26 12/-; BCI107 Ef‘; BC10D 2/9,
40361 npn
40362 pnp

} matched pair drivers £1,10.8

Total for one channel £7.8.0 list; with 109% discount only £8.13.8.
Total for two channels £14,18.0 list: with 15%, discount only £12.11.8.

L E. 2N2028 PLASTIC range: 18V 200mW:
Red spot 8 = 55 to 110 2/3 Yellow spot 8 = 150 to 300 2/8
Orange spot B = 90 to 180 2/8

High reliability ceramic types available:
CB2926 red 8,9; orange 4/-; vellow 4/3; CS82025 25V 5 = 235 to 470 §/-,

TEXAS SILECT range BC107 SERIES

30V 800mA npn 300mW 300MHz IT TO18
2N3704 8 = 90 to 330 4/- BC107 45V 8 = 125 to 600 2/
2N3705 8 — 45 to 165 8/8 BC108 20V 2 = 125 to 900 2/8
25V 200mA pop BC109 20V B = 240 to 500 2/
2N3702 8 = 60 to 300 4/-

2N3703 8 = 30 to 150 3/8 B(C167 SERIES

small signal npn 180mW 300MHz iT TO92

2N 3707 low noise 4/8 BC167 45V B = 126 to 500 2/8
2N37118 = 180 to 680 4/~ BC168 20V 8 = 126 to 800 2/~
small signal pnp BC169 20V B = 240 to 900 2/3
2N4058 low noise 5/~ BC109 and BC169 are low nolse,
2N4062 8 = 180 to 660 4/3 BC167, BC168 and BC169 are plastic.

FETs MPF105 25V max., gm — 2 to 6mAjV, low noise 8/-,
2N35819 26V max., gm = 2 to 6mA(V, low nolse 10j-.

Many others in stock including :

2N1302  4/- | 2N3054 20/ | 40406  16/3 | BC154  16/-) NKT281 §/1
2N1303 4/~ | 2N3055 15,'5 40408  14/6 | BD121 18/~ | NKT401 198
2N1304  4/- | 2N3241A  7/6 | ACI26 6/6 | BD123 2418 | wgmans 14710
2N1305  4/- | 2N32424 9/8 | AC128 8- | BFX29 1%/3) o0 i
aN1306  6/9 | 2N3390  §/- | ACI8TK y 19/ | BFX84 75| NKT404 14/8
2N1307 6/9 | 2N33014 5/8 | ACIBSK § pr. | BFX88 9| NKT406 15/-
2N1308  8/9 | 2N3392  7/3 | ACY18 ~ 4/11 | BFY50 /3| NKT713  5/8
2N1309 8/0 | 2N3402  8/1 | AC¥19 5/11 | BFY51 - | NKT781 6/~
2N1613  6/8 | 2N3403 /- | ACY20 4/11| BSX20  4/8| 547 19
2N1711 7/4 | 2N3405 88| Acy2:1 &6 | By2ss  ge| S0 ¢
2N2160 14/6 | 2N3415 €/- | AC¥22  3/8 | BYX10  4/8| 0470 /-
2N2646 18/11 | 2N3416  6/8 | ACY40  8/8 | C407 46| 0A81 8/~

2G301 8/11 | 2N3663 118 | AD14S 17/8 | D29A4 {-| OAB0 1/8
26302 5/5 | 2N3706 3/3 | AD161 8/- | EC401 /-1 0401 13
2G303 5/3 | 2N3710 (8 | AD162 - | MIE371  21/8] 405 1/8
2G306 8/8 | 2N3730 16/8 | ASY28 8/6 | MJE521 18/6 D.\ﬂﬁ 8
2G308 /9 | 2N3731 21/8 | BC122 6/6 | NKT214 4/2) 1" 7
2G309 /8 | 2N4081 4/8 | BC147 4/8 | NKT217 18/-| 0A202 8-
2G371 3/3 | 2N4443 22/8 | BC148 3/9 | NKT261 2] oC71 86
2N2925 5/9 | 40250 /- | BC149 4/9 | NKT271 /3| TISG0 5/8

15, J
2N30563 5/8 | 40319 14/3 | BC153 12/- | NKT274 4/8] TIS61 5/9
e e e e~ S Rl i
Zener diodes 3V to 27V 59, 400mW all preferred voltages, 4/8 each.

PEAK SOUND CIR-KIT No. B Pack, 12/8; adhesive copper strip, 5ft < } or Jin,
2/-; 100ft x } or in, 80/-, Perforated board 0-lin matrix bin x 3}in, 4/-;
2%n » 81in, 2/8; 2in x 31in, 1/0.

ALL PEAK S0UND PRODUCTS AS ADVERTISED

T R S A S B S e = L
*SUPER QUALITY NEW RESISTORS
Carbon film high stabs, low noise

AW 5% 10 to 1M 1/10 doz., 1448 per 100.

W 10% 470 to 10MQ 1[0 doz 13/8 per 100.

IW 5% 470 to 10M( 2/8 doz., 1'7.'ﬁ per 100.

]W 10% 470 to 10MQ 3/3 d oz 25/10 per 100.

1/8 less per 100 if ordered in complete 100's of one ohmic value.
Please state resistance values requi

QUALITY CARBON SKELETON PRE-SETS: 1000, 2500, 5000, 1KQ, 2KQ.
25Kn, 6Kn, 10KEQ, 20E0, 25KQ, S0KQ, 100KQ, 250KEQ, SMOKQ, 1MQ,
2MQ, 2-5Mg, 5MQ, 10MQ.

Available in horizontal or vertical mounting, 1/- each.

ELECTROLYTICS, SUB-MIN., C426 range (uF/V): 0-64/64, 1/40, 1:6/26, 2:5/16,
2-5/64, 4/10, 4/40, 5/64, 6-4/6-4, ﬁ-ﬁf‘]ﬁ. 8/4, 8/40, 10/2-5, 10/16, 10/84, 12:5/25, 16/10,
16/40, 20/16, 20/64, 25/6-4, 25/25, 32/4, 32/10, 32/40, 32/64, 40-2/5, 40/16, 50/6-4,
60/25, 50/40, 64/4, 64/10, B80/2-5, 80/16, 80/25, 100/6-4, 125/4, ]25.'10. 125/16,
160/2-5, 200/6-4, 200/10, 250/4, 320/2-5, 320/6-4, 400/4, 500/2-5, 1/4 each
ELECTROLYTICS, MINIATURE (uF/V): 5/10, 10/10, 10/25, 25/10, Wﬂﬂ. 8d each.
25/25, 50/25, 100/10, 200/10, 1/- each, 50/50 2/-, 100/50, /6.

POTENTIOMETERS (short spindle): 1000 to 10MQ lin. 5K to 5M( log 2/8 each,
Dual (long spindle): 10K, 25K, 50K, 100K lin or log, 10/8 each.

A e AT AR S A W Ty
*ALL GOODS BRAND NEW  *NO * SECONDS *’* OR SURPLUS

COMPONENT DISCOUNTS: 10%, for total order value exceeding £3 list.
15%, for total order value exceeding £10 list.

Post and Packing: up to £1—1/-. Free on order over £1.
OVERSEAS ORDERS WELCOMED —Carriage at cost.
BEND 1/- for our catalogue containing data on 200 up-to-date semiconduclors
available from stock as well as many other gomponents, also transistor equivalents
table. Invaluable to every serious experimenter and designer. Everything at best
possible prices.

Stores telephone No. EGHAM 5533 (STD 0784-3)

ELECTROVALUE

(Dept. P.E.II) & MANSFIELD PLACE, ASCOT, BERKS

T T = el SR 1
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RADIO
TECHNICIAN
TRAINING

IN THE

RAAF

Vacancies exist in the Royal Australian Air Force
for men who are interested in being trained in the
Technical Radio fields. Applicants should be
United Kingdom citizens resident in the U.K.
aged between 18 and 33 years. Qualified
personnel up to the age of 43 years are also
invited to apply.

Free passage to Australia is provided
for families and pay commences from
date of enlistment in London.

Further information can be provided by writing or phoning: —

RAAF CAREERS OFFICER (Dept. P.E. ) AUSTRALIA HOUSE
STRAND, LONDON W.C.2 Telephone No: 01-836 2435

Ca

Su

KITS for Transformerless Amplifiers, ZENER DIODES, ASSORTMENTS of
ORIGINAL TRANSISTORS

KIT No. 7 for high quality, high power A.F. transformerless
amplifier 6 transistors 20W only 59/-

Supply voltage 30V

Working current 40-1,300mA

Loud-speaker connection 4 oh{?

Input voltage at max, vol. 20m

Input resistance 2Kohm

Frequency range 20Hz-20KHz

Printed circuit panel for KIT No. 7 13/-
The circuit diagram and the parts list are enclosed with every K|
ZENER DIODES | W 4-3, 56, 62, 68, 75, 8.2, 9-1, 10, lI I2V 2/4 each
ASSORTMENTS of ELECTRONIC COMPONENT

ORDER No.:
pDIO 3 100 p. germanium diodes sub-miniature 13/4
TRA | 50 p. different transistors 13/4
ZE 101 10 p. zener diodes different values 250mW-1'W 22/6
ELKO | 30 p. |.f. Electrolytic capacit. sub-min. good sel. 16/-
KER | 100 p. disk-, tubular-and pearl capac. 20 val. x § 12/6
KON 1 100 p. plastic foil condens. 20 val. x 5 good sel. 126
EIN | 10 p. adjust. potentiom. chm values good select, 8/6
WID 1-1/8 100 p. carbon film resist., axial, $V 20 val. x5 12/-
ID 1-1/2 100 p. carbon film resist., axial, +V 20 val. x5 12/

Wi
BRAND NEW_ORIGINAL TRANSISTORS

equi
AC 153 AC llB 1/4 AF 144 = AF 116 19
AC IBBK AC 178 2/~ AF27 = AC 27 1/6 AF 149 = AFI17 1/4
AD 136 2/3 AF 142 = AF |14 2/- RF |07 = BC 107 1/6
AD 150 OC26 3/6 AF 143 = AFI1I5 1/9 2N 706 = BSY 62 /6

All goods BRAND NEW of HIGH QUALITY, fully guaranteed.

Qur deliveries are ex stock Zurich/Switzerland by air-mail C.0.D. Postage
and packing will be charged at self-costs.
t’lvease request our complete free SPECIAL OFFER B/1968.

EXCLUSIVE OFFER

pacitors, Potentiometers, Carbon Film Resistors and branded new

(Excerpt from our SPECIAL OFFER B/1968)

NET Prices
bject to prior sale.

e shall be very pleased to receive your trial order:

EUGEN QUECK

CH-8810 HORGEN
Switzerland

Ingenieur-Biiro
Import-Export
Bahnhofstr. 5

PHONE WENTWORTH RADIO
104 SALISBURY ROAD, HIGH BARNET
B #-| THIS MONTH’'S BARGAINS | N<TZ12
BFY5| 4j9 - . v NKT773
e R |
BC107 Genuine 3/-

i " BCI08  Genuine 211 oy
2G302 6/~ R NKT304
T ] - |
T 23 Send S.A.E. for latest Price !.asr oLy
oc72 216 All Components Now Supplied 2N3706
ocsip 2/3 I 2N3707
ocl70 2{3 2N3708
oci71 23 QUOTATIONS SUPPLIED 2N3709
CASH WITH ORDER FOR LARGE QUANTITIES

BAR 3087 EAGLE MULTIMETERS
EP30K, 120/-, p.p. 4/6; EPL0OKN, 108/-, p.p. 4/6;
EP20KN, 80/, p.p. 3/-; EP30KN, 1560/-, p-p. 4/6;
5 EP50LN, 210/-, p.p. 4/6, details on request.
3
8,43 High Stability Resistors 1% W, 2/-. Full staqduld
4/9 Fnlgle tph\lcnlihémy munhtnnlm values. 5% LW, 4d.
4j- all stock list on reques
:i_ 0-50 microamp level meters, 15(=, post 1/-
I:I; High Res. Phones, 2,0000, 15/-, p.p. 1/--
I6§— Multimeter ITI-2, 20,000 o.p.v. d.c., 0-5, 25, 50,
14/- 250, 2,600V d.c., 10, 50, 100, 500, 1,000V a.c.;
416 0-30uA, 0-2:5mA, 230mA; 0-60kQ. 0-6Mo,
4{6 capacity and dB ranges, 70/-, post 3/-.
;:E Poulage extra, cash with order.
3/4
AL PLANET INSTRUMENT CO.
S 25(E) DOMINION AVENUE, LEEDS 7

12in. DE-LUXE MK11 £9

The exceptional quality and performance of
the * De-luxe !ﬂ " brings truly breath-
takingly rich sound l'ram asingle loudspeaker,
racreating the musical spectrum virtually flat
from 25 to 16,000 c.p.s. The unit consists
of the latest double cone, woofer and
tweeter cone together with a special Baker
“FERROBA " magnet assembly having a flux
density of 14,000 gauss and a total flux of
150,000 Maxwells. Bass resonance 32-38
c.p.s. Rated 15 watts. Voice coils available
3 or 8 or I5 chms. Suitable for any High
Fidelity System. Design capability concept
has programmed third generation hardware
giving fantastically delightful sound at this
amazing bargain price,

48 page Enclosure
Manual 5/9 post paid.

Bensham Manor Road Passage, Thornton Heath, Surrey. 01-684 1665

Baker Reproducers Ltd |

832
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Get { these airdiying GREY HAMMER

S50 PROFESSIONAL THE \
YUKAN AEROSOL WAY -

( YUKAWN
SFLF-SPRIN

BLACK WRINKLE
/VOW / or (CRACKLE) Finishes

Other Yukan Aie
Drping Aerasals,
Iéoxs.ot IS/

Yukan Aerosol spraykit contains 16 ozs, fine quality, durable eaty Inztant
apray. No stove baking required. Hammers available in grey, blue, gold,
bronze. Modern Eggihell Black Wrinkle (Crackle) all at 14f11 at our
counter or I5f11, carriage paid. per push-button self-spray can. Also
Durable, heat and water resistant Black Mate finish (12 oz seif-spray
cans only) 13il carriage paid.

SPECIAL OFFER: | can plus optional transferable snap-on trigger handle
(value 5/-) for 1811, carriage paid. Choice of I3 self-tpray plain colours | Broax
and primer (Motor car quality) also available. TaeR R

Piease snclose cheque or crossed P.O. for total amount to:

YUKAN, pepr. PE/) 3072, EDGWARE ROAD, LONDON, W.2.

w- lupplyminy Departments. M
Leading industrial Organizations—We can 1upply you teo.

Closed All December for Annual Hollday




VALUABLE NEW HANDBOOK
T0 AMBITIOUS

FREE

Have you had your copy

The new edition of “ENGINEERING OPPOR-
TUNITIES”’ is now available—without charge—
to all who are anxious for a worthwhile post in
Engineering. Frank, informative and completely
up to date, the new ‘““ENGINEERING OPPOR-
TUNITIES”’ should be in the hands of every
person engaged in any branch of the Engineering
industry, irrespective of age, experience or training.

On ‘SATISFACTION OR
REFUND OF FEE’ terms

Thisremarkable book gives detailsofexaminations
and courses in every branch of Engineering,
Building, etc., outlines the openings available and
describes our Special Appointments Department.

WHICH OF THESE IS
YOUR PET SUBJECT?

ELECTRONIC ENG.
Advanced Electronic Eng.—
Gen. Electronic Eng.— Ap-
plied Electronics — Practical
Electronics — Radar Tech.—
Frequency  Modulation —
Transistors.

LELECTRICAL ENG.
Advanced Electrical Eng.—
General Electrical Eng. —
Installations — Draughtsman-
ship — Hluminating Eng. —
Refrigeration — Elem. Elec.
Science — Elec. Supply —
Mining Elec. Eng.

CIVIL ENG.

Advanced  Civil  Eng.—
General Civil Eng. — Muni-
cipal Eng. — Structural Eng.
—Sanitary Eng.— Road Eng.
— Hydraulics — Mining —
Water Supply — Petrol Tech.

RADIO & T.V. ENG.

Advanced Radio — General
Radio— Radio & TV Servicing
— TV Engineering — Tele-
communications — Sound
Recording -— Automation —
Practical Radio — Radio
Amateurs” Examination.

MECHANICAL ENG.
Advanced Mechanical Eng.—
Gen, Mech. Eng.—Mainten-
ance Eng. — Diesel Eng. —
Press Tool Design — Sheet
Metal Work — Welding —
Eng. Pattern Making —
Inspection - Draughtsmanship
— Metallurgy — Production
Eng.

AUTOMOBILE ENG.
Advanced Automobile Eng.—
General Aute. Eng. — Auto.
Maintenance — Repair —
Auto. Diesel Maintenance —-
Auto. Electrical Equipment—
Garage Managenient.

of * Engineering Opportunities” ?

THIS BOOK TELLS YOU

Y HOW to get a better paid, more interest-
ing job.

+% HOW to qualify for rapid promotion.

Y HOW to put some letters after your name
and become a key man . . . quickly and
easily.

+ HOW to benefit from our free Advisory
and Appointments Depts.

% HOW you can take advantage of the
chances you are now missing.

% HOW, irrespective of your age, education
or experience, YOU can succeed in any
branch of Engineering.

132 PAGES OF EXPERT
CAREER - GUIDANCE

PRACTICAL
EQUIPMENT

Basic Practical and Theore-
tic Courses for beginners in
Electronics, Radio, T.V., Etc.,
A.M.LE.R.E. City & Guilds
Radio Amateurs’ Exam.
R.T.E.B. Cerlificate
P.M.G. Certificale
Practical Electronics
Electronics Engineering
Practical Radio
Radio & Television Servicing
Automation

INCLUDING
TOOLS

The specialist Elec-

tronics Division of
LE.T.

NOW offers you a
real laboratory train-
ing at home with
practical equipment.
Ask for details.

B.I.E.T.

You are bound to benefit from reading
“ENGINEERING
TIES’* — send for your copy now—

OPPORTUNI-

FREE and without obligation.

POST COUPON NOW!
TO B.LE.T., 316A ALDERMASTON COURT,

lALDERMASTON, BERKSHIRE.

o

ENGINEERING OPPORTUNITIES

WE HAYVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN-
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU-
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC.

Which qualification would increase your earning power?
AMIERE., BSc(Eng), A.MS.E., AMLPE, AMLMIL, ARLBA,

ALOB., AM.IEx, A.R1CS., M.RS.H.,, A MLED., A.M.l.Mun.E., C.ENG,,
CITY & GUILDS, GEN. CERT. OF EDUCATION, ETC.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
316A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

maximum price shown on the cover.

Please send me a FREE copy of “ENGINEERING
OPPORTUNITIES.” I am interested in (state subject,

WRITE IF YOU PREFER NOT TO CUT THIS PAGE

THE B.LLE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD|

Published about the 15th of the month by GEORGE NEWNES LIMITED, Tower House,
Printed in England by THE CHAPEL RIVER PRESS, Andover, Hants.
Zealand: GORDON & GOTCH (A/sia) Ltd.; South Africa and Rhodesia:

Southampton Street, London, W.C.2, at the recommended
Sole Agents—Australia and New
CENTRAL NEWS AGENCY LTD.; East Africa: STATIONERY &

OFFICE SUPPLIES LTD. Subscription rate including postage for one year: To any part of the World £2 2s. 0d.
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800 POPULAR MODELS

N

gpITION

Big time-saving repair library
steps up your earnings

Here is a great new edition of RADIO
& TV SERVICING, to save your time,
to boost your earning-power. Packed
with CIRCUITS, REPAIR DATA and
vital information it covers all the
popular 1965-1968 TVs, Radios,
‘Grams, Record Players and Tape
Recorders—including latest data on
COLOUR TV. Thousands of sets of pre-

vious editions sold. Now you can examine ; 196?*!‘%??
this big NEW edition free for a week. 3 ¢ MODEES]

handsome volumes—over 1,500 pages
written by a team of research engineers—
—there's no other publication like it. Hurry
—send no money—simply post this
leaflet . . . There can be no reprint
once stocks are sold and there’'s
absolutely no obligation to buy under
this free trial offer.

FULL DATA & CIRCUITS FOR REPAIR OF

TELEVISIONS INCLUDING

IR e B2

RADIOS, RADIOGRAMS

CAR RADIOS
RECORD PLAYERS
SEND NO MONEY—SIMPLY POST
# TAPE RECORDERS THIS REPLY-PAID LEAFLET TODAY

Wearly 60 leading makes covered
fromAlba toDecca, from Ferguson
to Sanyo-full list shown overleaf.



u See it FREE

T f

RADIORGAIVRSERVIGING

POPULAR MODELS—1968 RIGHT BACK TO 1965

1

' SERVICING DATA
FOR ALL THESE MAKES

Aiwa, Alba, Baird (including colour TV),
Beogram, Beolit, Bush, Carousel, Cossor,
Dansette, Decca, Defiant, Dynaport,
Dynatron, Eddystone. Ekco, Elizabethan,
Ever Ready, Ferguson, Ferranti, Fidelity,
G.E.C. (including colour TV), Grundig,
H.M.V., Kolster-Brandes, Hitachi, Invicta,
McMichael, Marconiphone, Masteradio,
Motorola, Murphy, National, Newmatic,
Pam, Perdio, Peto-Scott, Philips (including
colour TV), Portadyne, Pye, Radiomobile,
R.G.D., Regentone, Roberts’ Radio, Sanyo,
Sharp. Smith's Radiomobile, Sobell (in-
cluding colour TV), §.T.C., Sony, Standard,
Stella, Stereo-sound, Teletron, Thorn,
Trans Arena, Ultra, Van Der Molen, World

Radio.
M0 LATEST
J LL DEVELOPMENTS IN
| RADIO & TELEVISION

Including—lntegrated Tuners, Stereo Multiplex
Broadcasting—The Zenith-G.E. System: Re-
ceiver, Decoder and adjustments, Aerial, etc.
Colour TV Receivers, Colour TV Test Card F,
Servicing Transistor Equipment, Chemical Aids
to Servicing, Batteries and Rechargeable Cells,
Sound-on-Sync., Double Line Sync., Silicon
Transistors, etc.

OVER 1,500 PAGES, 1,644 CIRCUITS,
COMPONENT LAYOUT DIAGRAMS,
PRINTED PANEL DIAGRAMS, TABLES
AND WAVEFORM GRAPHS.

Handsomely bound in rich maroon and gold.
SEND FOR YOUR FREE
TRIAL SET TODAY

ABSOLUTELY NO OBLIGATION TO BUY

Postage No postage
will be gapps
4 necessary if
paid by posted in
Buckingham Gt. Britain or
Press Ltd. Northern
Ireland

BUSINESS REPLY SERVICE
Licence No. OF. 381/1

BUCKINGHAM PRESS LTD.,
18-19 WARREN STREET,
LONDON, W.1

Complete section below,
fold along Ato A turning lhi‘l
section under, en fold
across at B and C and tuck

inte C so reply-paid
section shows. Past today.
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If vou are under 21 your father must fill up this section.
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83 g & @&

paymentsof 15/-
[] Also send me on 7 days trial PRACTICAL

[ Full cash price of £12, or
[J] 15/- depositand 16 monthly

Elsewhere overseas send cash price plus 20/- post,

For Eire and N.1. send cash price with coupon.
packing and insurance.

ELECTRICAL ENGINEERING.

(¥)

accept my application. | will return the book(s) in 8 Name.......cuiimiiiiisiiniesiasnirasiinsssissssnseneas

Models in 3 volumes without abligation to buy if you fu
days or post—

Please send RADIO & TV SERVICING—1965/68

Tick

heére

Tick coupon above to examine

PRACTICAL ELECTRICAL

ENGINEERING
4 Handsome Volumes
Plus case of 36 charts
and pocket book
Over 2,000 explanatory
drawings and photos, 2,350
it includes—Instal-
r:tmn Work of all Kinds—
Wiring regulations, testing,
etc. Instruments, Machines,
Equipment—Motors and
Control Gear, Trans-
formers, Rectifiers, Instru-
ments. Operation, Main-
tenance, Repair—Genera-
tion, Transmission, Dis-
tribution, etc.

dngepr after free trial, 16/-
posit thenl6) momhlypay-
E tnm‘a of 20/-paying£16.165

all. Cash in8 days £16.



SOLID STATE-HIGH FIDELITY

AUPIO EQUIPMENT

Audio Equipment developed from

Acclaimed by eve

ORGAN

A completely new d

ENT & EQUIPMENT CEN

L by everyone
THE MAYFAIR ELECTRONIC

TRES

o

Dinsdale Mk.Il—each unit or system
will compare favourably with other

higher prices.
COMPLETE SYSTEMS
FROM

professional equipment selling at much

in portable musical v
instruments and a new field for theflhome constructor. The

‘MAYFAIR® produces a multitude of the most pleasing sounds

with a wide range of 1one colours suitable for classic or popular

music. The organ is fully polyphonic, that is full chords can be played over the entire keyboard.
Supplied as a kit of parts which includes 165 transistors, printed circuit panels, special fully sprung
and depth of touch adjusted keyboard. attractive vynair covered cabinet with carry handle. A complete
detailed and illustrated comtsruction manual is provided with circuits and full pants list. Cost can be
spread by purchasing the components packet by packet. All parts supplied are fully guaranteed. Full

£15.5.0

THE FINEST VALUE IN HIGH FIDELITY—
CHOOSE A SYSTEM TO SUIT YOUR
NEEDS AND SAVE POUNDS 3
All units available separately.
SEND FOR 16 PAGE BROCHURE (No. 21) TODAY!
DEMONSTRATIONS DAILY AT '303' EDGWARE ROAD

after sales service..

ORGAN COMPONENTS -

We carry a comprehensive stock
of organ compaonents for
TRANSISTOR AND VALVE FREE
PHASE designs.

Ask for BROCHURE 9

/%,”f TRANSISTOR AMPLIFIER

INTEGRATED 7 WATT AMPLIFIER & PREAMPLIFIER—MAT
With full Bass Treble and Volume Controls

A int new design suitable for home or portable installations, For use with
magnetic and crystal/ceramic cartridges, radio tuners, microphones, 1ape head roplay
and auxiliary inputs. Output is for 3 to 16 ohm speal
It favours the user in so mary ways—with fantastic power, with far graater adaptability, with
reedom 10 operate it from batiesies Gf mains pawer supply unit (the new PS,20 is ideal for this),
installations. electronic guitars and organs, P.A, installations, inteccom, systems, etc. This true
7-wan amplifier is supplied ready built, tested and guarantsed

For complate listening satisfaction. FOR ONLY £8/10/0 P.P. 4/-.
(OPTIONAL MAINS UNIT PS.20 62,2, P.P. 3-.) lllustrated Brochure No. 12.

AUTOBAHN MANUAL a: the EASI-
TUNE, but with a single MW/LW Push Button.

mounting 35/

A new source of construction for the keen electranics fan either amateur or professional
Once built the 'MAYFAIR® will then provids
years of enjoyable entertainment.

Deferred terms available.
COMPLETE KIT

Deposit £29.19.0.

12 monthly payments of £7.
TOTAL £113.19.0.

Call in. See it and play it yourself.

BRITISH MADE CAR RADIOS

A fine precision engineered car radio that's perfect company for long hours on tha
road. S0 easy 10 install and operale—and the price is axactly right. Has quick push-
button operatian for immediate station selection and choice of Modium of Lang wave
frequency. Manual tuning facilities. Push-button control. Output of 3§ walts ensures ctisp, top quality sound aven at high
matoring spesds. Price includes 7° x 4" speaker, full accessories and instructions.

POSITIVE GR NEGATIVE EARTH

CAR AERIALS * '3-Section Single Hole Wing or Boot Mounting 19/6
Multi Section fully disappearing type with locking device. single hoie
Post free with Car Radio or pp. 2/6 separately,

TOTAL COST 29 Gns.

BUILT AND TESTED
Deposit £36.8.0 &

12 monthly payments of
£9. Totsl £144.8.0.
EXPORT ENOUIRIES
INVITED

EASI-TUNE £12.12.0. pp. 4/6
£10.10.0. pp. 4/6
Brochure 15

NEW MODELS

BUILD THESE NORMBREX
PRACTICAL DESIGNS TRANSISTORISED
LisT Test Equipment

L.C.F.M.TUNER £5.26. 40B > PRICE Leaflet
Switched F.M. Tuner £3.17.6. 398 MODEL £ 3. d. No.
Fluorescent Camping 22 Power Supply 14 0 0 22
Light £3.26. 43 30  Audio Generator 19 10 0 24
Let us have your enguiries for parts for' g; 2';- g:i::':‘“' :g :g : ;g
current PW and PE designs. S.AE 33 Inductance Bridge 20 0 0 29

PLEASE.
e o~ T
ITS SO EASY TO BUILD TO

Send for descriptive illustrated Brochure,
VHF FM SUPERHET TUNER MKII

DO IT YOURSELF
MW/LW PORTABLE

New printed circuit design with
P full power output. Fully tunable
mw/lw bands. 7 transistors plus diode,

on botl
push-pull circuit. Fitted 5 inch speaker. large
ferrite aerial and Mullard transistors. Easy to build
with terrific results. All local and Continental

stations.
TOTAL COST £6.19.6. PP.4/6
TO BUILD 5604 for Brochure 1

%

e il
~—F . 2

MULLAF WATT / IFIER
WITH VOLUME CONTROL
Suitable 7 x4 inch 3 ohm speaker 17/6
Ideal for Portable Record Players. Inter-
Comms. Baby Alarms elc.4 5 /. _pp.
For 9 Volts operation. 2/ = 3/6d.

NEW —MALLORY LONG LIFE

GARRARD DECKS

PROFESSIONAL STANDARDS
To get the best out of your MAGNAVOX STUDIOMATIC
DECK Type 383, you nesd 3 MARTIN RECORDAKIT. This
comprises a spacial high quality 6 valve ampiifier and pre-
amplifiec which comes 1o you sssembled on its printed
circuit board, together with necessary wansformess. switches,
control knobs—in fact everything needed down to
screw FOR MAKING A SUPERB TAPE RECORDER, which,
when built, will y with i
Twice a3 much, yet you need n experence or technical skill
10 bring this sbout. THE INSTRUCTIONS MANUAL MAKES
BUILDING EASY AND SUCCESS ASSURED.

TWO TRACK. Deck, Amplilier, Cabinet and Speaker.
Complete kits with MICROPHONE 7 in 1.200 f1. ape.
spare spool. Today's value £55. OUR PRICE 3§ gns.
FOUR TRACK. Dack, Amplifier. Cabinet and speaket.
Complete kits with MICROPHONE 7 in 1,200 fi. tape,
spate spool. Today's Value €60, OUR PRICE 39 gns.

P.P.22/6
ALL UNITS AVAILABLE SEPARATELY.  Both madels,
ASK FOR BROCHURE 6

for alf leading makes
AMPLIFIERS
TUNERS

DECKS

SPEAKERS
MICROPHONES
SYSTEMS

ALL WITH DISCOUNTS

"5-MULLARD TRANSISTORS & & DIODES * 300 Ke/s
BANDWIDTH * PRINTED CIRCUIT CONSTRUCTION
“HIGH FIDELITY REPRODUCTION MONO AND STEREQ
* MATCHES AUDIO MK Il EQUIPMENT

A popular VHF FM Tuner
now used throughout the
country for quality reception
of monoghanis 3nd, with the
decoder swereophonic broad-
casts. Theie is no doubl
about it—VHF FM gives the
the resl sound. Earal
stability _economically,,
TOTAL COST £6.19.6.
DECODER £5.19.6.
(CABINET 20/- EXTRA) ASK FOR LEAFLET 3,

MERCURY BATTERIES
50%, OFF LIST PRICES
*AM12_1.35 volis 3600 m/aH  OUR PRICE 5/- each
sire dia.

RME25 10.35 volts 350 m/aH

) Pack of B. Size 2} x § dia.

! OUR PAICE 10/- each

Easily spiit into eight 1.35v.celis.
These cells are idesl for any
application where SMALL SIZE
HIGH CAPACITY and LONG
LIFE ars required.

QUOTATIONS
PHONE EXTN. 2.

Ask for Hi-Fi- Stock List Leaflet 16.17
VISIT OUR NEW HI-FI CENTRE at 309 EDGWARE

TRANSISTORS, RECTIFIERS, ZENERS, SCR's TUNNEL'
DIODES, FIELD EFFECT TYPES, VALVES. CRYSTALS
New 1968 32-page Booklet
Price 1/- Post Paid

Circuits with Data, Details and Prices of
over 2000 different types. 1
This booklet is a must for every enthusiast,
MANUFACTURERS — DISTRIBUTORS.
We also publish a QUANTITY, SEMI-
CONDUCTOR BULLETIN. .

Please write 10 us for your copy.

e T S d.
TRANSISTORS — 300 LM with BTABE HRHIH
SEMICONDUCTORS | Izmen B0
COMPLETELY NEW 1968 LIST OF 1000 | 3768 win B 6
types available from stock. Send for your e e bl
FREE COPY TODAY. (List No. 36) S e
SCR.'s fom ). Jl SRR e
Field Effect Transistors from 9/6' 25 st RS OIS
it - LATO M o .. 1313 0
Boyenilia | soes ook 5 A Send foi lliustratad braghures 16,17
Diodes and Rectifiers from 1/6 Complete range of accessories available

IT WILL PAY YOU TO PAY US A VISIT!

HENRY'S RADIO LTD

OPEN MON.-SAT. 9 a.m.—6 p.m. THURS. 8 a.m.=| b.m.

Qo000 (O

1]
I CATALOG

COMPLETELY NEW 9th EDITION (1968)

Themost COMPREHENSIVE—CONCISE—CLEAR
—COMPONENTS CATALOGUE

Complete with 10/- worth discount vouchers
FREE WITH EVERY COPY.

* 32 pages of transistors and semi-conductor
devices, valves and crystals.

200 pages of components and equipment.

65 pages of microphones, decks and Hi-Fi
equipment.

6,500 ITEMS

300 BIG PAGES WY LIROLENE R

*

Post
Paid

@

303 Edgware Road, London, W.2. Mail Order Dept.

all types of Components, Organ Dept. (01) 723-1008/9

309 Edgware Road, London, W.2. High Fidelity
Sates, P.A. and Test Equipment, Record Decks(o1) 723-8963
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