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0ambit international

fit last, DIY Hi Fi which looks us if it isn't.
That's not to say it doesn't look like HiFi - just that it doesn't look like the usual sort of
thing you have come to associate with DIY HiFi. The Mk3 outstrips and outperforms all
British made HiFi Miters, and most imported ones too. Certainly at the price, there isn't
one near it. But more than that, it looks superb . A small pic here would be an insult,
so send an SAE for details on the kit that looks as if isn't. It's something elseThe PW Sandbanks Metal Locator: a kit

this uniquely effective type of metal locator
The kit closely resembles the appearance
injection molded housing replaces the vacuum
the enviromental suitability of the construction.
The New Catalogue - "Tecknowledgey Part
Part.2 of the catalogue: by the time this
sale. Sorry it's late, but it contains so many
had to hold up production to include them.
there are many new items to go in! Part
Radio ICs

based on this recently published design for
is available for only E35.00 + 8% VAT.

as published, except that a close fitting
molded electronics box - to improve

Carriage for complete kits £1.
2"

advert reaches the press, part 2 should be on
new and interesting things that we felt we

Part three by the autumn -and already
one 45p, part 2 50p. (inc PP etc).

Discrete devices: more than ever

- * Exceptionally high performance - exceptionally straightforward assembly . -
* Baseboard and plug-in construction. Future circuit developments will readily

plug in, to keep the MkIll at the forefront of technical achievement
* Various options and module line-ups possible to enable an installment approach

to the system

and now previewing the matching 60W/channel VMOS amplifier

* Matching both the style and design concepts of the MkIll HiFi FM tuner
* Hitachi VMOS power fets characterized especially for HiFi applications
* Power output readily multiplied by the addition of further MOSFETs
* VU meters on the preamp not simply dancing according to vol level
* Backed with the usual Ambit expertise and technical capacity in audio -

TDA1062 HF/VHF tunerhead 1.95
TDA1083 One chip AM/FM re 1.95
TDA1090 One chip HiFi am/fm 3.35
TDA1220 One chip am/fm rx 1.75
HA1197W HiFi AM tuner IC 1.40
CA3123E

AM tuner IC
AM tuner IC

1.40TBA651
CA3089E Famous FM IF system 1.94
CA3189E As 3089+ deviation mute

AF preamp, adj, agc 2.75
HA1137W Improved S/N 3089 2.20
TBA120 limiting amp-rtletector 0.75
TBA1205 hi gh gain 1.00
MC1350P aged IF preamp 1.20
MC1330P synch AM/video detector 1.35
KB4406 Cascode IF preamp
u4753 limiting FM preamp 1.95

Communications circuits

BF960 800MHz/2.8dB of mosfet1.613.
BF961 200MHz/2.0dB of .. 0.80.
40822 FM RF amp 0.43.
40823 FM mixer 0.51°
40673 Famous MOSFeT 0,55°
2SJ49/2sK133 120v/100W MOSPOWER

output devices 10.50
LEDS: the best value today

3mm 5mm 2.545mm
Red 0.14 0.14 0.17
Green 0.18 0.16 0.20
Yellow 0.18 0.15 0.20
Orange 0.22 0.29 0.24
100 off mix 25% discount. All are AEG first

' .grade types absolutely no junk. 5mm cites
for panel mounting 0.03 each
Misc. ICs for radio/audio applications

The
THE

PW Dorchester -LW MW SW, & FM stereo tuner
DIGITAL DORCHESTER ALL BAND TUNER

With styling and- dimensions to fitn in14 125.

with, the rest

0 9000099999 0 mm llllll -
of AMBIT's new
range of tuner &
audio euipment.q

When the new range of OKI digital frequency display ICs was announced, the original
prototype of the Dorchester had been made - but since so many of you wanted to use the
OKI frequency counterdisplay system with the Dorchester, we quickly designed a unit to
incorporate the necessary facilities. The Digital Dorchester is designed in 19 inch form,
and forms a perfect match for the other units in the range. If you don't want to go to
the expense of the full Ambit DFM1 module, with AM/FM/Time/Timers, then the MA1023
clock module can be used instead

The Dorchester has been described in PW Dec., Jan. and Feb. issues - but for those of
you who may have missed it - it is an All Band broadcast tuner, covering LW/MW/SW
and FM stereo in 6 switched ranges. Construction is very straightforward, with all the
switching being PCB mounted - and the revolutionary TDA1090 IC used for AM/FM.

The electronics for the radio section of the Dorchester remain unchanged at £33.00,
with 12.5% VAT. The hardware package, of case, meter, PSU now costs £33.00 + 8%
with the MA1023 available for an extra £5 only. : J
For the fully digital version. with Ambit DFM1. the price is £56.50 8°. VAT.

SD6000 OMOS RF/Miser pair 3.75
KB4412 Bel mixers, IFmgc 2.55
K84413 AM/SSB det. squelch,agc 2.75
K134417 mic processor 2.55
MC3357 best thing in NBFM yet 3.12
MC1496P popular double bal mixer 1.25
Multiplex decoders + noise blanker

U2378 5 LEO bargraph driver 0.80.
SAS6610 4 station touch tune IC 1.48
SAS6710 adds 4 stations to 6610 1.48
MSM5523/4 LIN,M1N,SW and FM digital

frequency readout plus
clock, timers, stopwatch £14.

MSM5526 LW/MW/FM DFM with
direct drive for LCD £11 

MC1310P popular PLL decoder 2.20
u4758 buffered 1310 2.20
CA309040 RCA PLL decoder 3.25
HA1196 improved PLL decoder

TC4730 DC volume control 3.50
7C4740 DC tone control 3.50
TDA1028 DC input switch 3.50
TDA1029 DC mode switch 3.50

with stereo preamps 3'95 Radio and Tuner modulesHA11223 19kHz pilot cancel, low
distortion, high S/N 4.35

KB4437 as HA11223 with remote
VCO kill facility 4,5

KB4438 stereo MUTING preamp
for post decoder mute 2.22

K84423 impulse noise blanker 2.53

We cannot really list all the details we would
like to here . but with advent of the new mark 3
tuner system, the Dorchester and matching AF
units, Ambit offers you the widest choice ever,
plus hardware and styling that matches the very
high standards we have set in this new range.

TERMS etc: CWO please, VAT on Ambit Items is generally 121/2%, except where marked I1.
Catalogue part 1.45p, part 2 500 all inclusive. Postage 25p per order, carriage on tuner kits 2 Gresham Rood, Brentwood, Essex.E3. Phone Brentwood 102771 216029/227050 9aw-7em. Callers welcome inc. Saturdays .

05T5
Since AMBIT introduced the "One Stop Technology Shop" to our service, we have been pleased to see just how many users of
electronic components appreciate our guarantee to supply goods only from BS9000 approved sources. More than ever, professional
and amateur electronics engineers cannot afford to waste time on anything less than perfect pedigree products.

C04000 CMOS
4000 110 4059 563p 4522 149p
4001 17p 4060 115p 4527 157p
4002 17p 4063 109p 4528 102p
4006 109p 4066 53p 4529 141p
4007 18p 4067 400p 4530 90P
4008 80p 4068 25p 4531 14Ip
4009 58p 4069 20p 4532 125p
4010 58p 4070 20p 4534 614p
4011 17p 4071 20p 4536 380p
4012 17p 4072 20p 4538 150p
4013 55p 4073 20p 4539 110p
4016 52p 4075 20p 4541 141p
4017 80p 4076 90p 4543 174p
4018 80p 4077 20p 4549 399p
4019 60p 4078 213p 4553 440p
4020 93p 4081 20p 4554 153p
4021 82p 4082 20p 4556 77p
4022 90p 4085 82p 4557 386p
4023 17p 4086 82p 4558 117p
4024 76p 4089 150p 4559 388p
4025 17p 4093 509 4560 218p
4026 180p 4094 190p 4561 65p
4027 55p 4096 105p 4562 .530P
4028 72p 4097 372p 4566 159p
4029 100p 4098 110p 4568 281p
4030 58p 4099 122p 4569 303p
4031 250p 4160 90p 4572 25P
4032 100p 4161 90p 4580 6000
4033 145p 4162 90p 4581 3190
4034 200p 4163 90p 4582 164p
4035 120p 4174 104p 4583 84P
4036 250p 4175 95p 4584 63p
4037 100p 4194 95p 4585 100P
4038 1059 4501 23P
4039 250p 4502 91p
4040 83p 4503 69p
4041 90p 4506 51P 81MOS 0.43" High Efficiency HP:4042 85p 4507 55p CA3130E 8 p LM339N 66p
4043 B5p 4508 248P CA31307 90P LM348N 186p 5082- 7650 red CA
4044 sop 4510 99P CA3140E 35p LM3900N 60p 5082- 7653 red CC
4045 150p 4511 1490

44
0431107 72p 709HC toy 64p 5082, 7660 yellow CA

4046 1300 4512 P--P CA3160E 90p 709PC rid 36P 5082 7663 yellow CC `-
4047 99p 4513 2060 CA31607 99p 7IOHC 105 65p 5082, 7670 green CA
4048 600 4514 260p
4049

710PC dii 59p 5082- 7673 green CC
55p 4515 300p Op amps

67p 723CN 650 0.3" Standard HP
LM301AN 30p

4050 55p 4516 1250 'W301414 741CH to5 661/
4051 650 4517 3820

121
741CN 8411 27p

5082 7730 red CA. 1147p
p 5082. 7740 red CC4052 65p 4518 1039

LM308N 97p 0.5" Fairchild4053 6
747CN 70p

5p 4519 57p
"'MU 219P

748CN 360

't9N° d CC 15004054 1200 4520
LM318N 2244055

109p NE5317 12Cp
F 're C135p 4521 236p p NE531 N 105p 13507 red 150p

TERM CWO pea., VAT to be dded at 8% (inland), pp 25p per orde . When ordering from the
OSTS and Amb t a single corn fined remittance and pp charge is suffi lent. Account details OA.

PRICES
micromarket SLASHED TTL :Standard lino LP Schottky
6800 series 2114 E10

2708 (10 556800P 6.50
6820P C6

6850P 2.75
6810P £4
6852 3.65
8080 series
8080 6.30
8212 2.30

8216 1 95
8224 3.50
8228 4.78
8251 6.25
8255 5.40
MEMORIES
2102 E1 70
2112 E3 40
2513 £7 54
4027 E5 78

Develooment
ME K68001220
TK80 E306
AMI, Signetics
TI, Intersil,
Harris etc OA

Voltage Regs
NEW LOW PRICES
7800 series UC T0220 package 1A all 95p
7900 series UC T0220 package 1A all £1
78MUC series T0220 package %A all 90p
78LCP series T092 100mA all 35p
L200 up to 3A/adjustable V&A 195p
78MGT2C %amp adjustable volts 175p
79MGT2C %amp adjustable volts 175p
723C precision controller 65p
MAINS FILTERS FOR NOISE/RFI etc
1 amp in IEC connector £4.83
5 amp in 'wire in' case £3.87
NE5504 73p

LMEARS---- OPTO 7 seg display

2 Gresham Road, Brentwood, Essex.

SEE THE
AMBIT AD TOO!

'N' 'LSN''N"LSN'LSN" N LSN' LSN
7400 13 20 7455 35 24 14126 5/ 44 /415/i 114 74377 124
7401 13 20 7460 17 74128 74 74188 215 74378 93
7402 14 20 7463 73 115 92 74379 130
7403 14 20 7470 28

2744113332 2798 7744116901

74386 37
7404
7405

14
18

24
26

7472
7473

28
32 7744113386

40
60

74192
74193

105
105

180
180

74390 140
74395 139

7406 38 7474 27 38 74139 60 74194 105 187 74396 133
7407 38 7475 38 40 74195 95 137 74398 180
7408
7409
7410
7411
7412
7413

77441154

7416
7417
7420

17
17
15
20
17
30
51

30
30
16

24
24
24
24
24
52

130
24

24

7476
7478
7480
7481
7482
74834

7485

7489
7490

37

08
86
69

97
104

205
33

99
40

2744114421

74143
74144
74145
74147
74148
74150
74151
74153
7744115545

26555

312
312

65
175
109
99
64

966:4

84

15410

74196
74197
74196

7744214888

74249

1744;6531

771444222555987

99
85

150
160

110
110

90
93
90

105
108
153
420

74399 150
74445 92
74447 90
74490 140
74668 110
74670 249

MISCEL LENT
NE555 309
NE556 78p
NE558. 11130p

7421 29 24 7491 76 110 14156 80 110 74260 153 CM7217 950p
7422
7423
7425

24
27
27

24 7492
7493
7494

38
32
78

78 7744115587

74159

67

210

2 274422;61

742'73

353

12,7

CM7208 1495p
CL7106CP

LCD DVM IC
7426 36 27 7495A 65 99 74160 82 130 74275 312 955p
7427 27 29 7495 58 120 74161 92 78 52 LCD DVM KIT
7428 35 32 7497 185 74162 92 130 74283 120 24800
7430 17 24 74100 119 74163 92 78 90 31' digit LCD
7432 25 24 74104 63 74164 104

777iE

95 display 1150p
7433 40 32 74105 62 7416571 105 120 CL7107 LED
7437 40 24 74107 32 100 DVM kit 2065p
7438 33 24 74109 63 38 20 157 CM7216 - 8 digit
7440 17 24 74110 54 74325::::: 242 1OMHz DFM/
7441
7442

74
70 99

74111
74112

68
88 74170 230

200
200 74327

247
237

timer £19.82
Om LED C.Cath)

7443 115 741137 38 74172 625 74352 100 SCALAR ICs7444
7445
7446

112
94
94

74116
74118

198
83

38 74173
74174
74175

170
87
87

120
110

74353
74362 M

49

8629 150MHz
divide by 100

7447
74487

82
56 99

99

74119
74120
74121

119
115

25

74175
74177
74180

75
78
85

74367 :!

4200
5H90DC 780p

11C9ODC 1400p
7450 17 74122 46 74181 165 350 74373.

1737

8618 -new-divide
7451 17 24 74123 48 160 by 100 or 10
7453
7454

17
17 24

74124
74125 38 44

7744118832

74184 135

7744337745

60
or 120/60MHz

450p

The ICL7216BIPI is still the cheapest way to make a full 8 dig t/ 10MHz frequent counter/timer,
and with 10 external components displa it is also one of the simplest. For £19 82, it takes a
lot of beating. The maim filters have been extended now to in ludo a 6amp IEC version at £5.10,
and with the amount of electronic noise on the average supply (next door's fridge, for instance) it
is a really worthwhile addition to any sensitive equipment. LPSN TTL now includes many more
of latest types, ell of course are absolutely prime first quality types. And don t forget our range
of OPTO displays includes Hewlett Package high efficiency 0.43" types in all colours  renowned
es the finest quality in the market. For other types of component  discrete LEDs, radio and audio
devices, tuner modules, kits etc., see our other advertisement for more details or send for the
AMBIT catalogue system. Part one (45p) includes details of our background 'standard' items, and
the new part two includes all the latest introductions and developments. plus a rundown on OSTS.
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ELECTRONICS Birmingham B19 3JR 021.233.2400 ONLY

ALL PRICES IN PENCE EACH UNLESS OTHERWISE STATED

CAPACITORS
Electro ytic Axial Leads
- 10% to 050% To

uF V d.c. 16 25
1.0
1.5
22
33
47
6.8

10
15
22
33
47
68
100
150 8
220 12
330
470 I 21

600 19 28
1000 23 28
1500 32 36
2200 39

Order Code
Cap 015 +V 4.4

40 6

8

10

12

24
28
30
36
55

29
34
37
44
50

Electrolytic Can Type Order Code
High Ripple, IEC Grade 1, Low E.S.R. Cap HR  pF + Vohs
Supplied complete with Vertical Fixing Clip

220146 16V Ripple 14 @ 85°C 1.44 0 50°C
4700 0 168 2.64 3.6A
100000 16V 5.84 8.1A
22000 0 16V 9.84 13,7A

22000 25V 124 1.8A
47000 25V 4.64 644

100000 25V 8.0A 11.24
220000 25V 17.84 17.94
10000 40V 0.9A 1.2A
2200µF 40V 2.44 3.34
47000 408 564 7.8A

100000 40V 9.24 12.8A
10000 70V 1.8A 2.54
22000 708 4.04 564
4700oF 70V 754 10.5A
10000 1008 4.04 5.64
22000 1008 7.84 1094

186
184
222
346
175
201
264
438
168
188
231
367
190
235
376
222
346

Tantalum Bead
20% Tol
0 V d.c.
01
0.15
0.22
0.33
0.47
0.68
1

1.5
1.2
3.3

6.8
10

15
22
33
47
68

100

3.15

16
20

6.3

9
10
11

14
15
16
20

Order Code
Cap PR + + Voles

10 16

11

14

16
20

10
11

14

15
16

20

25 35
9
9
9

9
9
9

10
11

11 14

14 15

15

16 20
20

Electrolytic Radial Leads
10% to +50% To .
eF IV de 6.3 10 16

47 I

68
1.0
1.51
22
32
6.7

6.8
10 6

15 6
22 6 7

33 7

47 7 8

68 8

100 8 10

150 10

220 10

25

6

5

10

Order Code
Cap 034 + + Vohs

35 40 50 83

6
6

6
6
6
6

8

8

10

10

6

8
10

8
10

Miniature Low Value Order Code
Polystyrene, Axial. 1% Tol., > 63V D.C. Wkg Cap 424
Ceramic Plate, Radial, Low K, 1.8pF-8.2pF .25pF Tol, 10-330pF .2% Tot, 100V D.C. Wkg Cap 632
Ceramic Plate, Radial, Med K, .10% Tel, 100V D.C. Wkg Cap 630
Ceramic Plate, Radial, High K, -20% to +80% Tol, 63V D.C. Wkg Cap 629

+ value
pF 424 632 630 629 pF riF 630 629

1.2
15
IA
22
2.7
3.3
39
4.7
56
68
8.2

10
12
15

18

22
27
33
39
47
56
68
82

5

5
5

5

5
5
5
5
5

5

5

5

5

6
6
6

100
120
150
180
220
270
330
390
470
560
680
820

424 632 830 629

I :
g

16
16
16
16
16
18
18
18
18
16
16
16

1000 16
1200 16
1500 18
1800 18
2200
2700
3300
3900
4700
MOO
8800
8200

18
18
18
18
23
23
23
23

6
a
8

5

5
5
5
5

6
6
6
6
6
6
7

6

5

10

12
15
18
22
27
33
39

424 ' 632

25
26
26
27
28
38
41
43

Trimmers Order Code
250V D.C. Wkg. Film Dielectric, Miniature

14 - 4.1pF
2 8pF
2 - 20pF

5.5 - 59.5pF

19 Cap 808 A
19 Cap 808 B
21 Cap 808 C
29 Cap 808 0

Order Code
500V D.C. Wkg. C004 EA Tubular Type

.8 - 360 48 Cap 802 3

.8 -13.8pF 48 Cap 802 6
1 - 13pF 61 Cap 802 12

1.7 19.7 62 Cep 802 18

Po Rester Radial Leeds
Dipped Type: 920% Tol, 250V O.C. Wkg. C280/352 Style
Moulded Type, 1C0f. T I, >1008 D.C. Wkg. 10.2mm Pitch Centres
Moulded Type, .10% T I, >100V D.C. Wkg, 7.6mm Pitch Centres

uF

.001

.0015
0022
.0033
0047
.0088
01

015
022
.033
.047

352 380 tiE280 uF 352 360

1 6 8
.15 7 9
.22 8 10
33 10
47 12

.68 15
1.0 19
1.5 27
21 32

PHE280

9

Order Code
Cep 352
Cap 360
Cap PHE280

i Value

CASES

Small Desk Console - Boss Industrial Mouldings
Slope Front Console, Recessed Top
ABS Base. C 'W Brass Bushes, In Orange'
lmm Aluminium Top Panel Finished Grey

Order Code
W161, 096, 439 1571 186 Case 810100508
W215, 0130, H47 1731 268 Case B1M1006 OR

Plastic Bones - Boss Industrial Mouldings
Moulded Box and Close Fitting Flanged Lid
ABS Box, C W Brass Bushes, and Lid In Orange

Order Code
L112 W62 D31 87 Case 8102003 OR
L150 W813 1350 115 Case B102005 OR
L190 W110 D60 195 Case B102006 OR

Instrument Case - Boss Industrial Mouldings
Covers Manufactured fl ram WISING Aluminium
Chassis Manufactured from 18SWG Mild Steel
Covers Finished Orange
Chassis Finished Matt Black

Order Code
0250 0167.5 H 68.5 1Chassis 153mm Deep/ 1480 Case BIM3000 OR

Plastic Boxes with Metal Lids -Boss Industrial Mouldings
Recessed Top Box
ABS Base, CIA, Brass Bushes, In Orange
1mm Aluminium Top Panel Finished Grey

L85 W56 029
L111 W71 042
LI61 V296 053

Order Code
97 Case B1104003 OR
135 Case BIM4004 OR
182 Case 51M4005 OR

Diecast Boxes - Boss Industrial Mouldings
(glace. Boa and Flanged Lid
Aluminium Box and Lid in Natural Finish

Order Code
1113 WI33 031 104 Casa BIM5003 NA
L152 W82 D50 181 Case "15005 NA
L192 W113 D61 280 Cate 8105006 NA

VERO ELECTRONICS PRODUCTS
2.5" x 5" .1" pitch Verobperd
3.75" x 5" .1" pitch Veroboard
2.5" a 1" .1" pitch Veroboard 15/
3.76' x 5" .1" pitch Plain Board
5.82" x 2.9" .1" pitch V-0 DIP Board
Spot Face Cutter
Pin Insertion Toot for .040 type pin
DS Pins 040 (1001
SS Pins .040 11001
Elsnrn Board Standoff 11001
15mm Board Standoff 11001
19rnm Board Standoff 11001
Verowire Kit 11 -pen. 2.wira. 25combl
Verowire Combs 11001
Verowire Wire 141
Flip Top Box, Small, Bleck
Flip Top Box, Large, Black

59
66
70/Pack
56

111

89
122
38/Pack
38/Pack
181/Pack
215/Pack
226/Pack
375/Kit
407/Pack
228/Pack
192
250

VERO 210692
VERO 210720
VERO 21076C
VERO 210786
VERO 210846
VERO 210134
VE110 21015F
VERO 210878
06802101'70
VERO 213716
VERO 21322G
VERO 2t3230
VERO 21341D
VERO 21339F
VERO 21340G
VERO 213170
VERO 21319)

Small Desk Consoles - Boss Industrial Mouldings
Slope Front Console, Recessed Top
ABS Base, C/W Brass Bushes, In Orange
1mm Aluminium Top Panel Finished Grey
Ventilation Slots In Base

W105 D143 032 1561
W170 0143 0321561
W170 D2I4 H32 1821

206
271
375

Order Code
Case 8106005 OR
Case 8106006 OR
Case 8106007 OR

All Metal Desk Consoles - Boss Industrial Mouldings
Slope Front Console, Recessed Too
Two Plece All Aluminium Construction
Ventilation Slots In Rear and Base
Choice of 15' or 30° Sloping Front
Off White Top Panel, Blue Bess

W102 0140 028 1511 IV slope
W165 D211 H33 1761 15' slope
W254 D287 H33 1761 15° slope
W356 D287 1133 1761 15° slope
W102 D140 028 1761 30" slope
81165 D183 11213 11021 30° slope
W254 0259 028 11021 30° slope
W356 0259 028 11021 30" slope

1018
1350
1572
1823
1018
1202
1572
1823

Order Code
Case 8187151A
Case BIM71544
Case BIM71564
Case B1071584
Case B1073014
Case 13107303A
Case B1073064
Case 8107308A

Eurocard Size Desk Console - Boss Industrial Mouldings
Slope Front Console
486.0ase, C/W Brass Bushes, In Orange
1mm Aluminium Top Panel, Finished Gr

Order Code
W169 D127 H45 1701 375 Case 8108006 OR

HARDWARE
D.I.L. Sockets

13 Pin Low Profile Socket Tin
14 Pin Low Profile Socket Tin
16 Pin Low Profile Socket Tin
24 Pin Low Profile Socket Gold
28 Pin t ow Profile Socket Gold
40 Pin Low Profile Socket Gold

Heatsinke

Individual Type for I a T05 50°C/W
Individual Type for 1 x 1066 10.5°C/W
Individual Type for 1 x 003 7.2°C/1/1/
Individual Type for 1 a 10126 17i0/141
Individual Type for 1 x 70220 17`C/W

P.C.B. Components

Dab Pen, Blue Ink, Slow Drying

Fuseholders

Suit 20mm x 5mm Bias.

F.C.B. Mounting, Open Type
Chassis Mounting, Open Type
Panel Mounting, Screwdriver Slot
Fanel Mounting, Finger Release

Fuses

20mm x 5mm Glass.

Cuick Blow. Range 100m4-54
Slow Blow, Range 250m4-54

Larnpholden, Panel Mounting

Similar In Style to Fuse/H 20P
Low Voltage Type Suits LES and M/F Bulbs.

Order Code

11 DIL SKT 8
13 DIL SKT 14
14 D1L SKT 16
66 D1L SKT 24
78 DIL SKT 28

127 OIL SKT 40

10 Sink 56
26 Sink TV2
24 Sink TV3
23 Sink TV9
23 Sink TV5

92 Pen 33PC

8 Fuse/0208
17 Fuse/1-120C

77 Fuse/H2OPT
56 FuseH2OP

8 Fuse 20
22 A/5 Fuse 20

 Rat,

Low Voltage, Red, Amber or Green 75 Lamp LV
Internal Neon 20012400 Red or Amber 95 Lamp N

Bulbs, Low Voltage, L.E.S.
6V. 0.36W, 6.50. 1W; 140, 0.75W,

Colour

22 0015 LES

Voltage

RESISTORS
Carbon Film, Fixed
0.251/1/. E24 Values 100.100, 5% Tol.
ask E12 Values 1RO487, 10% Tol.

Metal Film, Fined
0.5W, E24 Vetoes. SR1.1M, 2% Tol.
2.5W. 612 Values 100.27K, 5% Tol

Metal Glaze, Fixed

05W, 624 Values. 10230,5% Tol.

1.5 ea 90o/100 (Mull 10/Valuel
2 ea. 1.250/100 IMull 10/Value/

6 ea. 3.80/100 (Molt 10/Valuel
13 ea. 7.90/100 1Mult 10/Valuel

10 ea. 5,40/100 IMult 10/Valuel

E7.90/1000 (Mutt 100/Value/
E10.10/1000 1001Valuel

632.40/100() (Mull 100/Valuel

Order Code

Res 005
R. RD'S

x Value

Res 54030
Res PR52

 value

Res 8937
 Value

Skeleton Presets, Miniature

0.1W, E3 Veluss, 1000IM, Lin. Vertical Mounting
0.1W, E3 Values, 100RIM, Lin. Horizontal Mounting

Skeleton Presets, Standard

03W, 63 Values, 1000407, Ctn. Vertical Mounting 10

0.3W. E3 Values. 1000407, Lb Horizontal Mounting 10

Potentiometer, Rotary
0.5W, 63 Values, 10.202 Lin.
0.25W, 63 values 4K7 2102 Log

34
34

Order Code

Sem Preset V
Min Preset 0
Value

td Preset V
Sid Preset H

 value

Pot LW,

Pot log
 Value
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 CHEQUE

 ACCESS  FREEPOST ON ORDERS GMT ELECTRONICS B
 BARCLAYCARD  VAT INCLUSIVE PRICES Freepost
 CASH M ADD 30p P&P Birmingham B19 1BR

II 24 HR TELEPHONE ANSWERING SERVICE TEL ORDERS WELCOME

DIGITAL INTEGRATED CIRCUITS
4000 Buffered CMOS - High Speed
5 157'9' Series, Up to 2091H7 7400 T.T.L.
11E84000
8EF4001

14

14

HE F4046
9E84047

100
87

9E84514
9E84515

250
299

57400N
574015

9

II
5 7 9
574451444

83
65

5741225
5741235

39
37

5741915
5741945

60
80

5711.6285
57415309

32
16

1474151385
N74L61395

85
85

N74102535
N5ILS2575

105
104

9E84002 14 HE F4049 28 9E84516 90 N74025 11 574488 N 62 5741255 32 5741955 79 574L532N 24 574151535 76 N74LS258N 157
9E14006
9114007

95
14

HE F4050
4E84051

28
89

9E84517
HEF4518

382
89

574035
974045

117,N7447N 744.r, 51

44
5741269
5741285

32
74

5741985
5741995

120
139

147013339
N741_637111

32
24

N74LS1545
574131555

122
ao

N74 L52605
N74LS2515

26
300

9E84008 BO 9E14052 77 HEF4519 55 97405N 12 574508 13 9741329 46 5742215 160 N741_5385 24 N74L61565 80 N74LS2665 40
9E84011 14 HEF4053 72 HE F4520 85 N74065 25 574515 13 5741455 60 5742795 116 N741_6405 22 N741_61575 54 874152735 130
9E84012 14 9E84066 37 9E84521 188 574075 27 874539 15 5741475 125 5742985 200 574L5425 53 7474151585 60 574152835 116
9E84013 32 9E84067 380 9E84528 99 57408N 13 574545 13 9741495 83 5743655 150 97416515 72 N741_61609 120 574152905 90
9864014 84 11E84068 14 9E84532 120 574095 13 N74605 13 5741505 65 9743665 150 5741_554N 16 5741_5161N 78 N741_62935 100
0E84015 60 14E84069 14 9E14534 510 57410N 11 574709 26 5741515 46 5743675 120 N741S559 22 574101625 130 N74L62985 100
9E84016 35 8E84070 10 778F4539 110 974115 18 574729 22 5741535 55 5743685 150 574 LS739 29 5741.6163N 78 574LS324111 170
9E14017 55 HEF4071 14 9E84543 155 574125 17 574735 23 5741545 96 57415755 40 574131645 90 N74163655 105
HEF4018 65 8E84072 16 ME F4555 78 574135 23 874745 23 5741555 53 57415765 33 N74LS1705 200 N741_636135 105
11E84019 46 0E84073 16 9E84556 78 570148 46 574755 28 5741565 48 74LS 57415785 33 9741_5173N 100 574153675 105
11E84070 88 0E84075 16 9E84557 386 574165 22 N74765 28 5741575 49 N74LSOON 15 574158385 97 5741_6174N 100 N74LS368N 105
11E84071 85 0E84076 85 9E84585 9723

8741 78
574805 43 5741585 54 574L5015 16 57416855 70 5711_6175N 100 N74L63739 150

0E14027 82 9E84077 14 8E84724 171 574205 11 57483N 63 574160N 74 57415025 18 57415869 33 5741_6181N 320 570 L53749 150
0E14023 14 HEF4078 16 9E840097 90 97421N 26 97485111 65 5741615 74 5741_603N 16 9741_6909 45 9741_51905 91 N74L53755 100
11E84024 45 9E84081 16 08840098 73 N74255 27 N74865 23 5741625 74 N74L6045 16 57419925 70 N741_51915 95 N74LS378N 160
HE F4025 14 0E84082 16 81840108 62 974265 22 574908 30 5741635 74 N74LS055 23 N74 LS939 45 574161925 128 N74163865 35
HEF4027 32 HEF4085 64 9E840160 119 574275 22 5749145 60 5741645 65 974LS06N 16 574LS958N 65 574151935 130 N74163905 170
HE F4078 51 HEF4086 64 8E840161 119 574285 30 574925 33 5741659 65 5741_6095 22 57415965 116 5741_51945 150 57415393N 170
HEF4029 60 HE F4093 50 11E840162 119 574305 11 574935 31 5741665 93 N741_6109 16 574LS1075 38 N74LS195AN 120 N74LS3955 180
HE F4030 46 HE 84090 175 11E140163 119 57432N 21 574949 74 5 741709 134 57415119 22 574151095 38 574161965 80 5741_54905 130
HEF4031 200 HEF4104 166 48840174 119 57433N 30 5749549 48 5741739 111 5741S125 23 574151125 40 574131979 110 9741-S670N 170
0E80035 110 9E84502 91 0E840175 119 574375 21 574965 46 5741745 63 57415135 38 574161135 38 574LS2405 160
9E84040 68 11E84505 571 9E840192 140 574385 21 5741005 88 574175N 62 57415145 74 574161145 38 N74LS2415 160
9E84041 75 HE F4508 51 HE F40193 140 574395 60 5741075 25 5741005 BO 574LS155 24 574L51255 40 .574LS242111 160
9E80047 54 HEF4510 70 96840194 119 574405 12 5741095 42 5741815 165 57415205 16 574191285 40 N74LS243N 160
1-16 F4043 79 8E10511 110 40840195 117 574425 40 5741165 148 71741825 69 9741.821N 22 N74161325 60 574LS2445 160
11E14044 84 0E14512 98 57443N 79 9741215 23 9741925 65 974LS225 24 I 874151365 37 N741_52519 90

LINEAR INTEGRATED CIRCUITS OPTO ELECTRONICS Order Coda SWITCHES
CA3011 92 5 E592K 162 Light Emitting Diodes. Individual Miniature Toggle - Honeywell

Order Code

CA3018 75 RC4136 130 125" 13mm I Red 14 00754 SPOT 2A/250V A.0 54/28V D.C. 58 SW 841011
CA3020 191 9881705 79
CA30288 86 TCA580 346

own 17 C0995
Yellow 19 COV97

SPDT C/09
SPOT Double Bin To Centre

67 SW 841021
75 SW 841041

CA3046 /6 TCA730 450
CA3048 245 TCA740 450 Panel Mounting Clip to suit. 3 1E03 Clip SPDT Single Bias To Centre

SPOT Bias
75 SW 841051
70 SW 841061

CA30800 70 TDA1008 326 2" 15mm1 Red 15 COY24A DPDT 86 SW 842011
CA3089E 753 704,1021 648 Green 17 COY94 DPDT 0/09 92 SW 842021
CA31308 90 TDA10213 338 Yellow 19 COY96 DPDT Double Bies To Centre 102 SW 842041
CA3100E 38 7041029 338 Panel Mounting Clip to suit. LEDS Clip DPDT Single Bias To Centre 102 SW 842051
CA3189E 266 TD*10346 217 DPDT Bias 96 SW 8/12061
18730185 30 1:1,2581 266 Light Emitting Diodes - 7 Segment Display
1M3085 95 TE.2640 292
003185 200 71081CP 75
1513195 216 TL084C5 140
103245 70 UA709C7 46

3" 17.6rnen1 C. Anode R.H.Decimal Pt
Re1 160 XAN3061

C. Anode R.M. Decimal Pt.

Miniature Push -C & K
SP Pusb To Make, Momenta,
SP Push To Break, Mcmente,

0.54/2500 A C 14/2130 D.L. 54 SW 8531
54 SW 8533

103395 71 UA709CN 40
1_11138115 110 1.14710CN 41

Green 199 XAN3051
C. Cathode R.H. Decimal Slide - Switchcraft

LM381AN 180 UA711CN 65 drain 160 XAN3074 0713T Standard Actuator 36 SW 46206

151382 120 L.741CT 41 6 115.2mrol C. Anode L .0 . 'Decimal DPDT Slot Actuator, Voltage Change, Marked 110/240 43 SW 46206F

UA741IN 18 Pt. Red 230 0856620
1.14747C5 50
LIA748CN 35

C. Anode L.H. 0..81
Pt. Green 230 XAN6520 SEMICONDUCTORS51014565 35

11014965 97 Voltage Regulators
C. Cathode L.M.
Decimal Pt. Red 230 08N6640 Diodes

9E531 119
NE5367 216 LM3090A IK I 108 Photoresistors

N827 19:
5910

154006
154007

7

8
1381100
80127

61 00207
15

5E540 225 UA723C5 38
9E5555 25 08780500 65
NE5565 60 UA781200 65

01/712 90 00712
00861 90 061161

N916
54001 4

54002

154108
155402
155404

15

16

BV206
OVX10
0447

34
19 Microwave
10

NE5605 351 UA7815CU 65
56561N 427 UA7905CU 86 Phototranmtors

54003 6
54004 6

BA 013
134038

5

27
0490
0891

7 138111950 1091
CL8960 2592

585629 061 087912CU 86 OCP71 180 OCP71 N4005 88106147 122 08200 9 CXVI1C 1280
NE5655 120 1187915CU 86 87925 175 BPX25

Zener Diodes9E5665 155 08781050S 32 87829 175 BPX29
NE5675 170 U478L06CS 32 400roW C407.033 1.3W C71/5.075
965705 405 087811200 32 Photocoupler B2,88/BZX 79  Voltage 8 8ZX61 0 Voltage 16
NE5715 459 04781150S 32

FCC:1820 150 FCD820
Transistors
2N929 37 254417 206 BC478 24 85088 IV

SEMICONDUCTORS MAINS TRANSFORMERS Order Coda 2N1893 30 254856 158 8C547 12 MJE340 48

Rectifier Bridges Order Code
IA4000511 93 BY179
1.4A 60V S I L 84 85164

Secondaries rnav be Connect. in series or
wail& to give vdde voltage ram,
Pomades 0.220, 2400

711122184 28
252222 21

252369 19
252369A 20

254858
250860
255294
255416

134
122
43

108

80548
8C5486
BC549
8054913

10

15

12

20

MPF107 32
0028 107
0035 95
0045 82

1.5A 100V D I L 33 VM18 6VA Clamp Type Construction 252646 47 255457 35 BC557 14 00771 180

1.5A 400V 0 I L 35 VM48
1 5A 1000 45 1501

Approx. 18% Regulation F. C. 54, 1136, W35 252894 49
257095 28

255458
755459

30
32

90558
BC559

14

17

11P298 41

71729C 53

1 5A 400v 52 0804 0-4.5V, 04.5V Secondaries 220 Trans 6VA 45 257904 24 256258 431 BCV34 97 T17304 44
14 1000 89 1/S108
24 400V 109 V5448

O'SV, 060 80
0120.0.120 120

1529044 14
252905 22

40673
40168

BO

22
80570
EIC071

14
14

717300 57
717310 43

6A 1000 103 V0148 0-15V, 0.15V 150 2579054 24 AD161 38 ECY71 15 91731C 0.8

6A 400,, 183 V 8448 0200, 0.201/ 200 252906 19 40162 38 80131 35 11P324 49

10A 1001/ 172 VJ148 252907 22 00107 10 80132 35 711132C 63
10A 400V 201 V3048 20VA - Clan. Type Conttruction 257907A 25 BC1078 14 90135 38 TIP414 59

158 100V 215 VL148
158 4000 226 1/1_4413

Approx. 16% Regulation F .0 70. 048, W46 252918 330
2519265

BC108
BC10915

10
16

80136
80137

37
38

71801C 69
71742A 59

30A 1000 242 VIC 148 0.4.50, 04.59 Seconded. 335 Trans 2004 45 253053 17 801080 16 80138 39 T17420 69

30A 400V 260 V8448 669,060 60 253054 50 80109 10 80139 35 19112955 66

S.C.R.'s
612V, 0.12V 120
6150,0-15V 150 253055 50

801098
8C109C

17

18,

80140
8E116

35
28

1103055 54
TIS43 31

48 400V 54 01061.1
12A 400V 108 TIC12613

0.17.5V, 0-17.50 175

0200. 0-200 200
293055
Full ISO Test 86
253340 30

BC147
00148
80149

9
8

66180
BF181
66257

37
37
35

278109C 14

Triacs

104 5001/ 124 07138.500

55VA - Clamp Tvoe Construction

Appro. 10% Regulation F.C. 92, 1464, W57
753442 141

253702 8

253703 11

80157
130158
8C159

10
9

11

1382513

8E259
BF 890

32
36

303
154 5000 177 07139.500 0-6V, 0-60 Secondaries 541 Trans 55VA 60 253704 8 80177 15 88521 428
234 500V 492 BT0141 500 0.120, 0-12V 120 253705 9 801713 15 61%13 73

0151, 0.150 150 253706 9 BC179 18 EIFXP4 26

COMMUNICATIONS INTEGRATED
0.20V, 0-20V 200

0.30V. 0-30V 300
253707 9

253708 9

BC182
601821

10
11

88 085
BF 886

16
30

CIRCUITS - PLESSEY 253709 11 BC183 10 88)187 22

SL36VC 242 SL641C 384 100VA Frame TVIM Construction 753173 270 BC11331 11 BF 26

51_362C 302
SL810 230

SL650C 865
SL651C 786

Abort. 6% Regulation 087, W74, 064 253819 20
253820 39

BC181
13C18111

10
11

8811'50
OF N'51

15

15

51611[ 230
616127 230

5L652C 329
016800 230

0250, 0.25V Secondaries 825 Trans 100VA 250
0400,0400 9,0

253866 97
253903 20

BC212
BC2121

10
11

8E952
8F V90

18

97

SL613C 394
SL620C 367
SL621C 347
SL6220 854

SI 701C 220

S1.16100 166
SL1611C 166

SL1623C
SL16250

253904 8

253905 12

253906 11

253962 95

BC213
802131
BC214
002141

10

11

10

11

131 065
80'35
Br_ 093/11

131.25

238
1889
7706

175
251
225

5116800 170 I SP8629 446

SL6600C 890 1 SP86308 1361
SP8690 907
5P87600 680

SI-623C 629 SL1612C 166 511626C 251 $166400 401 S786556 1058 S787906 054 254347 727 8C327 17 81.29 175

SL624C 311 SL1613C 193 SL1630C 166 5L6650C 378 5886578 1058 67879413 454
254401 20 BC328 15 BRV39 45

SL630C 218 SL 1620C 125 SL1640C 193 SPB6590 907 754403 10 8C337 16 85069 33

5L640C 384 SL 1621C 225 SL1641C 193 5P88608 907 254416 86 7338 14 85020 19
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Monitor

MEGA -CYCLE?

It's good to see young engineers be-
ing encouraged to develop their ideas.
We've just received the results of the
'Bike of the Future Design
Competition', organised by the British
Cycling Bureau.

In the Accessories and Com-
ponents category John Colesby
took a joint first prize (£250) for his
'Cyclometer'. A magnetic sensor on
the front wheel is connected to the

meter body on the handlebar. A
readout of speed (MPH or KPH) is
constantly available, along with
maximum speed achieved, average
speed and distance covered. In ad-
dition it can be used as a stopwatch
and a 24 hour clock as an option.

Already plans are afoot to market
the device commercially and it is
hoped it will be generally available in
the autumn for around £20-25.

RICH MAN'S
TURNTABLE
If your bank balance is sufficiently
fluid and you're really into Hi-Fi then
this has got to be for you. We don't
know if it sounds any better for cost-
ing £350.00 but just think how imp-
ressed the neighbours will be when
they hear how much you paid for it.
Seriously though, the turntable is an
extremely well made device. It is des-
tined for the professional user (they're
the only ones who could afford it).

It features an electronic speed
control with direct speed readout on
an LED display. The turntable which is
instant starting, provides for slip cue-
ing.without a loss in speed and it has
back cueing with no drag. Lee Engin-
eering Ltd will be marketing the 'QRK
Electronics Galxy', you can find them
at: Napier House, Bridge Street,
Walton -on -Thames, Surrey.

IRON TAMER
If you've ever suffered from Nylo-sock
solderitus (a large blob of solder stub-
bornly clinging to your skin). The
infamous Solder Moth (known for
eating large holes in poly -cotton
material) or long mysterious scars all
over your hands and body, then
you're a victim of a wild soldering iron
attack.

Soldering irons have been known
to leap up without warning at an
unsuspecting hobbyist, inflicting
grevious wounds. A simple way to
control these unruly beasts is to invest
in a cage. Adcola, the soldering iron
people have introduced such a device,
called the L686S Safety Stand. It
currently retails for £3.06. If you have
any difficutly write to:- Adcola, Adcola
House, Gauden Road, London SW4
6LH.
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News from the Electronics World

CALCULATOR OF THE
MONTH
This month's calculator offering hails
from Ingersol of all people, (believe it
or not Casio have not sent us anything
this month!). This machine is very
much in the 'credit-card' size range,
weight is around 1.25 oz and meas-
ures 53 X 85 x 5 mm (approx.)

Features include the now man-
datory 8 digit LCD display with fully
floating decimal. In close attendance
lurks a 4 function memory,
percentage/square root and several
other inidspensible features. You
can expect a 2 000 hour battery
life (how could we survive with any-
thing less?) Price? Around the £18.95
mark at your local calc. emporium
now.

r-
'ELEtTliONiC CALCUI U U

WWI
/WNW/

7 8 9 C

XKTIO MI NI IliD
4 5 6 Xlit III St NI fit ill

MNG 1 I MU/MO

o + C EEll NI III MI

SOLID STATE CAMERA
Well it had to happen, a really small
solid-state camera has been launched
upon the unwary British market. The
heart of the camera is a 100 x 100
photodiode matrix on a 6mm' silicon

.chip. The uses are obviously very
wide ranging, surveillance and
military weapon guidance for in-
stance.

The camera gives a fully line -
interlaced TV output, compatable
with most systems. The camera was
developed in America by the Reticon
Corporation. UK distribution is being
handled by Herbert Sigma Ltd, Spring
Road, Letchworth, Herts.

TINY TELLY
Latest news from Japan hints that the
long awaited LCD pocket television
will be available early next year.
We've got some rather vague details,
scxreen size is 2.4 inches, the set
consumes only 1.5 watts (only!) and
weighs in at 200 grammes. The LCD

matrix has 57 600 picture elements
(240x240 array). Judging from the
rather poor picture we have, it looks
rather like a cross betweden a powder
compact and an Starship Enterprise
communicator. We just wish they
would hurry up we're dying to get
our hands on one.

TECHNICAL ENQUIRY
SERVICE
As you probably know we offer a
Technical Query service for our
readers (HE projects only please). If
you've written to us and not received
a reply it's because you didn't enclose
a SAE. Sorry to all those who have
called us every name under the sun
but we really can't afford the postage.
PS please mark your envelopes
'Technical Enquiry'.

MICRO -TAPE
The micro -cassette system was first
introduced by Phillips several years
ago. It has, over the past couple of
years enjoyed a great deal of
popularity. Several new micro -
recorders using the Phillips format
have appeared, finding many appli-
cations in dictation etc.

The model featured here is claimed
to be the smallest yet. The machine is
of American origin and measures only
4.1 x 2.5 x 1 inches and weighs
just 8.5 ounces, real spy stuff. The
recorder has a single slide control to
operate record, stop, rewind and
playback functions. Up to 1 hours
playing time is available from each
cassette, (30 mins per side).

The built-in electret microphone is
capable of picking up whispered con-
versions from over 30 ft away. An LED
indicator shows when a recording is in
progress, and an audible end -of -tape
alarm is included.

Obviously all this not going to be
cheap an incredible £1 20 in fact. But
as we've seen so many times in the
past, prices have a habit of tumbling,
very rapidly. If you've got the money
(and inclination) contact: Lanier Busi-
ness products Inc, 100 New Kings
Road, London, SW6.

ERRATA
If you find that your Digi-Bell project
doesn't work very well we're sorry to
say there was a little ommision on the
PCB, a link between pin 1 of IC2 and
the junction of Cl (-ye) and R2 was
left out.

PARKING METER
TIMER
Components for this project should be
readily available from most suppliers.

The three position slide switch is
available from Stevenson Electronics,
or Watford Electronics.

The audible warning device (9v-
15mA) can be obtained from Prog-
ressive Radio, 31 Cheapside, LIVER-
POOL L2 2JD.

We're sorry that some information
was omitted from last month's project
and hope this will answer any queries.

We apologise to readers of HE
for the lateness of recent
issues. This has been due to
printing problems outside our
control; we hope that these
will be short-lived.
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GSR Monitor
Get into the biofeedback scene and learn to relax scientifically with our
Galvanic Skin Response Monitor
THE HE Galvanic Skin Response monitor is a sensitive
resistance -monitoring instrument that produces an
audible output that changes frequency in response to
small changes in the 'victims' skin resistance. The
instrument is intended for use in biofeedback experi-
ments, as an aid to reducing or relaxing nervous tension.

The basic theory behind biofeedback is quite simple.
Human beings, like most other animals, have the ability
to exert a high degree of muscular control in response to
visual, aural, thermal, tactile, and other 'sensed' feed-
back mechanisms. They can control virtually any
physical or biological activity that they are able to sense
or monitor.

Humans can't normally control functions like heart
rate, blood pressure, body temperature, mental activity,
emotional stress, etc, because they have no innate way
of sensing these so-called 'automatic' actions. The
biofeedback theory says that if you provide a person with
an artificial means of sensing or monitoring any one of
these functions, that person can soon learn to bring that
function under conscious control.

MIND OVER MATTER
The biofeedback theory works out pretty well in practice,
and biofeedback machines are now widely used in
medical and scientific research establishments. One of
the most interesting aspects of biofeedback applies to
the control of functions of the mind such as nervous
tension and anxiety. That's where the GSR monitor
comes in.

ALL IN THE MIND?
The human body reacts in several ways when its owner
is subjected to mental stress or strain. Extra adrenaline is
released, the heart rate increases, and sweat gland
activity and pore sizes increase. These last-mentioned.
two reactions are reflected in a change in the resistance
of the skin. The resistance falls as tension increases, and
vice versa.

The GSR monitor gives a practical readout of the skin
resistance by monitoring the resistance between the
fleshy parts of two adjacent fingers of one hand via a pair
of probes and conductive electrodes (steel wool held in
place with sticky tape or a metal strap is OK), and
presents this data to the user in the form of an audible
signal that varies in frequency with the skin resistance
and state of mental tension. The tone rises as tension
increases, and vice versa.

GSR monitors are easy instruments to build. They
normally cover the resistance range 5k0 to 1 MO, and
incorporate sensitivity and balance or level controls as a
means of changing resistance ranges.

In use, the operator hooks himself up to the machine,
adjusts it's controls to give a fairly low tone signal, and
then patiently tries to reduce the tone frequency by
relaxing his mind and body. A fair degree of practice may
be needed to get the hang of things, just as a good deal
of practice is needed to get the hang of riding a bicycle,
but after a few half-hour sessions the user should find
that he can exercise a reasonable degree of control over
his mental state when using the machine.

CONSTRUCTION AND USE
Take care during assembly on the PCB to ensure that all
semiconductor devices and electrolytic capacitors are
fitted in the correct polarity. We built our prototype unit
in a small (3 x41/2 x 11/2 inch) plastic case, and fixed the
PCB in place with sticky pads after completing the
interwiring. We used a crystal insert as the audio output
device, as shown in the circuit diagram. This device

The HE GSR Monitor, the case used in the prototype was made
by Vero Electronics.
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GSR Monitor

Fig. 3. PCB foil pattern
for GSR Monitor, take
care when soldering in
the IC's to prevent solder
blobs.

Fig. 2. Component overlay for GSR Monitor, make sure that all
polarised coamponents, ie ICs, diodes etc are inserted the
correct way round.

gives a rather low level of audio output, however, and
some readers may prefer to use a crystal earpiece output
instead, by making a direct substitution of the devices.

When construction is complete, connect a 100k
resistor across the probes and switch the unit on. Now
adjust the level and sensitivity controls to obtain a fairly
low audio tone. Note that the LEVEL controls are very
slow acting, and take several seconds to effect the tone
signal, and that on most cases the COARSE LEVEL
control can be left in the fully anti -clockwise position.

Next, reduce the effect value of the 100k probe
resistor by shunting it with a IMO resistor, and check
that the tone signal rises. Experiment with the LEVEL

10

RV1

RV2

OUTPUT

RV3 RV3

OV +9V
VIA SW1

RV1
SLIDER

PROBE

PROBE

Close-up of the PCB and battery, the PCB is mounted on to the
case by double -sided sticky pads.

and SENSITIVITY controls to find a setting where the
maximum possible frequency shift occurs when a small
change is made in the value of the probe resistance.
Experiment with different values of resistor, to get the
'feel' of the monitor.

When you are confident that the GSR monitor is
ready for use, make up a pair of conductive electrodes
from soft steel wool and bond them to the fleshy tips of
two adjacent fingers of your non -dominant hand with
sticky tape or wire, and connect them to the probes. Now
just sit down and relax in a comfortable chair, and try to
control the audio tone of the machine with your mind.
After a few sessions of practice, you should be able to
control the machine's tone, and your own mental state,
without difficulty. If you can't, don't ring us, we'll ring
youl HE
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HOME
COMPUTERS:
A SURVEY

First there was ETI, catering for the same stable. CT covers the area of small -
middle -range to advanced electronics en- business and amateur computing and deals
thusiast. Then there was HE which was with both software and hardware.
aimed at the newcomer to the field. CT's third issue (cover date of May) is

Now there is Computing Today from the out now - 50p at your newsagent.

,,ttlllllllllt11111.tlllltttttttttttttttttttttttttt......Short Circuit

TREMOLO UNIT
This is one of the most popular
types of special effect unit for use
with guitars, the operation is to
amplitude modulate the input
signal with a low frequency signal.
Thus a constant input as in (a)
would emerge from the tremolo
unit varying in amplitude at a low
frequency as in (b).

In this circuit the input signal is
taken to the input of an electronic
attenuator (based on IC2) via a
common emitter amplifier using
Q1 R6 sets the gain of the attenu-
ator kwith zero modulating voltage)
at about unity, but the amplifica-
tion provided by Q1 gives an out-
put level of a few hundred milli-
volts. This can either feed a high
level input of the amplifier, or R7
can be adjusted to attenuate the
output to a level which is suitable to
drive the ordinary guitar input. It is
necessary to have the stage of
amplification ahead of the IC2 so
that this part of the circuit is han-
dling a fairly high signal level, and
gives a good signal to noise ratio.

The gain of IC2 can be varied by
applying a control voltage to pin 2.
This control signal is generated by
a conventional CMOS astable
circuit which uses two of the gates
contained in ICI. The operating
frequency of the astable can be
varied from about 1 to 10 Hz by
means of frequency control RV1. A
squarewave signal is produced by
the astable, and this must be hit -
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T.V. GAMES
PROGRAMMABLE - £31.86 inc. VAT
COLOUR CARTRIDGE TV GAME
The IV Ganes can be compared to an audio cassette deck and is
programmed 10 play a multitude 01 dilferent games in COLOUR. using
rdriOUS plug h cartridges. At long last a TV game is available which
wit keep pace with improving technology by allowing you to extend
your library of games with the purchase of additional cartridges as
new games are developed. Each cartridge contains up to ten difterent
action games and the first cartridge containing ten sports games is
included free with the console. Other cartridges are currently
ratable to enable you to play such games as Grand Prix Motor
Racing. Super Wipeout and Stunt Rider. Further cartridges are to be
released later this year. including Tank Battle. Hunt The Sub. and
Target. The console comes complete with two removable joystick
player controls to enable you to move in all four directions
liarclowniright/left) and built into these joystick controls are ball
serve and target fire buttons. Other features include several difficulty to &Hew games of blasting obstacles
option switches. automatic on screen digital scoring and colour coding off the scree,
on scores. hall and balls. Lifelike sounds transmitted through the TV's STUNT RIDER - E13.13 inc. VAT.
speaker. simulating the actual game being played. Motorcycle speed trials. jumping
Naeulaceired by Waddingtons Videomaster and Waren- obstacles. leaping various rows of up to
teed for I year. 24 buses etc.

6 GAME - COLOURSCORE II - £14.59 inc. V T
This non -programmable console oilers lour exciting COLOUR games. Tennis.
Football. Smash and Solo as well as an auxilliary socket for connection to
"Shoohng Stir-. an electronic rifle, to add two additional Moving Target Shooting
Games Features 01 the Colourscore II include removable hand controls for
movement both op and down the screen. handicapping switch. half speed switch,
automatic so screen digital scoring and colour coding.

10 GAME - COLOUR SPORTSWORLD
£24.30 inc. VAT
Ike non -programmable console offers ten exciting COLOUR games: Tennis.

 Swish. Hockey, Solo I. Football. Basketball. Gridball. Solo 2 and two unique
buill-in target shooting games. Features include Iwo removable joystick player
canlrols to enable you to move in all four directions [up/down/right/10j and built
into these joystick controls are ball serve and target fire buttons. Other futures
include handicapping switch. ball speed switch. automatic on screen digital
scoring and colour coding. Realistic hit sounds are transmitted through the TV's N.
speaker. [Manufactured by Waddington Videomaster and guaranteed
tor I yeast.

EXTRA
CARCAR TRIDGES:
ROIL RACE - E9.511 inc. VAT.
Grand Prix motor racing with gear
changes. crash noises. etc.
SUPER WIPEOUT - E9.90 inc. VAT

CHESS COMPUTERS
THE WADDINGTONS VIDEOMASTER

STAR CHESS - £59.50 inc. VAT
PLAY CHESS AGAINST YOUR PARTNER

using your own TV to display the board and pieces
Star Chess is a new absorbing TV games for two players. which will interest and excite
al ages. The unit plugs into the aerial socket of your TV set and displays the board and

pieces in full colour or black and white] on your TV screen. Based on the moves of chess. II adds even more
excitemeat and interest to the game. For those who have never played. Star Chess is a novel introduction to the
classic game d chess. For the expenenced chess player. there is a whole new dimensions of unpredictability
aid dance added in the strategy of the game. Nd only can pieces be taken in convention' chess type moves.
bid each piece can also exchange rocket lire wily its opponents. The unit comes complete with a tree IRV mains
adaptor, full instructions and twelve month guarantee.

CHESS CHAMPION 6 - £89.50 inc. VAT
PLAY CHESS AGAINST THE COMPUTER -

6 LEVELS
Chess Champion is a newly developed electronic microcomputer. manufactured by
WADDINGTONS VIDEOMASTER. The stylish. compact. portable console can be set to
play al six dill rent levels of ability from beginner to expert including "Mate in
two" and "Chess by Mail". The computer will only make responses which obey
nternational chess rules. Castling. on peasant and promoting a pawn are all included as part of the computer's
programme. ft M possible to enter any given problem from magazine or newspaper or alternatively establish
your own board position and watch the computer react. The positions of all pieces can be verified by using the
computer memory recall button. Chess Champion comes complete with a tree 911 mains adaptor, lull instructions
and a twelve month guarantee.

Weald chess champion ANATOLY KARPOV says:
"This chess computer is a new and interesting partner with remarkable game variations."
CHESS CHALLENGER 7-L92.50 inc. VAT
Play chess against the computer at 7 diflerent levels. [Similar to Chess
Challenger 10 but unit has only 7 levels of play'. Price includes unit with
wood grained housing. and Stainton design chess pieces. Computer plays
black or white and against itself and comes complete with a mains adaptor
and 12 months guarantee.

CHESS CHALLENGER 10-£154.50 inc. VAT
NEW IMPROVED PROGRAMME - MK 2. APRIL. 1979

Play chess against the computer at 10 different levels. Price includes unit
with solid walnut case aluxe simulated leather 8 brushed gold toil playing
surface A Satainton designed magnetised chess pieces. Comes complete
with a mains adaptor and 12 months guarantee. BORIS - £178.50 inc. VAT
(Chess Challenger 10 illustrated above) Boris u an advanced chess mauler that's programmed

for all classic chess moves. He will play Black or While,
even himseff. He'll even leach you how to play chess and
suggests the moues or you when you're unsure ol what to
do next. Boris can talk to his opponent through his
alphanumeric display and will flash different messages
dieing each game to keep you on your toes. Coris will not
allow illegal moves, and will allow you to enter problems
or set up your own board positions. Boris comes in hand
crafted. solid walnut case with chess pieces and board.
Carnes complete with a mains adaptor and 12 months
guarantee.

FOR FREE BROCHURES - SEND S.A.E.
Fa Ire. illestreel brecheru ad reviews ee T V an/ chess penes please geed a limped. ad& sssss envelope and stele onkich
porlicolar games yea require atomism. on.
Giles rakes. et ear shy a Wellies - demastralion daily - ON. Irmo 9.6.5.30,. MN. Sal. 19o-1 pm wed".
To orhr h 1.1.0.0. plus. hot. your ewe ddddddd 04.1 keels Inrclieurl limier VAT is inc1eile4 IN oil prices -

Paolag4 a halm FREE

AJD DIRECT SUPPLIES LIMITED, Dept. HE3 I=
102 Bellegrove Road, Welling, Kent DA 16 3QD

Telephone: 01-303 9145 (Day). 01-850 8652 (Evenings)
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Display
Techniques
As digital electronics spreads from the lab. to everyday life, we are be-
coming more familiar with LED and LCD displays. Tim Orr goes into the
pros and cons of a variety of display techniques.
A LOT OF ELECTRONIC equipment needs some sort of a
display mechanism. A digital watch needs a number
display that consumes almost zero power and which can
be seen in daylight and in the dark. Pocket calculators
need numerical displays. Digital multimeters and
frequency meters need numerical displays. Pocket
lang-uage translators (English to French for example)
need an alphabetic display. Hand held audio spectrum
analysers need an array of LED bar displays. In fact there
is an enormous present and future requirement for all
sorts of displays.

One of the oldest types of display is the light bulb, the
incandescent lamp. This, however, requires a lot of
power, which usually ends up as heat. It isn't very easy
to build into products and it breaks too easily. The
modern equivalent is the Light Emitting Diode (LED), the
all electronic light source. It can be built in several
colours - red, orange, yellow, green and even infra -red.
It is basically a diode that emits light when the current
passing through it is in the region of 4 to 40 mA. It is
possible to construct the diode in a variety of shapes, a
common one being the seven segment display (Fig. 1).
The seven segments are seven diodes which can be
turned off or on. In doing so it is possible to generate a
variety of displays. Numbers from nought to nine and
sometimes the letters A to F (a mixture of upper and
lower case) are produced. The most common use of the
seven segement display is to display numbers from
some digital system, for example a counter.

COUNT ON THIS
However, the output from a binary decade counter is
in an unsuitable form to drive the display. It is in a code
called BCD (Binary Coded Decimal), which consists of
four signals. These have to be decoded so that the seven
segments are turned on in the correct sequence as the
count proceeds. The piece of electronics that does this is
called a 'BCD to seven segment decoder driver'. Fig. lc
shows the truth table for one of these devices. Most
decoders only work from 0 to 9, but a few will also give
an A to F display as well. There are two types of seven
segment LED displays. One is called 'common anode'
because all the anodes are connected together, the other
is called 'common cathode' because all the cathodes are
common.

Each seven segment display has eight wires con-
nected to it. Thus a ten digit calculator display could
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COMMON COMMON

COMMONAf COMMON
CATHODE

Fig. la. Schematic diagram of 7 segment displays

A

B

BINARY
CODE

BCD
TO

SEVEN
SEGMENT
DECODER
DRIVER

COMMON

EN -

9

INDIVIDUAL
SEGMENTS

DISPLAY

Fig. lb. 4 bit binary input to 7 segment decoder

BCD

BINARY CODE SEGMENTS DISPLAY

bde f

0 0 0 0 ONJ_ON

- ON
ON
ON

ON

-_-
ON ON - -,

.-.
10 0 0 1 1 - -

0 0_,10 LON ON- ON ON - ON ;21

0 0 1 1 1 ON ONION ON - 1- ON .7.

0 1 0 0 - ON ON - _- ION ON 1.1

0 1 0 1 ON ON ON - ON ON Lz,

0 I 1 1 - ON ON ON ON ON _
i1,

0_1 1 1 ON ON ON - - - -
"1

0-01 0 ON ON ON ON ON ON ON ,,
/ 0 0 1 ON ON ON - --ON ON
1 0 1 0 ON ON ON - ON ON ON pl

1 0 1 1 - - ON ON ON ON ON 1 -I

1 1 0 0 ON - - ON ON ON -
1 ri 0 L., _ ON ONION ON ION' -

"1 1 1 0 ' ON - - OINII'ON ION ON :--

1

-i---111I1ION- ON 'ONION 1=

0 = LOGIC LOW
1 = LOGIC HIGH
ON = SEGMENT ON
- = SEGMENT OFF

MOST DECODERS
ONLY WORK FROM
O TO 9

Fig. lc. Truth table for BCD to 7 segment decoder/driver

have 80 wires connected to it, which is clearly not a very
good idea. It would also mean that the calculator
integrated circuit would have to have something like
100 legs on it! The way in which large and even small
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MULTIPLEXED
DATA TO
ALL SEGMENTS b

d

e

3 DECADE COMMON
CATHODE DISPLAY

ONLY ONE TRANSISTOR
4. -IS ON AT ANY TIME

MULTIPLEX
SIGNALS

Fig 2. Multiplexing arrangements to reduce the amount of
interwiring

displays overcome this problem is to use a process called
multiplexing (Fig. 2). This reduces the number of wires
from 80 for a ten digit display to 17 by time sharing the
data. What happens is relatively simple. The 'a' seg-
ments in the display are connected together and so are
all the other segments. However, each common cathode
(or anode in the case of common anode), is separately
turned on by a transistor. The sequence of operation is as
follows. Transistor Q1 is turned on, the seven segment
data for display 1 is selected and so display one lights
up. Next Q2 is turned on, the data for display two is
selected and so display two lights up. Then Q3 is turned
on and then the process repeats itself.

SPEED
In a ten digit system each digit will only be on for
10% of the time. If the multiplex speed is fast enough
the eye will not see the LED's being turned on and off

Fig. 3. Two methods of display driving, the
older method (upper) uses quite a large
number of individual IC's. Using LSI Tech-
nology all of this (loWer) can be reduced to
one chip

14

MUX
CONTROL

and will see a continuous display. Take a LED display
pocket calculator. Light up a few digits. They will not
appear to flicker. Move the calculator rapidly in a circle
and you will see the multiplexing process in operation as
a string of flashing digits.

Most multiple seven segment displays are structured
so as to be multiplexable. Also many of the integrated
circuits that generate the display data output their
information in a multiplexed format. Large scale inte-
gration (LSI) has produced many useful systems in a
single pack. You can buy a Digital Voltmeter (DVM) and
a multi -decade counter -decoder integrated circuit (Fig.
3). A few years ago if you wanted to build a four decade
counter display system you would have needed four
decade counters which generate the BCD codes. Also,
four latches (four bits) to store the count. Also four BCD
to seven segment decoder drivers and four seven
segment displays. This totalled up to 16 IC's and over a
hundred wires. However, using the new method, a four
decade counter/latch /decoder/ driver with multiplexed
data output and a four figure display, the system is
incredibly simple. This is because all those IC's have
been stuck into one LSI chip. This trend towards LSI
makes system design so much simpler. For instance a
frequency meter can be constructed out of four or five
IC's (Fig. 4), or a digital voltmeter can be made from only
two IC's (Fig. 5). There are also many other LED displays
and drivers. There is a dot matrix which can produce all
the letters of the alphabet as well as numbers, (alpha-
numeric display). There are also some IC's that can light
up a string of LED's for bar displays, the light of the bar
being controlled by an analogue voltage. This is parti-
cularly useful for making LED audio level meters or a
large SY matrix LED display.

HEAVY LED
There are some disadvantages in using LED's. They
can consume a considerable amount of current and you

LATCH
CONTROL

4 DECADE COUNTER
DECODER DRIVER

1\.1/`l abed
ef

1:1
1_1 1_1 I=

SEGMENT
DISPLAY

- CK
LATCH

- UP/DOWN
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Display Techniques

LIMITING
AMPLIFIER

SIGNAL
INPUT

ON

1 SECOND
GATE

4 DECADE
COUNTER

4 DECADORS

III -I 1 ID
1_111 11_1

DISPLAY

RESET

LATCH

Fig. 4. Using LSI chips a frequency meter can be built using only
a few chips

can't see them at all well in strong lighting conditions.
This is where the liquid crystal display (LCD) is very
useful. It consumes virtually zero power and it usually
works on reflected light, so the brighter the better. The
display is constructed by sandwiching a liquid crystal
in-between two glass plates. The seven segment pattern
is deposited on the glass in a thin transparent metal
layer. These segments are connected to pins at the side
of the display unit. The rear glass plate is one continuous
electrode. When an electric field is applied between a
front and rear electrode, there is a 'twist effect' that stops
any light being transmitted. This makes the electrode
appear black. Otherwise, with no field present, all the

COMMON
ELECTRODE

50H, SQUARE
WAVE

IBCD INPUT)

BCD TO SEVEN
SEGMENT DECODER

74C48
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)

) D

) D
)

) D

ANALOG
INPUT

DVM
CHIP

a,b,c,d,
e,f,g

. I I

MUX
SIGNAL

Fig. 5. Again LSI technology produces a simple DVM (Digital
Volt Meter) from only a couple of chips

light can pass through the liquid crystal and so it appears
transparent.

Liquid crystals can be constructed so that they have a
reflective back electrode or they can be transmissive so
that they can be illuminated from the rear. There are
chemical light sources that can be used for rear lighting.
These are small tubes of radioactive material that glow
for ten to twenty years. (Beat that EverRe3dy). However,
the liquid crystal is slow in changing from dark to light
and so cannot yet be used in a multiplexed system. As
the pattern of the electrode determines the shape that
you see it is relatively easy to get liquid crystal displays
built to produce your own particular graphics. Also they
are now becoming available in different colours and it
has just been announced that a Japanese company has
made a working model of a flat liquid crystal TV display
although it is still in its early stages.

74086X2

EXCLUSIVE
OR GATES

LCD DISPLAY

'a' TO '9' SEGMENTS

Fig. 6. A method of driving an LCD
display using exclusive OR gales
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GRID

9

ANODES

FILAMENT CATHODE

ANODE SEGMENTS
COATED WITH
FLUORESCENT
PHOSPHOROUS

THE WHOLE STRUCTURE
IS CONSTRUCTED IN
AN EVACUATED GLASS
ENVELOPE

Fig. 7. Construction of a common anode Flourescent display

LONG LIFE
To ensure an LCD display has a long lifetime, the
average DC component of the energising signal should
be zero. This is usually obtained with an exclusive OR
driving network as shown in Fig. 6. LCD displays do
have a few disadvantages. They are rather expensive.
They can easily be damaged by mechanical fracture and
leakage of their hermetic seal. Also strong sunlight can
eventually bleach their polarising filters.

Another very popular display medium is the
fluorescent display. This is relatively inexpensive and
combines high brightness with moderately low power
consumption. The fluorescent display is rather like the
old fashioned gas discharge tube. It is constructed inside
an evacuated glass envelope and uses three electrodes,

Part number &
manufacturer
SN 7447

TEXAS
MM 74C912
National
Semiconductors
MC 14511
Motorola
CA 3161E
RCA

TIL 311
Texas

TIL 307
Texas
TIL 305
Texas

DD1OR
ITT
LM3914
National
Semiconductor
UAA 170

Description

BCD to seven segment decoder
driver
6 digit BCD display decoder
driver. 0-*9 A---F.outputs.
Internal memory
BCD to seven segment
latch/decoder/driver
BCD to seven segment
decoder/driver. Designed to go
with the CA31 62E A to D
converter
LED dot display +store, decoder,
driver. Displays 0-9, A --*F
(hexadecimal)
LED display + counter decoder
driver
5x7 alpha numeric dot matrix
display. Can display, A to Z, 0 to
9, and other symbols
Bar graph. 10 LEDs in a DIL
package
Dot/ bar display driver. Converts
an analogue input into a dot or
bar display
Dot display driver. Converts

a cathode, which is a low temperature filament, a grid,
which is a wire mesh that seperates the cathode from the
anode (the grid is used to turn the display on and off),
and the third electrode is the anode, which can be
constructed in any shape, a seven segment being
common (Fig. 7). The anode is coated with a fluorescent
material that glows a green /blue colour when fast
moving electrons (from the cathode) strike it. Thus, by
connecting the right voltage to the anode segments
(typically 24 V), a seven segment display can be
generated:

LIGHT FANTASTIC
Fluorescent displays can be multiplexed and this is
where the grid is used. The grid can be biased to collect
ali the electrons from the filament so that none strike the
anodes of that digit and so no light is generated except
on the display for which the seven segment data was
intended. One company (ITRON) makes an enormous
range of display shapes. These include seven segment
displays with various characters like AM, PM, k(), V, A,
analogue bar displays, 14 segment alpha -numeric
displays, 5x7 dot matrices. I have also seen fluorescent
aircraft altitude displays and enormous XY matrix.

Display technology is making great improvements all
the time. Maybe in the next decade we can look forward
to developments such as flat tube displays (making
pocket TV and oscilloscopes possible) and multi -colour,
fast moving multiplexable LCD displays. These could be
linked to solid state TV cameras making all electronic
cameras possible. The film for these devices could be
erasable Read Only Memories. Maybe these will appear
in the next decade, However, for those who want to
purchase something now, here is a list of a few currently
available products. Fig. 8.

Part number &
manufacturer Description

SGS ATES analogue input into dot display
MC14553
Motorola
ZN1040
Ferranti
ICM 7217
Intersil
ICL 7106
Intersil
ICL 7107
Intersil
CA 3162E
RCA

Fairchild
Litronix
Monsanto
Texas
ITT
Brown Boveri
Swarovski
Beckman
Hamlins
ITT
Futaba

3 digit BCD counter. Mux output

4 decade counter driver. Mux
output
4 decade counter driver. Mux
output
31/2 digit DVM chip with LCD
display outputs
3Y2 digit DVM chip with mux
LED output
Analog to digital converter. 3
digit BCD outputs. Multiplexed.
Designed to go with CA31 61 E
LED seven segment displays

LCD seven segment displays

Fluorescent displays

HE

16 Hobby Electronics, June 1979



f14.95
Per stereo pair
 f3.40 p&p

,

Wale IWO 0.1

. ) (' )41i

20 x 20 WATT STEREO AMPLIFIER
Viscount IV unit in teak simulate cabinet Silver finish rotary controls and
pushbuttons with marching fascia red mulls indicator and stereo lack
socket f unctions switch for min magnetic and crystal pickups tape tuner
and auxiliary Rear panel features two mains outlets DIN speaker
and input sockets plus fuse 20.20 watts RMS 4040 watts peak
for use with 8 to 15 ohm speakers f29.90

12 50 pAy

30x30 WATT AMPLIFIER
IN KIT FORM
For the experienced constructor tom
plete in every detail, same facilities
as Viscount IV, but with 3000 output
60a60 watts peak For use with 4 15
ohms speakers

*
f29.00 upar50

SPECIAL OFFER
30 x 30 WATT AMPLIFIER KIT
with BSR P200 belt drive
deck and Shure
M75 cartridge.

f55.00
+ p&p £5.00

EMI SPEAKER BARGAIN,
Stereo pair 350 kit System consists of
13" x 8" approx woofer with rolled
surround, 2,7" approx Audaa tweeter.
crossover components and circuit
diagram Frequency response 20 Hz
to 20 KHz Power handling 15 watts RMS
20 watts max
8 ohm impedance 4
BSR P200

Belt drive chassis turntable unit semi f2z1.U0
automatic, cueing device p&p f2 55'

A D C DIM 30 Mk III Magnetic Cartridge
to suit f7.75

GARRARD DECK
MODEL CC 10A
Record changer with cueing device
fitted with stereo ceramic cartridge
ready to tit into your own plinth

f7.95 p&p (2 00 Size 12" x Pr'

Manual single play
record deck with auto

return and cueing lever fitted with stereo
ceramic cartridge 2 speeds with 45 r p rat

spindle adaptor ideally suited nom home

BSR

OUR PRICEf10.95 1;1'

SANYO Nic /cad battery. with
mains charger equivalent in
size and replaces 4 SP I 1

type balls. Size 33/4"x 1'."
x 2" approx

f 7.50 fr 5Pop

BARGAIN FOR
PERSONAL
SHOPPERS ONLY
Altone UA4
Stereo System

Features 8 watt total output. Full size BSR manual turntable
with cueing and auto return. Socket for tape in and out and
stereo headphones

complete with speakers

Micro Cassette Recorder
Pocket size -home or office use or
when travelling

Battery operated fluorescent
camping lamp.
Runs off 8 U2 batteries

f34.95

f13.95

f4.50

Mullard
AUDIO MODULES IN
BARGAIN PACKS
CURRENT CATALOGUE

PRICE s
ATOVER

PER PACK

SEE OUR PRICES
PACK I 2 x 1P1173 lOw RMS output power audio
amp modules, r. I LP1182/2 Stereo pre amp for
ceramic and auxiliary input

OUR PRICE f 4.95
pop f1 00

2 PACK 2 2 x LP1173 1 Ow RMS output power audio
amp modules a 1 LP1184 /2 Stereo pre amp for
magnetic. ceramic and auxiliary inputs

illUS p*Up f 1RICE00
OR P £7.45

AVAILABLE ALSO TO PURCHASERS OF. THE 10  10 AMPLIFIER KIT

10 + 10 AMPLIFIER KIT
An opportunity to buy a 10 watts per chandel stereo
amplifier kit which is suitable for use with a ceramic
cartridge The amplifier utilises proven Mullard modules and
is available at a very competitive price The amplifier kit
comes complete with instructions and includes a Mullard

LPI 183 stereo preamplifier module. two LP1173 power
amplifiers with integral heatsinks, a power supply.
Zobel networks, front and back mounting panels. a finished
fascia panel, all control potentiometers (bass. treble.
volume and balance), switches, maul. output and headphone
sockets, wire, and an easily assembled wrap around cabinet
to house the finished unit

Size approximately
x 814" x 4"

rretp f2 05 E1 1 .95

LED 5 funumn men s digital watch
stainless steel finish
LCD 5 function men s digital watch
stainless steel finish

LCD 8 function CHRONOGRAPH men s digital
watch stainless steel finish
POCKET CALCULATOR With LED display memory
and percentage key

AM, FM DIGITAL CLOCK
RADIO Accurate 4 Digit
Electronic Clock with 4" 110
display Buzzer and
SKIM timer

f11.95
125 Watt Power Amp Module

Mains power supply for above unit

teriLLARD Built power supply

DECCA 20xv Stereo speaker kit comprising
2 El" approx bass units 2 3liz" appro.
tweeter inc crossovers
VIDEOMASTER Super Score TV Game
with pistol mains operation

PORTABLE RADIO/CASSETTE RECORDER
LW. MW. SW. VHF mains/battery operation

VIDEOMASTER COLOUR
SHOT TV GAME
Choice of three games -Football. Tenni
aid Squash Ready to play -one or two
players MAINS OPERATED OPPORTUNITY AT f9.95 ONLY

£5.95
f6.95

f12.95

f2.95

00111

f13.95
f3.50
f 1.50

£20.00
£14.95

AM. FM with dock

f41.95

C
325 EDGWARE ROAD, LONDON W2
21HHIGH STREET, ACTON W3 6NG

ACTON: Mail Order oily. No callers
ALL PRICES INCLUDE VAT AT 121/2%

Al dews subject to availability. Price correct al 4/4/79 and subject to
change without notice

ACCESSORIES ARE ONLY
AVAILABLE TO THOSE
CUSTOMERS WHEN BUYING
OUR BARGAIN PACKS

ACCESSORIES
Suitable mains power supply parts.
consisting of mains transformer, bridge
rectifier, smoothing capacitor and set
of rotary stereo controls for treble,
bass, volume and balancef2.90

plui C 1 50 p&p

50 WATT MONO
DISCO AMP

£29.95
Sire approx. 133/8" x 51/4" x 63/4"

Two Way Speaker Kit
Comprising of hvo 8" x 5" approx
4 ohm bass and two 3'," 15 ohm mid
range tweeter with two
crossover capacitor, L

pet stereo pair
plus CI 50 p&p

41

50 watts ins 100 waits peak output Big features include two disc
inputs. both for ceramic cartridges, tape input and microphone input
Level mixing controls fitted with integral push pull switches Independent
bass and trehle controls and master volume

tl

70 & 100 WATT
MONO DISCO AMB
Size approx
14" x 4" x 10,i"
Brushed aluminium
fascia and rotary controls
Five vertical slide control, master volume.
rape level. tom level, deck level. PLUS INTER DECK FADER
for perfect graduated change from record deck No I to
No 2, or vice versa. Pre lade level conbol 70 watt
(PEE) lets YOU mar next disc before fading 140 watt peak f57
it in 00 meter monitors output level p&p Cit 00
Output 100 watts RMS 200 watts peak 100 wait £65

For personal shoppers only

DUO II SPEAKERS
Attractive teak finish, modern design.
incorporating 2 speaker units -8"
approx woofer and 2'o" approx
tweeter 45 to 1800 Hz Impedance
8 ohm; Power 15 watts RMS
20 watts max Per stereo pair

f17.00

FOR PERSONAL SHOPPERS ONLY

Price £10.95
Size approximately 47" x 15' 2" x 15"

STEREO RADIOGRAM CABINET
Finished in a natural teak veneer with opening top.
Easily modified to accommodate stereo equipment of
your choice.

Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432. 9.30am-5.30pm. Closed all day Thursday ACTON: Mail Order only. No callers GOODS NOT DESPATCHED OUTSIDE DR
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SPECIALS
TOP PROJECTS
Book 1 + 2: E2.50 + 25p P&P.
Master mixer, 100W guitar amp., low power laser, printmeter, transistor tester, mixer
preamp., logic probe, Ni-Cad charger, loudhailer, 'scope calibrator, electronic ignition, car
theft alarm, turn Indicator canceller, brake light warning, LM3800 circuits, temperature
alarm, aerial matcher, UHF -TV preamp., metal locator, four input mixer, IC power supply,
rumble filter, IC tester, ignition timing light, 50W stereo amp. and many more.

Book 3: SOLD OUT!
Book 4: E1.00 + 25p P&P.
Sweet sixteen stereo amp., waa-waa, audio level meter, expander/compressor, car theft
alarm, headlamp reminder, dual -tracking power supply, audio millivoltmeter,
temperature meter, intruder alarm, touch switch, push-button dimmer, exposure meter,
photo timer, electronic dice, high -power beacon, electronic one-armed bandit ...

Book 5: £1.00 + 25p P&P.
5W stereo amp., stage mixer, disco mixer, touch organ, audio limiter, infra -red intruder
alarm, model train controller, reaction tester, headphone radio, STD timer, double dice,
general purpose power supply, logic tester, power meter, digital voltmeter, universal
timer, breakdown beacon, heart rate monitor, IS metal locator, temperature meter ...

Book 6: £1.00 + 25p P&P.
Graphic equaliser, 50/100W amp. modules, active crossover, flash trigger, "Star and Dot"

,game, burglar alarm, pink noise generator, sweep oscillator, marker generator,
audio-visual metronome, LED dice, skeet game, lie detector, disco light show ...

graphic Equaliser Marker Cenerator

Power Amplifier Wan 12 Seal
CCTV Camera.......He Atartr

110 Dice Sound- field lima MN"

Expander -Compressor.

Top pRoJECTS

° 10 at- trermemetier

Stars D Dots logic Game lightshow

Active Crossover....Hear and Tell Unit

Pink Noise Generator GU Monitor

Sweep Oscillator Stereo MOW

electronics
tomorrme "P
rtigZ;FeW-

WHAT'S
NAPPEPI,N, 411,

te?dr,audto.r.

these.
.4"

ELECTRONICS TOMORROW
Comprised entirely of new material, the
edition covers such diverse topics as Star
Wars and Hi-Fi! The magazine contains
projects for everyone - none of which
have appeared in ETI - and a look at the
future of MPUs, audio, calculators and
video. How can you not read it'

75p + 25p P&P.

Cosputfoi
Display Systems
Digital Instruments
Transmission links
Stapes 6 Retarders
Control of Power

ELECTRONICS - IT'S EASY
Books 1, 2 & 3.
Our successful beginners series came to an
end some time ago now, and the whole
series is available from us in reprint form.
The three books between them contain all
the information presented in the series
(sometimes in more detail!) and together
form an excellent starting point for any-
one interested in learning the art of
electrqnics.

£1.20 + 25p P&P each.

FROM THE PUBLISHERS Of
ELICTRONICS TODAY IHIERHALIONL.

En

CIRCUITS

Not
£1.50

ETI CIRCUITS
Books 1 & 2.
Each volume contains over 150 circuits,
mainly drawn from the best of our Tech -
Tips. The circuits are indexed for rapid
selection and an additional section Is
included which gives transistor specs, and
plenty of other useful data. Sales of this
publication have been phenomenal -
hardly surprising when the circuits cost
under Ip each!

£1.50 + 25p P&P each.

ORDER FROM
Specials Modmags Ltd 25-27 Oxford Street London W1R 1RF

Postage and packing also refers to overseas. Send remittance in Sterling only.
Please mark the back of your cheque or PO' with your name and address.
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Envelope
Genenerator
Here's a project that you can use to simulate the sound of any musical
instrument, or used with the HE White Noise Generator to produce various
sci-fi effects.
SO WHAT, YOU MAY ASK, is an ADSR (Attack, Decay,
Sustain, Release) envelope generator, and what is it
used for? It is a device that is used in electronic sound
and music synthesis to mould the output sound enve-
lope of a standard input signal (a tone or white noise
signal) to the precise shape desired by the operator. By
modifying the envelope, the operator can simulate the
sounds of all types of musical instruments, or can
simulate man-made sounds such as gun shots, ex-
plosions, steam engine 'chuffs', etc., or can create
completely new 'science fiction' types of effects at will.

The action of the ADSR generator can be understood
more clearly with the aid of the explanatory diagram of
Figure 1. The top part of this shows what happens if you
pass a steady tone signal through a linear transmission
gate (an electronic switch) that is activated by an external
control switch. The input signal appears at the output,
with virtually zero 'Attack' time, as soon as the control
switch is closed, it has a 'Sustain' amplitude identical to
that of the input signal for the duration of the switch
closure, and disappears with virtually zero 'Release' time
as soon as the switch is opened again. The resulting
output signal sounds completely artificial and unin-
teresting.

ATTACK AND DECAY
The lower part of the diagram shows what happens if the
same input signal is passed through the ADSR envelope
Fig. 1. The diagram at the top shows the totally artificial
waveform that is generated when a simple signal is passed
through a transmission gate. The lower diagram shows the more
realistic waveform that is produced when the same signal is
passed through the ADSR envelope generator.

INPUT
SIGNA

IN

IN

LINEAR
TRANSMISSION

GATE

CONTROL
SWITCH

ADSR
ENVELOPE

GENERATOR

CONTROL
SWIVEH

ADSR generator shown with the top removed, using the case
specified it looks really professional.

generator. When the control switch is closed, the
amplitude of the output signal first rises from zero at a
controlled 'Attack' rate to a peak value, at which point it
'Decays' at a controlled rate until it reaches a controlled
'Sustain' amplitude, which it then maintains for the

OUT

OUT

ATTACK -I.-

p

h-CONTROL SWITCH CLOSED -4. - RELEASE

r  nnl, n, A A

V

CONTROL SWITCH CLOSED

rATTACKIDECAVD.-
I

SUSTAIN

RELEASE101

SUSTAIN -
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Envelope Generator
Parts List

RESISTORS (All 1/4W, 5%)
R1,2 33k
R3,10 100k
R4 10k
R5,7 lkO
R6 1k2
R8 2k2
R9 22k
R11 1k5
POTENTIOMETERS
RV1,2,3 IMO Lin
RV4 47k lin
CAPACITORS
C1

C2
C3
C4
C5
C6
SEMICONDUCTORS
Q1
D1

IC1
IC2,3
IC4
IC5
LED 1
S1

10u 16 V Tantalum
47u 16 V Electrolytic
1 u 16 V Electrolytic
220u 16 V Electrolytic
620p Polystyrene
10u 16 V Electrolytic

BC109
IN4148
4016B
741
555
MC3340P
TIL220
Sub -min Toggle
(on -off)

Case used on prototype is available from Maplin, Type
B1. 5 pin. DIN socket (see text).

Approximate cost: £5.00

Buylines
All of the components in the ADSR circuit are
commonly used types, and should be available
from most suppliers that advertise in this
magazine.

L
Fig. 4. PCB foil pattern for ADSR generator.

duration of the switch closure. When the switch is
eventually opened again, the output signal amplitude
falls to zero at a controlled 'Release' rate. The Attack,
Decay, Sustain, and Release dimensions of the output
sound envelope are all under the full control of the
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KEY
CONTACT

RV1

KEY
CONTACT

FLOATING
LEAD

RV2
RV3

R V1.2,3

AF LED
IN CATHODE

LED AF
ANODE OUT

RV4
SLIDER

RV4

SW 1

RV4

ov

Fig. 3. PCB component overlay, note orientation of polarised
components.

operator, and the resulting output signals can readily be
made to sound natural and interesting.

The complete ADSR instrument is intended for use in
conjunction with an input signal source (the April "79 H E
White Noise Unit, which can also act as an oscillator, is
ideal), and an output power amplifier. The instrument can
be activated via either a single switch, or via a bank of
parallel -connected keyboard switches, which can also be
used to control the frequency of the unit's input signal.

CONSTRUCTION

All of the ADSR circuit components other than the pots,
switch, and LED, are mounted on a single PCB. Take
care when wiring up the PCB to observe the polarities of

J all semiconductor devices and electrolytic capacitors. On
our prototype unit we mounted the PCB and battery,
etc., in a metal case measuring approximately 6 x 4 x 2
inches. Interwiring of the PCB and controls, etc., should
present no problems. The input, output, and control
switch are coupled to our prototype circuit via a 5 pin
DIN socket, but alternative connection methods can be
used if preferred. HE
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Moving Coil
Multimeters
Moving coil meters are very versatile instruments. Ray Marston explains
how they work and how to use them to measure voltage, current and res-
istance and how to convert them into multimeters.
MOVING COIL or D'Arsonval meters are The most basic
and versatile measuring instruments in any electronics
laboratory. Essentially, they are sensitive but relatively
inexpensive current -measuring electro-mechanical de-
vices that give a visual analogue readout of the mag-
nitude of the current being measured. Individual moving
coil meters are designed to measure only single ranges
of DC current, but can easily be persuaded to measure a
wide range of AC or DC voltages or currents by connec-
ting them to suitable rectifiers, voltage multiplier resis-
tors, or shunts. They can readily be adapted for use as
resistance -measuring meters and form the basis of
almost all good quality analogue multimeters.

In the next few pages we describe how moving -coil
meters work and how to convert any existing meter to
read alternative ranges by designing your own shunt and
multiplier networks, etc. We also show the full circuit
diagrams of two famous high -quality multimeters, the
Avo 8 and the Avominor Mk 5.

HOW MOVING COIL METERS
WORK
The operating principle of a moving coil meter is quite
simple. The meter incorporates a coil of fine wire wound
on an aluminium former or bobbin that is supported by
delicate bearings, so that the assembly can move under
almost frictionless conditions (hence the title 'moving -
coil"). Also mounted on the assembly is a pointer, which
projects over a fixed and graduated scale enabling any
degree of movement of the coil to be read off the scale.
The coil is mounted within the powerful magnetic field of
a fixed permanent magnet .(see Fig. 1). Current can be
fed to the coil via a pair of contra -wound coil springs,
which are fitted at opposite ends of the bobbin in such a
manner that their tensions balance out when the pointer
is in the 'zero" position.

When current is passed through the coil a magnetic
field is set up which interacts with that of the permanent
magnet and applies a torque to the coil assembly. This
rotates until a position is taken up in which the torque is
balanced by the force of the two coil springs. The degree
of rotation of the assembly, which includes the pointer,
is directly proportional to the amount of current passed
through the coil. Thus, the scale can be directly and
linearly calibrated in terms of current.

All moving coil meters, irrespective of the manner in
which their scales are calibrated, work on the basic
principle outlined above, and inherently read only mean

22

SCALE

COIL
AND
FORM R

LEADOUT WIRES

Fig. 1. Basic moving coil meter movement.

DC currents: they do not respond to AC. Most meters are
designed with their 'zero' mark on the extreme left of
their scales and thus respond only to positive DC
currents. A few meters have their zero mark at the centre
of their scale and can respond to both positive and
negative DC currents. Virtually all moving coil meters are
provided with a limited means of external zero adjust-
ment, usually via a small screw -headed device fitted at
the front of the meter.

The vast majority of moving coil meters have a basic
sensitivity or full-scale current indicating capacity of
between a few tens of uA and a few mA. The current
indicating range of a meter can be increased above the
basic value by wiring the basic meter in parallel with a
low -value 'shunt' resistor, as shown in Fig. 2, so that the
basic meter reads full-scale when the total current of the
circuit is at the prescribed high value.

Alternatively, a meter can be made to give voltage
readings by wiring the basic meter in series with a high
value 'multiplier' resistor, as shown in Fig. 3, so that the
basic meter reads full-scale when the voltage across the
complete circuit is at the prescribed value. Similarly, the
meter can be made to read AC quantities by feeding the
quantities to the basic meter via a suitable rectifier or
AC/DC converter network and can be made to read
resistance values by connecting the test resistors to the
basic meter via a suitable voltage source.
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'SHUNT'
RESISTOR

\ AA/

99mA

0 0-  0
+ 100mA 100mA

II 
1mA

Fig. 2. The current indicating range of a basic meter can be
increased by connecting it in parallel with a 'shunt' resistor.

10V

'MULTIPLIER'
RESISTOR

+ 100k

100uA

Fig. 3. A basic meter can be made to indicate voltage by wiring
it in series with a 'multiplier' resistor.

Fig. 4. Set-up for determining the internal resistance, r, of a
moving coil meter. Method of use is explained in the text.

COIL SUSPENSION METHODS
All moving coil meters have their movements or coil
units suspended on some kind of bearing assembly.
Usually the bearings are of the jewelled type. Inevitably,
a certain amount of friction occurs between the coil
pivots and the bearings, and these meters consequently '
suffer from a characteristic that is known (in the trade) as
'stiction'.

At best, stiction causes a rising test current to give an
indication that is slightly below the true value and a
falling test current to give an indication that is slightly
above the true value. Whenever an accurate measure-
ment is to be made, these meters should be gently
tapped with the finger to overcome stiction and give a
true measurement. At its worst, stiction can cause a
movement to jam at various points when it is fed with
slowly varying currents.

A few moving coil meters have their movements
suspended on a taut -band or rod, rather than on
bearings. These taut -bands act rather like a torsion bar,
with the bar or taut -band doubling as both a frictionless
bearing and as a pair of contra -wound coil springs:
current is fed to the coil via light -weight fly -leads.
Meters of this type are known as moving -coil taut -band
suspension meters. They do not suffer from stiction
problems, but tend to be rather more expensive than
conventional meters.

METER ACCURACY
One of the most important but least understood charac-
teristics of a meter is its accuracy. The accuracy of a
moving coil meter is invariably expressed in terms of
percentage and may refer to the percentage error
inherent in the absolute reading over the 'effective
range' of the instrument, or to the 'percentage of

full-scale value' error in an absolute reading over the
'effective range' of the instrument. The 'effective range'
is defined as 'from 0.1 of scale range to full-scale value'
in DC -indicating meters, and 'from 0.25 of scale range
to full-scale value' in AC -indicating meters.

The most misunderstood 'accuracy' term is that
relating to 'percentage of full-scale value'. A typical
accuracy (possible error) value may be 2%. Take the
case of a meter that is calibrated to give a full-scale
reading of 100 volts. At full-scale the possible error of
indication is 2%, or 2 V, so the true full-scale voltage is
in the range 98 V to 102 V. At half -scale the possible
error is still 2 V 2% of full-scale), so the true value of
an indicated 50 volts is 48 V to 52 V and the absolute
accuracy is 4%. At quarter -scale the true value of an
indicated 25 volts is 23 V to 28 V and the absolute
accuracy is 8%. Finally, at one -tenth of full-scale the true
value of an indicated 10 volts is 8 V to 12 V and the
absolute accuracy is a mere 20%.

The accuracy of most meters is specified in the
;percentage of full-scale value' term and the possible
accuracy here is generally restricted by the stiction
problem. High -quality jewelled -bearing meters, such as
the Avo 8, give typical accuracies in the range 1% to 2%
of full-scale. Poorer quality meters have typical accu-
racies in the range 3% to 5% of full-scale. Meters with
taut -band suspension do not suffer from the stiction
problem and typically give accuracies of 1% absolute
plus or minus 1 % of full-scale.

METER SENSITIVITY
The most important characteristic of a meter is its basic
full-scale sensitivity or current -indicating capacity. This
parameter may be expressed in either of two ways, either
in direct terms of its FSD (full-scale deflection) current, or
in terms of k /volt (kilohms per volt). The latter figure is
of use when converting a milli- or micro -ammeter into a
voltmeter and can be deduced by taking the reciprocal of
the FSD current figure in milliamps. Thus, a 1 mA FSD
meter has a sensitivity of 1 k /volt and a 100 uA FSD
meter has a sensitivity of 10 k /volt.

The basic sensitivity of a meter is usually marked on
its scale; if not, it can be determined by comparison with
a standard meter. Sometimes it's useful to know the
voltage that is required to give fsd on the basic meter and
this value can be calculated by multiplying the meter fsd
current by the meter internal (coil) resistance. The fsd
voltage is commonly in the range 50 mV to 150 mV.

METER INTERNAL RESISTANCE
The coil of a meter has a resistance that may vary from a
few ohms in low -sensitivity meters to a few thousand
ohms in high -sensitivity meters. It is necessary to know
the value of this resistance if the indicating ranges of a
basic meter are to be changed. In some cases, the basic
meter resistance value may be marked on the meter
scale; if not, it can be determined by the method
described below. Note that NO ATTEMPT SHOULD
EVER BE MADE TO DIRECTLY MEASURE THE
COIL RESISTANCE OF A METER WITH AN
OHMMETER, since such an attempt may result in
severe damage to the meter movement.

Fig. 4 shows the basic set-up for measuring the meter
coil resistance. RV1 must have a value that is between
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R4
3M0

R1
100k

100uA

R2
200k

Fig. 5. Two alternative ways of switching multipliers on a
4 -range DC voltmeter. Method (a) is sometimes used in low-cost
multimeters. Method (b) is used in good -quality multimeters.

10 and 25 times the k /volt value of the meter. Initially,
RV1 is set to maximum value, so that the meter draws
less than full-scale current when it is first connected.
Once the meter is connected, RV1 is adjusted so that the
meter reads exactly fsd. A shunt resistor, RV2 (usually a
decade resistance box), is then placed across the meter
and adjusted until the meter reading falls to exactly half
of the fsd value, at which point half of the total circuit
current is clearly passing through the meter and half
through the shunt, and RV2 has a value equal to the
internal resistance of the meter. The measurement can
be verified by briefly removing the shunt, at which point
the meter indication should return to fsd.

The internal resistance value of the meter can then be
established by noting or measuring the value of RV2.
Note that RV1 should have a final in -circuit value that is
at least 50 times greater that the measured internal
resistance of the meter. If not, use a battery with a higher
voltage than shown in Fig. 4, and increase RV1 accor-
dingly, as excessive errors may otherwise enter the
calibration due to non -constant currents through RV1 .

An alternative method of determining the meter
resistance using the same set-up as shown in Fig. 4 is to
simply connect a precision resistor of known value
across the meter in the RV2 position and note the
change in meter reading that takes place. The internal
meter resistance, r, can then be calculated from:

r=Rp(i-I)/1

where Rp is the value of the precision resistor in parallel
with the meter, i is the fsd rating of the meter, and I is the
new reading of the meter.

DC VOLTMETERS
A moving coil (milli- or micro-) ammeter can be made to
measure voltages by adding a suitable resistor in series
with the meter, as already shown in Fig. 3, the resistor
being referred to as a 'voltage multiplier' resistor.

If a meter with a sensitivity of 100 uA fsd is to be
used to measure 10 volts fsd, a multiplier resistor must
be found of such a value that, when 10 volts are
connected across the 'volt' terminals, a current of
100 uA must flow. If, for the moment, the internal meter

R3
700k

R4
2M0

resistance is ignored, it can be seen from Ohm's Law that
the resistance is E/i, where E is the voltage and i is the
fsd current of the meter. In this case the answer works
out at 100 k, which is ten times the k /volt figure of the
100 uA meter (= 10 k /volt).

If the voltmeter was required to measure 100 volts
fsd, the multiplier would have a value of IMO, or
100 X 10 k /volt. It can be seen, then, that all that has
to be done (ignoring the internal meter resistance) to
convert a basic moving coil meter to a voltmeter is to
multiply the k /volt figure of the meter by the required
fsd voltage in order to arrive at the correct value of series
multiplier resistance.

When the internal meter resistance is to be taken into'
account the formula becomes:

Rm=(E/i)-r,

where Rm is the multiplier resistance and r is the internal
meter resistance.

To take two examples in the use of this simple
formula, assume that a meter with a sensitivity of
100 uA fsd (10 k /volt) and an internal resistance of
1 k0 is to be used as a voltmeter measuring (a) 3 volts
and (b) 30 volts fsd. The following results are obtained:

(a) Rm= 30 k-1 k= 29 k.
(b) Rm =300 k-1 k = 299 k.

Note in case (a) that the exclusion of r from the calcula-
tion would have resulted in an error of 3.3% in the final
results, but in the case of (b) an error of only 0.33%

Fig. 6. How NOT to arrange shunt switching on a multi -range
current meter. This method is often used in amateur -designed
meters: the meter may be destroyed if the switch develops high
contact resistance during a measurement.
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Moving Coil Multimeters

100uA

Fig. 7. Worked example of a 3 -range universal shunt circuit,
complete with range switch connections.

would have resulted from excluding r. It can thus be
seen that the internal meter resistance can be ignored in
cases other than when low voltages are to be measured.

When a moving coil 'voltmeter' is used it inevitably
draws current from the circuit that is being measured,
thus altering circuit conditions. The low current taken by
the meter, the smaller are the influences that it has on
the circuit under test. General-purpose meters that are
used for measuring voltages in modern electronics
circuits should ideally have sensitivities of at least
10 k /volt, and preferably of 20 k /volt or better.

MULTI -RANGE VOLTMETERS
If several voltage ranges are to be incorporated in a
moving coil meter, two methods of range switching are
possible., These are shown in Figs. 5a and 5b. To
illustrate with an example, assume that a 10 k /volt
meter is to give the following ranges: (a) 10 volts, (b) 30
volts, (c) 100 volts, and (d) 300 volts.

The multipliers required (r being ignored in all cases)
are (a) 100 k, (b) 300 k, (c) 1 MO, and (d) 3M0.

In the case of Fig. 5a the values of R1 to R4 are quite
straightforward and are as above. In the case of Fig. 5b,
however, things are not quite as simple. R1 measures
the 10 V range, and is 100 k. But the 30 V range is
made up of R1 and R2 in series, so R2 is 300 k -
100 k = 200 k. Likewise, (c) is made up of R1, R2 and

R3 in series so R3 = 700 k. By the same token, R4 =
2M0.

The Fig. 5b method of range switching is widely used
in good -quality multimeters and sometimes used in
low-cost meters.

Resistors used for voltage multipliers should be high
accuracy (1 % or better) types, with low temperature
coefficients. Wire wound or metal film types are best:
carbon film resistors are also useable, but metal -oxide
types are not, due to their poor temperature coefficients.
In high -voltage multipliers, check that the voltage
ratings of the multiplier resistors are not exceeded: if
necessary, make the resistance up with several resistors
in series, so that the applied voltage is distributed across
the resistor chain.

4k5

EXTENDING CURRENT RANGES
To extend the current range of a basic meter a 'shunt'
resistor is added across (in parallel with) the basic
movement, as already shown in Fig. 2. A known fraction
of the current under test passes through the shunt and
the remainder passes through the meter, which can thus
be calibrated in terms of the total current passed through
the circuit. The ratio of the shunt and meter currents is
determined by the relative values of the meter internal
resistance and the shunt resistance.
The formula giving the required value of a shunt resistor,
Rs, is:

Rs=n -1 /r

where r is the meter internal resistance and n is the
current multiplication factor (the number of times by
which the required range is greater than the basic
.range). Thus, to convert a 1 mA meter to read 50 mA
fsd, n = 50, and the term n - 1 = 49. Assuming the
meter internal resistance to be 100 ohms, the shunt will
be 100/49 =2.04 ohms.

An alternative formula, which gives the same result,
is:

Rs- It-Im
Im r

where Im is the fsd current -of the meter, and It is the
total fsd current of the circuit. Note that this formula
finally resolves down to a simple V /I form, in which V is
the fsd voltage of the basic meter, and I is the fsd shunt
current.

Individual shunt resistors should either be per-
manently wired across the basic meter, or should be
connected to the meter via low -resistance screw ter-
minals. They should NEVER be switched into position
using the circuit shown in Fig. 6, which is often used in

R=5k TOTAL

SWAMP

50uA RESISTOR

R6
45
R5 R4 R3

0R 45R 4R5

mA 10mA

0
SW1

100,,A 100mA

R2 R1
OR45 OR05

0 + 0+ 0-
1A 10A (COMMON)

Fig. 8. Practical example of a swamp resistor applied to a
6 -range current meter. The 100 uA to 100 mA ranges are switch
selected. The 1 A and 10 A ranges are selected via screw
terminals.

Fsd voltage sensitivity varies from 250 mV on the 100 uA
range to 500 mV on the 10 A range.
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R=5k TOTAL

10V

O
*IN

RV1
2k
set 10V

100V

1kV

Fig. 9. Practical example of an AC voltmeter covering 10 V to
1 kV in 5 ranges. The meter sensitively is reduced to 1 k / volt via
R1,

amateur -designed multimeters. The switch here is
effectively in series with the shunt resistors and inevit-
ably has an unpredictable amount of contact resistance
that varies with time and wear, and consequently greatly
effetts the meter calibration. If the switch contacts go
open circuit during a measurement, due to oxidation or a
mechanical fault, all of the test current will go through
the basic meter, causing possible destruction of the
movement.

If a moving coil meter is to be used as a switched
multi -range current meter, its circuitry should always be
designed around a so-called 'universal' current shunt
network.

THE UNIVERSAL SHUNT CIRCUIT
Figure 7 shows the practical circuit of a 3 -range (1 mA,
10 mA, and 100 mA) universal shunt, complete with its
switch connections. The range resistors are all wired in
series and are permanently connected across the meter.
The range switch is external to the shunt network, range
changing being achieved by tapping into the shunt
chain, so the switch contact resistance has no effect on
the calibration accuracy of the meter on any of its
ranges. Note that, since the basic meter is shunted on all
ranges, the lowest effective current range of the circuit is
greater than that of the basic meter.

The procedure for designing a universal shunt is very
simple and is best illustrated by the practical example of
Fig. 7, in which the basic meter has a sensitivity of
100 uA fsd, and an internal resistance of 1 k. The first
step in the design is to determine the TOTAL resistance
of the R1 -R21 -R3 chain, which determines the fsd value
of the circuit on its LOWEST (1 mA) current range. The
total resistance of the chain is given by:

r
Rt= n-1

where r is the internal resistance of the meter and n is the
current multiplication factor. In the case of our example
the answer works out at 1000/ 9 = 111.11 ohms.

The next step is to calculate the TOTAL value of he
HIGHEST current shunt, which in this case is R1 and
controls the 100 mA range. The formula for determining
the total value of this and all other 'universal' shunts is:

Rst=r+Rt/n
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COMMON

0-2.5V
AC INPUT

NOTE:
D1-D4 ARE GERMANIUM DIODES

4875t

R1
62R

125t

1mA

Fig. 10. Example of a low -value (0-2.3 V) AC voltmeter using
a step-up autotransformer to give improved meter linearity. This
circuit is used in the Avo 8 Mk 2.

and in this case gives a value of 1111.11 / 1000 =
1.1111 ohms for R 1.

The same formula is used to find the values of all
other shunts, and on the 10 mA range gives
11.111 ohms, but since this shunt comprises R1 and
R 2 in series, the value of R2 = 11.111 - 1.1111
ohms = 10 ohms.

Finally, the total shunt value for the 1 mA range is 
111.11 ohms, so the value of R3 = 100 ohms. The
design procedure is then complete.

As a point of general interest it may be noted that,
since the total resistance in series with the meter varies
with each range of a universal shunt, the fsd voltage
sensitivity of the circuit also depends on the current
range selected. In our example the fsd sensitivity is
100 mV on the 1 mA range, 110 mV on the 10 mA
range, and 111.1 mV on the 100 mA range.

A final point of interest is that it is a common practice
in commercial instruments to make all current ranges
above 1 amp accessible via screw terminals, rather
than via a range switch, thus eliminating the need to use
switches with very high current ratings. The terminals
are wired directly to the range resistors on the universal
shunt.

THE SWAMP RESISTOR
It is a common practice in multi -range commercial
current meters to wire a so-called 'swamp' resistor in
series with the basic meter, as shown in fig. 8.c This
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Moving Coil Multimeters
resistor has two purposes. On the one hand, it can be
used to raise the total series resistance of the meter
circuit to a level that precisely matches a previously
designed universal shunt network. On the other hand, it
can be used to compensate the temperature coefficient
of the meter coil, and so give improved accuracy over a
wide temperature range. The use of a swamp inevitably
increases the fsd voltage value of the meter circuit.

MAKING CURRENT SHUNT RESIS-
TORS

Shunt resistors with values greater than a few ohms can
be made by connecting wire wound, metal film or
carbon film resistors in parallel to give the desired value:
the final resistor should have an accuracy of 1% or
better.

Shunt resistors with values below a few ohms can be
made up from Eureka or Constantin wire of suitable
gauge, cut to suitable length. Most electronics reference
books give data tables relating to these wires.

The precise length of wire for a shunt can be found by
passing the full test current through the wire via a
standard (precision) current meter, and then connecting
the test meter across the wire via flexible leads and
moving the leads along the wire until the required fsd is
obtained, at which point the wire length is correct. One
centimetre should be added to each end of the wire, to
allow for soldering the shunt to suitable former ter-
minals.

AC VOLTAGE MEASUREMENT
Moving coil meters respond to DC current only. Thus, to
measure AC voltage it is necessary to rectify the signal
and feed it to the meter via a suitable voltage multiplier
resistor. A common means of rectification is via a bridge
rectifier, as shown in Fig. 9. Special instrument rectifiers
are available for the job, but four ordinary germanium
rectifiers connected as a bridge will perform just as well.

All rectifiers have a non-linear action and are most
non-linear near the 'zero' end of their characteristics
curve. For this reason the rectifiers are usually operated
from 0 to 1 mA in moving coil AC voltmeters, rather than
from (say) 0 to 50 uA. Commercial meters thus have a
far lower sensitivity on AC voltage ranges than they have
on DC voltage ranges.

AC voltmeters are normally calibrated to read RMS
values of a sine wave input. In this case the meter passes
a current of 1.11 times the pure DC current. The
'multiplier' formula for AC voltage thus becomes:

Rm=E/ix 1.11

where i is the pure DC fsd current in amps, remem-
bering that this is normally of the order of 1 mA.

It is important to note on ranges below about 10 volts
fsd that the scale readings become distinctly non-linear,
particularly at their low ends. Fsd ranges below 2.5 V
are rarely provided on commercial instruments, because
of the non -linearity problem. It is necessary on low
voltage ranges to allow for the rectifier resistance as well
as the internal meter resistance when constructing
voltage multipliers.

Some high -quality commercial multimeters, such as
the Avo 8, use a step-up autotransformer to increase the
voltage that is actually fed to the rectifier circuit from a

low -voltage source, as shown in Fig. 10 and thus over-
come the non -linearity problem mentioned above. The
major disadvantage of this system is that the transformer
places severe limitations on the usable frequency range
of the instrument.

AC CURRENT MEASUREMENT
Alternating current is a difficult quantity to measure on a
moving coil meter and the majority of commercial
multimeters make no provision for such measurements.
One exception to this is the Avo 8, which provides AC
current ranges of 100 mA, 1 A, 2.5 A, and 10 A. The
technique used on the Avo 8 is to feed the current
through the windings of a step-up autotransformer; the
meter and rectifier are connected to the output of the
transformer, which steps up the voltage but reduces the
current to them and thus overcomes non -linearity pro-
blems. The set-up is similar to that of the Fig. 10 circuit.

OHMMETERS: THE SERIES -
CONNECTED TYPE
Moving coil meters can easily be converted to read
resistance. Two basic types of ohmmeter are in common
use and are known as the series -connected and the
parallel -connected types.

R2
RANGE
RESISTOR

X UNKNOWN RESISTOR x

Fig. 11a. Basic circuit of a series -connected ohmmeter. R2
determines the centre -scale resistance value of the meter.

VOLTS
0 1 2 3 7 8 9 10, %' .1. i I

11111;ii;§
Fig. 11b. Resistance range calibration against a linear volts
scale.

The most popular version of the series -connected
ohmmeter is shown in Fig. 11a. This circuit has a
set -zero variable resistor network wired in parallel with
the meter and has a 'range' resistor wired in series with
the combination: the value of this resistor is made the
same as the required centre -scale resistance reading of
the meter. The 'unknown' resistor is wired in series with
the meter network, hence the name 'series -connected'
ohmmeter.

In use, the X terminals of this ohmmeter are first
shorted together and the variable resistor is adjusted to
bring the meter pointer to fsd. The unknown resistor is
then connected between the X terminals and the new
current reading noted. The value of the unknown resistor
can then be calculated from:

Rx=R(i/I-1)
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where i is the fsd current on the basic meter and I is its
new current reading.

The meter scale can either be calibrated against a
graph made on the basis of a few dozen sets of calcula-
tions based on the above formula (see Fig. 11b), or can
be directly calibrated against a large number of accu-
rately known resistors.

A major attraction of this circuit is that (a) its calibra-
tion accuracy is not influenced by minor changes in
battery voltage and .(D) once calibrated its scale values
can be increased by (say) a factor of ten by simply
increasing the value of range resistor R by a factor of ten
and either increasing the battery voltage or the effective
meter sensitivity by the same amount.

OHMMETERS: THE PARALLEL -
CONNECTED TYPE

The parallel- (or shunt-) connected ohmmeter is- used for
measuring low and very -low values of resistance. The
basic circuit is shown in Fig. 12 and the method of use is
to first close SW1 and adjust the meter to fsd with the X
terminals open -circuit. The unknown resistor is then.
connected across the X terminals and the new reading
noted. The value of the unknown resistance can be
calculated from:

13x=rxi/i - I

where r is the internal resistance of the meter, i is the fsd
current of the basic meter, and I is the new current
indication.

Note in this circuit that high values of resistance give
a high reading on the meter scale, and low values give a
low reading: this is the reverse of the reading style given
by the series -connected type of ohmmeter.

x UNKNOWN RESISTOR

Fig. 12. The parallel -connected type of ohmmeter is used to
measure low and very -low values of resistance.

METER OVERLOAD PROTECTION

Moving coil meters are delicate instruments and are
easily damaged by overload currents exceeding their fsd
values by 50% or more. Ideally, they should be provided
with some means of overload protection. A limited
degree of protection can be gained by wiring a pair of
germanium diodes across the basic movement as shown
in Fig. 13. The diodes are non-conductive until the
voltage across the meter rises to a couple of hundred
millivolts, at which level they start to conduct and shunt
further excess current away from the movement.
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Fig. 13. A moving coil meter can be
given a limited degree of overload
protection by connecting two
germanium diodes as shown.

COMMERCIAL MULTIMETERS:
THE AVOMINOR MK 5

A very large range of commercial multimeters are
available. They vary from cheap and nasty little things
with only a few ranges, to expensive and superbly
engineered instruments with thirty or more ranges.

One of the best known and most popular 'middle-of-
the-road' multimeters in the U.K. is the Avominor.
Figure 14 shows the full circuit diagram of the Mk 5
version of this instrument, and is reproduced by kind
permission of Avo Ltd. The instrument has a total of 19
ranges.

The basic movement sensitivity of this multimeter is
60 uA fsd, but is reduced to 100 uA by the RV1 and
R14 to R18 universal shunt that is permanently wired
across the meter. The shunt provides DC current ranges
of 100 uA to 1 amp fsd. No AC current ranges are
provided.

Some high quality multimeters use a mechanical or
electro-mechanical trip to give overload protection. In
the Avo 8, for example, all inputs to the multi -meter
terminals are passed to the meter circuitry via a set of
contacts that are coupled to a sensitive mechanical trip
which activates and breaks the contacts if the meter
pointer exerts appreciable pressure against the scale end
stops. This device gives good protection not just to the
meter movement, but to all of the meter circuitry as well.

The fsd voltage sensitivity of the Avominor meter
movement is set at 100 mV by swamp resistor R19,
thus enabling the 100 uA current range to also function
as a 100 mV DC voltage range. Other DC voltage
ranges, from 2.5 V to 1000 V, are provided via the R1
to R19 multiplier chain. This same multiplier chain is
also used to provide AC voltage ranges from 10 V to
1000 V fsd, but in this case the meter sensitivity is
reduced to 1 k /volt by connecting R12 across the meter
movement.

The Avometer Mk 5 has two resistance measuring
ranges, which span an effective range of 5 ohms to
2M0. The multimeter is not provided with overload
protection.

COMMERCIAL MUL TIMETERS:
THE AVO 8 Mk 2
The Avo 8 is reckoned to be a 'Rolls-Royce' amongst
multimeters. They are expensive instruments to buy
new, but an amateur can occasionally pick up a good
second hand one at a reasonable price. A likely choice
here is a Mk 2, and the circuit diagram of this particular
specimen is reproduced in Fig. 15, by kind permission
of Avo Limited.

The Mk 2 has some 31 measurement ranges, running
from 50 uA to 10 amps and 2.5 V to 2500 V on DC,
and from 100 mA to 10 amps and 2.5 V to 2500 V on
AC, as well as three basic and two special resistance
ranges. Sensitivity is 20 k /volt on DC and 1 k /volt on
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Fig. 14. Avominor or Multiminor Mark 5 circuit diagram
(reproduced by courtesy of Avo Limited, Dover).

R8 R7
9k35/1/M2 15k/1/M2

D2
0A95

119

24k/1/M3

2.5V
DC

AC voltage ranges. The instrument is provided with a
mechanical cut-out that gives excellent overload protec-
tion, as already described.

USING A MULTIMETER

A multimeter is a fairly easy instrument to use if you stick
to the following basic rules;

O

10y AC

R6 R5 R4 R3 R2
73k/1/M2 1k3/20/M2 150k/1/M2 750k/1/M1 1M5/1/M1

25V AC
0 0

10V DC 100V DC
0

250V AC
25V DC

0
1000V AC
100V DC

R1
7085/1/M1

0
250V DC 1000V DC

(1). Most moving coil multimeters are designed to
operate accurately only when their faces are in one
specific physical orientation, usually horizontal. If you
are taking an accurate measurement, never slope the
meter at an angle and don't use it vertically if it's meant
to be used horizontally. -

(2). When measuring an unknown current or voltage,
always set the meter to its highest range and then work
down through the ranges until the correct one is found.
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Fig. 15. Circuit diagram of the Model 8 Avometer Mk 2 (reproduced by courtesy of Avo Limited, Dover).
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Moving Coil Multimeters
(3). When measuring an in -circuit voltage, always
connect the meter across the voltage source, as shown in
Fig. 16a.
(4). When measuring an in -circuit current, always
connect the meter in series with the current source, as
shown in Fig. 16b.
(5). When measuring an in -circuit resistance, always
isolate the resistance from all other circuitry and then
connect the meter across the resistor, as shown in
Fig. 16c. Never try to measure the value of a resistance
that has a voltage source applied to it.
(6). Always handle a multimeter with care. They are
fragile instruments.
(7). When a multimeter is used on its voltage ranges, its
input impedance (k /volt sensitivity x voltage range) will
shunt any resistance that it is connected to and so will
reduce the apparent value of voltage developed across
that resistance. Always allow for this 'disturbance' effect
when taking voltage measurements.

ELECTROSTATIC METERS
In the preceeding pages we have discussed only the
moving coil type of analogue meter. There are, however,
a number of other types of analogue readout meter that
are occasionally encountered in an electronics
laboratory. The three most common of these are the
electrostatic meter, the thermocouple meter, and the
moving iron meter.

Electrostatic meters are true voltmeters, and usually
have fixed fsd sensitivities in the range 200 V to 30 kV.
They are made up from one fixed and one moving set of
vanes, which look and act just like a variable tuning
capacitor. A pointer is fixed to the moving vane, When a
voltage is applied across the vanes an electrostatic force
is set up, and the moving vane rotates by an amount
proportional to the force. The meter scales are non-linear
and are cramped at the low end.

Electrostatic meters respond to both DC and AC
voltages. They appear as capacitors to external signals
and draw zero current from DC sources, and a
frequency -dependent current from AC sources. They are
widely used for high -voltage measurement, particularly
in television work.

THERMOCOUPLE METERS
Thermocouple meters are widely used as RF voltage and
power indicators at frequencies up to hundreds of MHz,
and as wideband AC / DC transfer standards in electrical

+Ve

VOLTAGE
UNDER
TEST

R1

ov

+Ve

R1

R2

ov

+Ve

ov

Fig. 16. Correct way to use a multimeter to measure in -circuit
(a) voltage, (b) current, and (c) resistance.

The Avo 8 Mk 3.

calibration work. They consist of a thermocouple (a
junction of two wires made from dissimilar metals,
which generates a voltage in each wire when the
junction is heated) that has one set of its wires connected
to an ordinary moving coil meter and the other set taken
to the outside world via a pair of terminals. When a
current is fed through this second set of wires it causes
the thermocouple junction to heat up, a voltage in the set
of wires connected to the meter, which thus deflects by
an amount proportional to the current in the second set
of wires.

The major attraction of the thermocOuple meter is that
its deflection is proportional to the true RMS current in
the second set of wires and is not influenced by the
shape or frequency of the waveform. The meter can thus
be used for measurement from DC to hundreds of MHz
and can be used as an AC/ DC transfer standard. The two
major disadvantages of the thermocouple meter are that
its scale follows an approximately square law and that
the thermocouple is very fragile (it can be burnt out by
quite small overloads).

MOVING IRON METERS
These meters are widely used as AC or DC volt or current
meters in low -accuracy applications, such as in battery
chargers, etc. They have a fixed coil, through which the
measured current is passed, and an iron vane that is
mounted on a spindle that is coupled to a pointer. When
a current is passed through the coil it sets up a -,field
which repels the vane and causes the pointer to move.

This type of meter is cheap and robust, but has a low
sensitivity. It responds equally well to AC and DC, but
has a non-linear scale and generally has poor accuracy. It
is current operated, and thus can be used in both current
and voltage indicating applications. HE
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Internal
Resistance
Resistance is the property which makes it harder for electronics to flow -
not hard to understand but what is the effect of resistance within a current
generator which is actually causing those electrons to travel? K. T. Wilson
examines the internal resistance in batteries.

EVER USE a battery, or a mains supply? Of course you
do but do you know what voltage was present. It's not a
daft question. You may have a battery labelled 9 V or a
power supply labelled 12 V but that's no guarantee that
these are the voltages which are given out when you
start to take current from the battery or the power
supply. You can find, for example, that your 9 V battery
gives only 7.2 V when you connect it to a circuit that
needs a fair amount of current, or that your mains supply
which should be a 12 V gives only 11 V.

TWO PIECE SUPPLY
All this is caused by what is called internal resistance,
which is the total resistance of the materials inside the
battery or the components and circuits inside the power,
supply. When we use the phrase 'electrical circuit' we
really mean it - electric current goes all the way round,
and the flow of current is affected by resistance any-
where in the circuit - including the inside of the battery
or the power supply. This internal resistance causes the
battery or power supply voltage to drop when we
connect a circuit to it. Let's see why. Imagine a battery or
a power supply in two pieces (Fig. 1). One piece is a
perfect supply giving 9 V no matter what current is
taken. The other bit is a resistor of 12 ohms in series. The
terminals represent the terminals of the battery.

OHMS'S LAW AND ALL THAT
This is an equivalent circuit, meaning a 'theory' circuit
which behaves in exactly the same way as a real one. For
any real circuit, we can draw up an equivalent which is a
lot easier to work with. Let's see how this one works out.
If we don't take any current from this circuit, the voltage
at the terminals is just the 9 V of the supply - we
sometimes call this quantity the EMF (Electro-motive
force) of the supply. When we take some current from
the circuit, though, there will be a voltage drop across
the 12 ohm resistor. How much voltage drop? Ohm's
Law tells us. Suppose we take 100 mA, which is 0.1 A,
then the voltage drop is 0.1 X 12 = 1.2 V. Now all the
voltage which we can get in the circuit comes from the
battery action, which converts the chemical reaction,
inside the battery into electrical voltage.
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VOLTAGE SUPPLY
WITH NO RESISTANCE
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12R
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0

Fig. 1. Equivalent circuit of a battery or power -pack. If we think
of the voltage generator part separate from its resistance, the
action is much easier to understand.

The voltage at the terminals is therefore less, 1.2 V less,
than the voltage which the battery generates. The
terminal voltage is 9 V, 1.2 V=7.8 V. This particular

 battery will therefore give only 7.8 V at its terminals
when a current of 100 mA is drawn.

For a lot of electronic circuits, this change of voltage
when current is drawn doesn't matter until the battery
-voltage starts to drop. This incidentally is what causes
owners of multimeters to think they have something
wrong with their radio, calculator or flashguns when all

.that's needed is a fresh battery . . . Why? They take the
battery out and measure the voltage. Unless the battery
is in a really bad way, the voltage that is measured will be
the open circuit voltage, which can easily be quite
normal. What you should test is the voltage at the
terminals of the battery when the circuit is connected
and working. A dud battery gives a very low voltage on
this test because the internal resistance increases as the
battery gets old and grey.

FUSSY CIRCUITS
There are circuits, though, which definitely dislike
having a supply when the current changes. Even stereo
amplifier circuits object a bit - it's not at all unusual to
find that the maximum power per channel is quite
different when both channels are in action than when,
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only one is driven at a time. Radar and computing
circuits are distinctly fussy about changes of voltage too
so that the effect of internal resistance on a power supply
is a bad thing as far as these circuits are concerned.

The answer to the problem is a voltage stabiliser
circuit, which keeps the output terminals of the supply at
the same voltage even when the current changes. Don't
get too excited by the idea, though. A stabilising circuit
isn't magic - it can't increase the voltage of a supply to
compensate for the voltage drop of the internal resist-
ance. What a stabiliser circuit does is to let us use a
supply whose open -circuit voltage is much higher than
we need. The stabiliser then acts as a controller keeping
the voltage down to the level we need. For example, if
we wanted to replace a 9 V battery supply by a stabilised
supply, we would use a 15 V (or higher) supply. The
stabiliser would then reduce this 15 V to 9 V. As more
current is taken from the circuit, causing the 15 V to
reduce to, perhaps, 12 V, the stabiliser adjusts
automatically, reducing the 12 V to 9 V. Nostabiliser can
cope if the amount of current that is taken from the
circuit causes the supply voltage (before stabilisation) to
fall below or even near the level of the stabilised voltage
that is needed.

,ALL DOWN TO ZENERS
;The simplest form of voltage stabiliser is the Zener
Diode. The Zener Diode is a silicon junction diode whose
junctions are made by the same process as is used for
silicon transistor junctions. We can, in fact, use the
base -emitter junction of a silicon transistor as a Zener
Diode - for several dozen 2N 697's tested, the average
Zener voltage was 15 V. The current voltage graph of the
Zener Diode is shown in Fig. 2. As the reverse voltage
across the diode is increased, the diode suddenly
conducts at a voltage called the reverse breakdown
voltage or Zener voltage. Once this voltage is reached,
the current through the diode can be varied considerably
with no change in the voltage. This makes the Zener
Diode a very useful stabiliser. The circuit used is shown
in Fig. 3. A voltage supply which must be several volts
greater than the Zener Diode voltage is used to feed
current to the Zener Diode through a resistor R. The
value of R determines how much current can be taken
out of the circuit before the Zener stops Zenering. For
example - with a 5.6 V Zener Diode and a 9 V supply,.
the voltage across R is 9 - 5.6 = 34 V. If the value of R
is 100 ohms, then the current flowing into the Zener
Diode is I = V/ R = 3.4/0.1 =34 mA (using 100R =
0.1 k.

Now if we connect a load resistor across the Zener
Diode, it will take some current. If the Zener Diode does
its stuff, the voltage across it must stay at 5.6 V, and the
current that flows into the load is taken at the expense
of the Zener Diode. If, in our example, the load takes 30
mA, then the Zener Diode takes 4 mA. This way, there's
still a totalof 34 mA flowing and the voltage drop across
R is the same. If we tried to draw 34 mA from the Zener
Diode circuit, though, we would expect to run into
trouble, because that leaves no current passing through
the diode and therefore no stabilisation.

A regulator of this type is called a shunt regulator
because the device which carries out the regulation -
the Zener Diode in this example - is in shunt (or in
parallel) with the load.

Vr
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CURRENT

BREAKDOWN
(ZENER) VOLTAGE FORWARD

CHARACTERISTIC
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REVERSE
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ABOUT
0.5V

VfVf

V = VOLTAGE
I CURRENT
f = FORWARD (ANODE TO CATHODE)
r = REVERSE (CATHODE TO ANODE)

Fig. 2. Current -voltage graph (or characteristic) for a Zener
Diode. The part of greatest interest to us is the reverse charac-
teristic.

A shunt regulator works by keeping the current
flowing from the supply at a constant value, allowing the
load to tap some off as required at the expense of the
regulator. The current through R is constant, so that the
power rating of this resistor has to be watched. The
Zener is dissipating most power when the load is
drawing no current, so that this type of regulator is most
useful for loads which draw some current all the time.

The device in shunt with the load doesn't have to be a
Zener Diode. Fig. 4 shows a circuit sometimes called the
amplified Zener which uses a transistor - which can be
a high current type - along with a Zener Diode. In this
circuit, the Zener Diode is connected between the
collector and the base of a transistor, keeping the voltage
between the two at the Zener Diode voltage. A low -
current, low -power Zener can be used and we usually
have to add a load resistor to keep enough current
flowing through the Zener Diode for stabilisation. When
this combination of transistor and Zener Diode is con-
nected in circuit with a resistor, as if the whole circuit
were a Zener Diode, the circuit acts as a shunt stabiliser.
When the supply is switched on, current will flow
through R1 so that the output voltage rises. When the
output voltage rises above the Zener voltage, the voltage
at the base of the transistor will also rise until the
transistor starts to conduct with about 0.5 V between
base and emitter. When the transistor starts to conduct,

UNSTABI LISED STABILISED
ZD1

Fig. 3. A simple Zener Diode stabiliser circuit.
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Internal Resistance

UNSTABI LISED
Q1

STABILISED

Fig. 4. The Zener-and-transistor shunt regulator, or "amplified-
Zener" circuit.

the output voltage is stabilised. Why? Well, for any
silicon transistor, a change of base voltage of 0.06 V is
enough to cause the collector current to change by a
factor pf ten. For example, if the transistor passes 1 mA
collector current at 0.55 V and the base, then at 0.55 +
0.06=0.61 V on the base the collector current will be
10 mA. The base voltage, therefore, stays pretty well
fixed, because, even a slight increase in base voltage will
cause a large increase of collector current and so a large
voltage drop across R1 and that will cause the base
voltage to drop!

The result is that the base voltage stabilises at around
0.55 V, and the output voltage at the collector is just the
Zener Diode voltage greater. If we use a 5.6 V Zener, for
example, the stabilised voltage will be 5.6 V + 0.55 V,
about 6.15 V. We can, of course, choose the stabilised
output voltage by choosing the Zener Diode voltage.

That's our answer to the internal resistance problem,
but it's only part of the answer. There's another type of
stabiliser circuit, the series stabiliser which works rather
differently, but that will have to wait for another time.

HE

SINCLAIR PRODUCTS microvision tv world model
E147.95, UK model E59.95, mains adaptor E11.73.
PDM35 E28.95. mains adaptor E3.19. case E3.19.
DM 350 £68.95. DM450 E97.95. DM 235 E49.45,
rechargeable baits E7.50, mains adaptor E3.70
case E11.45 Enterprise prog calculator with
accessories E22.95. Cambridge prog calculator
E12.13, prog library E4.45, mains adaptor E3.20.
CSC MAX100 frog meter E75.40.
CALSCOPE oscilloscopes send one for data or see
the Calscope advert in this magazine Super 6 E174.
Super 10 E236.
COMPUTER GAMES chess challenger 10 E167.
Chem challenger 7 E79. Checker challenger 4 E84.
Checker challenger 2 £50. Alan videocornputer
E 138. Cartridges E13.45.
COMPONENTS send sae for full list. 154148
1.4p. 1N4002 2.9p. 741 15p. bc182b, bc183b,
bc184b 00120, bc213b, bc214c 4.5p. resistors
9iW 5% El 2 1 OR to 10M 1p. 0.8p for 50% of one
value 16V electrolytics 5/1 / 2 / 5/ 10 / 22uf Sp
100uf Sp, 1000uf 10p. 1 lb F.C1 E1.13. dalo pen
79p. 60sg ins pcb 55p.
TV GAMES send sae for data. AY -3-8500 + kit
E11.95. Rifle kit E4.95. AY -3-8600 + kit E15.70.

' Stunt cycle chip + kit £15.70. Tank battle kit E5.95.
TRANSFORMERS 6-0-6v 100ma 74p, 11/2a
E2.35. 6.3v 11/2a £1.88. 9-0-9v 75ma 74p, 1a E2,
2a E2.60. 12-0-12v 10Orna 90p, la E2.49.
IC AUDIO AMPS with pcb. JCI 2 6W C1.69. JC20
10W E2.96 send sae for data

BATTERY ELIMINATORS 3 -way type 6/ 71/2 /9v
300 ma E2.96. I 00ma radio type with press -studs
9v E3.35. 9v+ 9v E4.50. Car convertor 12v input
output 41/2/6/71/2/9v 80Orna E2.50.
BATTERY ELIMINATOR KITS send sae for data
100ma radio types with press -studs 41/2v E1.40, 6v
E1.40, 9v E1.40. 41/2v -I- 41/2 v E1.90. 6+6v [1.110.
9+9v E1.80 Stabilized 8 -way types 3 /41/2 / 6 /
71/2/9/12/15/18v 100ma E2.80. lAmp ES.40.
Stabilized power kits 2-180100ma E2.50. 2-30v IA
E6.96 2-30v 2a E10.95 12v car convertor
6/71/2/9v la 01.35.
T -DEC AND CSC BREADBOARDS
t-dec E4.02, u-deca E4.40 u-decb £6.73, s-dec
E3.80. exp300 E6.21, exp350 E3.40, exp325
E1.73 asp 4b E2.411.
111-PAK AUDIO MOULDS s450 E23.61, AL60
£4.86, pa100 E16.95, spm80 E4.47, brn1130
E5.95. stereo 30 E20.12, AL30 £3.95. PA12
E7.60 PS12 E1.39, MA60 E35.44.

SWANLEY
ELECTRONICS

.Dept. HE, 32 Gelded Rd.. Swsnloy Rand

Post 30p extra prices include Vat. Official and
overseas orders welcome
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Ref.
126
138
160
196

200
201

202

203
205

ELECTRONIC BOOKS
'Boys Book of Crystal Sets
How to Make Aerials for TV (Band 1-2-3)
Coil Design and Construction Manual
AF - RF Reactance - Frequency Chart for Con-
structors
Handbook of Practical Electronic Musical Novelties
Practical Transistorised Novelties for Hi-Fi En-
thusiasts
Handbook of Integrated Circuits (IC's) Equivalents
and Substitutes
IC's and Transistor Gadgets Construction Handbook
First Book of Hi-Fi Loudspeaker Enclosures

Price
25p
25p
.75p

1 5p
50p

35p

100p
60p
75p

1408 14p
7404 18p
7408 20p
7410 16p
7413 32p
7420 1 flp
7430 17p
7447 65p
7413 36p
7490 35p
7493 35p
74121 30p
CA3080 77p
CA3140 75p

206 Practical Transistor Circuits for Modern Test Equip- IC18038 370p
ment 60p 111380 80p

207 Practical Electronic Science Projects 75p 1/6741 24p

208 Practical Stereo and Quadrophony Handbook 75p NE555 24p
TBABOO 100p

210 The Complete Car Radio Manual 100p 111414 100p
211 First Book of Diode Characteristics Equivalents and

Substitutes 95p
213 Electronic Circuits for Model Railways (Reprinting) 100p
214 Audio Enthusiasts Handbook 85p
215 Shortwave Circuits and Gear for Experimenters and ME SOCKETS

Radio Hams 85p Spin 12p
14pia 13p

216 Electronic Gadgets and Games 100p 16pin 14p
217 Solid State Power Supply Handbook 85p
218 Build Your Own Electronic Experimenters

Laboratory 85p
219 Solid State Novelty Projects 85p Large ram al
220 Build Your Own Solid State Hi-Fi and Audio commons

Accessories 85p wadable

221 28 Tested Transistor Projects 95p Seed SAE

222 Solid State Short Wave Receivers for Beginners 95p
223 50 Projects Using IC CA3130 95p
224 50 CMOS IC Projects 95p
225 A Practical Introduction to Digital IC's 95p ANTEX

SOLDERING
226 How to Build Advanced Short Wave Receivers 1 20p MORS
227 Beginners Guide to Building Electronic Projects 1 25p C.15W 390p
228 Essential Theory for the Electronics Hobbyist 1 25p CX-17W 410p
RCC Resistor Colour Code Disc Calculator 10p CCN-I 5W 410p

BP1 First Book of Transistor Equivalents and Substitutes 50p
BP2 Handbook of Radio, TV & Industrial & Transmitting

Tube & Valve Equivalents 60p
COPPERCLAD

BP6 Engineers and Machinists Reference Tables 50p 0.25W 410p
BP7 Radio and Electronic Colour Codes and Data Chart Spare bit 50p

(Reprinting) 25p Stand 170p
BP11 Practical Transistor Novely Circuits 40p
BP14 Second Book of Transistor Equivalents and Sub-

stitutes 110p
BP22
BP23

79 Electronic Novelty Circuits
First Book of Practical Electronic Projects

75p
75p

BERMAN'S
0.1 Capperclad
21/255 62p

BP24 52 Projects Using IC741 95p 3'/x2'1 53p
BP25 How to Build Your Own Electronic and Quartz nen 62p

Controlled Watches & Clocks 950 33ix5 89p
BP26 Radio Antenna Handbook for Long Distance Recep-

tion and Transmission 85p
3I5s17 240p

BP27 Giant Chart of Radio Electronic Semiconductor and
Logic Symbols 60p

BP28 Resistor Selection Handbook (International Edition) 60p POCKET
BP29 Major Solid State Audio Hi-Fi Construction Projects 85p MULTIMETERS
BP30 Two Transistor Electronic Projects 85p 501100 580p
BP31 Practical Electrical Re -Wiring and Repairs 85p (1000 sims/111
BP32 How to Build Your Own Metal and Treasure Locators 100p LT22 1360p
BP33 Electronic Calculator Users Handbook 95p fIllielims/V1

BP34 Practical Repair and Renovation of Colour TVs Teat Load Kit

(Reprinting) 95p 160p
( 33333 , Gres

BP35 Handbook of IC Audio Preamplifier and Power clips.
Amplifier Construction (Reprinting) 95P Spades(

BP36 50 Circuits Using Germanium, Silicon and Zener 10 Test leads
Diodes 75p wOe Crec Cip at

BP37 50 Projects Using Relays, SCR's and TR IACS 110p each sad 110p

BP38 Fun and Games with your Electronic Calculator 75p
BP39 50 (FET) Field Effect Transistor Projects 1 25p
BP40 Digital IC Equivalents and Pin Connections 250p EXPERIMEN-
BP41 Linear IC Equivalents and Pin Connections 275p TON IIIIFAD-
BP42 50 Simple L.E.D. Circuits 75p NAIRN
BP43 How to Make Walkie-Talkies 1 25p (Na soldering.
BP44 IC555 Projects 145p suitable for OIL

BP45 Projects in Opto-Electronics 1 25p
BP46 Radio Circuits Using IC's 1 35p Far 1 E Circeit

BP47
BP48
BP49

Mobile Discotheque Handbook
Electronic Projects for Beginners
Popular Electronic Projects

1 35p
1 35p
145p

111P102201
EXA325 180p
Fer Idpm
OIL C

la 3a

BP50 IC LM3900 Projects 1 35p EXP350 360p
BP51 Electronic Music and Creative Tape Recording 1 25p Far up Is 5x1490

BP52 Long Distance Television Reception (TV -DX) For The Far r,.1

Enthusiast 14 5 p EX A300 641p
C Teal Clips

BP53 Practical Electronic Calculations andFormulae 225p 14pin 255p
BP54 Your Electronic Calculator and Your Money 1 35p 16pin 297p
BP55 Radio Stations Guide 145p 14114

TI TTL Pin Configuration Guide 1 75p Probe 1900p

Please add 25p p&p

TECHNOMATIC LTD
17 BURNLEY ROAD, LONDON NW10 1ED
(2 minutes from Rolla Hill Tube Station) (Ample parting space)
Telephone: 01-452 1500. Telex: 922800
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Our new catalogue lists a whole range of metal
cases to house all your projects. And we've got
circuit boards, accessories, module systems, and
plastic boxes - everything you need to give
your equipment the quality you demand. Send
25p to cover post and packing, and the cata-
logue's yours.

VERO ELECTRONICS LTD. RETAIL DEPT.
Industrial Estate, Chandlers Ford, Hants. SO5 3ZR

Telephone Chandlers Ford (04215) 2956

Back numbers

If you find when you look back,
There are gaps in your H Es,
Then we'll send you what you lack,
For a miserly sixty pees.
Well what do you expect from an electronics magazine
- poetry?

However, we at HOBBY ELECTRONICS firmly believe
that a complete set of HE will be worth a small fortune in
1990, so why miss out? Getting a set together is easy (at
the moment) because we're only five months old. Your
sixty pence includes the cost of post, what a bargain,
why not start two sets?

Send to: Back Numbers Dept,
Hobby Electronics,
25-27 Oxford Street,
London WIR 1RF

Largest range of quality components in the U.K. - over 8,000 types stocked

Head Office and Mail Order to Dept. HE
A. Marshall (L n Ltd.
Kingsgate House, Kingsgate Place
London NW6 4TK. Tel: 01-634 0805
Telex 21442

Retail Sales: London: 40 Cricklewood Broadway, NW2 3ET. Tel: 01-452 0161/2. Also 325 Edgware Road, NW. Tel: 01-723 4242.
Glasgow: 85 West Regent Street, G2 2QD. Tel: 041-332 4133. And Bristol: 108A Stokes Croft, Bristol. Tel. 0272 426801/2

RESISTORS

'11 Li l',. _FIXED
1

CARBON
PRICE

als well h 54 TN Mailelle et E 1 2 ran. 101: te I emp

2p ocli
0.5 watt . 5% TO Anilines la El? room 101i to 10 met

3p 048
1.0 watt T-15.191 hollablo 0 Ell mg. Witt 100011

5p each
2.0 watt " 15. TA AmilabIo hi 112 rug. Mills 10 oim

9p each

WIRE WOUND
25 wen -5, TN Wow% ,0I.4, tog 104 ,,,8
Dinet 22 33 5 1 12.15.18 22.2 7 33.39 17 56.68
82 11 It 15 It 12. 27 33 39 47 56. 68 82. 100. ITO 150

MO 220. 270. 330
5 wan t 5.Tel. Fellosing mists wily 12p loch

BOXES AND CASES
See catalogue for lull range

ALUMINIUM
1342 10441' i. 00.85 BAB 7X502 -" (1.50
64.3 4 x2' .1 £010 865806,3" 0 $ -90
BM 4x5 ,X . (1.00 Bil10 1047e3" (2.40
BA5 CO - x2" (0.45 6611 111x1r x3" 0225
BA6 3x1x2" (0.60 BAI2 12150" (2.35
BP 6 Met' El 25 4813120803" E2.70

REXINE COVERED
RBI 641 Al .- (1.75
383 90512 1' (2.40
385 11,7 x3 -" [3.55
4117 1541,1" L5.00
Complete lieth screws and Mel

ABS PLASTIC

TT1 see cmalogue for full range 74101661 01.65

741100/1 CO26 711.083411 COM 740 1661 EI.45
74S0111 C11.26 41.11511 0015 74111691 (1.45
74/0021 00.26 74.08611 E.0.4,1 7111170N 01.90
74E5039 026 741095 00.64 74111731 01.10
14E541e E029 74E5914 (yip 711.017411 00.75
745051 0129 74042/1 C070 7410 I 75* 1.75
710004 0026 740931 t0.64 740111111 C2.75
741S0e1 00.26 74095M CO 90 74151830 (2.70
70.5100 0.26 7403055 Eiigg 7110 IBM (.3.74

741S I IN (0.26 74(01071 C0.42 711019% 11.00
74151211 0126 7413109N 0042 74101911 01.00
74111311 1051 741011211 0042 74101924 10.95
74131411 E075 7401141 (.0.42 74101931 0045
74101511 0126 7111114N C042 7407944 (0 .70
74102% (0.26 74e51221 00.62 711.01954 £0.10
7452111 (026 71101231 C0.83 7401964 0780
71/5721 0126 7411244 (1.70 71COON 0024
74112511 f2.32 7411175A Easa 74MM (11.24

711.0274 E1126 74101264 £0.50 74C0411 E0.24

NEW TELETEXT CHIPS
from Mallard - available born Marshall's - Sole UK
distributor to the hobbyist market.

SAA Sodas, for the reception. display and control of
telewsion based text display systems. Suitable for
CEE-FAX' and 'ORACLE' Remote Control
S4A5000 Infrared/Ultrasonic E3.45
SAA501 0 Station salectro/ CRCS E8.13
SPA501 2 Binary Input Tuners P.O.A.
TELETEXT (Dedicated I.C.'s)
SAA5020 TIC (Timing Chem) E1.71
SAA 5030 VIP (Video Input Processor) E11.11
SAA5040 TAC (Teletext Data Acquisition

and Control) E31.82
SAA5050 TROM (Teletext Read -Only)

Memory) E15.04
TIC. TAC & TROM are NMOS - VIP . linear bipolar
We recommend using DIE sockets with these chips

5 I 22 3 1 3 9 4 7. 6.112. 11 12. 15 18 22. 25 31 39 47
60. 75 82. 101) 120.130 150. 7SO. 2ZO. 250 270. 300. 330. 470
500. MO. MO In. 11 112. 145. 24. 112. 215. 313 407 5E6
EM. 745 52. IA 121

3"02',"011." (0.55 1 .-"x3 Egi.,
3'(4.021 "4I', E015 A ." x4 2 (2 10

.

7410284 0029 74101321 .15 74C08111 C0.24
741.535 E0.26 7401361 0142 740011 E0.24
7410329 E0.27 741013% E0.65 ?KIM MI5

CAPACITORS Poiveste.
250VDC - Radial Loons
U$ Price IC PTICA II Pone

10 watt t5. Tel Fallawm alto aing 14p HO
1 2 2 3.3. 4 7.51 7 5 8 t 10. 12. 15. It 22 25. 33. 39.17 70
82. 100. ITS 150. 200 250. 330. 470. 560. 680 750. 11 142
165. Ha 21 752217. 30 345 417 51 516604.101 151 IR

RAACO STORAGE BOXES
7 saes - 4 configurations
B6 E0.76 B7 (0.76 49(1.62 618 (1.711

7403311 DX 29 7401391 E0.65 74E2001 £0.21
740374 (1132 14157454 Elle 74(3011 1.24
74031111 E0.32 74101471 £1.65 743211 00.24
740104 (0.26 74101404 E1.35 74S4214 (0.92
740121 1713.00 741(1511 0054 74C4101 01 .38

0 01 E0.06 0 068 (007 0 47 00.14
0 015 EOM 01 COB/ 068 00.20
0 022 EOM 015 EOM I E024
0 033 E006 0.22 (0.09 I5 (036

I

Mem 8£0 06
NA 276 74151797 441 .04 ,711 cri1.0,90 77 .4 .1 . sE ,1 .5. RI ( 1 3, . 58, 77 v4C 7743 N. E0005634

033 E0.13 22 (037

ELECTROLYTICS - MULLAtto
MULLARO MR25 MR30 SERIES
METAL OXIDE
0 5 roil - 2% Tel 101110.110521 mem IIII ' le I meg

553/50 (I.09 74111554 130.80 74C7641 (054
740511 (0 .26 74101561 0.1180 74E830 E 1 .30

7415544 E026 7401571 MEM 7418511 E I 30

16 Volt uf 25 loll 63 Yon
... 250 Et II Uf
15 E0.10 mg 00.73 15 (0.10

Nee Necked flee LNI.K A 1041
5. .004

I
7415554C0.76 7410158N E0.65 MAN CO 64
7410534 t1.26 7131511 E8.80 74(091 0119

33

CC00..1103

IF 40 g
68 ( 3

m 3 3 (0.70
E0.10 5 8 C0.10

Dinunilmi imps - B, cololoon 7400734 E0.42 741116111 03.85 7409% 0045
7110740 00.42 741115% 00.80 74C93M 011.05

150 C0.16 IS 00.10 IS 00.13
330 (0.42 33 (0.53 68 ...., E042

TOOLS
Box point construction for sirenoth Small

VERO CASES - see catalogue for full range
7 doff sten, styles - 18 SUSS

7110754 1.58 7401634 00.15 74954 01 .04

71101611 C0.42 7451544 E1.10 7410711 CL 22

74107811 0042 74101651 CI.15 14C,HRI eit le

680 (000 I so (0.42 ISO (847
1500 E0.03 580 (OM 730 (0 .78

TANT BEADS
4004041 awl reliable 1.0,14114 6,0119, CLIP CASES IEMMIMINiir- ELECTROLYTIC 10101. 940161 ME TALLISH

and smart individual wallet
panelPLASTIC

0,0010,0 Allumnium Irani - NEW 1979 CATALOGUE
40 pages - largest range 02 .......tiojQr1 POLYESTER EXTENDED FOIL PLASTIC FOIL MICA., ETC

ETC See calilogue
GENERAL PURPOSE
100mm (1 -1

together
PC01-85110 x I 54mrn E2.50

.1

twenty components Al Volt

UK over 8 000 one Terns
50p post M. 40p lo callers.

-..- -- -
KNOBS AND SWITCHES

Full range in catalogue
01091001 Cutters 13.40
Coded Moo, Pliers (325
Flat Nose Pliers E320
Snipe Nose Pliers 13.20
End Top Cutlers 13.60

/

VCC2-85160x154mtn (3.15
VCC3-85110xlMesre E315

Also - instrument cases - 5 sues Irom F2.10
Card frames Ilip lop boxes etc ell

MAIL ORDER
Add 40p p p to ell orders
Tel Peal card orders 110 min
ACCESS - BARCLAYCARD.

ii. a
i', saw i,-Vas/1-sr "7/0111y.x J. -

M 1 Black plastic with mach metal insert 2 Senn" cl,
t0.25

M? as M I but watt pointer E0.31
M5 Black plastic with mach insert and calibrated

skirt CO. 33
Car Radio knob with chrome top (0.39
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Hobby
Electronics
BUMPER SHORT CIRCUIT ISSUE

Short Circuit

Look out this month for more than your usual
share of our very popular Short Circuit feature.
Plenty of circuit designs for you to develop and
experiment with.

SHARK

Not a game for the nervous. An LED -based
game for two players which involved two
swimmers in a race for survival in a shark -
infested sea. Which of these two castaways will
reach the safety of the island? The unfortunate
one is swallowed by the hungry shark, accom-
panied by a shrill scream. All good family fun!

LINEAR SCALE OHMMETER

If you ever look at a multimeter on the ohms
.range you'll notice that most of the numbers are
all squashed up one end; this makes accurate
readings difficult. The HE Ohmmeter over-
comes this difficulty with a linear scale. The
range of resistance covered is from 1 k to 1 M
ohms in four ranges, a useful addition to any
workshop's range of test equipment.

CASSETTE DECKS
AND TAPES

Next to the TV and Transistor radio, the Cass-
ette tape recorder is probably the most common
piece of domestic electronic equipment. Next
month Gordon King takes a close look at what
has made the Compact Cassette so popular and
one or two of its advantages and drawbacks,
warts and all.

RESISTORS

II-
1
4
4
a

4

Following the success of our feature on Capaci-
tors (according to our reader questionnaire)
we're doing a follow up on the ins -and -outs of
Resistors. Like Capacitors it's not going to be a
formula -strewn study but a rather slanted look
into their construction and use. So if you've
never heard of Thick Film resistors and Metal
Oxide, now's your chance.

HOBBY CHIT CHAT
Ray Marston our Project Editor/ Designer starts
a new monthly series looking at our fast-moving
hobby from the technical point of view. These
articles are designed to take a look into the
worlds largest growth industry, what's new and
how it will affect us in our daily lives as well as a
more specific look at our own side of the fence
in HE.

KIT REVIEW

One for the motorist this month, we have built
up an Electronic Ignition system from Sparkrite
(X4); read all about it next month.

LINEAR ICs
If you've been wondering what's gding to
happen now Into Electronics has finished, don't
worry. Ian Sinclair has begun his follow-up
series Linear ICs. Month by month the articles
will introduce most aspects of IC use, construc-
tion and theory. With the background knowl-
edge gained from Into Electronics your under-
standing of new technology should increase
dramatically.

POINTS CONTROLLER

Another project for model railway buffs. This
unit gives full control over an unlimited number
of electro-mechanical points using a push-
button control. This makes an ideal companion
to our HE Model Train Controller featured in the
April issue.

BABY ALARM
A really simple project to keep one ear on the
kids whilst you're building your latest HE
project.

The July issue will be on sale June 8th
The items mentioned here are those planned but circumstances may affect the actual contents
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LISTEN TO THE SECRET
WORLD OF PLANTS

Now in Modular Kit Form, a Biological Amplifier and
Sound Synthesiser in one instrument, the Amazing

See and Hear Yourself at Birmingham Breadboard and at the Festival
for Mind. Body and Spirit at Olympia.

Bio Activity
TranslatorTM
* Experience the unique Musical

Form of Plants
* Hear beautiful patterns of sound

created by their natural response
* Compare house plants' reactions to

people - with the distinct tunes of
those outside

* Easy to operate, internal speaker
and batteries

* P.C.B. available r a separate kit, or
assembled and tested.

Natural Bio Electric signals, generated
within the plant, are monitored by an
electrode attached to the leaf. When

amplified and filtered, a VCO, VCA and other exclusive synthesiser circuits are
programmed by the control voltage from the plant to produce tracking sequences of
notes. These follow in pitch, rhythm and volume the ever changing signal from the plant.
A plant reacts as a total living system to many stimuli, with a response above that of the
natural biological level. This activity is an indication of their extraordinary sensitivity,
which varies from day to day and plant to plant, producing a fascinating insight into the
plant kingdom.

Complete Printed Circuit Kit f 13.95

Assembled and Tested Printed Circuit f17.35

Case. Speaker and Hardware Kit £12.30

Complete Assembled and Tested unit £33.10

Requires 35!..! Speaker. f I 50 extra
rim srisrsd with kit. P switch and
Iwo 4' roll bit snits

loclwilu ill screwy wire pinched Eris
BIN wood tad cheeks.

Requires two 4'1 roll batteries. Case
sirs P -, x51.:3':.

All prices include P & P and VAT. Please allow 21 days for delivery

JEREMY LORD SYNTHESISERS (Dept. HE)
52 Becmead Avenue, London SW16 1U11

OSCILLOSCOPE
FEATURES
-Response. DC to 5MHz.
- Sensitivity: 1 00MV to
50V/division.
- Fully calibrated time -base
circuit and automatic blank-
ing.
- 100% solid state
- utilising 13 trans-
sistors, 1 FET and 1 specially
time -base module.
- Stabilised power supplies and active
sync circuits.
- Rugged construction together with
portability.
- Inexpensive - excellent value and
performance.
FULL INSTRUCTION & OPERATING MANUAL

Fine Control - Voriaelo Paws. slow - undo. bw-wiso
colibraboo HUM
BlankMg - leloroal - so ill rows

SYNCHRONISATION
Selection - Item. unwed
Synchronisation Level - Callum hoe positive te

POWER SUPPLY
Input Yoltsge - 115/2215 AC 10.. at 50/60111
Power Dissipation - IOW

CRT DATA
-3" rind disploy-sigh bus
- Mosinee WO vetoes -7500
- Finn eft 10 uclioa. Mos lillsr prancing

WITH FULL
INSTRUCTION MANUAL

SPECIFICATIONS
ELECTRICAL DATA
YEATCAL AXIS tEl

Dollectile Sending - 100.11/11visioe
Bandwidth 'between Sall Melt* - DC
Input Attenuator--Icabbretsd)--9 slop:0.1. at 0.5
I. 2. a 10. zn. 5011,11v

Input Impedance -1 Nog/40p1 is Yoe
Input Voltage -Max - SOW P -P

11011120$1TAL AXIS (XI

Deflection Sensitivity - 0400Y,Iins 60
Bandwidth (between 3411 points) - I 11,3SOKIti
Gain Control-Ceoh ::::: : elmo tWs Isto It EXT losition
Input Impedance INN
Input Voltage -Mao - 500Y P -P

TIME BASE
Sweep Range (calibrated) -1006c/11* it MIA soc,div
. 5 shts.

designed

FROM STOCK
£89.95

Add VAT £7.19
Carriage £1.50

EXPORT ADD E5.00

PHYSICAL DATA
Dimensions - 15u (II x 20.5 owl x 2Bc
Weight - 3 Sep Deem"
Stand - 2 wilier Sol owl iodised
Case - Shut epoxy naeelld
Colour - Lill Noe
Front Panel - Idabisel ohnolotees apes, pristine

Also at 248 Tottenham Court
Road, London, W.1.

301 Edgware Road, London, W.2 1

OARC 'VICAR°

IktiORY5
All mail to: Henry's Radio
404 Edgware Rd. London W2
PHONE (01)723 1008 ENGLAND
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CLOCK RADIO
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Size: 177mm x 90mm x 47mm.

You probably won't believe us as we're selling the goods
but we're going to tell you anyway! We have rejected
eight clock radios for Marketplace, they were all cheap
enough but the quality was so poor that we couldn't
have lent our name to them. However, we are now able
to offer a portable LCD Clock Radio to you which meets
our standards.

The clock is a 1 2 -hour one with AM / PM indicated
and a back light. The radio is Medium Wave and FM
with very nice quality for a small speaker - for FM
there's a telescopic aerial. The alarm can be either a
'beep -beep' type or the radio, there's also a snooze
facility.

The case is sensibly rugged and is printed on the back
with a World Time Zones map, a bit of a cheek really,
especially as the time is relative to Japan!

We won't even mention the RRP - but just check on
comparable prices - you'll find ours a bargain.

An example of this Clock Radio can be seen and
examined at our Oxford Street offices.

(Inclusive of VAT and Postage)

2050
To:
CLOOK RADIO Offer,
Hobby Electronics,
25-27 Oxford Street, London W1R 1RF.

Please find enclosed my cheque/ P.O. for £20.50
(payable to Hobby Electronics) for my Clock Radio.

Name

Address

Please allow 21 days for delivery UK only
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Over 10% of Electronics Today International's readers have purchased a
digital alarm clock from offers in that magazine - the offer is now
extended to Hobby Electronics readers. This is a first rate branded
product at a price we don't think can be beaten.

The Hanimex HC -1100 is designed for mains operation only. (240V/ 50Hz) with a 12 hour display, AM / PM and Alarm Set indicators
incorporated in the large display. A switch on the top controls a
Dim / Bright display function.

Setting up both the time and alarm is simplicity itself as buttons are
provided for both fast and slow setting and there's no problem about
knocking these accidentally as a 'locking switch is provided under the
clock. A 9 -minute 'snooze' switch is located at the top.

DIGITAL ALARM CLOCK

C

An example of this digital alarm clock can be
seen and examined at our Oxford Street offices.

Size: 100mm x 130mm x 60mm.

I-

' CO

(Inclusive of VAT and Postage)

To:
DIGITAL Alarm Offer,
Hobby Electronics,
25-27 Oxford Street,
London W1R 1RF.

Please find enclosed my cheque/ P.O. for
£8.95 (payable to Hobby Electronics) for my
Digital Alarm Clock.

Name

Address

Please allow 21 days for delivery. UK only.

Hobby Electronics, June 1979

LCD CHRONOGRAPH

We feel we've got to tell you carefully about this offer. Why? Because our
price is so enormously lower than anywhere else you may suspect the
quality.

The exact same watch is currently being offered by another magazine
as a special at £24.95 - some of the discounters are selling it at
£29.95 the price to HE readers for exactly the same watch is £12.95.

The display is LCD and shows the seconds as well as the hours - and
minutes - press a button and you'll get the date and the day of the
week.

Press another button for a couple of seconds and you have a highly
accurate stopwatch with hundredths of a second displayed and giving
the time up to an hour. There is a lap time facility as well - and of course
a back light.

Our Chrono comes complete with a high grade adjustable metal strap
and is fully guaranteed.

An example of this LCD Chronograph can be
seen and examined at our Oxford Street offices.

£1295
(Inclusive of VAT and Postage)

To:
LCD Chrono Offer,
Hobby Electronics,
25-27 Oxford Street, London W1R 1 RF.

Please find enclosed my cheque/ P.0 for
c...12.95 (payable to Hobby Electronics) for my
LCD Chronograph.

Name

Address

Please allow 21 days for delivery.UK only.

_ S.

"1 

-1 
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Citizens Banned
We in the British Isles are in a somewhat strange position at the moment, in
our midst there are several thousand people breaking the law just by
talking to each other, they are using a two-way communications system that is
currently illegal. Many of the worlds so-called underdeveloped or politically
restrictive countries freely accept CB (Citizens Band) so why not the UK?
Richard Maybury and a few CBers (who wish to remain anonymous for
obvious reasons) take a look at one of the most contentious subjects in our
hobby today.

CHANCES ARE that unless you're a CB'er or have seen
the film 'Convoy' all that is pretty meaningless. CB
stands for Citizens Band, a short range, two way radio
communications system, operating on the Short Wave
at around 27 MHz using AM speech modulation.

CB first came into the world in America during the
fifties where a Citizens Band was set aside for anyone to
use requiring only the formality of a licence. No exams,
just a straight fee. The only limitations were the band -
spread (for obvious reasons) and output power, limited
to 4 watts.

So why are we writing about an American phe-
nomenon? Well it's not anymore, most of Europe,
including some 'Iron Curtain' countries have legalised
CB, as well as Australia, New Zealand and Canada,
nearly everyone except for poor old Britain and Eire.
However, although it's illegal it's reckoned by official
sources that around 10 000 CB sets are operating in
London alone. We would put the figure much higher,
there really is a whole subculture out there most of us
know nothing about.

CONVOYS AND COPS
Practically all of the 'Rigs' (CB transceivers) in this
country are illegally imported, its difficult to say where
from but we suspect it's a fair split between the States
and Europe.

The craze in Britain really started in earnest about a
year ago, inspired probably by the film and record
'Convoy' and the upsurge of interest in America around

the mid seventies (due to the oil crisis and the nation-
wide 55 mph speed limit). Hardly one American 'cop'
show seems to pass without at least one reference to CB.

The current American system, and hence our own
British system uses a sophisticated 40 channel arrange-
ment over the 26.9 to 27.4 MHz range. Most rigs use a
'channel synthesizer' a clever device that requires only a
couple (sometimes three) crystals to transmit and receive
on all 40 channels. As most rigs are either destined for
the American or American orientated markets they
usually operate with a maximum of 4 watts RF. This is
quite sufficient for a 10-15 mile range under normal
atmospheric conditions. With the addition of a 'Burner'
or 'Boots' (RF power amplifier in CB slang) and an aerial
pre -amplifier it's quite possible to hold a Trans -Atlantic
conversation utilising 'skip'. This is possible at the
moment due to high sunspot activity, but will disappear
in a few months. (Skip is where the RF signal 'bounces'
around the upper layers of the atmosphere).

Nearly all these rigs are manufactured to strict FCC
(Federal Communications Committee) regulations. So
co -channel interference and RF splattering are kept to a
minimum. It says a lot for the good design of these rigs,
after all when was the last time CB interfered with you?
(No, that's not an invitation for 10,000 of you to write in
with your tales of woe).

In all fairness though RC (radio control) modellers and
certain hospital paging systems operate on two or three
of the 40 channels so it can interfere with legitimate
users. We are told that quite a strict code of practice
exists among CBers and these channels are avoided.

This rather novel CB rig has 80 available channels, by pressing
the switch the set will operate up to 28MHz, we believe
this type of rig is now available in the UK.
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Below is an example of CB chat, on the left is what you might hear, just for fun
we translated it into English, even we were surprised as to how formal it
sounds.

"Breaker one four, breaker one four, any breakers got
their ears on c'mon."
"Yeah, bring it back the breaker, you've got Moon -

dancer comeback with your handle, break".
"That's a four Moondancer, this the Sewerman,
reading you in the nines, break".
"Yeah, Sewerman comeback with your rough twenty,
break".
"My rough twenty is the Hackney area, what kinda rig
you runnin'? Break".
"Yeah, that's a four, I've got a straight 40 channel
digital and I'm running barefoot, is that a four?
Break".

"For sure, for sure good buddy, I've got my boots on
so my copy's pretty good, break"

"This is Firebird sitting on the side there, have you
had any copy from Lucky Lady? Break"

"This is the Sewerman, negatory on that Firebird, it's
pretty quiet so far, break".

"Yeah, Sewerman, give me a ten nine on that, the
eye ties are treading all over us, break"

"That's a four Firebird, she's not been on channel so
far, is that a four? Break".

"That's a four Sewerman, do you fancy an Eyeball?
Break".

"Negatory on that Firebird. I'm near my works twenty,
so I've got to go down, so I'll wish you all the high
numbers and breaker, break".

"Yeah, breaker break Sewerman, all the good
numbers. Moondancer, you still on channel, C 'mon"?

"That's a four Firebird, what's your rough twenty
now? Break".

"Yeah standby Moondancer, I'm in the traffic,
Break"

"Yeah standing by, Break".

"Moondancer, you still on channel, C'mon"?
"That's a four Firebird, do you want to move up to two
five, two five? Break".
"Yeah Moondancer, see you there, Break".

"Yeah Firebird, you go your wheels moving? Break".

"That's a four, I've got to go down now, cos I need a
ten one hundred maybe I'll catch you later, is that a
four? Break".
"That's a four, all the high numbers good buddy, and
breaker, Break".

"Yeah breaker break".

"Is anyone listening on channel 14, Is anyone
listening on channel 14? Please reply. Over".

"Yes, I'm receiving you, my callsign is Moondancer,
please reply with your callsign. Over."
"Very good, Moondancer, my callsign is Sewerman,
receiving you loud and clear. Over."
"Very good Sewerman, approximately where is your
location. Over."
"My approximate location is the Hackney area, what
kind of apparatus are you using. Over."

"Yes, that's satisfactory, I'm using an ordinary 40
channel tranceiver with digital display, dO you
understand? Over.

"Yes I understand, I'm using an RF power amplifier
on my apparatus; so you are probably receiving me
loud and clear, Over".

"This is another Citizens Band operator listening in.
My callsign is Firebird. Have you heard from a CB'er
called Lucky Lady. Over."

"This is the Sewerman again, I'm afraid I haven't
heard from this lady, it's been very quiet so far.
Over.

-Excuse me Sewerman, would you repeat your last
message, the Italian gentlemen are rather loud at
present. Over. -
"Sorry Firebird, I'll repeat my message, as far as I

know she has not been using her apparatus, do you
understand, Over.

"Yes, thank you Sewerman, would you like to make
my acquaintance? Over. -

"No, thank you Firebird, I'm nearing my place of
work so I'm going to have to switch off, before we
part may I wish you the best of luck and may all your
future conversations be interference free, Over and
out.

thank you for all your good wishes, may I wish
you the same. Over and out. Moondancer are you still
receiving on channel 14, Over.''

-Yes, that's correct, where are you now? Over.''

"Excuse me for one moment, I'm in a traffic jam, and
unable to transmit. Will you bear with me for a few
moments? Over."
"'Certainly, I'll wait for a while. Over.' '
"Moondancer are you still there? Over.
""I certainly am, would you like to select another
channel, 25, for example, Over."
"Certainly, Moondancer, I will await your call, Over,"

-Excuse me Firebird, but are you mobile? Over."

"Yes, I am, but I must switch off now as I need to
answer the call of nature rather urgently, possibly we
can talk later, is that agreed, Over."'
"Yes, certainly, may your reception remain clear my

friend, and Over and Out.''
"Yes. Over and Out. -
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Citizens Band Frequencies

Channel
No.

Channel Frequency
(MHz)

Channel
No.

Channel Frequency
(MHz)

1 26.965 21 27.215
2 26.975 22 27.225
3 26.985 23 27.255
4 27.005 24 27.235
5 27.015 25 27.245
6 27.025 26 27.265
7 27.035 27 27.275
8 27.055 28 27.285
9 27.065. 29 27.295

10 27.075 30 27.305
11 27.085 31 27.315
12 27.105 32 27.325
13 27.115 33 27.335
14 27.125 34 27.345
15 27.135 35 27.355
16 27.155 36 27.365
17 27.165 37 27.375
18 27.175 38 27.385
19 27.185 39 27.395
20 27.205 40 27.405

Channel 9 shall be used for eme gency.

LIVING IN HARMONY
A lot has been said about Harmonic Interference, the
fundamental 27 MHz signal can be propagated on to the
54 and 81 MHz bands, (2nd and 3rd harmonics) but
we're sure that very little actual interference occurs with
such limited output power.

The recently formed CBA (Citizens Band Association)
advocate the legalisation of a CB network on the 230
MHz band (VHF) with frequency modulation. There's a
lot to be said for this as many of the technical problems
would disappear. We feel however there are no simple
solutions but for good or bad CB is here to stay in the UK.
Hopefully what happened in Australia can be avoided
here. CB users innundated the authorities, catching the
so-called pirates proved impossible so the government
were forced to legalise it.

We in Britain have a golden opportunity at the
moment to start a new system. With the hindsight of all
the other countries we could be a world leader in CB
personal communications.

During the past few years a lot of UK electronics
manufacturers have been bleating about cheap Oriental
imports ruining their business. With a new system just
think of all those jobs that would be created.

FOREIGN CUSTOMS
The Home Office and Post Office naturally seem to take a
pretty dim view of CB, (they're probably thinking of all
that lost revenue) with so many CB operators on the air
they have a near impossible task trying to catch them. As
it is not actually illegal to own a CB rig (it is to use it
though), you've virtually got to be caught in the act. As
most, if not all CBers are mobile it is a fair bet that
unless they do something very stupid they're not going
to get caught.

Of course if the rig was illegally imported (smuggled
to you and me) that's another kettle of fish. We've heard
of people's houses being searched and CB equipment
being confiscated, so beware.

A Walkie-Talkie radio working at CB frequencies, these hand-
sets are usually only capable of operating at very limited power,
the one shown is an exception using 2 watts RF power.

Inside a typical rig. The RF section can be clearly seen (IF coils).
The missing components are, we believe used for a SSB (Single
Sick Band) option.

Government opposition to CB has always centred
around three main arguments. The first is lack of
airspace, but as the CBA point out the 230 MHz band is
fairly free, much of it unused since World War II.

Number two is use of CB by criminal elements, this
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Citizens Banned

ANTENNA

APA

,ATU

BACKDOOR
BASE TWENTY
BIG CIRCLE
BLEEPER BREAKER

BOOTS
BREAKER
BRING IT BACK

BURNER

BUST
CHANNEL

COMEBACK
COPY
C'MON
DF
DX
EARS

EARWIG
EYEBALL

EYETIES

FIVE

FOUR
FRONT DOOR
GOING DOWN
HANDLE
HOLE IN THE WALL
MEANIES

GLOSSARY
The aerial to which the transceiver is
connected.
Aerial Pre -Amplifier, used in conjunc-
tion with a RF power amplifier (see
Burner or Boots).
Aerial Tuner Unit, device to give
optimum matching between TX/ RX
and aerial.
End CB operator in a convoy.
The home of a CB operator.
The North Circular Road in London.
A coded bleep to signify the end of a
transmission.
See Burner.
A CB operator.
A phrase to indicate that a reply is
required.
A RF power amplifier, often with a
power output in excess of 100 watts.
Getting caught.
British /American CB utilises 40
separate channels.
Similar to 'Bring it Back' or 'Break'.
Received message.
See Bring It Back etc.
Direction Finding.
Long Distance.
"Got your EARS On", means are you
listening.
Listening in to a conversation.
A meeting between two or more
CBers usually arranged with a suc-
cession of coded messages denoting
place names.
A somewhat unkind name for the
Italians who dominate the CB chan-
nels during the early part of the day.
"Give me a FIVE", means transmit
the numbers one to five for estab-
lishing signal strength.
"That's a FOUR", means simply yes.
First CBer in a convoy.
Going off the air, switching off.
A Breaker's code name.
An area of poor signal strength.
Any anti -CB authorities such as Home
Office, Post Office etc.

OF TERMS
MIKE
MOBILE
MUSH

NEGATORY
NUMBERS

ON CHANNEL
OPEN
READING
RIG
ROGER
ROLLER SKATE
RUBBER STATIONARY
RUNNING BAREFOOT
SEAT COVER
SMOKEY BEAR
SMOKEY TOWN
STEREO

SWR

SPAGHETTI

TEN CODE

TEN ONE

TEN FOUR
TEN NINE
TEN ONE HUNDRED

TAKE IT DOWN
TAKE IT UP
TWENTY

WALL TO WALL

WHEELS

These are only a few of the currently used phrases and codes. There
are obviously many regional variations and dialects, as well as a
few rather specific references to locations etc, that we left out
deliberately to protect our contacts who are active CB operators.

Microphone.
On the road, moving.
Noise, masking or interrupting the
signal.
No, Negative.
"ALL THE HIGH NUMBERS, GOOD
BUDDY", is a cordial farewell, refer-
ring mainly to the Ten Code.
On the air.
As On Channel.
Clarity of reception.
CB Transceiver.
Yes, OK.
Production line car.
Static, not moving.
Operating without a Burner, or Boots.
Lady friend or wife.
The Police.
London.
"Getting you in STEREO", coming
through loud and clear.
Standing Wave Ratio, a method of
determining the quality of match
between the Rig and aerial.
Italians again, wall to wall spaghetti
denotes the Italians are active on the
particular channel.
A code devised in America many
years ago to convey often repeated
messages quickly and clearly. Some
examples are given below.
Signal strength and readability are
poor.
Yes.
Repeat last message.
Subtle way of expressing one's desire
to answer the call of nature.
Move to a (specified) lower channel.
Move to a (specified) higher channel.
A rough twenty is an approximate
location.
"Gettin' you WALL TO WALL'',
receiving you loud and clear. (Or Wall
to Wall and Treetop tall.)
A general term for any kind of vehicle.

has got to be self-defeating, only a very stupid villain
would discuss his dastardly deeds over the air knowing
that hundreds, possibly thousands of people are lis-
tening.

Lastly we have administration if CB were ever
legalised. This we find very hard to believe, we're sure
the PO would find a way of collecting some form of
taxation very quickly indeed. The CBA propose that
every rig be given a unique identity with a tamper -proof
IC module, integral with the system, very simple, very
cheap.

PROSECUTION
Actual figures of prosecutions are obviously a little
sketchy but we have found out from reliable sources that
the number of people taken to court under the Wireless
Telegraphy Act, pertaining directly to CB "could be
counted on your fingers and toes", to quote an official
source. On illegal imports the figures are probably much
higher.

Hobby Electronics, June 1979

A 40 channel rig of the type that are finding their way into this
country, as you can see it is not much larger than an ordinary car
radio.
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TRANSMITTER SPECIFICATION.
 Modulation 90%
 Frequency tolerance. 0.003%
 Spurious suppression 60db
 Harmonic suppression 60db
 Output power 4W

RECEIVER SPECIFICATION.
 Sensitivity 0.71.w for 10db S+N / N
 Adjustable channel rejection 70db
 AGC range 80db
 Squelch range 0.711v - about 300uv
 Frequency response 500-2.5KHz
 Audio power 4W
 Dimension 174.6rnm(W)X57.2mrM1-1)x

181.8mrMD)

Fairly typical specifications for a 40 channel CB rig (FCC Specs.)

It seems that every CBer we've spoken to during our
research for this article has some tale of someone who
knows someone else who's been 'done' but in actuality
the figures do not bear these stories out. The CB
fraternity seem to have an almost paranoid fear of
prosecution, going to extreme lengths to mask their
identity with code names and equally furtive enterprises,
with some justification we hasten to add.

LIFE SAVER
Those were some of the legal drawbacks and technical
problems, so what are the benefits? Juding from the
American experience it seems that CB is an astounding
success. The US has one channel (channel 9) set aside
for emergencies only. All the police and ambulance
services constantly monitor channel 9. If for instance a
CB operator is present at the scene of a motor accident,
(and it's quite likely with over 30 million rigs in opera-
tion) help can be summoned swiftly. Its reckoned to have
saved countless of lives in the past few years. The police
(Smokey Bear, remember Convoy) actually encourage
the use of CB as an aid to road safety. If a CBer sees a
police speed trap (a radar trap is referred to as Smokey
with a camera) a message is sent to all nearby, resulting
in an almost instant slow -down of traffic in the vicintiy.,
Even people without CB take notice. It's even rumoured
that the police send fake speed trap warnings them-
selves and can control vast areas of road without actually
showing their presence. Now isn't that cunning.
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HE's VIEW
The explosion of interest in Citizens Band Radio,
legally in most countries, illegally in Britain,
shows there is an enormous interest in it. Since
the equipment is manufactured to very rigid
technical standards the only sensible argument
is that there is not frequency space available.

The authorities (Home Office now, Post
Office in the past) are extraordinarily defensive
about available frequency space and have used
this as a 'trump' card often in the past. The
reasons for forcing the pirate radio stations off
the air were supposed to be technical when they
were really political. There were good political
reasons - the pirates were uncontrolled and not
answerable to anyone but non -availability of
frequencies was used as an argument - yet
we've managed to fit about 40 local radio
stations on the air since the pirates were
silenced.

Other countries with higher densities of
population and radio traffic than in Britain have
made the frequency space available; this alone
should make us discount technical arguments.
This leaves the political aspects which are best
summed up by 'if practically every democratic
nation (and some undemocratic ones) permit it,
what is so special about Britain that we must be
out of step?'

At the moment is looks like CB will grow and
grow in Britain, irrespective of the legal
situation; the Home Office may be able to stunt
this by devoting enormous resources to tracking
down and prosecuting the operators but this
publicity would cause a lot of people to ask the
fundamental question "why shouldn't we have
CB?"

If the authorities had acted earlier, CB could
have been allocated onto more suitable
frequencies and been properly regulated.

It may already be too late.

Anyone who has driven those long miles up the M1 or
any long motorway for that matter will testify to the fact
that is all too easy to fall asleep at the wheel. For want of
someone to talk to and keep alert many, many lives may
have been saved. What a boon it would be to the
housebound and lonely.

WHO OWNS THE AIR
The big question of course is will it ever be legalised in
the UK? Hopefully the answer must be yes. But not, we

"f kit.`l ARE. -rb 1st
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-calf. NEW C040._

Hobby Electronics, June 1979



Citizens Banned
hasten to add, by force. It would be unwise to follow in
the footsteps of Australia, so what system should we
adopt?

There is the established 27 MHz band, plenty of
available equipment and well established technology
but with inherent interference problems and other
channel users, could they co -exist. Then there is the
proposed 230 MHz band. By using VHF with frequency
modulation most of these problems would disappear. As
it is just a proposal there are no manufacturers building
suitable equipment in any volume, so there is the
potential of job creation. But would the price of such
equipment be prohibitive, limiting its usage to the
privileged few?

CITIZEN BANNED
The attractions of CB are hard to define. It's possible to
make a lot of anonymous friends very quicly. The vast
majority of operators follow the unwritten rules - if a
"breaker- isn't referred to by his "handle- (call sign)
he'll be called a "good buddy" and the whole language
is almost elaborately courteous bad language and
swearing is very rare and those who use it are frozen out
by other operators.

Most CBers are eager to speak to newcomers and give
advice - but anonymously. The security amongst the
breakers is very strict.

It's almost impossible to tell who is a CB operator by
looking at their "wheels" (transport). The most popular
aerials are those which are very similar to car radio
'whips or telescopics and those which are clearly not in
this category are usually legitimate radio amateurs or
two-way radio telephones.

Technically you're not even allowed to listen (your TV
licence allows you only to listen to legitimate broadcast
stations or recognised amateurs) but many readers will
have access to a communications receiver going up to
30MHz and you can hear the CB operators - especially
on 27.125 MHz (channel 14) which is used (in London)
to establish contact.

A surprising number of women operate CB, our
contacts inform us that any night of the week at least half
a dozen lady breakers can be heard over the air, and very
good they are too we're told, yet another step for
,women's equality?

AERIALS
A great deal has been said about antennas, much
emphasis is placed upon the 'magic' 1 to 1 SWR ratio.
The SWR figure denotes the quality of match between
the transceiver. The output power will be attenuated by

A CB/Radio/Cassette player combination, a true in -car -
entertainment centre.
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Somewhere in Smokey town, a breaker keys his mike

the presence of Standing Waves in the aerial lead or
connections between rig and antenna.

The figure of a 1 to 1 SWR is almost impossible to
achieve (despite what people may claim) and a digure of
around 2:1 will show only a slight drop in output. Above
this figure problems may arise with voltage peaks but as
most CB sets are protected against this it's unlikely to
cause any trouble.

The positioning of an antenna, however, is very
important. For the greatest efficiency it should be as high
as possible, this usually means mounting it on the roof of
the car. For the greatest omni-directional propogation
(All round or symetrical reception and transmission) it
should be mounted in the centre of the roof.

SLANG
The slang used in this country is mainly of American
origin. Gradually though English terms are beginning
to creep in. (But not we hope the ultra formal language
used by Hams, almost totally devoid of humour). As you
will see from the glossary there are many phrases that
sound quite amusing but we're assured they're all tried
and tested, being the easiest way to convey information
over what is a potential very noisy communications
medium.

POWER OUTPUT
Probably the most controversial side of CB. The Ameri-
can (and most other countries) systems are limited to
around 4 watts RF output. People being naturally
adventurous are adding Burners (RE power amplifiers) to
their rigs. The availability of these burners have been
made simple by the Ham fraternity (10 metre power
boosters) so power output in excess of 100 watts is quite
common. Unfortunately this leads to 'splattering' (co -
channel and harmonic interference). This interference
can occur over quite a large area. Indeed from our
information it seems that most CB prosecutions have
involved people using burners. 4 watts would seem to
remain fairly inconspicuous.

WHAT DO YOU THINK?
These are the basic arguments for and against CB, a
system of one kind or another must be adopted so a
decision must be made soon otherwise it will be too late.
If you've got any strong views one way or another, why
not drop us a line.

You don't have to put your name to it if you are a CB
operator, just your 'handle' will do. HE as a magazine
would like to follow up this article if response proves
sufficient.

If you really do want to get actively involved contact
the CBA at 16 Church Road, St Marks, Cheltenham,
Glocs GL51 7AN. HE
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STEVENSON
Electronic Components
REGULATORS
78L05 30p 7805 50p
78L12 30p 7812 60p
78L15 30p 7815 60p

79L05 70p
79L12 70p
7905 80p

HARDWARE
MINIATURE TRANSFORMERS
240 Volt Primary

Secondary rated at 100mA.
Available with secondaries of:

6 - 0 - 6, 9  0 9 and
12 - 0 - 12. 92p. each.

LOUDSPEAKERS
56mm dia. 8 ohms 70p
64mm dia. 8 ohms 75p
64mm dia. 64 ohms 75p
70mm dia. 8 ohms 100p
70mm dia. 80 ohms 110p

TERMINALS
Rated at 10A. Accepts 4mm plug, black,
blue, green, brown and red . . . 22p

SWITCHES
Subminiature toggle. Rated at 3A 250V
SPDT 70p SPDT centre off 75p
DPDT 80p DPDT centre off 95p
Standard toggle
SPST 34p DPDT 48p
Wavechange switches.
1P12W, 2P6W, 3P4NJ or 4P3W all 43p ea.

Miniature switches (non -locking)
Push to make 15p Push to break 20p
Slide switches (DPDT)
Miniature 14p Standard 15p

CONTROL KNOBS
Ideal for use on mixers etc. Push on type
with black base and marked position line. Cap
available in red, blue, green, grey, yellow and black. 14p

7912 80p
7915 80p
LM723 35p

WHY NOT VISIT OUR

NEW SHOP
We welcome callers at our
new premises at the address
below 15 mins. from High St.)
We are open Mon Sat, 9am HE

6pm. Special offers available. r
BEcxENHpM

Express telephone order
service. Orders received be-
fore 5pm. are shipped first
class on that day. Contact
our Sales Office now!
Tel: 01-464 2951/5770.

-a/1

SHORTL ANDS msAoRtitifeTe

STATION

BROMLEY NORTH
we ©STATION

170

0 wioMORE RD

it
BROMLEY
 SOUTH

STATION

// SONS NrCC
Quantity discounts on any mix TTL, CMOS,
74LS and Linear circuits: 100+ 10%, 1000+
15%. Prices VAT inclusive. Please add 30p for
carriage. All prices valid to April 1980.
Official orders welcome.

BARCLAYCARD
& ACCESS WELCOME.

Mail orders to: STEVENSON (Dept HE)

VISA

TRANSISTORS

AC127
AC128
AC176
AD161
AD162
BC107
BC108
BC109
BC147
BC148
BC149
BC148
BC177
BC178
BC179
BC182
BC182L
BC184
BC184L
BC212
BC212L
BC214
BC214L
BC477
BC478
BC479
BC548
BCY70

17p
16p
18p
3817
38p

8p
8p
8p
71)

7p
8p
9,7

141)
14p
14p
10p
101)
10p
101)
101)
101)
101)
10p
191,
19p
191)
101,
14i,

LINEAR
THIS is ONLY
A SELECTION'
709 28p
741 16p
747 40p
748 30p
CA3046 55),
CA3080 70p
CA3130 90p

BCY71 14p
BCY72 14p
80131 35p
8D132 35p
BD135 38p
BD139 3517
BD140 35P
BF 244B 36p
BEY50 150
BF Y51 16m
BFY52 15p
MJ2955 98p
MPSA06 20p
MPSA56 20p
TIP29C 60P
TIP30C 70,7
TIP31C 65P
TIP32C 800
ZTX107 141,
ZTX108 141,

ZTX109
ZTX300
2N697
3N1302
2N2905
2N2907
2N3053
2N3055
2N3442 1
2N3702
2N3704
2N3705
2N3706
2N3707
2N3708
2N3819
2N3904
2N3905
2N3906
2N4058
2N5457
2N5458
2N5459
2N5777

14p
16p
12p
38p
22p
22p
18p
50p
35p

Bp
817

917

917

91,

817

221,
8p
8p
8p

12p
32p
30p
32p
50p

DIODES
1N914 31, 1N5401 13p
1N4001 4p BZY88ser 8p
Full spec product '

1N4148 el 4o/ioo [11/1000

CA3140 38P
LM301AN 26p
LM318N 85p
LM324 45p
LM339 45p
LM380 75p
LM382 1201,
LM1830 1501,
LM3900 5017
L M3909 65p
MC1496 60p
MC1458 32p

NE555 21p
NE556 50p
NE565 85p
NE567 170p
SN 76003 200p
SN 76013 140p
SN 76023 14017
SN76033 20017
SN76477 22017
TBA800 70p
TDA1022 650P
ZN414 75,,

VERO

Size in. 0.1 in. 0.151,, Veropins
2.5 x 1 14p 130 single sided
2.5 x 3.75 42p 4017 per 100
2.5 x 5 52p 50p Olin 3517
3.75 x 5 60p 60p 0 151,1 40P
3 75x 17 195p 180p1
Aluminium boxes with lid and screws

Length width height
AL1 3 2 1 48p
AL2 4 3 1 . 58P
AL3 4 3 2 65p
AL4 6 4 2 70p
AL5 6 4 3 85p
AL6 8 6 2 11617

CAPACITORS
TANTALUM BEAD each

0 1, 0.15, 0 22, 0 33, 0 47, 0 68,
1 & 2 2u F Ca 35V
4 7, 6.8, 10uF (1,7 25V
22h 16V. 47 5,76V, 100 3V

MYLAR FILM
0 001, 0 01, 0 022, 0 033 0 047 31,

0 068, 0 1 41,

POLYESTER
Mullard C280 series
0 01, 0 015, 0 022, 0 033
015,022
033.047
0 68
1 OuF

8P
13p
161,

0 047, 0 068, 0 1 5P
7p

10p
14p
17p

CERAMIC
Plate type 50V Available in E12 series from
22pF to 1000pF and E6 series from 1500pF to
0 047uF 2p

RADIAL LEAD ELECTROLYTIC
63V 047 10 22 47 10 5p

22 33 47 7p

100 13p
220 20p

25V 10 22 33 47 5p

100 8P

220 10p
470 15p

1000 23p

ThIACS

Plastic -cased
Thy pstors

Texas

12A
62p
68p
86p

Plastic cased Triacs.
Texas
All rated at 400V

4A
BA

70p
8017

12A
16A

90p
951,

20A 185P
25A 215p 

cmOS 4018
4023

55i
12P

4050
4066

25p
35p

4024 40p 4068 18p
4001 12p 4026 90p 4069 12p
4002 12p 4027 30p 4071 12p
4007 12p 4028 48p 4081 13p
4011 12p 4029 5017 4093 45p
4013 28p 4040 60p 4510 65p
4015 50P 4042 501, 4511 65p
4016 30p 4046 90p 4518 65P
4017 48p 4049 251, 4520 60p

FULL DETAILS IN CATALOGUE,

CONNECTORS
JACK PLUGS AND SOCKETS

screened unscreened
2 5mrn 9p 13p
3 5mm 9p 14p

Standard 16p 30p
Stereo 23p 36p

DIN PLUGS AND SOCKETS
plug chassis

socket
2pin 7p 7p

Spin lip 9p

Spin 180° lip 10p
5pin 240° 13p 10P

socket
7p
8p

15p
18p

line
socket

7p
14p
14p
16p

lmrn PLUGS AND SOCKETS
Suitable for low voltage circuits, Red & black.
Plugs 617 each Sockets 7p each.

4mm PLUGS AND SOCKETS
Available in blue, black. green, brown, red, white
and yellow. Plugs llp each Sockets 12p each

PHONO PLUGS AND SOCKETS
Insulated plug in red or black 9p

Screened plug 130

Single socket . . 7p Double socket 10p

SYS

Low profile
by Texas

8 pin Bp 16 pin 11p 28 pin 22P
14 pin 10p 24 pin 18p 40 pin 32P

Soldercon pins 100 50p 1000 370p

OPTO

LED's 0 125in 0.2m each 100+

Red TIL209 TIL220 9p 8p
Green TIL211 TIL221 13p 12P
Yellow TIL213 TIL223 13p 12p
Clips 3p 3p

DISPLAYS
DL704 0.3 m CC 130p 120P
DL707 0.3 in CA 130p 12017

END500 0 5 in CC 100p 80P

RESISTORS
Carbon film resist
ors. High stability,
low noise 5%

E12 series 4.7 ohms to 10M. Any mix
each 100* 1000+

0.25W 1p 0.9p 0.8p
0.5W 1.5p 1.2p 1p

Special development packs consisting of
10 of each value from 4.7 ohms to 1 Meg -
ohm 1650 resl 0.5W f7.50 0.25W £5.70.
METAL FILM RESISTORS
Very high stability, low noise rated at '.W
1% Available from 51 ohms to 330k in
E24 series. Any mix.

each 100+ 1000+
0 25W 4p 3 5o 3.2P

PLEASE WRITE
FOR YOUR FREE
COPY OF OUR
NEW 64 PAGE
CATALOGUE OF
COMPONENTS.
CONTAINS
OVER 2500 E/ec,

Co
STOCK ITEMS. oloor,

°Ots

76 Coll - I - Road Bromley, Kent, England



Electronic
Music
In this second part of his article, Tim Orr continues to describe how musical
notes and other effects are produced from electronic circuits.

AUDIO
INPUT

OUTPUT

COMB
FILTER
RESPONSE

FEEDBACK
(RESONANCE)

WITH FEEDBACK

,/-1/rl

FREQUENCY
(LINEAR SCALE)

Fig. 9. A COMB filter described in part one

Contour generators produce the VCF sweep and the
amplitude envelope of the waveform that comes out of
the synthesiser. They are generally initiated and termin-
ated by the gate voltage from the keyboard. Firstly the
AD waveform. When the keyboard is pressed, it starts on
an exponential charging curve which has an attack time
constant determined by the setting of the ATTACK knob.
When the keyboard is released the waveform discharges
back to where it started from with a time constant set by
the DECAY knob. This AD waveform is used to sweep the
VCF and sometimes in simpler systems to generate an
envelope waveform and even to modulate the VCO.

The ADSR is a similar process to that which occurs in
some keyboard instruments. A note is played which then
decays away with its natural time constant, but when the
note is released the strings are damped and the note is
muted. This system has three time constants, an initial
attack, a decay and a release. The ADSR is able to
synthesise these three time constant parameters, but it
also has a sustain level control, thus enabling infinite
sustain as long as a note is pressed.

In conventional stringed keyboard instruments time
constants are proportional to pitch of the note, low
frequency notes have long decay times and vice versa.
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KEYBOARD
GATE
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KEYBOARD OUTPUT
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Fig. 10. Contour generators
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Also the harder the keyboard is hit the louder the note
(keyboard dynamics) and the sharper the harmonic
structure. It is possible to synthesise all these effects but
with the present state of the art it is still rather complex
and expensive. Most synthesisers go for the simple
solutions as shown in Fig. 10.

VOLTAGE CONTROLLED
AMPLIFIER
The job of the VCA is to produce a signal which is the
product of the audio signal times the contour signal. This
type of unit is known as an amplitude modulator or a two
quadrant multiplier. When the contour voltage returns to
zero, the output of the VCA is zero.

Another type of modulator is a four quadrant multi-
plier some times known as a ring modulator. This has
two inputs and produces an output which is the true
arithmetic product of the inputs.

Ring modulators are typically used to manipulate
natural sounds. If speech is used as one input and a low
frequency (50-100 Hz) oscillator as the other, the
ring -modulated output sounds rather mechanical, just
like a 'Dalek'. What the ring modulator is doing is

45



VCO

Fig. 11. Typical synthesiser structure

AUDIO

/OWN

AUDIO Y

AUDIO X

CONTROL

AMPLITUDE
MODULATOR

(YVA)

4 QUADRANT
MULTIPLIER

(RING
MODULATOR)

Fig. 12. Voltage controlled amplifiers (VCA)

producing two mixed outputs from the two inputs. If the
two inputs were two sinewaves of frequencies fx and fy,
then the output is made up of two sinewaves mixed
together of frequencies f(x+y) and f(x-y). These are
known as the upper and lower sidebands respectively.

FREQUENCY SHIFTER

A frequency shifter acts similarly to the ring modulator
except that it separates the upper and lower sidebands.'
This enables a natural sound to be shifted up or down in
frequency. The process is known as single sideband
modulation in telecommunication jargon. The overall
effect is to make a harmonic sound in -harmonic. This is
because all the harmonics will be shifted by the same
frequency increment and so will lose their integer
relationships.

The frequency shifter uses an oscillator that generates
sine and cosine waveforms. The audio signal to be
processed is passed through a dual phase shifting
network such that two outputs in phase quadrature
(always 90 apart) are generated. The audio signals and
the sinewaves are multiplied together by two ring
modulators, the outputs of which are added and sub-
tracted to produce the 'down' and 'up' shifted outputs.
The amount of frequency shift is the frequency of the
quadrature oscillator.

AUDIO
INPUT

FREQUENCY

PHASE
SHIFTER

SINE
COSINE

OSCILLATOR
lo

AUDIO A

V cos

4 QUADRANT
MULTIPLIERS

Fig. 13. Arrangement of a frequency shifter
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Fig. 14. Envelope follower

ENVELOPE FOLLOWERS

(AUDIO-MI

DOWN
SHIFTED

(AUDIO-fo/

UP
SHIFTED

_//\J
ENVELOPE

OUTPUT

When processing natural signals, from speech or a
guitar say, it is sometimes desirable to have a voltage
that follows the envelope of the signal. This can then be
used to control VCA's or VCF's or other devices. A simple
envelope follower is shown in Fig. 14.

The input signal is full wave rectified by a precision
rectifier and then lowpass filtered. There are lots of
problems with this method. If the filter is set too high
then there will be lots of ripple on the envelope output. If
it is set too low, the unit will be slow to respond and may
even miss short signals. Perhaps the best system would
be one that uses a true R M S detector which can now be
bought in an IC.

SPRING LINE REVERBERATION
Synthesised sounds can very rapidly become uninteres-
ting. This is partly due to the unchanging quality of their
sound. Listen to a sustained note on a flute or a single
piano note. There are lots of interesting things going on
all the time. The pitch might be wobbling (also the
amplitude). The harmonic structure will be changing.
There will be, in the case of the piano, sympathetic
resonances in the neighbouring strings. One way of
reintroducing interest into synthesised sounds is by use
of artificial reverberation.

The spring line reverberation unit is a small
mechanical device that finds use in electronic organs,
practice amplifiers and synthesisers. The unit consists of
two long (10 inch) springs connected together at each
end. At one end there is an electromagnetic driver, and
at the other a magnetic pick up. The input signal is
amplified and drives the driver coil. This causes the
springs to vibrate and these vibrations propog ate down
the length of the springs. The pick-up coil receives these
vibrations, the signal from which is amplified and mixed
with the original. The result is a reverberant quality to
the sound output.
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Electronic Music
AUDIO
INPUT

AMPLIFIER/
DRIVER

DRIVER
COIL

SPRING
DELAY
LINE

PICK UP
COIL

PREAMPLIFIER

REVERS
LEVEL

Fig. 15. Spring Line Reverberation

NATURAL
INSTRUMENT

AGC FILTER
PERIOD

FREQUENCY
TO

VOLTAGE
CONVERTER

OUTPUT

0

CONTROL
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Fig. 16. A pitch extractor (above) and its place in a block
diagram (below)
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Fig. 18. Analogue Sequencer
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PITCH EXTRACTOR
Several companies have recently introduced guitar
synthesisers. These are synthesisers that are controlled
by the normal controls of the guitar. In these cases, the
guitar has been greatly modified so that its strings and
frets act as various forms of electronic contacts. Thus it is
possible to control a synthesiser from a guitar. There is,
however, another way of doing this and that is by using a
pitch extractor. This uses an unmodified guitar and
analyses the signal from the pick-up. It performs various
electronic processes on the signal so that the fun-
damental note is extracted, which is then converted into
a control voltage that can drive a bank of VCO's say. If an
envelope follower and a VCA are used as well then a
tracking chord with the amplitude envelope of the guitar
signal can be synthesised.

The problems of pitch extraction are numerdus and
possibly will never be properly solved, but to date there
are several devices on the market which work quite well.

SEQUENCERS
Sequencers are used to generate a repetitive rhythm or
to memorise a relatively long passage of music. They do
this by storing the control voltages necessary to resyn-
thesise it. A digital sequencer memorises a musical
melody that is 'played in' via a conventional keyboard. It
remembers the pitch voltage and the gate signal as a
function of time. Various controls such as 'record, play,
stop, recirculate, transpose sequence', are usually
available. One such machine, the EMS JKS, is shown
below. Note that the keyboard is a 'touch' rather than a
mechanical device.

An analogue sequencer is shown in Fig. 18. The
sequence is programmed in on a series of pots. The
electronics are usually very simple, a counter -decoder or
a multiplexer is the usual solution. Also, as there is no
keyboard, the parts costs are kept low, but it does suffer
the problem of being more complicated to program.

PITCH OUTPUT 1

PITCH OUTPUT 2

GATE

PITCH 1

0

PITCH 2
0

1-i -1 -1
1_1 Li II_-

A MEMORY
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FROM
KEYBOARD

PITCH
GATE

DIGITAL
MEMORY

RECORD
PLAY
STOP

RECIRCULATE
TRANSPOSE

MODIFY

Fig. 17. Digital Sequencer

The EMS JKS Sequencer

PITCH
OUTPUT

GATE

CONTROL
SELECTION

OUTPUT
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CHANNEL VOCODERS
The Vocoder is a recently introduced piece of EM
equipment for processing speech and natural instru-
ments. The concept of vocoders is quite old but it was
not originally intended for anything other than telecom-
munications. The machine has two inputs, one for
speech and one for excitation and one output. It analyses
both inputs into lots of different frequency bands and
then combines them into one output. This output has the
articulation of speech and the line spectrum (the har-
monic structure) of the excitation. If speech and an
electric organ (excitation) are used, then the vocoded
output is a 'talking organ'. The organ speaks and yet
retains the sound structure and melody of the original
organ. The vocoder can do other tricks like time com-
pression and expansion, freezing sounds, changing
peoples vocal characteristics. It can also operate on two
instruments combining them to produce a new one.
Fig. 20 shows a commercial unit.

4646
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INPUT
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20 CONTROL VOLTAGES

VOCODER OUTPUT
(THE HARMONIC STRUCTURE
OF THE EXCITATION SIGNAL
AND THE ARTICULATION
OF THE SPEECH SIGNAL)

Fig. 19. 20 -Channel Music Vocoder, a breakdown of one
channel is shown in greater detail
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Fig. 20. The EMS Vocoder 2000
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Electronic Music
COMPUTER MANIPULATION AND
SYNTHESIS
Originally EM was produced in studios and a lot of it was
done by tape tricks. Synthesisers now produce most EM
and some machines have a very high level of technology
in their design. Computers have also produced EM for
quite a while, but these have been large expensive
installations. Using a computer it is possible to synthes-
ise all the sounds or to use the computer as a sound
processor. Apart from the computer there is no real
hardware at all. All the processing is done using the
computer program (the softwave). Natural sounds are
introduced to the system via an ADC (analogue to digital
converter) and sounds produced by the computer leave
via a DAC (digital to analogue converter), Fig. 21 . By
using computer techniques it is possible to manipulate
sounds in new and interesting ways. I heard one such
manipulation whereby a piece of music performed on a
saxaphone gradually transmitted itself into a violin.

Perhaps as microprocessors get larger and faster we
will see a growth in microprocessor EM peripherals.

Technology has got a firm grip on the music and EM
industry, but the sounds generated are still almost totally
dependent on the skills of the operator. To bear this out I
can cite the following example. In the last few years I

have designed seven synthesisers, two vocoders, six
guitar effects units, one sequencer, one frequency
shifter, two guitar amplifiers, one quadraphonics effects
generator, a pair of high quality converters for computer
music . . . and I still can't make any music! HE

NATURAL
SOUNDS ANALOG TO

DIGITAL
CONVERTER

DATA

COMPUTER
SYSTEM

INTERFACES
VDU, DISC. KEYBOARD

SOFTWARE

DIGITAL TO
ANALOG

CONVERTER

AUDIO
OUTPUT

Fig. 21. Computer manipulation and synthesis block diagram
with a commercial unit shown below
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A. F. MILLIVOLT
METER

This simple and inexpensive milli-
volt meter has three measuring
ranges of 1 OmV., 100mV., and 1
V. RMS full scale sensitivity. The
frequency response has -1dB.
points at about 20Hz and 75kHz.
The instrument is suitable for
making audio noise, frequency
response, and gain measurements,
and would be useful to any begin-
ner interested in the field of audio. IN

The unit uses a conventional
arrangement with a non -inverting
op. amp. circuit feeding a meter via
a bridge rectifier. The negative
feedback loop is taken to the inver-
ting input by way of the rectifier
and meter circuit rather than direct
from ICI output. With low voltages
applied to the rectifiers they have a
high forward resistance, but this
results in little feedback and the

woo
131

IMOamplifier having a high level of
gain. Thus small input signal
amplitudes which would other-
wise produce no meter deflection
due to the high rectifier resistance 4 5

are boosted to the point where they
give the appropriate meter reading.
Therefore, although the rectifier is
inherently non-linear, it produces
opposing non-linear feedback

which compensates for this and
gives the unit linear scaling. RV1 is
used to adjust the circuit to the
correct sensitivity and D5 protects
the meter against sever overloads.

Q1 is used as a low noise source
follower buffer amplifier which
gives the circuit a high input
impedance of about 1 Meg. This
ensures that the instrument

imposes little loading on the
equipment under test. An attenua-
tor is incorporated at the output of
the buffer stage, and this can be
used to reduce the basic 10 mV.
sensitivity to 100 mV. or 1 V. FSD.
The attenuator does not need any
frequency compensation as it is in a
low impedance part of the circuit.

To calibrate the unit it is

switched to the 1 V. range, RV1 is
set at maximum resistance, and
with a 1 V. RMS audio source
connected to the input, RV1 is
adjusted for full scale deflection of
the meter. The 1 V. audio source
can be provided by an AF signal
generator set to the correct output
level with the aid of a multimeter
switched to a low AC volts range.
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(o ---II
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DIGITAL DEVICES LTD
RETAIL DIVISION (GIGHZ)

1TL CMOS
7400 12p 4001 14p
7401 12p 4011 14p
7402 15p 4013 30p
7404 13p 4015 55p
7405 13p 4017 53p
7408 13P 4020 55p
7413 23P 4023 14p
7432 20p 4025 14p
7440 13p 4026 115p
7442 40p 4027 33p
7445 65p 4028 45p
7447 50p 4030 33p
7473 23p 4040 60p
7474 23P 4049 25p
7475 30p 4050 27p
7486 23p 4051 55p
7490 30p 4060 95p
7493 37p 4066 35p
7496 55p 4069 15p
74121 28p 4093 50p
74122 45p
74123 40p DIODES
74132 45P 1N4002 4p
74151 45P 1N4003 5p
74161 65p
74191 70p
74196 60p

LINEARS
723 43p
741 27p
NE555 35p
TGA9 40 lOw 24v
Audio IC Normally
£1.75. While stocks
last 99p or TWO for
£1.75

ZENERS
Motorola 1/2 watt in
2v7, 4v3 & 5v6 only
7p each, 55p per 10,
E5 per 100, any mix
BZY 88's 7p
Series 2v7, 3v, 3v3.
3v6, 3v9, 4v3, 4v7,
5v6, 6v8, 7v5, 9v1,
10v, 1 2v, 1 5v, 1 6v,
18v, 20v, 22v, 24v,
27v, 30v & 33v.
Zener Development
Packs:
No 1.1 off each of the
above values - 22
diodes El .30
No 2.1 off each of the
above plus 4 more of
5v6, 9v1, 10v & 12v
(Popular values) 38
diodes for £2.00.

Terms of Business, Cash /cheque with order or Access/
Barclaycard. If using credit card merely state card
number VAT. Please add VAT at 8% to the total of the
order. P&P 25p per order up to £5, thereafter post free.

Delivery: Normally by return.

Devices all brand new full spec. by famous manufac-
turers.

CMOS usually B Series. VAT number 211 2679 92.
Remember: Freepost address- NO STAMP REQUIRED
ON YOUR ORDER.

FREEPOST
TOWCESTER, NORTHANTS, NN12 7BR

TEE-HEI

Join the He-men by sporting our cotton Tee-shirts.
They're available in Large. Medium and Small, please
specify which when ordering. All inclusive price is
£2.00 from:

HE Tee -Shirts,
Hobby Electronics,
25-27 Oxford Street,
London W1R 1RF.
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The world's smallest
programmables can be

music to your ears

CASIO FX-501 P and FX-502P
POCKET -SIZED PROGRAMMABLE CALCU-
LATORS, WITH MAGNETIC TAPE CASSETTE
RECORDING ABILITY, that converts to musical
synthesizers!

World's first LCD pocket -sized complete scientific
programmable. Both use ALGEBRAIC operating
system. The FX-501 P offers 128 steps and 11
memories. The FX-502P offers 256 steps with 22
memories. Both have Automatic Power Off after
approximately 14 minutes non-use, with the programme
stored in the 11 or 22 non-volatile registers.
Dimensionsof both are: 9.6mmH x 71W x 141.2mmD
(14"H x 23/4"W x 51/2"D). Supplied with leatherette
wallet.

Optional FA -1 Programme Adaptor available for
either model - permits programmes to be recorded on
standard tape cassette recorders and stored for re-entry
later. Also contains a music switch which converts both
calculators into musical synthesizers - keys 1 through 8
contain pre-programming for a full musical octave.
FX-501P RRP £59.95 Our price £49.95
FX-502P RRP £79.95 Our price E69.95
FA -1 RRP £25.95 Our price E19.95
Other CASIO LCD scientifics from £14.95.

=THE AMAZING MELODY 80
Musical calculating diary watch.

541

EA K2 Al CS Ai

Ai X2 El C3

13 IN Ai AI S C2
C2 12 611 23 22 C2

--"wg-refarffl
ADVANCE SPECIFICATION: Two separate Alarm
Tunes, Calculator with keys 1-8, playing individual
notes - a mini synthesizerl Complete calendar watch,
stopwatch - measuring net and lap times to 1/10
second - alarm timer and calculator with % full
memory, date calculations. CASIO RRP £3 1.9 5.
£25.95 -
Other CASIO calculating diary alarm watches
b,Q-2000 E24.95. MQ-10 £35.95, MQ-11 £29.95.

* 'THIS YEAR'S STAR BUY
CASIO 46CS-29B (New model)
Almost certainly the slimmest and most
sophisticated ALARM CHRONOGRAPH available
today.  LC Display of hours, minutes,

seconds day; And with day, date,
month and year.

 Optional 12 hour with am/pm or
24 hour clock display.

 24 hour alarm setting.

1

 Optional hourly chimes
 Chrono measures from 1/ 100

second to 6 hours.
 Net lap, 1st & 2nd place.

4/ 04111 La. 8ml mineralmsta in lgelsass sst

1 Water resistant to 100 feet.

feaecleca se

- A  Less than Tr 10 seconds per
', i ,.,-, month.

Removable links in bracelet,
backlight.£39.95

Other CASIO multi -functional watches from El 9.95.
UNBEATABLE QUALITY AND VALUE FOR
MONEY FROM JAPAN - WHY SETTLE FOR
LESS?

Most CASIO products available from stock.
Send 25p for illustrated brochures of this
superb range of watches or calculators (both on
request).

Prices includes VAT, P&P Send cheque. P.O.or
phone your ACCESS or BARCLAYCARD number to

IME TR ON Dept. ETI. Reamool Sate
164-167 East Road
Cambridge CBI 1011

Callers welcome by appointment Telephone 0223 67503

Car Audio
Manual
MW/LW
Full medium and long wave tuning. Com-
plete with speaker and mountings. Suitable
for positive or negative chassis. Latest:
model. £1.00£9.95 + Post

Push -Button

MW/LW
dIF ) p?'1[LACCULIZZ.i.

One LW, four MW buttons plus manual
tuning. Complete with speaker and moun-
tings. Latest model, negative chassis only.

£1 5.60+ £1.00
Post

Stereo FM/
Cassette
+ MW
Standard cassettes and FM in stereo plus
medium wave. Tone and balance controls.
Fast forward facility on tape. Adjustable
shafts. Suitable for 4 or 8 ohm speakers (not
supplied). This model is discounted else-
where at £50 up.

£1.00£38.95+ Post
Stereo Speaker Set

Suitable for above stereo unit. Good quality
in surface mounted casing. 5W nominal,
8W peak.

£3.95 (pair) + 70p Post

Telescopic
Multi -section standard type, suitable for
angled mounting with locking key.

£1.60 + 30p Post

Metal Detectors
Treasure Tracer Mk III

The original Treasure Tracer. Sales
exceed 7,000. 5 -transistor circuit
with Varicap tuning. Sensitive,
stable BFO design. Built-in speaker
and earphone. Fitted with Faraday
shield. Kit supplied with pre -built
search head.

Kit: £17.50 + £1.00 Post
Built: £22.50 + £1.00 Post

* Induction Balance Model
Built with sensitivity up to 10in on
single coin; fitted with speaker and
meter; PP3 battery; 7in dia. search
head. Telescopic stem. Excellent
pin -pointing, positive reaction to
non-ferrous, negative reaction to
iron. This model's normal price is
£39.95!

£22.95 + £1.00 Post

All goods guaranteed one year.
10 -day money -back offer. Goods
ex -stock at time of going to press.
Callers by appointment only please.
Send s.a.e. for leaflet.

Minikits Electronics Ltd.
6H Cleveland Road

S. Woodford
London E18 2AN
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Kit Review
Bio Activity Translator
Do you ever wonder what your plants are thinking? This months kit review
will enable your shrubs to sing, its suprprising how melodic they can be.

HAVE YOU EVER wondered what your plants would say
if they could talk? If you have a clear conscience (when
did you last water them?), then this unit will give them a
voice. With the aid of the Bio Activity Translator your
plants won't talk to you, but they will sing. The Transla-
tor combines a biological amplifier and a sound syn-
thesiser in one instrument.

WHY . .
The assembly instructions include a brief explanation of
the principle of the system. Ionic differences across cell
membranes produce a bioelectric potential. Thus, all
plants generate small electric potentials naturally,
directly related to respiration, photosynthesis, and other
chemical reactions which are all part of the plant's
metabolism. The Bio Activity Translator produces an
audio analogue of the plant's response to its surroun-
dings.

. . AND HOW
The natural potential of the plant is amplified and used to
increase the gain of a voltage controlled amplifier and
turn on a pulse generator. The pulse generator, in turn,
triggers a sample and hold circuit. A pulse is also applied

The kit as it comes out of its box, everything is there, only
batteries are needed to complete the kit.

to an envelope network to provide extra attack on the
sound. The sample and hold network provides a stepped
control voltage which follows the biological signal to a
voltage controlled oscillator. Thus, the pitch produced is
proportional to the level of the biological signal. The rate

.\ solintl Synthesiser Controlled by MuttsBio Activity Translator

The finished product, and very professional it looks too, output
sockets are provided in the rear of the case to feed into your
hi-fi system.
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Kit Review
of change of the biological signal affects the period of the
pulse generator and the gain of the voltage controlled
amplifier, so that the pitch, speed and volume of the
notes produced are all controlled by the biological
signal.

CONSTRUCTION
Everything you need to complete the kit (except your
trusty soldering iron, solder and screwdriver, of course)
is included. Construction is simplified by the clearly
marked printed circuit board. Component outlines and
numbers are printed on the board, so all you have to do
is pick out the right component from the pack and plug it
in. We were a little puzzled with where to fix the battery
retaining clips. The assembly instructions din't help us
there. However, we found that they screwed directly into
the wooden end cheeks of the attractive case.

OPERATION
Calibration couldn't be simpler, involving the adjust-
ment of one preset potentiometer in conjunction with the
front panel gain control. The signal is collected by two
electrodes with an earth probe to minimise the effects of
static electricity. The two electrodes are attached to a clip
so that they can be clamped on each side of a leaf or
stalk. The earth probe is pushed into the soil.

If you connect your Translator to your favourite
Monstera or Rubber Plant and switch on, you will hear a
complex pattern of sound, controlled by the plant itself.
The sound produced seems to vary from plant to plant
and whether the room is light or dark. The system is very
sensitive to movement. Shaking the plant produces a
dramatic response. We found that outdoor plants made
the most satisfactory subjects.

There seems to be unlimited room for experimenta-
tion here. The manufacturer has fitted two output
sockets on the back of the unit, so that the output can be
fed to another amplifier or an analyser of some sort. Try
clipping the electrodes to your finger to produce a
musical pulse.

The Bio Activity Translator is available from Jeremy
Lord Synthesisers, 52 Becmead Avenue, London SW1 6
and costs from £18.95.

The components in their packs, do check for any ommis-
sions.
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The PCB, assembly is simple, just follow the markings.

The PCB assembled awaiting installation.

I. .1 ..'..,otord .Sviitho,iso t'ontrollc,1 by Ploitc

Bio Activity Translator

it a Ili,. 1

The front panel of the Bio-Activity Translator.
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New Books from
the HE Book
Service
28 Tested Transistor Pro-
ject £1.15
Richard Torrens. The projects
can be split down into simple'
building blocks which can be
recombined for ideas of your
own.

Electronic Projects for Be-
ginners £1.55.
F. G. Rayer. Divided into 'No
Soldering Projects,' Radio and
Audio Frequency, Power Sup-
plies and Miscellaneous.

Solid State Short Wave
Receivers for Beginners .

£1.15
R. A. Penfold. Several modern
circuits which give a high level
of performance even though
only a few inexpensive com-
ponents are used.

Popular Electronic Projecis
£1.65

R. 'A. Penfold. A collection of
the most popular types of
circuits and projects using
modern, inexpensive and freely
available components.

Digital IC Equivalents and
Pin Connections .. . £2.70
Adrian Michaels. Covers most
popular types and gives details
of packaging, families, func-
tions, country of origin and
manufacturer.

How to Build your own
Metal and Treasure Locators

£1.20
F. G. Rayer. Gives complete
circuit and practical details for a
number of simple metal loca-
tors using the BFO principle.

Linear IC Equivalents and
Pin Connections . . . £2.95
Adrian Michaels. Gives most
essential data for popular de-
vices.
Projects in Opto Electronics

£1.45
R. A. Penfold. Covers projects
using LED's, Infra -red transmit-
ters and detectors, modulated
light transmission and also
photographic projects.

52 Projects using IC 741
£1.15

Rudi and Uwe Redmet. Trans-
lated from an enormously suc-
cessful German book with
copious notes, data and circui-
try.
50 FET (Field Effect Tran
sistor) Project . . £1,45
F. G. Rayer. Contains some-
thing of interest for every class
of enthusiast. Short Wave Lis-
tener, Radio Amateur, Experi-
menter or audio devotee.
How to Build Advanced
Short Wave Receivers

£1.40
R. A. Penfold. Full constructio-
nal details are given for a
number of receivers plus
circuits for add-ons such as
Q -Multiplier, S -meter etc.

Essential Theory for the
Electronics Hobbyist £1.45
G. T. Rubaroe gives the hob-
byist a background knowledge
tailored to meet his specific
needs.

Beginners Guide to Building
Electronic Projects . £1.45
R. A. Penfold. Covers com-
ponent identification, tools,
soldering, constructional
methods and examples of
simple projects are given.

50 Projects using IC CA3130
£1.15

R. A. Penfold. Describes audio
projects, RF project, Test
Equipment, Household and
miscellaneous circuits.

IC 555 Project ... £1.65
E. A. Parr. Circuits are given for
the car, model railways, alarms
and noise makers. Also covers
the related devices 556, 558
and 559.

50 Projects using Relays,
SCR's and TRIAC's £1.30
F. G. Rayer. Gives tried and
tested circuits for a whole
variety of projects using these
devices.

Note that all prices include postage and packing. Please make
cheques etc. payable to Hobby Electronics Book Service (in
Sterling only please) and send to:

'Hobby Electronics Book Service
P.O Box 79
Maidenhead, Berks.

llllllllllllllllllllllll illlllllr,,Shor
BASIC BURGLAR
ALARM
A burglar alarm circuit can be very
simple if non -essential facilities
such as entry and exit delays are
omitted, and such a circuit is
shown here. It can be used in
conjunction with normally open
(NO) or normally closed (NC) con-
tacts which can be the usual door
and window switches, trigger
mats, etc.
SCR 1 is a silicon controlled switch
(SCS) which is an NPN /PNP inte-
grated pair of transistors connected
to form a highly sensitive thyristor.
As the circuit stands, R1 ties the CK
terminal to the negative supply and
prevents SCR 1 from triggering.
The relay will not be energised and
the alarm will not sound. If one or
more of the NC contacts should
open, SCR 1 will be switched on by
the gate current it receives through
R2, since R1 is then switched out
of circuit. Even if the contacts
should close again, SCR 1 will
remain in the on state because it
has a built-in latching action. Thus
the relay will be activated and its
contacts connect power to the
alarm generator. The circuit can
also be triggered by one or more of
the NO contacts closing, as R3
then provides an adequate gate

bias to switch on SCR 1. Once
triggered the circuit can only be
reset by switching off using SW1.
The current through SCR 1 then
falls to zero and the latching action
is defeated so that the circuit is
ready to commence operation once
again when SW1 is closed.
Although only two sets of NC con-
tacts are shown, any number of

SCS EQUIVALENT CIRCUIT

BRY39 GA
(BASE VIEW)

GK R1
680R

Circu I111111111111 llllllllll 11111111111 llllllll 11111111111118:.'

contacts connected in series can be
used. Similarly, any number of NO
contacts connected in parallel can
be utilized. If no NC contacts are
used, R1 should still be included
between the GK terminal of SCR 1
and the negative supply rail. C1,
C2, and R4 are needed to prevent
spurious operation due to stray
pick-up of noise spikes or noise

pulses on the supply lines. D1 is a
protective diode which suppresses
the high back EMF developed
across the relay coil as it de -
energises.
The standby current consumption
of the unit is only about 1 uA and so
the unit can be economically run
from ordinary dry cell batteries if
desired.

R2
10M

R3
3k9

NORMALLY
CLOSED
CONTACTS

RLA
185R

NORMALLY
OPEN
CONTACTS

D1
1N4148

GK

A

SCR1 GA
BRY39

R4
100k

C2
100n

+9-12V

SW1
ON/OFF
(KEY SWITCH)

RLA1

TO ALARM
CIRCUIT

0 Ve
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Into Electronics Plus
Ian Sinclair has finished his tale,
So 'Into Electronics Plus' is now on sale,
The cream of Hobby, plus Mr Sinclair,
We modestly believe an unbeatable pair,
The pound you send will be well spent,
(That's apart from paying our rent),
You'll get 'Capacitors', 'Computers', and 'PCBs',
Not at all bad for just one hundred pees.

The demon HE poet strikes again, he sat up half the
night writing this one. (Don't know why he bothered).
Seriously though folks Ian Sinclair's series proved such
an astounding success we decided to bring it out as a
book. Not only that but we've added over twenty more
pages of informative features from 'Audio Transducers',
and how to make your own PCB's. That's 100 pages for
a Pound, a penny a page.

The series was primarily aimed at people taking 0 /A
level courses in electronics but has proved to be just as
popular with people starting out in our fascinating
hobby.

For your copy just send £1.25 (that includes Post,
Packing( to: -

'INTO ELECTRONICS PLUS'
HOBBY ELECTRONICS,
25-27 OXFORD STREET,
LONDON, W1 R 1 RF.

December 78
40p Hobby

Electronics

Are you missing out on something?

Take out
a sub to
HE today

54

To: Subscriptions I would like a postal subscription to HE star-
ting with theP.O. Box 35 issue. I enclose payment (£6.50 for UK andBridge Street,

Hobby Electronics

Eire, £7.50 elsehwere, £11.50 air mail).Hemel Hempstead,
Hefts

Name

I Address

1
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into
Electronics
by Ian Sinclair Part 8
Goggle -boxes, fighter -finders and number-crunchers. Ian Sinclair concludes
his interesting and instructive guide to the sometimes daunting field of
Electronics, and proves it really is easy.

IN THE EARLY days of radio, the problem of transmitters
interfering with each other was not serious; there
weren't enough of them, and they all had pretty low
power outputs. Later on, with many more transmitters in
use, the problem seemed to be solved by making each
transmitter work at a different frequency - after all,
there's a lot of different frequencies to play with. This
wasn't enough, though, and here's why.

We can generate a carrier wave of almost any
frequency we like, using an oscillator and a set of
frequency multipliers. A carrier is a pure sine -wave,
which has a single frequency, so that we could have an
enormous number of carriers, perhaps one at every
500 Hz all the way from 100 kHz upwards. The trouble
is that a carrier by itself is rather useless, and to carry
information, audio or otherwise, it must be modulated.
Now a modulated carrier is quite another thing, because
it no longer has the shape of a simple single sine -wave. If
we use a very selective receiver to measure the
amplitude of each frequency that is present in a
modulated carrier, we find that there are now frequen-
cies present which are neither carrier frequency nor
audio frequency - it's the familiar old story of the mixer
again. These new frequencies are called sidebands and
there will be two of them. The upper sideband is at the
frequency which is the carrier frequency plus modula-
tion frequency, and the lower sideband is at a frequency
which is carrier frequency minus modulation frequency.
For example, if we modulate a 1 MHz carrier with a
10 kHz sinewave, we find that the complete modulated
signals consists of three frequencies, the carrier at
1 MHz, the lower sideband at 990 kHz, and the upper
sideband at 1.010 MHz.

CARRIER

O

H

FREQUENCY FREQUENCY

CARRIER

LOWER
SIDEBAND

UPPER
SIDEBAND

Fig 8.1 An unmodulated carrier is a sinewave. On a graph of
amplitude plotted against frequency (a) it appears as
a single line. A modulated carrier plotted in the same
way (b) shows sidebands.

If the modulating signal is not a single sinewave but a
mixture of frequencies such as we get with speech and
music, then the sidebands will also consist of a mixture
of frequencies on each side of the carrier. It's these
sidebands which decide how many transmitters we can
use in a given range of frequencies, because transmitters
will interfere with each other if their sidebands overlap
(Fig. 8.2) even though their carriers are spaced well
apart. The bandwidth, which is the range of frequencies
from the carrier to the end of one sideband, is the
important factor that decides how transmitter frequen-
cies can be allocated.

SIDETRACKED
The problem of these sidebands and the bandwidth that
each transmission takes up has occupied many engin-
eers for many years. For various reasons, the range of
frequencies that we call the medium waveband has been
the most useful for broadcasting - the reasons include
transmitter range and ease of reception. The result is
that every country in the world wants to transmit on the
medium waveband, but the sad fact is that there simply
isn't enough room.

Various international conferences have tried to allo-
cate frequencies spaced 10 kHz apart (so that sidebands
above 5 kHz cannot be used) fairly among the nations,
trying to ensure that transmitters working on closely
spaced frequencies were large distances apart. These
schemes could have worked but for the rogue - countries
which choose to ignore the frequencies allocated to
them, and, of course, the pirate radios who find a fair bit
of profit in ruining other people's reception. All of this

OVERLAPPING
SIDEBANDS

2
1

I II
FREQUENCY

Fig. 8.2 The sidebands of two transmitters can overlap
causing interference.
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WAVES
SENT OUT

WAVES

BACK
REFLECTING

TARGET DISTANCE -0.15t KILOMETERS
t IS THE TIME IN MICROSECONDS BETWEEN
SENDING OUT A PULSE OF WAVES AND
RECEIVING THE SAME PULSE BACK AGAIN

has now made the medium waveband unsuitable for
serious broadcasting.

HIGH FREQUENCY
High quality transmission needs the transmission of
audio frequencies up to about 14 kHz; radar and TV
need much greater bandwidths than this (TV, for
example needs about 6 MHz) so that the medium waves
are totally unsuitable for such purposes. This is the
reason for the extensive use now of the high frequencies,
around 90 MHz for high quality sound transmissions,
450 to 800 MHz for colour TV, and 10 000 MHz or
more for radar. There's lots more room up there. For
example, the bit of the VHF band that we use for stereo
broadcasting is ten times the range of frequencies that
we have on the whole of the medium waveband.

As a useful bonus, the range of transmitters is not so
great, so interference is much less of a problem. Another
great advantage of using these frequencies is that we
can make use of different methods of modulation, such
as frequency modulation, which need greater band-
width. For example, the FM stereo broadcasts that we
transmit in this country need a bandwidth of 220 kHz,
even though the audio bandwidth is only 14 kHz; at
higher frequencies we can use power -saving methods
like pulse modulation.

BOUNCING THE BEAM
RADAR
Radar, as anyone will tell you, consists of bouncing radio
waves from a target and finding how long it takes for the
reflected signal to return. It's like moonwalking - easy if
you happen to have all the equipment, but you have to
be able to build the equipment first.

The first bit of equipment you need for a radar
transmitter is an oscillator which will generate a carrier
with a frequency of 1000 MHz or more, preferably up in
the 10000 MHz region. Why such a high frequency?
One reason, of course, is that there's plenty room for.
bandwidth, but there are more pressing reasons.

Fig 8.3 Principle of radar.

All radio waves travel at the same speed of
3 X108 m /s (three hundred million metres per second),
but the wavelength, the distance from one peak of a
wave to the next while in flight is equal to speed divided
by frequency. Like all other waves, radio waves will
reflect well only from objects which are several times the
size of a radio wavelength (ever heard of diffraction?)
The wavelength of a 1000 MHz wave (sometimes called
1 GHz, one Gigahertz) is 300 mm, which is just about
small enough to bounce from the front of a large aircraft
or a medium-sized ship, though we might not get much
reflection from a slim fighter. If we want to obtain good
reflections from smaller objects, or to be able to dis-
tinguish more detail of a larger one (to have better
resolution, as we say) then we need to use waves of
shorter wavelength, a few centimetres or even millime-
tres, and that means much higher frequencies.

THE LONG AND SHORT OF IT
Radar requirement number one, therefore, is a generator
of high frequency waves, preferably one that can churn
out a lot of power, because only a tiny fraction of all the
power that is sent out will ever return, even under the
most favourable circumstances (Fig. 8.4). The wave
generator that's used for all the larger radar transmitters
is a device called the magnetron, which spins electrons
round at very high speeds past a tuned circuit which
consists of a hole in a piece of metal (called a cavity,
which sounds uncomfortably like something dental).
Magnetrons that are used for most radar purposes do not
oscillate continuously, but are turned on and off in short
pulses.

The short pulse is the next requirement. If we are to
be able to detect the faint reflected wave from a distant
object, we will ruin our chances if the transmitter is still
belting out thousands of watts. In addition, because we
want to measure the time that passes between sending
out a pulse and detecting the echo, we need to use a
short pulse so that we can measure the time more
precisely (Fig. 8.5).

Using a short pulse has another advantage. Magne-
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Into Electronics

TARGET

Fig 8.4 The wave sent out by the transmitter spreads out,
and only a tiny fraction of it strikes the target. The
reflected wave from the target also spreads out, and
only a tiny fraction of it strikes the receiver aerial. In
practice the ratio is not as bad as it looks, because the
transmitted wave can be focused to some extent into
a beam.

trons, like all other active devices, have to dissipate heat,
using water cooling or forced air cooling. The amount of
heat that has to be dissipated depends on the average
power that is dissipated and that's the advantage of the
short pulse. For example, if we have a magnetron which
will dissipate 5 kW continuously, and we switch it on for
10 uS in every millisecond, then the power that can be
handled for that 10 uS can be 5 x 14-0)°° = 500kW
Now a short pulse of 500 kW is much more effective
from the range point of view than a steady wave at
5 kW, so that the use of pulses enables us to obtain a
much greater range than would otherwise be possible.

THE WERE ARE YOU NOW SPOT
Fig. 8.6 shows a block diagram of a radar transmitter.
An astable generates synchronising pulses, usually at
around 1 kHz. A monostable then generates a short
pulse which is used to start off all the action. One piece

ASTABLE
JlILTL

MONOSTABLE
III

SWEEP

HIGH -VOLTAGE
PULSE

GENERATOR

t

t?

Fig 8.5 The advantage of using a pulse. We can easily
measure the time between pulses, counting
microseconds between the steep sides. (a)

(b) A sine wave is useless for this because we
cannot be certain where to start or stop the time
measurement.

of action that is started off is a high voltage pulse
generator which, when the trigger pulse arrives,
switches the magnetron on and off. During the time of
this pulse, the magnetron is oscillating with a very high
power output, so that the transmitting aerial is sending
out microwaves like mad.

The trigger pulse also starts the timing operation,
usually by starting the sweep on a CRT. Some time, a
long time in terms of microseconds, after the magnetron
has stopped oscillating, the reflected pulse returns. It is
then picked up on the aerial, amplified in a superhet
receiver (we did say that they had a lot of uses) and used
to brighten up the CRT display (what part of the CRT is
used for this, do you think?), so that a blob of light
appears. Because the sweep voltage has been deflecting
the CRT, the blob will appear some distance away from
the start of the sweep - and this distance is proportional
to the range of the target.

Fig 8.6 Block diagram of radar system, simplified.
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t
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ROTATION

TRACE ON
SCREEN

DIRECTION
SCALE

Arzt.a bit more detail? Well, both receiver and
transmitter'us the..sarxie aerial, with protection circuits
to ensure that the high power transmitter pulse does not
get into the receiver circuits and that the weak returning
pulse does not get lost in the transmitter circuits. The
devices used for this job are called TR and ATR cells,
life's too short right now to deal with how they work.

A PLAN FOR THE FUTURE
The type of display that's used for most radar receivers is
the PPI, Plan Position Indicator. In this type of system,
the CRT sweep starts from the centre of the screen each
time, and moves out to the edge. The aerial rotates, and
its rotation is synchronised to the timebase action so that
the direction of the sweep is linked to the direction of the
aerial. In this way, during one rotation of the aerial, the
radar sweeps the skies right around the transmitting
station, and the CRT display shows the transmitter as a
spot at the centre of the screen, with the targets as blobs
of light. The distance from the centre of the CRT to any
target measures the range of that target, and the
direction is indicated on the scale of degrees around the
edge of the CRT (Fig. 8.7). A lot of modern radar sets
also use a 'nodding' aerial to measure the height of
targets, and the two lots of information are fed into a
computer, so that the final display can show figures of
height and speed beside each target blob.

Pulse PPI radar is just one widely -used form of radar,
and we could fill a book or more on the details of this and
others, such as FM rangefinder radar, Doppler speed
radar and others. All we can do here is to refer the
interested reader to books that specialise in this import-
ant branch of electronics. Unfortunately, the books your
neighbourhood library may have in stock will probably
have been written twenty years ago, or even more.

VISION ON
Let's scratch briefly at the surface of another topic,
television. The problem here is how to convert a picture
into a waveform. Sound broadcasting is easy by com-
parison; the transducer simply has to convert the sound
waves into electrical waves at the same frequency. Light
waves are already electrical, but at a frequency which is
too high to be dealt with by electrical circuits; what we
need is a signal which shows the position and brightness
of everything in the picture for black & white TV, and
with colour added for the de luxe version. The problem
was tackled nearly a hundred years ago by Nipkov, who
invented the idea of scanning.
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ROTATION OF
AERIAL

Fig 8.7 PP1 Trace (a) direction and rotation of sweep on
screen (b) rotation of aerial in step with rotation of
sweep (c) typical trace, showing transmitter at centre
and the surroundings, with stationary objects and
moving targets. A long persistance tube is used, so
that the targets leave trails to indicate their move-
ment.

WHITE

BLACK

Fig 8.8 Scanning (a) Simple black/white pattern, with a line
selected (b) Waveform produced by converting
brightness into electrical signal along the line (c)
Scanning lines make up a frame of picture.
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BUILD TWO FREE
PROJECTS ON CS
ELECTRONICS BY NUMBERS
F ISH'N'CL I KS
Now using EXPERIMENTOR BREAD-
BOARDS and following the instructions in
"Electronics by Numbers" ANYBODY can
build electronic projects. Look at the
diagram, this has the same letter/number
system as all EXP BOARDS. Look at the
"YOU WILL NEED" list and select Q1 this
is PNP transistor type HEP-230. This plugs
into hole X9, A7 and C9. NOW take C1,
a 50 uF capacitor, and put into holes J6
and J14 and do the same with all the
components.
NOW YOU HAVE FISH'N'CLIKS

ve
.0000,,,,, 0. . 00.0:., 0.0.2f0 -1
AO 0000 000 0000000 00 OA
80 00 00 00000 0 00 0 00008CO 000 00 000 0 0000 000 or
D0000 000 0 00 0 0 OD
E00 0 0 0 00 0 00 0 tse,...: OE

T1
pri-,

YOU WILL NEED
Bl, B2- 2x1.5V AAA batteries
Cl, C2- 50 uF, 12-VDC electrolytic

capacitor
El - Crystal earphone
Q1 - Motorola HEP-230 pnp transistor
R1- 5000 -ohm pot
R2- 27000 -ohm, % watt resistor
Si - Spst switch part of R1
T1- Mini transistor output transformer;

500 -ohm center tapped primary to
8 -ohm secondary

EXP- ANY EXP. BREADBOARD.
The anglers dream come true. This electronic
marvel emits a CLIK-CLIK sound that
makes fish really hungry. Shove the whole
works in a watertight container lower it
over the side and wait for the fish to grab
the hook.

PILL IN THE COUPON AND WE WILL
SEND YOU FREE OF CHARGE A COPY
OF THE FULL PROJECT FISH'N'CLIKS,
AND A COPY OF PROJECT No 1 "TWO
TRANSISTOR RADIO".

PROTO-CLIP TEST CLIPS.
Brings IC leads up from crowded PC boards.
Available plain or with cable with clips at
one or both ends.

4
PC - 16 pin. £2.75.
PC - 16 pin with cable. a

£6.00.
PC - 16 with cable and 16 pin clips at

both ends. £10.25.

CONTINENTAL SPECIALTIES CORPORATION

Europe, Africa, Mid -East. CSC UK LTD.
Dept 14P, Shire Hill Industrial Estate
Saffron Walden, Essex CB11 3AQ
Telephone: SAFFRON WALDEN 21682
Telex: 817477

EXPERIMENTOR BREADBOARDS.
No soldering modular breadboards, simply plug
components in and out of letter number identified
nickel -silver contact holes. Start small and simply
snap -lock boards together to build breadboard of any
size.
All EXP Breadboards have two bus -bars as an integral
part of the board, if you need more than 2 buses
simply snap on 4 more bus -bars with the aid of an
EX P.4 B.

EXP.325.. The ideal breadboard for 1
chip circuits.
Accepts 8,14,16 and up to 22 pin IC's.
ONLY £1.60.

EXP.350. £3.15.
270 contact points with
two 20 -point bus -bars.

EXP. 300.
550 contacts
with two
40 -point
bus -bars.

£5.75.
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,

* jilliffiliM11111110111111111111111111111111

1101111111111111111111111111111111111111111111

EXP. 650 for Micro-
processors. £3.60.

EXP 4B.
More bus -
bars.

£2.30.

11111111111111111111111

11111 11111 11111 11111 11111 11111 11111 11111

11111 11111 11111 11111 11111 11111 11111 11111 I
ALL EXP.300 Breadboards mix and match with 600
series.

PROTO-BOARDS.
THE ULTIMATE IN BREADBOARDS
FOR THE MINIMUM COST.
TWO EASILY ASSEMBLED KITS.

GAG 0041111111111111. 11.4001.1101 OORPORSTIO*

PB.6 Kit, 630 contacts, four 5 -way binding
posts accepts up to six 14 -pin Dips.

PROTO-BOARD 6 KIT. £9.20.

PB.100 Kit complete with 760 contacts
accepts up to ten 14 -pin Dips, with two
binding posts and sturdy base. Large capa-
city with Kit economy.
PROTO-BOARD 100 KIT £11.80.

HOW TO ORDER AND RECEIVE FREE COPY OF FISH'N'CLIKS PROJECT WITH
BONUS OF FREE TWO TRANSISTOR RADIO PROJECT.

CSC UK LTD. Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex C811 3AQ.
It's easy. Give us your name and full postal address, in block capitals. Enclose cheque, postal order or
credit card number and expiry date. OR telephone 0799 21682 and give us your Access, American
Express or Barclaycard number and your order will be in the post that night.
EXPERIMENTOR. CONTACT HOLES. IC CAPACITY
BREADBOARDS. 14 PIN.DIP.

EXP. 325
EXP. 350
EXP. 300
EXP. 650

130
270
550
270

EXP. 4B. Four 40 Point
Bus -Bars

TEST CLIPS
PC. 16.

PC.16-18.
PC. 16-18 Dual Clip.

PROTO-BOARDS.
PB. 6.

PR 100.

NAME

ADDRESS

630
760

1

3
6

use with 0.6
pitch Dip's

Bus -Bar Strip

UNIT PRICE
INCLUDING POSTAGE

AND V.A.T.
£ 2.53
£ 4.21
£ 7.29

£ 4.69
£ 3.29

£ 3.78
£ 7.56
£12.15

6 £11.01
10 £13.82

FILL IN COUPON & RECEIVE FREE COPY OF
ELECTRONICS BY NUMBERS PROJECTS No 1 AND No 2



NINFRAilig

the quickest fitting
CLIP ON -
capacitive discharge
electronic ignition
in KIT FORM
 Smoother running /,/
 Instant all-weather starting
 Continual peak performance
 Longer coil/battery/plug life
 Improved acceleration/top speeds
 Optimum fuel consumption
Sparkrite X4 is a high performance, high quality capacitive discharge, electronic
ignition system in kit form. Tried, tested, proven, reliable and complete. It can be
assembled in two or three hours and fitted in 1 / 3 mins.
Because of the superb design of the Sparkrite circuit it completely eliminates
problems of the contact breaker. There is no misfire due to contact breaker
bounce which is eliminated electronically by a pulse suppression circuit which
prevents the unit firing if the points bounce open at high R.P.M. Contact breaker
burn is eliminated by reducing the current to about 1 /50th 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 system.
Sparkrite incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of blowing the
transistors or the SCR. (Most capacitive discharge ignitions are not completely
foolproof in this respect). The circuit incorporates a voltage regulated output for
greatly improved cold starting. The circuit includes built in static timing light,
systems function light, and security changeover switch. All kits fit vehicles with
coil/ distributor ignition up to 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED
Die pressed epoxy coated case. Ready drilled, aluminium extruded base and heat
sink, coil mounting clips, and accessories. Top quality 5 year guaranteed
transformer and components, cables, connectors, P.C.B., nuts, bolts and silicon
grease. Full instructions to assemble kit neg. or pos. earth and fully illustrated
installation instructions.

NOTE - Vehicles with current impulse tachometers (Smiths code on dial RV1
will require a tachometer pulse slave unit. Price £3.85 inc. VAT, post & packing.

Electronics Design Associates, Dept. HE 8
82 Bath Street, Walsall WS1 3DE. Phone
614791
Name

Address

Phone your order with Access or Barclaycard

"selsibs whys tN piddq111(nly QUANTITY REST

X4 KR £16.65 inc. VAT

TACHO PULSE SLAVE UNIT

£3.85 INC VAT

Access or Barclaycard No

60

(0922)

Send SAE if brochure only required.

I enclose cheque PO's for

Cheque No.

"EDUCATIONAL KITS OF
EXCEPTIONAL QUALITY"

(AUDIO magazine)

THIS IS A POWERFUL
RADIO RECEIVER!

The same kit is also 150 other different
actual working projects e.g.:

Computer. 6 Logic Circuits
Electronic Organ, Tinter. Light
Control, Agility Tester. Lie
Detector. Siren, Horn. Buzzer,
Bird, Metronome.
Cds cell light & sound control
Photogun, Light Oscillator
Light Switch. Light and Sound
Morse Code.
Field Strength Meter
Hygrometer, Sphygorneter, etc
etc.

Rodin Receiver. Transmitter,
Amplifier, Audio Generator. Signal
Tracer & Injector, Continuity Tester.
Telegraph, Photoredio Receiver,
Radio Receiver Microphone Miser.
Illuminorneter, Voltmeter, Ammeter.
Sound Level Meter, Ohmmeter,
Diode & Transistor Tester.
Transparency Indicator. etc., etc.

The above is lust a selection of the circuits available - you
can also design your own circuits with these superb new
Denshi-Gakken "EX" construction kits.

No previous experience of electronics is required but you
learn as you construct and have a great deal of fun too. The
kits are completely safe for anyone to use.

Kits are complete with very extensive construction
manuals PLUS Hamlyn's "All -Colour- 160 page book
''Electronics'' (free of.charge whilst stocks last).

ALL KITS ARE FULLY GUARANTEED. Add-on sets (to
increase the scope of each kit) are available, plus spares
and accessories as required
150 PROJECT KIT £39.75 60 PROJECT KIT £25.75
120 PROJECT KIT £33.75 30 PROJECT KIT £18.95
100 PROJECT KIT £29.25 15 PROJECT KIT £16.75
Prices include educational manuals free book VAT p&p (in the U K I and
free introduction to the British Amateur Electronics Club

Callers et 20 Bride Lane will be very welcome. Trade and Educational
enquiries invited.

Cheque P 0 Barclaycard Access No (or 14p for illustrated literature) to
DEPT HE

SEE US AT "BREADBOARD"
BINGLEY HALL, BIRMINGHAM

23rd -26th MAY, STAND A7

ELECTRONI-KIT LTD.
20 BRIDE LANE, LUDGATE CIRCUS,
LONDON, EC4Y 8DX (01-353 6430)
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Into Electronics
COLOUR
SYNC
GOES IN
HERE

BLACK LEVEL

PEAK WHITE

_Jr
1 LINE OF SIGNAL

LINE SYNC LINE SYNC
PULSE PULSE

Fig 8.9 Line waveform. The sync pulse causes the receiver
timebase to flyback ready to start the next sweep
just as the video signal starts. The amplitude of the
sync pulses is less than the amplitude of a block
signal, so that sync signals cannot appear on the
screen.

LINE LINE
FIELD SYNC
PULSES

Fig 8.10 Line and field sync pulses. A set of field pulses is
transmitted so that the receiver can separate them
from the line pulses.

Scanning means selecting a line along the picture,
and measuring the brightness of bits of the picture along
that line, rather as we are taught to read by making our
eye scan the words from left to right (around these parts
at least) along each line of print. The result of scanning a
line at a steady speed, using something like a photocell,
is a waveform whose period is equal to the time taken to
scan the line (Fig. 8.8). Now if we select another line
slightly below the first one, we can obtain another chunk
of wave, and by continuing this process we can analyse
the whole picture into a set of waveforms.

IT'S A FRAME-UP
A complete set of lines of picture makes up a frame, a
complete picture, and the history of the cinema shows us
that if we can show about 20-30 frames per second we
can obtain the illusion of movement. For historical
reasons, we choose here to make the frame rate half the
mains frequency rate, so that our frame rate is 25 Hz;
because the mains frequency in the USA is 60 HZ, they
use a frame rate of 30 Hz. The idea originally was to
synchronise the picture rate to the mains frequency.

Synchronisation is one of the most important features
of TV, and the idea appears to have been suggested by
the true pioneer of TV as we know it today, Campbell -
Swinton who in 1910 took out a patent which was as
near as tuppence to a block diagram of a modern TV
system, even to the CRT, which at that time was just a
laboratory curiosity. The synchronisation problem is
something like this. The signal, called the video signal,
for each line of transmitted picture, must be used by the
receiver to create a line of picture which fits into the
same position in a frame. Unless this synchronisation is
perfect, the received signal will build up into a scrambled
picture - a mass of dots of different brightness which
make no sense. The sort of thing, in fact, that we see
when the line hold or frame hold controls on the old telly
have been thoughtlessly twiddled. We can make sweep
circuits which will run at a steady speed for the time of
one line, and so what we need is to be able to
synchronise the start of each line sweep, so that the
sweep of the receiver will start just as the first part of the
video signal for that line is starting.

This is done by transmitting a synchronising (sync.)
pulse just before the start of each line of video signal.

I he wavetorm of a line of signal looks as shown in Fig.
8.9, with the sync. pulse and the video waveforms. We
can arrange things at the receiver so that the CRT of the
receiver is cut-off (no electron beam) until the video
signal starts, so that the sync. pulse and any unwanted
signals during this time have no effect. This cut-off time
is also used to transmit the sinewave synchronising
signals for colour.

INTERLACING
We need another timebase to sweep the screen verti-
cally, top to bottom, both at the camera and at the
receiver, to ensure that each line is equally spaced from
its neighbours, and that we have the correct number of
lines in each frame. This field sweep as we call it is at a
much lower rate than the line sweep, because we don't
need anything like as many field sweeps per second as
we need line sweeps. This timebase also needs to be
synchronised, so that another sync. pulse is needed. In
fact, a whole set of pulses is transmitted at the start of
each vertical sweep, so that the receiver can sort out
which is a line pulse (a single) and which is a field pulse
(one with a wife and family).

Now at this point a complication arises. For a bright
picture to be free of flicker, we need something like 50
vertical sweeps per second, and this has the advantage
of being tied to the mains frequency. If we use the full
number of lines per frame, 625 in the UK and most of
Europe, 525 in the USA, then the bandwidth that we
need to transmit the signal turns out to be a bit on the
large side, around 12 MHz. If, on the other hand, we cut
down the number of lines in each frame, the picture
looks liney, like a five -barred gate. So what do we do?

The answer, folks, is interlacing. Each vertical scan,
or field, consists of the alternate lines of the picture, lines
1,3,5,7 and so on. The next field has lines
2,4,6,8, who do we appreciate and all the rest of it. It
takes two fields to make up a complete frame of picture;
the first field starts with the beginning of line 1, and
ends halfway along a line (3121/2), the second field starts
halfway along a line, and ends at the end of a line. How
do we arrange this? Well it's quite automatic provided
we choose the correct frequencies for the timebases, and
there's nothing that has to be done which wouldn't also
have to be done if we didn't yse interlacing. Not all
brilliant inventions need hardware, you know.

1

23
45

Fig 8.11 Principle of interlacing. Lines, 1, 3, 5 etc. are traced in
the first field, lines 2. 4. 6 etc. in the second. The two
interlaced fields make up a complete frame of lines.
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VIDEO
& SYNC --10-

Fig 8.12 Separating sync signals from video.

SYNC ONLY
(LINE & FIELD)

KEEPING IN STEP
Take a look now at how some of these operations are
carried out at the receiver - what does on at the trans-
mitter is a bit more complicated, we'll leave that alone
right now. The signals from the aerial are fed into a
superhet receiver (what else?) and amplified at an
intermediate frequency of around 36 MHz, with a
6 MHz bandwidth. Concentrating on the video signal at
the moment, this is obtained by a simple diode demo-
dulator (because the video signal is amplitude
modulated) and consists of what is called 'composite
video', that is picture signal plus sync. pulses. Now the
way the video signal is designed, the actual picture
signals start at about 23% of the peak signal amplitude,
so that a piece of picture that is black corresponds to a
voltage level which is about 23% of peak white. Any
voltage less than this 23% does not register on the
screen, so that this first 23% of the signal voltage can be
used for sync pulses. In the receiver,' we need to use
these pulses, free of video signal, to synchronise the
timebases, so that the first stage of a receiver after the
demodulator is a sync. seperator which, as the name
suggests, separates the sync signals from the video
signals and also from each other.

Taking these one at a time, the sync. signals are
separated from the picture signal by their amplitude
difference. The composite signal as it leaves the demo-
dulator is inverted so that the sync. signals are the most
positive part of the signal. Now take this waveform to the
base of a transistor which has no bias, and only the tips
of the sync pulses will cause the transistor to conduct.
The waveform at the collector is therefore a set of sync.
pulses with no video signal at all.

Next problem, to separate a line sync. pulse from the
field pulses. The output of the sync. separator feeds a
differentiating circuit and also an integrating circuit.
Each sync. pulse will produce a couple of spikes from the
differentiating circuit, and the output of this circuit can
be used, though nowadays after a lot of processing, to
synchronise the line timebase. Single short pulses
produce very little output from the integrating circuit,
but a set of longer pulses, all coming in quick succes-
sion, causes a slow -rising pulse out of the integrator, and
it's this pulse that we use to start the field timebase.

The timebase circuits themselves, are always ast-
ables, because they must continue to run even if the
sync. pulses do not appear. They are used to drive
current through scanning coils slipped over the neck of
the CRT. The field timebase is usually fairly straightfor-
ward, but the line timebase of the modern telly is a
fearsome bit of circuitry. The line deflection coils have a
fair bit of inductance, and when the current through
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Fig 8.13 Separating the two sync signals from each other.
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Fig 8.14 Simplified block diagram of B / W TV.

them stops at the end of the line scan, the back-emf is
pretty large, several thousand volts. This is stepped up in
a line -output transformer, and used to provide the high
voltage for the tube.

SOUNDING OUT
Oh, yes, we nearly forgot about the sound signal. It's
modulated onto another carrier which is at a frequency
6 MHz higher than the vision carrier frequency. Back in
the old days, this used to be separated out at the mixer of
the superhet and its different IF amplified separately.
Nowadays, a wideband IF amplifier strip amplifies both
sound and vision signals in one go, and the separation
now takes place at the vision detector. A detector diode
will not demodulate an FM signal, so what happens at
the diode is signal mixing - the vision carrier beats with
the sound carrier to produce a 6 MHz signal, which is
still frequency modulated with the sound signal. This
only needs a little bit more amplification to be demodu-
lated by an FM detector. After that it's volume control,
voltage amplifier, power amplifier and speaker just like
any old radio.

We've left out colour. That's because life's too short,
but you now should know enough about the basics of TV
to pick up a more specialised book on TV and be.able to
understand it. Some of the books in the Beginner's
Guide series are very useful if you want to read further.

NUMBER CRUNCHING
Number crunching is what a computer or calculator
does, and we're going to look at how it goes about it.
OK, a computer, even a pocket calculator, is a fearsome
bit of electronics, and I wouldn't like to start designing
one from scratch. Someone once said, though, that
Science consists of reaching for the stars with the
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Into Electronics

IN

KEPT AT 0 -

INPUT011.-

BISTABLES

0
CLOCK PULSE

0 OUTPUT

Fig 8.15 Shift register principle. A set of bistables is con-
nected together with a clock pulse used to control
each bistable. At a clock pulse, each bistable passes
on its output, 0 or 1, to the next bistable in line.

CLOCK PULSEL L
1 - 2 - 3 - 4 -- 5

1 0 1 1 0

0 1 0 1 1

0 0 1 0 1

0 0 0 1 0

0 0 0 0 1

0 0 0 0 0

OUT

STARTING CONDITIONS

AFTER 1st CLOCK PULSE

AFTER 2nd CLOCK PULSE

AFTER 3rd CLOCK PULSE

AFTER 4th CLOCK PULSE

AFTER 5th CLOCK PULSE

Fig 8.16 Action of a shift register. Five clock pulses will shift
out all the signals from this 5 -stage register.

advantage that you're standing on the shoulders of
everyone who has gone before you. Some of these guys
were pretty tall, and we'll make full use of them.

The cleverness of calculators and computers is not in
the circuits so much as the way in which they're
arranged - they even talk about computer architecture.
The circuits are logic gates, bistables, and memories,
mainly, types of circuit that we've met before, but in
huge quantities, and connected together in a way that
makes a lot of difficult calculations very easy to carry out.
Every circuit, though, is working in binary code, so that
the only digits that are used inside the machine are 0 and
1. The question is how. Fasten your safety belts and
we'll take a brief look.

One particularly important use of bistables is in a
circuit called a shift register, sometimes just register,
which appears in all calculators and computers. We're
not going to look at a detailed circuit of a shift register,
but we need to know what it does, with the aid of Fig.
8.15. The shift register is a set of bistables, each
connected so that the signals at the collector of one
bistable are taken to the bases of the next, and so on. The
bistables are not the simple bistable type we have looked
at, but what are called clocked bistables, in which no
action takes place until a clock pulse, a sort of sync.
pulse, arrives. Each bistable in the shift register is
connected to the same clock pulse oscillator.

CLOCKING -IN
Imagine now that this string of bistables is working and
the output of each bistable is represented by the voltage
of one of the collectors, 0 or 1. Now look at what
happens when a clock pulse comes along. Each bistable
(Fig. 8.1 6) hands on the digit that it has at its collector to
the next bistable in line (to the right of the diagram). This

Hobby Electronics, June 1979

A

B -
CARRY -
IN

-
--CARRY

OUT

A B Cin Q Cout

0 0 0 0 0
0 0 1 1 0
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Fig 8.17 The full -adder (a) and its truth table (b) The carry
terminals are needed from the 1's carried from the
previous addition or to the next one.

is where the name shift register comes from, each digit is
shifted one stage onwards when the clock pulse arrives.
What happens at the first and the last bistables? At the
first of the bistables, any number, 0 or 1, that is present
will be shifted (or loaded, as we say) into the first bistable
when the clock pulse arrives. If the input to the first
bistable is 0, then a zero will be shifted into the register
at the first clock pulse; if the input is at 1, then a 1 is
shifted in. At the output, a 1 or a 0 will be shifted out as
each clock pulse comes along. Not terribly difficult
really, just a shift of one place on each clock pulse, and
yet this is the circuit which above all makes computing
possible. Why? Because the action of the shift register is
controlled by the clock pulses, and because every
operation in computing can be carried out by a com-
bination of logic gates and shifting.

BINARY ADDITION
Let's look at some examples. Adding is carried out with
two numbers at a time, as we know from using a
calculator. Adding in binary is just as easy as adding in
decimal, but how do we do it electronically? We can
connect up NAND and NOR gates to form a circuit
called a full adder, whose truth table is shown in Fig.
8.17, and this circuit will add two binary digits, plus any
carry from a previous stage. The output is a digit, and
another carry. The important thing is that this adder can
cope with only one digit from each of the numbers being
added (plus the carry) so that we have to present the
digits of the numbers one step at a time. If, for example,
we add 00101 1 to 101101, then we start with the least
significant digits, the l's in the last place. With these l's
at the inputs, the adder will produce a zero at the output
and a 1 at the carry. The next digits are the bits 1 and 0,
with the carry 1 from the last step, so the adder once
again produces a zero output and a carry 1, and so on.
How do we ensure that the adder is presented with a bit
from each number at a time? Yes, that's right, we feed
the digits from shift registers. One shift register stores
001011, the other stores 101101. The outputs of the
shift registers are connected to the inputs of the adders,
and another little shift register is used to store the carry.
When a clock pulse arrives, the digits stored in the final
bistable of each shift register are shifted into the input of

'the adder - which adds them. The output bit can then be
shifted 8.12 into another shift register, and the carry bit
stored in its own little shift register. On the next clock
pulse, the next pair of digits come tumbling out of their
shift register, .plus the carry bit from last time round. The
output is shifted into the output register, the next carry
into its register and so on. There are six bits k digits) in
each number, so that six clock pulses are needed to carry
out this addition. After these six clock pulses, the output
register will store the sum of the two numbers, 111000.
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Fig 8.18 An adder used with registers to add two binary

numbers.
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Fig 8.19 A neater arrangement in which the answer is fed into

register A at the same time as the number A is
clocked out.

REMEMBER THIS
We've described this in terms of three main registers,
but most calculators would use only two (they are always
referred to as memories). As each set of bits was added,
the sum would be fed back to the input of one of the
registers which had previously been used to store one
of the numbers. That way it is then ready to be added to
the next number. One of the main registers in a calcula-
tor is always hooked up to the display, and this is always
the register into which a number is placed by using the
keys. The other register is then used for the output from
the adder, until the equals key is pressed, when the
second register clocks its contents into the display
register.

We've spent a lot of time on addition, and the reason
is that all binary arithmetic consists of addition and
shifting. Subtracting in binary, for example, consists of
inverting each digit (0 for 1, 1 for 0) and adding 1 to one
of the numbers, and then adding. Multiplication consists
of shifting and adding, and division can be carried out by
a similar, but more tedious process. The clever part of
most modern calculators is the way in which other
functions, such as log, sin, xy, and so on can be
calculated by using only addition and shifting processes
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- and yet mathematicians had worked out these pro-
cesses (called algorithms) centuries before calculators
were thought of.

So far, the actions of calculators that we've looked at
have been the actions that any old pocket calculator
could carry out. What makes a computer different is that
it can store very large amounts of numbers and carry out
long calculations or arrangements of  numbers, under
the guidance of a program. Storage of information in a
computer will not be confined to the registers, because
other forms of storage such as punched cards, magnetic
tape, paper tape and magnetic discs ('floppies') can be
used to store information and read it in when needed.

Let's think of a simple example to illustrate what goes
on. The resonant frequency (remember) of a coil o'
inductance L and a capacitor C in series is given by

1

f

Now if you were to start working this out on your pocket
calculator, you would probably start by entering the value
of L, pressing the [x] key and then entering the value of
C. Using the [=] key then gives LC, and a quick stab at the
[V] key gives the square root. The next lot of key strokes is
[X]2[X][7r][=], so that the whole denominator has been
calculated. Finally, pressing the [1 /x] key inverts the
number to give the result in Hz.

KEYS FOR GATES
What happens each time a key is pressed? Quite a lot of
circuits are switched about, using gates, but the whole
process is triggered off by one connection being made,
so that some part of the circuit is switched from 0 to 1 or
the other way round. Any action like this that can be
done by a switch can just as easily be done by the output
of a gate, and we can design gates that will close for any
combination of inputs we like. Suppose, for example,
that we have a set of gates, each with three inputs, and
that their normal output is 0. We can design these gates
so that one of them switches over for the input 001,
another for 010, a third for 01 1 , and so on, with each
gate switching only for its own code number. Now if
each of these gates activates a set of command circuits
like [x], [=], [+], [1 /x], and so on, then these opera-
tions will be carried out on the numbers in the main
registers when the code numbers 001, 010, 011, etc, are
presented to the gates.
Programming a computer consists of entering these

code numbers, in the correct order, into a set of program
registers. We aren't stuck with the instructions + x =
and similar functions either. We can use the gates to
cause new numbers to be read in from a register or from
tape, or to store an output in a memory register, or print it
on a printer. Our calculation of resonant frequency might
start something like this.

First we load the values of L and C into memory
registers. This is done by an instruction to the computer;
code numbers which activate the correct gates so that
the numbers that follow on the next set of clock pulses
are stored in different registers. Each register has a
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Into Electronics
reference number, so that we know which one is used for
each quantity. Assuming that the computer is already
programmed, we can now press the start (or execute)
key and watch what happens.

The first program register reads out with the first set
of clock pulses and it has the effect of activating a set of
gates. These gates allow the next bunch of clock pulses
to shift the digits that represent the value of L into the
main register, called the accumulator. The next clock
pulse moves the program (we usually talk about the
program counter) one step on, so that the clock pulses
that follow set the gates for the instruction 'multiply'.
That done, the next clock pulse moves the program on,
and the next bunch of clock pulses brings the value of C
out of store, and at the same time carry out the multi-
plication that has been set up ready. The program moves
on, with the instruction [=] clocking the result of the
multiplication back into the accumulator. Move on again
and this time the pulses set up the circuit for finding the
square root. We needn't go over it all, because you can
see what is happening at the end of each operation, the
next clocking activates a program step, which in turn
carries out the next instruction.

FAST FIGURES
What makes it all so useful? Well, one thing is speed.
The clock pulses in a big computer have a fast rate,
5 MHz or more, so that it doesn't take too long to go
through a set of instructions. Even more important is that
we can program in decisions. For example, we can
include instructions that command the computer to
compare the number that is in the accumulator with
zero, and to go to another part of the program if the
number in the accumulator is equal to zero, or altern-
atiuely, less than zero, or greater than zero. This type of
instruction' called a conditional transfer, makes a com-
puter much more useful than a simple calculator,
because the computer can be made to produce more
than one answer, or to work out a whole series of similar
steps. We can, for example, program the computer to
calculate the reactance of a 470 p capacitor at 1 kHz,
2 kHz and at every 1 kHz upwards to 1 MHz, and then
to stop and print out the answers. This sort of job is very
tedious even with a calculator, because there are 1000
calculations needed. The computer can be programmed

to carry out the calculation for 1 kHz, print the answer,
add 1 to the number of kHz in the store for L and carry
on. Each time round, it can be asked to take the figure of
frequency, subtract 1000, place in the accumulator and
compare with zero. If the answer's not zero, carry on. If it
is zero, stop. That way, when the frequency of 1000 kHz
(= 1 MHz) is reached, the computer calls it a day.

WATCH YOUR LANGUAGE
The program as it is stored in the program register of the
computer is just a string of figures, called machine code,
which will have a different job to do in each different
machine. Micro -computer have to be programmed using
these machine codes, but large computers use what are
called High -Level languages. A high-level language
consists of instructions which are represented by letters,
such as LDA, JUN, RNA, which can be typed onto an
instruction tape. Each of these instructions may need
many steps in machine code, and has to be converted
into machine code by a circuit called a compiler, which
consists of a set of gates. The high-level languages can
then be used on any computer whose manufacturers
have made a suitable compiler.

Once again, of course, we've only scratched the
surface of a very large topic. If you want to take it further,
then books alone are not really useful, because you need
some practical experience with a computer. Many
Technical Colleges run courses in Computer Science,
and such courses include programming. On a less
ambitious level, you can teach yourself a great deal
about programming by learning to use a programmable
calculator such as my favourite, the TEXAS T1-57. This
is a miniature computer on which the program steps are
entered by pressing keys rather than by a tele-type.

We've reached the end of this particular road now,
and you've on your own. Along with the practical
experience that the projects in HE will supply, plus some
good advice at school or college, you now have enough
background in electronics to tackle the London OA
paper, or even the C & G 224 Part 1 - but remember
that both of these require some observed practical work,
and the London OA needs an essay of 1 000 words as
well. All in all, though, it's not a bad achievement for
reading your favourite magazine for eight months, is it?

HE

PROGRAM INSTRUCTIONS

LRN

RCL 1
x
RCL 2

x
1/x
x
RCL 3

R/S

LRN

MEANING

Calculator memories following
steps as a program
Display contents of memory 1
and multiply by
Contents of memory 2
Display the product
Take the square root
Invert
Multiply by
Contents of memory 3
Display product
Stop, and leave last result dis-
played
Signals end of program

RUNNING THE PROGRAM - Finding resonant frequency of 35
uH and 500 p

KEY STEPS
CLR
5.03 STO 3

35 STO 1

.5 STO 2

RST

R/ S

MEANING
Clear the display of any figures
Stores the number 5.03 in
memory 3
Stores the value of inductance in
memory 1
Stores the value of capacitance
in memory 2
Ensures that program is reset to
the start, ready to run
Runs program - display reads
1.2, which is frequency in MHz

Formula used for this program is
5.03f = LxC

with fin MHz, L in uH
and C in n

Fig 8.20 A program for finding resonant frequency, using a
TEXAS T1-57.

Hobby Electronics, June 1979 65



electronics today
international

What to look for in the July issue: On sale June 1st

TELETEXT BOX
ETI goes Teletext next month:A full spec design
including full colour and double height characters.
Remote control is by ultrasonics, so there is no need
to move from your armchair to change the page. The
circuit is based upon the Mullard chip set - long
awaited that is.

Emphasis has been placed upon ease of con-
struction - the PCBs are plated through and silk
screened and everything mounts to the board. With
all this offer and with commercial units running at
£200 plus you'd expect this kit to cost the earth
would you not? Well it will set you back under £160
complete and we don't think that's bad! Don't miss
this.

POLYPHONIC KEYBOARD CONTROLLER

We've struck the right chord here. Give up those one
note wonders and take up polyphonics - you can't
get arrested for it and it'll make your oscillators
warble for joy. Play away up to 8 times simult
aneously and don't feel guilty about it!

Vcc (+9V)
100n

FORTY
CMOS
CIRCUITS

150H

Another family size, bumper
bundle of goodies from our bionic
project editor, Ray Marston. In
past issues he's covered 555s
and 741s. This time it's the turn
of CMOS circuits. He's got forty,
yes forty, of the little beauties
for you. You can't afford to miss
them.
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TRANSISTOR SOCKET

SOIL MOISTURE INDICATOR
Don't drown your Dahlias. The most
common cause of premature plant death
(murder) in the home is over -watering. If
you don't want the Sweeney hammering on
your door in the middle of the night, we
strongly suggest that you build this
moisture indicator. Think of it as a
happiness guide for your busy Lizzie.
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Hobby
Electronics
Book Service
POPULAR ELECTRONICS BOOKS

Sinclair, I. R., Introducing Electronic Systems
Sinclair. I. R., Introducing Amateur Electronics

£1.80
£1.55

QUESTIONS AND ANSWERS

SIMPLE AND CONCISE ANSWERS TO MANY QUESTIONS WHICH PUZZLE THE
BEGINNER.

Sinclair, I. R.. Electronic Fault Diagnosis £3.45 Coker. A. J.. Q & A On Electric Motors £1.50
Sinclair. I. R., Repairing Pocket Transistor Radios £2.50 Hellyer. H., Q & A On Radios and T V £1.50

Sinclair, I. R., Oscilloscope In Use £3.00 Hibberd. R., Q & A On Integrated Circuits £1.50

Sinclair. I. R., Understanding Electronic Components £4.00 Jackson. K.. Q & A On Electricity £1.50

Sinclair, I. R.. Understanding Electronic Circuits £4.00 Brown. C.. Q & A On Hi-Fi £1.50

Kitchen. H. T.. Handtools For Electronic Workshop £2.75 Brown. C.. Q & A On Transistors £1.50

Kitchen. H. T.. Electronic Test Equipment £5.00 Brown, C.. Q & A On Electronics £1.50

Capel. V., How To Build Electronic Kits £2.20 Reddihough. J.. Q & A On Colour T.V. £1.50
Miller. H.. Q & A On Electric Wiring £1.50

AUDIO CONSTRUCTOR GUIDES

Graham, P.. Simple Circuit Building £2.45
Earl, J., Audio Technicians Bench Manual £3.50 Colwell. M.. Electronic Diagrams £2.45
Earl. J.. Pickups and Loud Speakers £3.50 Colwell, M., Electronic Components £2.45
Earl. J.. Tuners and Amplifiers £3.00 Colwell, M.. Printed Circuit Assembly £2.45
Earl, J.. Cassette Tape Recorders £5.25 Ainslie. A.. Practical Electronic Project Building £2.45
Earl. J.. ABC of Hi-Fi £4.25 Colwell. M.. Project Planning and Building £2.45
Capel, V.. Microphones In Action
Capel. V., Improving Your Hi -H

£3.00,
£3.50

Capel. V.. Creative Tape Recording
Hellyer. H. W.. Tape. Recorders

£4.00
£4.25 BEGINNER'S GUIDE

Sinclair. I. R.. Audio Amplifiers For Home Construction £2.75
Sinclair. I. R., Beginner's Guide To Tape Recording £3.30
Sinclair. I. R., Beginner's Guide To Integrated Circuits £3.10

RADIO CONTROL
Sinclair. I. R.. Beginner's Guide To Audio
King, G. J., Beginner's Guide To Radio

£3.10
£3.10

King. G. J.. Beginner's Guide To Television £3.10
Aldridge, 0.. Transistorised Radio Control For Models £3.50 King. G. J.. Beginner's Guide To Colour T.V. £3.10
Drake. J., Radio Controlled Helicopter Models £3.95 Guilou. F.. Beginner's Guide To Electric Wiring £3.10
Jeffries. C. R.. Radio Control For Model Yachts £1.85
Safford. E. L.. Radio Control Manual £2.45
Safford, E. L.. Advanced Radio Control £3.95 .

PROJECT BOOKS

Marston, R. M., 110 Cosmos Digital IC Projects For The Home Constructor
£3.25

COOKBOOKS Marston, R. M., 110 Wave Form Projects For The Home Constructor £3.45
Marston. R. M., 110 Op Amp Projects For The Home Constructor . . £2.95

Tracton. K.. BASIC Cookbook £4.10 Marston. R. M.. 110 Semiconductor Projects For The Home Constructor . .

Lancaster. D., TTL Cookbook £7.00 £3.45
Lancaster, D.. RTL Cookbook £4.65 Marston. R. M.. 110 Thyristor/SCR Projects For The Home Constructor ..
Lancaster. D., CMOS Cookbook £8.20 £2.95
Jong. W.. IC Op AMp Cookbook £10.00 Marston. R. M.. 110 Electronic Alarm Projects For The Home Constructor .

Lancaster. D.. T.V. Typewriter Cookbook £7.75 £3.45
Lancaster. D.. Cheap Video Cookbook £7.00 Marston, R. M.. 110 Integrated Circuits Projects For The Home Constructor
Jong. W.. IC Timer Cookbook £7.50 £3.45
Lancaster, D.. Incredible Secret Money Machine (a how to cook book for Marston, R. M.. 20 Solid State Projects For The Car and Garage £2.50
setting up your computer or technical business) £4.95 Marston. R. M.. 20 Solid State Projects For The Home £2.50
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Note that all prices include postage and packing. Please make cheques, etc. payable to
Hobby Electronics Book Service (in sterling only please) and send to:

Hobby Electronics Book Service,
P.O. Box 79.
Maidenhead, Berks.
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Dri Speed
Controller
An easy -to -build gadget that lets you vary the speed of your power drill, or any
other domestic appliance that is powered by a universal electric motor.

THIS PROJECT CAN BE USED to control the speed of
virtually any domestic electric drill, power saw, grinder,
sander, or other power tool thOt incorporates a universal
electric motor. It enables the motor speed to be smoothly
varied from zero to about 75% of maximum via a single
control, and incorporates built-in compensation to
maintain the motor speed virtually constant at any given
speed setting, regardless of changes of load. This latter
facility is of great value when tackling low speed jobs like
drilling masonry or using fly -cutters on sheet metal, etc.

The drill speed controller is housed in a standard MK
surface mounting bakelite box, as used for normal house
wiring work. The box plugs into the mains via a cable,
and the drill plugs into a standard mains outlet socket
that is built into the controller box front cover.

CONSTRUCTION
All components except Cl, RV1, and SW 1 are mounted
on the single PCB, so construction should present few
problems provided that care is taken to fit all sem icon -
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ductors in the correct polarity. It must be emphasised,
however, that the controller is connected directly to the
mains without the use of an isolating transformer, so
care must be taken to ensure that there is no likelihood of
any dangerous conditions arising. Under no circum-
stances touch the wiring when the unit is connected to
the live mains.

The SCR used on the prototype circuit is a C 1 06C
type, but the design can in fact be used with virtually any
400 volt SCR with a current rating greater than 3 Amps.
We didn't bother to fit a heat sink to the SCR on the
prototype, but it is probably a good idea to do so in
practice. If you do fit a heat sink, make sure it can't come
into contact with any other components or wires.

RV1 is mounted on a MK planking plate, suitably
drilled, that screws to the right front half of the surface
box. Cl is soldered directly across the terminals of RV1,
with its positive side going to the RI -side of the pot.

The HE Drill Speed Controller connected up to our workshop
drill, already it has found a regular place in our toolkit.

DRitt SPEED
CONTROL
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ILIVE

240V AC

UTRAL 0

R1
10k

1i-

r1 RV1
2u2 1k0

D2

R2
470R

01

02

SPEED ;,6A.A,---.4,___AAAA,_
R4

D1

1k0 1k0

I C2
100n

a

SCR1

NOTE:
SCR1-C106D
Q1-BFX88 M LOAD
Q2-EIFY50
D1,D2-1N4004

Fig 1. Circuit diagram of the HE Drill Speed Controller.

SCR1
C106D1

A

Leadout for TH1. Note the position
of the heat -sink mounting
hole.

Parts List
RESISTORS (All 1/4W 5% unless stated)

R1
R2
R3,R4

10k 5W
470R
1k0

POTENTIOMETER
RV1 1k0 2W

CAPACITORS
Cl 2p2 63V
C2 100n polyester

SEMICONDUCTORS
SCR1
Q1
Q2
D1,D2

C106D
BFX88
BFY50
IN4004

MISCELLANEOUS
MK surface box list no 2025, MK 13A switched socket.
MK 13A plug. MK single blanking plate.

How it Works
tA universal motor, when running, generates a
voltage that opposes that of the supply. This
voltage is called the back EMF, and is proportional
to the motor speed. The HE drill speed controller
uses this back EMF to sense motor speed, and
automatically adjusts the power fed to the motor
so that it's speed remains reasonably constant
under varying load conditions. The speed setting is
variable via RV1.

Because of its back EMF characteristics, a uni-
versal motor runs at about 75% of its normal
maximum speed when it is fed from a half wave
rectified power line.

The HE controller uses an SCR (silicon control-
led rectifier) to gate half -wave power to the drill
motor. The SCR acts like a very fast self -latching
power switch. The point at which it turns on
during a half cycle depends on the setting of RV I,
and on the back EMF of the motor. If the SCR is
turned on near the end of each positive half cycle,
very little power is fed to the motor; if the SCR is
turned on at the start of each positive half cycle,
high power is fed to the motor. The SCR turns off
automatically at the end of each positive half cycle.

In the initial description of circuit operation, let's
assume that SWI is closed, and let's also ignore the
presence of Q1 -Q2 and their associated resistors
and C2, and assume that D2 is connected directly
to the gate of the SCR. In this case R1-RV1 and D1
form a half -wave voltage divider that feeds an
adjustable voltage to the gate of the SCR via D2.
The SCR turns on when it's gate becomes slightly
positive to it's cathode, and the point at which this
occurs depends on the setting of RV1 and on the
back EMF, and hence speed, of the motor.

Suppose, for example, that the motor is lightly
loaded, and RV1 is set so that the motor runs at

half -speed under this condition. If the load is now
removed the motor speed will tend to increase,
thus increasing the back EMF and countering the
voltage set by RV I, so that the SCR will tend to fire
later in each cycle and thus reduce the speed of the
motor. The reverse action occurs if the motor load
is increased. In either case, a negative feedback
effect occurs which tends to cause the motor to
operate at a constant speed in spite of load varia-
tions.

In extreme cases, when the controller is set for
very low speed operation, this negative feedback
causes power to be fed to the motor in `bursts' or
`skip cycles' of half -wave power when the motor is
lightly loaded, so that the motor seems to give an
erratic form of operation. Capacitor Cl is fitted to
reduce this skip cycling effect and give smoother
operation.

The action of the Q1 -Q2 -C2 network, when it is
triggered, is such that the SCR has to be supplied
with gate current that is derived from RV 1 slider. If
the SCR is a sensitive type, like the C106D, RV1
can provide this gate current without trouble, but
if the SCR is a low sensitivity device, RV I may not
be able to supply adequate gate current. Q I -Q2 and
C2 are used to overcome this problem.

Q1 -Q2 and their associated resistors act as a
voltage -sensitive switch. In each half -cycle, C2 is
able to charge up via RVI slider. As soon as the Cl
voltage rises to a suitable value, Q1 and Q2 both
switch on and partially discharge Cl into the gate
of the SCR, thus delivering a pulse of high current
to the SCR gate, quite independently of any
current -drive limitations of RV1 slider. The Q1 -Q2
and C2 network thus enables virtually any SCR to
be used in the SCR1 position, almost irrespective of
its gate sensitivity characteristics.
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Drill Speed Controller
Note when using the drill (or any other appliance) at

low speeds that it's motor will run rather hotter than
usual, since the motor's cooling fan efficiency is greatly
reduced at low speeds. It is wise to occasionally pause
and allow the motor to cool down when using it for long
periods at low speeds.

Switch SW1 is incorporated in a MK 13 amp
switched socket, that screws to the left front half of the
surface box.

USING THE CONTROLLER
Plug the controller into the mains, plug the drill into the
controller, and switch both units on. The drill speed can
be varied from zero to about 75% of full speed via RV1.
Note that there may be a 'dead' zone at both the low
speed and high speed ends of the control, due to
different drill motor characteristics and component
tolerances within the controller. This is quite normal.

At very low speeds the drill runs rather jerkily under
low load conditions, due to the 'skip cycling' method of
speed regulation that is used in the design. This jerki-
ness decreases or disappears when the drill is loaded up.

Mounting capacitor Cl on the control potentiometer RV 1.

Buylines
All electronic components in this project are readily
available types. The SCR can be almost any 400 volt
type with a current rating greater than 3 amps.

The MK products, such as the surface box, etc, are
available from most large retailing stores and from
D.I.Y. and electrical hardware shops.
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Inside the HE Drill Speed Controller, use of a PCB is strongly
recommended, especially when using a mains -driven project.

LIVE FROM
MAINS PLUG

RV1

NEUTRAL

RV1,INIPER

NOTE:
C1 IS MOUNTED ACROSS
RV1 TERMINALS

RV1 SW1

320n
Fig 2. PCB overlay, note position of the thyristor.

DSC

Fig 3. PCB pattern for HE Drill Speed Controller.
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Hobbyprints
An easy, patented method of making PCBs for HE projects.

For some time it has been possible to buy acid resist rub -down pads and track - in fact we use them
in the HE workshops and they work very well. HOBBYPRINTS take this idea a stage further - the
complete PCB pattern is already on the sheet and can be rubbed down in seconds - and the
patterns are nice and crisp, made from the original artwork, used for the prototype.

If you have the facilities for ultraviolet exposure, HOBBYPRINTS make excellent masters - being
solid black on a translucent film. With this method you can use the HOBBYPRINTS time and time
again!

HOBBYPRINTS are produced exclusively for HE, and the whole system is protected by patents
1445171 and 1445172. Each month we will be bringing out a new HOBBYPRINT, containing the
patterns for each issue's projects.

75p

ORDER TODAY

Send cheque or postal order (payable to
Electronics) to.

HOBBYPRINTS,
HOBBY ELECTRONICS,
25-27, OXFORD STREET,
LONDON W1R 1RF.

Hobby

75p INCLUSIVE OF VAT AND POSTAGE.

Please mark the letter(s) of the HOBBYPRINTS on
the outside of the envelope.
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HOBBYPRINT A (November HE)
5 Watt stereo amplifer, Waa-Waa pedal, Bedside
radio.
HOBBYPRINT B (December HE)
Digital dice, Photon (2 copies), Metronome, Audio
mixer.
HOBBYPRINTS C (January HE)
Graphic Equiliser, Touch switch, Vari-Wiper, Flash
Trigger.
HOBBYPRINT D (February HE)
Short Wave Radio, Sine/Square generator,
Scratch/Rumble filter, Car Alarm.
HOBBYPRINT E (March HE)
Light Chaser, Photo Timer, Casanova's Candle, (2
copies), Tone Control (2 copies).
HOBBYPRINT F (April HE)
Train controller, Cistern Alarm, Transistor Tester
HOBBYPRINT G (May HE)
Parking meter timer, Digibell, Power supply, Sound
effects unit

How to use HOBBYPRINTS.
1. Clean the PCB as you would for any work giving it a rub down
with fine sandpaper (we even supply this in the kit). A quick wipe
over with lighter fuel will help to remove any grease marks.
2. Lay down the HOBBYPRINT and rub over with a soft pencil
until the pattern is transferred to the board. Peel off the backing
sheet carefully making sure that the resist has transferred. If
you've been a bit careless there's even a 'repair kit' on the sheet
to correct any breaks!

3. Cut the board to size and put it in the Ferric Chloride.
4. When etching is completed, wash the board and use the
sandpaper or a scouring powder to remove the resist. The resist
pattern is pretty hardy but is easily removed at the final stage.
5. All you've got to do now is drill the board. Time? Only about
ten minutes from beginning to end plus etching time (15
minutes usually with a good acid).
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LOGIC LOCK

C2
100n

15

13

(62
1

4
10

=
11

This electronic combination lock
can be used instead of a keyswitch
as the on /off switch for a burglar
alarm or other equipment, or it can
be built for its novelty value. It is
unusual in that it has three push
button switches which are fed with
the combination, the number of
times each switch has to be
pressed corresponding to its com-
bination number. The switches
must be operated in the correct
order, and in practice they would
not be arranged so that they had to
be operated starting with the left
hand switch and working across to
the right hand one. Thus it is pos-
sible that someone knowing the

Short Circuits
1C3C3

T 1°°"

/ 2nd

I DIGIT
SW2

C4
22n

16 15

C5
100n

R3
390k

R4
100k

IC2
4017

-

5

7

9\21.

13

7:k

correct combination number would
still be unable to "crack" the unit.

SW1 is the first switch, and a
clock pulse will be fed to IC 1 each
time it is operated. Cl, C2 and R1
are needed to prevent contact
bounce from giving faulty opera-
tion (even the cheapest of push
button switches will be reliable
enough). IC1 is a 1 of 10 decoder,
and when power is initially applied
to the circuit it is reset to zero by the
positive pulse generated by C3 and
R5. In other words the '0' output
will be high and the other nine will
be low. As pulses are fed to IC1
using SW1, outputs ' 1 , '2', '3',
etc. will successively be the single

22n

3rd
DIGIT

SW3

14

SWEI

!16 4i15

C7
100n

R6
390k

R7
100k

IC3
4017

'2

'3

4
. 10

0
2

4

7

RESET

LOAD

F

13

output that assumes the high state.
The next stage is identical to the

first, but is driven from the '7'
output of IC1, and so seven pulses
must be fed to IC1 before IC2 can
be clocked using SW2. The third
stage is fed from the '6' output of
IC2, and so six pulses must be fed
to IC2 using SW2 before IC3 can
be clocked using SW3. After three
clock pulses, IC3 output '3' will go
high, switching on Q1 and
applying power to the load. This
can be a solenoid, a relay, or any
DC load requiring 9 to 12 V. at no
more than 100mA. If an error is
made when entering the combina-
tion, the circuit is reset using SW4

R8
3k3

1M16

8 9

4017 BC109C
TOP VIEW BASE VIEW

and the combination is entered
from the beginning.

Of course, as shown the circuit
has a combination of 7-6-3, but by
using the appropriate outputs of
ICs 1 to 3 any three digit combina-
tion can be obtained. The circuit
has a standby current consumption
of only about 3uA., rising to about
3mA. (plus the load current) when
it is switched to the on state.

D1
1N4148

01

0 +9-12V

mem.

C8
100n

BC109C

13 -Ve
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ELECTRONIC
THERMOMETER
This thermometer covers a range of
0 to 50 degrees Centigrade with a 6

linear scale so that the temperature
can be read directly from the scale
of the 50uA. meter. A range of
0-100 degrees Centigrade can be
obtained by substituting a 100uA. 7805

meter.
The unit uses silicon diodes D1 2

and D2 as the temperature sen-
sors, and these would normally be
mounted in some form of probe
which can be positioned many
metres away from the other circui-
try if necessary. C1 filters out any
noise picked -up in the connecting
cable. D1 and D2 are given a small
forward bias by R 1 , and this is
made only small so that there is no
significant self heating of the
diodes. The voltage produced
across the diodes is nominally 1.2
V., but it actually varies by about
2mV. per degree C. per diode, or
about 4 mV. across both diodes.
This voltage is fed to the input of an

CA3130
TOP VIEW

Cl-
1u0

utilizes IC1. With the p obe at 0
degrees C. (which can be achieved
by immersing the probe in ice) R4
is adjusted for the highest voltage
at IC1's non -inverting input that
gives zero output voltage. This
compensates for the quiescent vol-
tage across the diodes, and gives
zero reading on the 1 V. FSD volt-
meter circuit which consists of R7
plus M1 and is connected across
the output of the amplifier.

R3
5k6

RV1
467

R2
220k

D1
154148

D2
1N4148

3

IC1
CA3130

R5
560k

c2
150p

-I I -

R7
18k

RV2
1M

50 degrees C., the voltage across
them will fall by approximately
200 mV. (4 mV. x 50 degrees C.
= 200mV.), and this is amplified
by a factor of 5 by the amplifier to
give about 1 V. at its output and
roughly full scale deflection of the
meter. In practice R6 is used to
adjust the gain of the amplifier so
that precisely full scale deflection is
produced, and the unit functions as
an accurate thermometer. Of
course, R6 can be given the correct

12
C3T loon

IC2
7805

MI
50uA

3

SW1

C4

T

T
9V
PP3

setting with the probe at any
known temperature which corres-
ponds to a reasonably substantial
meter deflection, and the unit does
not have to be calibrated at 50
degrees C.

The circuit requires a very stable
supply of about 5 V., and this is
obtained from a 9 V. battery using
a 5 V. monolithic regulator (IC2).
C3 and C4 should be mounted
close to IC2 in order to prevent

op. ap. inverting amplifier which If the diodes are now heated to instability.
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AD INDEX
ACE 12 METAC 75
AMBIT 2 MINIKITS 50
AJD DIRECT SUPPLIES 12 PRESCOTT CLOCK AND WATCH 73
CSC 59 RAMAR 73
DIGITAL DEVICES 50 RTVC 17

EDA 60 STEVENSON 44
ELECTRONIKIT 60 SWANLEY 33
GMT ELECTRONICS 4, 5 TAMTRONIK 73
GREENWAY ELECTRONICS 12 TECHNOMATIC 33
HENRYS 12,36 TIMETRON 50
JEREMY LLOYD SYNTHESISERS . 36 VERO 34
MAPLIN 76 V +F SMALLCRAFT 73
MARSHALLS 34

PRINTED
CIRCUITS

HARDWARE
Comprehensive range Constructors Hardware
and accessories

Selected range of popular components
Full range of HE printed circuit boards
normally ex -stock, same day despatch at
competitive prices
P C Boards to individual designs
Resist -coated epoxy glass laminate for the
d i y man with full processing instructions (no
unusual chemicals required)

Alfac range of etch resist transfers and other
drawing materials for p c boards

Send 15p for catalogue.

RAMAR CONSTRUCTOR
SERVICES

MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tel. 4879

Prices
include VAT

RECHARGEABLE
BATTERIES

BUTTON CELLS
Dia

225mAh 25.0
500reAh 34.5
4.8v Pack (centre tap available)
225mAh
500mAh The original "Deac"

Ng;
75
95

CYLINDRICAL CELLS
("Vented" for fast charge)

0.5Ah* HP7 or
1 2Ah* 22.5 or
1.8Ah' Tagged only HP1 1 or
2 0Ah HP1 1 or
4 0Ah* HP2 or
6.0V Pack 6x1.2Ah nicads

ere,
0.60
1.15

2.40
4.60

Size AA 1.10
49.0 1.40
Size C 2.05
Size C £2.20
Size D 2.75

7.50

Tags available at extra 10p per cell.
Charger - Suitable for any of the above nicads -
charges up to twelve cells in series at either 25mA.
50mA, 120mA, 200mA or 400mA rate £11.95
Charger for 1 to 4 HP7 or 0.5Ah nicads Only £5.95

UK POST AND PACKING
50p PER ORDER

t3sSeAstr'ottri:`915:
L!d13: 10001:1( FtIll: SI: le

66421

Sizes approx
in mm.

SILICON DIODES (1 N4148 specification).
These high quality components represent
remarkable value at 50 for 50p, 150 for £1,
500 for £3, 1,000 for £5. CARBON FILM
RESISTORS (5%, 1/4, 1/3W), 20 each of 30
different values plus sample- 10 of above
diodes for O. Post free from D. Johnston, 12
Balgillo Road, Dundee DD 5 3W.

"RIGHT FROM THE START"
The only really practical Electronics Course available Instruction
manual only £5.55. Manual and Component Kit to cover all
projects, including solder boards £21.

QUALITY PRECISION TOOLS
Snipe Nose Pliers £4.40. Flush Side Cutlers £5.75. 120rnm Box
Jointed, Insulated Handles Similar but Lap Jointed E2.50 and
£2.75.

SOLDERING IRONS
Excellent value Speedyheat 25W 240V inc 4 4 and 2 2rnrn Bits

£3.15 only.

My three items deduct 10% add 30p P&P.

C.S.D.
7 Delisome Lane Hatfield Hens.

BARGAINS FOR THE
ELECTRONIC HANDYMAN
BRANDED LED DIGITAL

ALARM CLOCKS

(1) (2) 13)

Returned to Service Department within guarantee
period.

(1) With alarm repeat - S. R. 5 P. of El 7.00 offered at
£3.95 inc VAT

(2) With luxury lamp and repeat alarm as featured in
most major U.K. Mail Order catalogues, S.R.S.P.
E31 00 - offered at E6.95 inc. VAT.

(3) With integral luxury light and repeat alarm also as
featured in most major U.K. Mail Order catalogues.
S R S. P. of £32.00 - offered at £6.95 inc. VAT

These will be sold as received from our customers with
the existing fault(s) and without guarantee.

Discounts available on large bulk purchases
PRESCOTT CLOCK AND

WATCH COMPANY LIMITED
Prescott House. Humber Road, London NW2 6ER

TAMTRONIK LTD. (DEPT.

021-557

Kit

HE)

9144
Kit Contents

(See key(

PRINTED CIRCUIT BOARDS

KITS FOR HE PROJECTS
.

KEY TO KIT CONTENTS

and

SPECIAL OFFERS

217 TOLL END ROAD, TIPTON
WEST MIDLANDS DY4 OHW TEL.
Meg Kit

Issue Project Ref PCB

Nov 78 Bedside Radio 8001 1.25 15.85 BEHL A Vero-board(s)
Plug-in mains PSU 3v6v/9v/12v DC 300140.
Suitable for calculators. TV Games. etc. f 2.99

Stereo Amplifier 8002 3.90 43.95 BEHL B Printed Circue Boa rd is)
layout 100 x 1/W lk resisters 30p

Waa Waa Pedal H003 .90 6.90 BEH
C. WithntScreen pried component
D Tag strip 4 x NE 555 El 00

Dec 78 Push Button Dice H005 1.10 5.85 BEHL E All Resistors. potentiometers. capacitors.

H.E. Metronome H006 .85 6.40 BEHL serni.conductors
F As E Please for details.

Photon Phone 007 1.60 - BEGH
but with exclusions ask

G. Oil and/or transistor sockets and/or soldercon Pcbs and kits available Iron TAMTRONIK LTO.

H.E. Mixer 008 3.25 23.35 BEGHL pins for projects from ETI and EVERYDAY ELEC-

Jan 79 Craphic Equaliser 009 3.25 24.55 BEGHL
H Hardware includes switches. knobs, lamps and

holders. fuses and holders. plugs and sockets.
IRONIES. Send sae for free catalogue. Please
quote protect and kit reference number when

Flash Trigger 010 1.10 13.50 BEHL microphones, transformers. speakers, meters, details a kit are required. sae.
Variwiper - Relay 011R .90 7.30 BEN

relays, terminal blocks. banery connectors, etc
bolts.

of specific

Variwiper - SCR 0115 .90 4.10 BEH
BUT excludes nuts, washers, connecting
wire, batteries and special miscellaneous items.

the to change kitTouch Switch 012 1.15 4.95 BEN J As H but with exclusions Please ask for details

Feb 79 Short Wave Radio 113 1.40 11.95 BPI K As H but including connecting wire
L Suitable case(s)

Terntronik Ltd. reserves right
content without notice to incorporate current

Sine/Square Wave Generator 114 1.95 25.95 BEHL M Suitable case with screen printed facia modifications or to make valid substitutions for

Scratch & Rumble Fitter (Mono) 015 1.45 14.40 BEHL N Full kit to magazine specified standards
P Kit with professional finish - incorporating all temporarily unavailable components.

Scratch & Rumble Fitter (Stereo) 1155 2.90 18.45 BEHL prime features including screen printed pcb and The majority of kits advertised can be supplied

HE Car Alarm 016 1.20 8.35 BEHL case where appropriate hem stock, however please allow 21 days

Mar 79 Light Chaser 017 2.00 14.25 BEN
delivery since demand on any kit is unpredict

Casanova's Candle 018 1.10 5.95 BEH Photocopy of any of Noted Projects 30p. able.

Tone Control H019 1.00 8.80 BEGHL

Photographic Timer 020 1.25 9.95 BEGJL

Apr 79 Model Train Controller 021 1.40 21.95 BEHL SOLDERING IRONS & ACCESSORIES
Cistern Alarm 022 .80 2.20 BEHL

Transistor Gain Tester 023 .75 5.25 BEGHL
SRB 18 watt iron, incl No. 20 bit £3.713 Spare bits 44p

May 79 PSU 024 1.93 TBA TBA
Stand E3.25 BIT SIZES

52p No. 19 No. 20 No. 21
Parking Meter Timer 025 .92 TBA TBA

Solder - Saubit 20ft. (1.5mm), (3 mm),
L.c. Desoldering bit E1.00 (4.5mm), No. 21 (6mm).

Digibell 026 1.35 TBA TBA

White Noise Generator 027 1.67 TBA TBA "IDEAL FOR THE HOME CONSTRUCTOR"'

Kits can be supplied excluding pcb and/or case. Send sae for Visit our shop at Telephone or Letter

details naming kit and kit reference and free catalogue.

Trade and Educational enquiries welcome

P.& P. 30p 32 Market Place Mr---

Prices include VAT Great Bridge, Tipton Illw7' I.
West Midlands l _

-
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Reader's
Letters
AIR PISTOLS
Dear Sir,

I have brought five editions of HE and have usually
found something of interest in it. I made one of the Short
Circuits (Power Supply with Transistor Regulation) and
it works very well. The thing I like about it, is being able
to adjust the voltage to precise limits.

I am not interested in Hi-Fi, Scratch Filters, Metal
Locators, Train Controllers, Photo Timers and all this
stuff which seem to appear in your rivals from time to
time.

What I am interested in however are Air Rifles and
Pistols and I would like to make an electronic chrono-
graph to measure the muzzle velocity of a pellet as it is
fired from the gun. So how about one, I've never seen
such a circuit published before but they are available
commercially.

E. Rawstron
Lancashire.

It's good to hear from someone who knows exactly
what they want, unfortunately such a circuit is
slightly out of our province, we try to aim for less
specific projects. A quick word with our workshop
confirmed that such a circuit would be extremely
complex to build and calibrate but we're passing the
idea on to our sister magazine ETI. Anyway keep on
sending in your ideas, quite a few similar ideas,
have, in the past resulted in actual projects.

INTO ELECTRONICS
Dear Sir.

I have only just discovered your magazine and find it
very interesting, especially the article entitled 'Into
Electronics' by Ian Sinclair. As I have only brought the
April issue, I am wondering whether it is possible to
obtain the five parts of this article which have appeared
in previous issues.

G. McGowan
Huddersfield.

You must be blessed with second sight, we are
trying to make some room in our back numbers
department (see backnumbers ad. elsewhere in
this issue) and we are bringing out an 'Into Elec-
tronics' special. Not only does it contain the whole
'Into Electronics' series but a selection of equally
informative articles ranging from 'Audio Trans-
ducers' to 'Making your own PCB'. Price will be £1
and we expected it to be on sale within a couple of
weeks.

Please send submissions for the let-
ters page to: Hobby Electronics, 25-27
Oxford Street, London WI. Mark the
envelope "Letters Page." Letters
which are too long for publication will
be suitably edited.

SINE /SQUARE GENERATOR
tipped as favourite
Dear Sir.

I assume that the output control labelling shown in
the photograph is deliberate, indicating that in the
stakes for the best runner in the 'Inexpensive Test Gear
Handicap' the 'COURSE' control of HE Test Gear is the
winner every time!

G. L. Macmillan
Bahrain (Arabian Gulf)

Glad to see you're on form, it's odds on that any
mistake won't go unnoticed furlong. Now we're
over that hurdle we hope we will not be saddled
with any more unbridled letters of criticism over our
spelling.

CAPACITORS
Dear HE

I read and enjoyed your article -Capacitors, The
Inside Story-, and was wondering whether you could do
similar articles on Transistors, Resistors, Diodes and ICs
in future editions.

Could you also include something on Oscilloscopes,
Synthesizers and Microprocessors.

Jonathon Button
Littleton.

What a lovely man. Your wish is our command.
'Resistors' are scheduled for the July issue. As you
will have seen Electronics in Music has been fea-
tured (May -June). As for the others they are in the
pipeline but no firm date as yet.

PC BORED

Dear Sir,
I enjoy reading your magazine but there is one thing I

would like to point out. This is the use of printed circuit
boards in nearly all of your projects. These can be quite
expensive to buy or make. Several expensive things
have to be bought to make these including a small drill
and etchants. So, in future it would be easier if you could
use strip board for some of your projects.

C. Jackson,
North Yorkshire.

We have had quite a few letters recently on this
subject. We really do believe a project looks neater,
has a better chance of working and is easier to
repair on a PCB but you are the bosses. In the
coming ,issues we will feature at least one or two
projects exclusively designed for Vero -Board fans.
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QUARTZ LCD
5 Function
Hours, mins., secs.,
month, date, auto
calendar, back -light,
quality metal
bracelet.

£6.65
Guaranteed same
day despatch.

Very slim, only
6mm thick.

Ira

en)

QUARTZ LCD
ALARM 7 Function
Hours, mins., secs.,
day, date, alpha day,
back -light, auto
calendar.
Adjustable stainless
steel bracelet.
Only 9mm thick.

£18.65

Guaranteed same day
despatch.

SOLAR QUARTZ LCD
Chronograph
6 digit, 11 function.
Hours, mins., secs.
1/100, 1/10 secs.,
mins.
Split and lap
modules.
Auto calendar and
back light.
Powered from solar
panel with battery
back-up.

£13.65
M9

HANIMEX
Electronic
LED Alarm Clock

Fottures creel Stiecdrcation
Hour -minute display. Large LED display with
p.m. and alarm on Indicator. 24 Hours alarm ct
on of f conttol. Display flashing for power loss
Indtcation. Repeatable 9.minute snooze. Dispia.
bright dim modes control. Sae. 5.15" x 3.93-
2.36" 1131mm x 11mrn x 60mml.
Weight. 1.43 lbs 10.65 kgl.

£8.65 Thousands sold!

Guaranteed same
day despatch.

M13

QUARTZ LCD
7 Function
Hours, mins., secs.,
month, date, auto
calendar, back-
light, seconds
STOP WATCH.

£9.65
Guaranteed same
day despatch.

Very slim, only
6mm thick.

QUARTZ LCD Alarm
Chronograph with Dual
Time Zone Facility

rs and minutes thus
canal seconds of

di. display. plus day
' Tn week and am 'pme

cation
,,etual calendar, day.
si month and yea,

: r alarm with on.
ndication

'3 second chrono
measuring net,

lap and first and second
place times.
Dual time /0111. facility
night in,

£24.65

SEIKO Alarm Chrono
LCD, hours, mins.,
secs., day of week,
lionth, day and date,
24 hour Alarm, 12
hour chronograph,
1/10th secs., and
lap time. Back light,
stainless steel,
HARDLEX glass.

List Price £130.00

METAC PRICE

£105.00

M10

QUARTZ LCD
Ladies Slim Bracelet
5 function.

Hours, mins., secs.,
day, date and back
light and auto
calendar.
Elegant metal
bracelet in silver or
gold.
State preference.

£15.95
Guaranteed same day
despatch.

M14

QUARTZ LCD
11 Function SL IM CHRONO
6 digit, 11 functions.
Hours, mins., secs., day,
elate, day of week.
1 /100th, 1/10th, secs.,
10X secs., mins.
Split and lap modes.
Back -light, auto
calendar. Only 8mm
thick.
Stainless steel bracelet
and back.
Adjustable bracelet.

Metac Price

£12.65 Thousands sold!
Guaranteed same day despatch. M3

SOLAR QUARTZ LCD
Chronograph withAlarm
Time Zone Facility

nstai it LCD
hours and mmutes, plus

1di seconds or
Iato display, plus day

the week and am 'pm
usfication
,erpetual calendar, day

month and year
24 hour alarm with o,

indication
I 10 second &Iron°
taph measuring net,
1,,p and fast and sec.,
niace times.
:dial time zone facility

£27.65

SEIKO Chronograph
LCD, hours, mins.,
secs., day of week,
month, day, date,
12 hour chrono-
graph, 1/10th secs.
and lap -time.
Back light, stainless
steel water resistant, '

HARDLEX glass.

List Price £85.00

METAC PRICE

£68.00
M11

QUARTZ LCD
Ladies 5 Function
Only 25 x 20mm and
6mm thick.
5 function. Hours,
mins., secs., day, date
and back light and
auto calendar.
Elegant metal
bracelet in silver or
gold.
State preference.

£9.95
Guaranteed same day
despatch.

SEM

M15

HOW TO ORDER
Payment can be made by sending cheque, postal order, Barclay, Access or American Express pal
numbers. Write your name, address and the order details clearly, enclose 30p for post and packing
or the amount stated. We do not wait to clear your cheque before sending the goods so this will
not delay delivery. All products carry 1 year guaranteee and full money back 10 day reassurance,
Battery fitting service is available at our shops, All prices include VAT.

Trade enquiries: Send for a complete list of trade prices - minimum order value E100.
Telephone Orders: Credit card customers can telephone orders direct to Daventry or Edgware Rd
24 hour phone service at both shops: 01.723 4753 03272-76545.

CALLERS WELCOME
Shops open 9.30 - 6.00.

QUARTZ LCD
ALARM 6 Function
Hours, mins., secs.,
month, date, back-
light, 24 hour
ALARM.
Adjustable stainless
steel bracelet.
Only 9mm thick.

£12.65

Guaranteed same
day despatch.

M4

QUARTZ LCD
Alarm Chrono
22 function, 6 digit.
Hours, mins., secs.,
date, day of week,
stopwatch, split time,

*alarm, second watch
(dual time), back-
light.
FRONT BUTTON
OPERATION.

£22.65
Guaranteed same
day despatch

METAC * PRICE

SOLAR QUARTZ LCD
5 Function
Genuine Solar

Solar panel with
battery back-up.
Back light and auto
calendar.
Hours, mins., secs.,
day, date.
Quality metal
bracelet.

£ 9.95
Guaranteed same
day despatch.

AMIEW=A

M12

DIGITAL
LED CLOCK

Automatic brightness control. Weekend
alarm cancel.

Features and Specification.
HOW 'minute display. Large LED display with
p.m. and alarm on indicator. 24 Hours alarm with
on.off control. Display flashing for power loss
indicator. Repeatable 9 -minute snooze. Auto.
matic brightness control. Weekend alarm cancel.

£10.95

Guaranteed same day
despatch.

M16

Pieter ELECTRONICS& TIME CENTRES

North & Midlands
67 High Street, DAVENTRY

Northamptonshire
Telephone: 03272 76545

South of England
327 Edgware Road

LONDON W.2
Telephone: (01) 723 4753



a duality range of grorsh made electrical accessories plus n 'How to " book Do
your own home electrical work wan complete confidence. See cat. pages 129 to 134

Mobile amateur radro. TV and FM aorta!, plus lots of accessories are described in ow
catalogue

Add on bass pedal "nit for organs Has excellent bass
accompaniment Specification in our catalogue

ita top for guitarists

bympuirn
ELECTRONIC SUPPLIES LTD
All mail to:-
P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 554155.
Shop: 284 London Road,
Westcliff-on-Sea, Essex.
(Closed on Monday).
Telephone: Southend (0702) 554155.

it% massive new catalogue
from Maplin that's even
bigger and better than
before If you ever buy
electronic components,
this is the one
catalogue you must
not be without
Over 280 pages -
some in full colour
- it's a comprehensive.
guide to electronic
components with
hundreds of
photographs.and
illustrations and peg,
alter page
of invaluable data

Our bi-monthly
newsletter contains
guaranteed prices
special ofierpand
all the latist
news f rom Mapl

This superb organ - build the first working section for lust sew
in our catalogue.

A pulse width train controller for smooth slow running plus inerta braking and
acceleration. Full construction details in our catalogue

The 3800 synthesiser build tit yourself at a fraction of the cost of one ready-made war
this specification Full details in our catalogues

eyboard with 6251me TV interface 4 -page memory and
oprocessar interface Derails in our catalogue

I
I
I

I

I

I

C

A range of hruhly attractive knobs IS described in our catalogue Our paces are
attractive toot

A wide range of disco accessories at marvellous prices Our catalogue has all the de

AlitA1411
AAAAAAA

in 
'

details 2 5p_tie

Post this coupon now for your copy of our
1979-80 catalogue price 75p.
Please send me a copy of your 280 page catalogue
as soon as it is published (8th Jan. 1979). I enclose
75p but understand that if I am not completely
satisfied I may return the catalogue to you within
14 days and have my 75p refunded immediately.
If you live outside U.K. send £1 or ten International
Reply Coupons.

NAME

ADDRESS

HE 67


