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EIPPRIENIPAK
The people for component bargains

Ar Makers of Ar,

3kirline Nt unt
audio equipment

ORIGINATORS OF PRE -PACKED COMPONENTS IN BRITAIN AND STILL LEADING!

AUDIO MODULES - today's most challenging values!
PRE-AMP/CONTROL MODULES

POWER AMPS

SS103
Compact I.C. amp. 3 watts R.M.S. Single channel (mono).
On P.C.B. size 31/2"x2". Needs 6-22VSupply. £1.75

SS103-3
Stereo version of above. (Two I.Cs.) £3.25

NEW! SS105 Mk. 2
A compact all-purpose power amp. Can be run from 12V car
battery. Size 3V5"x2". Useful 5w output (mono) Into 40
using 24V. Excellent value. £2.25

ssIlo - -

Similar in size to SS105 but will give lOw output into 40
using 24V (mono). Two in stereo give firtt-class results.
suitable for many domestic applications.

SS140
Beautifully designed. Will give up to 40w R.M.S. into 4,.0
Excellent S.N.R. and transient response. Fine for P.A.,, disco
use, etc. Operates from .45V DC. Two in bricliye formation
will give 80w R.M.S. into 80. £3.60

.........LM AUDIO IC
(Marked, .80745). Brand
new..-iiid. to spec. 3 watts
Ft M S out. With data

L1.00
2XSN 7490. Brand new
I.C.to spec. decode
Counters.£7 .00
3XSN 7400 Quad 2 input
Nor gate ICS 50p

SPECIAL
OFFER,S-

SS WO
Active tone control unit to provide Bass and Treble facilities
(stereo). E1.60
SS101
Pre -amp for stereo ceramic cartridges, radio and tape.0.60

SS102
Pre -amp for low -output stereo magnetic cartridges. radio
and tape. £2.2t
BUILD A STEREO F.M. TUNER
FM Tuners
SS201
Front End assembly. Ganged tuning with well engineered
slow-motion geared 'drive in robust housing. A.F.C. facility.
Requires 6-16V excellent sensitivity.-88-108mHz £6.25
SS202
I -F Stage (with 1.C.). Designed to use with S5201 usEe5s.liC5.
Carefully checked before despatch.

SS203
Stereo Decoder. Designed essentially for use with SS2O1
and SS202, this excellent decoder can also make a stereo
tuner of almost any single channel. FM tuner. Supplied ready
aligned. A L.E.D. can easily be fitted. £5.62
SAVE £5 ON THE S/S TUNER
By buying Units SS.201, SS.202 and SS.203 together, the
price is  £1 2.12 a genuine saving of £5 on this very
efficient tuner. £12.12

SUNDRY
PI PAK - Approx. 170 short -lead semi -con-
ductors and components. PNP. NPN, diodes.
rectifiers. etc. on PCBs At least 30% factory
marked. Some data supplied. 50p.
UHF 625 line tuner, rotary. £2.50.
Rev Counter (for cars) (8%). ft.00.
Books by Bernard's Publications, Newnes-
Butterwonh's. etc

I THE FREE CATALOGUE I

INew edition better than ever. It's I
your's for free and well worth getting 11

- only please send large S.A.E. with I
7p stamp if we have to post it to you.

L J

TP5

TP6

TP7

NEW RANGE TRANSISTOR & COMPONENT PACKS
TP SELECTION
20 Transistors. PNP German
iurn, Red Spot A.P.
20 Transistors, PNP German-
ium. White spot RF
1 2N174 150w 8OVce Power
Transistor, with mounting

Tpig 851 Amdblioyde. s, mixed Germanium,
Goldbonded. etc. Marked/Un-
marked

TP23 Twenty NPN Silicon uncoded
T05. Similar to 8FY50 /2.
2N696. 2N1613, etc. Comple-
mentary to TP24

Tp24 Twenty PNP Silicon, uncoded
T05. Similar to BFY6 4,
2N2904 / 5.

TP29 8 power diodes 400V 1 25A
Silicon FST 3/4

ALL ABOVE PACKS - 50p

UT1

UT2

UT4

UT5

CP SELECTION
cp.! Mixed bag of capacitors . -

Clectrolytie. Paper. Silver Mica-
(Approx. 150 - sold by weight).

CP2 200 (approx.) Resistors, various
types. values. watts. (Sold by
weight.)

Cp3 40 Wire -wound resistors. mixed.

CP4 12 pots - pre-set. w/wourid.
carbon. dual. with/without
switches - all mixed.

6p7 Heat sinks. assorted. To fit SO -Z
(0072) TO -1 (AC128). etc.

EACH. TP Tested & Guaranteed. UT Untested.. unmarked: CP Components.

UT SELECTION
50 PNP.s Germanium. AF & RF.

150 Germanium diodes, min.
glass.

100 Silicon diodes. min. glass.
similar to IN914. IN916.

40 250mW Zener diodes
OAZ24 range; average 50%
good.

UT7 '30 Silicon rectifiers 750mA,
mixed voltages. Top.Hats. etc.

ma 40 NPN Silicon planers. Similar
to 2N3707-11 range. Low noise
amps

uT12 25 2N3702/3 Transistors, PNP
Silicon, Plastic to 92.

CAPACITOR DISCHARGE IGNITION KIT
Simple to assemble and fit. Improves car performance.
saves on fuel. P P 30p. £7.50
BI-PRE-PAK X -HATCH GENERATOR MK. 2

Four -pattern selector switch
3" x 5 " x 3"
Ready -built
and tested £9.93

71V In kit form £7.93
Please add.30p for postage and packing.

Is invaluable to induSkial and home user alike. Improved Circuitry
assures reliability and still. better accuracy. Very -compact:
self-contained. Robustly built. Widely used by TV rental and other
engineers With reinforced fibreglass case, instructions, but less
batteries. (Three 1.12 type required.)

TV SIGNAL STRENGTH METER
Complete kit as described In Television" £19.50 plus 40p for P&P

TERMS OF BUSINESS: risi.is VAT at current rate
VAT al 25', must be added to total value of order including postage and packing charges. except lor Items marked

or ja`..i). when VAT is to be added at No VAT on overseas orders. POST & PACKING Add 29p for UK orders.
Minimum mail order acceptable - Overseas orders. add El for postage. Any difference will be credited or
charged. PRICES Subject to alteration without notice. AVAILABILITY All items available al lime at going u press
when every effort is made to ensure correctness of information.

r ; No

222 '224 WEST ROAD,WESTCLIFF-ON-SEA,ESSEX SSO9DF.

TELEPHONE: SOUTHEND (0702) 46344.

FOUNDED IN 1959

SS300 POWER SUPPLY STABILISER
Add this to your unstabilised supply to obtain a steady yvorking
voltage from 16 to 60V for your audio system, workbench. etc.
Money saving and very reliable £3.25
PLASTIC POWER TRANSISTORS
40 WATT SILICON
Type Polarity Gain VCE Price
40N1 NPN 15 15 20p
40N2 NPN 40 40 30p
40P1 PNP 15 15 20p
40P2 PNP 40 40 30p

90 WATT SILICON
Type Polarity Gain VCE Price
90N1 NPN 15 15 25p
90N2 . NPN 40 40 35p
90P1 PNP 15 15 25p
90P2 PNP 40 40 35p

If yOU prefer not to cut coupon out please mention ETiP2 when writing.

To BI-PRE-PAK, 222-224 WEST ROAD
WESTCLIFF-ON-SEA, ESSEX

Please send

for which I enclose

NAME

ADDRESS

Inc VAT''

ET1/4116 =II MN RIM MIM NMI MEI IMO RBI NM NMI
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Main Features

Vol. 4. No. 10.

ELECTRONICS IN MEDICINE 10
How instrumentation is used in pathology

TAPE BIAS 22
Explains why it's necessary

HELPING HAND . 25
Open competition to solve some of the problems of the deaf

FM RECEIVING TECHNIQUES 46
Part three continues our insight into VHF/FM

UNDERSTANDING COLOUR TV . . 50
Convergence and alignment procedures

ELECTRONICS IT'S EASY 58
Generating non -sinusoidal waveforms

Projects

DIGITAL DISPLAY
A basic module for experimenters

DIGITAL VOLTMETER . . _ ........ 18
East -to -build, low cost unit uses dual -slope technique

INTERNATIONAL -25 HI-FI AMPLIFIER
Excellent design, easy -to -build and low cost

INTERNATIONAL -FM TUNER
Constructional details of our superb design

INTERNATIONAL 3600 SYNTHESISER
Final part gives inter -unit wiring

Data Sheet-New Series

32

41

µA 7800 VOLTAGE REGULATORS . . . 37

TBA810S/AS 7W AMPLIFIER .... . 38

TDA1054 TAPE RECORDER PREAMP 39
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WIN A FREE SUBSCRIPTION 31

PREVIEW OF NOVEMBER'S ETI 36

PULSAR CLOCK OFFER 61
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Special Offer
SINCLAIR SCIENTIFIC: KIT £11.95, BUILT £12.95 35
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READER QUERIES: These can only be answered if they
relate to recent articles published in the magazine. Rarely
can we supply information in addition to that published.
Written queries must be accompanied by a stamped,
self-addressed envelope, and telephone queries must be
brief, not before 4.00 p.m. and can only be answered
subject to the availability of technical staff.
BACK NUMBERS: Back numbers of many issues are
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SEMICONDUCTORS
TRANSISTORS aF 74 SERIES T.T.L. I.C.'s

fIRAND NEW. FULLY GUARANTEED B1-PAK STILL LOWEST IN PRICE. FULL SPECIFI-
AC107 0.20' BC171 ' 0.15 BEX66 0.22 2247180.25 CATION GUARANTEED. ALL FAMOUS.
AC113
AC115

0.19
010

23C172.
BC173

0.15
025

BEY50
BFY51

0.20
0.20

2N718A
224726

0.51
0.29

MANUFACTURERS
-4.1antities

ACII7K 0.30 BCI74 0.15 BEY53 020 224727 0-29 Type Quandties Type

AC122 0.12 BC175 022 .BF753 028 297743 020 1 25 1001 1 25 100;-

AC125 018 BC177 0.19 135X19 0.16 147 020 7400 0.14 0.13 0.12 7486 032 0.31 0.30

AC126 0.18 ' 5C1711 019 13634200.14
'

22491428 01501 0.13 0.12 74E19 3.70 3.47 3.24

AC127 0.19 -BC179 0.19 BSY25 0.16 7402741 0.14 0.13 0.12 7490 060 0.50 036

AC128 0.10 . BC180 0.25 BSY26 0.16 224929 031 7403 0.14 0.13 0.12 7491 1.02 0.97 093

AC132 0.15 BC181 0.25 135Y27 0.16 2N930 031 7404 0.14 0.13 0.12 .7492 0.69 0.66 0.59

AC134 0.13 BCI82 0.15 ,19.5028 0.16 2241131 6.20 7405 0.14 0.13 04, .7493 0.69 0.66 0.59

AC137 0.15 8C182L 0.15 30SY29 016 2241132 0.22 7406 0.36 0.31 0.29 7494 0.79 0.76 0.69

AC141 0.19 BC183 0.15 45SY38 019 2741302 015 7407 0.36 031 029 740.5 0.79 0.76 0.69

AC14IK 0.30 BC183L 0.15 93.5Y39 029 2241303 015 7408 013 0.22 021 7506 0.89 066 0.80

AC142 0.19 BC184 020 11.SY40 9.29 2141304 0.18 7409 0.23 022 021 74100 1.39 1.34 1.36

AC142K 0.26 801842 0.20 BSY4I 0.29 3741305 048 7410 0.14 0.13 0.12 74104 0.56 0.54 8.51

ACI51 0.16 BC186 0.29 13.5Y95 0.13 2241306 0.21 7411 0.23 0.22 021 74105 0.56 054 0.51

ACI54 0.20- 8C187 0.29 Bsy96A 0.13 2241307 0.21 7412 0.26 0.25 0.24 74107 0.41 0.39 0.37

1ACI55 0.20 BC207 0.11 1111105 2.04 2241308 0,24 7413 0.30 0.29 0.28 74110 0.56 0.51 0.40

AC156 0.20 5C108 0.11 0111E 0.51 2241309 024 7916 0.28 0.27 0.26 74111 0-83 0.81 0.78

AC157 0.25 BC209 0.12 C400 0.31 2NI613 0.20 7417 0.28 0.27 026 74118 0.93 0.88 0.83

AC165
ACI66

0.20
0.20

BC2122
BC2I3L

0.13
0.13

C407
0424

016
016

2241701

2241889

0.20
0.32

7420 0.14 0.13 0.12 74119
(1.-3496 (1.1: 41:7422 0.25 0.27 0.26 74121

AC167 0.20 8C214L 0.17 0425 051 2241890 0.46 7423 0.37 0.36 0.35 74122 0.055 0.63 0.60

AC168 0.25 130225 026 0426 0.36 2241893 038 7425 0.37 0.36 0.35 74123 0.69 0.68 0.65

AC189 0.15 BC226 036 0428 0.20 2242147 0.73 7426 0.37 0.33 0.33 74141 0.79 0.76 0.73

ACI76 0.20 BC301 0.28 0441 0.31 72421411 0.58 7427 037 0.35 0.33 74145 1.20 1.16 1.11

AC177 025 BC302 0.25- C442 031 2242160 9.61 7428 0.42 0.39 0.37 74150 1.39 1.30 1.29

Acas 0.29 13C303 0.31 0444 0.36 2242192 7430 024 0.13 0.12 74151 1.02 0.97 0.93

AC)79 029 80304 0.37 C450 0-22 2242193 El: 0.37 0.35 0.33 74153 0113 0.88 083

AC180 0.20 .13C440 031 MATIOO 019 2242194 0.36 7433 0.39 0.37 0.33 74154 1.57 1.43 1.48

ACIOOK 0.30, BC460 037 MATIO1 0.20 2242217 0.22 7437 0.32 0_30 028 74155 1.11 1.06 1.02

AC181 0.20' BCY30 025 MATI20 0.19 2942218 0.20 7438 0.32 0.30 028 74156 1.11 1.06 1.02

ACISIK 0.30 BCY31 0.27 MAT121 0.20 2242219 0.20 7440 0.14 0.13 0.12 74157 0.93 0.88 0.83

AC187
AC187K

0.22
0.23

BCYM
BCY33

0.31
0.22

MJE521
39.162965

056
0.88

2242220
2242221

012
0.20

7441 0.69 0.68 0.59 74160 2: 1.-11 1117442 0.69 0.66 059 74161

AC188 0.22 BCY34 026 MJE3055 052 2242222 0.20 7443 1.11 1.06 1.02 74162 230 125 1.20

AC186K 0.23 BCY70 0.15 MJE3440 0.51 2242368 018 7444 III 1.06 1.02 741613 1.30 1.25 1.20

ACY17
ACYI8

026
020

BC171
BCY72

0.20
0.15

MPF102
MPF104

'

043
0.313

2242160
2012369A

0.15
0.15

7445 1.48 1.44 1.39 74164
0 7 1.62-ILI7446 L11 1.06 1.02 74165 1.67-

ACYI9
ACY20
ACy21
ACY22

0.20
0.20
0.20
0.17

BCZIO
BCZI I
13C212
1313115

0.20
026
026
063

MPF105
0019
0e_20
0C22

038
1.1.

047

2742411
21,12412
20/2648
2242711

0.25
0.25

*0.48
021

7448
1.020 00.99.99 0.0.9977 i:7744117664744711: 011: 11:

7450 0.14 0.13 0,12 74175 - 11.2:01! 0.971 (11,99:

7951 0.14 0.13 0.12 74176

ACY27
ACY28

0.19
0.19

80116
BE1121

0.81
0.61

0033.
0C24

0.49
0.57

2242712
2242714

0.21
021

7453 0.14 0.13 0.12 74177 I::: 111 I::: '7454 0.14 0.13 0.12 74180

ACY29 0.36 80123 0.67 0C25 0 39 2N2so4 018 7400 014 0.13 0.12 74181 3.66 3.56 3.47

ACY30 029 80034 0.70 (7026 0.30 2242904.0.21 7470 0:30 0 .27 0.25 74182 116 1.11 1.0$

ACY31 0.29 BD131 0.31 0028 051 2243905 0.21 7472 0.30 9.27 0.25 74184 I.S. 1.62 1.55

ACY34
ACY35

0.21
011

1313132

13010.1
0.61
067

0C29
005

k31
0.43

2242905A
2N2906

0.21
ins

7473 1.81 1.76 1.71

7474 0
0.3.8 0.36 032 74190

_38 036 022 74191 1.91 1.76 1.71

ACY36 0.29 80136 1241 0036 0.51 2142906A 0.19 7475 0.56 034 0.52 74192 1.81 1.76 1.71

ACY40
ACY41

0.18
0.19

BD137
80138

0.46
0.51

0041
0C42

0.20
025

2242907
2012907A

0.20
0.22

7476 0.41 040 0.39 74193
11

1.76

7480 0.56 054 0.51 74194 1 I1..71

ACY44 0.36 1313139 0.50 0014 016 2012923 0.15 7481 1.02 0.97 0.93 74195 1-02 0.97 0.93

AQ130 030 00140 0.61 0C45 0.13 2n2924 0.15 7482 063 0.79 0.74 74196 1.11 1.06 1.02

A13140
ADI42

049
0.49

130155
013175

081
0.61

()CM
(8:71

010
0.10

2N2025
22429260

0.15
0.13

7483 211 1.06 1.02
2.55 2.50 2.457484 0.93 030 0.88 74199

AD14,3 0.30. 00176 061 0072 0.15 2N26Y 0.11 7485 231 221 2.11

AD149 0.51 1313177 0.67 0074 015 2729260 0.10 Devices may be mixed to qualify for quantity price (TT L 74
A0161 0.36 1313178 0.67 0075 016 2' 9268 0.10 series only) data is available for the above series of LC.'s in
AD162 0.36 50179 071 0076 0.16 224292613 0.10 booklet form. PRICE 35p .
AD161 &
A0I62(MP)099
ADT140 840

50190

80186

0.71
0.877

0.67

0077

00310

0.26

0.16

2N3091

2243053

0.71

0.18 * D.T.L. 930 SERIES
AF114
A0118
AF116
AFI 17
A0118
AF124
A0325
AF126
A0327
AF139
AF178

0.25
0.25
025
025
058
0.31
0.31
0.29
0.29
032
051

1313167
80188
813189
130190
50195
1313196
00197
BD198
130199
5002011

87520.5

0.71
071
0.77
0.....77

0-0J
0.87
0.92
092
0.98
0.98
0,91

0062
0082D
0033
0c039
00140
0C169
0(170
0(171
0C200
0C201
00202

0.16
0.18
030
0.20
020
0.26
036
026
026
039
029

2043054
20'30.55
2243319
2003391A
2243392
2013103
203304
2002295
2243402
22434413
2243404

047
0.42
0.15
0.17
015
0.15
01$
0.18
021
021
029

Type Quantities Type
I 25 100+

BP930 0.14 0.13 0.12
BP932 0.15 0.14 0.13

BE933 0.13 0.14 0.13
00935 0.15 0.14 0.13

BP936 0.15 0.14 0.13
BP944 0.15 0.14 0.13

BP945 0.28 0.26 0.23
014 0.13 0.12

Quantities
1 25 100+

P948 028 0.28 0.23
F951 0.65 060 056
P962 0.14 0.13 0.12
P9093 0.42 0.40 0.38
P9094 0.42 0.40 0.38
P9097 0.42 0.40 0.33
P9099 0.42 0.40 0.38

AF179 051 80206 0.81 .0(x03 026 2243406 034 Devices may be 'nixed to qualify for quantity price Larger -
AE180 0.51 130207 098 0(2204 026 2943414 0.16 quantity prices. an appliCatitr(DIL 930 Series only).
Ar 181 0.51 60208 0.98 00205 0.36 2743415 0.16

THYRLSTORSA0186
AF239

051
038

81202)
BF115

1.02
015

00309
OCP71

0.41
*044

2243416
223417

0.29
0.29

AL102 068 BF117 0.46 001902 *0.44 2243525 *0.77
AL103 0.68 8E118 0.71 05960 *041 2N3614 0.69 Plc 0.6A 0.8A IA 3A 5A 5A 7A 10A 16A 30A
ASY26 . 0.26 8E119 0.71 08560 *4.41 2243615 0.76 TO18 7092 105 1066 T066 TO64 TO48 T018 T048 TO48
565927 031 BE121 0.46 120 *051 2243616 0.76 10 0.13 0.15
ASY28 026 13E123 051 P346A 020 2243646 0.09 20 015 0.18
ASY29 026 ElF125 0.46 P397 0.43. 2243702 022 0.19 0_22
ASY50 ' 026 BF127 0.51 ST140 0.13 2143703 0.12

_30
50 0.22 0.28 020 015 036 0.38 0.48 0.51 9.54 1.18

ASYSI 0.26 BFI52 0.56 ST141 0.18 2243704 0.13 100 025 0.30 0.25 023 0.48 0.48 0.51 057 0.58 1.43

ASY52 0.26 BF /53 0.46 T1P29 0.44 2243705 0.12 150 9.31 0.38
ASY54 0.26 BP154 0.46 TIP30 0.62 3243706 0.12 200 018 0.44 0.25 0.30 0.50 0.50 057 0.62 0.62 1.63

ASY55 0.26 6E155 0.71 TIP3IA 056 2243707 013 400 - - 0.30 0.39 0.55 057 0.62 0.71 027 1.79

A5756 0.26 BF156 0.49 T1P32A 068 2243708 0.08 600 - - 0.39 0.48 0.69 0.69 0.78 0.99 0.90

ASY57 0.26 8E157 0.56 T11°41A 068 2243709 009 800 - 0.58 0.65 051 0.81 0.92 1.22 1.39 4.07'

ASY58
ASY73
AS221

0.26
0.26
0.41

BPI%
8E159
BF160

0.50.
0.61
0.41

TIP42A
71543
11746

0.81
M0.31
*028

1743710
2143711
2243819

0.09
009

'019 LINEAR I.C.'s
BC107
BC108
BC109
t3C113
13C114
170115
SC116
BC117
3C118
BC119
BC120

13C125
5C126
BC132
BCI34
:80135
8c:136
16C137

0.08
0.08
0.08

-6111
0.16
0.16
0.16
0.19
0.10
0.31

0.81
0.12
016
0.12
0.19
0.12
0.16
0.16

BE162
8E163
8F164
8E165
BE167
BF1,7.5
IlF176
BFI77
BF178
BF179
BFI80
13F181

8F182
BP -183
RF181
8E186
8E187
/3E188

041
0.41
0.41
0.41

- 1/-22
0.22
0.36
0.36
0.31
0.31

051
0.31 v.,.
0.41
0.26
031
028
0.41

ZN414
2G301
2G302
2W03
26304
26506
20308
2(1309
26339
20339A
26344
26325
26371
2037113
26373
20374
26377
2(2370

1.00
0.19
0.19
0.19
0.25
0.41
0.36
0.37
030
0.17
0.19
0.17
0.17
0.12
0.18
0.18
0.31
027

2243820
2243821
2773823
2N3903
2743904
2243905
2743906
2244058
2244059
2244060
2014061
2244062
204281
2244265
2244268
2244387
224428.63,4289

0.51
0.36
0.29
0.39
Ot
0.
028
0.12.
0.10
012
022
0.12
018
mg
0.18
0.18
0.18068

TYP0 Quantities Type Quantities
I 25 100+ 25 100+

72702 146 0.44 0.42 TAA350A 1.71 1.67 1.57
72709 0.23 0.21 0.19 uA703C 0.26 0.24 0.22
72709P 0.19 0.18 0.17 uA709C 0.19 0.18 0.17
72710 0.32 0.31 0.28 uA7 I IC 0.32 0.31 0.78
72741 028 0.27 0.26 uA7I2C 0.32 031 028
72741C 0.26 0.25 0.24 uA723C 0.45 0.43 0.40

7274IP 0.28 0.27 0.26 761103 139 1.34 1.30

72747 079 0.74 0.61 76023 139 134 130
72748P 0.35 0.33 0.31 76660 0.88 '0.86 0.83

512010 0.46 0.42 037 LM380 0.93 090 0.80

SL70IC 0.46 0.42 0.37 NE555 0.45 0.43 0.40

SL702C 0.46 0.42 0.37 NE.556 0.88 0.86 0.83

TAA263 0.74 0.65 0.56 TBA800 1.39 1.34 1.30
TAA293 0.93 0.88 063 ZN4I4 1.11 -

BC139
BC140

0.41
0.31

8E191
11E105

022
0.12

20381
26382

027
017

2244290
2244291

OAS
0.18 SILICON RECTIFIERS

BC141
130143

0.31
031

BE196
8F197

0.15
0.15

26401
2G414

031
0.31

2244292
2344293

QUI
0.18

BC145 0.46 BF200 0.46 20417 0.26 2245172 0.12 PIV 300rtus. 750mA IA 1.5A 3A 10A 30A

8C147 0.10 B1.2.22 0.118 224388 036 2245194 056 (D(37) (9016) Plastic (S016) (S010) (S010) (T048)
80143 0.10 BF257 0.46 214368A 056 21,45294 0.56 50 1944001 0.05 0.07 014 *019 *0.56
BC149 0.12 131258 0.61

214404 020 2145296 956 100 0.05 0.07 IN4002 -6.06 OM 0.16 *0.21 *OAS

BC150 0.19 ElF2.59 057 2N404,e, 0,29 224.5402 0.06 0.09 1244003 9.07 012 0.20 *023 .043
BCI51 0.20 130262 056 224524 0.43 2015458 0.32 400 0.07 0.14 IN4004 6.06 0.14 028 *035 *0.25

BC152 0.18 BF283 0,,,,,0.58. 274527 0.50 2N5459 0.41 600 OM 0.16 1144005 0.09 916 0.33 *0.42 *1.76

BCI53 0.29 13E270 . 224598 043 2746122 0.69 800 0.11 018 1014006 0.10 016 0.35 *0.51 *1.94
130154 0.31 00-271 am 224599 0.46 25301 0.51 1000 013 0.28 1014007 0.11 9.23 0.44 *0.60 *2.31
BC157 019 8E272 1281 224606 0.15 26.302A ,

43 1200 032 11.211 0.54 *0.69 *2.96
13C1.58 012 BFY- 3 058 2N697 014 25302 0.43

44 TRIACS13C159
80160

0.12
046

0E274
BEW10

036 274698
214699

025
036

25303
30304

0.56
070

60161
13C167
BCI68

0.51
0.12
012

0E2(29
8FX84

13E1035

0.28
022
031

294706
2N706A
7.N706

098
0.09
0.12

25305
25306
25307

060
0.80
0.80 . Amp 705 0.31 051 0.7:

Case 100V 200V' 400V
s

13C169 0.12 BE)(66 0.22 224711 031 20321 1175 6 Amp TOES 0.51 0.61 0.77
5C170 0.12 1.3F0487 025 22471 7 0.36 256322 0.43 10 Amp TO48 0.77 0.92 1.12

Price
060

U 2 50 Mixed Germanium transistors AF/RE 0.60
U 3 75 Germ. gold bonded sub -min. like 0A47 0.60
U 4 30 Germ. transistors like 0082 ACI28 0.60
1.15 60 200mA sub -min. silicon diodes 060
LI 6. 30 Sil. trans. NPN like BSY95A. 224706 0.60
U 7 16 SH. rect. 75OrnA up to 1000 0.60
U 8 50 Sit. diodes DO -7 250mA like 0A200/202 - .. 0.60
U 9 20 Mixed voltages, I Watt Zener Diodes 0.60
U10 20 BAY50 charge storage diodes DO -7 .. .... 0.60
Ul 1 20 PNP S6. trans. TO -5 like 2N1132,2N2904 .. 0.60
U13 30 PNP-NPN SiL trans 0C200 & 26104 0.60
U14 150 Mixed silicon and germ. diodes 0.60
U15 20 NPN SO. trans. TO -5 like 200696 0.60
U16 10 3Amp Sil. rect. stud up to 1000 PIV 0.60
U07 30 Gerrn.PNP AF trans TO.5 like ACYI7-22 0.60
U18 8 6 //XIV sil rect. BYZI3 tope up to 600 PIV 0.60
019 20 Silicon NPN trans. like BC108 0 60
1320 12 1.5 Amp ail. rect. top hat up to WOO PIV ... 0.60
U21 30 AF. Germ. trans. 2G300 series & 0071 0.60
U23 25 MADTs like MHz series PNP series .. .

U24 20 Germ. I Amp rect. GINI up to 300 P1V 060

026 30 Fast switching sd. diodes like 124914 ...... . 0.60
0325 25 300MHZ NPN ail. trans. 2N708. BSY27

1129 10 1 Amp SCR's TO -5 up to 600 P1V
U32 25 Zener diodes 400mW DO -7 3.33 volts mixed 0.60
033 15 P1asliC lAmp Oil. rect. 104000 series 060
U34 30 Sil. PNP trans TO.5 BCY26 26302/4 060
2135 25 SO. trans. PNP TO -18 2242906 060
U36 20 SO NPN trans. TO -5 BEY50/51/52 6 60
U37 30 Sit. trans. SO -2 PNPOC200. wS322 0.60

1.338 30 Fast switch ail. trans. NPN 400MHz 0.60
0)39 30 RF.Germ. PNP trans. 2241301 /5 TO -5 060
0)40 10 Dual trans 6 lead TO.5 2242060 000
043 25 Sil. trans. plastic TO -18 BC113/114 . 0.60
U44 20 50. trans. plastic TO -5 BC115 . 0.60
U45 73A SCR. 7066 up to 600 PIV*120
U46 20 Unijunction trans. similar to TIS43 *0.60

U48 9 NPN sit. power trans. like 2243055 ... *. 1:2020
U47 10 10220AB plastic Irises 50V 6A

W9 12 NPN sil. plastic power 60W like 2N5-294 .... 1.20
. -

Code Nos. mentioned above are given as a guide to the
type of device in the pak. The devices themselves are
normally unmarked.

QUALITY TESTED PAKS

Pak No.

SUPER UNTESTED PAKS
Description

U 1 120 Glass Sumbmin. G.P. Germ. diodes

Price

Q 120 Red spot transistors PNP
E

0.80
Q 2 16 White spot R.F. rransostors PNP 060
Q 3 4 0077 type transistors 0.60
Q 4 6 Matched transistors 0044/45/81/810 0 60
Q 5 4 0075 transistors 0 60
Q 6 5 0072 transistors 060
Q 7 4 AC 128 transistors PNP high gain 060
Q 8 4 ACI26 transistors PNP 060
Q 9 7 0081 type transistors 0 60
Q10 7 0071 tyPetransistors 0.60
ill 2 ACI27/128 Compmentary palm PNP/NPN . 0.60
I2 3 AF116 type transistors 0.60
13 3 AF117 type transistors 0.60

Q14 3 OC171 H.F. type transistors 0.60
QI5 7 2N2926 SU. Epoxy transistors mixed colours 0.60
Q17 5 NPN 2 x 57141 & 3 x ST140 060
018 4 MADTs 2 x MATI00 & 2 x MAT120 060
Q19 3 MAT's 2 x MATIO1 & I x MAT121 . 0 60
Q20 4 0044 Germanium transistors A.F 060
Q21 4 AC127 NPN Germanium transistors 0.60
Q22 20 NKT transistors A.F. R.F. coded 0.60

Q24 8 0A81 diodes
0.60
0.60

Qn 10 OA202 Silicon diodes sub -min

Q25 15 100914 Silicon diodes 75PIV 75mA 080
Q26 8 0A95 Germanium diodes sumb-min-1N59 . 0.60
Q27 2 10A 500 P1V Silicon rectifiers 1642513 *0.60
Q28 2 Silicon poster rectifiers BYZ13 *0.60
Q29 4 SO. transistors 2 0 224696, t 8 324697. 1 x 224698 0.60
Q30 7 Silicon switch transistors 2N706 NPN 0.60
Q31 6 Silicon wench transistors 2N706 NPN 0.60
Q32 3 PNP SiL trans 2 x 2N1131. I x2N1132 .... _ 0.60
Q33 3 Silicon NPN transistors 2241711 060
Q34 7 50. NPN trans. 2242369 500MHr (Code P397) 0.60
Q35 3 Silicon PNP TO -5 2 x 2N2904 & 1 X 2742905. 0.60
Q36 7 2243646 TO -18 plastic 300 MHz NPN 060
Q37 3 2243053 NPN Silicon transistors 0.60
Q38 5 PNP transistors 3 x 2N3703.2 x 2243702 060
Q39 5 NPN transistors 3 x 2N3704.2 x 2N3705 060
Q40 5 NPN transistors 3x 2N3707, 2x 2243708 0.60
Q41 3 Plastic NPN 7018 2N3904 0.60
Q43 5 BC107 NPN transistors 0.60
Q44 5 NON transistors 3 x BC108. 2 x BC109 060
Q45 3 BC113 NPN TO -18 transistors ' 060
Q46 3 BC115 NPNTO-5 transistors 060
Q47 4 N901 high gain transistors 2 x BCI67, 2 x BC 168

. . 0.60
Q48 3 BCY70 PNP transistors TO -18 0.60
Q49 3 24904 transistors 2 0 REVS!. I a BEY52 0.60
Q50 7. BSY28 NPN switch transistors TO -48 090
Q51 7 BST95A 011,14 transistors 300MHE 060

8 57100 type silicon rectifiers
Q53 25 Sil. & Germ. trans.. mixed all marked new 111:
Q54 6.111209 Red LED

UNTESTED
TTL PAKS

P.& no Contents
01(260 =1287400
0)I001 =1287401
UICO2 =1287402
01CO3 -1207403
U1C09 =12x7404
111035 =1287405
U1C06 = 887406
111C07 = 887407
UICIO -1287410
LTICI3 = 24E7413
 UIC20 =12x7420
UIC.30 =128-7430
LIIC40 =1287440
13I041 - 587441
UIC42 = 587442
U1C43 - 58'7443
U1C44 = 5x7444
U1C45 - 58-7445
U1C46 = 587446
051047 587447
U1C48 = 587448
0)/050 =1287450
01051 =1287451
U1053 =1287453
01054 .2.287454
UIC60 =1287460
U1C70 = 887470
UIC72 a 887472
U1C73 = 837473
111C74 = 6417174
01075 = 837475
U1C76 - 807476
48080 = 5x7480
131081 = 587481
UIC8:2 587462
1.11083 = 56483
LRCM = 587486
0I090 = 587490
UIC91 - 587491
U1C92 = 587492
111093 =^ 587493
U1C91 = 587494
12I095 = 557495
0IC.96 = 587496
1110100- 5874100
010121= 58.74121
1.110141 5874141
U1C151= 574150
UIC154- 5874154
211C193= 5374193
U1C199. 5874199
WC X1 25 Assorted 74s

Price
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.66
0.60
8.65
0.66
0.66
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.69
0.60
8.60
0.60
0.60
0.60
0.60
0.60
1.511,

AVDEL BOND

SOLVE THOSE STICKY
PROBLEMS!
with

CYANOACRYIATE C2 ADHESIVE

The wonder bond which works in'
seconds -bond plastic, rubber, transistors.
components permanently. immediately!

OUR PRICE ONLY 60p

for 2gm phial

VOLTAGE
REGULATORS

10.3 Mastic Encapsulition
p.A7805/2129
' 5V (equiv. to MVR5V)
hA7812/L130

12V (Equiv. to MVRI2V)
uA.7815/1131

15V (F.quiv. to MVRI5V)
uA.7818

18V (Equiv. to MVR18V)

135

0.25

1.25

1.25

ALL PRICES
EXCLUDE V.A.T.

Postage & packing
add 20p overseas
add extra for airmail.
Minimum order 75p

D.LL SOCKETS
1 25 100+

760 14 14 pin type 0.31 028 0.25
TS016 16pin type 0.35 0.32 0.30
TS024 24 pin type 099 0.64 0.62
BP388pin type (low cost) 0.14 0.12 0.10
BPSI4 14 pin type (low cost)

0.15 0.13 0.11
BP516 16 pin type (low cost)

0.18-ikm 0.12,

DIODES

AA110 0.08
AA120 0.08
A.A129 0.08
AAY30 099
AAZI3 0.10
BA100 0.10
BA116 0.21
13A126 022
5A148 0.13
BA154 012
BA155 015
BA165 0.14
13A173 0.13
1313104 0.15
BY100 0.16.
57101 0.12
BY105 0.18
137114 0.12
87024 0.12
37126 0.15
137127 0.16
117128 0.16
131130 0.17.
57139 0.21
81164 0.51
BYX38/30 0.43
BYZIO 0.36
BYZ11 0.31
131212 0.31
.BYZI3 026

BYZ16 041
IITZ17 0.36
BYZ18 0.36
BY219 928'
CG62
(0A91Eq) 0.06
CG651
(0A70 -0A79)

007
0A5 Short
Leads 0.21

0.14
0.647 097
0A70 0.07
0A79 0.07
0A01 0.07
0A85 0.09
0A90 0.07
0A9I 0.07
0.695 0.07
0A200 0.07
OA202 0.07
SDIO 0.06
SDI9 0.06
12434 0.07
I N34A 0.07
124914 0.06
124916 0.06
1244148 0.06
ISCCI 0.10
151151 0.07

4 ELECTRONICS TODAY INTERNATIONAL -OCTOBER 1975



PO BOX 6 WARE HERTS
AL 60t ONLY £3.95

50w. PEAK (25w. R.M.S.)
 Max Heat Sink temp 90°C  Frequency Response 20Hz to 100K Hz  Distortion better than 0.1 at 1KHz
 Supply voltage 15-50 volts  Thermal Feedback  Latest Design Improvements 0 Load - 3, 4, 5 or 16
.ohms  Signal to noise ratio 80dH  Overall size 63mm x 105mm x 13mm. Especially designed to a strict
specification. Only the finest components have been used and the latest solid state circuitry incorporated in
this powerful little amplifier which should satisfy the most critical A.F. enthusiast.

STABILISED POWER MODULE SPM80
SPM80 is especially designed to power 2 of the AL60 Amplifiers, up to 15 watt (r.m.s.) per channel simultaneoUsly. This
module embodies the latest components and circuit techniques incorporating complete short circuit protection. With the
addition of the Mains Transformer BMT80, the unit will provide outputs of up to 1.5 amps at 35 volts. Size: 63mm x 105mn-i
x 30mm.
These units enable you to build Audio Systems of the highest quality at a hitherto unobtainable price. Also ideal for many
other applications including: -Disco Systems. Public Address Intercom Units. etc. Handbook available 10p.

TRANSFORMER BMT80 £2.60 PRICE £3.00
STEREO PRE -AMPLIFIER TYPE PA100',,

Built to a specification and NOT a price, and yet still the greatest value on the market, the PA100
stereo pre -amplifier has been conceived from the latest circuit techniques. Designed for use with. the.
ALSO power amplifier system, this quality made unit incorporates no less than eight silicon planar
transistors, two of these are specially selected low noise NPN devices for use in the input stages.
Three switched stereo inputs, and rumble and scratch filters are features of the PA100 which also has
a STEREO/MONO switch, volume, balance and continuously variable bass and treble controls.

£13.20
MK 60 AUDIO KIT
Comprising: 2 x AL60, 1 x SPM80, 1 x BTM80. 1 x PA100, 1 front panel, 1 kit of
parts to include on -off switch. neon indicator, stereo headphone sockets
plus instruction booklets.
COMPLETE PRICE: £27.55 plus 45p postage.

TEAK 60 AUDIO KIT
Comprising: Teak veneered cabinet size 16W' x 111/2" x 3ii", other parts
include aluminium chassis, heatsink and front panel bracket, plus back
panel and appropriate sockets, etc.
KIT PRICE: £920 plus 45p postage.

- ?LEASE ADD V.A.T.
AT 25% TO ALL

ITEMS EXCEPT
ADD 8°0

= NO V.A.T.

STEREO 30 -COMPLETE AUDIO CHASSIS
7 + 7 WATTS R.M.S.

The Stereo 30 comprises a complete stereo pre -amplifier, power amplifiers and power
supply. This with only the addition of a transformer or overwind, will produce a high
quality audio unit suitable for use with a wide range of inputs, i.e. high quality ceramic
pickup, stereo tuner, stereo tape deck, etc.
Simple to install, capable of producing really first-class results, this unit is supplied with
full instructions, black front panel, knobs, mains switch, fuse & fuse holder and
universal mounting bracket, enabling it to be installed in a record plinth, cabinets of
your own construction or the cabinet available.

Ideal for the beginner or advanced constructor who
requires Hi-Fi performance with a minimum of Plus 45p
installation difficulty. Can be installed in 30 mins. PRICE El5 75 postage & packing

TRANSFORMER £2.45 plus 45p TEAK CASE £3.65 plus 45p
postage & packing postage & pacle!n-g-I

AL 10/AL 20/AL 30._
The AL1O, AL20 and AL30 units are similar in their appearance and in their general specification. However, careful
selection of the plastic power devices has resulted in a range of output powers from 3 to 10 watts R.M.S.
The versatility of their design makes them ideal for use in record players, tape recorders, stereo amplifiers and cassette
and cartridge tape players in the car and at home.

SPEAKERS

LEK 350 Loudspeakers
Enclosure kit in teak veneer.
including speakers. Rec. retail price
£4.50 per pair.

OUR SPECIAL PRICE
ONLY £27.75 per pair P&P £3

WHILE STOCKS LAST!

ALIO £2.30. ALI20 £2.65, AL30 £2.95
FOR PA 100IT

4-16 Ohnis impedance Attractive matt silver.
frequency response

HEADPHONES 20 to 20,000 Hz ster-
eo/mono switch and
Volume Control £4.55

FRONT PANEL
Finish with black trim
and lettering. Adds
that professional
touch. £1.10 only.

I M.P.A.30 STORAGE -CARRY CASES 1CARTRIDGESj DYNAMIC MICROPHONE
RECORD CASES TYPE 51223 200 ohms impedance. Completede qua dry of a magnetic cartridge with

using the new
GP91-1SCOOnii/ it Ticrriiiiic - --.,-

-£1.717 in E.P. 18 3/8th in. x 7 in x 8 in (50 records)
.f2.48

12 in L.P. 131in x 7 3/8th in x 12. in (50 records)
.E3.30

...COS i
GP93-I '280mV at ]cm /sec £1.43
GP96-1 100mV at lcmisec £2.31fit- 3-2005 Crystal/Hi Output £0.97

with stand, on/off switch and 2.5mm and 3.5mm
plugs. Suitable for cassette tape recorders.

PRICE £1.67

aciscizg ceramic equipment
M_P_A.30 which is a high quality

exist for the use of ceramic
-

CASSETTE
J -2010C Crystal/Hi Output £1.11 de construction are 4 low noise, high CASES

Holds 15. 10in 314in 5in. Lock handle
Compatible' £1.52 JUST OUTItransistors and it is provided with a x x and

.£1.50 ,7-2006 Stereo/Hi Output -£1.91DES: input socket for ease of 3-2105 Ceramic/Med Output
Magnetic 5mY/5cm /sec STEREO FM

full, easy to follow instructions.
8 -TRACK CARTRIDGE CASES
Holds 14. 13in x Sin x 6in. Lock and handle

J-2203 E4.78
including stylus £2.83 TUNER

.£2.20
Holds 24. 13 3/8th in 8 in x 5 3/8th in Lock and

3-22038 Replacement stylus for above.
'AT -55 Audio-technica magnetic WRITE NOW FOR

PRICE £2.65 x
-handle .E3.20 cartridge 4mV/5cm /sec FULL DETAILS
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,--news digest

DIGITAL CAPACITOR METER
A compact capacitance meter with
digital readout has just been introduced
by Aim Cambridge Ltd. The DCM302,
as it is known, is available for £89 and
autoranges over 6 decades from
1999pF to 199.9µF full scale. The
31/2 digit display gives accuracy of
±0.5% of reading.

The DCM302 is battery operated
and requires no setting up before
taking measurements.

Aim Cambridge Ltd. Nuffield Road
Industrial Estate, St. Ives, Huntingdon,
Cambs.

RCA TEST SETS
Arrow Electronics now stock a new
range of RCA test equipment. The
range goes from the Handyman
Special, a rugged low cost volt/ohm/
milliameter, to the high sensitiv:ty
AC. Further details from Arrow
Electronics Ltd., 7, Coptfold Road,
Brentwood, Essex.

SPACE LUBRICANTS
Normal lubricants are not very satis-
factory in space but a group of Soviet
scientists claim to have solved the
problem by using microwave radiation.

Apparently a short exposure to this
radiation allows surfaces to slide over
each other in a vacuum.

ANRS INTEGRATED INTO A SINGLE
IC CHIP
In 1972, JVC first introduced their
Automatic Noise Reduction System
(AN RS) into their top -range cassette
decks. Since then, ARNS has been
incorporated into a wide range of tape
decks. Recent improvements however,
in cassette deck quality and the poss-
ibility Of "noise -reduced" FM broad-
casts have meant improvements in the
quality of noise reduction systems and
the application of these systems to
components other than cassette tape
decks.

To meet these new requirements,
JVC has recently completed the
development of the AN RS IC. The
new AN RS IC chip will improve both

the performance and reliability of
AN RS systems and make them con-
siderably easier to add to existing
units. JVC have replaced the bulky
mechanical switch in the AN RS
circuitry with integrated electronic
switches. The compender circuit is
totally integrated into a single mono-
lithic IC.

LOW PRICE LASER
A complete mains -powered Laser is
now available for under £100 from
Wilton Electronics (Scotland) Ltd.
Manufactured in the USA by C.W
Radiation and designated the W-100,
the Laser produces 0.5mW; it is a
Helium -Neon type with an output at
6328A. Beam divergence is less than
2 milliradians; beam diameter is 2mm
and polarisation is 1000:1.

Wilton offer a years guarantee with
the W-100. The price is £97.20 includ-
ing VAT and carriage.

Wilton Electronics (Scotland) Ltd,
44 St. Andrews Square, Glasgow
G1 5PL.

NEW LC DISPLAYS FOR WATCHES
A new series of Liquid Crystal dis-
plays have been announced by
Beckman for digital watches. These
display hours and minutes continually
with either date or seconds, selected
by a push-button. Contrast ratio is

20:1. power requirement is 1 micro -
watt so that even with constant read-
out battery life is over a year. LC
modules are available for both 3V and
6V models and a CMOS compatible.

Beckman Instruments Ltd.,
Queensway, Glenrothes, Fife, Scotland.

THIN PROFILE WIRE SHEARS

For cutting wires in electronic assemblies
where space is restricted and convent-
ional cutters are impractical, a thin pro-
file shearing tool known as the
Microshear 170 has been newly intro-
duced to this country by Welwyn Tool
Co. Ltd. of Welwyn Garden City, Herts.

AN OCEAN OF ENERGY
More ideas for utilising the power of
sea waves are being developed by
European scientists. Wave theory
from other branches of physics helps
scientists to develop efficient energy
absorbers. For instance, if you can
produce interference patterns at sea
this provides you with small areas of
concentrated energy. Two Norweigan
physicists K. Budar and J. Falnes have
found that energy can be concentrated
onto a buoy by using a circular wave to
cause such patterns. When the buoy
is resonating with the waves its energy
can be absorbed by a system fixed to
the sea bed.



INTERPLEX SINGLE -TUBE COLOUR
TELEVISION CAMERA SYSTEM
A new single -tube colour camera -
Interplex - developed by Siemens,
incorporates a tube which gives uni-
formly high colour rendition of high
resolution. The unit consists of a
compact camera with a tube and a
decoder which converts the colour
information into standard PAL tele-
vision signals:

The Interplex single -tube colour
camera uses a new type of dichroic
strip filter. In contrast to a normal
three -tube camera, the colour dis-
tributor used to break down the image
arriving from the lens into red, green
and blue channels is integrated in the
I nterpiex picture tube. This has made
it possible to reduce the size of the
camera considerably by dispensing
with the accessories for colour
coincidence which is so difficult to
attain with a three -tube system.

The signal information supplied by
the television camera tube in the
4.43MHz range is converted into
standard PAL signals in a decoder with
comb filter systems and electronic
circuitry. Each frequency spectrum
of the black -and -white and colour
information is separated by the comb
filter and here the spectral lines of
the video signals are broken down into
colour (chrominance) and luminance
information. Additional electronic
circuits suppress interference from
repetitive luminance in the chrominance
channel (cross -colour suppression),
and are also used to suppress inter-
ference in the opposite direction
(cross luminance suppression). The
individual colour signals are processed
without loss of information or colour
rendition and uniformity, and can be
passed on to a receiver as a PAL
coded colour signal. The decoder
can also be used for horizontal and
vertical aperture correction and
addition/subtraction of blue, green,
red and white colour components
(matrixing).

CMOS FOR 15V OPERATION
Motorola are the first manufacturers
of CMOS to provide full min/max
specifications for CMOS working at
15V supply voltages. This applies to
all parameters and all types presently
available. While other manufacturers
claim that 15V working is possible with
their products, none specify the per-
formance limits that are actually
achieved or can be expected at this
voltage. The main advantages to be
obtained from using CMOS at 15V
are higher speed and maximum noise
immunity (typically 6.75V).

RADIO CONTROL FOR YOUR CAR?
Blaupunkt, the German car radio com-
pany, have made a device which could
provide motorists in Germany with
directions along the route to any one
of 65,000 places. A small display on
the dashboard tells the driver when to
turn off the road and which direction
he should take. Any destination can
be defined, to within 11/2 miles, by
four characters entered into a key-
board like that on a pocket calculator.
The first character locates one of 16
regions (covering the whole country),
the second selects one of 16 areas
within this region, and so on. '

This all sounds a bit fantastic for a
couple of small boxes in the car. There
is more to it: the car system is linked
by radio to transceivers along the
major roads. The car unit tells the
road unit what its destination is and
in return the road unit gives an
appropriate reply - turn left, turn
right or continue.

Once the system is fitted to the car
it is easy to use it to supply other
information to the driver. A central
control can warn him of fog, diversions,
etc.

NEW FLASH TUBES
Siemens who are marketing Heimann
flash tubes in the UK, have just intro-
duced two new types.

One is the BUB 0641 (illustrated).
This is designed for use in roadside
warning beacons, marine and vehicular
applications. The BUS 0641 which is
similar in appearance to the first type
is designed for stroboscopic applic-
ations such as car ignition timing.
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NEW RF TEST SYSTEM
Texscan's new 9600/9650 RF Track-
ing Sweeper/Analyser provides
precision measurements in the range

350MHz. The system
incorporates a tracking sweep gener-
ator/spectrum analyser, display unit,
reflection coefficient bridge, test
comparator, and gain and loss measur-
ing attenuators.

It has been designed to facilitate a
wide range of measurements including
gain and loss, frequency response,
field strength and modulation, and its
high stability enables accurate
measurements to be made equally well

on broad and narrow band devices.
Versions of the systems are avail-

able for 75 ohm or 50 ohm operation.
The dynamic range is 80dB, sensitivity
is 1 mV and sweep system flatness is
±0.25dB over the full frequency
range. The features of the instrument
include automatic phase lock, 50dB
bridge balance for return loss meaure-
ments, 120dB range for isolation and
crosstalk and provision for up to six
plug-in crystal markers. From Texscan
Instruments Ltd., 1 North Bridge Road,
Berkhamsted, Herts.

OSCILLOSCOPE PROBE KITS

-0.4smar

The latest addition to the I nterprobe
range of oscilloscope passive probe
kits is the triple function INTERPROBE-
3 giving x10 attenuation up to 80MHz,
x1 attenuation up to 15MHz arid an
earth reference check as selected by
a 3 -position switch built into the
probe body. Features include ultra
flexible cable, a fixed earth lead, a
strong sprung hook tip and input
capacitance range of 15-50pF.

The Casio Memory 8-A is an eight
digit calculator which offers the usual
four calculating functions plus a
constant, an independent accumulat-
ing memory, square root and a percent-
age key.

111111111111.211

CASIO memory -&A

3 q 6.7

WINDOW
& DOOR
SENSOR

TELETEXT RECEIVER AT
SCIENCE MUSEUM
The BBC's CEEFAX service can be
viewed by members of the public in
the Radio Room at the Science
Museum in Kensington.

At present 50 pages are being broad-
cast but this will eventually expand to
100. CEEFAX is expanding at present
and the BBC are advertising for addit-
ional staff.

Teletext was described in some
detail in the July 1975 issue of ETI.

BUZZING BEES
Experiments are taking place in Russia
using the amplified playback of the
sound of feeding bees to bring others
to the spot.

It appears that when bees find a
good food gathering area, they change
the frequency of the wing beats,
attracting others.

CANNON PLUGS
Inour Line amplii-ier project (ETI July)
we gave details of how to wire up a
Cannon plug and socket. However
there seems to be more than one
standard for doing this.

Most manufacturers now use the
DIN standard which goes as follows -
pin 1 is used for the screen connection,
pin 2 is used for the live signal, pin 3
is unused except with balanced lines
when it carries the return signal.

LIGHT BURST
BURGLAR ALARM
The major cost of most professionally

installed burglar alarms is inter -unit
wiring.

A new system which overcomes this
cost has been developed by a US
company called Flashguard. The
Flashguard system uses self -powered
pyrotechnic flash 'cubes' to guard
windows and doors. If an intrusion
is attempted, the pyrotechnic sensors
trigger and direct an intense flash of
light to alarm control sensors.

4
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\\\

2
FLASH SENSOR
_r _r
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PW TELETENNIS KIT
As featured on BBC Natonwide and in the
Daily Mail 2 Oct '74. Ideal game for whole
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family. No need to modify your TV Set, Just
plugs in to aerial socket.
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MUE7 Receiver for above
EW18 Electronics dice
EW20 Elect', Dice Sen
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ELECTRONICS
IN MEDICINE

Fig. 1. Schematic diagram of a single channel auto
analyser system showing components that might
be used.
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The never-ending fight against disease has led to many
advanced electronic applications. This month Dr. Peter
Sydenham deals with blood and other aspects of pathology.
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Fig. 2. Colorimeter unit used in Technicon
auto -analysis systems.
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PATHOLOGY is the science and study
of disease in both humans and animals.
And behind the scenes of every
hospital and the many GP's who
service our health, there is, in one
form or another, a pathology centre.
As we will see, these centres play a vital
and dominant part in modern
medicine. It is a discipline wherein the
practical knowledge of the medical
professional combines with the skills
and achievements of simple to
advanced electronics.

Today a major part of pathology
relies on sensing and- measuring
methods that extend the natural
ability given to the surgeon or family
doctor in order that they can obtain
more precise diagnoses of the myriads
of illnesses that can befall us.

In this two part feature we report on
the type of work that a pathology
centre undertakes - and on how the
many varied tests are made having due
regard to adequate recognition of the
precision and the timeliness required if
the tests are to be of value in curing or
rectifying malfunctions of the
biological system of man and animals.

CHEMICAL ANALYSIS OF BLOOD
The greater part of effort in a

Biochemistry division is to analyse
blood, determining the concentration
of over eighteen constituents. These
measurements comprise the greatest
proportion of individual tests
but now require the least man-
power for they are almost all
completely automated. Once the
samples are loaded into an automatic
analyser the rest is machine handled
right through to the printed report.

The system that does this is known
as the multi -channel Auto -Analyser.
To understand multiple operation of
this system let us start by looking at
the basic single channel system used
(Fig. 1). Small specimen cups filled
with blood are arranged in a rotating
turntable. Interlocked mechanical
drives advance the table one phial at a
time and lower a sampling tube into
each in turn. A persistaltic metering
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pump (liquid is conveyed by squeezing
a flexible tube with a moving roller)
transfers the extracted sample into the
entrance tube of the analyser unit -
placing a small air bubble between
successive samples in order to separate
them. Diluent may also be added at
this stage.

The train of samples then moves
around spirals that mix the sample and
added fluids ready for the next step
which is to dialyse out the chosen
constituents. Dialysis is a process of
chemical separation which relies on
the various molecular sizes passing, or
not passing, through semi -permeable
membranes. Using the appropriate
choice of membrane the fluid stream
is chemically separated as desired. The
required fluid, that remains after
dialysis or that dialysed out, is then
transferred to the analytical measuring
device to be used. When agents are
added it is often necessary to heat the
mixture to a precise temperature at
the appropriate part in the flow path.

The output of the particular
analytical unit used is obtained as an
electronic signal level which can be
used to provide digital readout and a
printed data value for each successive
sample. The basic sampler system will
take successive samples at a rate of 60
per hour with the complete pass

through the auto analyser taking
around eight minutes.

To increase the throughput the
company marketing these systems
(Technicon Equipment Pty. Ltd)
developed a sequential multiple
analyser which provides six different
tests (compared with just one in the
basic device) on each sample at the
rate of 60 samples per hour.
The sampler unit of this system

similarly dips each serum phial in turn
but the samples are then split into five
separate streams that feed six
analytical units (two results come
from one stream) each determining
different blood chemistry parameters.

The EMI -Scanner, shown on the cover,
represents a major breakthrough in diag-
nostic techniques. Conventional radiograp-
hic techniques have only about a 1%
resolution due to the difficulties of differ-
ontiating tiny variations in tissue density.
This is more difficult in the brain where the

Fig., 3. Twelve tests, on sixty samples an hour are performed by this automatic serum
analyser from Technicon_

Four streams go to colorimeters, one
to a flame photometer which has three
photo cells with specific pass filters for
detection of Sodium and Potassium
against a constant background level
of Lithium.
Colorimeters are photoelectric units

designed to monitor the difference
between a standard colour and that of
a sample solution. Provided the sample
has been accurately diluted and
suitably chemically treated and
separated before the measurement, the
colour density will be directly
proportional to the concentration of
the required parameter in the solution.
Colour density is determined by
photoelectric comparison of the,
sample solution with a standard
solution. If the colour density is

increased, the process is said to be of
positive colorimetric result. A blood
urea nitrogen test is positive; the

tissue is surrounded by the cranium.
The EMI -Scanner uses advanced tech-

niques enabling a 'slice' of the brain - or the
body in another version - to be displayed
directly. This design has won a number of
major awards since 1972 and is being ex-
ported all over the world.

Pictures taken
during a
single scan

pf ,-.. - T ,,,.
1.

store
I

.___

.

System Ala f ,jattee Ci+SC..,...,.__.....

glucose test negative. The now treated
sample flows through the viewing
cuvette altering the transmission of the
light source radiating through to the
measuring photo cell. This value is

automatically compared with the
standard cell to indicate the
concentration as an equivalent
electrical signal. (The block diagram of
the Auto Analyser Colorimeter is given
.in Fig_ 2).

Colorimetric methods enable many
different concentrations of serum to
be assessed - chloride, bicarbonate,
protein, albumin, calcium, alkaline
phosphatase, bilirubin, urea nitrogen,
glucose, cholesterol, uric 'acid, plus
others depending on the reagents
added and the dialysing membranes
used in each channel.

Flame photometry, the second
sensor used at the end of the
autoanalyser system is also based on
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Fig. 4. Typical record format produced by the SMA 12/60 Multi analyser unit. Each
scale represents the expected range of concentration of twelve basic serum constituents.

SELENIUM
PHOTOCELL

SELECTIVE FILTER
TO SUIT TEST

INBUILT SPOT
GALVANOMETER

UNKNOWN SAMPLE
IN CHAMBER

SOURCE

N
CALIBRATION SAMPLE IN
IDENTICAL CHAMBER

Fig. 5. Schematic of
simple photo -electric
colorimeter.

colour comparison but in the form of
colour measurement of a standard
flame burning the treated solution. As
the flame burns the unknown element
the emission spectra is altered. The
colour produced in this way is

compared with a control flame
burning a known substance; lithium in
this case. Flame photometry is used to
measure sodium and potassium
concentration in the serum.

So that several flame photometric
tests can be carried out on a sample at
one time, flame photometers are
available in multi -test form. One
interesting feature of this is a

multiple oscilloscope display that
shows the state in time of each of the
twelve tests being carried out on each
sample. In setting up the machine the
operator has to carefully select the
mixing spirals so as to add in the
correct amount of time delay. This is
necessary if the results are to be

obtained in the correct sequence at the
output.

Output comes in two forms from this
unit. First, as an analogue chart record
like that shown in Fig. 4, where the
pen traces across the appropriate scale
at the level of concentration measured
- this should demonstrate the reason
for needing accurate phasing of the
recorder and the twelve tests! The
second output form is for a direct line
to the central computer centre.

In a single day 250 samples are
analysed for twelve parameters and
200 samples for six parameters-. The
two Auto -analyser units are set up
differently to provide 18 different
blood parameters if needed: It is

considerably cheaper to carry out all
12 tests than to run just one on the
single channel unit. This equipment
revolutionised analysis. For all its
complication and sophisticated
electro-mechanical design the unit
reliably performs tests at a few pence
a parameter.

Multichannel analysers such as these
are now just over a decade old in
concept and advances are now
available that enable the system to be
further automated. The next step in
development would be to add a

mini -computer that will control daily
self checks of electronic performance,
calibrate itself and provide
maintenance instructions for the
technicians' use.

MORE BLOOD MEASUREMENTS
Very much related to the chemical

measurements performed on the
multi -analyser are other blood
parameters. These tests include
estimation of cellular properties of
blood -number and size of red and
white cells, concentration of
haemoglobin (the colouring matter of
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Fig. 6. Particles, blood cells in this case, pass through the small orifice (shown under the
eyeglass) producing pulses that are counted. This is the basis of the Coulter Counter.

red corpuscles of the blood which
serve to convey oxygen to the body
tissues) in red cells and its level in the
serum.

Colorimetry is used extensively in
the measurement of haemoglobin, for
its concentration is proportional to
optical density. A haemoglobinometer
(or haemochrometer) is an extremely
old instrument concept. The whole
blood is first diluted with a pure
dilutent, such as distilled water, in an
accurate proportion. The colour of
this fluid is then compared with
coloured papers in the simplest
technique. More precise methods make
use of photo -electronic colour
matching. The Unicam SP300
colorimeter developed over 40 years
ago still serves a useful purpose.
A light source, see Fig. 5.
shines on a large area selenium barrier
through an optically selective filter
and a standard size cuvette.
The output of the photocell drives a
mirror galvanometer " that is

self-contained within the equiprient.
In use the appropriate filter is inserted
along with a standard, suitably filled
container which acts as the reference
optical density. The galvanometer is
then balanced to the datum value and
the reference changed for the
unknown which, due to greater optical
density, produces a different
deflection value that is related to
concentration. These give a measure of
haemoglobin concentration in grams
per hundred millilitres of whole blood.
Checks on these devices are made
using purchased standard "blood"
solutions which' have the right optical
density for various concentrations.
More advanced instruments perform
the reference -unknown changeover
process by comparing the relative
signals produced by alternately or
simultaneously viewing each with the
same common source. This was shown
earlier in Fig. 2.
Another simple test to do with whole

blood cells is the determination of

packed cell volume PCV. The whole
blood sample is placed in a slender tube
container of fixed volume and length.
This is placed on a small centrifuge
that rotates at speed, packing the more
dense blood particles on the outer
radius. After centrifuging, the phial is
compared with a graduated chart that,
by way of measurement of the distance
along the tube, reads the PCV value.
Simple - yet quite adequate.

Prior to the early 1950s the often
necessary diagnostic task of counting
and sizing blood cells (red, white and
platelets), was extremely arduous for
the operator had to view a smear on a
microscope and literally count what
was seen in a standard area. There is
still need for direct observation of this
nature for other reasons, but
fortunately there is now an automatic
machine that performs the bulk of the
counting requirements. In a cubic
millimetre of blood there are around 5
million red corpuscles and they
account for 98.5% of the corpuscular
mass. In the same volume there are
typically 10 000 white cells and 400
000 platelets.

Around 1956 Coulter marketed a
basic instrument that, as their patent
described, used "an electric current
path of small dimensions modulated
by the passage of individual particles".
As the particles (not only blood cells
can be counted of course) pass
through a small orifice containing
electrodes (see Fig.8), the conductivity
changes each time a particle passes
thereby producing an electric pulse
suitable for counting. Furthermore,
the magnitude of the pulse is related
to the size of the particle. It was able
to count cells at the rate of 50 000
cells in 20 seconds. And it didn't get
tired!

Today, Coulter counters can be most
sophisticated as the following
description of the multi parameter
Model S unit (installed at the IMVS)
will show. This unit, shown in Fig. 9,
accepts one millilitre samples which

ELECTRONICS TODAY INTERNATIONAL-OCTOBER 1975

are fed in by the technician along with
diluent. It processes these samples to
provide seven blood parameters -
more again on top of the 18

obtainable from the Auto -analyser
systems. The values are printed on a
report card. Soon they will go direct
to the computer. This machine is a

marvel of automated fluid transport
combined with sophisticated
electronic data-processing. To see how
this system operates we will trace the
path of the serum sample using the
flow chart given in Fig. 8.

The first step is .to draw blood plus
diluent into a dilution module that
accuratAy mixes the two in a one in
224 ratio - which suffices for white
cell counting. Some of this diluted
serum passes back for a second 1 in
224 ratio dilution ready for red cell
counting after lysing. Lysing is the
process whereby a reagent is added
that destroys the red cells still existing
in the one in 244 first dilution picked
off from the white cell channel. Both
channels are now ready for counting:
one contains predominantly red cells
and the other predominantly white
cells.
The counting bath in each path

contains three counting sensors each
having typically 100iim diameter
orifices. Triplication is used to provide
redundancy and averaging of values.
Before the white cell fluid is expired
to waste, it passes into a colorimetric
style of haemoglobinometer which
provides the raw data for the seventh
parameter which is not a counting
value.

The pulses selected from the
appropriate height representing the
sizes needed are produced by the two
sets of three count -generating sensors.
These pass to proceeding pnits that.
decide if the counts are indeed valid
if one channel is unduly different from
the others it records a failure - as
happens when an orifice blocks. The
reds are counted with the fewer whites
still remaining, for statistically the
latter are too few to be of any
consequence. Knowing the dilution
ratios, volumes and averaged counts
for each channel, the computing
circuits provide the seven parameters
to the report and printer - total
haemoglobin Hb mean cell haemo-
globin concentration MCHC, mean cell
haemoglobin MCH, mean cell volume
MCV, haematocrit Hct, red cell count
and white cell count. The printer is
seen on the right-hand of the unit.

ELECTRON MICROSCOPY
Whereas a large amount of diagnostic

results are obtainable by viewing
suitably prepared slides in he optical
microscope, the useful maunification,
being limited to. around X 2000, is
often inadequate. If greater detail is
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Fig. 8. Flow chart of a specimen passing through the Model S counter.

Fig. 7. Multiparameter
Model S Coulter Counter
with covers removed.

needed the study must be made using
an electron microscope; Two well
known units are the Hitachi HU11E
and the Joel JEM100c analytical
electron microscope. These can provide
magnifications to X 10 000 000 if
required, being able to resolve detail
about 0.5 nM dimensions.
With these, pathologists are able to

study mounted specimens from
numerous sources - tumours, kidney,
lung, intestines - taken both from
humans and animals.

Interesting here is the sophisticated
preparation of specimens that is often
required. In the simplest case the
specimen is mounted onto a platen
grid (a supporting mesh is used to
support the microtomed (very thin)
slice, for a glass support is not
practical in transmission electron
microscop,, ;. To improve the contrast
the specimen maybe treated with
heavy-metal chemicals.

The extreme situation occurs when
the specimen will not endure the
bombardment of the electron beam,
exposure to atmosphere or the
ultra -high vacuum. It may also lack
adequate contrast to the electrons
probing it. In such cases a special
freeze -etching machine is used to
prepare a suitable specimen. First, a
small piece of sample is placed in the
machine which freezes the slice in an
incredibly short time. The frozen
sample is then sliced (really a

progressive surface fracture for it is ice
that is being cut) -to expose a uniform
flat surface. This process ensures
dimensional and chemical stability of
the sample. But the sample must still
be placed into the vacuum chamber of
the electron microscope. And even
though the sample is frozen it would
still melt and be destroyed unless it is
further protected.

The next stage, therefore, is to etch

the frozen sample by controlled
melting of the sliced surface. Using
vacuum deposition, a layer of
platinum and carbon is then deposited
onto the specimen taking up the
contours produced by etching. The
original material is then digested away
leaving the replicated sample which is
suitable for use in the eleCtron
microscope. To complicate matters the
whole preparation process must be
carried out at high vacuum (0.0005
Torr). The average preparation time
for a sample is around 90 minutes so
samples needing this much'
pre-treatment are not done in large
quantity.

Whereas the Hitachi instrument is a

reasonably standard electron -micro-
scope, the Jeol model incorporates.
a scanning facility and the
ability to carry out chemical
analyses of the various parts of the
specimen whilst it is mounted in the
microscope. Generally speaking the
scanning style of electron -microscope
sacrifices resolution (about 10 nM is
the normal limit) in exchange for the
ability to picture the specimen with
remarkable depth of focus. There are
other advantages, however, which are
the merits needed in pathological
work. Here the scanning mode enables
the operator to view specimens that
are less loaded with heavy metal
chemicals and to use a lower operating
voltage, thereby obtaining longer life
from the specimen: the reduced
contrast of the specimen can be
counteracted by the ability to brighten
and increase the contrast in the
reconstructed scanned image output.
It also enables thicker sections, that
are easier to cut, to be used. This
particular electron microscope
incorporates a mini -computer which is
programmed to increase the wanted
image quality by automatically
removing a predetermined unwanted
signal background from the video
waveforms before the image is

reconstituted.
To be continued.
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DIGITAL
DISPLAY

Three digit module for experimenters.

This project forms a module
which will be used in other ETI
projects including the DVM in
this issue.

ALL digital instruments have a

common assembly in the display
system. Again, almost all instruments
require decade counters, stores and
decoder -drivers for the display.

Normal systernS using TTL logic
generally have a 7490, a 7475 and a
7447 to drive each 7 segment LED
display digit. Hence to build a

three -digit display nine ICs are
required in addition to three display
ICs.

Complex logic functions are
available in CMOS which allow a 3
digit display to be built using only tWif/
ICs - and such ICs are available at
reasonable cost. One of the devices is a
three -digit, decade -counter, store and
the second is a three -digit
decoder -driver. Thus three digit
displays can be built which have the
following advantages.
1.Small size
2. Low power consumption (120 mA

compared to 600 mA in TTL)
3.Wide power supply range (5-15V

unregulated).

+V
0

(5-15V)

C1
1000pF

OVERFLOW

16

6

14

CLOCK IC!
12 MC14553O

DISABLE
11

14 13 8

DISPLAY
D1704
4.12

STROBE
10O

15 01

RESET
O 13

RI R2 X103
100R4k

B
C

R5

7 3 4 16

1 1C2
2 MC14511

61312 11 10 9 15 14
a Ibcd le 1f

C2
0,01gF

'R5-R11
11 5V = 6851

10v = 33011
15V = 100051

MSD

8 7

DISPLAY
D1704

4.12

`t8C106AR1OR
SIMIL

b

14 13 8 7 6 1

DISPLAY
01704
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Fig 7. Circuit diagram of the three digit counter module.

FOR DECIMEL PT. (RIGHT HAND)
ON DISPLAY CONNECT
PIN 9 TO +V VIA RESISTOR
(OF SAME VALUE) AS ABOVE



DIGITAL
DISPLAY

4. Cost about same as TTL but rapidly
decreasing.

5. I m mu nity to noise is greatly
improved.

Disadvantages
Maximum frequency about 1 MHz

compared to 15 MHz for TTL..

CONSTRUCTION
Construction is quite straightforward

especially if the printed circuit boards
described are used. Since both ICs are
CMOS devices, they can be easily
damaged by static charges. Hence they
should be handled as little as possible,
fitted to the board after all other
components and soldered using a

minimum of heat.
Using the component overlay

assemble the three DL704 displays to
the display board (533B). Next solder
the links onto the copper -side of the

PARTS LIST - ETI 533

R1,2, 3,4 Resistor 100 k
R5-1 1 see text.

Cl Capacitor 0.001 pF Polyester
C2 " 0.01 pF Polyester

ICI Integrated Circuit MC 14553 (CMOS)
IC2 'c 14511 or 4511 (CMOS)
01,2,3 Transistor BC108 or similar
DISPLAYS DL704 or similar three required
PC boards ETI 533A and ETI 533 B
IC1 and IC2 are available from Marshall's

STROBE

DISABLE
CLOCK
RESET

0/FLOW

+Ve

Fig. 2. Component overlay -logic board.

I eti 533a

16

'41r.....

Mari
C1E3ell

4E13- 4/.
Nst

nifj6, -41M- t

CD UlaNj

Fig.4. Printed circuit layout for
logic board. Full size 80 x 42 mm.

Fig. 5. Printed circuit layout for
the display board. Full size 41 x
35 mm.

Rear view of the com-
pleted module. Note
resistors and links at
rear of display board.

III
Nr- "IP

01 704

LSD

Fig. 3. Component overlay - dis-
play board.
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BUILD THE
HOW IT WORKS - ETI533
The heart of the counter is ICI, this

LSI CMOS chip contains a three -digit
decade counter, three sets of latches,
and a three -digit multiplexer with an
internal oscillator. Cl is used to set
the frequency of this oscillator.

The four input lines to IC1 are used
to control the operation of the
counter. Since ICI is a CMOS device
R1-4 are used to protect its inputs.
Pulses to be counted are fed to the
clock input and on a negative
transition the value in the counter is
increased by one. The schmitt-trigger
action of the clock input allows any
value of transition time of the input
pulse.

The counter operates when there is
a low at the disable input (pin 11).

To ensure accurate counting the
clock should be low when the disable
is brought from a high to a low level.
The strobe input controls the loading
of the latch. When it is low, data can
be accepted for display. However the
strobe input has no effect on the
counter, i.e, even with the strobe
input high, the counter can still be
incrementing.

A high on the reset input clears the
counters (to a 000 state) and stops
the internal multiplexing oscillation
of 1C2, and so - blanks the display.
Returning the reset to a low allows
the internal oscillator to start up and
all zeros to be displayed. This feature
could be used in portable equipment
to conserve power.

All inputs are standard CMOS
inputs and require a minimum
voltage change of from 30% to 70%
of supply volts. However it is

recommended that a swing from OV
to supply be used to give a

satisfactory noise margin. Each input
can be considered to be 100k
shunted by 8-10 pF. Voltage swing
below OV and above supply are also
to be avoided.

The one output available is the
overflow (pin 14). This goes positive
when the counter is 999 and the
clock input is high. When the clock
input goes low and advances the

display board and form them so that
they are clear of other tracks by at
least one millimeter.

Next fix lengths of tinned copper
wire to each of the six holes on the
bottom of the display board. Allow
approximately 10 mm of wire to
extend from either end of the holes.
Bend each wire so that they lie parallel
and flush to the surfaces of the display
board - do not solder as yet.
On the main printed -circuit board

(533A) fit resistors R7, 8, 9, 12, 3 and
4 and capacitors Cl and C2. Now mate
the display board to the main board
by inserting each of the previously

counter to all zeros the overflow goes
low. This is a CMOS output and will
swing between supply rails. It is not
recommended that the overflow
output be used to drive TTL directly.

The internal multiplexer of IC1
allows considerable saving in parts
and board space. It allows a

three -digit number to be transmitted
over a single set of lines and it does
this by leaving each digit on the
output lines for a short length of
time, before replacing. it with the
next digit. Then after presenting all
the digits once, it starts over again
and repeats the operation.

IC2 is a CMOS, latch BCD to
seven -segment decoder and driver,
however for this application the latch
is not used. It converts the 4 -bit BCD
code into the seven -line code
necessary to drive the display
segments. It also provides sufficient
current to drive the display.
Although 1C2 is coupled to all three
displays, only one display is lit up at
any one time. Thus when it is the
turn of the most significent digit to
be displayed ,IC1 presents that
number to IC2 which decodes the
number and presents it to the three
displays, but only Q1 is turned on, so
only the left most display lights.

Note that ICI controls which
number is being presented and which
transistor is turned on. This is called
multiplexing. The switching between
displays occurs so quickly that to our
eyes the light appears continous.

Resistors R5 _to R11 limit the
current to each LED display to a safe
level. Three different values have
been given for these resistors. Select
the value appropriate fo the supply
voltage that you decide to use, 68
ohms for S V, 330 ohms for 10 V
and 1 k for 15 V. Transistors Q1, Q2
and Q3 also act as current amps since
only a limited amount of current can
be taken from ICI.

Any voltage from 5 V to 15 V can
be used to supply the counter,
however, a supply voltage of 15 V
allows the counter to operate at its
highest speed.

bent wires into its corresponding pair
of holes on the main board.

Apply gentle force to the display
board until its bottom edge fits snugly
against the main board. Solder each of
the wires to both the supply and main
boards to make a sound electrical and
mechanical support for the display.

Fit R5, 10 and 11 and, taking care to
orientate them correctly;fit 01, 2 and
3 and IC1 and 2.

Lastly check that all components
have been correctly fitted and all
solder joints are good. If possible get
someone else to check your final
circuit as a final safeguard.
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TREASURE
TRACER

MKill
N METAL

\ LOCATOR

AS SEEN
ON BBC -1
& BBC -2

TV

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

 Incorporates unique tuning
for extra stability,

 Search heed fitted with Faraday
screen to eliminate capacitive
effects.

 Loudspeaker or earphone operation
(both supplied).
Britain's best selling metal locator
kit.
Kit can be built in two hours
using only soldering iron, screw-
driver, pliers and side -cutters.
Excellent sensitivity and stability.

 Kit absolutely complete including
drilled, tinned, fibreglass p.c.
board with components siting
printed on.

 Complete after sales service.
 Weighs only 22oz; handle knocks

down to 17" for transport.
Send stamped, self-addressed envelope

for literature.

Complete kit
with pre -built
search coil

Plus 60P P&P
Plus 92p VAT

Built, tested
and
Guaranteed

£15.25
Plus 60p P&P
Plus £1.27 VAT

MINIKITS ELECTRONICS,
6d Cleveland Road, South Woodford,

LONDON E18 2AN
(Mail order only)
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DIGITAL VOLTMETER
THE PREVIOUS ARTICLE details a
simple, three -digit display module
which is readily adaptable to a wide
range of applications and is

inexpensive to build. This month we
provide details of the first of a series
of modules specifically designed to
interface with the ETI 533 display
module.

The first of these modules is a

simple, yet accurate, dc digital
voltmeter. Fundamentally we have
described it as a single range unit
which is economical enough to be
mounted within other equipment as a
panel meter. However an input switch
may be readily added to convert the
instrument for use on ranges from one
volt dc full scale to 1000 volts dc full
scale.

We have not described the
mounting of the unit in a cabinet or
box as individual requirements will
vary widely.

Fig.2. Circuit boards used for the
converter.

TABLE I

RANGE VALUE OF R12
1 V 100k 5%*
10V 1M 5%*
100V 10M 5%*
1000V 100M 5%*

110 x 10M)
For muitirange meters R12 must
be 1% or adjustable.

Fig.3. Component overlay of the complete voltmeter.

Fig.4. How the voltmeter appears before final assembly.
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Inexpensive unit uses dual -slope technique

INPUT
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HOW IT WORKS
The method of analogue -to -digital

conversion used is the popular
dual -slope integration technique. A
general explanation of this method
was given last month in our
multimeter survey and reference
should he made to that article. We
chose the dual -slope technique
because it is relatively insensitive to
component tolerances and gives very
linear results with least amount of
circuit complexity: The technique
\1.1s developed by Weston and hence
is covered by patents. however, there
is nothing to stop individual.
constructors from using it, nor arc
there any royalties involved.
The circuit consists of an integrator

11C4 and C3), a comparator (105), an
input selector (103), an oscillator
(IC6/1,2,3) an RS flip flop (IC7/1,2),
pulse generators for the reset and
strobe outputs (106/4, 1C7/3,4), a
voltage reference (ZD1 and constant
current source Q1), and (last
month's) digital display module.

1 -he 5 kHz output of the oscillator,
which runs continuously, is
connected directly to the clock input
of the display module and the
conversion proceeds as follows. Flip
Flop IC7/2, drives 1C3 such that it
selects either the input voltage via
R12 or the reference voltage via RI 3.
The state of the flip flop is

determined by the output state of
the comparator ICS (output high
selects input voltage) and the
overflow output from the display
module (overflow selects reference
voltage). If the input voltage is
selected the output of the integrator
will fall at a rate dependant on the
input voltage, and, if the reference
voltage is selected the input voltage
will rise at a constant rate.

When the integrator output rises
above 5.1 volts the comparator
output goes- high causing the output
of IC6/4 to go low (as pin S of IC6/4
is also high). After about 10 pseconds
delay, due to R16 and C7, the
flip-flop changes state and the output
of IC6/4 goes high again Thus a pulse
is generated which is used -as the
strobe to transfer whatever number is
in the decade counters into the store,
and hence, to the display. The strobe
pulse also triggers a 15 microsecond
monostable, IC7/3, the output of
which is delayed by 10 microseconds
and inverted by IC7/4. This new
pulse acts as a reset pulse for the
counters setting them to zero.

As the flip flop has now reverted to
its original state the input voltage is
reselected and the integrator
commences to ramp down again
repeating the cycle.
Whilst the input voltage is selected

clock pulses are gated into the
counter and after about 200
milliseconds (1000 clock pulses each
0.2 mS) the counter will be full. The
overflow thus generated from the
display changes the state of the flip
flop and the reference voltage is

MEASURED PERFORMANCE OF PROTOTYPE

Number of digits

Overrange

Dual polarity

Ranges

Accuracy

Linearity

Power supply

Input impedance

Overrange Protection
1 V range

10 V range
100 V range
100 V range

Reference

3

250% (no indication on first digit)

No

1, 10, 100 and 1000 V dc

As adjusted

-±1 digit

9-15 V de at 120 mA isolated

100 k/V

100 V limited by power
500 V dissipation and
500 V voltage rating of

2500 V* R12
* input switch permitting

5.1 volt zener at constant current.

selected. The voltage across the
integrator (referenced to 5.1 volts) at
this instant will he proportional to
the input voltage. With the reference
supply connected the output of the
integrator will rise at a predetermined
rate and on crossing the 5.1 volt
reference level the strobe and reset
pulses are generated, the flip flop
toggled and the process started again.
The time taken to bring the

integrator hack to the reference level
is proportional to the input voltage
and hence the number in the decade
counter at that instant is the required
reading of input voltage_
Theonly components which are

required to have good stability, if
accuracy' is to be maintained, are
R12, R13 and ZD1. All other
components, provided their
short-term stability is good, can be
almost any tolerance. The integator
capacitor. for example, can have any
value between 0.5 microfarad and 2.0
microfa rads without affecting
accuracy. However variations in the
wine of this capacitor will affect the
over -range capability. The clock
frequency may likewise be altered
without affecting accuracy however,
if the time of 1000 clock pulses is a
multiple of 20 milliseconds the
voltmeter will automatically reject 50
Hz ripple on the voltage being
measured. This however was not
considered of great enough
importance to warrant special
adjustment of the clock frequency
which is preset by R 15 and C4.

The reference supply is a 5.1 volt
zener diode and a connected as
a constant current source. l'he 5.1
volts is used as the common and

ELECTRONICS TODAY INTERNATIONAL-OCTOBER 1975

hence, the 12 volt supp1y for the
voltmeter must be left floating and
must not be connected to ground or
to any other equipment -

Due to the simplicity of the circuit
there are some features of the
instrument which are not desirable
but do not greatly affect the
operation of the instrument. Firstly
there is no over -range indication and
thus if 15 volts is applied to the 10
volt range the instrument will read 5
volts. The unit remains accurate
(except for the first digit which is
lost) until the integrator clips on its
negative swing (about 250'; Of full
scale). The other point is that if the
input voltage is negative the
comparator. IC5, will remain high
and no further strobe or reset pulses
will be generated. The effect of this is
to freeze the display at the last
number_ This is not normally a
problem as the display goes to zero if
the input is disconnected_

CONSTRUCTION
The display -counter module ETI

533 should be built first using the
instruction given on page 16. '

Two additional boards are required
to complete the voltmeter and the
overlays and interconnections are
given in Fig. 3. Check that all
components, especially the metal case
ICs are orientated correctly.

The interconnection wires should
be long enough to allow the boards to
fold together as shown above. The
lower board ETI 533A has the
components uppermost, the middle
board ETI 117A has the components
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DIGITAL VOLTMETER
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R16
R17
R15
R13
R14
RI2

PARTS LIST
Resistor 33k 5Eo°,0

220k "
470k " "
320k " "
See text

RV1,2 Potentiometer 50k Trim type

06 Capacitor, 10pF ceramic
CS 65pF
04,7,3,10 330pF "
C9 0.01pF potyester
C3,11 IxtF 25V

entalurn

D1,2,3
ZDI

Diode
Zener diode

Transistor

iN914 or similar
5.1V, 400rnW

2N5453 or
similar

FC3 egrated circuit 4016 (CMOS}
IC6 " 4011 (CMOS}
1C7 4001 (Cfv10S)
1C4,5 CA3130

PC Boards ET1 117,4, ETI 1178

Display Board Complete- Project ET1533

The CA3130 is being stocked by
Marshall's for this project. The
inclusive price for two devices
is £1.70.

downwards while the top board ETI
117B again has the components
uppermost. It may be necessary to
juggle the components slightly on the
lower two boards to allow them to fit
together closely enough. These two
boards are spaced apart with 12mm
long spacers while the upper two
boards are separated by 6mm insulated
spacers. A piece of insulation material
should be fitted between the top two
boards to prevent the solder joints
touching.

Power, 9-15 volts dc, is supplied to
the lower board while the input
connects to the upper board.

The unit can be either installed in a
suitable box or within a piece of
equipment. If range switches are
required simply change the value of
R12 as per Table 1.
CALIBRATION

Unfortunately to calibrate any
voltmeter a known voltage reference
or an accurate voltmeter is required
for comparison. Two adjustments are
provided, one for calibration and the
other to compensate for the offset in
the integrator IC. For input voltages of
10 V or more the offset potentiometer
is not required as the error is within
one digit.

This offset potentiometer should be
adjusted first by applying a voltage of
about one per cent (10 digits) of full
scale and adjusting RV2 to give the
correct reading. The calibration
potentiometer RV1 can now be,

adjusted by applying an accurately,
known voltage near full scale.

The meter has a large overrange and
voltages up to 250 per cent of full
scale can be measured except that the
first digit is lost and must be assumed,
ie, if you are measuring a car battery
on a 10 V range and it reads 3.52 V it
is obviously 13.52 V.
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Join Nye Digital Revolution
Teach yourself the

latest techniques of

digital electronics
Computers and calculators are only the beginning of the
digital revolution in electronics. Telephones, wristwatches,
TV, automobile instrumentation - these will be lust
some of the application areas in the next few years.

Are you prepared to cope with these developments?

This four volume course - each volume measuring
114" x 8*" and containing 40 pages- guides you
step-by-step with hundreds of diagrams and questions
through number systems, Boolean algebra, truth tables,
de Morgan's theorem, flipflops, registers, counters and
adders. All from first principles. The only initial ability
assumed is simple arithmetic.

At the end of the course you will have broadened your
horizons, career prospects and your fundamental under-
standing of the changing world around you.

Design of
Digital Systems

Elookl - 1

5 .9 5
plus 50p

p&p

Also available -a more
advanced course in 6
volumes:

1. Computer Arithmetic

2. Boolean Logic

3. Arithmetic Circuits

4. Memories & Counters

5. Calculator Design

6. Computer Architecture

Offer.Order this together
with Digital Computer Logic &
Electronics for the bargain
price of £9-25, plus 50p p&p.

Design of Digital Systems contains over twice as much
information in each volume as the simpler course. Digital
Computer Logic and Electronics. All. the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which as you can see from its
contents also covers many more advanced topics

Designer
Manager
Enthusiast
Scientist
Engineer
Student

These courses were written so that you could teach
yourself the theory and application of digital logic.
Learning by self -instruction has the advantages of
being quicker and more thorough than classroom
learning. You work at your own speed and must
respond by answering questions on each new piece
of information before proceeding to the next.

Guarantee - no risk to you
If you are not entirely satisfied with Digital
Computer Logic and Electronics or Design of Digital
Systems, you may return them to us and your
money will be refunded in full, no questions asked.
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Digital Computer
Logic and
Electronics
A Self -instructional Course

Book I

Book 2

Book 3

Book 4

Basic
computer
logic

Logical
circuit
elements

Designing circuits
to carry out
logical functions

Flipflops
and
registers

Digital Computer
Logic and
Electronics

Book 1.'.

8's

L

£3.95
plus 50p packing and
surface mail anywhere
in the world.

Quantity discotInts
available on request.

Payment may be made
in foreign currencies.

VAT zero rated.

To: Cambridge Learning Enterprises,
FREEPOST. St. Ives, Huntingdon, Cambs.
PE17 4BR.
'Please send me ... set(s) of Digital Computer Logic
& Electronics at £4.45 each. p&p included
'or . set(s).of Design of Digital Systems at £6.45
each, p&p included
'or ... combined set(s) at £9.75 each, p&p included

Name

Address

-delete as applicable
No need to use a stamp - just print FREEPOST on the envelope.

Fri/10

1
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TAPE BIAS
What does it really mean?
THE INCREASING popularity of tape
recorders as a high-fidelity programme
source is not difficult to understand.
Unlike other programme sources, such
as FM radio and gramophone records,
tape offers the audio enthusiast the
sense of involvement that makes the
hobby all the more worthwhile. In
addition, today's open -reel tape decks
have performance which is often
indistinguishable from that afforded
by professional studio tape recorders,
and the once looked down upon
cassette deck has been transformed
from a portable "dictating machine"
to a high-fidelity component.

With such a wide interest in tape and
tape recording, it is surprising how
little most users of these products
know about their operation. Unlike
purely electronic products, such as

amplifiers, tuners or receivers, tape
decks involve an inter -relation of
mechanical, magnetic and electronic
systems.

Today, most audiophiles have a fairly
clear understanding of what record
equalization is all about. In essence the
bass is attenuated and treble
accentuated during recording - the
opposite takes place during
reproduction. The overall effect is to
reduce groove amplitude and increase
record playing time. It also improves
signal/noise ratio. The record industry

cr.)

-,15
,10

0
-5

->
R. 10
< -15
-J -20
rm 10

1

Cri

. 45
IL 40
u- 35
D 30
° 25
> 20

15

-1 10
CC

100 1K 10K

FREQUENCY -Hz
Fig. 1. Standard RIAA playback curve used
for phono disc reproduction.
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Fig. 2. Typical tape playback head output
with constant -level signal recorded on tape.

have an agreed standard for
equalisation. This is called the RIAA
curve (Fig. 1). The amplifier or
preamplifier spec sheet has drummed
home the idea that the closer an audio
preamp adheres to the RIAA playback
curve, (shown in Fig. 1), the better the
product.

Equalization is also required for tape
recording. But there is no one standard
here, each tape requires different
equalization for optimum results. Why
should this be so? Why cannot the
industry "get together on a single,
standard equalization" for tape
recording and playback. Why, in fact,
are better recorders (both open -reel
and cassette) equipped with multiple
equalization settings? And what about
those multiple bias settings on some of
those same recorders?

EQUALIZATION
To begin with, a tape recorder does

not reproduce signals with a flat
frequency response. A tape playback
head, being sensitive to the rate of
change of a magnetic field, produces a
greater output as frequencies increase.
(At higher frequencies, alternations of
magnetic field become more rapid).
Thus the output voltage increases with
frequency as illustrated in Fig. 2.
Eventi_ ally, the level ceases to increase
with frequency and, in fact, begins to
drop off fairly rapidly.

Two factors are responsible for this
drop off. As the frequency to be
recorded increases, the wavelength
decreases. In addition, as magnetic
variations increase in intensity, a point
is reached where the tape begins to be
saturated - it cannot accept greater
and greater amounts of magnetization
- and level begins to drop. The second
of these factors is, to some degree,
governed by the formulation of the
tape itself, while the first is governed
primarily by tape speed and the gap
length of the tape head. Figure 3
illustrates how the linearly increasing
voltage output varies with popular
tape speeds for a given tape head gap
(4 microns), while Fig. 4 shows how
linear output can be extended to
higher frequencies at a given tape
speed by decreasing the tape head gap.

Obviously, none of the curves of
Figs, 2, 3 or 4 would be acceptable for
high-fidelity reproduction. The process
used to restore "flat" response in tape
recording and playback is called

I-
0d

0

...J

0

by Len Feldman

equalization. Equalization can be

applied both during the record
operation and during playback.
Referring again to Fig. 2, if during
playback the response curve of Fig. 5
is used, the resulting overall
record/playback response will be as
shown in Fig. 6. Note that there is still
some roll -off at low and high
frequencies.

RECORD EQUALIZATION
In order to realize optimum

high -frequency response, equalization
is used in the record process, too.
Record equalization can offset
high -frequency roll -off to some degree,
but if too much high -frequency
pre -emphasis is used, the tape will
become saturated at lower nominal
recording levels and distortion and
roll -off will occur anyway. Playback
equalization can in theory, be used to
extend high -frequency response but if
highs are boosted too much during
playback, increased tape hiss will be
heard. The record and playback curves
must therefore strike a balance to
minimize problems of each.

In professional recording work,
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Fig. 3. Linear increase in output voltage
extends to higher frequencies at increased
tape speed.
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Fig. 4. Reducing playback head gap while
maintaining constant tape speed will extend
the high -frequency response.
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standards of record and playback
equalization were developed by the
U.S. NAB (National Association of

Broadcasters) and the German
Standards organization known as DIN.
These standardized Curves are plotted
in Fig. 7. The DIN or CCIR curves
tend to strive for higher frequency
response. By using a bit less record
equalization, tape saturation is not
reached as soon. But this requires

more playback equalization which
results in higher tape hiss.

In the consumer audio field,
manufacturers often change their
equalization curves to offer "extended
response" which seems to be the sole
criterion by which many audiophiles
judge tape deck performance. With a
given tape speed and a given head gap,
however, such "improvements" are

invariably accompanied by either
reduced level of recordings or
increased tape hiss or combinations of
both.

In general, frequency response curves
for tape equipment are plotted not at
0 dB level on the record level meters
but at a level of -10 dB or even -20
dB in the case of open -reel machines
and at -20 dB or even -30 dB in the
case of slower -speed cassette decks
(which require greater high -frequency
boosting during recording to
compensate for reduced tape speed.)

Some years ago, the industry
introduced chromium dioxide tape. It
delivers somewhat higher frequency

-s3  +40
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0 +20
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17. +10
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before saturation drop-off occurs. This

characteristic produces a slight
increase in high -frequency response or
for improved signal-to-noise ratio
(reduced tape hiss) or a combination
of both.

Today, there are a great many
different tape formulations, each of
which requires a different record and
playback equalization. Multiple switch
positions are provided on many

open -reel and cassette decks which
adjust equalization to suit the various
popular formulations. Actually,
professional machines used in

recording studios are often adjusted to
work best with one and only one
brand and type of recording tape.

Conscientious studio engineers may
even re -calibrate or adjust equalization
when different production batches of
the same brand and type of tape are
used. The very least that a home user
can do to ensure optimum results with
an open -reel recorder or better cassette
unit is to follow the manufacturer's
recommended equalization settings for
the type of tape being used. Most
owner's manuals list a variety of tapes
and their appropriate settings for
machines equipped with more than
one equalization switch position.

BIAS
Assuming that both recording and

playback equalization have been

optimized with respect to each other

in a given recorder, one would expect
that the magnetic pattern recorded on
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Fig. 5. Typical playback equalization in

tape deck preamp circuitry.

100K

the tape will now correspond exactly

to the strength of magnetic fields
generated by the record head.

Unfortunately, magnetic tape is

basically a non-linear medium. The
magnetic pattern left on the tape is
not always proportional to the
instantaneous current in the recording
head. The greatest amount of

non -linearity occurs as the audio
waveform passes through the zero axis,
as shown diagramatically in Fig. 8.
Hysteresis effect, a sort of magnetic
inertia, acts upon the particle as

magnetization begins. After this initial
reaction, the particle responds linearly
to the applied field. If nothing were
done to offset this effect, a sine wave
recorded onto tape as shown in Fig. 8a

would take on the appearance of Fig.

8b when played back. Obviously, this

is a form of distortion and, what is
worse, it is a very annoying form of
distortion containing high order
harmonics. Furthermore, it is a form
of distortion that actually is more
disturbing at low recording levels than
at high signal levels, since the
distortion components remain
constant and therefore constitute a
higher percentage of the total signal at
lower recording levels.

High -frequency bias current is used
in all modern recorders to overcome
this problem.. Generally, this
super -audible frequency should be at
least four times the frequency of the
highest audio signal to be recorded,

Fig. 8. Distortion caused by non-linear 1 - -
magnetization characteristics of tape is
similar to crossover distortion encountered
in improperly biased Class B audio
amplifiers.
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Fig. 6. Combining recording response (Fig.21
with equalized playback response (Fig.5)
results in overall record/play response
shown.

Fig. 9. Combining high -frequency bias with
desired audio signals during recording
shifts audio magnetization of tape to its
linear undistorted region.
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I fill
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IFSEQUALIZATION
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Fig. 7. Record and playback equalization
standards adopted by the NAB and
European standards organizations.
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TAPE BIAS
but open -reel recorders will often
employ bias frequencies of the order
of 100 kHz to 125 kHz while modern
high -quality cassette units use
frequencies in the range from about 80
kHz to 105 kHz.

The combined, action of the desired
audio signal and inaudible bias signal
can best be understood by referring to
Fig. 9. The bias current magnetizes the
oxide particles through the non-linear
segment of the curve. Then the audio
signal actually demagnetizes the

USEFUL
BIAS

RANGE

k Hz

10 kHz

BIAS LEVEL

Fig. 10. Increasing bias level reduces dis-
tortion, but overbiasing will reduce high -
frequency response.

particles to a level which is
proportional to the signal.

Bias level changes will affect
distortion level. Generally, as bias level
is increased (starting from no bias)
distortion will decrease rapidly at first.
With further increase of bias level,
distortion decreases more slowly. If
bias is increased much beyond this
desired point, high -frequency response
will get poorer. Ideally, bias should be
set as high as possible without causing
severe high -frequency losses in the
recorded tape. The action of bias in
relation to distortion and high
frequency response is shown in the
general curves of Fig. 10.

Audiophiles who learn of bias for the
first time often wonder why the
high -frequency bias signal is not
recovered as part of the playback
signal. In fact, the bias signal does
record a series of magnetic fields of its
own, but their wavelength is so short
that no playback head, however
narrow its gap, can significantly
response to these high frequencies.
Some small high -frequency energy is
picked up by the playback head
(however many dB down it may be
compared to desired audio signals) and
is one of the reasons why higher than
necessary frequencies are now used for
bias.

Much home recordina __is slo_ne of

stereo FM programmes and stereo
composite signals contain varying
amounts of 38 kHz signals in their
output. If, for example, 45 kHz were
used as a bias frequency in tape decks,
a distinct 7 kHz "whistle" might be
heard when playing back such
recorded stereo FM programmes,
resulting from the beat or difference
between the two otherwise inaudible
high -frequency signals.

Since oxide formulations vary greatly
from one tape type to another, each
requires a different bias level. For this
reason, home tape recorders now come
equipped with separate bias switches
to match the various bias requirements
of different tapes. In the case of
professional machines, bias adjustment
is usually continuously variable and
professionals will often apply a slight
amount of excess bias. This practice
can reduce recording drop outs that
sometimes occur because of poor or
non -uniform dispersion of oxide
particles on the tape surface. Again,
the professional recording engineer
will often choose a slight reduction of
high -frequency response if that choice
means reduced overall distortion and
the elimination of other bias related
problems.

Reproduced by arrangement from
Raclin Flactrnnin's Mav 19.7.S

SUNIAritg- riela
The tried, tested, proven, reliable, complete,
professional, capacitive discharge,

"Si:arkritevoted best or 8 v;stems tested by Popular Motoring Magazine

ORDER NOW
TO ELECTRONICS DESIGN ASSOCIATES OUT ETI 10

02 Salh Sean Walsall. WSI 30E. Pb... 73012.

FROM  Nara

SPA/WRITE MK 2 0 IT Assad* kits e ENID

SPARKRITE MX 2 Nash INAt Pwitive ow* a E13.1117

IlaNsa allaapanc awItebis a £2.71

I widen chageWP.OA fef E

CARPI NA
(Seed SAE IF NNW. LAN NOM)
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Electronic Ignition Kit
Sparkrite MK2 is a high performance. high Quality. capaci-
tive discharge. electronic ignition system.
Because of the superb design of the Sparkrite circuit it

,completely eliminates Problems of the contact breaker,
There is no misfire because contact breaker bounce is eli-
rninated electronically by a purse suppression circuit which
prevents the unit tiring if the points bounce open at high
R.P.M. Contact breaker burn is eliminated by reducing the
Current to about 1150th of the norm. It will perform equally
well with new. old, or even badly pitted points and is not
dependent upon the dwell time of the contact breakers
for recharging the WSW.m. Sparkrite incorporates a short cir-
cuit protected inverter which eliminates the probiems of
SCR lock on and therefore eliminates the possibility of
blowing the transistors or the SCR. (Many capacitive dis-
charge ignitions am not completely foolproof in this re-
soect.)

Sparkrite can therefore give you: -
up to 70% better fuel consumptiOn. instant all weather
starting. Cleaner plugs - they last up to 5 times longer
without attention. faster acceleration, higher top speeds,
longer coil and battery fife. efficient fuel burning and leas
air pollution, smoother running. continual peak perfor-
mance

THE KIT d'OMPRISES EVERYTHING NEEDED
Ready drilled pressed steel case coated in matt black epoxy
resin, ready drilled base and heatsink. top quality 5 year

guaranteed transformer and components. cables. coil con;
nectors. printed circuit board. nuts. bolts. Silicon grease.
full instructions to make the kit negative or positive earth,
and 10 page installation instructions.

OPTIONAL EXTRAS
Electronic R.P.M. limitation.
This can be included in the unit to 7.revent Scot
an advantage to most companies, hire hiins 5:90 pudor
mance drivers etc.
Elwerwickanventional ignition switch. -
Gives instant changeover from -Spaikrire- igait.On to cor
ventional ignition for performance ccinparifons. static tim
ing etc.. and will also switch t!-- ignition off cempleteh,
as a security device. includes. switch snenectors. n.ounting -
bracket and instructions. Cables evelieled.

PRICES
0.1 V assembly kit E10.93 nut V.A.T. post and packing
Ready built unit £13.86 incl. V.A.T. post and packing
ifinth to fit all vehicles with coil/distributor ignition up to
8 cylinders.)
Switch for instant chinge.ove; fr., a Spa:krits ignition to
conventional ignition f 2 79 incl. V.A.T. nost and packing
RPM limiting control (2.42 encl. V.A.T. post and packing
isitted in case on ready built unit, dashboard mounting
on kiti
CALLERS WELCOME
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ETI HELPING HAND
'COMPETITION

ETI, have arranged some very
attractive competitions in the past, the
ETI / Doram Design Competition open
until the end of October with prizes
totalling £500 is one example. Helping
Hand is a different type of competition
- we are not asking people to enter for
what they can get out of it, rather, for
what readers can contribute to a less
fortunate section of *he community -
thfigolig Hand is being organised by

ETI with the complete co-operation of
the Royal National Institute for the
Deaf. We hope that all types of readers
will enter - individuals, schools, colleges,
apprentice groups and even companies.
Although the problems are challenging,
we feel that the ingenuity of ETI
readers will probably come up with at
least one solution which will make life
more secure or easy for the deaf.

Helping Hand is to find solutions to
three specific problems. There are
three prizes, one for the best solution
in each category. This will be a specially
designed engraved trophy. The main
prize winner will be the RNID however.
At the close of the competition, ETI
will hand over the prize winning ideas
to the RNID together with a cheque
for £250 to help with the cost of
developing the idea into production.
There is a £1.00 entrance charge and
all money received in this manner will
also be passed onto the RN ID for the
same purpose.

H to Ent,avv
The problems, listed here, are put

in very general terms. We do not wish
to place any restrictions on how these
problems are to be solved - the solution
will probably be electronic, but need
not be. Solutions do already exist for
these problems but high cost and
impracticality lead us to believe that
better solutions, or inexpensive ones
can be found.

Helping Hand is open until March
31st 1976 but entrants are asked to
send in their entries before that date if
possible

A fair amount of background
information has been prepared by ETI
and the RNI D , readers intending to
enter are asked to send a large stamped
self-addressed envelope for this and
the entry form. This should be sent to
Helping Hand, Electronics Today
International, 36 Ebury Street,
London, SW1W OLW.

An entrance fee of £1.00 is being
made: the cheques or postal orders
for this should be made payable to the
Royal National Institute for the Deaf,
not ETI.
The judging will be carried out by
representatives from the RN ID and
ETI, details will be published nearer
the closing date

he Rules
1, There are no restrictions on who
enters; individuals, groups, clubs,
colleges, schools and companies are
eligible.
2 The ideas need not be new but
should not already have been declined
as impractical.
3 Entrants may submit patented
designs or may apply for patents before
submission. It is, however, a condition
of entry that any patented design is
made available to the RNID free of
royalty and entrants will be asked to
declare this on their entry form.
4 The judges reserve the right to award
the prizes to the three best entries,
irrespective of category, if entries for
other categories are not considered
worthy.
5 All entries should reach ETI by 31st
March 1976, accompanied by £1.00
(payable to the RNID) and a
completed entry form.
6 ETI reserve the right to publish
details of any entry after the closing
date.
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The Problems

1 A sick person is being looked after
by a deaf person. The deaf person has
no useful hearing and requires to know
whether the sick person is all right and
above all needs to knovis if the sick
person is in a state of distress anywhere
in the sick room.

2 A hard of hearing person is attending
a College of Further Education and has
considerable difficulty in understanding
what the lecturer says due to his
distance from( tf% lecturer and to the
background noise in the room. A device
is required to enable him to make the
the best possible use of his hearing.

Note: The inductive loop system is
widely used in this country to help
overcome these difficulties but has the
problem that it has to be installed.
Radio microphones systems are also
used but again have the disadvantage
of being very costly and cumbarsome
to use.

3 Many deaf people have great
difficulty in using the telephone and in
fact many of them can not use the
telephone at all. The development of a
writing tablet which would allow them
to write a message on a small pad and
for this to be communicated over the
telephone line to a pad at the -other
end would have many advantages.
In addition the communication should
be two way so that the person can
receive a message or an indication that
the message has been received.
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PART 1

Fig. 1. Internal view of the INTERNATIONAL25

MEASURED PERFORMANCE OF THE INTERNATIONAL.25

POWER OUTPUT 25 + 25 watts into 8 ohms

FREQUENCY RESPONSE +0
- 0.5 dB
+,0

-3 dB

15Hz-30kHz

6 Hz- 80 kHz

CHANNEL_ SEPARATION 1 kHz -46 dB

HUM AND NOISE
(with respect to 25W)
Phono (10 mV)
Other inputs

INPUT SENSITIVITY
Phono
Other inputs

67 dB (unweighted)
68 dB (unweighted)

2.5 mV 47k
200 mV 47k

TOTAL HARMONIC DISTORTION
Power Frequency One charinel Both channels

100 Hz 0.1% 0.13%
12.5W 1 kHz 0.08% 0.16%

10 kHz 0.12% 0.17%

100 Hz 0.14% 0.5%
20W 1 kHz 0.12% 0.6%

10 kHz 0.17% 0.8%

100 Hz 0.5% 5.2%
25W ' 1 kHz 0.6% 4.8%

10 kHz 0.7% 4.3%

TONE CONTROLS
Bass 12 dB boost at 50 Hz

12 dB cut at 50 Hz
Treble 9 dB boost at 10 kHz

9 dB cut at 10 kHz

DIMENSIONS 340 x 88 Y 210 mm
-1111111W-

THE INTERNATIONAL25 is a twenty-five watt per channel, high quality audio amplifier which is so easy
to build that it is likely to set a standard for the amateur constructor which will remain unbeaten for years
to come. ETI's top design team used some of the latest devices on the market to achieve this breakthrough.

WHEN designing this amplifier
considerable effort was made to
achieve several, generally
incompatible, aims. These were to
design an amplifier that gave high
performance, was simple enough for
the beginner to build BUT, was low in
cost.

Since a high percentage of the cost of
an amplifier is in the hardware, (e.g.
chassis, potentiometers, switches etc)

26

and this cost does not vary greatly
relative to amplifier power output, we
aimed at the highest possible power
for reasonable cost. Thus the amplifier
gives 25 watts R MS per channel which
is about as much as can be obtained
without component costs increasing
dramatically.
To gain the required simplicity we

used a single printed circuit board, to
hold as much as possible of the

electronics, thus keeping external
wiring down to a minimum.

The result is a 25 watt -per -channel
amplifier which is extremely easy to
build and set up, which has a

distortion of around 0.1% and costs
about the same as a 12 watt per
channel kit at present on the
market that is much more difficult to
build.

The single printed -circuit board

ELECTRONICS TODAY INTERNATIONAL-OCTOBER 1975
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25 ALARM

COMPONENT SUPPLY

Some of the components used
in this amplifier are so new that
most of the local component
shops won't have them. In fact
they probably will have never

them.
We have, however, made

arrangements with Doram
Electronics for the supply of
components used in the amp.
Doram also can supply the case,
the metal work, the pcb, etc.

A complete kit of parts is

available for £29.95 (plus £4.05
VAT) including P and P from
DORAM ELECTRONICS LTD,
P.O. Box TR8, Wellington Road
Industrial Estate, Wellington
Bridge, Leeds, LS12 2UF.

construction greatly. simplifies things
for the beginner. A heatsink is

attached to the rear of the board to
hold the power transistors, and a
bracket at the front holds the
potentiometers. Before attaching these
brackets assemble the components to
the printed circuit board according to
the component overlay, which we will
print next month.

In this first part we give you the
circuit, pcb design and parts list so that
you can get the components together.
However we do not recommend you
to start building until you have read

the final part of the article next

SW2

L .0 ce

240V ac
INPUT cp.

0
N C35

0.033µ F
630V

240V/40VCT.
AT 2A

0
E

Dl-D5
1 N4001

C36 4-

2500g F
35V

R75
100k

C42
0.15

D6
I N914

R76
47k

ZD 1
8.2V
400
mW

C37 +
2500g F

35V

C38
100p F
16V

C39

R LA >R78
4700
1W

C

Q19
BC108
e

+28V

+10V

ZD2
10V

400
C41
4.7g FT 25V

100µF C40 OV

16V "-= 4.7g F
25V

-6.6V
-5V

R79
1k2

LED 1
zi

-8.2V

R77
4700
1W. -28V

Fig. 2. Power supply of the INTERNATIONAL -25

dB

10 

-5

100

Fig. 3. Tone control characteristics.
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INTERNATIONAL 25
Fig. 5. PCB design for the INTERNATIONAL25.
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Main text continues on page 30
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INTERNATIONAL 25
HOW IT WORKS -
INTERNATIONAL25

PREAMPLIFIER
In the preamplifier we have used

two TCA220 integrated circuits each
of which contain three identical
operational amplifiers. These work
similarly to the conventional op amp
like the 709, 741 or 301 except the
output is an emitter follower and
needs a pull down resistor.
Fig. 1. for those interested.
Frequency compensation is
accomplished by a 390 ohm resistor
in series with a 330 pF capacitor
connected to the appropriate
terminal. The maximum voltage
allowed on this IC is 18V. Since the
output swing in the positive direction
is less than that in the negative
direction we have used +10V and
-6.6V supplies.
The magnetic pickup used on most

good turntables has a low output and
also needs equalization to perform
correctly. We used part of the TCA
220 (ICI -1 and ICI -2) to amplify this
signal (about 60 times or 35 dB at 1
kHz) and to provide the equalization
required (+13 dB at 100 Hz and -14
dB at 10 kHz referred to the gain at 1
kHz). The output of this amplifying
stage connects to the switch SW1
which selects the desired input. The
signal from the cartridge is amplified
before the selector switch to improve
the signal-to-noise ratio.

After the selector switch we have
the balance control (RV1) which at-
tenuates either left or right channel as
desired. The signal is then amplified,
by a factor of two, to recover what is
lost in the balance -control network
and also to buffer the signal to give a
low, impedance output. The output
drives the tone -control network and
also the tape -output sockets.

The tone -control section uses the
last sections of the TCA220 (IC2/2,
IC2/3) with the bass and treble
controls in the feedback network.
These controls provide about 10 dB
of boost and cut of both bass and
treble. Resistors R27 and R33 set the
limit of the treble boost and cut,
while C21 controls the actual
frequency where the treble control
starts. Resistors R29 and R35 control
the bass limits while C19 sets the
frequency. The output of the stage is
connected to the volume -control
potentiometer RV4.

POWER AMPLIFIER
The power amplifier is of

conventional design using a
differential pair 01 and Q3 followed
by a common -emitter amplifier stage,
Q5, working at a constant current (5
mA) supplied by Q11 and Q13. The
output of Q5 is buffered by the
output transistors Q15 and Q17.
These are darlington transistors and
have a current gain (Hfe) of over 750
at 3A. These transistors are biased

on slightly (10 mA) to remove
cross -over distortion and the bias is
set by measuring the voltage across
R63 or 73 (3V) while adjusting RV5.
After bias adjustment is completed
these resistors are shorted out to
allow full power capability.
Transistors Q7 and Q9 are physically
joined onto Q15 and Q17 to provide
accurate temperature indication and
to ensure thermal stability.

The gain of the power amplifier
stage is 100 and is set by the ratio of
R55/R51. The earth reference for the
power -amplifier input stage is
supplied via the coax cables
connecting to the preamplifier.

POWER SUPPLY
The power supply is a full wave

rectifier with a centre -tapped
transformer supplying ± 28V to the
main amplifiers. The supplies for the
preamplifier are obtained from a 10
V zener ZD2 and a 8.2V zener ZD1.
The actual negative supply to the
preamplifier comes via the LED on
the front panel and is about -6.6
volts (1.6V across LED): A smooth
-5V is also derived from the -8.2V
and is used for the differential pair in
the main amplifier.

The relay RLA is used to prevent
the switch on transient reaching the
speakers. After switch on there is a
delay due to C38 of about 4 seconds
before the speakers are connected.
On switch off the delay is only about
1 second.

R65, 66
R67,68
R69,70
R71,72
R59,60
R3, 4
R51,52
R61.62
R80,81
R63,64

RT3,74
R5 6,1
R2,372,38
R77,78
R45,46

R39.40,41
R42,79.
R47,48.
R7,8 25
R26,57,58

R27,28
R33,34
R11,12
R19,20
R29,30
R35,36
R43,44
R55,56
R1,2,9,10
R31,32,76

PARTS LIST

Resistor
Pt

It

IV

PI

PI

Pt

1
1
1
1
10
100
100
120
220
330

330
390
390
470JL 1W
820 1/2W

'/2W

VT

1W
1/2W

1k2
1k2
2k7
4k7
4k7

6k8
6k8
10k
10k
27k
27k
33k
33k
47k
47k

R13,14 56k

VP

It
91,

V

IV

5%

R53,54
R15,16,49
R50,75
R17,18
R23,24

RV1 Potentiometer

RV2

RV3

RV4

RV5,6

91,

68k
100k
100k
330k
330k

IV

PP

TV

09

tt
It
IV

OP

220k lin single
gang rotary
25k lin dual
gang rotary
100k lin dual
gang rotary
10k log dual
gang rotary
100k trim pot

C31,32 Capacitor
C5,6,15
C16,23,24
021,22
C29,30

C7,8
C19,20

47pF ceramic
330pF
330pF "
560pF "
560pF "
0.015/1F polyester
0.022LF

VP C35 0.033,1F 630 VC9,10 0.0561Fi. polyester
SP C1,2 0.15
1,1

C11,12,42 St 0.115JF "
C13,17,18 OP 4.7 25V electroP C25,26,27 VP 4.71./F 25V
C28,40,41
03,4,33 tP

4.7gF 25V "
10CpF 16V "

C34,38,39 DI 100PF 16V "
C36,37 It 250012F 35V "

L1,2

01 - 05
D6
LED1

Choke 25 Turns 0.4mm
Cu
on a 10.1L 1W
Resistor

Diode 1N4001 or similar
1N914 " "

ZD1 Zener Diode 8.2V, 400mW
ZD2  Zener Diode 10y, 400mW
Q1,2,3 Transistor BC108Q4,13,14,19 ' or ZTX108Q7,8,9,10 ..
Q5,6 " BCX35Q11,12 " BCX31*Q15,16 " BD267A or*Q17,18 " 813266A or
*insulation washers needed

IC1,2 Integrated Circuit TCA220

RLA Relay 2c/o contacts 125012 coil
Tl Transformer 40V cT 2A
SW1 Switch Rotary 2 pole 4 position
SW2 Switch miniature toggle 240V
Stereo Phone Socket
Two 6 way phono sockets
Two 2pin DIN sockets
CHASSIS
HEAT SINK
POT SUPPORT BRACKET
COVER
3 small knobs =2
large knobs -4 rubber feet -2
9.6mm spacers -3 core flex & plug
rubber grommets.

B
B

month. Transistors Q7 and Q9 are
glued to the power transistors to
ensure thermal stability.

30

Readers may have difficulty in
obtaining the triple op -amp, TCA220.
This has been ordered from Mullard
by Doram (see the box on page 27)

and any component supply problems
should be referred to them.

To be continued next month:
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I WIN A FREE
SUBSCRIPTION

!gifiNTI

'Patience, you haven't a leg to stand on till Egor gets hold of that
copy of ETI I missed!'

Take out a subscription this month and you could get your money back. All you

have to do is write, an amusing caption for the cartoon above - it must relate to

ETI and be decent (we thought of several very funny but dubious ones our-

selves!). If your entry is the best we will send your money back!

You can also ensure a regular copy of ETI by placing an order with your

newsagent.

Cut

To: SUBSCRIPTIONS DEPARTMENT,
ETI MAGAZINE,
36 Ebury Street,
London SW1W OLW.

I enclose £5.00 ( £5.50 overseas) for the next twelve copies of ETI.

Name

Address

My caption for the cartoon is:

Competition closes 31st October 1975.
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Wilmslow
Audio

THE firm
for

speakers!
Baker Group 25, 3. 8. or 15 ohm - £8.84
Baker Group 35, 3' 8 or 15 ohm £10.25
Baker Deluxe, 8 or 15 ohm £13.75
Baker Major, 3. 8 or 15 ohm £11.87
Baker Regent. 8 or 15 ohm. £10.00
Baker Superb, 8 or 15 ohm £18.12
Celestion PST B (for Unilex) £3.75
Celestion M141000 horn. 8 or 15 ohm £10.96
EMI 13 X 8. 150 d/c, 8 ohm £2.94
EMI 13 X 8. 350, 8 or 15 otim £9.56
EMI 13 x 20 watt bass £7.69
EMI 214" tweeter 8 ohm £0.77
EMI 8 X 5, 10 watt, d/c, roll/s 8 ohm £3.44
Elac 59RM 109 15 ohm, 59RM114 8 ohm £3.44
Elac 61/2" d/c roll/s 8 ohm £4.06
Elac TW4 4" tweeter £1.75
Pane Pop 15 watt 12" £5.25
Fane Pop 25T 12" 8 ohm £7.50
Fan Pop 50 watt 12" 8 ohm

.

Fane Pop 55 12" 60 wati,8 ohm 12.95
Fane, Pop 60 watt 15" 8 ohm £13.75
Fane Pop 100 watt 18" 8 ohm - £25.95
Fane Crescendo 12A of 8. 8 or 15 ohm .... £34.50
Fane Crescendo 15, 8 or 15 ohm £47.50
Pane Crescendo 18, 8 or 15 ohm £62.95
Fans 807T 8" d/c, rolls/s, 8 or 15 ohm . .... £4.62
Fane 801T 8" d/c roll/s 8 ohm £8.12
Goodmans 8P13 -or 15 ohm £5.50
Goodmans 10P 8 or 15 ohm £5.80
Goodmans 12P 8 or 15 ohm £13.95
Goodmans 12P -D 8 or 15 ohms £16.95
Goodmans 12P -G 8 or 15 ohms £15.95
Goodmans Audiom 200 8 or 15 ohm £13.90
Goodmans Axtent 100 8 ohm £8.44
Goodmans Axiom 402 8 or 15 ohm £20.00
Goodmans Twinaxiom 8" 8 or 15 ohm £10.14
Goodmans Twinaxiom 10" 8 or 15 ohm. . .. £10.75
Kef 727 £6.06
Kef T15 £6.94
Kef B110 £8.37
Kef 13200 £9.50
Kef-8139 £16.50
Kef DNB £2.31
Kef DN12 £5.75
Kef DN13 £3.87
Richard Allan CGBT 8" d/c roll/s £8.06
STC 400 1 G super tweeter £6.56
Fane 701twin ribbon horn £40.50
Baker Major Moddle, each £13.44
Goodmans Mezzo Twinkit, pair £47.19
Goodman DIN 20. 4 ohm, each £13.44
Helme XLK25. pair £25.44
HelmeXLIC30. pair £17.19
Helms XLK50, pair £46.25
Kefkit 1, pair £48.44
Kef kit III, each £42.50
Peerless 3 /15(3 sp. system) each £17.19
Richard Allan Twinkit, each £10.37
Richard Allan Triple 8, each £15.94
Richard Allan Triple, each £23.12
Richard Allan Super Triple, each £27.50
Wharfedale Linton.2 kit (pair) £23.12
Wharfedale Glendale 3 kit, pair £40.62
Wharfedale Dovedale 3 kit. pair £63.12
Wharfedale Super 10 RS/ DD £16-.00.

Castle Super 8 RS/ DD £10.3.1

INCLUDING VAT AT 25% ON HI -Fl, 8% ON PRO
AND PA

Cabinets for PA and HiFi, wadding, Vynair. etc.

Send stamptor free booklet "Choosing a Speaker"

FREE with all orders over £7 - "HiFl
Loudspeaker Enclosures" Book

All units are guaranteed new and perfect

Prompt despatch

Carriage: Speakers 38p each, 12" and up 50p each,
tweeters and crossovers 25p each. kits 75p each

(£1.50 pair).

WILMSLOW AUDIO
Dept. ETI

Swan Works, Bank Square, Wilmslow,
Cheshire SK9 1 HF. Tel. Wilmalow 29599

(Discount HiFi, PA and Radio at
10 Swan Street, Wilmslow)
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INTERNATIONAL' FM
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INTERNATIONALEFIVI
STEREO
TUNER

r I O PART
TWO

This high quality stereo tuner was designed to match the INTERNATIONAL -25 stereo amp (see page 26).
Last month we gave details of circuit and we now finish the article with some notes on construction andalignment.

THE METAL WORK

SPECIAL OFFER -
INTERNATIONAL -FM SPECIAL OFFER

 All the components for the INTERNATIONAL -FM tuner are
 available from Ambit International. The regular price for these

items is £50+ p&p. Readers using the coupon below, however,
41111 need only send in £40 plus £2.50 p&p. Without the casing and

chassis the offer price is £35 including p&p. Send your order to
ETI Offer, Ambit International, 37 High Street, Brentwood,
Essex, CM14 4RH.

Offer closes October 31st 1975.

INTERNATIONAL -FM OFFER COUPON
*Please send me a complete kit for the INTERNATIONAL -FM

 tuner, I enclose £42.50.
*Please send me the electronic components for the INTERNAT.

 IONAL-FM wrier, I enclose £35.
 *please delete one sentence

NAME

 ADDRESS

 Send this coupon to AMBIT INTERNATIONAL, 37 HIGH STREET,
BRENTWOOD, ESSEX, CM14 4RH. ['Lease allow 28 days for delivery.   
32

The chassis is the same size as the
INTERNATIONAL25: 335mm x 190
mm x 84mm. We decided to mount
the controls and meters on a support
bracket to leave the front panel look-
ing neat. In fact the only components
mounted directly onto the front panel
are the frequency meter and the LED,
both of which are push -fit. Figure 1
shows how we cut the front panel.

Because of difficulties in bending
the aluminium and in fixing the com-
ponents we made the support bracket
in two sections. These are bolted
together after the slider pot has been
mounted into the top section (see
photo 2). Figures 3 and 4 give details
of the major cutting required in these
sections. Because the meters are
push -fit mounting types it is best to
cut their holes a bit on the small side.

Figure 5 shows how to fix the
cursor onto the slider pot. The cursor
itself is made from 3mm perspex cut
to 50 x 28mm. Any scratches can be
cleaned off with metal polish. The
knob should be removed from the
slider pot and the slider cut back so
that it protrudes 8mm from the slot.
If the cursor and slider are carefully
drilled they can be screwed and glued
together (don't forget to scribe a line
onto the back of the cursor).

ELECTRONICS TODAY INTERNATIONAL-OCTOBER 1975
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Fig. 1. The metalwork required on the front panel. Dimensions in millimeters.
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Photo 2: This shows the support bracket and

pcb are mounted.

335

20

135

SWITCH HOLES 12mm DIAMETER

OVERLAP 10,

20

Fig. 2. This shows how the support bracket is constructed in two sections. The top section

holds the slider pot and two meters. The bottom section mounts the switches and selectors
and the frequency meter.

Fig. 3. Drilling for upper section.

26 t

216 251 261 296

27
131

t

40 130 155 180

Fig. 4. Drilling for lower section.
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220 300

THE METALWORK

The three pieces of aluminium,
cut to size and bent to our
design, are available from H.L.
Smith of 287 Edgware Road,
London NW2. Send £1.82,
which covers VAT and postage.

Mounting the slider pot itself re-

quires removing the black plastic end
covers so that the case of the pot fits
flush with the support bracket. It
will be necessary to drill a couple of
holes in the case so that the pot can
be mounted from beneath. We pre-
pared the frequency scale by sticking
down some dark green plastic and

gluing strips of white paper to this.
The pcb is mounted, as shown in,

photo 2, with the tuner head to the
rear of the chassis. Figure 6 shows
how the board is wired up to the rest
of the tuner. The only wiring not
shown in Fig. 6 is the mains wiring to
the transformer via the on/off switch
and the wiring to the meter lights.

PERSPEX CURSOR

THE ORIGINAL SLIDER
IS SAWN BACK TO 8MM

Fig. 5. This shows
how the cursor is
mounted to the slider
pot. If a mechanical
drive mechanism is to
be used the drive cords
can be attached to a
tag under the screw.

A simple 300E2 antenna can be

constructed as shown in Fig. 7 and
then you are ready to try the tuner
according to the test procedure. If
you find that there is a gentle hum
this can be cured by decoupling the

base of Q2 with a 10µF (10V) cap-
acitor (see Fig. 8). There is sufficient
room on the pcb to fit this component
easily.

ELECTRONICS TODAY INTERNATIONAL-OCTOBER 1975
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o MUTE

c's4,4.. TO PCB EARTH
INTERNATIONAL"FM

0
AFC

TUNING
METER .46,0

O
STEREO

LED

s A./To short lead

N

TUNING
RV8

SIGNAL
STRENGTH
METER

aQUADRATURECOIL

SIGNAL STRENGTH
METER SETTING RVIO

2 1

H

G

MPX DECODER
ALIGNMENT RV11 C.

FREQUENCY METER
SETTING RV9

0,1

752 3001!
AERIAL AERIAL

FREQUENCY METER

RH AUDIO

 LH AUDIO

TO TRANSFORMER
(12 VAC)

TUNE

YELLOW

RED IGREEN

TO SLIDER POT

STATION
SELECTOR

Fig. 6. Wiring up the board to rest of the tuner.

Fig. 7. How to make a folded dipole
antenna for FM reception. 300U ribbon
feeder is used for both dipole and feed.
Fig. 8. Hum in the tunin, bias circuits can

DECOUPLING
CAPACITOR
lOpf

On the p.c.b. pattern last month
a short connection between two
holes was not shown. This is under
RV8 from the slider to pin N.

Cl 0 is also shown with wrong
polarity in both circuit and layout..

TEST AND ALIGNMENT OF THE INTERNATIONAL-FM TUNER

1. Make certain all connections are
sound, and that solder does not
overlap any of the PCB tracks.

2. Double che.ck the orientation of
all components such as ICs,
diodes and the 7812, where it is
easy to make a mistake.

3. Switch on check:
Connect an audio amplifier with
an input sensitivity of 100mV
(approx.) to the output of the
tuner.
Switch off the mute and AFC,
and switch to manual tune and
stereo. Set the cursor to the
high frequency end of the scale.

a) Switch on the mains, and check
the PSU voltage to be 12V.
Some hiss should be audible at
the output.

b) Peak this noise by adjustment of
the quadrature coil (an RS type
trimmer tool should be used to
avoid damaging the core).

c) Now check the meter functions:
the centre zero should be rough -

d)

e)

ly centred by the adjuSiment of
the quadrature coil.
The signal strength meter should
be set at zero in a blank section
of the band, by adjusting RV10.
The frequency meter can only.
be calibrated accurately by sel-
ecting a station on the main
scale, and then setting RV9 for
the meter to coincide.

Tuning around for a station will
result in the signal strength
meter travelling from the
end stop. To finely set the
quadrature coil tune the signal
strength meter for maximum
and then adjust the core for
centre zero on the tuning meter.

To align the MPX decoder, tune
to a station which is known to
be in stereo, and then rotate the
preset RV11 until the LED bea-
con lights. This will also be
accompanied by an increase in
the noise in the background of
the transmission. Rotate the pot
across the entire range through

f)

which the lamp stays lit, :nd
then set the control to the
centre of this arc.

The IF output coil of the tuner
head may also be peaked, using
the signal strength meter for
guidance. ' This is the purple
coloured core near the output
termination.
The only coil to avoid in the
tuner is that of the local oscill-
ator. You will soon realize
which this is, since a very minor
adjustment will cause the station
to disappear.

4. The most likely causes of
trouble:
First incorrect assembly and
soldering
-the LED may be the wrong
way around for failure of the
stereo.
-incorrect switch wiring.
-it is very unlikely that there is
any component failure for man-
ufacturer identified devices of
established 'pedigree'.

34
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We've done it again!
ETI Reader Offer

Sinclair
Scientific
Calwlator
Kit 11,95
Including VAT and P&P

In the October 1974 issue we organ-
ised with Sinclair an offer that has
become a legend - nearly one in three

readers sent for it - ten times the
expected response.

In the last year ETI, has forged
ahead in sales and many new readers

may wish to own one of these calcul-
ators the only one to have won two
Queen's Awards - one for technical
innovation, the other for export sales.

This, the second time we are runn-
ing this offer, the price is £3.00 lower
than a year ago and we are also offer-

ing the built version at only £1.00
more.

8.5629 -0 I

.ndair
Scientific

1 rad

In 10

rt

:,. ..... :''.. r.,. :,: .. zufElE

C ---..* -; oft

AIM".1:-==------ . on

57-2958°
230259
2.71828
314159

arctan
3 sin

arccos

THIS COUPON FOR KIT ONLY

Sinclair Scientific - Actual Size

TO ETI/ SINCLAIR SCIENTIFIC CALCULATOR OFFER
ELECTRONICS TODAY INTERNATIONAL
36 EBURY STREET, LONDON, SW1W OLW

Please find enclosed a cheque / PO for £11.95 payable to
Electronics Today International for a Sinclair Scientific
Calculator KIT. (For acknowledgement of order, please
include a stamped addressed envelope)

Name

Address

This coupon will be used to despatch the order. Please write

in BLOCK LETTERS.

Name

Address

Offer closes October 31st. This offer is strictly limited to one
calculator per coupon. Please allow 28 days for delivery.
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Sinclair
Scientific
Calculator,
Buie-12E05
Including VAT and P&P

Sinclair Scientific Facilities
The low price and simple construction
of the Scientific belie its calculating
power.

The detailed instruction booklet
Supplied describes fully the method of
usage. With the Sinclair Scientific you
can handle directly:

Log 10, Antilog 10, Sine and Arc -
sine, Cosine and Arcosine, Tan and
Arctan, Automatic Squaring, Auto-
matic Doubling, XY (any power) YN/x

(any root) Addition, Subtraction,
Division and Multiplication.

Of course these functions can be
used together giving you a fabulous
number of facilities.

THIS COUPON FOR READY BUILT ONLY

TO ETI/ SINCLAIR SCIENTIFIC CALCULATOR OFFER
ELECTRONICS TODAY INTERNATIONAL
36 EBURY STREET, LONDON, SW1VV OLIN

Please find enclosed a cheque / PO for £12.95 payable to
Electronics Today International for a Sinclair Scientific
Calculator READY BUILT. (For acknowledgement of
order, please include a stamped addressed envelope)

Name

Address

This coupon will be used to despatch the order. Please write

in BLOCK LETTERS.

Name

Address

Offer closes October 31st. This offer is strictly limited to one
calculator per coupon. Please allow 28 days for delivery.
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NOVEMBERET
Electronics
Reference
Data

COP, bipn t5

ti

FREE WITIINOVEMBER'S Ell
An 8 page pull out, crammed with useful electronics reference datathose formulae you're always forgetting, common transistor data,definitions and conversions....... and much more. You'll want to keepthis - be sure not to miss it.

17C-TAC RADIO
An ultra minature AM radio 4
which is butt in a Tic-Tac mints
box-uses ZN414 and one
transistor.

AUTO

-CORRE1ATORS
Auto -Correlation is a technique
in which an audio signal is
multiplied by a time delayed
version of itself giving a

considerable reduction in noise.

AN EOM 16 PACES
Unlike some of our competitors -
your next copy of ETI will still be 30p
- and there are 16 extra pages in the
November issue.

READER OFFER

Weller SOLDER OW
TODAYS

En
RETAIL

PRICE OFFER fo6
£9.80 PRICE 50

36

DINTALFREQUENCYMETERS
Using the ETI digital display module, this inexpensive circuit

displays directly all frequencies up to 1MHz with 0.01% accuracy
accuracy - and it can be battery powered.

200W GUITAR AMPLIFIERS
How to couple two of the ETI 100W guitar amps ( Details inProject Book 1, still available from ETI for 85p inc.) to200W into 811

electronics
today international
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The new series of ETI Data Sheets are arranged so
that they can easily be removed from the magazine
if required. It is planned to give details of between
two and four devices each month, the emphasis
being strictly on maximum information in the
available space on I.C.'s and other semiconductors.

ETI Data Sheets are intended as an introduction
to the devices, not as complete information though
applications circuits will occasionally be modified

to make it easier to build them up. All semicon-
ductor manufacturers produce their own excellent
data sheets but the majority of the information is
not relev,nt to the enthusiast: we are concent-
rating on the data that is.

Internal circuits of I.C.'s will only be shown if
it is felt that this will lead to a better understand-
ing of the operation.

Please refer to the notes on page 39.

,uA 7800 SERIES: POSITIVE VOLTAGE REGULATORS
FAIRCHILD

The 7800 series of 3 -terminal voltage re-
gulators give excellent regulation and ripple
rejection, have internal current limiting and
automatic thermal shut -down making them

almost indestructible. With adequate heat -
sinking, they can deliver over 1A.

No additional components are necessary
for use as voltage or current regulators but
a few extra components will enable adjust-
able output voltages to be achieved.

The third and fourth number in the

coding gives the voltage: 7805 is 5V, 7812
is 12V, 7824 is 24V. Other voltages in the
range include: 6V, 8V, 15V and 18V.

The letter U after the number denotes
TO -220 package, K denotes TO -3 package.
Second letter C denotes consumer specific-

ation.
Closely related is the 7900 series,

similar but with negative voltage regulation.
Other types includes device with 100mA,
200mA and 500mA ratings in other pack-

ages.

mmFIXED OUTPUT REGULATOR

SPECI F !CATION

Input voltage (max)
Line regulation (typ)
Quiescent current (max)
Ripple rejection (typ)
Short-circuit current (typ)
Peak output current (typ)

7805
35V
3mV
8mA
78dB
750mA
2.2A

Typical Advertised Price (UC type) £1.60 inc. VAT
Main data supplied by Fairchild Semiconductor.

PACKAGES
TO -220 (Top View)

OUTPUT 121

COMMON 13)

INPUT (V

7812
35V
10mV
8mA
71dB
350mA
2.2A

T03 (Top View)
COMMON 131

7824
40V
18mV
8mA
66dB
150r fn
2.1A

OUTPUT (2!

INPUT Itt

OUTPUT

NOTES:
@To specify an output voltage, substitute voltage value for "XX-.
()Although no output capacitor is needed for stability, it does im-

prove transient response.
°Required if regulator is located an appreciable distance from power

supply filter.

vioNN,ADJUSTABLE OUTPUT REGULATOR, 7 to 30 VOLTS

(35V)

033.1

C Dill -

ELECTRONICS TODAY INTERNATIONAL -OCTOBER 1975

-CURRENT REGULATOR

Output Current -
VOUT

'CIRCUIT FOR INCREASING OUTPUT VOLTAGERINEe

. gA28XX

R2

VOUT = VXx (1 + -
R

1 + 102
i

0
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TBA810S/AS 7W AUDIO AMPLIFIER
SGS-ATES

The TBA810S is a 12 -lead quad in -line I.C.
designed for use as a class B audio amp-
lifier.

The device will give 7W at 16V into a
4E2 load, 6W at 14.4V, 2.5W at 9V and 1W
at 6V but will work with a supply as low as
4V or as high as 20V. It gives up to 2.5A
output current and has high efficiency
(75% at 6W) together with low harmonic
and cross -over distortion.

The TBA810S is provided with a thermal
limiting circuit which means that the device
will suffer no damage even if overheated
due to an inadequate heatsink - all that
happens is that output power is reduced.

The TBA810AS is identical except for
minor differences in the arrangement of the
cooling tabs.

The cooling tabs should be connected
to a heatsink. With the TBA810S this can
be an area of the p.c.b. itself of about 1

square inch for each side of the cooling
tab.

100APPLICATION CIRCUIT

+-vs R3

SPECIFICATION
Figures are typical and for Vs=14.4V
unless shown.
Supply Voltage 4-20V (max)
Quiescent Current 12mA
Power Output (16V) 7W

(14.4V) 6W
(9V) 2.5W
(6V) 1W

I nput_Sensitivity (R4 5652) 80mV
(R4 2212) 35mV

Frequency Response (-3dB) 40-20000Hz
Distortion (50mW-3W) 0.3%

Typical Advertised Price £1.25 inc. VAT
Data supplied by SGS-Ates

LEAD CONNECTIONS

SUPPLY
VOLTAGE

N.C.

N. C.

GROUND

BOOTSTRAP

COMPENSATION

FEEDBACK

OUTPUT

N. C.

GROUND

GROUND

GROUND
(SUBSTRATE

INPUT

REJECTION

1

0.1pF 100,F 100(1

I 15V

R2

100k0.

Tabs

C1
500},F

6V

R4

560
C5 RI

T15 Vio.F

10

C8
1003.,F

'15V

C3
820pF

1-7
4700pF -0.1uF -I-

..I..

T

C2

15V

40

1mAPPLICATION CCT WITH SPEAKER AT Vs

+vs
0

0.1 7 "r. 100},FI
25V

Tabs

100k0.10Ok0.

7-7

100},F

"

TBA8105
TBA810AS

Rt
56n.

T

= 4 r1

1000pF
15V

IMMEMI

4 _,7FV1 0.1pF

1f1

38

-INTERNAL CIRCUIT

10

Po

(W)

8

0
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1rP4'5611MI r.lki-i. IIMIIIIMIIIIIIIIItinMI aL,..4 a arm
inum....inu............................m......."
p....."...w."..limm..m.......nummormassim
gw_ _ausmarinammaErAmmiummiummismMILW.FammmumasMMIWOMMIONMErn,
1111111111,11M111101111M_UMW EIMMM IN

8 12

Right graph shows
distortion against
output power.
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TDA 1054 CASSETTE RECORDER WITH ALC SGSAATES

9156

The TDA 1054 contains four distinct cir-
cuits: 1. Low Noise Preamplifier, 2. Auto-
matic Level Control System (ALC), 3. High
Gain Equalisation amplifier, 4. Supply
Voltage Rejection Facilty (SVRF).

It is designed for use as a preamplifier
in tape and cassette recorders and players,
dictaphones, compressor and expander in
telephonic equipment and in Hi-Fi preamp-
lifiers.

Applications circuits are shown here
for a complete tape recorder using other
SGS-ATES I.C.'s, TCA 900 motor speed
control and audio amplifier TBA 820.
The second circuit is for a Hi-Fi preamp in
which the ALC facility is not used.

-COMPLETE CASSETTE RECORDER

aile,11.42412
MV

eR

revs 17

eTAMTAUSE CAPACITORS

SPECIFICATION

Figures are typical and for 9V supply
except where shown.

Supply Voltage 4-20V
Quiescent Current 6mA
ALC Range (for 3dB

change at 0/P) 54dB
S/N Ratio with ALC 56dB
Supply Voltage Ripple

Rejection 30dB
Voltage Gain (open -loop) 110dB
Distortion (playback) 0. /0

Distortion (record with ALC) 0.4%
Output Voltage before Clipping

(with ALC) 900mV

Typical Advertised Price £1.50 inc. VAT
Data supplied by SGS-Ates.

LEAO COVTCTIONS

Package 16 -pin DIL

AEC OUTPUT I

SMOOT.C2 SUM.
vOLTAOE

ALC AMCOVEAv
TrIAE

0 I'S ALC iMPuT

01 COLLECTOR 3
02 SASE

01 aim

O1 EMITTER

02 EMITTER

02 CCLLECTCR

ST -PASS

6

St...PLY
VOLTAGE

OUTPUT

FEEDUEkLY
C...,PENSATom

Do.25/2.4
INPUT

tRrEPT0IG
rvsur

GRCaort,

'2v

-CO

013

330

.3,09v

3007 OnoF
12V

RRUT RIG
22E0

1=,
15311.1.

2A MM so kmr

PR

SR

HI-FI PREAMP

PIE20 OR
TuntR CERAmiC MAGNETIC

52
AR

XIV

st7 "T
6000

to

TnV

25,0

SASS

5.630 100E11 5.614

Tots

LANCE

VOL AE

COTPUT
VOLTAGE

ETI DATA SHEET
The information in this section is
based on the manufacturers data
and is intended as a guide to the
experimenter. Devices are not
normally available direct from the
manufacturers but all devices in-
cluded in this section are currently,
or have recently been, advertised
in ETI and/or other electronics
magazines. It is regretted that ETI
cannot answer queries arising from
Data Sheet including availability,
modifications, availability of fur-
ther data, layout or construction.
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it's another knockout offer
from AMBIT, the wireless
specialists.

The phone rang in the AMBIT
office the other day. It was
Halvor Moorshead - the editor
of this fine magazine.

"Can you do. anything about
an FM tuner article ?" he asked.

"Of course we can, Halvor.
After all, we claim to he the
wireless specialists."
And so the project was born.
When choosing the specification,
we thought we would present a
smart, sophisticated and stylish
unit - but not so expensive as to
be beyond the means of the
readers of this magazine. And as
this is the first fully documented
FM tuner to appear in ETI. we
wanted something that would
become a standard - like some
of the audio projects that have
preceeded the International FM
tuner.
We feel that we may have been
successful in our aim.

The International FM tuner.
EC3302 FET tunerhead
KB4402 IC IF system
KB4400 IC MPX decoder
BLR pilot tone filter
7812UC voltage regulator
9932 6 preset bank
WS150 long slider pot £3.00
5 way push button unit £1.50
Meters, each type each £2.50
Cabinet and panel . £10.00

£5.00
£1.94
£2.20
£1.60
£1.55
£3.40

The details of the special offer,
strictly limited to orders which
are accompanied by the coupon
from this issue of ETI, appear
elsewhere in this issue. The reg-
ular price for the kit of the
International FM tuner will be
£50.00 including VAT. Postage
£2.50 per kit.

FOR those constructors who
live in fringe areas for FM rec-
eption, or those of you looking
for a tuner for DX listening, we
have two alternative R F/1 F strip
modules. Ready built by Larsh-
olt of Denmark.

The 7252, featuring dual MOS
front end, with -four tuned cir-
cuits, AGC, AFC, total muting,
scan and hold, 0.1% typ THD.
Due to the complexity of the
IF system, a stereo decoder is
not included in the 7252.
The 7253 has an FET input,
with a four circuit tunerhead.
The IF is similar to the circuit
published for the international -
but the pilot tone filter is not
integral. 0.5% typ THD.

7252 £24.00 (ex VAT)
7253 £24.00 (ex VAT)
993090 deluxe mpx decoder and
filter £7.60 (ex VAT)
Ambit also sells components: -
Coils, ceramic and mechanical
filters from TOKO inc.
Linear ICs: NE560 series PLL,
the 78 series voltage regulators,
ICs for AM/FM radio and audio,
(LM380N £1.00), and still a few
DL704 LED 7 segment displays
from our offer last year - 10for
£7.50 (+8% VAT).

All prices are quoted EXCLUSIVE of VAT unless otherwise stated. In most instances
the rate will be 25%. Postage 20p per order (unless otherwise indicated). A shortform
price list and product summary is available free with an SAE. Full catalogue 40p(inc).

ambit international
Dew.. ETI 37 Hic,i) Street, Brentwood, Essex. CMI4 4RH te1:216C29 tix 995194
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I

INTERNATIONAL 3600
SYNTHESIZER

Constructing the case; and inter -unit wiring.

KEY BOARD
CONTROLLER (E)

X
ARD

I LLATOR
3 (A)

1 LLATOR,
2

I LLATO
1

KEYBOARD
CONTROLLER
MOD (MI

WE CONTINUE this month with
details of the final four modules to be
constructed. Details of cabinet
assembly and interwiring of the
synthesizer are also given.

TRANSIENT GENERATOR
Full details of the transient generator

can be found in the May '74 issue
of Electronics Today International.
Note that a modification, published in
September of 1974 reduced the value
of R21 to 100k.

In the 3600 synthesizer the
exponential converter and the external
trigger are not used. The following
components are therefore not
required.

R1, 2, 3, 5, 6, 9, 10 and 14.
01, Q3, D2, IC2.
C5, C6, R V3, RV4, SW1 and SW3.

Link points 13 and 14 together and
take the trigger from the keyboard to
point 5. It will be found that triggering
reliability is improved by increasing C3
to 0.0068 µF.

The mounting bracket will need to

SPRING POWER
REVERB SUPPLY(N)

ENVELOPE (C.13)- - F1L(R) ER

r

OUTPUT

411*
EQUALIZER (J)

----TRANSIENT (G)

be trimmed slightly in order to clear
the level potentiometer of oscillator 2.

ENVELOPE CONTROL
This module was described in the

April '74 issue and a modification
was published in September of 1974.

In the 3600 unit the external trigger
is not used and R17, 18, Q3 and SW2
are therefore deleted. The trigger from
the keyboard now goes directly to the
hole number 13.

Increasing the value of C7 to
0.0068µF makes triggering more
reliable. The mounting bracket of this
unit will also have to be trimmed in
order to clear the level potentiometer
of oscillator 3.

OUTPUT -EQUALIZER
This module was described in the

July 1974 issue. In the 3600 unit the
joystick and exponential converter are
not used and the following
components are therefore deleted.

IC7-10, Q1, Q2, RV10-15.
R23-32 and C18.22.

Fig. 1. Assembly of
the modules within
the box.

Note that the positions of front
panel controls have been changed and
connection details are now given in
Fig 2 & 3. A different mounting
bracket is also used being now the
same as that used for the envelope
control.

POWER SUPPLY
This module was described in the

March 1974 issue and modifications
were published in the April and
September '74 issues. For the 3600
unit only nine outlets are required.

KEYBOARD
The keyboard described for the 4600

cannot be used in the 3600 because of
lack of space. A Kimber Allen
keyboard was used in our prototype.

CONSTRUCTION
The general assembly of the box can

be seen from the photographs and
from Fig. 7. The individual pieces are
shown in Fig. 8. Note that the
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dimensions given are for a timber
thickness of  12 mm and for
construction using all butt joints.
Allowances will have to be made if'
other timber thicknesses or mitred
joints are used. It is advisable to use
small pieces of wood to strengthen
corners.

We hinged the lid using dismountable
hinges, so that the lid could be
detached, and used suitcase -type
catches on each side, towards the front,
to hold the box closed. A handle is
mounted on the front for carrying the
unit. It is recommended that a strip of
foam plastic be glued onto the lid to
ensure a dust -proof seal when the unit
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is closed. The box may be covered
with vinyl or veneered as required.
Note however that the keyboard
should be installed before the
keyboard panels (pieces 7 and 8) are
covered.

The small panel containing the
mains -cord socket, the external -input
socket and the output -socket can now
be assembled, wired and mounted in
place. Note that the wires to the input
and output sockets should be in
shielded cable.

The keyboard may now be wired up

I H G
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-14V- C BOARD
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OUTPUT CI) N
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and installed as follows. The
aluminium frame of the Kimber Allen
keyboard extends beyond the ends of
the keys. Use this portion to mount
the keyboard by placing two pieces of
wood on top of the ends of the frame.
These pieces of wood should be of
such thickness that the keyboard is
held at the correct height when finally
assembled. The keyboard is held in
position by long self tapping screws
which pass through the keyboard
panels (7 and 8), through the pieces of
packing wood and screw into the end
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le THE FILTER PC BOARD IS ETI 601R

frame. After checking alignment, and
that the keyboard functions correctly,
the keyboard panels may be covered
or veneered as for the rest of the box.

The power supply, keyboard
controller, auxiliary board and the
spring reverb are all mounted inside
the box on the base. The photo shows
the relative positions of these modules.
They should be installed fitted with
wires that are long enough to reach
their destination. The other modules
and their associated potentiometers
and switches can now be mounted on
the front panel. Interconnections can
now be made using the diagrams in
Figures 2,3 and 4 as a guide.
A solid earth is required if noise is to

be minimized. This is easiest done by
earthing each module to the front
panel. Solder the earth wire onto the
back of a potentiometer (after filing
off the plating). A solid -earth wire
between the auxiliary board and the
front panel is also necessary.

Finally, due to the size of the range
switch on oscillator 1, it will probably
be necessary to cut a section out of
the front panel upper -support to
provide clearance.

Fig. 5. Front panel artwork.
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Fig. 7. Box assembly details. Numbers
in circles are of individual pieces as

.4t
numbered in Fig. 8.

E 4 Fig. 6. Front panel drilling details.
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MODERN
FM RECEIVING ;ilk
TECHNIQUES

In this third article on FM receiver circuitry, Brian Dance continues this discussion of the
NE563, a PLL IF amp. Then he will consider how the signal from the demodulator circuit is
processed so that separate 'left' and "right' signals are obtained which can be amplified and fed to
the loudspeakers. Only modern high performance circuits will be discussed.

The limiter circuit feeds the stage AGC OUTPUT VOLTAGE VS SIGNAL INPUT

1 I

AGC OUTPUT LOAD
which provides AGC at pin 4. The
variation of the pin 4 voltage with
the input signal level is shown in Fig.
17. The limiter also provides muting

C

NOTE:
Pin 4

10k

current to pin 8 where the output ;..".

7
3.0

impedance is about 20k. When the > 2' 5

potential at this pin falls below about
1.1V, the circuit is muted. The o

0

2.0

1.5

1.0

muting level is set by VR1. The t.)
C.7

.5

< 0writer has found the action of this
muting circuit to be extremely good.
Any signal of reasonable strength
will raise the potential of pin 8 above
1.1V when VR 1 is suitably adjusted,'
but inter -station noise is eliminated.
If muting is not required, pin 8 may
be left unconnected.

A signal strength meter, M1, may
be used if desired, but it must have a
reasonably high impedance. The,
readings of this meter vary with the
setting of VR1. A meter with a full
scale deflection of about 5V is
suitable. The meter deflection is a

logarithmic function of the input
voltage over a very wide range (from
lOuV to at least 0.5V).

The NE563 device requires a

power supply voltage in the range
+10 to + 1 5V, the current required
being typically 38mA (maximum
42mA). The power dissipated in this
complex device renders it warm to
the touch and results in some drift of
the centre frequency for the first
minute or so after power is` first
applied; however, this has no effect
except when one wishes to receive
very weak signals. The internal
circuit of the NE563 provides a

typical hum rejection of about 33dB_

PERFORMANCE

The total harmonic distortion at
the NE563 output is quoted as
0.4%. This value having been
measured at a modulating frequency
of 1 kHz when the deviation was the
normal maximum of --2= 75kHz. The

0 100 1000 104 105 106
Input Signal Voltage - Microvolts ACRMS

Fig. 17. Typical NE563 AGC char-
acteristic.
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Fig. 18. NE563 AM rejection plot-
ted against input voltage.
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Fig. 19. VCO free running frequency
plotted against the capacitance
connected between pins 11 and 12.

audio output voltage is about 0.4V
RMS. The AM rejection is shown in
Fig. 18 for various input signal
levels. This rejection is excellent for
input levels exceeding a few mV and
is probably better than that offered
by other well known circuits at such
levels.

The input sensitivity is about 9/1V
for a 30dB signal to noise ratio at
10.7MHz (allowing for a 6dB loss in
the ceramic filter), whilst the corres-
ponding level at the mixer input is
about lmV. The capture and lock
ranges are about 250kHz and
290kHz respectively for the circuit
of Fig. 16 at input levels exceeding
1 mV. They fall with decreasing input
levels, reaching about 80kHz and
140kHz at an input of 104V.

The NE563 device can, of course,
be used at other frequencies than
those suggested in the circuit of Fig.
16. The phase locked loop section
can be operated at frequencies of
less than 1 kHz up to several MHz.
The VCO capacitor required for
various phase locked loop operating
frequencies can be obtained from
Fig. 19.

The writer has used a 9.8MHz
crystal manufactured by Aero Elec-
tronics Ltd., Horley, Sussex, RH6
9SU in the circuit of Fig. 16.
Another crystal of the same fre-
quency manufactured by Cathodeon
Crystals Ltd., Linton, Cambridge,
CB1 6JU to code A04851 gave
equally satisfactory results.

An economical Taiyo ceramic
resonator type CR-9.8 has also been
used instead of a 9.8MHz crystal,
but a few circuit modifications are
required. The capacitor C8 can be
omitted and the resonator connected
in parallel with a 2.2k ohm resistor
and a 5pF capacitor between pins 1
and 16. The NE563 will oscillate if
one merely connects a capacitor
between pins 1 and 16, but the
frequency will drift considerably. A
22pF capacitor will produce oscilla-
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tion at about 9.8MHz.
A crystal oscillator is less likely to

produce spurious oscillations than
the ceramic resonator. Although one
has the additional cost of the crystal,
the circuit is very simple and ideal for
the amateur constructor. Problems
may occur with this type of circuit if
the input contains spurious frequen-
cies.

The demodulated signal is a

multiplex one containing a number
of separate parts as shown in Fig.
20. They are:
(1) The normal audio signal which
has a waverform representing the
sum of the signals in the left and
right hand channels. If monaural
reception is being employed, this
sum signal is used as the audio
output. As shown in Fig. 20, the
maximum frequency of this signal is
5kHz.
(2) A low level 1 9kHz 'pilot tone'
which is synchronised with a 38kHz
sub -carrier. This pilot tone is
required for the operation of the
stereo decoder circuit.
(3) A 'left minus right' signal which
is modulated onto a 38kHz sub -car-
rier. This signal is proportional to the
sound amplitude in the left channel
minus that in the right channel, the
maximum frequency in each chan-
nel being 1 5kHz. Thus the modulat-
ed left minus right signal occupies a
frequency band of 38 + 15kHz, that
is from 23kHz to 53kHz as shown in
Fig. 20. There is a small gap in this
signal at 38kHz, since no audio
frequencies below about 30Hz are
transmitted.
(4; The 38kHz sub -carrier itself is
suppressed at the transmitter to a
level of not more than one per cent
of the total signal.

It can be seen from Fig. 20 that a
stereo signal requires a much
greater bandwidth than a simple
monaural signal. This inevitably
means that at a given input level
from the aerial the signal to noise
ratio will be worse for stereo
reception than for monaural recep-
tion - actually about 20dB worse.

The pilot tone is normally
switched off at the transmitter when
a monaural signal of more than a few
minutes duration is being transmitt-
ed. This automatically ensures that
the stereo decoder in the receiver is
switched to the monaural state for
the optimum signal to noise ratio.

A number of types of stereo
decoder circuit have been publish-
ed. For example, in the switching
type the 1 9kHz pilot tone is obtained
from the multiplex signal by means
of a tuned circuit and is doubled in
frequency to re -generate the 38kHz
suppressed sub -carrier; the latter is
used to switch the multiplexed input

100% -
19kHz
PILOT
TONE 38kHz SUPPRESSED

SUB --CARRIER

SUM SIGNAL
L + R DIFFERENCE SIGNAL

O
L -R L -R2

10 20 30 40

FREQUENCY (kHzl

Fig. 20. The frequency spectrum of a stereo multiplex signal.

signal. Apart from the necessity of
setting up the tuned circuit, such
systems have the disadvantage that
they do not provide the best channel
separation.

In this article only modern phase
locked loop decoding circuits will be
discussed, since they provide
optimum performance with circuit
simplicity and ease of adjustment.
The frequency of the loop automa-
tivally locks onto a harmonic of the
pilot tone and any normal changes of
the component values with time or
temperature will not affect the
performance. Circuits of this type
provide excellent channel separation
(typically better than 40dB) and
employ an integrated circuit design-
ed especially for the application.

The CA3090AQ
The CA3090 is a unique stereo

decoder integrated circuit first
introduced by RCA in mid -1971 as
the CA 3090Q. An improved version
was made available in 1973 under
the coding CA309AQ. Both devices
are encapsulate in 16pin quad -in -li-
ne packages which require a supply
of about 22mA at 1 2V.

Unlike other phase locked loop
decoders, these devices have volta-
ge controlled oscillators which are
tuned by a 2mH inductance. The use
of an inductance tuned oscillator is
said to result in better stability at
extremes of temperature (which may
be useful in car radio receivers) and
better stability as the circuit ages_

The CA3090AQ has the follow-
ing advantages over the CA3090Q:
(i) It can drive directly a stereo
indicator lamp which requires a
current of up to 100n-iA. (The
indicator lamp is illuminated when
th 1 9kHz pilot tone causes the loop
to lock, showing the circuit is
switched to the "stereo' mode).
(ii) The steady voltage level at the
stereo defeat/ enable contact (pin 4)
controls the operating mode, this
voltage level being independent of
the pilot tone level provided that the
latter is above a certain minimum
level.
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(iii) The CA3090AQ is capable of
providing rather lower distortion
than the CA3090Q.

Circuit
The fairly complex internal

circuit of the CA3090AQ is shown in
block form in Fig. 21 together with a
typical external circuit. The demo-
dulated multiplex signal from the
receiver detector is applied to pin 1
of the CA3090AQ where the input
impedance is about 50k. The low
distortion pre -amplifier stage feeds
the signal to both the 1 9kHz and the
38kHz synchronous detectors.

The voltage controlled oscillator
generates a 76kHz signal which is
divided in frequency to produce a
38kHz signal and two 1 9kHz signals
in phase quadrature. The 19kHz
pilot tone from the demodulator
circuit is compared with the locally
generated 19kHz signal. An error
signal is generated which is used to
control the voltage controlled
oscillator frequency so that it
remains locked with a harmonic of
the pilot tone.

A second synchronous detector
compares the locally generated
19kHz signal with the 19kHz pilot
tone. If the amplitude of the latter
exceeds a certain value set by an
externally adjustable threshold vol-
tage, a Schmitt trigger circuit is
energised. The signal from the
Schmitt trigger operates thelamp
driver circuit which switches the
stereo indicator lamp on or off. It
also switches the circuit from
monaural to stereo operation.

The output signal from the 38kHz
detector and the multiplex signal
from the pre -amplifier are applied to
a matrix circuit which produces the
left and right hand audio sgnals.: the
latter are applied to their respective
internal amplifiers. The external
capacitors C7 and C8 provide the
normal 50,us de -emphasis.

A light emitting diode D1 in series
with the resistor R4 is shown in Fig.
21. LEDs consume much less
current than tungsten filament
lamps and are more reliable.
However, D1 and R4 may be
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Fig. 21. The circuit used with the CA3090.40 with the internal circuit shown in block form.

RIGHT
OUTPUT

replaced by a small lamp consuming
not more than 100mA if desired.

The core of the inductance L1
should be set half way between the
points at which the indicator lamp
just switches as the core adjustment
is changed. The centre frequency of
the voltage controlled oscillator is
then very close to 76kHz. The
capture range of the loop is typically
± 10% of the centre frequency.

A 2mH coil especially designed
for use with the CA3090 device is
the Toko type YXNS 30450NK

which has its adjuster colour coded
blue. It employs 270 turns on a
ferrite core which provides a Q factor
of about 118. The connections are
made to the two pins on the opposite
side to the row of three pins on the
base of this coil.

If the voltage applied to pin 4 of
the CA3090AQ exceeds about 1.2V,
the device is switched to the stereo
mode. At lower voltages it is
switched to the monaural mode. The
tolerance range of the pin 4 voltage
is 0.9V and 1.6V. The CA3090AQ

may be used without the stereo
defeat and enable function if a

suitable control voltage is not readily
available; in this case pin 14 should
be directly grounded.

The CA3090AQ provides a

typical 2nd harmonic distortion level
at the outputs of 0.2%, whilst the
3rd, 4th and 5th harmonic distortion
is typically less than 0.1%. The
channel separation is typically 40dB
(minimum 25dB).

To be continued next month....

48 ELECTRONICS TODAY INTERNATIONAL-OCTOBER 1975



FREE Brochure

on New K ITS
Whether professional,

student, teacher or amateur,
the field of electronics can open

up a new world for you.

CROFTON don't just sell kits, we offer you a technical
back up service to ensure your success

The following is a selection of some of the more popular kits -* Mullard CCTV Camera* PE CCTV'Camera* PE Rondo Quadraphonic Four Channel Sound
(Designer Approved )

Electronic Ignition
Electronic Flash
PW Tele-Tennis Game
UHF Modulator
Bench Power Supply
Wobbulator
All ETI Top Projects
Many of the Elektor Projects

NOTE. PC.BS for most published projects available to order.

CROFTON ELECTRONICS LTD
Dept. C 124 Colne Road,Twickenham,Middx. 01 898 1569

Arbour (fitttranirs Timiteb
ETI ONE ARM BANDIT CASES.

ONLY £4.80 incl. VAT p&p.

see details in AUG. issue ED

CENTURION
INSTRUMENT CASES

Model No. 321 F FLAT PACK front panel aluminium, rear panel and case, mild steel. Front
panel finished in white gloss, other pens finished black, textured finish supplied with
aluminium top and bottom trim.

203mm 406mm
H

165mm
PRICE

£6.20 each

Model Nos. 119 & 121 two part aluminium construction base front and back unit finished
in white gloss, hooded cover finished in blue hammer stove enamel.

MODEL
119
121

152mm
152mm

127mm
202mm

H
89mm
76mm

PRICE
£1.80 each
£2.20 each

IModel-Nos. 221 F & 222F Flat packs. Front & rear penelailuminium case mild steel front:
panel finished in white gloss Other parts finished in blue hammer stove enamel.

MODEL D W H PRICE
221F 152mm 203mm 152mm £3.05 each
222F 197mm 254mm 159mm £3.65 each

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

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

Essex CM3 58G. Tel: Chelmsford (0245) 400700
Sheet metal work wiring assembly service available
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Enough books are
written about crime,

this one stops it.

Outside it's a book. Inside it's an ingenious
ultrasonic burglar alarm from Heathkit. The GD-39.

A complete kit that can be assembled in only a few
enjoyable hours, with the help of a very easy to follow
Instruction manual.

The GD-39 works by transmitting a silent, ultrasonic
signal throughout the room. And continuously monitoring
it. Any movement made by an intruder in the room will
then automatically produce a change in the signal.
Which triggers off a lamp and, thirty seconds later, a
remote buzzer, that just you hear, or a loud bell.

Enough to scare the living daylights out of a burglar.
For more details, and a bookful of other ideas_lust

post the coupon now for your. Heathkit catalogue.
Or, if you're in London or Gloucester, call in and see us.

The London Heathkit Centre is at 233 Tottenham Court
Road. The Gloucester showroom is next to our factory in
Bristol Road.

Heath (Gloucester) Limited,
Dept. ETI05, Bristol Road,
Gloucester GL2 6EE.
Tel: (0452) 29451.

The GD-39
Ultrasonic Burglar Alarm

rTo: Heath (Gloucester) Limited, Dept.ETI-105, Gloucester ill
GL2 6EE Please send me a Heathkit HEATH

catalogue.I enclose a lop stamp for postage. Schlumberger

Name

Address

Postcode

49



UNDERSTANDING
COLOUR TV
Picture quality adjustments by Caleb Bradley

A " PAL colour television with
conventional shadowmask display tube
is capable of giving an astonishingly
'true to life' colour picture but this
depends on correct setting of a large
number of preset adjustments. Since a
very large proportion of the colour
serviceman's (expensive) time is spent
on these adjustments, which for best
results should be rechecked at
intervals, an electronics -minded viewer
can find it worthwhile to tackle some
or all of them himself. With unhurried
work he can bring his set's
performance close to that of a high
quality studio monitor.

CONTROLS COMMON TO
MONOCHROME SETS

The following adjustments, the
first few of which are accessible to the
viewer, need no explanation since they
are familiar from monochrome
receivers:
ON/OFF - VOLUME
BRIGHTNESS
CONTRAST
VERTICAL (FRAME) HOLD
HORIZONTAL (LINE) HOLD

(Because of the critical timing
functions of the colour receiver
line output stage this control must

BLL":
STATIC
(LATERAL)

50

GREEN
STATIC

BLUE STATIC
(VERTICAL)

r)

PURITY
RINGS

be set more carefully to the centre
of its 'flywheel' lock -in range than
is necessary on monochrome sets.)

VERTICAL SHIFT
HORIZONTAL SHIFT
HEIGHT (FRAME AMPLITUDE)
VERTICAL LINEARITY
FOCUS
WIDTH (LINE AMPLITUDE)
AND/OR E.H.T. VOLTAGE

(This control should only be
adjusted with reference to the
manufacturer's data which
generally calls for use of a special
e.h.t. meter to ensure that the tube
third anode supply never exceeds a
specified voltage, typically 22-25
kV.)

SPECIAL CONTROLS FOR COLOUR
Surprisingly the majority of these

are best assessed and set up on
monochrome pictures although they
all contribute to the colour picture.
They arise from the basic shadowmask
tube principle of creating a picture by
combining three 'primary -coloured
images on the same screen. The images
are produced by three separate
electron guns whose beams are made
to scan by a common deflection coil
assembly over three separate arrays of

MAIN CONVERGENCE ASSEMBLY

CONNECTIONS TO DYNAMIC
CONVERGENCE COILS (INTERNAL)

FORE/AFT. SLIDE CLAMP NUTS
FOR SCAN COILS

- RED
STATIC

Fig. 47. The usual purity and static convergence adjustments located on the tube neck -
viewed from the rear of the set.

BSc.

phosphor dots. This process depends
for its success on precise positioning of
the three beams relative to the
shadowmasked screen and the
adjustments to achieve this are
grouped under the titles PURITY and
CONVERGENCE. Some are electrical
adjustments and some are mechanical;
the mechanical adjustments on the
tube neck are identified in Fig. 47.

This subject was dealt with in Part
7. To summarize, the shadowmask is
only able to direct the three electron
beams correctly to their corresponding
phosphor dots over the whole screen
area if the effective beam deflection
centres are correctly- located. The
'purity' adjustments available to
achieve this are two flat ring magnets
on the neck of the tube and a

fore-and-aft sliding movement of the
scan coils.

The state of purity of a receiver is
best checked by switching off two of
the three beams by means of the first
anode cutoff switches provided and
inspecting the remaining image for
uniform colour. It is best to inspect
the red image since any spurious tinges
of blue or green are easily spotted. If
the contrast can be fully reduced to
give a plain red raster the job is even
easier.

An uncritical viewer is unlikely to
notice minor purity errors. Here is a
guide to their effect on normal
programme pictures. Colours of
objects (which should be constant)
vary - depending on their position on
the screen. Large areas of uniform
colour which occur occasionally in
programmes (such as expanses of blue
sky or backgrounds to captions) will
show up any areas of impurity. On a
monochrome picture a serious purity
error shows as a large stationary
blemish of different colour tinge from
the rest of the picture and is the same
for all pictures.

Having detected some purity error,
heed a note of caution: if the purity
adjustments are touched the
convergence adjustments described
later will certainly need to . be

retrimmed as well.
If you decide to forge ahead, set up

a red raster, preferably plain, as
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CAUTION
Very high voltages - up to 25 kV -

are common in colour TV receivers.
Do not attempt to undertake the
adjustments described in this article
unless you are very experienced in
handling equipment that operates
at such potentials.

The main danger areas are indicated
by the two arrows shown on the
picture tube (right).

OTHER COLOURS

(a)
(b)

Fig. 48. Purity adjustment is done with the red gun only working. With the scan coils
pushed fully forward, the purity rings are used to position the beam deflection -centre
horizontally and vertically, to obtain central red spot as in (a). The scan coils are then
brought backwards sufficiently to obtain a pure raster as in (b).

described. Note the positions of the
purity rings (Fig. 47) - they always
have identifying tabs or slots.
Experimentally rotate them together
and singly, noting the effect on the red
raster. With large sets a mirror makes
this much easier. Probably the red
raster can be 'purified' in this way; if
not follow the full procedure involving
the scan coils as follows.

Loosen the clamp wingnuts and
push the coils fully forward so they hit
the tube flare. Then adjust the purity
rings for pure red at the centre of the
screen - Fig. 48. Overall red cannot be
obtained at this stage. Then gradually
pull the coils backward. The red area
should expand to fill the whole screen.
If the coils are brought back too far
the purity worsens again. The 'perfect'
position should not be hard to find
and the rings can be retrimmed if
necessary. Having purified red, check
the blue and green rasters separately.
These should also be pure.

If purity absolutely cannot be

obtained the shadowmask may
somehow have become magnetised.
Check that the set's automatic
degaussing (Part 7) really works; if so,
treatment with a portable degaussing
coil may be needed.

B RADIAL

POINTS WHERE
TWO COLOURS
CAN BE
CONVERGED

J
(a)

CONVERGENCE
This aspect of the adjustments can

also be called registration since it is

concerned with superimposing exactly
the three colour images. In practice it
is rare for a colour set to show no
registration errors at all. They are most
evident on monochrome pictures.
Inspect the outlines of sharply defined

errors cause black -to -white edges to
have coloured fringes . If there is error
over the whole screen, do the
relatively simple STATIC adjustments
(see below) which may be sufficient; if
the errors occur in some parts of the
picture more than others the more
demanding DYNAMIC adjustments
need attention.

STATIC CONVERGENCE
The static convergence adjustors are

rotatable magnets mounted on the
tube neck by which the three pictures
can be individually shifted to achieve
registration. There are three radial

B LATERAL

(b)

Fig. 49 (a). The R, G and B picture shifts produced by the radial static adjustors (on the
main convergence assembly).

(b). The shift given by the blue lateral static adjustor which is necessary for
complete convergence of R, G and B.
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UNDERSTANDING COLOUR TV

Fig. 50 As the three guns are not mounted
on the tube axis, and the length of the beam
paths alter over the screen area, the rasters
are distorted as shown (exaggerated).

adjustors (Fig. 47) whose magnetic
fields are brought to the tube by pole
pieces inside the convergence assembly
and focused on the electron beams by
ferrous plates inside the tube. Their
effects on each image are shown in
Fig. 49a; alone they enable any two
images to be converged, but not all
three. To achieve this a fourth adjuster
on one beam, conventionally a blue
lateral adjuster is needed - Fig. 49b).

It is very hard to do static
convergence on moving pictures and it

is best to wait for a stationery test
pattern transmission. Most patterns
include something like a white cross or
dot at the centre of the screen to make
this adjustment easy. Switch off the
blue gun which leaves a red + green
(equals yellow) picture. Adjust the red
and green radial magnets for perfect
convergence at the centre of the
screen.- Switch on blue and use both
the blue radial and blue lateral
adjusters to bring all three pictures
together at the centre.

Purity and static convergence are
slightly interdependent so it may be
necessary to retrim both of them
again.

Sit back and consider whether the
results are satisfactory because now is
an excellent point to stop! Look over
the whole screen showing
monochrome pictures. Although
convergence is good at the centre there
may be errors elsewhere. Their cure
involves the dynamic convergence
adjustments whose purpose should be
well understood before tackling.

DYNAMIC CONVERGENCE
In a simple world the screen and

shadowmask would be shaped as part
of a sphere centred on the beam
deflection centre. In practice viewers

demand near -flat screens and with
colour there are three deflection
centres at slightly different positions.
The result is that the rasters which
should be rectangular are distorted as
shown in Fig. 50. Dynamic con-
vergence is an electronic process of
'counter distorting' each raster back to
rectangular shape, without which over-
all convergence is obviously
impossible. It is achieved by circuits
which feed special current waveforms
- mixtures of sawtooth and parabolic
currents at both line and field
frequencies - through coils wound on
the internal pole pieces of all four
static adjusters in Fig. 47. Thus the
magnetic field applied to each beam
comprises both a steady flux
contributed by the static magnet and a
complex alternating component.

The distortion of each raster in Fig.
50 is a combination of two effects.
The first is pure 'pincushion'
distortion caused by the flatness of the
screen. Looked at another way it is

caused by the increase in beam length
towards the edges of the raster. This
increase follows a parabolic law.
Correction is possible by supplying the
dynamic convergence coils with a

parabolic current in the opposite
sense. Correction in the vertical sense

- - G
R

R R

--+-- B
R + G R + G

O

R G

ADJUST WITH

C": B GUN OFF

FRAME DYNAMIC CONVERGENCE

AI CONTROLS

BEAM
CUTOFF
SWITCHES

R G B

BACKGROUND
CONTROLS

R+G B

I

R

R

t I

Cif

-G

RG
;

R+G

LINE DYNAMIC CONVERGENCE

Fig. 51. Convergence control panel of a typical domestic receive . This groilfettregrrh-dus

B

R+G

PINCUSHION
CORRECTION

AMOUNT

PHASE

rs anoe con ro
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requires a parabolic current at field
frequency and correction in the
horizontal sense requires a parabolic
current at line frequency.

The second distortion is asymmetry
caused by the unavoidable displace-
ment of each gun from the tube axis.
This is countered by sawtooth
currents, again at both line and field
frequencies.

Dynamic convergence circuits
therefore consist of networks of
resistors, capacitors and inductors
which derive from the main line and
field scan waveforms (sawtooth
shaped) the necessary mixtures of
sawtooth and parabolic waveforms for
each dynamic coil. The parabolic
waveforms are obtainable by
integrating sawteeth.

Most of the components are
variable presets to enable the optimum
convergence to be set up and the total
number of controls may be more than
a dozen. Circuits vary greatly between
manufacturers and it is not really
necessary to understand them in detail
because the function of each control
should be clearly marked. A typical
arrangement is shown in Fig. 51.

CROSSHATCH PATTERN
It is hopeless trying to adjust the

dynamic controls on a normal
programme picture. What is needed is
a stationary monochrome pattern
designed to show up any convergence
errors. Transmitted test patterns are
usually far from ideal. The perfect
pattern is a crosshatch of thin vertical
and horizontal lines as shown in Fig.
52. Until lately this could only be
obtained from expensive workshop
equipment (any colour service
workshop should be equipped with
generators for this pattern and the
colour bars pattern for decoder
alignment) which provides an r.f.
signal suitable for feeding to the aerial
sockets of receivers. A low-priced
crosshatch generator project will be

IIII MI MI 111

1111111111111111=
Mu IMIIIMMIIM
11111111=111M11111111=111
1111M111111=11111111111111111111
M11111111111=ffilMill

1111=1111111111111111MIIMINMI NM NEM III Mum 11
Fig. 52. The crosshatch pattern of white
lines on a black background which is
virtually essential for dynamic convergence
adjustment. It enables any error to be
related to the typical control set up shown
in Fig. 51.

NORMAL
PROGRAM
RECEPTION

STRAY PICKUP FROM
RECEIVER LOFT STAGE
SYNCHRONISES
PATTERN

GENERATOR SIGNAL INJECTED
AT THIS POINT OVERRIDES
PROGRAM VIDEO

STRAY

Fig. 53. Connection of direct -injection crosshatch generator to a receiver.

featured in a near future issue of ETI.
This unit enables any owner to bring
his colour set to ideal convergence,

ADJUSTMENT
Having obtained a crosshatch

pattern on the screen the dynamic
errors can be investigated and
compared with the markings on the
convergence controls. These will be
found concealed somewhere on the
set, often lurking behind a 'secret'
panel. The correct procedure is to
switch off the blue gun and
concentrate on converging red and
green, the aim being a yellow
crosshatch without red or green
fringes. Do not turn controls at
random; instead make a mental note
of what each control actually does e.g.
'bends red verticals to the left' or
'contracts red horizontals at bottom'.
Then plan each new adjustment before
making it. Soon you will find which
controls are interdependent and which
errOrs cannot be completely
eliminated, only 'traded off' against
errors in other parts of the picture.

Switch on blue and use the blue
controls to approach the ideal white
fringe -free crosshatch. The static

CROSSHATCH
PATTERN FROM
GENERATOR

magnets can be trimmed at any time if
necessary.

SECRETS OF GOOD
CONVERGENCE

There is a degree of skill in
converging which becomes second
nature after one has converged two or
three sets. The following adjustments
affect convergence in varying degrees
and should be finalized before
convergence adjustment: Height,
Width, Linearity, Focus, EHT Voltage,
Purity. However the controls for
contrast, brightness, grey scale (to be
described), tuning and decoder
adjustment have no effect on
convergence so can be moved at any
time.

During adjustment keep a clear
view of the entire screen at all times -
it is so easy to over -concentrate on
removing an error in one part at the
expense of the rest. Go through the
interdependent adjusters several times
moving each control slightly less than
seems necessary. If the variable
inductor for converging the blue
verticals goes to one end of its range
the wires to the blue lateral coil may
need interchanging. Every dynamic

R+G

Fig. 54. Tips for good convergence.
(a) If two colours cannot be perfectly
converged it is better to distribute the
residual errors, with less attention to the
edge of the screen, than to insist on perfect
convergence at the centre.
(b) The viewer is more likely to notice
convergence errors inside the area shown.
Thus small corner errors can usually be
tolerated.
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UNDERSTANDING COLOUR TV

LINE SCAN
CURRENT

FIELD SCAN
CURRENT

(a) Ib)

Fig. 55 (a). Line and field scan currents without pincushion correction.
(b). Pincushion correction obtained by cross modulation in transductor - see text.

control should have a visible and
progressive effect on the crosshatch
pattern and failure to do this suggests
a fault in the convergence circuit. If a
wirewound potentiometer has an
abrupt effect at one point of its travel

it may have burnt out - regrettably
these components are often over -run.

It is rarely possible to achieve
perfect convergence over the whole
screen including the corners and the
real skill lies in distributing the

residual errors so they are not
noticeable to the viewer. Fig. 54
should be helpful here. Once
converged as finely as possible a colour
set should ideally not be moved since
merely rotating it through 90° relative
to the earth's magnetic field can have a
minute upsetting effect.

GENERAL RASTER
CORRECTION

A certain amount of pincushion
distortion is common to all three
rasters and is usually corrected by a
special transformer called a trans-
ductor. This consists of three windings
on the limbs of an E -shaped
Ferroxcube core. The two outside
windings are in series and are
connected in shunt with the line scan
coils; the middle winding is connected
in series with the field scan coils. The
transductor causes a degree of cross
modulation between the line and field
scan amplitudes due to progressive
saturation of the E -shaped core with
increasing flux. The effect is shown in
Fig. 55. Usually there are one or two
controls associated with the
transductor to allow the form of
correction to be varied to obtain a
truly rectangular raster.

EXCLUSIVE to EATON AUDIO, a Professional quality modular constructural case system by VERO
ELECTRONICS LTD., designed with the amateur's project in mind. Wide choice of modules from 1/2" to
8" wide. Send large S.A.E. or 10p stamp for illustrated leaflet and price list before you start your next
project.

TRANSISTORS
13C182 10p
90184 lip
8C204 11p
BC209C 11p
00212 14p
BC213 16p
8C213L 15p
60214 16p
MRS.L01 39p
MPS.LS1 41p
MRS.U07 69p
MPS U57 85p
51379203 154
ZTX300 15p
ZTX500 17p
252219 22p
252484 24p
252904 30p
252905 27p
21I11054 loop

ARRAYS
M13046P 75p
CA3096AE 120p

DIODES
BA148 25p
1PR7 . 10p
15914 5P

'155401 Zip
.15.J50 12p

NOISE DIODES
ZIJ 75p
Z1 M 120p

RECTIFIERS
FA100 '10 100p
MO49424 210p
REC4I A 120p
REC46 255p
REC70 40p_

OP. AMPS
709 (841) 39p
710, cr 051 39p
741 (ffslii) 37p
748 18-dil) 48p

SYTITHESISERF
Don't buy anything    

UNTIL YOU HAVE ALL THE FACTS ABOUT THE MINISONIC. Without any doubt, the best value for money
in synthesisers today. Performance and versatility equal to ready made instruments -costing over 5 times as
much. Very high stability log. oscillators (2), Filter. Noise generator, versatile Keyboard system, Envelope
Shaper and V.C.A. (2 each), Ring Modulator and Headphone/ L.S. Output.
HEAR IT - Exclusive C20 demonstration cassettes .still available. 'AUDIO FAIR 1 974'. an introduction to the
MINISONIC by G. D. Shaw and 'SYMBIOSIS' an experimental composition for the MINISONIC by Malcolm
Pointon. Each tape £1.06 post free. Together £1.86 post free
SEE IT - At the AUDIO FAIR 1975. on Practical Electronics Stand.
PLAY IT - SYNTHESISER MUSIC SERVICES, 12 Holland Park Road, W.11. Tel. 01-221 5665 have the
MINISONIC on permanent demonstration.
READ IT - Reprints of the MINISONIC series are available ONLY from EATON AUDIO. Details in lists.
BUY IT -A top line Synthesiser in its own right, or a worthy addition to any music studio - you cannot fail
to be impressed. not least by our new lower prices!

BASIC COMPONENT KIT £38.00 UK Post Free POWER SUPPLY KIT £8.90 UK Post Free
Lists - Send S.A.E. or 10p stamps

EXTRA SPECIAL LINEARS
Device Description
LM318N Very high speed, high gain, op. amp (70V/µS)
LM381N Very low noise, dual, audio preamp. (0.7.aV noise)
LM1306P Half -watt, 8 ohm, audio preamp. and amplifier
MC1741SCP High speed 741, compensated, direct replacement
ZN424E High speed, low noise, operational amplifier

DATA SHETS, all devices 10p extra

EfiTEIF1
fiLJEACI

DEPT ETI
PO BOX 3
ST. NEOTS
HUNTINGDON
CAMBS PEI93JB

Manuf. Case Cost
N.S. T05 257p
N.S. 14 dil 174p
N.S. 8 dil 75p
Mot 8 dil 107p
Fer 14 dil 130p

LINEARS
MFC6040 100p
SG14950 290p
SG 3402N 174p
SG3402T 174p
4,47815 220p
723 180p

RESISTORS
Triple rated high
stability carbon film

5 for 7p
Metal Oxide half watt

5 for 16p
Both types. Et 2
values from 4117 to
3M9.
POTENTIOMETERS
Carbon 24 mm, lin.
and log. 5Ko to 1Mo

25p
WirewOund 1W, lin.
only, lOR to 25K
semi -precision 82p

PRESETS
Carbon, horizontal
miniature, all values
100R to 2M2 10p
Cermet, horizontal,
miniature. all values
100R to IMO 40p
Cermet. rectilinear 20
turn, all values. 1OR
to 500K 128p
RESISTANCE WIRE
Constantan, 0.0293
ohms per metre_

20cm 10p
Per Metre 40p

TERMS: MAIL ORDER ONLY
C.W.O. MINIMIM ORDER £1.00
VAT. Please add 25% to value of order inc. p&p_
unless otherwise stated. Cheques or P.O.s payable
to Eaton Audio.
Orders over £5.00 free of p.&p.
Otherwise please add 10p in the £1.00.
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NMI KIT SYSTEM
MHI (Monolithic Horometric Integration) is a

complete module system to enable the building of
digital timing circuitry. Two basic modules are
required for each system: one clock or counter kit
plus one display kit. Each of the six display kits is
compatable with any of the clock kits and thus you
can decide which display size or how many digits
you require quite independently from your choice
of clock kit.
Most of the PCBs for the clock kits are 2in x 4in

with the exceptions being only slightly larger, the
PCB contains spaces for all of the basic compo-
nents excluding switches, transformer and display.
Each clock kit includes main LSI chip plus socket,
segment driver chip, PCB and may also include any
other unusual components. The kits exclude
resistors, capacitors, transistors and switches
which are all easily obtainable types and values. All
clock kits will interface to any MHI display kits or
to any other common -anode LED displays.

Uses a new counter chip from MOSTEK (MK50395) and will count
up or down at speeds of up to 1MHz with a total system speed of
400kHz. Count and compare registers can be loaded from logic ICs or
BCD switches, features count inhibit, display latch, display decode.
Outputs: 6 digit drives, BCD and 7 -segment, count = compare,
count = zero, etc. Applications include: very fast stopwatch,
sequence timers, 'auto -cue' for tele-cine, batch counters, repeatable
"pill" counters, etc.

Interfaces with any six digit MHI display kit
£24.00 + VAT

The DL707 display is a standard 0.3in LED display readable from
distances of 10 feet or so. Four or six digits plus a PCB.
MHI-0707/4E6.60 + VAT
MHI-D707 /6 E9.50 + VAT

MHI-5024 (DIGITAL STOPWATCH KIT)
Based on the MOSTEK MK50204 chip the MH15024 is a
modified calculator chip. which will still function as an 8 -digit
four -function calculator but has the additional facilities of
conversion of hours, minutes and seconds to seconds or
vice -versa. The Chip will also count in Hours, Minutes,
Seconds and tenths with start/stop/reset facilities. The
timing source for the counting is an RC network set to run at
140 KHz.
The Kit includes: MK50204, 28 -pin skt., CA3081 segment
driver and P.C.B. £14.00 + VAT.
(For H.MM.SS.s use MHI-07x7/6, for M.SS.s use a four -digit
MHI display).

NEW MHI-D727 0.5" DIGITAL DISPLAY KITS
The DL727 is a new double-digit display from Litronix
presented in an 18 -pin pack. Four or six digits are provided
with P.C.B. The MHI display kits connect directly to the
outputs of any of the MHI clock kits.

Four digits MHI-D727/4 £8.50 + VAT
Six digits - MHI-D727/6 £12.00 + VAT

The DL747 "JUMBO" display is the largest single package LED
display available with a digit height of 0.6in. Can be read from
distances over 25 feet. Four or six digits plus PCB.
MHI-D747/4E9.80 + VAT
MHI-D747/6E14.70 + VAT

MHI-5378 (DIGITAL CAR CLOCK KIT)
Uses the new National MM5378 Auto -Clock chip. The Chip
has full car/boat clock facilities with a voltage range of 9-20v
with no -loss -of -time down to 5v. Timing source is a 2.097152
MHz Quartz Crystal which is driven and divided by the chip.
Facilities include: (i) display on /off switching with ignition
leaving the clock running at all times (draws about 5mA). (ii)
display brightness control. MM5738 kit skt CA3081, 2MHz
Xtal and Trimmers, P.C.B. £15.10 t VAT. (Interfaces with
MHI four -digit displays kits).

MHI-5314 (BASIC CLOCK)
Uses National MM5314 chip to give a four or six digit clock with
12/24 hour readout from 50/60Hz supply. This kit and chip are so
simple that no previous electronics experience is really necessary to
have an electronic clock working within a couple of hours. £6.60 +
VAT.

MHI-5025 (ALARM CLOCK)
For a digital bedroom clock with accurate alarm time, snooze facility
and display brightness control. Six digit output in 50Hz, 24 -hour
format. Alarm tone oscillator is on -chip and will drive small
loudspeaker with single transistor interface. Very simple to assemble.

£9.35 + VAT.
MHI-5023 as MHI-5025 but with 12/24 hour option. £9.35 + VAT.

DISPLAYS
 DL701, DL704, DL707 £1.48
DL721. DL727 (per pair) £3.75
DL749, DL750, DL747 £2.45
5 -LT -01, 5 -LT -03' £5.80
Minitron 3016, 3017 £2.00
Itoka 21/2in. £8.00
Itoka 5in. £21.80
L -C Watch Display £10.00

CHIPS:
MM5309, MM5311 £5.18
MM5314 £4.44

MM5316 £9.25

MM5378
£7.43

MK50250, MK50253 £5.60
MK50204, MK50206 £11.19
CT7001, CT7002-, CT7003 £7.30

CT6002'
£15.00

HEEC2-
£8.50

CA3081 7 segment Interface chip £1.47

ALSO: Some other displays, calculator and clock chips available in
small quantities to callers only.
LSI sockets for 24, 28, 40 pin: £1.00
PCBs for MHI and other kits

DATA available on most chips, send SAE.

' Subject to availability

MHI-7001 (ALARM/DATE/TIMER)
A six digit clock with optional display of date. Has switched alarm
output and a switched timer (clock/ radio, "sleep") output. Apart from
being a very unusual clock this kit can be used for remote switching of
tape recorders, etc. We advise the use of a six digit readout with this
kit.E10.00 + VAT.

Terms: C.W.O., Access, Barclaycard (Simply quote your
number and sign). Credit facilities to Accredited Account

Holders.

All prices on this advert exclude VAT

INUJCIDU
BYWOOD ELECTRONICS

181 Ebberns Road
Hemel Hempstead

Herts HP3 9RD
Tel 0442 62757
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7400 139
7401 .' 14p
7402 149
7403 16p
7404 1613
7405 16p
7406 34
7407 36p
7408 14p
7409 20p
741Q 13p
7412 23p
/413 32p
7414 60p
/416 339
7420 149
/422 18p
7423 34p
7425 379
7427 37p
7430 14p
7432 25p
7437 25P
7440 14p
7441 65p
7442 609
7447 75p
7448 -70p
7450 15p
7451 169
7453 169
7454 1613
7460 15p
7470 27p
7472 25p
7473 30p
7474 30p
7475 45p

7483 80p
7484 95p
7485 1209
7486 30p
7489 2709
7490 40p
7491 75p
7492 45p
/493 40p
7494 75p
7495 65p
7496 78p
74107 30p
74171 30p
74122 46p
74123 68p
74141 65p
74151 72p

P85p
74154 150p
/4155 76p
74156 76p
74160 99p
74161 99p
74162 99p
74163 99p
74164 120p
74166 126p
74174 120p
74175 859
74180 1009
74181 2949
74182 82p
74185 135p
74190 144p
74191 144p
74192 120p
74193 120p

C-MOS LOGIC
I.Cs NEW

LOW PRICES

CO4000AE 19p
CD4001AE 19p
CD40074E 1913

C04009AE 67p
CD40114E 1913
CD4012AE 1913
CD4013AE 55p
CD40164E SOp
CD4017AE 120p
CD4018AE 175
CD40204E 2509
CD4022AE 170p
CD40234E 1913
CD4024AE 1209
C0402546

19PCD4026AE 1969
CD4027AE 100pC04-028AE 140950p
CD40294E 1759C04030AE 55pBFR40
CC:00424E 1379
CD40434E 202p
CD40464E 199p
CD40474E 1649
CD4049AE 639
CD40544E 1969
CD40554E 1989CD4 0564E400r6WC040604E 229pBC147
C040714E 279
C040814E 27p

OP. AMPS
1458 Dual Op. Int Comp 8 pin OIL 70p
301A Ent. Comp 8 pin OIL 36P
3130 COSMOS/ &Pol. MosFct 8 pin DIL 1021,3900 Quad. Op. Amp. 14 pin DIL l'p5357 FET Op. Aril', TO -99 275p
709 Eat Comp Etz 14 pin DIL 30p
710 DM. Comp. 14 pin OIL 50p
741 Int. Comp.

- 8714 -pin OIL 25p
747 Dual 741 14 pin DIL 7°9

8pin DIL 3",748 8,___7- C_of_4_61.
TO -5 140p'2P 7?!!!...!!'"K

Ac126 11p
AC1 2 7 1113
AC128 11p
AC141 18p
AC142 18p
AC176 1113
AC1-87 12p
AC188 11p
AD149 43p
AD161 36p
AD162 36p
AF114 13p
AF115 13p
AF116 13p
AF117 13p
AF118 509
AF121 33p
AFI24 3013
AF125 30p
AF126 30p
AF127 3on
AF139 33p-rAF181 45p40409
AF186 46P
AF239 38p
BC107 9
BC108 9p
BC109 10p
BC109C 12p7p1W
BC148 7p
BC149C

TRANSISTORS
BF115

_.
88_ 91-117807 2233:

BF173 25p
BF177 26p
891 7 8 28 P
BF179 33p
BF1 80 33p
BF181 33p
69182 33p
BF184 22p
13E18 5 22p
BF194 10p
BF195 gp
EIF1 9 6 14p

,.,,
32-o''''''' --.-

139257 32p
BFR39 30p

30p
BER 79 30p2N1302
BFR80 309
BFX29 309BFX30 30p40411
BFX84 26p
BFX85 25p
BFX86 25p
BFX87 209
BEng' 24.9.
BFY50 169

0073 SOp
0074 3102;
0081
0082 12p
0083 20p
0084 18p
TIP41A 65p
TIP42A 70p
TIP2955 70p
Z9X300 13prix500 15p
214697 13p
214698 30p
214706 12p
214708 18p
2N918 40p
214928 20p
214930 189
2141131 18p
2N112.19 18p

17p
2N1303 17p
2N1304 179
21413052141306

28
81pp

2N1307 28.p
2141308 28p
2N1309 28p

21417112N1613

228p0p

2N3706 1 Op
2143707 1s._1:

2N3709 9p
2143772

1809
2N3773

2209
2N3866 70p
2N3903 18p
2N3904 18 P
2N3905 lap
2143906 18p

22NN44005589

2144960 lap
2N4289 20p
2N4347130p
2N4348160p
40360 40p
40361 36p
40362 40p

55p
40410 55P

225p
40594 75p
40595 85p

FETs
mEiFp2F41402 3836;

DIODES

SIGNAL
0447 7p
0A70 9p
0A81 8p
0A85 109
OA90 713

0A91 712
0A95 7p
04200 8p

I N914 4p
01NA4210428

RECTIFIER
BY100 15p
8Y126 12p
8Y127 1213

BYZ10 4513

BYZI 1 45p
8YZ12 45p
BYZ13 45p
1N4001 5p
1144004 613

7p

ZENER
3.3V to 33V

9p
18p

-LINEAR I.C.s
CA3046 Transistor Array' 14 pin DIL 50p
iCL8038BC VCO Fun. Gen 14 pin OIL 5.50p
IC18038CC VCO Fun. Gen. 14 pin DIL 275p
LM380 2W Audio Amp 14 pin OIL 90p
LM381 Stereo Prearnp 14 pin DIL 160p
MC1310P.._ FM Stereo Dec. 14 pin DIL 200p
MC1312- - -

MC1314 SCI Quad. Dec 14 pin OIL 1130p
MC1315
HFC4000"Arc mp PCB 70p
MFC6040 El.tri4icuator PCB
52555 Timer Spin OIL 459
NE556 Dual Timer . 14 pin OIL 100p
NE561 PLL with AM Dernnd. 76 pin DIL 325P
NE562 PLL with VCO 16 pin OIL 325p58563 PLL FM /F Demod 16 pin DIL 300p1144007
NE565 PLL 14 pin DIL 250p
NE566 PLL Fun. Gen. 8 pin OIL 200p
5E567 PLL Tone Dec. 8 pin DIL 250p
TBA800 5W Audio Amp. OIL 509
TBA810 7W Audio Amp 011 loop
TBA820 2W Audio Amp COL 80p
25414 7RF Radio Receiver 70-18 110p

7476 30p
748U 50p

74194 108p
74195 75p

C040824E 279
C0451041 1609

-Static data sheets on above at 10p each +S. A.E. .8pTUNNEL
BC157 10p BFY51 15p

BFY52 16p
2N1893 30p
2142218 21p

MPF103 309
MPF104 30p AEY11 50P

LOW PROFILE DIL SOCKETS BY TEXAS' - . - - --
- . 16 pin 15p..8 pin 13p, 14 pin 14p, 24 pin 90p.

7481 95p
/482 70p

74198 198p
74199 180p

CD4511AE 236p
C04528AE 120P

BC158 8p
BC159 9p
BC169C 12p

BRY39 349
BSX19 16p

20p
2142220 19p

MPF105 30p
2N3819 22p

vARICAP
136105 25pVOLTAGE REGULATORS

INSULATORS: Mica + 2 Bushes for T03 P. 7066 513-

.

BC177 18p BSX20 18p 7142221 20p 2143820 57pFIXED PLASTIC -3 Terminal.
1 Amp +-1/e -Ve 299mA 0-05, BC178 17p BSX21 22p

MJE340 45P
2N2222 20p
2142369 14p

2N3823 50p
2145457 3013

LOW NOISE
ZIJ 90p-SCR-THYRISTORS BT7U65V 7805 140p 7905 250p - - 1A;7000 Stud 1409 BC179 18

MJE295599p 2142484 30p 2145458 30p12V 7812 140p 7912 250p 7812 99p
154 7815 140p 7915 2509 7815 99p
18V 7818 140p 7918 250p - -24V 7824 140p 7924 250p - -

IA 50V T05 40p C106D
14100V TO5 42p 3474004 Mamie 55p
14400V TO5 52p MCR101
1A600v 705 70p 0 5A/15V TO -92 25P

8C182
BC183 10p
BC184 11p
8Ci 87 3

MJE305569p
MPSA0630p
MPSA 1 2 50p

2142904 20p
2142905 20p
2142906 20p

2N5459 30p

MOSFETs

BRIDGE
RECTIFIERS

VARIABLE Data sheets on regs
723 14 PIN DIL 45p at 10p each + s.a.e.

smoov stud 499 253525
344000 Stud 75p 5474004 1466 9°'74100V TO5 F HS 80p 2144444

80212 113
13C213 109

149

MPS456 32p
MPSUO662p
MPS1/5674p

21429269 7p
21429266 7p
21429260 8p

3N128 75p
3N140 859
3H141 75p

.254 100V 20p
14 50V 22p
14 1004 24p

OPTO-ELECTRONICS 744000 705-1-FIS 90p 134/600V Plane 185p
BA 50V Plastic 130p 7N5060 -

8C214
BC478 309 0C26 40p 2N2926Y 9p

2N2926G 9p 40603 Sap
14 400y 27p
14 6000 30pOCP7O 30p SEVEN SEGMENT DISPLAYS 12A4000 Plasm 160p 0 8A/30V 10.92 34P 8CY70 18p 0C28 55p 40673 58p 74 SOV 30p0CP71 90p 3015E 0.3 M DIL 120p

ORP12 SOp MAN3M 0.127 in PCB 110p
ORP60 60p DL704 0.3 in. DIL 135p

164100V Plash, 160p 255062
164400V Piesfie 180p 0.84,100V TO -92

37'o164600v Plastic 2209 2N5064UJTsBCY71 22p
60123 100p

0C35 48p
0C36 56p
0C41 15p

2N3053 18P
2143054 409
2N3055 50p

24 100V 359
24 4004 459
6A 501.7 60pORP61 60p D1.707 0.3.0. OIL 135p

25577/ 409 01.747 0.6 in. DIL 2254
0 84 /2000 TO 82 4op

TRIALS OTHER

B0124 65p
"80131 36p

0C42 15p
0044 lip

2143439 67p
2143441 809

TIS43 27p
2N2160

.6.4 100V 55p

SPECIAL
LEDS: TIL209 Red 16p; TIL211 Green 360 1004 400V 5000 BD132 40p 0C45 11p 2N3442140p 2142646 35p0p
VAT RATES 3 Amp 85p 99p 120p 40430 99p

6 Amp 88p 120p 150p 40485 99p 80135 43p 0070
11.

2N3702 11' p
2N2703 11p

2144871 30p
OFFERS

100+SOCKETS
8St6 TiLs. C-MOS. SCRs. TRIACS. OP7O-DEVICES. V.Rs. and DII 10 Amp 109p 154p 165p 40569 95P B0139 63p 0071 11p

2143704 11p PUJT 555 34p
25%4L1 OTHERS EXCEPT SOME LINE

15 Amp 145p 180p 220p 1341 100

Di. 2 BDY60 75p 0077 lip 214370511p 2A6027.48p  741 20p
Minimum Order E.7 All first grade devices TECHNOMATIC LTD.P&P 20o 1.',..itors, by appointment, welccime. 54 SANDHURST ROAD, LONDON, NW9Please add ;VAT to total 0MA . Corteges. etc orders accepted

- Tel: n1.204 4333
.

1. Understand
electronics.
Step by step, we take you through
all the fundamentals of electronics
and show you how easily the sub-

ject can be mastered using our
unique Lerna-Kit course.

Itz
I Ca ( 1 )

4111111MWhoressisa
71:61110.1

12:1mere ,

2. Become a
radio amateur.

Build an oscilloscope.

(2) Read, draw and understand
circuit diagrams.

(3) Carry out over 40 experi-
ments on basic electronic
circuits and see how
they work.

Learn how to become a radio-

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

WAAno EN Nig MO EN 11111 NM IM MI MI EN NM III MI MI MI
Brochure, without obligation to.
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept. E95
P.O. Box 156, Jersey, Channel Islands.
NAME
ADDRESS

I
I
I

Block caps please IEli IM VIII MIN MI Ell Ell 11111 NM IIIII MI MI lin IIIN IN INI MI MI MIMI
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Videomaster
urgeall good electronics

enthusiasts to play the game
The best thing about the Videomaster

Home T.V. Game Mk. Ill is that the sheer
pleasure of building it is immediately followed
by the excitement of playing three fascinating
games.

The famous Videomaster is now
available for you to make. It plugs into any
standard UHF 625 line TV set, and it shouldn't
take you longer than a few hours to build.

POST TODAY TO:

r Videomoster Ltd

In detail . . . The Videomaster Mk. III has eleven
integrated circuits . . . four transistors . . .

eleven diodes . . . is easy to build . . . with no
alignment necessary because with ready -built
and tested transistorized UHF modulator, is
complete with all parts . . . including fully
drilled and prepared p.c.b. . handsome plastic
box . . . control leads . . . complete step by step
assembly instructions . . . Runs on a PP7 9 volt
battery . . . and has logic and analogue "state
of the art" circuitry all with National Semiconductors
CMOS devices . . . with full specification.

The cost? Only £19.95 (+ VAT)

119 /120 Chancery Lane, London WC2A 1QU

Please send me (insert no.) Videomaster Mk. III kits at £21.55 ea. inc. VAT. P & P

I enclose my cheque/money order for £
Tick if VHF Modulator required E -£1 extra

NAME

ADDRESS

L ALLOW 14 DAYS FOR DELIVERY
mmi mmm amm. inm t dimmo
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ELECTRONICS PART 20
-it's easy!
SQUARE WAVES
 Square and rectangular waves are
most important in digital circuitry
because they have signal levels that can
be only one of two definite states. (the
transition times being considered
negligible). They also are used as the
starting point for generating pulse
trains in which the signal consists of
narrow pulses. Three main methods
are used to generate square waves.
Two start with sinewaves, converting
them to square waves, the other gene-
rates the square wave directly from a
dc voltage.

If a sinewave of the same frequency
as the squarewave needed is greatly
amplified, the slopes of the sinewave
at the zero crossing point are raised
more toward the vertical. Also if the
amplifier is overdriven the upper and
lower limits of the original sinewave
will be clipped. A crude square wave
results. A more positive clipping
process uses two oppositely connected
zener diodes placed across the output,
as is shown schematically in Fig. 1. If
the process- is repeated two or three
times a quite reasonable square wave
results with fast rise -times and clean
tops.

A second way, originating from a
sinewave, uses a special circuit called a
Schmitt trigger. In this circuit, another
of the basic family of digital circuits,
the output is either low or high
depending upon whether the
input -voltage level is above or below
(respectively) a preset input level.
Although the input can exist at any
analogue level the output will always
be only in one of two states. To
produce square waves a sine -wave is
fed into 'the Schmitt trigger which is
set to trigger at_ the point where the
symmetrical sinewave passes through

2k2

INPUT
LEVEL
TRIGGERS
1.8V UP
1.0V DOWN

Fig, 2. The Schmitt trigger circuit.

Generating non -sinusoidal waveforms.

AMPLIFICATION

zero. The result is a square wave, if the
trigger level is exactly at zero, or
rectangular if above or below. The
advantage of this method is that very
low -frequency square waves can be
generated.
A typical Schmitt trigger circuit

(Schmitt first described this two -state
circuit in 1938) is given in Fig. 2. For
the values given the output swings
from its high value of 12 V to a low
value of 1.0 V when the input passes
through 1.8 V on the way up. The
output swings back again as the input.
goes through 1.0 V on the way down..
The difference between the up and
down trigger levels is known as
hysteresis (or backlash). Design,
methods exist that enable the trigger
level, backlash and output swing to be
set as required. To produce
symmetrical square waves from a

sine -wave source, with this circuit, the
sine -wave would have to have its de
zero placed at 1.5 V. The 150 pF
capacitor is added to reduce the
impedance of the 1.8 k resistor at high
frequencies, that is, whilst the circuit
is switching. It is called a "speed-up"
capacitor.

As well as being a convenient way to
produce square waves, the Schmitt
trigger also provides a mechanism

OUTPUT
SWINGS
12V TO 1V

_-Ln
L- TO OTHER

SIMILAR
STAGES

BACK TO BACK
ZENERS

OV
LIMITING

Fig. 1. A sinewave may be
converted to a squarewave

" by amplifying and clipping.

whereby a hesitant effect is made
positive. Take for example the case
where daylight is used to operate a
street lamp. As the light falls to
around the operating point a

'relay -switch would chatter on and off
with minor changes, until the average
light level had fallen below the critical
region. By adding a trigger circuit with
reasonable amount of backlash, the
relay is made to switch on the first
time the light falls below the preset
level. The relay cannot again change
state without a significant rise
occurring in light level.

The third way to produce square
waves is to generate them using
another digital circuit building-block,
the free -running multi -vibrator or
astable as it is also called.

There are three main types of
multi -vibrator - astable, monostable
and bistable. The astable automatically
switches continuously between two
states, thereby producing a square or
rectangular wave signal. The
monostable is normally in one state,
and is triggered by an input signal into
its second state. It stays there for a
predetermined time before
automatically toggling back again thus
producing a fixed -length, single, square
pulse. The bistable (or flip-flop),

Fig. 3. The basic arrangement of the multivibrator family of circuits.
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toggles from one state to the other
with each successive input control
pulse. It thus gives one output pulse
for every two input pulses.

Each type can be used to produce
"square" wave signals - the astable as
a free running source, the monostable
and the bistable as sources initiated by
a train of pulses or changing levels.

Basically each type of multi -vibrator
is formed from two common -emitter
stages that are coupled together with
impedances as shown in Fig. 3. This
provides positive feedback from one
stage to the other causing the device to
always be in one state or the other -
never between states for any length of
time. This kind of impedance -
resistors, capacitors or a mixture -
determines the kind of positive
feedback applied, and hence which of
the three functions is generated.

Free -running astable - here the
impedances are identical in both sides
and are capacitors. Bias, or charging,
resistors are added to each base as

shown in Fig. 3. A suitable circuit for
generating a 1 kHz square wave signal
is given in Fig. 4a, Figure 4b is

another circuit that will flash a small
lamp at 1 Hz. Astable design is

reasonably easy and is fully explained
in numerous books, especially those
devoted to digital circuitry. The period
of the square wave produced is given
approximately by T = 1.4RC (refer
Fig. 4a) from which the frequency
f = 0.7/RC. The other main
requirements needed is to ensure that
the transistors are capable of handling

8V

* = 1k GIVES -1 FLASH
PER SECOND WITH LAMP
MORE ON -THAN OFF.

= 10k GIVES 1 FLASH
EVERY 2 SECONDS WITH
EVEN ON OFF TIME

1ZV

5V 150mA LAMP
OR 12V mA LAMP
WITHOUT RESISTOR

the current demands of RL when
switched on. The output can be taken
from either collector - the two are
said to be complementary, that is,

when one is high the other is low.
Alternately the load can be wired
directly into the collector circuit as
shown in Fig. 4b.

If the base resistors are fed from an
independent source the frequency can
be varied by external means. This
produces a voltage -to -frequency
convertor, __or, voltage -controlled
oscillator VCO. Referring to the
approximate period

1 + VCC)

Vbb

If

= 2RC lin (

If the VCO is fed with a sawtooth
signal the frequency output sweeps in
synchronism - the well-known police
siren sound.

Monostable or one-shot - if the
requirement is for a train of pulses of
uniform envelope height and width yet
of variable repetition rate, then a.

monostable driven by a pulse train of
the required frequency is the answer.
A monostable has one transistor base
connected as the astable above, the
other is resistance coupled. Figure 6
shows a monostable set to provide a
20 /Is wide pulse for a very wide
variety of pulse inputs. Monostables
are often used to reshape pulses back
to a standard shape; they also serve to
introduce a finite time delay because
the initial input pulse can be

regenerated later in time from the
trailing edge of the monostable pulse.

OV

Fig. 4. Free running astable
circuits. (al 1 kHz signal source.
(bl Circuit for flashing an
indicator lamp.

1_,F1f av

= 47n GIVES )kHz
= 4n7 GIVES 10kHz

Thus the input pulse is delayed by the
time duration of the monostable pulse
width. An approximate value for the
pulse duration is given by T = 0.7RC.

The circuit given in Fig. 6 features a
second voltage rail. This ensures that
the off -state transistor, which ever it is
at any one time, is adequately
switched off It is, however, possible
to design monostables that operate
between only two lines - this has been
the trend with semiconductor designs.

Bistable or flip-flop - this is the
basic element used in digital computer
counting as it produces an output
pulse for every second input pulse,
thereby dividing the input frequency
by two. These have the two stages
connected with resistors in both sides.
Initially the circuit will start in either
state - a set voltage is applied to the
SET or RESET input thus
conditioning the circuit to the initial
plate reouired. Input pulses or step
voltages applied to both sides will
cause the unit to change state at each
input pulse. Figure 7 shows a typical
simple design of flip-flop. The need for
a negative voltage rail has been avoided
by adding an emitter resistor.
Triggering inputs, not shown, can be
arranged to drive into the base, emitter
or collector in order to provide the
toggle action.

Designs come in two varieties -
those in which the on -stable holds the
transistor well into saturation, and
those in which is never
saturated. The latter are capable of
faster switching times but need much
more careful design. We omit the
design of the bistable for that is also
well described in texts. It is a rare
event, these days, for one to design
flip-flops because they are now
marketed in. IC forms using over 10
transistors to achieve a much more
stable and versatile unit at a' price less

+Vbb

(DECIDES FREQUENCY)

Fig. 5. The output frequency of an astable
can be varied by altering Vbb - it becomes
a voltage -controlled oscillator VCO.
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ELECTRONICS At's easy!
9V

220p

2k2

OUTPUT

OUTPUT PULSE
OF 20',,S LENGTH

_FL

ill 4 SW2
(COMPLIMENTARY)

2N3643 2N3643 gliavd

220p 220p
2k2

+25 V

TRIGGER I I
INPUT

1000p

Fig. 6. Simple form of monostable - it produces a 20 microsecond
wide pulse for each positive going input pulse.

than that of the two discrete
transistors needed for the circuit
shown in Fig. 7. Monostables and
Schmitt triggers are also available in IC
form. The latter effect can also be
obtained using a linear op -amp with
suitable connections.

PULSES
The logical follow on from

square -wave generation is that of pulse
generation. In Part 8 we described how
LR and (more usually) CR networks
could produce pulses by
differentiating the square wave. The
circuits for doing this are shown in Fig.
8. Figure 8d shows the standard
differentiation circuit used. It
produces signals, as shown in Fig.
17.7, in voltage form from (a)
square -wave input waveform. The
technique applies equally well for -a
single pulse requirement. Pulses
produced this way alternate in sign. If
both pulses are needed it is usually
easier to produce two separate trains

R1

R3

(C)

(D)

220

from anti -phase square waves selecting
and combining the pulse polarities
needed. This is easier in practice than
attempting to invert every second
pulse generated by a single
differentiator circuit.

GENERATING EXTREMELY HIGH
FREQUENCIES

The upper frequency limit for
transistor operation is at present just
approaching the gigahertz region
(109Hz); beyond this quite different
techniques are employed. These
techniques use devices such as
magnetrons and klystrons, millimetre
travelling wave tubes, masers and
lasers. Figure 9 illbstrates the
frequency range over which each of
these devices is useable.

In the earlier valve era it was very
difficult to generate signals for radar
needs (300 megahertz to 30 gigahertz)
due to limitation of electron transit
time, but late in the 1940's special

11, 12

(1) v in

(2) A

(3)

(4)

(5)

(7)

C

°

612

V ay R4

Fig. 8. Differentiation or integration may be crudely achieved by means of LR and CR
circuits. Short pulses may be produced from square waves by differentiating with circuit (D).

60

Fig. 7. Basic flip-flop or bistable circuit.

self -resonating structures overcame
this problem by using fields combined
with valve concepts to 'bunch'
electrons in a beam - typical such
devices are magnetrons and klystrons.
Such devices are still the best where
high -power is demanded: microwave
cooking ovens use magnetrons to
generate kilowatt power levels for
heating purposes.

The travelling -wave tube is another
special electron device capable of UHF
and microwave frequency
amplification. In this tube an electron
beam interacts with an
electromagnetic wave travelling along
the tube; again the electron bunching
effect overcomes the transit time
limitation. The design and use of these
forms of generator are very specialised.
Circuitry at such high frequencies is
not accomplished with wires but with ,

waveguides that look more like a piece
of precision plumbing than an
electronic circuit.

Still higher frequencies can now be
generated using various kinds of laser.

COHERENT RADIATION
A proper understanding of what is

meant by 'coherent radiation' is
essential to understanding why devices
such as lasers ,are so important.
There are plenty of devices which

produce radiation at super -high
frequencies - eg, a hot soldering iron
produces infra -red, an x-ray tube
produces x-rays and a tungsten
filament lamp produces visible light.
But none of these sources produce
coherent radiation. That is, their
output consists of a multitude of
separate packets of radiation which,
although they may have the same
frequency, have randomly different
phase. Thus it is only possible to
modulate such sources in bulk
amplitude. it is not possible to
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modulate in frequency or phase on a
cycle by cycle basis.

Devices such as lasers do produce
coherent radiation. That is, the
radiation is all in step, in terms of
phase, and consequently can be

modulated on a cycle by cycle basis.
Lasers can provide signal sources

ranging from the far infra -red
(1012Hz) right through to x-rays
(1019Hz). At present no one device
can cover this entire range. Some are
tunable over a limited part of the

30 MHz 300 MHz 3 GHz
10m 1m

TV

10 cm

spectrum, but most produce a single
frequency within this spectrum.

Many laser sources are still in the
exotic class and many problems
remain to be solved. A major problem
still outstanding is detection of such
high frequencies. To date the highest
frequency detected on a coherent
wave by wave basis (that is, not as an.
incoherent bundle of energy as do
most photo detectors) is 88 376 245
000 000 Hz. This is the frequency of
the infra -red emission line of the now

well developed helium -neon laser. It is
just five times lower than visible light.
Above that it is still not possible to
detect the individual cyclic changes of
the coherent sources that now exist.

FURTHER READING
Most books on electronic circuits

cover the design of generators. Try
"Transistor Manual" - General
Electric, 1969.
Application notes for- ICs also show
how to produce various waveforms.

30 GHz 300 GHz 3 x 1 0 '2 3 x 1013 3 x 10'4 3 x 101s
1 cm 1 mm 0.1 mm 10pm 1 gm 100 nm

VHF UHF

I FLIGHT I MICRO
TRACKING WAVE

IR UV

IR
HOMINGSPECTRUM)

VISIBLE

3 x 1016 3 x 10" 3 x 10'8 Hz
lam 1 m O.inm

M118M1

X-RAYS

TRANSISTORS MAGNETRONS & MM WAVE LASERS NO CURRENT

KLYSTRONS TUBES DEVICES

Fig. 9. Chart showing the various regions in the higher electromagnetic spectrum and the devices used in each.

EXCLUSIVE To. rasa g13 ESIII READERS ' Digital Alarm Clock _ _ einclusive

When we first came across this inexpensive,
superbly designed digital clock we knew that
ETI readers would Share our enthusiasm. So
we have arranged a special consignment
carrying ETI's own name: Pulsar. Not
Only that, but the price of only £13.95
(including postage and 8% VAT) is far less
than you will pay for this clock eslewhere.

Pulsar is of course fully built, tested and
guaranteed - cnd is completely electronic
The display is Planar Gas Discharge giving
very bright 0.7in high characters - so
bright in fact that there is a control on the

back panel for reducing it!
There is a full alarm facility: using a

small switch on the back displays the alarm
time for setting. There is also a 'snooze'
facility. You want five minutes more
sleep? Just tip Pulsar forward, the 'bleeper'
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farms cuts off but will start again after five
minutes.

The photograph shows ETI's Pulsar as,
close to full Size as possible. The colon
dividing the hours and minutes flashes once
a second while on the left the small square
indicates p.m.

Available only to U.K. and Eire readers
at £13.95.

Si



BECir John

Tom 'FRU

Two tanks face each other across
a small mine field. The Black tank is
half hidden behind a concrete
bunker whilst its gun follows the
meanderings of the White tank
crossing the minefield. The driver of
the White tank makes a mistake: he
is heading towards the other in a
straight line. A line which coincides
with and ends at the barrel of the
Black tank's gun. Black and White
fire almost simultaneously and both
score direct hits. Each tanks is
seriously disabled for a short period.
Black now rushes blindly towards
White hoping to get a favourable
firing position, praying that his own
gun will be back in action before
White's. White however uses the
recovery period to dash for cover
behind a bunker wall. He will
reappear from behind the bunker and
catch Black by surprise. But he
misjudges his speed and can't steer
clear without clipping the corner of
the bunker wall. There is little

 damage but time is lost in having to
manoeuvre out of the damage area.
Black has been watching White's
mistake and moves in to attack the
helpless tank. A wide malicious grin
spreads across the driver's face as
White desperately tries to turn his
gun and fire. "Boom!" from Black's
gun. "Splati" as the shell explodes
against the bunker wall. "Boom!"
Again from Black tank. Not from his
gun this time but from a mine which
he has run into. The driver falls to
the floor in a hysterical fit of giggles
as White takes this opportunity to
manoeuvre into position and start
wildly firing in the direction of
Black's tank. Every shot misses and
Black has recovered enough to start
his tank spinning on one track with
the gun firing continuously. Within a
few seconds two shells have hit
White. Both drivers are now laugh-
ing and crying. Time has run out,
Black had won by nine hits to six.

The author, alias Black, digs 10p
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out of his pocket for the next battle
as Pete, alias White, goes to buy the
next round of beers

The tank game is one of the
latest of the TV games and it is
almost funnier to watch then to play
(especially after a couple of pints of
beer). I found the game in "Tatter-
shall's Tavern" in Knightsbridge
Green, London SW1, and I know of
one in an amusement arcade near
Victoria Station. If you see one stop
whatever you are doing and play a
battle, I can assure you that you will
become addicted very quickly.

The screen is split into three
areas. The left and right hand sides
look like a maze filled with white
odd shaped blocks of "concrete",
and the centre contains a minefield
with about 30 "mines". Each of
two players has one "tank" mea-
suring about tin. x 1/2in. but
complete with turret, gun, body and
two driving tracks. The tank is
steered by two levers each con-
trolling the speed of one of the
tracks. By pulling evenly on both
levers the tank goes straight
forward but pulling on one lever
only causes the tank to spin around.
The gun is fired from a push-button
set into the top of one of the two
steering levers, firing rate is about
one shot per second with a pause
after about four shots. Each time
your tank is hit by a shell or by a
mine it flashes on and off for about
five seconds during which time you
have no control over the tank or its
gun.

The game is even more fascinat-
ing if you understand the basic
concept and logic of TV games. The
amount of logic involved in defining
each tank and controlling the turn-
ing of the tank is in itself probably
more complex than the total logic
for a TV tennis game. To define two
tanks, bunkers, mines, shells, var-
iable tank speed, firing rate and
other goodies that I haven't men-

tioned must require a mini -com-
puter. With micro -processor sys-
tems still costing over £100 this
type of game is not yet really an
amateur constructional project but
many more will be seen in amuse-
ment arcades and pubs and even-
tually as "plug-ons" to consumer
TV sets.

An interesting point to mention
in passing is that the American
amateur constructor is now being
offered micro -processor chips and
M -P systems in the same way that
calculator chips and kits were being
offered a couple of years ago. For
about $1600 you can buy a com-
plete kit for an "Intelligent Termin-
al" which you can program in Basic.
It will work by itself or it can be
connected by phone link to a larger
"mainframe" computer system at a
bureau.

LOGIC GATE PRICES TUMBLE
About a year ago we compared

TTL gates to the new National
Semiconductors 74C series of
CMOS circuits. The comparison in
cost was about 21/2:1. In other
words a 7400 was about 20p and a
74200 was about 50p. Since then
all CMOS prices have dropped
considerably and most prices are
now only just higher than the
equivalent TTL IC. When consider-
ing LSI systems the price per gate
comes down to ridiculous figures
with 3000 gate calculator chips
costing about £1.50 or about 20
gates per 1 p. This is about one
hundredth of the gate cost in TTL
SSI and about one twentieth of the
cost of complex TTL MSI chips.

Extrapolating from MSI and SSI
designed minicomputers, a 16 bit
processor (say 10 000 gates) plus a
32K word memory (256 000 gates)
could cost about £150. Add on a
few ISO controllers and interfaces
and you have a complete mini
computer for £200. Note the use of
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the term mini -computer as opposed
to micro processor which typically
has a lot less RAM storage attached
to it. Allow for metal boxes, plugs,
profit, labour, etc and you have a
complete business machine doing
payroll, ledgers, stock, etc for
£2000-E3000.

A new technology threatens to
reduce this figure even more down
to the cost level of the pocket
calculator and incidentally reduce
the size of the main components to
that of the calculator. Integrated
Injection Logic (IlL or I2L) first
became known in 1972 wh6n
researchers at IBM in Germany
formulated the concept. Since then
Texas Instruments have produced
the world's first IIL microprocessor
and Fairchild have produced a 4K
RAM using R. With Fairchild now
moving into the watch and clock
chip markets after bailing out
CAL-TEX perhaps we can expect to
see IIL timing chips in the near
future. Texas Instruments might
well be intending to use !IL in their
TIFAX modules, in the Mark II if not
in the Mark I; after all TIFAX is only
a type of micropiocessor with a 8K
bit RAM added to it.

It is difficult to explain how IIL
works in a short article; suffice it to
say that the average IIL gate has a
speed performance equal to TTL, a

power performance similar to MOS,
about a tenth the chip space of TTL
and about a hundredth of the cost of
a TTL gate. It may well be 1978
before IIL costs start to become
really competitive with PMOS,
NMOS or CMOS which are at
present about one hundredth of TTL
costs at LSI level. The final choice
may be on application demand as it
was with PMOS. Without the
consumer demand for calculator
and clock chips using PMOS the
price per chip and thus the price per
gate would never have dropped to
its present level so quickly. A large
quantity consumer application has
to be found for IIL, to enable further
research and quantity production to
be initiated. This consumer product
may well be in the form of a

microprocessor for TV games, TV
communication and Teletext appli-
cations. By the early 1980s you
may well be buying (or renting?) a
TV set with colour, stereo, time, -
Teletext, games and computer ter-
minal ability for about £100 (or
whatever £100 is with 5 years
inflation added).

Another new technology that we
have heard about - GASMOS - is
in its very early stages of develop-
ment. It is claimed to use a fraction
of the power of CMOS and have
direct interface to seven segment

mantle displays. The only gate we
have seen so far is the equivalent to
a 7402 NOR gate with a very vague
data sheet. One of the important
application notes warns against
testing for logic 'I' with a naked
flame. We will keep you in touch
with developments in this promising
new technology.

SAGA CONTINUED
About 18 months ago we pre -re-

leased information on National
Semiconductors' MM5 309 clock
chip: Two months ago we
announced that the chip was now
available - a bit prematurely.
Apparently NS were dissatisfied
with some part of the chip and have
withdrawn it before its release.
Release is now scheduled for about
Sept -Oct this year.

There was a mistake in the circuit
shown, with the MM5309 connect-
ed to a 7489 RAM. It was suggest-
ed that the digit drives would drive
both the 7410 gates and the
multiplex transistors without
interface,in fact it is best to install a
7407 buffer to, interface the digit
drives to the 7410 and transistors.
Thanks to Mr Shorrock of More-
cambe for pointing this out after he
tried the same circuit using the
compatible MM5311 chip.

Digital Displays
INSLAT RED LED 0.3-
DIGIT 0-9DP ROp ea
GREEN&YELLOW 11.40

JUMBO LED 0.0- 747
DISPLAY 12.25 ea.

3015F 0-9DP 11 ea.

r ZENON FLASH TUBE
14. .Data 11p.

Tad 13P
LEDS 209 STYLE ONLY 139 ea
TIL 209 WITH CLIP RED 15p ea
TIE 211 a CLIP GREEN. 29p ca
LARGE 0.2" & CLIP RED 17p ea
LARGE 0.2- CLIP GREEN 30p ea
209 STYLE OR .2ORANGE'29p ca
INFRA RED LED 11.2105777 330.

LP'
TEC12 PEDT,n AMP/SCMITT/RELAY
DRIVER or LED TL T INTERFACE 81p

FLUORESCENT LIGHTS 12V MADE IN DK
WATT 13- 13. 138 22- 13.50

OIBITtii_ CLEICki
IC 4Y31224 4 DIGIT CLOCK 13.75
.4%15311/4 A DIGIT CLOCK 17

CASSETTE
mechanics
NEW 814 CARTRIDGE MECHANISM 18

STEREO CASSETTE MECHANISM 113.75
Suitable for 'PW ASCOT' recorder
with heads etc.SEND 12p'fpr DATA

INTEGRATED
CIRCUITS

709 DILI; 29p 19.377 2s 2w,2.81
555 TIBER 01P LM3R0 AF 89p

71" qF/IF 28P LMN81 2xPre
709 1099
789 OIL 14
710 OIL 14
723 Reg.
741 OTL 8.
741 OIL II
741,T099
747 2x741

23p
2Rp
34p
54p
27p
29p
29p
70p

748 DlL 8 33p
7805 5V 11.40
7812 & 15 11.10
76013 6W AF 1

8038 SIG Gt:,
CA3028 1

CA3049 25p
CA3018 (2
CA3052 £1.50
(A307.4. 11

LM300 2-20V 12
LM301 OPA 15p
LM304 0-401 13
LM307 OPA 49p
LM308 HiBo 91p
.0309K 541 41.48
-M372 IF 11.80

IM3900 4x0PAG9p
0C1303 , 11.20
qc1306 19p
MC1310kLED12.65
MC1312 SQ (2.1n
MCIN3)) 69P
MC1339 2xPre 41

MC1310 '55p
NE536 ('elOPA 12
013.13) Driver el
NE01,0 2vRef 79p

Timer

NI :n

NY
sN,

S%7 iS 22p
8N7 -h0 IF 11

1F.:1,25

TA0110 &IF 2

T111810 7WAF ".'p
7.0 11 4 RX 11

SPECIAL OFFERS
203022 P3.1.). SIGH SPEc 11.11.1 37p

741C SPIN OIL 27p.9FC100n8 33p
NE555 TIMER 55p.7N4 14 RN CI .09
BC109 9p.203819e lap.RFY21 13p

TTL
,p11' 747:171/76

7100 GATES 139 7175
7404 INVERT lip 7490
7401,,2/1002c14p 7491/21374
7413 SCRITT 31p 74100 74173
7440 BUFFER 14p 74121
7447 DRIVER 899 74123
7470 3. 7472 29p 71111I37411

29p
15p
52p

11
32P
59p
'139

Elautrunias
sAI 1N DS OR ,RERKS.

MONEY RACK IF.NOT 8ATiar187.
LARGE STOCKS, LOW TgICES.
ALL BRAND 1118 TOP GRACE FULL
SPEC DEVICES. CALLERS 141'I.COME.
CATAI.0C1UE/LIST 111,1 SEND

5 Si 60 GROV E RD: SASCLAYCARD'&'ACESS x POST.

SEND C.W.O. ADD VAT TO ALL. PRICES IN U.K.P&P 15p.' 'EXPORTS BO*.

TRANSISTORS
& DIODES

Price each
AC127 X. 128 10p
AC187 & 189 19p
AD119, 13p

AD191 3.102 33p
8C107 k 108 9p
BC109 .111p

8C141/8/9 lop
BC157/13/9 12p
BC107/8/9 12p
BC177/8/9 18p
11C182/3/4A4310p
FIC212/1/4444.11p
BCY70/1/2 17p
8D131 & 132 39p
BEREA
8F1110/ S1 23p
81E150/51 23p
BERRR 2201

10E59 I 2 12p

BSX19 " '2) 10p
MJE20 90p
MJE2/7- 65p

I9P

0p
11)9

16p
10p

TIP 41 70p
TIP 12 88p
11P 2955 90p
TIP 3015 55p,

TTS11
ZTX109&301 13p
101001
104004 & 7 7p
104148 a 914 4p
20697 14p
207060.8 lip
202618 ViT 32p
202904 & 5 20p
202920royg 9p
203053 17p
203055 111,11 nip
203503 3 04 19p
203014 19p
203702 & 3 9p
203704 & '3 10p
203706 & 7 9p
203708 & 9 Rp
203710 & 11 10p
20381SE FET 16p
2038231 FET 17p
2N:1904/5/6 15p

FRIE LIS7Z.

NEW TRAMPUS CULL SPEC PAKS

PAK A 10 RED LEDS our choice El
PAK R 4 741 OP ARP - - E1
PAK C 4 203055 11.0 12 13C109 Cl

PAK I 10 1ICI82'11.F 11 2037/14 21.

PAK 0 8 13F151 11.8 9 203819e31
PAK J 9 203013 11.1 40 11914 11

82Y88 100mW
KENER'OlOOFS 9p

BRIDGE RECT
IA 50V 20p

411,:-t DIA(' ',2n

1A/50V SCR 36p
TAG1/10) 55p
C a a 7 SCR nl
4A/400V 53p
SC146D TRIAC
laA 100V 729

vero
VERO PIN5830 2"p.
COPPER CLAD VEROBOARD 0.1"

20"x:0. 29p 29p.3:x3-311,.
31-x5- 31p 3;x 17" 11.30

D1L IC's BOARDST1x43- 1.50
21 umV edge connector ,l0p.

39 way 90p. PLA10 3l -x1.- El.
FACE CUTTER 1.5p.FEC ht,::

PRINTED CIRCUIT BOARD KIT 11.GP
DECO0 NO MESS ETCH PAR NEW 09p
DECON DESOLDER BRAID REEL 59p

HEATSINKS
SF/T05 & 18F/T018 Op ea.TV4 157.
TV2/T03 10p.EXTRUVED4- TY! 29r.

TGS3O8 GAS DETECTOR 41.80 ea.
LOGIC PROBE TTL TESTER PEN 2

CAPACITORS
CERAMIC 22pf to 0.1u7 50v 3p.
ELECTROLYTIC:10/50/100 uf in
lOv bp.25v 6p.50v 8p.2uf/1Ov 5p.
1000 BT/25v 18p.200/500 25v, Pp.

POTENTIOMETERS (POTS) AB or EDT1;

ITN or LOG ROTARY 13p.SW1TCH lip
-DUAL 45p.5LIDERS 29P.STERE0 Yip
KNOBS 7P.VRESETS5PRESISTORS liP
SWITCHES, SPST 18p. DPDT 25p.

DIN PLUGS ALL 12P. SOCKETS 10P.
ALI CASES 5115/067 50p.5813 01p.
TRANSFORMERS IA 6v6v or 12v12v
Only 11.34,100mA type CT 75p.

OIL sockets
TEXAS GOLD
UOW.PROFILE ea
8.14,1 16 PIN 13e

S0L9E111-00 STRIPS:
100 PINS 50p.11
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tech-tips
SIGNAL TRACK AND HOLD CIRCUIT v

Vin

ML1018 or any low-lioel twashIng FET
R1 R2

101,

TRACK/
HOLD

741

Vout

When the switch is closed (or the
FET conducting), circuit is behaving

Vin

S1
OPENED

S1

CLOSED

as an invertinginverting amplifier with a gain
Riof As the inverting terminal of

the op amp is a virtual earth, the
capacitor is kept charged to the out-
put voltage by the op amp. When the
switch is opened (and the FET non-
conducting) the voltage at the output

vout

S1

OPENED
TIME

is held constant by the capacitor, the
current demands of the next stage
being met by the op amp. Note that
the value of C should be chosen such
that its impedance at the operating
frequency is large compared to R1
and R2.

VARIABLE BRILLIANCE LAMP FOR
D.C. SUPPLIES

A simple and inexpensive unit for
reducing the brilliance of a lamp and
at the same time reducing the current
drain, thus increasing battery life con-
siderably. A power saving does not
happen by merely inserting a resistor
in series with the bulb, hence the
reason for the above circuit.

Q1 and 02 form an astable multi -

vibrator, the RV1 varying the mark/
space ratio. The output from Q2
collector is fed to Q3 base, either
satuating Q3 or turning it off. Varying
the mark/space of the lamp.

A notable point is that as 03 is
either, fully 'on' or 'off' it need not
be a high wattage type. As an

example, when Q3 is satuated, Vce =
0.3V approx, and the lamp current is

0.2A the power across Q3 is W = V x 1
= 0.3 x 0.2 = 0.06.

THERMOCOUPLE THERMOMETER

The circuit illustrated was devised to
provide a low-cost, sensitive thermo-
meter for measuring temperature
differences. The transducer used is a
thermocouple consisting of two wires
of the same metal, often copper, joined
at the two points A and B by a wire
of different metal. This thermocouple
pair generates a small voltage differ-
ence across the points A and B when a
temperature difference exists between

the junctions a and b . This voltage
varies almost linearly with tempera-
ture for differences up to about 1000C,
although this assumption should not
be made in calibrating the thermo-
meter for accurate measurement.

A 741 is used (IC1) for amplifying
the small voltage difference between
the points a and b enabling a rugged
voltmeter to be used to display the
temperature difference. The potentio-
meter is used to set the meter to
zero; values of 1k0, makes setting

easy when measuring small tempera-
ture differences. However, it may
prove necessary to adjust the value
of R1 or R2 if zero setting cannot
be obtained. If fairly large tempera-
ture differences are being measured,
VR1 could be increased to 1k12.

The sensitivity of the circuit is
controlled by the full scale deflection
of the voltmeter chosen, on the sett-
ing of VR2 (the voltage gain is the
ratio VR2/R3), and on the choice of
metals in the thermocouple. If the
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gain of the circuit is set high (at
1,000), electrical noise pick-up and
drift become serious problems and it
is advisable to assemble the circuit
in a metal, earthed box and to ensure
the unit is kept at constant tempera-
ture.

For best results, the power supplies
should be stabilised and balanced
Capacitors C1 and C2 filter out any
electrical noise on the power supply
leads; if the thermocouple leads are
long, a similar value capacitor across
a and b should be used for the same
reason.

Calibration and use of the thermo-
meter is carried out by immersing one
junction in a liquid at a reference
temperature, say melting ice, and
using the other junction to monitor
the changing temperature.

Tech -Tips is an ideas forum and is not aimed at the beginner.
We regret we cannot answer queries on these items.

ETI is prepared to consider circuits or ideas submitted by
readers for this page. All items used will be paid for.
Drawings should be as clear as possible and the text should
preferably be typed. Circuits must not be subject to copy-
right. Items for consideration should be sent to the Editor,
Electronics Today International, 36 Ebury Street, London
SW1W OLW.

METAL 1
(Copper)

9V

I
9V I

C1

0.01pF

R2
101K12

C2

VR1 11K1-2.

"-vXY\-.
1MP.

1C1

7

Connections to IC1 are for 8 p n OIL version of '741'

33

METAL 2

(eg Eureka or
Iron)

AUDIO AMPLIFIER

In this circuit a 741 is used to drive a split supply of 9-0-9V.
complementary output stage from a

10pF

INPUT 0-1 fi

741

R2
1k

OV

The input signal is coupled to the

+9-12V

PR1
10k

R3
39k

C2
47pF

®O1

R4
2202

BFY50

02
AC176

03 .

AD161

85*

FS1 lA SLOW BLOW

R6 6)1

OV
AD162

+85-6,=0.4712/1W.

-9-12V

non -inverting input of IC1 via C1.
The amplified output signal from

the IC used to drive Q1, which is

connected in the emitter follower
mode.

Q2, in 01's emitter circuit, pro-
vides sufficient bias for Q3 and 04
to eliminate crossover distortion and
prevents thermal runaway in thesei
transistors.

R4 sets Q1's current at 44mA.
i

The low value resistors, R5 and:
R6 in the emitter circuit of Q3 and
04 should be wire -wound types with a
minimum rating of 1W.

Overall feedback is provided by
R3 and R2, C2 is incorporated to
roll off the response at R.F.

Q3 and Q4 should be a matched
pair and require a heatsink of at least
12 sq.in. of 18swg aluminium sheet
from which they should be insulated
with mica washers and nylon bushes
in the usual manner.

Before use the circuit must be
correctly set up. This is accomplished
by adjusting PR1 so that the voltage
at the junction of R5 and R6 is OV.

This must be done before connect-
ing the speaker.
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tech -tips
A DUMMY LOAD FOR HIGH POWER AMPLIFIERS

This dummy load will replace the
normal big loudspeaker system needed
when testing amplifiers of up to 100W
rating. The power is absorbed as heat
in large resistors and this power can be
measured by putting a multimeter (set
tp 100V a.c.) across the measuring
terminals and using the formula

(R M S. Voltage)2
R.M.S. Power = ' 'Load Resistance
At the same time the amplifier can

be heard at low volume by plugging a
small loudspeaker into the 'EXT. L.S. '
socket.

The switch gives a choice of 100W
dissipation at 8 ohms or 50W at 15
ohms.

The resistors are Labgear

INPUT
SOCKET

0l MEASURING
TERMINALS

0

792 365.2

EXT
L.S. SKT

VO152
50W

852 100W

362
365:2

YJ PL11040 (obtainable from The
Radio Shack, 161 St. John's Hill,
London S.W.11.) which have one sect -

365:2

ion of 36 ohms at 25W and one section
of 79 ohms at 9W. They should be
mounted in a well ventilated box.

SOUND EFFECTS GENERATOR Cl and C2 begin to charge via resistors
R2 and R3, respectively. Owing to the
smaller time constant of the R3/C2
combination, UJT Q2 discharges be-
fore 01, the pulse being fed to the
speaker via C3 and the Darlington -pair
amplifier consisting of Q3 and Q4.
Meanwhile C1 is much more slowly
charging so that the next time that
C2 begins to charge there is small
voltage already on its upper plate and
a shorter time elapses before Q2 fires
once again. Thus Q2 fires faster and
faster until the voltage on C1 is

C2
0.001 to

0.01pF

R7
12052

S1 04
2N37 sufficient to fire 01. The cycle then

repeats. The sound heard consists of a
tone of rising pitch which abruptly

Interesting sound effects are produced
by the circuit shown in the figure.
The sounds generated by the speaker
LS arise from the coupling of two
unijunction transistor oscillators by

means of the resistor R6. The circuit
allows considerable scope for experi-
menting with the values of the timing
capacitors Cl and C2.

As soon as switch S1 is closed, both

8.

stops as Q1 fires and then repeats.
For starters, make C1 10pF and C2
0.1µF. Note that R2 and R3 may be
varied and these could be pots. R8
may require some adjustment to suit
the gain of the Darlington Pair amp-
lifier, Q3 and Q4.

FUZZ BOX FOR ELECTRIC GUITARS

10pF

I/P

33k

01
BC108

NW\
100k

C2
25 F T

R3 39052

This circuit has been well tried by
many musicians and has proved very
successful.

Q1 and Q2 form a voltage amp-
lifier which has sufficient gain to be
'overdriven' by a relatively low input,
such as an electric guitar. The result

R4 8.2k is that the output from Q2 is a

02
0.015

'Squared -Off' version of the input,
giving the required fuzz sound.

BC108

RV2
250k

RV1 adjusts the amount of neg-
ative feedback inserted into the circuit
by C2, and thus the amount of squar-
ing of the signal. The purpose of R3
and R4 is to lower the output voltage
to a suitable level, which is then
adjusted as required with the volumeRV1

1k

4-0
0/P

control VR2.
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MAKE YOUR

CALCULATOR

RECHARGEABLE!
(amongst other things!)

47 Ni-Cad. 1.2V rechargeable
batteries

4/ HP7 size

*Charging 45mA/15h

*Capacity 450mAh

only £1.95 for TWO!!
including p.&p. and VAT

Write to: Dept. ETI
GUILDFORD CALCULATOR CENTRE
181 High Street, Guildford, Surrey
Telephone: (0483) 35014

ELECTRM----.UE
IMPORTANT ANNOUNCEMENT
PRICE STABILIZATION CATALOGUE DISCOUNTS

1975
is the year of challenge. Rather than sit back
and wait for things to happen, we have

produced our own policy to help stabilize price structure
and maintain the services which have made ELECTRO-
VALUE pre-eminent.
PRICES as shown in our latest catalogue (No. 7. issue 3)
are being maintained at least until March 31st 1975
(except in severe cases of market fluctuation) and then
held after review for further 3 -month periods instead
of making de/to day price changes.
CATALOGUE No. 7, ISSUE 3 is now ready with 108 pages of
bargains and information. Price -30p post paid, including
25p refund voucher for use on orders for £5 or more.
DISCOUNTS apply on all items except the few where prices
are shown NETT. 5% on orders from £5 to £14.99: 10% on

orders value £15 or more.
FREE POST & PACKING in U.K. for pre -paid mail orders over
£2 (except Baxandall cabinets). If under £2 there is an
additional handling charge of 10p.
DUALITY GUARANTEE-All goods are sold on the under-
standing that they conform to makers' specifications. No
rejects, seconds or sub -standard merchandise.

SUPPLIERS OF QUALITY COMPONENTS AND
SEMI -CONDUCTORS AT COMPETITIVE PRICES

ELECTRO ALOE LTD
All communications to Dept ETI3

28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 OH13.
Telephone Egham 3603. Telex 264475. Shop hours: 9-5.30 day, 9-1 p.m. Sats.
NORTHERN BRANCH: 680 Burnage Lane, Burnage, Manchester M19 1NA.
Telephone 10611432 4945. Shop hours: Bally 9-5.30 p.m.; .9-1 p.m. Sats.
U.S.A. CUSTOMERS are invited to contact ELECTROVALUE AMERICA. P.O. Box 27.
Swarthmore PA 19081.

NEW!...
the decon-dalo
33 PC
Quick~Dri
etchresist
marker

A unique drafting aid for the
electronics engineer enabling him

to prepare in minutes a perfect PCB
A fine -tipped marking pen charged
with free -flowing etch -resist ink -
new formulation QUICK-DRI ink
is ready for etching in just two
minutes!
Simply draw the desired circuit
onto copper laminated board -
etch - clean.
The circuit is ready to use

NO MESS- NO MASKING
A perfect circuit every time !

Still only £1.00 for one-off, £4.00 for six, £8.00 for twelve
VAT and post extra. Available now in every country
in Europe.
Decon Laboratories Ltd., Ellen Street,
Portslade, Brighton BN4 1E0 Phone: 0273 414371

Please send me further details on the 33 PC Quick-Dri

Name

Address

Post to: DECON LABORATORIES LTD.
FREEPOST
PORTSLADE,BRIGHTON,ENGLAND
(No Stamp Needed) Phone 0273 414371
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TELETYPE 28
board. Good condition
used as receive

Limited quantities
this may not be
guarantee to forward
possible time.

TELETYPE
without

only)

available
- information

(can
£42.50.

comprehensive

key-
be

when

TELETYPE
keyboard
£55

in process
orders

ea.

are
information

28
28 with housing,

and Power supply

of being obtained -
dispatched but we

at the earliest

Ex BEA
Control Units by Univac

Consisting of 2 -50way plug/sock-
et; 3 multiway switch assembly; a 2
& 4 decade push button assembly
electrical reset; etc. Very good
value. £12.50 each.

FHACHI VCO MODULE FX11-10-100KHZ
Size 2 x 1 Vs x 5/8"H. Input 1 2V to 24V DC (not
10y constant amplitude output. Requires only
tune entire range -or can be swept with a saw

Price £5.75 P&P

centre tapped) 18V input giving
a 1 meg ohm potentiometer to
tooth input.

20p

A. B. POTENTIOMETERS LIN
100K + 100K DUAL GANG. 25p each.

Discount for quantities. P&P extra

FHACHI RAMP MODULE
FX21. 24 Volt DC input for 18 volt
saw tooth output. Requires only
external capacitor and 100K ohm
potentiometer to control frequency
range up to 100KHZ (eg 50 mid
electrolytic gives sweep of a pprox 1
cm per second). In or out sync
capability. Price £5.75. P. &P. 20p.

EX
Beam

compact.
Suitable
Price

-MINISTRY CT436 Double
Oscilloscope DC -6 megs.

Max Sensitivity 10mvicm. Small
Size 10 x 10 x 16 in.

for Colour TV servicing.
£85 each including copy of

manual.

12" CRT Magnetic Deflection. Blue
Trace Yellow Afterglow (P7). Infor-
mation and recommended circuits
with all purchases. Brand new boxed.
£4 each. Carriage E2.

100MHZ SCOPE TUBES. Mullard
D13450GH-03. P31 Phosphor In -
ternal graticule - 6cm x 10cm rec-
tangular. Y sensitivity 3V per cm. X
sensitivity 11V ercm. Single gun.
Distributed Y plates. Trace rotate
coils. Brand new boxed. £30 ea. Car -
riage £2.

GRATICULES. 12 ctn. by 14 cm. M High -

Quality plastic. 15p each. P. & P. Sp.

PANEL mounting lamp -holders. Red or green
9p ea.

TELEPHONES
MODERN STYLE 706 BLACK
OR TWO-TONE GREY £3.75
each. P.&P. 45p. STYLE 7006

CAPACITOR PACK 50 Brand new compo- HIGH
cents only 50p. P. & P. 27p. Hundreds

two
P.C. MOUNT SKELETON PRE-SETS.
Screwdriver 10: 5 6

-VALUE -PRINTED BOARD PACK.
of components. transistors. etc. -no

hoards the same -no short -leaded traniis-
" C'""" '''''rdS £1 75 N.'" "'d

BECKMAN MULTITURN DIAL
Model FIB. Brand new.
£1.90. P. & P 15P

TWO-TONE GREEN and GREY
£3.75 each. P.&P. 45p. 'HAND-
SETS -complete with 2 insets
and lead 75p each. P.&P. 37p.

adjust and 2 5M 2p ea
IM, 500. 250 and 25K ,a- 4p ea. Finger ad -
rust 10. 5 and 2.5M ir:' 3p ea. 1M. 500. 250
and 25K qi.) Sp ea. MM P. & P 151,

Large quantity LT HT. EHT transformers and
chokes

FIBRE GLASS PRINTED CIRCUIT
BOARD. Brand new. Single or
Double sided. Any size 1-fp per
so. in. Postage 20p per order.

DIALS ONLY 75p each. P. &P.
25p.
MODERN STANDARD TELE-
PHONES IN GREY OR GREEN

10000 FEED THRU CAPACITORS Only
v.eld in nark, of ,1.4-30p P &P 15n

RECTANGULAR INSTRUMENT FANS.
13".

V.1=Arlz.r=r47-
3 LB. of ELECTRONIC GOODIES

for £1.70 post paid

LIGHT EMITTING DIODES ?Re& from
Hewlett-Packard. Brand New 38p ea
information Sp. Holders 1p.

[ WITH A PLACE TO PUT YOUR
FINGERS LIKE THE 746. £3.00
each. P.&P. 45p. ,

American Ex-equ. Sae 4,4 x rli x 115
volt Very quite £3 ea. P. & P. 47p.

CRYSTALS. Colour 4.43MHz Brand New
£1.25 ea. P. & P. 15o.DELIVERED TO YOUR DOOR 1 cwL of

Electronic Scrap chassis. boards. etc. No

METERS by SIFAM type M 42. 25-0-25
micro amp. Scaled 25-0-25 green: 250-0-
250 red: linear. As new_ £2-95 ea. P.& P. 37p.

Rubbish FOR ONLY £4. N. Ireland £2 extraRELIANCE P.C.B. mounting. 270: 470
500 ohms. 10K at 35p ea. ALL BRAND NEW. P.C.B. PACK S & 0. Quantity 2 sq. ft. -no

tiny pieces. SOp ctus P. & P. 20p_ '

VENNER Hour Meters -5 digit. wall mount

Beehive Trimmer 3/30 pf.
Brand new Cry 1-9 13p ea. P & P 15p.
10-99 10p ea. P. & P. 25p: 100-999
7p ea. P. & P. free.

BLOCK PAPER CAPACITORS AVAIL-
ABLE. S.A.E. well-, requirements. P.

PHOTOCELL equivalent OCP 71. 13Pea.

STANDARD 2 meg. log pots. Current type
1 Sp ea.

-sealed case. Standard mains. t3-75 ea. TRIMMER PACK, 2 Twin 50/200 0 ceramc.
& P. 55p. - 2 Twin 10.50 pf ceramic' 2 min strips with 4

Preset 5/20 p1 on each: 3 air spaced preset HE Crystal Drive Unit. 19m. rack mount
Standard 240v in ut with superb crystal ovenpLforpee8,rapinicl5bpase. ALL BRAND NEWPTRANSFORMERS. All standard inputs. 25p the by Labgear (no crystals) £5 ea. Cam E2.00.Gard/Pam/Part 450-400 0 400 450. 180

MA. 2 '.' 6.3u. £3 ea
ALMA precision resistors 200K: 400K, 497K:

INSTRUMENT 3in. Colvern 5 ohm35p ea.:
50K and 100K &Op ea.

BOURNS TRIMPOT POTENTIOMETERS.
20: 50: 100:200: 500 ohms: 1. 2:2.5- 5: 10:
25K at 350 ea ALL BRAND NEW

FANTASTIC VALUE ,

Miniature Transformer_ Standard 240V
moray! svoir 1 amp output Brand New
65p each P. & P. 20p_ Discount for
quanury.

998K: 0.1% 27p ea. i 3.25K. 5-6K. 13K-0-1%
20p ea. METER PACKS -3 -different meters

for £2. P.&P. 55p.
RELAYS RESETTABLE COUNTERS -4 digitVaries VP4 plastic covers 4 pole do 15K- by Stonebrldge/Sodeco. 1000ohm33p:5 -8K -40p ea. COil. £2 ea. P.&P. 35p.

DON'T FORGET

YOUR MANUALS

S.A.E. WITH

REQUIREMENTS

LOW FREQUENCY WOBBULATOR
For alignment of Receivers, Filters etc. 250KHz to 5 MHz, effective to 30 MHz on harmonics. Three controls-RF level
sweep, width and frequency. Order LX63. Price £8.50 P. & P. 35p.
As above but can have extended cover range down to 20KHz by addition of external capacitors. Order LX63E. Price 11-50
P. & P. 35p.
Both models can be used with any general purpose oscilloscope. Requires 6.3V AC input. Supplied connected for automatic
50Hz sweeping. An external sweep voltage can be used instead. These units are encapsulated for additional reliability, with
the exception of the controls (not cased, not calibrated).

20HZ to 200KHZ
SINE AND SQUARE WAVE GENERATOR

In four ranges. Wien bridge oscillator thermistor stabilised. Separate
independent sine and square wave amplitude controls. 3V max sine,
6V max square outputs. Completely assembled P.C. Board, ready to use.
9 to 12V supply required. 1:8-85 each. P. & P. 25p. Sine Wave only
f6-85 each. P, & P. 25p.

WIDE RANGE WOBBULATOR
5 MHZ to 150 MHZ (Useful harmonics up to 1.5 GHZ) up to 15 MHZ sweep width.
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10.7 or TV
IF alignment, filters; receivers_ Can be used with any general purpose scope. Full
instructions supplied. Connect 6-3V AC and use within minutes of receiving.
All this for only £6.75. P. & P. 25p. (Not cased. not calibrated.)

TYPE A

Input: 12V DC
Output: 1 3kV AC 1.5MA

Price £3.45

TRANSISTOR
TYPE B

Input: 12V DC
Output: 1.3kV DC 1.5MA

Price £4.70
Postage

INVERTORS
TYPE C

Input 12V to 24V DC
Output: 1.5kV to 4kV AC 0.5MA

Price £6.35
& Packing 36p

TYPED
Input 12V to 24V DC

Output 14kV DC 100 micro amps at 24V
Progressively reducing for lower input voltages

Price £11

MAKE YOUR SINGLE BEAM SCOPE INTO A
DOUBLE WITH OUR NEW LOW PRICED
SOLID STATE SWITCH.
2 HZ to 8 MHZ. Hook up a 9 volt battery
and connect your scope and have two traces
for ONLY £6.25. P. & P. 25p.
STILL AVAILABLE our 20 MHZ version at ,!

£9-75. P. & P. 25p.
Unless stated - please add £2.00 carriage to all units.

VALUE ADDED TAX not included in prices --please add 8%
Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order

Open 9am to 5.300m Mon to Sat.

Fily it With Arse= 1 IIM MA 0 LTD ,,

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916
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HI TOP PROJECTS

Nig No.2
CONTENTS

AUDIO AUDIO

100W GUITAR AMPLIFIER 6 SPRING LINE REVERBERATION UNIT 6

Rugged, high quality circuit handles 100W continuous power
BudFm mixing and stereo operation

MIXER PREAMPLIFIER 11 50W STEREO AMPLIFIER
12

Simple circuit for use with 100W guitar amp
A full 50W per chamel from our high quality design

MASTER MIXER 38
OVER LED

20
A visual indicator of the onset of clipping

Major project gives professional performance PLUS TWO ADD-ON DECODER 22

SIMPLE AMPLIFIER 83 Adapt your stereo amplifier to full four channel SO

1.5W amplifier using discrete components
FET 4 -CHANNEL MIXER 28

SIMPLE LOUDHAILER 90
Four channel audio mixer combines gain plus input isolation

A few components -a lot of power
STEREO RUMBLE FILTER . . . . 32
24dBi octave filters improves hi-fi sound

TEST GEAR
SUPER -STEREO 38

Una adjusts the width of your stereo's effective image

WIDE RANGE VOLTMETER 14 TEST GEAR
Solid-state circuit has 22 ranges - from 10mV to 1000V a.c./d.c.

TRANSISTOR TESTER 23 AUDIO WATTMETER 43

Basic circuit measures gains up to 1000
Unit gives direct readings of output power

FET DC VOLTMETER
Cheap -to -build with 10M0 input impedance

24
LINEAR I.C. TESTER 50
Test most common op amps for three vital parameters

LOGIC PROBE 52

OSCILLOSCOPE CALIBRATOR 65 Indicates state of logic circuits for amateur and professional use.

A circuit to build into your 'scope

AUDIO ATTENUATOR 84

I.C. POWER SUPPLY 5 t5

Simple yet rugged power unit is variable from 11/2 to 15V

Provides 0-59d8 attenuation in 1d8 steps FOR THE MOTORIST

FOR THE MOTORIST TURN CANCEL INDICATOR 60
Electronic unit cancels indicators automatically

ELECTRONIC TRANSISTORISED IGNITION 30 IGNITION TIMING LIGHT
A popular design to improve your car's performance Obtain maximum performance and economy from your car

THE REVEALER 60 AUTOMATIC CAR THEFT ALARM . . .
Is there metal or filler underneath the paint? An easily installed unit which is almost impost. -

BRAKE LIGHT WARNING 76 METER BEATER

Dashboard indicator shows when brake lights are o.k. Simple 555 based timer for avoidi

BATTERY CHARGER. 74

FOR THE PHOTOGRAPHER Unit is fully prorecre

PHOTOGRAPHIC TIMER 26
FOR T

Provides accurite timing of photographic processes H 78

SOUND OPERATED FLASH 66 sties, light shows, discotheques

Can be triggered by anything from a dropping pin to a thunderclap ECORD PLAYER 82
inexpensive 3W I C

FOR THE HOME 88
Quality of your photo prints

TEMPERATURE METER
Gives a meter reading - even eta distance

19 ERATURE ALARM 91

',der Or over temperature will activate this alarm

UHF TV PREAMP
One transistor circuit peps up weak signals

20 TAPE/SLIDE SYNCHRONISER 92
Tone operated circuit synchronises slide projector ro tape deck

BURGLAR ALARM 86
MISCELLANEOUS

A variety of alarm circuits are described

MISCELLANEOUS
FAMILY FERRY 96

Electronic version of an old game

LOW POWER LASER 62 NI -CAD BATTERY CHARGER 98

Build your own laser for about (100 Universal charger handles most nickel -cadmium cells

COIN COLLECTOR METAL LOCATOR 70 AERIAL MATCHER 100

Simple but sensitive circuit Peak up your short wave signals

EASY WAY TO MAKE P.C. BOARDS 80 -DIGITAL STOPWATCH 102

Solves messy painting and hours of time Measure elapsed time electroniCally with this unit

TECH-TIPS 92 EARTH RESISTIVITY METER 11_0

.4 collection of circuit ideas for the experimenter How to explore deep under the earth's surface

PROJECT BOOK No.1 NOW ONLY PROJECT BOOK No. 2 AVAILABLE FROM YOUR
AVAILABLE DIRECT FROM

ETI
NEWSAGENTS. IN CASE OF DIFFICULTY,

SEND COUPON

I To: TOP PROJECTS NO. 1.
Electronics Today International,
36 Ebury Street,
London SW1W OLW.

Please send me a copy of TOP PROJECTS NO.
I enclose a cheque/P.O. for 85p (payable to
Electronics Today International) which includes

10p postage.

Name

Address

I F BOTH
COUPONS ARE

SENT TOGETHER
SIMPLY IGNORE

POSTAGE:
SEND £1.50

al301, a a >i.10.1 Awns Amos MM. donne ass aluidt 'MOW am, a a. L

a a =MC MIIPPOID wawa ANI, al.o. a minima a a

To: TOP' PROJECTS NO. 27 ---
Electronics Today International,
36 Ebury Street,
London SW1W OLW.

Please send me a copy of. TOP PROJECTS
NO. 2. 1 enclose a cheque/P.O. for 90p (payable
to Electronics Today International) which includes
15p postage.

Name

Address
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CLOCK CRYSTAL TIMEBASE
32.786 kHz QUARTZ CRYSTAL: High accuracy/stability for
clock and watch timebasos. Can be used with CMOS divider &
logic to provide stable 50 cps. £3.60
'50 cps KIT - will -provide 50 cps for clock IC's giving time
accurate to within a few seconds a month. Kit consists of PCB,
32.768 kHz Xtal. CD4011, CD4020, CD4025, trimmer, C's,
R's. IC sockets. Also ideal for car and boat clocks. £7.35
ALARM CLOCK KITS
Complete kits except for case for 4 or 6 digit alarm clocks with
bleep alarm, snooze and intensity control, using MK50253 IC
and DL704E displays. Kits also include: PCB's - active and
passive components - IC skt - miniature transformer -
switches - flat cable - LS
SUCCESS GUARANTEED: to encourage even the least
experienced constructor we happily undertake to repair free of
charge any clock which does not function perfectly when
completed.

4 DIGIT ALARM CLOCK KIT: £18.06
6 DIGIT ALARM CLOCK KIT: £19.86

IC's
MK50253
MK50206
MK5030
MM5314
AY51224
DISPLAYS:
DL704E
5LT01
DL707
DL747

12/24 hr 6 digit alarm clock
Appliance Timer
CMOS LED watch IC with date and seconds
4 or 6 digit clock, 12 or 24hr
4 digit clock

£5.60
£11.50
£19.50

£4.44
£4.25

0.3" common cathode 7 segment LED Only 85p
0.5" 4 digit green flourescent 7 seg £5.80
£1.70 MAN3M 48p FND500 £2.20
£2.45 NSN33 £1.65 FND5000 9513

SUPPORTING ICs, PCBs, HARDWARE
7447 £1.05 7448 85p 75491
Clock Display PCB for 4 or 6 DL704E
PCBs, IC skt for MK50253 or MK50250
20 -way Colour Coded Flexible Flat Cable
SOLDEFICON DIL SOCKETS: (in strips of 100)
Low cost sockets for TTL. CMOS, displays, ICs
Send sae for sample.

81p 75492 £1.02
£1.35
£2.45

£1 /metre
100+ 50p/100

1000+ 40p/100
3000 + 35p/100

28 pin Zero Insertion Force Socket for easy insertion and
extraction of LSI IC's where much handling is required 1.00

MODULES (add 25% VAT to these)
LG110K Logarithmic Voltage Controlled Oscillator
FX1100 Low Frequency.Function Generator
SINTAL SOUND LAB KIT: LG110K plus FX1100

ADD VAT AT 8% (except for modules above)

£5.25
£4.95
£9.95

cn
2
rnr-

SINTEL - SPECIALISTS IN CMOS
RCA - MOTOROLA - SILTEK only

UK's Widest Range of CMOS - all devices below in stock at time of
going to Press.
CD4000AE
CD4001AE
CD4002AE
CD4006AE
CD4007AE
CD4008AE
CD4009AE
CD4010AE
CD4011AE
CD4012AE
CD4013AE
CD4014AE
CD4015AE
CD4016AE
CD4017AE
CD4018AE
CD4019AE
CD4020AE
CD4021AE
CD4022AE
CD4023AE
CD4024AE
CD4025AE
CD4026AE
CD4027AE
CD4028AE
CD4029AE
CD4030AE
CD4031AE

0.21
0.21
0.21
1.47
0.21
1.63
0.67
0.67
0.21
0.21
0.63'
1.62
1.62
0.62
1.63
2.29
0.73
1.82
1.63
1.69
0.21
1.16
0.21
1.96
0.91
1.40
1.96
0.65
4.05

CD4032AE
CD4033AE
CD4034AD
CD4035AE
CD4036AD
CD4037AE
CD4038AE
CD4040AE
CD4041AE
CD4042AE
CD4043AE
CD4044AE
CD4045AE
CD4046AE
CD4047AE
CD4048AE
CD4049AE
CD4050AE
CD4051AE
CD4052AE
CD4053AE
CD4054AE
CD4055AE
CD4056AE
CD4059AD
CD4060AE
CD4061AD
CD4062AT

1.77
2.48
8.26
1.63 -
7.88
1.83
1.80
1.86
2.02
1.37
2.02
2.02
2.29
2.02
1.37
0.78
0.62
0.62
2.57
2.57
2.57
1.96
1.96
1.96

16.10
2.29

20.03
7.33

CD4063BE 2.22
CD4066AE 1.05
CD4068BE 0.26
CD4069BE 0.26
CD4070BE 0.26
CD4071BE 0.26
CD4072BE 0.26
CD4073BE 0.26
CD4076BE 1.63
C04077BE 0.65
CD4078BE 0.26
CD4081BE 0.26
CD4082BE 0.26
CD4085BE 1.17
CD4086BE 1.17
CD4095BE 1.82
MC14501CP 0.32
MC14502CP 0.65
MC14508CP 4.20
MC14510CP 1.26
MC14511CP 1.95
.MC14518CP 1.87
MC14520CP 1.87
MC14528CP 0.87.
MC14553CP 4.07
MC14566CP 1.21
MC14585CP 1.45
MM74C14N 1.16

RCA 1975 CMOS Databook: 400 pages of data sheets and 200
pages of circuits, applications and other useful information.

£2.30 (no VAT) + 37p p&p
Telephoned or written orders welcomed from Polys, 'Universities,.
Nationalised Industries, Government Depts, Rated Companies. etc.
* ALL ORDERS ARE PROCESSED ON DAY OF RECEIPT.

Goods are despatched by First Class Post.
ADD VAT at 8% - (25% rate does not apply to any of the above).

1 Op p&p on or3d5eprsAuirndmearil f.2

(Europe)p&p(No VAT on Export orders - 70p (Overseas)

53a Aston Street, Oxford
Tel. 0865 43203

SINTEL

GIVE YOUR TELEVISION
HI-FI SOUND -exclusive tuner

constructional design
Our TV tuner receives the signal from the TV aerial and

produces an audio signal which can be fed into your hi-fi
equipment. The result is not only high quality sound but also a high

quality video signal which can be fed back into your set to
improve picture quality. The tuner consists of a printed circuit board

which can be either mounted in a small cabinet
or installed in existing equipment.
Full details in this issue. We've also
got a feature on progress in multiphonic
organs and a resistor survey.

WirelessWorld
OCTOBER ISSUE, 35p
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Don't miss your copy of
HENR1975Y'S
NE
CATAWLOGUE

only
5op
Plusl5p

P&P

-a

aslays

* OVER 5,000 ITEMS - largest UK range of
electronic components for home
constructors.

* 200 PAGES - every aspect of electronics and
components for amateurs and hobbyists -
kits, projects, test gear.

* DOZENS of new lines and new ranges.
* MANY price reductions throughout the new

Catalogue.
* A Discount Voucher with every copy, worth

50p.

FREETO EDUCATIONAL
ESTABLISHMENTS

when ordered on official notepaper.

Write now for your copy, enclosing 65p remittance.

HaiRy's
303 EDGWARE ROAD, LONDON W2.

range of Electra Systems and Timing
chronometers is now available in kit

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

and overseas enquiries welcome.

,

QUARTZ
CHRONOMETER
The

',,,3_;=1.1==. L. electronic
form.
Send

Telephone
049481).
Trade

PRICES .

Kr -ASSEMBLED & TESTED

4014 (Hours. minutes)
401-6 (Hours, minutes, seconds)
401-4-R (As 4014. with Ni-Cd battery)
401-6-R (As 401-6. with Ni-Cd battery)

- E38.75
£43.75
£52.50
£57.50

£49.40
£54.60
£63.70
£68.90

NO VAT mooed for overseas orders, but add tO* to, air parcel post

- Add 8% VAT U.K. only; postage and packing included

OUTSTANDING FEATURES OF THE MODEL 401 DIGITAL CHRONOMETER

* One second per month accuracy at 20' C
* 3 MHz AT cut quartz crystal used for best possible temperature stability

* All versions provide secunty against tinting inaccuracies causedby mains -borne
interference and short term mains frequency variations

* Rechargeable nickel -cadmium battery versions offer not only portability but also
protection against outright mains failure: may be left on charge continuously

* Rugged mechanical design ensures reliability for portable use
* Large, bright and easy to read LED display: 24 hour or 12 hour modes optional

* 220/240V mains or external battery operation. 110V version also available

* Weight 0.5kg. Width 13cm, depth 5cm, height 10cm (12cm with stand)

* No -cost extras include precision engineered adjustable metal stand and power

unit/buttery charger
* 12 -month guarantee for correctly assembled kits and ready -built chronometers

Low cost "Get -you -going" service for kits, if required
* All components needed are supplied in kits. including wire, screws and case

h.

COMPREHENSIVE INSTRUCTIONS SUPPLIED WITH KITS .
Tr; ELECTRO SYSTEMS AND TIMING CO.

48 Robinson Road, Loudwater, High Wycombe, Bucks., HP13 76J
ENGLAND

Please Supply,
_ . .

401-4 kit 0 401-4-R kit Oa 401-4 assemb. & tested 0 401-4-R assemb. & tested

El 401.6 kit 0 401-6-R kit U 401-6 assemb. & tested 0 401-6-R assemb. & tested

IIJ.K. residents add 8% VAT)

Name . .

. . . .. . . . ....... . . . .

Address

I ENCLOSE CHEQUE/P.0 POR J
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ENGINEERS

YOURSELF FOR A

BETTER JOB WITH

-4tt
This 76 page
FREE book
shows how!

MORE PAY!
Do you want promotion, a better job, higher pay?

"New opportunities" shows you how to get them through'
a low-cost, Home Study Course. There are no books, to!

buy and you can pay as you learn.
This easy -to follow GUIDE TO SUCCESS should bel

read by every ambitious engineer. Send for this helpful
76 -page free book NOW! No obligation,'nobody will call;
on you. It could be the best thing you ever did.

CHOOSE A BRAND NEW FUTURE HEREr CUT OUT THIS COUPON wi

I

Tick or state subject of interest. Post to address below.

ELECTRICAL
ENGINEERING
City & Guilds
Wiring and
Installations
C. G. Electrical
Tech -Primary
Gen.Electrical
Eng. -

AERONAUTICAL
ENGINEERING
Air Registration
Board Certificates
Gen. Acro
Engineering

AUTO
ENGINEERING
City & Guilds Auto
Engineering
Practice
Inst. Motor
Industry
M.A.A./I.M.I.
Management
Diploma
Gen. A uto
Engineering
Auto Diesel
Maintenance
Motor Mechanics
ServiceStation
and Garage
Management

TELECOM-
MUNICATIONS
City &Guilds
Telecomitmnica-
tions

RADIO &TV
ColourTv Servicing 0
C.&G. Radio, TV and
Electronic Mechanics 0

Li Gen. Radio and
Tv Eng.

i Radio Servicing.
Maintenance and
Repairs
Practical Radio &
Eleetronics (with
selPbuild kit)
Radio Amateur's
Exam

ELECTRONIC
ENGINEERING
Gen. Electronic
Eng.
Practical Elec.
tronics(with kit)

L-1

L1

 AGRICULTURAL
ENGINEERING

REFRIGERATOR
- SERVICING

 MECHANICAL
ENGINEERING 0 Society of
Engineers
Inst. Engineers
and Technicians U
General Mechanical
Eng.
Welding
Maintenance Eng. 7
General Diesel -

Li Eng., 71

DRALGHTSNIAN-
SHIP
Institute of
Engineering
Draughtsmen &
Designers
General Draughts-
manship
Architectural
Draughtsmanship 7
Technical Drawing

CONSTRUCTION .
&BUILDING
Institute of
Building
Construction
Surveyor's Inst.
Clerk of Works
Diploma
C. & G. Building
Quantities
General Building
General Civil Eng.
Heating, Ventila-
ting & Air
Conditioning
Carpentry &
Joinery ,

Painting &
Decorating
Plumbing
C.E.I. (Part 1)
Inst. Cost &
Management
Accountants
Works Manage-
ment etc. etc.

G.C.E.
-58 '0' & 'A' Level Subjects
-over 10,000 Group Passes!

Aldermaston College
Dept. TET08, Reading RG7 4PF

also at our London Advisory Office, 4 Fore Street Avenue,
Moorgate, London EC2Y 5EJ. Tel. 01-628 2721.

NAME (Block Capitals)

ADDRESS.

Other Subjects of interest

Accredited by C.A.C.C.

Postcode

Age

Member of A.B.C.0

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

71



PRECISION POLYCAREIONATE CAPACITORS
440V AC
RANGE:
VALUE

DDIEN
SIONS PRICE
(.71.0 EACH.

Axial or Radial leads avallablc
63V DC Range:

(ifF) L D Value ('F) ±1% o2%
0.1,F 27 12.7 5Ip 0.0.1,F

:1P3
49p 42p

0.15,F 27 12.7 59p 66p 49p 42p
0.22µF 33 16 64p 0.22,F 67p 50p 41p
0,25,F 33 16 67p 0.33,E 67p 50p 43p
0.33,F 33 16 75p 0.470F 67p 50p 43p
0.47µF 33 19 80p 0.68,F 74p 53p 46p
0.5,F 33 19 87p 1.0fF 82p 62p 52p
0.680F 50.8 19 91p 1.59F 89p 71p 58p
1.0ifF 50.8 19 £1.03 2.2,F 96p 75p 61p
1.5µF50.8 25.4 E1.21 3.3µF £1.15 82p 68p
2.0µF50.8 25.4 £1.44 4.7,F EI.62 EI.13 94p

6.8,F E 1 .96 £1.36 £1.13
I0,F E2.40 E1.95 1.64
15,F 0.22 £2.79 E2.24
22 p F E4.28 E3.68 £3.08

TANTALUM BEAD CAPACITORS - Values available: 0.1.
6.8µF at I5V/25V or 3.5V; I0,F at 16V :20V

or 25V, 22.0,F at 6V or 1.6y; .33.0,F at 6V or 10y; 47.0,F at 3V or
6V; 100.04F at 3V. ALL at 10p each, 10 for 95p, 50 for E4.

TRANSISTOR
BC107/8/9 9p BC212/212L 14p EIFY50 20p
BCI47/8/9 10p BC547 12p 13E1,51 20p
BCI57/8 12p BC558,4 12p BEY52 20p
BC182/182L1Ip 8E194 12p 0071 12p
BC183/183L1Ip BF197 13p 2N3055 50p
BC 184/184L 12p AF178 30p 2143702,4 lip

POPULAR DIODES: All brand new and marked: 1148,14
6p; 8 for 45p; 18 for 90p..1N916 8p; 6 for 45p; 1 ilitor
90p. 1 S44 5p; 11 for 50p; 24 for El .80. 1144148 5p;
6 for 27p: 12 for 48p. LOW PRICE ZENER DIODES
400mW; Tol. 2 5% at 5mA. Values Available: 3V: 3.6Vi

5.1V; 6.2V; 6.8Vi 7.5V: 8.2V; §.1 V: 10V; 11V;
12V; 13V; 13.5V; 15V; 16V; 18V; 20V; 22V:
24V; 27V; 30V. All at 7p each; 6 for 39p: 14 for 84p.
Special Offer: 100 Zeners for E5.50. RESISTORS: High
stability, low noise carbon film 5%; 1/2W at 40°C; 1/3W.
at 70°C. El 2 series only, from 2.20 to 2.2M 0 . All at
1R each: 8p for 10 of any one value: 70p for 100 of
any, one value. Special Pack -. 10 of each value
2.20 to 2.2M0 (730 resistors) £5.00 SILICON
PLASTIC RECTIFIERS, 1.5A. Brand new wire ended
D027: 100 P.I.V.-7P (4/26p). 400 P.I.V.-8P
(4 /30p). BRIDGE RECTIFIERS: 21/2A 200V -40p.
350V -45p. 600V -55p. SUB -MINIATURE VERTI-
CAL PRESETS: 0.1W only; All at 5p each. 500, 1000,
2200. 4700. 6800m 1k, 2.2k, 4'.7k. 6.8k. 10k,
15k, 22k, 47k, 68k, 100k, 250k. 680k, 1M, 2.5M,
5M.

Please add 15p Post and Packing on all orders
below £5.00. All export orders add cost of
Sea/Airmail. Please add 25% VAT to orders.Send
SAE for lists of additional ex -stock items.
Wholesale price lists available to bona fide
companies.

MARCO TRADING
Dept T8 The Old School, Edstaston. Near WEM.
Salop. f el_ WIXHALL. 464/465 STD (094872)

(Props Minicost Trading Ltd.)

CITY & GUILDS EXAMS
Study for success with ICS. An ICS home study
course will ensure that you pass your C. & G.
exams. Special courses for: Telecoms. Technicians,
Electrical Installations, Radio, TV and Electronics
Technicians, Radio Amateurs.
Full details from:

ICS SCHOOL OF ELECTRONICS
Drpt.340 Ina:next House, London, SW8 4U.I.

Tel: 01-622 9911 (all hours).

DEPT 17

AXIAL PRODUCTS LTD
23 AVERY AVENUE
HIGH WYCOMBE, BUCKS.

18 ELEMENT TV AERIAL
OnivE2 00 + VA! + 50p e e

10 ELEMENT TV AERIAL
01 75 + VAT 4 SOp P P

4 ELEMENT EM STEREO
E3 BO VAT f 50p P.' P
CHIMNEY LASHING KIT

+ VAT +50p P., P

Low loss TV cable 1 2p metre. Balance feeder cable Bpi me:t-e
All Jay beam aerials supplied Send SAE for Est

AC127 12p N914 4p 7400 1hp
AC128 12p 941413 4p 7403 'Pp
BC107 9p 114001 15pVp 7410741

BC108 9p 144002 400
BC109 10p N4003 6p 7442 65p
eCt 13 10p 04004 5p 7447 105p
BC147 9p N4005 Sp 7474 32p
BC14/3 9p 04006 7p 7475 50o
BC149 100 N400/ 7p 7490 50ii
8CV70 7412/ 35p
BF194 2eners 40OrnW 74160 105p
BF195 3.3-33V 9p 74192 140p
BrY51 15p Zeners 1W LM301 37p
203055 40p 3.3.33V 15p 741 28p

555 70o

Add 25% VAT + I ()p.m the t: P on orders be,ow E5 CWO

MINI -ADS
DELPAK PRODUCTS

UNIVERSAL REGULATORS type R2A and R5A

 Output collage 1 to 45 volts
 Output current up to 5 amps
 Single resistor programtres

current or voltage
 55 W peak. 33W continuous

maximum dissipation

1 oft 100 off  Sale -operating area protection

52812ampj £11.30 £8.08  Integral fleatsink
t05AI5anp) 015.10 £10.10  Logic shotdownt

 Input/Output LatterentialT
voltst

 Delivery -EX -STOCK
ENEAPSULATIal MAINS POWERED P.C.B. MOUNTING lolly stabilizedPOWER

SUPPLIES interchangeable with U.S. types
I off

Type pe, 20/0 P mcurrent 0/P voltage price L

5 14
5 -IC 1093 mA 5 18
15-200 2(ElmA
12-250 250 mA

15-0.15 23

12-0-12 23

 All compenents in the DELPAK range are preaged and tested
 Delivery -EX -STOCK
OR voltage range 103-125 v. -zoo -240 v. 10-2500
Frequency 50-400 Its all types

 POST & PACKING 30p each
 ALL PRICES PLUS VAT
 CASH WITH ORDER

DAVIAN (ELECTRONICS) LIMITED
DEPT H5

54 Cardigan -Street, Luton, Bedfordshire
Telephone: 0582 41 1945

Cables: "Davian' Luton

MOD SPECIALS?
McLeod International Ltd.,
Special Products Division offer
design, source, manufacture and
consultancy on all types of
digital electronic equipment such
as Public Display clocks, data
recording instruments, stop
clocks, etc.

Give us your specification and
let us quote you.

McLeod International Limited,
(Special Products Division)

Sovereign House, Lion Green Road,
Coulsdon, Surrey.

Tel: 01-668-8286, Telex: 945832.

TECHNICAL TRAINING
Get the training you need to move up into a higher
paid job. Take the first step now - write or phone ICS
for details of ICS specialist home study courses on -
Radio, TV. Audio Eng. and Servicing, Electronics.
Computers; also self -build kits.
Full details

IC SCHOOL OF ELECTRONICS
Dept. 341 Intertext House, London, SW8 4U1,

Tel:01-622 9911 (all hours).

COLOUR TV SERVICING
Learn the techniques of servicing Colour TV sets
through new home study course approved by leading
manufacturer. Covers principles, practice and alignment
with numerous illustrations and diagrams. Other
courses for radio and audio servicing.
Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 342Intertext House, London, SW8 4UJ.

Tel: 01-622 9911 (all hours).

magswitch
introduce their brilliant and7 comprehensive range

o

The MAGSWITCH philosophy is to offer a range of
clocks, kits and modules that are imaginative in
concept - exciting to construct - styled to add
prestige to any home or office setting.

BASIC KITS
Designed and engineered for successful assembly.
Versatile and extendable for advanced functions -
calendar - alarm -'radio timer.

MODULES
Build into your hi-fi, embed it into a wall or anywhere.

COMPLETE CLOCKS
Assembled and tested or in kit form. A stunning choice
of styles, cases and colours. From the simple to the
prestigeous.

Square clocks - Cylindrical clocks - trendy cool clocks
- hot rainbow clocks - ultra -modern chrome clocks

Priced from £15.45-f29.95 + 8% VAT
Let MAGSWITCH convince you with a set of
information sheets and full colour photograph of the
range. Send 15p (gladly refunded against order) to:

MAGSWITCH
36 CELL BARNES LANE

ST. ALBANS, HERTS. AL1 5QY

ALUMINIUM PROJECT BOXES
lids and screws included

Box tarot Width Height Price
llo. b. la. it.

7 51/2 2% 11/2 47p
8 4 4 11/2 48p
9 4 2% 11/2 46p

10 51/2 4 11/2 49p
11 4 21/2 2 46p
12 3 2 1 38p
13 6 4 2 58p
14 7 5 21/2 75p
15 8 6 3 93p
16 10 7 3 £1.14
Prices invlude VAT (at 8%) but 18p should be added to the
total order value for postage & packing..

8 WATT 12 VOLT FLUORESCENT LIGHT KIT
Complete Kit including all components, heatsick, channel
tube, etc

ONLY £3.49 inc. VAT p&p
Ready Built £4.10 inc. VAT p&p

J;liffuser 59p extra inc. VAT p&p
Send cheque or PO's with your order direct to:
ELECTRONICS DESIGN ASSOCIATES Dept. ET1 9, 82
Beth Street; Walsall WS1 30E. Phone Walsall 33652

TAMAR ELECTRONICS

LOW PRICES
Bargain Untested Packs: All packs 54p each
unless otherwise marked, 80 Transistors
200 Diodes. 50 400mW zeners, 40 2W
zeners, 50 Mixed IC's, 200 assorted semicon-
ductors.
Special offer 1. The above six packs (value
£3.24) for £2.90 40 1N914 type diodes, 40
0A200 type diodes, 20 unijunction transistors,
20 1 N4000 series diodes, 40 Silicon Alloy
Transistors.
Special offer 2. The above five packs (value
£2.70) for £2.40. 20 Polyester Capacitors
40p, 50 Disc ceramics 30p. 25 Electrolytics
54p, 5 mixed LED's 70p.
Special offer 3. Tho obovo four packs (value
£1.94) for £1.65. BC107 and BC108 12p
each, BC109 13p, 2N3819E 25p, 2N3055
40p, AC128 10p, AC176 12p each, or all
seven (value £1.24) for £1.10.

DL704 seven segment LED display with data
95p. Driver IC for DL704 (7448) 90p, small
red LED's 15p, 741 op -amp (8 DIL) 30p,
MFC6040 IC £1.05, 311Ds. computer panels.

11b. bag of ferric chloride 80o, 1000m F
30v and 20004F -30v electrarytics 25p each,
1000i1E 60v high surge rating electrolytics
(51/2 x 21/2") 35p. IC pin sockets in strips of
100 55p. 10 assorted potentiometers 54p,
Burgess microswitches (2x1/2x1/2") 20p.

All prices include VAT. Please enclose 20p
P&P per order, orders over £6 post free. For
latest list send SAE or 10o in stamps. All items
offered while stocks last.

TAMAR ELECTRONICS
P.O. Box 17, Plymouth

Devon PL1 1YJ
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Ambit 40
Arbour 49BiPack4
Bi-Pm-Pak 75

Biet 71

BNRS 56

Bywood 55
Cambridge Learning Enterprises 21

ChiIt/need 68

Crofton 49
Decon 67

INDEX TO ADVERTISERS
Comm 2

Eaton Audio 54
Electro Systems and Timing 24
Electrovalue 67

Elvins 74
Guildford Tapes 67
Heattakit 49

Henry's 71

Maplin 76

MarshaIls 9

Minikits 17

Sa'esteem 57

SCS
74

Sintel 70

Technornatic 56
Trampus 63
Wilmslow Audio 31

Wireless World 70

0;51p25 C1.9.2p

1.5mW
i 046 01-10

LIIVS,

Leap

1 G., Y 27p 33p
panel

UP 1p OR 27p 33p

OPT0.150LATOSS
1174 1-5,4. 1504111. 01

4353 2.5,2 75152 0225

50Ra 5CV 1038 4224

TO5 IA 25p 27p 4S

7066 25 27p 35p SOp

Pals tree with et OPTO TRIA.., TOO 22 4000 EOp

AC125,6 7,8 15p
40161 162 4015

..,,,.,
AF117 '''
04124. 5. 6. 7. 34111

SC'22781
915

BC109C 32p
3C147,5 9 7015

8C15718:9 ttp
9 11p

B6
6C1690 12p
3C177'8:9 17P
BC1821A.L 11p
0C1867 30P
EC212. 3.4£ 12p
scyro. 71 72 13p
SF1945 12P
36195 7 14p
BFY50'51 16P
BFX29 301.
OFX04 24p
BSX19:20 lap
0071 lop
214706 laP
2141711 20p
3142219 20p
2142904 5.6.7 lap
2142904 5 6A 18P
:1142936/51 70

2N292610) 12p
2N3053 15p

2143055 41p
2143702.3 2 12p
2143903.; 5 6 16p
2142645 35p
WEI 02 40.4---
2143819 25P

30

VOLTAGE REGS-
5V 7605 Plastic

12V 7812 1 Amp
15V 7515 all
15V 7818 01.50
723 TO99 50p

BRIDGE R ECTS.
2A. 50V 3015

2A 10CV 3Ep
2A 200V 41p
ZA NM 461555100 aac 21p

1149 3p
1N4001 5p
I14400213 6p
1N40(14:5 7P
1144006: 7 ap
1144148 2P
0A47 6P
OA70 0579 8p
OAR? OAST 7P
0551 05,55 6p

05,200 6p
05202 ip

ZENERS BZY3.5
..7, 338 Op

NE555V SOp

NE556 01.10
LM380 £1.00
214414 01.10
7400 16p

0 i L SOCKETS
0 -Pin 12p
1' p'n 13p
16 -pin 14p
Mica - bushes
103 7066 Sp

Da10 PE,. 7015

OP. AMPS
709 80 25p

74' al," 29p
746 D 1 L. 36p

PRICES INCLUSIVE - 1 5pP & P. 1252 class

ISLAND DEVICES. P.O. Box 11, .Aarga'.e. Ken!

LED

DISPLAY!
01 747".5-12..."iP
51 701.704.707. 7078 02.00

02.45
£4.10

LINEAR

013014 .40
153011 .41

L/43695 1.60

11613104 2.50
11161456 1.30

8E5401 1.18
565504 .75
565555 .60
11E556A 1.20
116.510 3.25
NE561 325
1E562 3.25
1115 2.70
709CA .30
70901 .33
70909 .3o
7IOCA .34
72300 .55
741CA .36

74107 .40
741C8 .36
747CA .75

74800 .42

TEL

7400
7413
7447
7473

7475
7490

74141
74192

.16

.30
.98
.30
.52
.60
.06

1.50

s -610S

40001E 22
40010E .22
mem 2z
40060E 1.60
40070E .n

1.75
401390E 1.05

40100E 1.05
40110E 22
417124E 22
401376 .68

40140E 1.70
40150z 7.70

40160E .68

402059 1.90

40210E 1.70

417220E 1.80
40234E
40247E
40251E

40264E
40270E

402876
4035.4E

40401E

40424E
40494E

405055

TRANSISTOR

BC107 .14

80108 14

80103 .18

80147 .13

821690 .15
821820 .12

60212. .12
2.0177 .24

EIFY513 .21

EFTS! .23
2112934 .32

2/2915 .30
2112914 27
213053 .20
293055 .68

282646 .75

22 DIODE

125
.22

2.70
.95

1.50
1.70
1.90
1.30 02188

73
.73 ralE'

4013W

2.7 3.3.

16p

/14001

N4002
114004

N4035

84007
84148

.1]
GT:p

Bp

11p
4.13

EXPRESS ELECTRONIC

COMPONENTS
3 Baskervitle Rd., Wandsworth

London, SW 18
+ VAT to all orders + 15p P&P

lMinimum order Elf

HAVE YOU
GOT YOURS?

CATALOGUE NO. 4
FULLY
ILLUSTRATED

66 PAGES
3000 ITEMS

600 PICTURES
YOUR

COMPLETE

ELECTRONIC

STORES.

MAIL

ORDER

MO
SHOP

COMPLETE WITH
DISCOUNT
VOUCHERS
WORTH 20p

* DISCOUNTS
* ALL NEW

STOCK
* SATISFACTION.

GUARANTEE
* DEPENDABLE

SERVICE

B H COMPONENT FACTORS LTD.

LEIGHTON ELECTRONICS CENTRE, 59 NORTH ST.,
LEIGHTON BUZZARD, BEDS. LU7 7EG. Tel. (05253) 2316.

I

Greenbank Electronics
FREE!

Data and suggested circuits for AY -5-1 224 and MK 50253 clock chips.
details of PCB's and component kits for AY -5-1224, data sheets for
LED 0.3" and 0.6" displays.

NEW!
PCB TO SUIT AY -5-1224 clock chip 95p

4 DIGIT KITS
Kit includes. PCB. AY -5-1224 chip. 4 LED digits, transistors, diodes.
resistors, capacitors. solder pins (success guaranteed), with 0.3" digits
£9.95 (0.6" high digit version also available).

CLOCK CHIPS
AY5-1224 4 digit 12/24 hour £3.66
MK 50253 4/6 digit alarm clock. £5.50

LED DISPLAYS (ECONOMY TYPES)
DL -704E 0.3" common cathode 85p
DL -747E 0.6" common anode . .

£1.70

Add 8% VAT to all prices, post. etc. 10p + VAT per order
GREENBANK ELECTRONICS (Deptr-T9E)

94 New Chester Road, New Ferry
Wirral, Merseyside L62 5AG

Tel: 051-645 3391
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HARDWARE

Screws, nuts washers etc.
Sheet aluminium cut to size or in
standard packs, plain or punched/
drilled to spec.
Printed circuit boards for published
designs or individual requirements,
one-off or small runs.
Fascia panels, dials, nameplates etc
in etched aluminium. 6p for details.

Ramar Constructor Services,
29 Shelbourne Road,
Stratford on Avon, Warwicks.

BURGLAR ALARM. Complete security system comprising: Contro

Box, 4 door/window switches, battery operated. £8.50. Money back
guarantee. Castle Alarms, Box W06, Windsor. Berks.

HI Special Offer
SAVE UP TO £1.65

To:

The ETI Book Service has made
special arrangements with
MacMillan's for a pre -publication
price discount on a book to appear
m October which we feel will be of
great interest to ETI readers.

The book 'Linear Integrated
Circuit Applications'is by George
Clayton. A practical apProach isemphasised throughout and the
reader is encouraged to try out the
devices for himself.

In this book the applications
of operational amplifiers as meas-
urement amplifiers and the use of
operational amplifiers in active fil-
ter circuits are dealt with. Sub-
sequent chapters are concerned
with linear I.C.'s, monolithic I.C.
modulators, four quadrant multi-
pliers, timers, waveform generat-
ors and PLL. The price inc. P&P
will be £6.90 for the hardback
edition and £3.35 for the paper-
back but if you use the coupon
below, you will be entitled to a
pre -publication discount. ETI.
reader prices are £5 .2 5 or £2.65.
Offer closes 30th September,
1975.

Cut
LINEAR I.C. APPLICATIONS
ETI BOOK SERVICE,
25 Court Close, Bray, Maidenhead, Berks.

Please find enclosed my remittance for t5.25/£2.65* for
Linear I.C. Applications. I understand this book will be dis-
patched on publication in October.

Name

Address

I

(*Delete as applicable) Offer closes 30th September 1975.
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* ELECTRONIC
PIANO KIT

* SYNTHESISER
KIT

* ELECTRONIC
ORGAN KITS

There are five superb Elec-
tronic Organ kits specially
designed for the D -I -Y en-
thusiast. With the extreme
flexibility allowed in design.
you can build an organ to your requirements.
which will compare with an organ commercially built
costing double the price.
*Portable organ with 4 octave keyboard, L145-29. * Console
organ with 5 octave keyboard, £250.95* Console organ with
2 x 4 octave keyboards and 13 note pedal board. £47065. *
Console organ with 2 x 5 octave keyboards and 32 note pedal
board. £680.* Console organ with 3 x 5 octave keyboards
and 32 note pedal board. £960.* W/W Sound Synthesiser Kit.
£130. * W/W Touch Sensitive Electronic Piano. £100.
All components can be purchased separately, i.e., semi-
conductor devices. M.O.S. master oscillators, coils, keyboards,
pedal boards, stop tabs, draw bars, key -contacts, etc.
Send 50p for catalogue which includes 5 x 10p vouchers or send
your own parts list, enclosing S.A.E. for qu-otation.

ELVINS
ELECTRONIC MUSICAL INSTRUMENTS

Designers and component suppliers to the musical industry
12 Brett Road, Hackney, London, E8 1JP. Tel. 01-986 8455

Serniconcluctor 1.-) Specialists (U.K.) Ltd

Premier House, Fairfield Road
Yiewsley, West Drayton
Middlesex UB7 SHE

[ el: West Drayton 46415
Telex: 21958

THE FRANCHISED GENERAL INSTRUMENT
DISTRIBUTOR

These latest' G.I. microcircuits
ETI readers,

cash with order

available NOW to

AY -5-8300 TV display chip 4.00
AY -5-8310 TV display chip 5.00
AY -5-8100 Frequency display 7.15
AY -1-0212 Organ tone generator 7.94
AY -1-5051 Organ divider circuit 1.50
AY -5-1224 12/24 hr. clock chip 4.59

We can also supply the full range of MONSANTO
display and LED components. 0.3" & 0.4" seven
segment displays in red, orange, yellow or green.
LEDS also in red, orange, yellow and green.

Send for details.
All prices include VAT

Add 30p postage and packing to all orders.

TRADE ENQUIRIES INVITED.

ECHO BOOKS FROM
1 TRANSISTOR POCKET BOOK

' by R. G. Hibberd
A comprehensive guide to the characteristics and
uses of various types £3.05
2 BASIC ELECTRONIC PROBLEMS SOLVED
by 0. A. Smith
A reference source of the pertinent basics illustrated
with clear diagrams . . . ,,,, £1.90
3 ELECTRONICS SELF-TAUGHT WITH
EXPERIMENTS AND PROJECTS
by James Ashe
Covers basic principles of electronics. Projects
include a large number of simple circuits . . £2.15
4 BEGINNERS GUIDE TO ELECTRONICS
by T. L. Squires and C. M. Beason
A "short cut" for those wishing to obtain a quick
acquaintance with modern electronics . . £2.20

All prices include Postage and
Packing

Please list titles (with price) separately. Cheques,
etc., to be payable to. Electronics Today
International and sent to:

ETI BOOK SERVICE. 25 Court Close.
Bray, Maidenhead, Berks.

5 INTRODUCING AMATEUR ELECTRONICS
by I. R. Sinclair
The book for the complete novice of any age as no
previous knowledge is assumed £1.55
6 RADIO -ELECTRONICS HOBBY PROJECTS
Thirty-two novel and useful projects (originated from
U.S.A ) £1.75
7 I.C. PROJECTS FOR AMATEUR AND
EXPERIMENTER
Edited by Wayne Green
Over 30 circuits using I. C -'s both linear and digital
(originated from U S.A ) £1.75
8 DIGITAL ELECTRONIC CIRCUITS
AND SYSTEMS
by N. M. Morris
The ideal book for the enthusiast confused by logic
and digital techniques £2.55
9 GETTING THE MOST OUT OF YOUR
ELECTRONIC CALCULATOR
by W. L. Hunter
Helps you get infinitely better value out of the
average modern calculator £2.15
10 BEGINNERS GUIDE TO TRANSISTORS
by J. A. Reddihough and I. R. Sinclair
Covers the basic theory and practice of modern
transistors £2.10

11 110 OPERATIONAL AMPLIFIER PROJECTS
FOR THE HOME CONSTRUCTOR
by R. M. Marston
Outlines the essential characteristics of the op -amp
and presents 1 10 useful projects (limp cover)

£2.10

12 AUDIO HANDBOOK
by Gordon King
Deals fully with all 'aspects of audio reproduction

£5.25

13 64 HOBBY PROJECTS FOR HOME
AND CAR
by Bob Brown and Mark Olsen
A variety of novel circuits, many of them unique,
which should please almost everybody . £2.10
14 THE OSCILLOSCOPE
by George Zwick
Starts from first principles and takes the reader to an,
advanced level . . . ,,,,,, ,,,, £2.05

15 HOW TO USE VECTORSCOPES.
OSCILLOSCOPES AND SWEEP -SIGNAL
GENERATORS
by Stan Prentiss
Goes into the whole subject deeply in 250 heavily
illustrated pages £1.90
16 99 WAYS TO USE YOUR OSCILLOSCOPE
by A. Saunders
Describes how to solve particular problems using a
'scope £1.75
17 WORKING WITH THE OSCILLOSCOPE
by A. Saunders
N book devoted to circuits and illustrations of
waveforms that should be present £1.80
18 TOWERS' INTERNATIONAL TRANSISTOR
SELECTOR
A super best-seller - details given elsewhere in this
issue £3.40
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CATALOGUE
2nd Edition

SPECIFICALLY DESIGNED FOR THE AMATEUR
RADIO, ELECTRONICS AND HI -Fl ENTHUSIAST.

* MUCH, MUCH BIGGER RANGE OF
QUALITY ELECTRONIC COMPONENTS
AND AUDIO ACCESSORIES FROM
TRUSTED BIG NAME MANUFACTURERS

* THOUSANDS UPON THOUSANDS OF
COMPONENTS - ILLUSTRATED,
INDIVIDUALLY CODED AND PRICED.
MANY NEW COMPONENTS ADDED FROM
CUSTOMER REQUESTS

* 16 EXTRA PAGE DATA SECTION

UNIQUE FREE UP -DATE PRODUCT
INFORMATION SERVICE DURING LIFE
SPAN OF CATALOGUE

ALL COMPONENT REQUIREMENTS SENT
BY RETURN POST

POST AND PACKING FREE (only applies
for Great Britain, N. Ireland plus B.F.P.O.
Nos. - overseas orders F.O.B.)

* NO -QUIBBLE REPLACEMENT PART SERVICE

LACC dig and tuotte dotif (gag

send 4

pit new
cataVogue

Inc Fost and Packing

Eike doorway to amateur electronics

DORAM ELECTRONICS LIMITED
P. 0. Box TR8
Leeds LS12 2UF
I enclose 60p. Please send me by return my
new Doram Catalogue. (Overseas orders
except for N. Ireland, please add 30p for

post and packing surface Only).

PLEASE PRINT BLOCK CAPITALS

NAME

ADDRESS

Post Code
ETI 10



More than
just a catalogue!
PROJECTS FOR YOU TO BUILD
4 -digit clock, 6 -digit clock, 10W high quality power
amp., High quality stereo pre -amp., Stereo Tuner,
F.M. Stereo decoder, etc., etc.

CIRCUITS .. . Frequency Doublers, Oscillators, Timers,
Voltmeters, Power Supplies, Amplifiers, Capacitance
Multiplier, etc., etc....
Full details and pictures of our wide range of components,
e.g. capacitors, cases, knobs, veroboards, edge connectors,
plugs and sockets, lamps and lampholders, audio leads,
adaptor plugs, rotary and slide potentiometers, presets,
relays, resistors (even 1% types! I, switches, interlocking
pushbutton switches, pot cores, transformers, cable and
wire, panel meters, nuts and bolts, tools, organ components,
keyboards, L.E.D.'s, 7 -segment displays, heatsinks,
transistors, diodes, integrated circuits, etc., etc., etc...

Really good value for money at just 40p. .

The 3600 SYNTHESISER
The 3600 synthesiser includes the most popular features of the
4600 model, but is simpler. Faster to operate, it has a switch
patching system rather than the matrix patchboard of the larger
unit and is
particularly
suitable for live
performance
and portable
use.

Please send
S.A.E. for
our price
list.

GRAPHIC EQUALIZER
A really superior
high quality stereo
graphic equaliser
as described in
Jan. 1975 issue
of ETI. We stock
all parts (except
woodwork)
including all the
metal work
drilled and
printed as required to suit our components and PCB's..
S.A.E. for price'list or complete reprint of article - price 15p.

NO MORE DOUBTS ABOUT PRICES
Now our prices are GUARANTEED (changes in VAT excluded') for two month periods. We'll tell you about price changes in advance for
just 30p a year (refunded on purchases). If you already have our catalogue send us an s.a.e. and we'll send you our latest list .of
GUARANTEED prices. Send us 30p and we'll put you on our mailing list - you'll receive immediately our latest price list then every
two months from the starting date shown on that list you'll receive details of our prices for the next GUARANTEED period before the
prices are implemented! - plus details of any new lines, special offers, interesting projects - and coupons to spend on components to

repay your 30p
NOTE: The price list is based on the Order Codes shdwn in our
catalogue so an investment in our super catalogue is an essential
first step.
Call in at our shop, 284 London Road, Westclitt-on-Sea, Essex.
Please address all mail to

The 4600
SYNTHESISER

We stock all the parts for this brilliantly designed synthesiser,
including all the PCBs, metalwork and a drilled and printed front
panel, giving a superb professional finisti. Opinions of authority
agree the ETI International Synthesiser is technically superior to
most of today's models. Complete construction details in our
booklet available now, price £1.50, or S.A.E. please for
specification.

ELECTRONIC ORGAN
Build yourself an exciting Electronic
Organ. Our leaflet MES51, price 15p,
deals with the basic theory of electronic
organs and describes the construction of
a simple 49 -note instrument with a single
keyboard and a limited number of stops.
Leaflet MES52, price 15p, describes the
extension of the organ to two keyboards
each with five voices and the extension
by an octave of the organ's range.
Solid-state switching and new footages along with a pedal board
and a further extension of the organ's range are shown in
leaflet MES53 priced at 35p.

MAPLIN ELECTRONIC
SUPPLIES
P.O. Box 3 Rayleigh Essex SS6 8LR.

I enclose Cheque/P.O. value
6 For copy/copies of your Catalogue

Name
Address

011111111...111.1...1111111111111111.1.1111111111ETI

m

EMAPLIN ELECTRONIC SUPPLIES FE seeo'(S)S36 R8aLyRe' g211F

0111.111.111.M.11111111..11.11111MMMINIIIV
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