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0ambif international

At last, DIY Hi Fi which looks as 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 tuners, 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 £35.00 + 8% VAT.

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

Carriage for complete kits Et
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 fats - 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 rx 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 1.40
TBA651 AM tuner IC

i1

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

AF preamp, adj, age 2.75
HA1137W Improved S/N 3089 2.20
TBA120 limiting amp+detector 0.75
TBA12OS high gain 1.00
MC1350P aged IF preamp 1.20
MC1330P synch AM/video detector 1.35
KB4406 Cascode IF preamp 0.65
uA753 limiting FM preamp 1.95

Communications circuits

BF960 800MHz/2.8dB of mosfet1.613.
8F961 200MHz/2.0dB of .. 0.80.
40822 FM RF amp 0.43
40823 FM mixer 0.51.
40823 Famous MOSFET 0,55.
2SJ49/2sK133 120v/100W MOSPOWER

output devices 10.50.
LEDS: the best value today

3mm 5mm 2.5x5mm
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 clips
for panel mounting 0.03 each

Misc. ICs for radio/audio applications

The
THE

PW DorchesterLW MW SW IL FM stereo tuner, ,
DIGITAL DORCHESTER ALL BAND TUNER

With styling and
dimensions to fit
in14. 125 with the rest
of AMBIT's new

0 0000000000 0 11111111111111
range of tuner &
audio equipment.

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 f33.00,
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.
For the fully digital version, with Ambit DFM1, the price is £56.50 + 8% VAT.

S06000 DMOS RF/Mixer pair 3.75
KB4412 eel miners, IFmgc 2.55
K54413 AM/SSB det. squelch,agc 2.75
KB4417 mic processor 2.55
MC3357 best thing in NBFM yet 3.12
MC1496P popular double bal mixer 1.25
Multiplex decoders + noise blanker -

02378 5 LED bargraph driver 0.80.
SAS6610 4 station touch tune IC 1.48
SAS6710 adds 4 stations to 6610 1.48
MSM5523/4 LW,MW,SW and FM digital

frequency readout plus
clock, timers, stopwatch £14 

MSM5526 LW/MW/FM DFM with
direct drive for LCD Et 1 

MC131OP popular PLL decoder 2.20
uA758 buffered 1310 2.20
CA3090AG RCA PLL decoder 3.25
HA1196 improved PLL decoder

TCA730 DC volume control 3.50
TCA740 DC tone control 3.50
TDA1028 DC input switch 3.50
TDA1029 DC mode switch 3.50

with stereo preamps 3'95HA11223 19kHz low Radio and Tuner modulespilot cancel,
distortion, high S/N 4.35

KB4437 as HA11223 with remote
VCO kill facility 4.55

KB4438 stereo MUTING preamp
for post decoder mute 2.22

KB4423 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 12%%. except where marked ().
Catalogue part 1:45p, part 2 50p all inclusive. Postage 25p per order, carriage on tuner kits 2 Gresham Road, Brentwood, ESSEX.O. Phone Brentwood 10277/ 216029/227050 9am-7pm. Callers welcome inc. Saturdays .

OHS,
(04000 cmos

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.

srA'LEEsp TTLmicramerket
6800 series
6800P 6.50
6820P £6
6850P 2.75
6810P £4
6852 3.65
8080 series
8080 6.30
8217 2.30

8216 1.95 2114 £10
88222284

4.78
3.50 2708 (10.55

5751 6.25
8255 5.40
MEMORIES
2102 El 70
2113

742 E3:0
4027 E5 78

Development
ME K6800 E220
TK80 E306
AMI, Signetics
TI. Intersol.
Harris etc OA

Voltage Regs
NEW LOW PRICES
7800 series UC T0220 package 1A all 95p
7900 series UC 10220 package 1A all £1
78MUC series TO220 package %A all 90p
78LCP series 1092 100mA all 35p
1200 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/RF I etc
1 amp in IEC connector £4.83
5 amp in 'wire in' case £3.87
NE550A 73p

L111ERR5- consumer

The ICL7216B PI is still the cheapest way to make a ful 8 dig t/ 10MHz frequent counter/timer,
and with 10 external components f- display - it is also one of t e simplest. For E19 82, it takes a
lot of beating. The mains filters have been extended now to in ludo a 6amp IEC version at E5.10,
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, all of course are absolutely prima first quality types. And don t forget our range
of OPTO displays includes Hewlett Package high efficiency 0.43- types in all colours renowned

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. Pert one (45p) includes details of our background 'standard' items, and
the new part two includes ell the latest introductions and developments, plus a rundown 011 OSTS.

external components f- display - it is also one of t e simplest. For E19 82, it takes a
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OPTO 7 sag display

2 Gresham Road, Brentwood, Essex.

:Standard RIM LP SchottkY
SEE THE
AMBIT AD TOO)

*N"LSN' 'N' 'LSN' 'N"LSN 'LSN' LSN
7400 13 20 7455 35 24 74126 57 44 74185 134 74377 124
7401 13 20 7460 17 74128 74 74188 275 74378 93
7402 14 20 7463 74132 73 713 74190 115 92 74379 130
7403 14 20 7470 28 74133 29 74191 74386 37
7404 14
7405 18

24
26

7472 28
7471 32

74136
74138

4060 77411923 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 74141 55 74195 95 137 74398 180
7408 17 24 7476 37 74142 265 74196 99 110 74399 150
7409 17 24 7478 74143 312 74197 85 110 74445 92
7410 15 24 7480 48 74144 312 74198 150 74447 90
7411 20 24 7481 86 74145 65 74199 160 74490 140
7412 17 24 7482 69 74147 175 74248 90 74668 110
7413 30 52 7483A 74148 109 74249 93 74670 249
7414 51 130 7484 97 74150 99 74251 90 MISCELLENY
7415 24 7485 104 99 74151 64 84 74253 105 NE555 300
7416 30 7486 40 74153 64 54 74257 108 NE556 78p
7417 30 7489 205 74154

64

74258 153 NE558 )80p
7420 16
7421 29
7422 24
7423 27
7425 27
7426 36
7427 27

7428 35
7430 17
7432 25
7433 40
7437 40

24
24
24

27
29
32
24
24
32
24

7490 33
7491 76
7492 38
7493 32
7494 78
7495A 65
7496 58
7497 185
74100 119
74104 63
74105 62
74107 32

90
110

78
99

99
120

38

74155
74156 BO

74157 67
74158
74159 2102

74160
74161 92
74162 92
74163 92
74164 104
74165 105
74166

110
110
55
60

13780

78

74259 420
74260 153
74261 353
74266

V174273 1

74275 312

77443873 120
74290 90
74293 95
74295 120
74298 100

1CM7217 950p
ICM7208 1495p
ICL7106CP
LCD DVM IC

955p
LCD DVM KIT

2480p
314 digit LCD
display 1150p
ICL7107 LED
DVM kit 20650

7438 33 24 74109 63 38 74167 20 74324 157 ICM7216 - 8 digit
7440 17 24 74110 54 74168 74325 242 10MHz DFM/
7441 74 74111 68 74169 200 74326 247 timer E19.82
7442 70 99 74112 88 74170 230 200 74327 237 (for LED C.Cath)
7443 115 74111 38 74172 625 74352 155 SCALAR ICs
7444 112 74114 38 74173 170 74353 100 8629 150MHz
7445 94 74116 198 74174 87 120 74362 .4.9u divide by 1007446 94 74118 83 74175 87 110 74365

420p
7447 82
7448 56 99

74119 119
74120 115

74176 75
74177 78

74366 49
74367 43 95H90DC 780p

11C90DC 1400P7449 99 74121 25 74180 85 74368 P 618 -new-donde7450 17 74122 46 74181 165 350 24222
1' by 100 or 10

7451 17 24 74123 48 74182 160 7774374 77 for 120/60MHz
7453 17
7454 17 24

74124
74125 38 44

74183
74184 135

210 74375 60 450p
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of latest types, all of course are absolutely prima first quality types. And don t forget our range
of OPTO displays includes Hewlett Package high efficiency 0.43- types in all colours renowned
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devices, tuner modules, kits etc., see our other advertisement for more details or send for the
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ELECTRONICCOMPONENTS LTD)

TELEPHONE:
LiMAIL

8 Hampton Street ORDER
ELECTRONICS Birmingham B19 3JR 021.233.2400 ONLY

ALL PRICES IN PENCE EACH UNLESS OTHERWISE STATED

CAPACITORS
Elects° ytic Axial Leads

10% to 050% 101

of V d.c. 16 25 40
1.0
1.5
2.2
3.3
4.7
66 8

10
15 7 8
22
33
47 7 10

68 8
100 12

150 8
220 12 24
330 28
470 21 30
680 19 28 38

1030 23 28 55
1500 32 36
2200 39

Order Code
Cap 015  oF CV do.

63
8
8
8

9

9
10
12

12

29
34
37
44
50

Electrolytic Can Type Order Code
High Ripple, 1EC Grade 1. Low E.S.R. Cap HR  00  Volts
Supplied complete with Vertical Fixing Clip

22000 16V Ripple IA 01135°C 1 44 @ 50°C 166

4700 AF 16V 2.64 364 184

10000 AF 16V 5.84 8.14 222

22000AF 16V 9.8A 13.74 346

2200AF 25V 1.34 1.8A 175

4700AF 25V 4.64 6.44 201

10E00 AF 25V 80A 1124 264

220000 25V 1264 17.88 438
101300 40V 094 1.24 168

2200 AF 40V 2.44 3.34 188

47000F 40V 5.6A 7.84 231

10000AF 40V 92A 12.8A 367
1000 a0 70V 1.8A 2.5A 190

2200 AF 70V 40A 5.64 235

4700 AF 70V 764 10.54 376

1000uF 1/30V 404 5.64 222

2200AF 1000 7,8A 10.94 346

Tantalum Bead
20% Tol

AF v 3.15 6.3
0
0.15
0.22
0.33
047
068

1

1.5
2.2
3.3 9 it
 7 10 14

6.8 9 11 15

10 10 11 14 16
11 14 15 20

22 11 14 16
33 15 16 20
47 16 20
68 16 20

100 20

Order Code
Cep PR  AF +Volts

10 18 25 35
9
9
9

9
9

9
10

14

15

6
20

Electrolytic Radial Leads
-10% to +50% Tol
AF V d.c 6.3 10 16

47
68

1.0
1.5
2.2
3.3
4.7
6.8

10
15
22
33
47
68

100
150
220 10

10

7

7

8
8

10

25

8

10

Order Code
cers 034  AF  Volts

35 40 50 6

10

8
10

7

8
10

Miniature Low Value
Polystyrene, Axial,  1% T 01.. A 63V D C Wkg
Ceramic Plate, Radial, Low K. 1.8pF -8.20  .25pF Tol. 10.33060  2% Tol. 1000 O.C.Wks
Ceramic Plate, Radial. Med K, .10%101, 100V 0-C. Wkg
Ceramic Plate, Radial. High K, -20% to 080%101.630 D.C. Wkg

pF

12
16
1.8
2.2
2.7
3.3

9
47
56
6.8
8.2

10
12
15
18
22
27
33
39
47
56
68
82

424 632 630 1629 pF 424 1632 630 629

100 16
6120 16 8

150 16 8
180 16 6
220 18
270 18 :330 18
390 18 5
470 18 5
560 18 5
680 16 5

820 16 5
1000 16

55

5

1200 16
1500 18 6
1800 18 6
2200 18 6 6
2700 18 6
3300 18 6

3900 18 6
4700 23 7 6
5600 23
6800 23
8200 23

nF

10
12
15
18

22
27
33
39

Order Code
Cap 424
Cap 632
Cap 630
Cap 629

 value
424 I 632 I 630 629
25 6
26
26
27
28
38
41

43

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

1.4 - 4.10 19 Cap 808 A
2 8p0 19 Cap 808 B
2 - 20pF 21 Cap 808 C

5.5 - 59.5pF 29 Cap 808 D

Order Code
5000 D.C. Wkg. C004 EA Tubular Type

.8 - 3.13p0 46
- 6.86F 48

1 13pF 61

1.7 - 19.7 62

Cap8023
Cap8026
Cap 802 12
Cap 802 18

Po ymter Radial Leads
Dipped Type.  20% Tol, 250V D.C.Wkg. C200/352 Style
Moulded Type, .10%T I, x1013V D C. Wkg. 10.2mm Pitch Centres
Moulded Type.  10% T I. A100V D C. Wkg. 7.6rnm Pitch Centres

AF 352 360
001
0015
0022 5

0033 5
0047 5
0068 5
01 5
015 5
022 5

033 5
047 5

068 6

HE280 AF

15
22
33
.47
68

10
15
22

352

6
7

10
12
15
19
27
32

360 PHE280

8 9
9

10

Order Code
Cep 352
Cap 360
Cap PHE780

 Value

CASES

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

Order Code
15161. 0913, 0139 1571 186 Case BIM1005 OR
0/215, 0130, 1147 1731 268 Case BIM1006 OR

Plastic Boxes - Boss Industrial Mouldings
kInu.ed B. and Close Fitting Flanged Ltd
ABS Box, C W Brass Bushes, and Lid In Orange

Order Code
LII2 W62 031 87 Case 131M2003 OR
L150 W80 17150 115 Case BIM2005 OR
L 190 W110 060 195 Case BIM2006 OR

Instrument Case - Boss Industrial Mouldings
Covers Manufactured from 145010 Aluminium
Chess's Manufactured horn 1850/G Mild Steel
Covers Finished Orange
Chassls Finished Matt Blink

W250 0167 5 H 68.5 1Chassis 153mm Deepl
Order Code

1980 Case 13093000 OR

Plastic Boxes with Metal Lids - Boss Industrial Mouldings
Recessed Top 8.
ABS Base, Cl/ Brass Bushes, In Orange
Irrim Aluminium Top Panel Finished Grey

1,85 W56 079
L111 W71 D42
L161 W96 053

97
130
182

Order Code
Case 81M4003 OR
Case 81 M4004 OR
Case BIM4005 OR

Diecast Boxes - Boss Industrial Mouldings
Discast Box and Flanged Lid
Aluminium Box and Ltd in Natural Finish

Order Code
L113 W63 031 104 Case 0105003 NA
L152 W82 D5D 1131 Case 8 IM5005 NA
L192 W1131:161 280 Case 81M5006 NA

VERO ELECTRONICS PRODUCTS
2 V x 5" .1" pads Ver..rd 59

3.75" s 5" .11' pitch Veroboard 66
2 5" x 1" .1" pitch Veroboard 15/
3.75"" a 5".1" pitch Plain Board 56
5.82" x 2.9" .1" Ibsen V.0 DIP Board
Spot Face Cutter
Pin Insertion Tool for .040 type Pin
DS Pins .040 11001
S5 Pi. 040 11001
6mm Board Standoff 11001
15rnm Board StarWoll 11001
19mm Board Standoff 11001
Veraw. Kit 11 -pen, 2.wire, 25 -comb/
Verowire Combs 1100/
verowire Wire 141
Flip Top 8..5,1,80, Black
Flip Top Box, Las.. Black

70/Pack

89
122
38/Pack
38/Pack

181/Pack
215/Pack
228/Pack
375/Kat
407/Pack
128/Pack
192
250

VERO 21069J
VERO 210720
VERO 21076C
VERO 210786
VERO 210846
VERO 210134
vER0 21015F
0500 210875
VERO 210170
VERO 713216
VERO 21322G
VERO 213230
VERO 213410
VERO 21339E
VERO 213400
VERO 213170
VERO 213191

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

W105 171143 032 1561
W170 0143 032 1561
W170 0214 032 1821

206
271
375

Order Code
Case 8096005 OR
Case 81M6006 OR
Case 61E96007 OR

All Metal Desk Consoles - Boss Industrial Mouldings
Slope F rant Console. Recessed Top
Two Piece All Aluminium Construction
Ventilation Slots M Rear and Base
Choice of 15' or 30° Sloping Front
Off White Top Panel, Blue Base

W102 0140 028 1511 15' slope
W185 D211 H33176/ 15° slope
W254 D287 H33 1761 15° slope
W356 D787 033 1761 15' slope
/91102 0140 028 1761 30' slope
190 65 0183 1928 11021 30° slope
19/254 D259 928 11021 30° slope
W356 0259 028 11021 30' slope

101b
1350
1572
1823
1018
1702
1572
1823

Order Code
Case 8097151A
Cafe B1M71544
Case BINI71564
Case BIM71584
Case BIM73014
Case 81M73034
Case 80973064
Case BIM73084

Eurocard Size Desk Console - Boss Industrial Mouldings
Slope Front Console
ABS Case, C/W Brass Bush., In Oringe
Imm Aluminium Top Panel, Finished Grey

W169 D127 045 1701 375

Order Code
Case B1198006 OR

HARDWARE
D.I.L. Sockets

8 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 I ow Profile Socket Gold
40 Pin Low Profile Socket Gold

Heatsinks

Individual Type for 1 it T05 50°C/W
Individual Type for 1 is 1066 10.6°C/W
Individual Type for 1 a TO3 7 2"C/15
Individual Type for 1 010126 17t/W
Indiviclu. Type for 1 x10220 17`9/0/

P.C.B. Components

Delo Pm, Blue Ink, Slow Drying

Fuseholders

Suit 20rnin x 5mrn f-ses.

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

20rnm a Stool Glass

[tick Blow, Range 100mA - 54
S ow Blow, Ran. 250m4 -54

Lampholden, Panel Mounting
Similar In Style to Fuse/H 20P
Low Voltage Type Suns LES and M/0 Bulbs

11

13
14

66
78

127

10

26
24
23
23

92

8
917

77

86

12

Low Voltage, Red, Amber or Green 75
Internal Neon 200/2400 Red or Amber 95

Bulbs, Low Voltage, L.E.S.

6V. 0 36W 850. 1W, 14V, 0.75W 22

Order Code

OIL SKTB
OIL SKT 14
DIL SKT 16
DIL SKT 24
OIL SKIN
OIL SKT 40

Sink 5,
Sink TV2
Sink TV3
Sink TV4

Pen 337'C

Fuca/01208
Fuse/11209
Fuse/H20,
Fuse/H2OF

Fuse 20
AIS Fuse 21/

 Ranng

Lamp
Lamp N

Cobol

RESISTORS
Carbon Film, Fixed
0 25W E24 Values IROTOM, 5% Tol
05W, El? Values IR04M7, 10% To/.

Metal Film, Fixed
0.5W, 024 Values, SRI191, 2% Tol.
2.5W, E12 Values 106.275, 5% Tol

Metal Glace, Fixed

0.5W, 024 Values. IM.33M, 5% Tol

16 ea 9061100 (Mud 10/Valuel
2 ea 1.250/100 /Mull 10/Valuel

6 ea. 3.80/100 IMult 10/Value)
13 ea. 7,901100 (Mud 10/Valuel

10 ea. 5.40/100 IMult 10/Valuel

07.90/1000 IMult 100/Valuel
E10.100000 (Molt 1001Valuel

032.40/1000 Wulf 100/Valuel

Order Code

Res RD'.
Res RD's'

 Value

Res MR30
Be, PR52

 Value

Res 0037
 Value

Skeleton Presets, Miniature
0.1W, E3 Values. 10019-194, Los. Vertical Mounting
0.1W. E3 Values, 100111.16, Lim Horizontal Mounting

Skeleton Presets, Standard

03W, E3 Values, 10004147, Lin. Vertical Mounting 10

0.3W, 03 Values, 1000 -4917, Lon. Horizontal Mounting 10

Potentiometer, Rotary
0.50/, E3 Values, 114.262 Lon. 34

0.25W, 03 Values, 467.2/92 Log. 34

Order Code

Min Preset V
Min Preset H.

 value

Std Preset V
Std Preset H

 Value

Pot Lin
Pot Lori

 Value
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I ACCESS  FREEPOST ON ORDERS GMT ELECTRONICS B
BARCLAYCARD  VAT INCLUSIVE PRICES Freepost

 CASH II ADD 30p P&P Birmingham B19 1BR
 CHEQUE IN 24 HR TELEPHONE ANSWERING SERVICE TEL ORDERS WELCOME

DIGITAL INTEGRATED CIRCUITS
4000 Buffered C-MOS - High Speed

5 15V Series, Up to 20MN. 7400 T.T.L.
HE F4000 14 14E04046 100 HEF4514 250 N74005 9 574445 83 5741225 39 5741925 60 N7415285 32 57415138 5 85 574192535 105

HEF4001 14 HE F4047 87 HEF4515 299 574015 11 N74455 65 5741235 37 5741545 80 57419305 16 57415139N 85 574152575 104

0E04002 14 HEF4049 28 HEF4516 90 574025 11 N744645 62 5 741255 32 N741955 79 57415325 24 N741_51535 76 574152585 107

5E04006 95 HEF4050 28 HEF4517 382 574035 11 N744 745 51 5 741265 32 5741985 120 57415335 32 5741_5154N 122 11174L52605 26

HE 04 007 14 HEF4051 69 HEF4518 89 57404N 12 5744845 44 5 741285 74 5741995 139 57419375 24 N741_5155 NI 80 N74LS261N 300

HEE 4008 BO HE 04052 72 HEF4519 55 574055 12 N74505 13 5 741325 46 5 742215 180 N7415385 24 5741-51565 80 574LS266N 40
HEE4011 14 HE F4053 72 HE F4520 65 574065 25 N74515 13 5741455 60 5 742795 116 57415405 22 N74L5157N 54 5741.92735 130

HEF4012 14 HE F4066 37 HEF4521 188 5 74075 27 574535 15 5 741475 125 5 742985 200 5741642N 53 N741_5158N 60 N74LS283N 116

HEF4013 32 8004067 380 HEF4528 99 5 74085 13 N7454N 13 5741485 83 117436514 150 5 74 15 51 5 22 57415160N 120 N74LS290 N 90
HEF4014 84 11E04068 14 HEF4532 120 5 74 095 13 5 74605 13 5741505 65 5 7436614 150 5741554N 16 N741_51615 78 N74LS193N 100

HEF4015 60 8E04069 14 HEF4534 510 574108 11 5 74 705 26 5 74151 5 46 11743678 120 5 7415 55 5 22 5 74151625 130 N74LS2985 100

HEF4016 35 HEF4070 10 HEF4539 110 574115 18 574725 22 5 74153 5 55 5 743685 150 5741.5 73 5 29 5 74151635 78 N74LS324 N 170

HEF4017 55 14004071 14 #604543 155 5 74125 17 574735 23 5 741545 96 5741575N 40 N741_51645 90 574LS3655 105

0E04018
HEF4019

65
06

HEF4072
H604073

16
16

HE F4555
HEF4556

76
78

5 74135
5 7414N

23
46

5 74745
574755

23

28
5 741555
5741565

53
46 ]4 LS N7415 7619

NI 741-978 5
33
33

5741.51705
574151735

200
100

574153665
574L53675

105
105

HE F4020 88 HEF4075 16 9E04557 386 574165 22 5 74765 26 5741575 49 N7415005 15 74158345 97 574151745 100 57415368N '05
HE F4021 85 HEF4076 85 HEF4585 97 574175 23 5 74805 43 5 74158 5 54 N74LSO1N 16 N74L585N 70 5741 51755 100 57415373N 150

HE F4022 82 8E04077 14 0E04724 171 574205 11 5 74835 63 5741605 74 57415025 16 5 7415865 33 574L01815 320 5 74153745 150

HE F4023 14 HEF4078 16 HEF40097 90 5 74215 26 574855 65 5 74161 5 74 5 7415035 16 57415905 45 5741 51905 91 N74153755 100

HE F4024 45 HE F4081 16 0E040098 73 5 742514 27 574865 23 5 741625 74 5 7415045 16 57415925 70 5741_5191N 95 5 74153785 160

HE F4025 14 4E04082 16 HE 040106 62 574285 22 574905 30 5 741635 74 57415055 23 N74LS935 45 N741_51925 128 5 74153865 35
5E04027 32 86F4065 64 HEF40160 119 574275 22 5749145 60 5741645 65 574LS08N 16 5 74159585 65 574L81935 130 N74LS390N 170

0E04028 52 HE F4086 64 HEF40161 119 574285 30 574925 33 5741655 65 5 741509 5 22 5741596 5 116 N74151945 150 57415393 5 170
0604029 60 0E04093 50 HEF40162 119 574305 11 5 74935 31 5741665 93 N7415105 16 N741_51075 38 741519545 120 N74LS3955 180
HE 04030 06 8E04094 175 HEF40163 119 574325 21 5 74945 74 5 74170 5 134 5 7415115 22 5741_5109N 38 5 74 151965 80 N741.54905 130
0E64031 200 4E04104 166 HEF40174 119 574335 30 5 7495AN 48 5 741735 III N741512N 23 NI 241_5112N 40 8741.51975 110 N741.56705 170
HEF4035 110 HE F4502 91 0EE40175 119 574375 21 5 74965 46 5 74174 5 63 57415135 38 N74151135 38 57415240 5 160
HEF4040 68 14EF4505 571 60040192 140 5 74385 21 5741005 88 5 741755 62 5741514 NI 74 574151145 38 N74152415 180
HEF4041 75 HEF4508 51 HEF40193 140 574395 60 5 741075 25 5 741805 80 14741.5155 24 N74151255 40 5741_52425 160
0E04042 54 HEF4510 70 HEF40194 119 574405 12 5741095 42 5741815 165 57415205 16 5741 S1265 40 5741 5743 5 160
HE F4043 79 4E04511 110 HEF40195 117 5 7442N 40 5741165 148 5741825 69 57415215 22 574 LS1325 60 5741 5244 NI 160
HEF4044 84 HEF4512 98 5 74435 79 5741215 23 74192 5 85 N7415225 24 574151365 37 574152515 90

LINEAR INTEGRATED CIRCUITS OPTO ELECTRON ICS Order Code SWITCHES
CA3011 92 NE592K 162 Light Emitting Diodes, Individual Miniature Toggle - Honeywell

Order Code

CA3018 75 RC4136 130 .125" 13rnm/ Red 14 C0564 SPOT 2A/250V AC., SA/28V D.C. 58 SW 841011
043020 191 21341205 79 Green 17 00595 SPOT C/011 87 SW 841021
0 A 30284 86 TC4580 346 Yellow 19 C0197 SPOT Double Bias To Centre 75 SW 841041
CA3046 76 1C4730 450
C43048 205 1C474 0 450

Panel Mounting Clip to suit. 3 1E03 Clip SPOT Single Bias To Centre
SPOT Bias

75 SW 841051
70 SW 841061

043080E 70 T041008 326 2" 15mm) Red 15 COY24A DPDT 86 SW 842011
043089E 253 T041022 648 Green 17 C0594 DPDT C/Off 92 SW 842021
CA31300 90 1041028 338 Yellow 19 C0596 OPOT Double ties To Centre 102 SW 842041
043140E 38 11341029 338 Panel Mounting Clip to suit. 5 LEDS Clip - DPDT Single Bias To Centre 102 SW 842051
0 43189 E 266 104103413 217 SPOT Elias 96 SW 842061
1.7130145 30 11342581 266 Light Entitling Diodes - 7 Segment Display
1573985 95 TDA2640 292
161318 5 200 TL081CP 75
1.513195 218 TL084C5 140
1513 245 70 114709CT 46

3" 17.6mml C. Anode R.H. Decimal PL
Red 160 X053061

C. Anode R.H. Decimal Pt.

Miniature Posh -C & K
SP Push To Make, Momentary
SP Push To Break, Mcrnentary

0.5A/250V AZ., 1A/28V D.C.54 SW 8531
54 SW 8533

L513395 71 UA709CN 40
LM3815 110 1.1471005 41

Green 199 5A53051
C. Cathode R.H. Decimal Slide - Switchcraft

LM38145 180 11471105 65 Pt. Red, Low curreni drain 160 X453079 DPDT Standard Actuator 36 SW 46206

LM382 120 UA 741CT 42 .6" 115.2mml C. Anode L.H. Decimal DPDT Slot Actuator. Voltage Change, Marked 110/240 43 SW 462060

1.1474105 18 Pt. Red 230 %4146620
1./474 7C5 50
U4748C5 35

C. Anode L.H. Decimal
Pt. Green 230 0486520 SEMICONDUCTORS

N1C1458 5 35
MCI 496 5 97
NE531 119

Voltage Regulators
C. Cathode L.H.

- Decimal Pt. Red 230 X456640 Diodes
15 827 193 154006 1313110G 61 00202

11E5387 216 LM309DA 110 108 Photoresistors 15 914 4 154007 138127 15
NE540 225 UA723CN 38
NE5555 25 UA7805CU 65
NE5565 60 L./078120U 65

00 012 90 ORP12
OR 061 90 ORP61

15 916 5

154001 4

15 4002 4

54148
15 5402
15 5404

05206
05)(10
0447

34
19 Microwave
10

NE5605 351 UA7815CU 65
NE5615 427 UA7905CU 86 Phototransistors

15 4003 6
IN 4004 6

9 A013
13,38 2

0490
0491 7

BAVV950 1091
CL8960 2592

5E5625 461 1.147912C12 86 00(71 180 OCP71 154005 0I3106141 12 04200 9 CXY11C 1280
NE5655 120 U47915CU 86 BPX25 175 BP)(25

Zener Diodes5 0566 5 155 11478105CS 32 0(829 175 80X29
NE5675 170 U478106CS 32 400mW C4V7-C33 1 3W C7VS.C75
505705 405 114781_12GS 32 Photocoupler BZ /88/137 879 + Voltage 8 82%61 + Voltage 16
NE5715 459 l.14 781_ 15CS 32

(CD820 150 F CD810
TransistorS
25929 37 2 54427 206 80478 24 BS 688 18

SEMICONDUCTORS MAINS TRANSFORMERS Order Code 251893 30 254856 158 06547 12 MJE340 48

Rectifier Bridges Order Code
IA 4 00 5.1.L. 93 8Y179
1.44 60V S.I.L. 84 BY164

Secondaries may be connected in series or
Parallel to give wide voltage range
Primaries 0-220, 240V

25 22180 26

252222 21

252365 19

2523690 20

254858
154860
255294
255416

134
122
43

108

BC548
BC54139
80549
BC5498

10
15
12
20

MPF 102 32
0C28 107
0C35 95
OCAS 82

1.5A 1000 D.I.L.33 VM18 6VA -- Clamp Type Construction 252646 42 2 55457 35 BC557 14 OCP71 180
1.5A 4000 D.I.L.35 0848
1.54 1000 45 WOt

Approx. 18% Regulation, F.C. 54, H36, W35 252894 49
252895 28

255458
255459

30
32

BC55B
BC559

14
17

TIP294 41
T1P29C 53

1.5A 400V 52 W04 0-458, 0.4.50 Secondaries 270 Trans 6VA 45 252904 24 256258 432 EICY34 97 TIP30 A 44
24 100V 89 VS148 068,0-6660 252904A 24 40673 80 BCY 70 14 TIP30C 51
2A 400V 109 VS448 0-128, 0-128 120 252905 22 AC188 22 BCY71 14 010310 43
6A 100V 143 00148 0-15 V,0.158 150 2529050 24 AD161 38 8,72 15 71031C 5,8

6A 4000 183 VH448 0-200, 0-20V 200 251906 19 40162 38 00131 35 TIP32A 49
10A 1008 172 VJ148 252907 22 BC107 10 0132 35 711132C 63
10A 4008 201 03448 20VA - Clamp Tv]. Construction 2529070 25 BC1078 14 80135 38 TIP41A 59

15A 100V 215 01148
154 4008 226 01448

Approx. 16% Regulation F Z. 70 H48,1546 251918 330
2529260 11

BC1C18

BC1086
10
14

8D136
130137

37
38

TI0410 69
T10420 59

30A 1008 242 VK148 0-4.5V, 0-4.5V Secondaries 335 Trans 20VA 45 253053 17 BC108C 16 80138 39 T111420 69

30A4005260 1./K448 0.60,0-60 60 253054 50 BC109 10 0 0139 35 TIP2955 68
0-12 V, 0128 120 BC109B 17 130140 35 T1P3055 54

S.C.R.'s 0-15V, 015V 150 253055 50 BC109C 18, 60115 28 11943 32

9A 4000 54 C1061)
12A 4008 108 TIC126D

0-17.5V, 017.56 175

0-20V, 0-208 200
293055
Full 158 Test 88
253340 30

BC147
80148
BC149

9

8

13,80
80181
00257

37
37
35

2TX1090 14

Irises
10A 5008 124 BT138.500

55VA - Clamp Type Construction

Approx. 10% Regulation F .C. 92, H64, W57
253442 141

253702
253703

8C157
BC158
BC159

10

9
11

13E258
BF259
BFR90

32
36

303
15A 500V 177 81139-500 068. 0-60 Secondaries 540 Trans 55VA 60 253704 BC177 15 BFS21 428
23A 500V 492 87W41-500 0.120, 0128 120

2513705 8C178 15 EIFX13 23
0158, 0-158 150 253706 8C179 18 BF 084 26

COMMUNICATIONS INTEGRATED
CIRCUITS - PLESSEY

0.208,0-205 200

0-308, 0-308 300
253707
2913708
253709

00182
BC1821
80183

10
11

10

BF X85
8,86
8FX87

26
30
22

51360C 242 51_641C 384 100VA - Frame Type Construction 353773 271 BC183L 11 13,88 26
SL362C 302
SL610 230
51611C 230
51612C 230

SL650C 865
51_651C 786
51_652C 329
51_680C 230

Approx. 6% Regulation H87, W74, 064

0.250, 0258 Secondaries 825 Trans 100VA 250
0-40V, 0-408 400

253819
253820

93253866
253903
253904

BC184
801841
BC211
802121.

10
11

10
11

13,50
/3F Y51
BF Y52
8,90

15
15
18
97

51613C 394
51_620C 347
SL621C 347

51701C 220

SL1610C 166 6116230

BC213
8C213L
80214

10

11

10

8LX65
80'35
0LY930

238
1889
2706251 SL1680C 170 SP8629 446 S08690 907 253905 1

253906
SL622C 854 SL1611C 166 5116250 225 5113600C 890 SP86306 1361 SP876013 680 253962 9 BC214L 11 BPX25 175

SL623C 629 SL1B12C 166 511626C 251 SL6640C 401 0086558 1058 SP8790B 454 254347 22 80327 17 8,29 175

51624C 321 SL 1613C 193 SL1630C 166 SL6650C 378 50865713 1058 SP8794B 454 254401 9C328 15 8,39 45
SL630C 218 SL1620C 225 SL1640C 193 SP86598 907 254403 80337 16 BSW69 33
516400 384 51_1621C 225 SL1641C 193 508660E1 907 254416 86 5038 14 BSX20 19
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Monitor
SIMON SAYS
1979 is fast shaping up as the year of the
computer game. The latest addition to the
range answers to the name of 'Simon'.

Simon, from the American side of the pond,
was introduced to the great British public at
an extravagant Press launch, featuring half
of showbiz London.

We went along to what we thought would
be just another Press reception and found
ourselves rubbing shoulders with such
household names as Russell Harty, John
Craven and Richard O'Sullivan. The recep-
tion was hosted by Elaine Stritch and Donald
Sinden, who demonstrated Simon to us.

The idea of the game is to repeat the
ever-increasing random signals (flashing
lights) generated by Simon without error.
The sequence gets longer and longer. When
you finally make a mistake, Simon blows a
raspberry. There are three variations of the
game and four skill levels, taking the light
sequence to a staggering 31 flashes.

Simon's set program is stored in the ROM
circuits and is permanently retained, even
when the game is switched off. Information
entered by the player is stored by the RAM
circuits. In addition, there is a mini -chip
incorporating a series of micro -switches to
control lights and sound.

Simon costs £29 from Milton Bradley Ltd.,
Century House, 61-63 Uxbridge Road, Ealing,
London, W5 5SA.

NO CHARGE
Plastic trays sometimes used to store
microelectronic devices on the production
line can pass on static charges of several
thousand volts. That's rather inconvenient,
since less than 100 volts can cause break-
down.

Standard trays are available, but KABI will
mould special designs to customers'
specifications. They also supply earthed
Velostat wrist straps for production line
workers. The range of velostat products is
from KABI (Electrical and Plastics) Ltd.,
Cranborne Road, Potters Bar, Herts. EN6
3JP.

QUICK STRIP 'N' WRAP

STRIP WRAP UNWRAP

This new tool from OK Machine and Tool
(UK) is the size of a small screwdriver, but
performs the complete wire -wrapping job. At
one end it has a bit for making wire -wrapped
terminal connections, in the middle a 'no
nick' wire stripper and, at the other end, an
unwrapping bit.

The connection, which takes only seconds
to make, is considerably stronger than solder
and has excellent conductivity characteris-
tics. However, it can be undone quickly, if
necessary.

The tool, designed to be used with AWG30
(0.25mm) wire and 0.025 inch (0.63mm)
square terminal posts, is ideal for field service
engineers, laboratories and hobbyists. Hobby
Wrap costs £4.97 from OK Machine and Tool
(UK) Ltd, 48a The Avenue, Southampton,
Hants SO1 2SY.

6

IN CIRCUIT TESTING

Ever faced the problem of desoldering a
dozen transistors from a board to find the one
duff one? Of course, it's always the last one
you try.

In -circuit testing saves a lot of time and
trouble. The Lawtronics in -situ Transistor
Tester is designed to test discrete semicon-
ductors without removal from the board.

Red and green LEDs on the front panel

show which of the non -polarised probes is on
the cathode of a junction and whether the
device is short circuit, open circuit or
operational. Transistor polarity is also
shown. The unit measures only 21/tin x 3/4in x
43Ain and is powered by a PP3.

The in -situ Transistor Tester is £19.95 from
Lawtronics Limited, 139 High Street, Eden -
bridge, Kent TN8 5AX.
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News from the Electronics World

LOW VOLTAGE IRONS

Tele-Production Tools' new Telpro TL range
of low voltage soldering irons which are
thermally self-limiting at about 325°C, 370°C
or 410°C are ideal for use with many existing
solder stations.

The 16-20 watt irons, available for 12, 24 or
48 volt operation, are supplied with a de-
tachable, iron -clad bit. The high purity of the
bit coating minimises copper migration,
increasing the life of the bit.

Further details from Tele-Production Tools
Ltd., Stiron House, Electric Avenue,
Westcliff-on-Sea, Essex 5S0 9NW.

HOLY MEMORY
IBM are developing a new data storage
system for tuneable lasers. The system is
based on a technique known as 'hole bur-
ning'.

A laser is fired at the memory substrate,
which is then cooled within a few degrees of
absolute zero. The resulting chemical change
in the photoreactive material produces a hole
in its optical absorption response at the
frequency used for burning.

Reading and writing information over a
range of frequencies is made possible by
using a tuneable laser. Very dense storage is
possible.

POCKET TRANSISTOR
TESTER
Ampmace claim to have made the use of
multimeters for in -circuit testing of transis-
tors and diodes obsolete with their new
tester.

They have overcome the swamping effect
of parallel resistors by feeding a sufficiently
large, but finely controlled, current into the
junction under test.

The new pocket -sized unit with an
automatic on/off circuit for long battery life
and built-in protection up to 1,000V AC or DC
is made by Ampmace Ltd, Unit 96, Somers
Road, Rugby, Warwicks.

MINI DECK

The CM600 cassette deck from BFI Elec
tronics is a completely self-contained unit
measuring only 76 x 76 x 64mm.

Designed specifically for digital applica-
tions, all the necessary read/write amplifiers
and control circuitry are included in the tiny
1/21b package.

It has a two -track recording head, which
will record 800 bits per inch (max.) at 2400
bits per second. A standard 100 feet miniature
tape cassette will hold 1.6 million bits of
information.

Further details of the CM600 from BFI
Electronics Limited, 516 Walton Road, West
Molesey, Surrey KT8 OQF.
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TRIPLE MEMORY AND
TEACHER
Plustron's new cheque book calculator, the
LC Memory 3, has three memories which
never forget.

The three memories can hold separate
figures, can be recalled separately or can be
integrated to give a total figure for all three
memories.

As a common or garden calculator, it offers
four functions plus percent, chain and mixed,
constant, reciprocals, sign change and power
calculations. It has an eight digit LCD display
with indicators for error (E), minus (-) and
memory operation complete (M). The LC
Memory 3 is around £19.88 from Plustronics.

The Plustron Educational I, also from
Plustronics, doubles as a calculator and
teaching aid.

Designed specifically for use by school
children, the Educational 1 has large, clear
and easy to use controls and buttons.

It can present programs in two levels of
difficulty in addition, subtraction, division
and multiplication. If the student's answer is
wrong, the calculator shows an EE symbol
and gives you another chance to get it right.
When the program of ten problems is fin-
ished, your score comes up on the display.
Multiplication tables can also be presented in
question/answer form.

The Plustron Educational 1 is about £13.00
from Plustronics Ltd., Hempstall's Lane,
Newcastle, Staffs. ST5 OSW.

Is it the new Russian high energy
beam weapon? Maybe it's a hush-
hush nuclear installation snapped
by our science correspondent in
the wilds of the Highlands.

Frankly, we don't know exactly
what it is. The press release which
accompanied it was in German.
The closest we got was - a high
voltage something or other.
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STEVENSON
Electronic Components

PLUGS AND SOCKETS
1mm plugs and sockets suitable for low
voltage circuits. Available in red or black,
Plugs 6p each. Sockets 7p each.

4mm plugs and sockets. Available in black,
blue green, brown, red, white and yellow.
Plugs 11p each. Sockets 12p each.

Jack plugs and sockets

unscreened plug
2.5mm 9p
3.5mm 9p
Standard 16p
Stereo 23p

Din plugs and sockets

plug

2 pin speaker 7p
3 pin 11p
5 pin 180° 11p
5 pin 240° 13p

CABLES

socket
7p
9p

10p
10p

screened plug
13p .

14p
30p
36p

socket
7p
8p

15p
18p

Connecting wire
Available in packs of eight metres (one metre of each colour)
or packs of forty metres (five metres of each colour).

single standard
Eight metre pack 16p 16p
Forty metre pack 76p 70p

Screened Cable
Single screened 8p
twin individually screened 11p

VEROBOARD

Ribbon cable
10 way 58p metre
20 way 100p metre

Size in. 0.1in 0.15in. Veropins --

2.5 x 1 14p 13p single sided

2.5 x 3.75 42p 40p per 100
2.5 x 5 52p 50p 0.1 in 35p
3.75 x 5 60p 60p 0.15in 40p
3.75 x 17 195p 180p

ALUMINIUM BOXES
Boxes complete with lid and screws.

Model
ALI
AL2
AL3
AL4
AL5
AL6

Length width height
3 2 1

4 3
4 3 2
6 4 2

6 4 3

8 6 2

Price

48p
58p
65p
70p
85p

116p

We now have an express telephone order service. We
guarantee that all orders received before 5pm. are ship-
ped first class on that day. Contact our Sales Office

now! Telephone: 01-464 2951/5770.

I

Quantity discounts on any mix TTL,
CMOS, 74LS and Linear circuits:
25+ 10%. 100+ 15%. Prices VAT inc.
Please add 30p for carriage. All
prices valid to 30th April 1979.
Official orders welcome.

BARCLAYCARD AND
ACCESS WELCOME.

Mail orders to: STEVENSON (Dept HE)

TRANSISTORS

AC127
AC128
AC176
AD161
AD162
BC107
BC108
BC109
BC147
BC148
BC149
BC158
BC177
BC178
BC179*
BC182
BC182L
BC184
BC184L
BC212
BC212L
BC214
BC214
BC477
BC478
BC479
BC548
BCY70

17p
16p
18p
38p
38p

8p
8p
8p
7p
7p
8p
9p

14p
14p
14p
10p
10p
10p
10p
10p
10p
10p
10p
19p
19p
19p
10p
14p

BCY71
BCY72
BD131
BD132
BD135
BD139
BD140
BF 244B
BF Y50
BF Y51
BF Y52
MJ2955
MPSA06
MPSA56
TIP29C
TIP30C
TIP31C
TIP32C
ZTX107
ZTX 108

1N914
1N4001
1N4002
1N4004
1N4006

14p
14p
35p
35p
38p
350
35p
36p
15p
15p
15p
98p
20p
20p
60p
70p
65p
80p
14p
14p

ZT X 109
ZT X300
2N697
3N1302
2N 2905
2N2907
2N3053
2N3055
2N3442
2N3702
2N3704
2N3705
2N3706
2N3707
2N3708
2N3819
2N3904
2N3905
2N3906
2N4058
2N 5457
2N5458
2N5459
2N5777

DIODES
4p
4p
4p
5p
6p

1N4148
1N5401
1N5402
1N5404
1N5406

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

135p
8p
8p
9p
9p
9p
8p

22p
8p
8p
8p

12p
32p
30p
32p
50p

3p
13p
15p
16p
18p

BZY88 series 2V7 to 33V 8p each.

LINEAR
A SELECTION ONLY!
DETAILS IN CATALOGUE.

709 25p LM324 50p NE556 60p
741 22p LM339 50p NE565 120p
747 50p LM380 75p NE567 170p
748 30p LM382 120p SN 76003 200p
CA3046 55p LM1830 150p SN76013 140p
CA3080 70p LM3900 50p SN76023 140p
CA3130 90p LM3909 60p SN76033 200p
CA3140 70p MCI 496 60p TBA800 70p
LM301AN 28p MC1458 35p TDA1022 650p
LM318N 125p NE555 25p ZN414 75p

741S
LSOO
LS01
LSO2
LSO3
LSO4
LSO8
LS1O
LS13
LS14
LS20
LS30
LS32
LS37
LS40
LS42
LS47
LS48
LS54
LS73
LS74
LS75
LS76
LS78
LS83
LS85
LS86
LS90
LS93

16p
16p
16p
16p
16p
16p
16p
30p
70p
16p
16p
24p
26p
22p
53p
70p
48p
16p
29p
29p
44p
35p
35p
60p
70p
33p
45p
45p

LS95 65p
LS123 56p
LS125 40p
LS126 40p
LS132 60p
LS136 36p
LS138 54p
LS139 50p
LS151 50p
LS153 50p
LS155 80p
LS156 80p
LS157 45p
LS164 90p
LS174 60p
LS175 60p
LS190 80p
LS192 70p
LS193 70p
LS196 80p
LS251 60p
LS257 55p
LS258 55p
LS266 40p
LS283 60p
LS290 55p
LS365 45p
LS366 45p
LS367 45p
LS368 45p
LS386 35p
LS670 180p

ocqo
LEDs 0.125in 0.2in.

Red TI L209 TI L220
Green TI L211 TI L221
Yellow TI L213 TI L223
Clips 3p 3p

DISPLAYS

DL704 0.3 in CC 130p
DL707 0.3 in CA 130p
FND500 0.5 in CC 100p

9p
13p
13p

RESISTORS

0.25W
0.5W

Carbon film resistors.
High stability, low noise 5%.

E12 series. 4.7ohms to 10M. Any mix:

each

1p
1.5p

100+

0.9p
1.2p

1000+

0.8p
1p

Special development packs consisting of 10 of each
value from 4.7 ohms to 1 Megohm 1650 res.)
0.5W £7.50. 0.25W £5.70

Nptkego's
HERE ARE JUST
A FEW OF THE

CAPACITORS STOCKED

TANTALUM BEAD
0.1, 0.15, 0.22, 0.33, 0.47, 0.68,1 & 2.2u F @ 35V
4.7, 6.8, 10u F @ 25V
22 @ 16V, 47 @ 6V, 100 @ 3V

MYLAR FILM
0.001, 0.01, 0.022, 0.033, 0.047
0.068, 0.1

RADIAL LEAD ELECTROLYTIC

each

9p
13p
16p

3p
4p

63V 0.47 1.0

100

25V 10 22
100

220

1000
10y 220

1000
2200

2.2 4.7 10 5p
22 33 47 7p

13p
220 20p

33 47

470

470

5p
8p

10p
15p
23p

5p
9p

13p
23p

Tn.
7400 12p
7401 12p
7402 12p
7404 12p
7408 14p
7410 12p
7413 25p
7414 48p
7420 12p
7427 24p
7430 12p
7442 43p
7447 55p
7448 58p
7454 14p
7473 25p
7474 25p
7475 32p
7476 28p
7485 70p
7489 145p
7490 32p
7492 35p

7493 34p
7494 52p
7495 52p
7496 50p
74121 25p
74122 33p
74123 40p
74125 35p
74126 35p
74132 50p
74141 56p
74148 90p
74150 70p
74151 50p
74156 52p
74157 52p
74164 70p
74165 70p
74170 125p
74174
74177
74190
74191
74192
74193
74196
74197

68p
58p
72p
72p
64p
64p
55p
55p

4001
4002
4007
4011
4013
4015
4016
4017
4Q18
4023
4024
4026
4027
4028

15p
15p
15p
15p
35p
60p
35p
55p
65p
15p
45p
95p
35p
52p

FULL DETAILS
IN CATALOGUE

4029 60p
4040 68p
4042 54p
4046 100p
4049, 28p
4050 28p
4066 40p
4068 20p
4069 16p
4071 16p
4075 16p
4093 48p
4510 70p
4511 70p
4518 70p
4520 65p

SITS

Low profile by Texas
8 pin 10p
14 pin 12p
16 pin 13p

Soldercon pins

24 pin
28 pin
40 pin

100 50p
1000. 370p

AT LAST! OUR
NEW 40 PAGE
CATALOGUE
OF COMPON-
ENTS IS
AVAILABLE.
SEND S.A.E.

24p
28p
40p

76 College Road, Bromley, Kent, England



Power Supply
Unit
This low-cost stabilised power supply unit gives a 0-30 V, 1 amp
output and features full overload protection. It makes an excellent
addition to the home laboratory.

THIS SIMPLE BUT EFFICIENT bench power supply
unit (PSU) produces a stabilised output that is fully
variable over the range 0-30 volts, at currents up to 1

amp. The design features full overload protection, an
overload LED indicator, and a DC output switch that
gives instant connection /disconnection to an external
load.

Our prototype PSU is fitted with a built-in 0-30 V
meter, which can be regarded as an optional "luxury"
extra. Whichever way you build the unit, it will make an
excellent addition to your home laboratory or workshop.

CONSTRUCTION
Construction on the PCB is quite straightforward, and
should present no problems if care is taken to observe
the polarities of all semiconductors and of the large
electrolytic capacitor. Note that Q3 is mounted on a

small heatsink.
The most difficult part of the construction is the

cutting of the metalwork, and the interwiring of the PCB.
Note that power transistor Q4 has to dissipate up to 30
watts: it must be mounted on a fairly hefty heatsink and
must be insulated from the chassis. Reasonably heavy -
gauge wiring (we used 32 / .2 mm) should be used on
the interwiring from the mains transformer to the PCB,
from the PCB to Q4, and from the PCB to the output
switch and terminals.

On our prototype we fitted a 0-30 V meter to the front
panel to monitor the output voltage. We made this from
a 100 uA moving -coil meter and a 300k series resistor.
This meter can be omitted if preferred, saving a few
pounds.

Holes should be drilled at the top and base of the case
to provide adequate ventilation. When construction is
complete, double-check all wiring, and then switch on.
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Internal view of the HE PSU.

PCB foil pattern.
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Power Supply Unit

Q4 mounted on its rear panel heatsink.
SW1a

0O
L FS1

500mA

0
SW1b

E

T1

NOTE:
01812 ARE BFY50
Q3 IS 2N3054
Q4 IS 2N3055
LED1 IS TIL228
LED2 IS TIL234
01 IS 1N5401
D2&3 ARE 1N4001
M1 IS 100uA (MOVING COIL METER)

A transistor mounting kit - mica
washers and insulating bushes.

Fig. 1. Circuit diagram of the PSU.

How it Works
The operating theory of the PSU is fairly simple.
The mains voltage is stepped down by 33 volts
by transformer T1 and is full -wave rectified by
bridge rectifier BR1. This full -wave rectified
signal is fed, via R1, to LED 1, which indicates
the on/off state of the unit. The full -wave
rectified signal is fed on to the rest of the circuit
via DI, and is converted to fairly smooth DC by
electrolytic capacitor Cl.

The main voltage regulating component of
the PSU is transistor Q2 and its associated
resistance network. The collector voltage of Q2
is controlled by the ratio of R5 to RV1 + R4 and
by the value of the base -emitter voltage of the
transistor (about 650 mV). The voltage is given
by the equation:

Vice = Vbe
R5

With the component values shown, this voltage
is variable from about 1.3 volts to about 32 volts
via RV1. This voltage is available at a low
impedance level, and has a negative tempera-
ture coefficient of about 0.3%/°C. This coef-
ficient is considered to be insignificant in this
particular application.

+R4 +RV1

Sleeved connections to Q4 through the
rear panel.

TO3 & TON

D3

T05

DC SWITCH
SW2

0-0
+Ve

R9
300k

VOLTAGE
+ OUTPUT

-Ve

The Q2 -collector voltage is fed on to the
output terminals of the unit via D2 and the
Q3 -Q4 Darlington or Super -Alpha emitter fol-
lower stage, which reduces the available output
by one or two volts (to the 0-30 V range) but
boosts the available output current to above 1 A.
Capacitor C2 gives the circuit a low output
impedance to high -frequency signals, and D3
protects the PSU against damage if high voltage
transients are fed into its output terminals from
an external load.

Transistor Q1 provides the circuit with over-
load protection. All of the output current of the
PSU flows through R3, and generates a voltage
across that resistor. Normally, this voltage is
insufficient to bias Q1 on, so Q1 has no effect on
the circuit. When the current through R3 ex-
ceeds 1.2 A, however, Q1 is biased on, and draws
collector current via R6 and LED 2, thereby
reducing the output voltage of the unit to a level
that is just sufficient to drive 1.2 A through its
external load, and at the same time turning LED
2 on to indicate the overload state. The output
current of the circuit cannot significantly ex-
ceed 1.2 A, even under short circuit output
conditions.
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Power Supply Unit

LED1 anode

4

RV1
(WIPER)

3.1V A

'tRBI

CI

COLLECTOR

BASE

EMITTER

Component overlay.

/
ct "-.I

al

[1Lpi eta fi

rso R -L

-r"
HEATSINK

1121.

=
03) 0
CD

LED1 cathode

LED2 cathode

-Ve OUTPUT
."""SOCKET

-Ve METER

RV1 & LED2 anode

teamwm SW2

=-tVe METER

Parts List
Top view of the installed PCB.

RESISTORS: All resistors are 1/4W ± 5% unless otherwise Q3 2N3054
stated. Q4 2N3055
R1 1k8 1W BR1 200V 2A Bridge Rectifier
R2 1OR D1 1N5401
R3 R47 2W5 wirewound D2, D3 1N4001
R4, 5 100R LED1 TIL228
R6 1k 2W5 LED2 TIL234
R7 10k
R8 47OR 2W
R9 300k ±2%

CAPACITORS
Cl 2200 u 63V Electrolytic
C2 10 u 50V Electrolytic

POTENTIOMETERS
RV1 4k7

SEMICONDUCTORS
Ql, Q2 BFY50

MISCELLANEOUS
T1 0-33V@ 1A
M1 100 uA Moving Coil
SW1 DPDT Toggle (rated at 1 A)

SW2 SPST Toggle (rated at 1 A)
SK1, SK2 4mm Sockets
Heatsink to suit T03 mounting
Heatsink to suit T066 mounting
Insulating kits for above heatsinks
FS1 500 mA 20mm X 5mm +suitable holder
PCB Terminal block if required
PCB to pattern
Case to suit

SETTING UP
The output voltage should be variable from zero up to
about 30 volts via RV1: if the output won't reach 30 V,
slightly reduce the value of R5 (by shunting it with
another resistor) until the correct results are obtained.
Under current overload conditions the output voltage
should fall off and LED 2 should turn on. HE

Buylines
Our case for this project was obtained from West
Hyde Developments Limited, Unit 9. Park Street
Industrial Estate, Aylesbury, Bucks. H P20 1 ET.

The transformer is available from Stevenson, type
D16.

12

Transformer and PCB connections to the front panel.
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Largest range of quality components in the U.K. - over 8,000 types stocked

7/Vlarshallti
-Head Office and Mail Order to Dept. H.E.
A. Marshall (London) Ltd.,
Kingsgate House, Kingsgate Place,
London, NW6 4TA. Tel: 01-624 0805
Tlx. 21442

Retail sales: London: 40 Cricklewood Broadway, NW2 3ET. Tel: 01-452 0161/2. Also 325 Edgware Road, W2. Tel: 01-723 4242.
Glasgow: 85 West Regent Street, G2 2QD. Tel: 041-332 4133 and Bristol: 1 Straits Parade, Fishponds, BS16 2LX. Tel: 0272 654201

TBANSISTOIN INN rums 14 014606.1

31696 070 Is
211697 NiO .31

MN NM .49
21/696 1170 .51
N7% 170 .30
211700 N70 30
21701 170 .30
21711 070 30
31710 170 .54
2117286 870 15
672I P70 105
287E2 P70 .45
31717 PM .50
21744 170 35
31753 070 .35
211761 170 35
3309 P70 .35
21911 170 .30
39I6 170 .33
31917 165 .35
31915 165' .45
N929 N70 .37
231291 170 37
31930 N711 .37
N93% 170 .95
6I131 P70 .32
211132 P70 .35
N1291 P70 1.65
711312 170 co
NI383 P70 49
30130 N70 .80
2111305 P10 .00
311315 170 1.00
301307 P70 I.00
NI3M N70 1.10
201309 P70 1.10
2/113/0 P10 .55
211420 1170 .55
301463 670 1.85

24116 170 2.20
311507 N70 .35
311521 P51 AN
7211553 PM 1.56
311613 170 .30
3/1137 P70 .72
211631 P51 .71
311711 N70 .30
NI889 N70 30
ACIN PM .40
6027 1151 .69
PC121 P54 .40
ACI51 PM .43
AC152 PM 54
ACI63 P51 M
AC153 P61 .59
AC1751 1151 .70
AC176 161 .54
60117 1154 .59
/011171 P51 .15

1C161 P54 .54
51BBK p54 .65

90 136 P59 2.73
40112 P66 1.45

90143 P66 1.45
613119 P66 215
60150 P66 3.10
0161 666 1.60
90I62 P66 1.00
80 16 PM .60
KIN P65 .42

96114 PM .70

01115 P61 .71
61116 P54 .79
611 17 P61 .70
1/1111 P61 70
41121 PM 70
801E PN .70
MIN KO .70

*0139 P55 .75

961 72 P91 .70

KIM P64 1.30

80116 P65 .55
AFNp P29 1.30

//NI P37 1.30

11239 P65 .70

96210 P55 1.25

11279 P30 .N
AF280 PM 35

014.2 P65 1.65

AU110 P06 1.70

60113 P66 1.70

801071,0 170 .11
11C1054/1/C 170 .16
50109/11/C 11111 .16
60113 N51 .22

5II4 1154 22
10170 P10 21
ICE/ I P70 .29
11072 PM .15
1C171 P70 .70
BUM PM .43
URI FM .41

0117 N1131 135
BC 81 1101 3.91
BCI19 11101 3.M
60115 170 .41
M116 NM 1.35
50121 166 220
10121 056 220
10131 067 .55
10132 P67 .75
80135 1167 .40
80135 P67 .46
10137 N67 .41

M131 P97 .41

110139 067 .43
11115 1120 .39
1E119 N70 1.10

LINEAR (see catalogue for full range)

C03013 £1.85 6E510C £2.75 3117800111 ELM 19833 £1.35 742790 £3.50
CA3011 E2.20 Bill IC L2.75 60781331 E308 T1A300 £3.70 TM930A £1.45
533011 E1.75 0.6120 12.75 3117880ME £1.95 TM52I ELIO TM9348 £1.45
5330186 CIAO 51.625 £3.05 511716134 £2.04 TA/522 £1.65 RUIN NM
1A3320 £2.21 31521C £175 51750101 £1.72 IMMO ELM 71633 I £0.90
5330201 £2.50 515230 £1.25 MMOIKE £1.80 71.18111 £2.30 119311 £0.15
CA3021 12.40 01.6300 £2.60 311760231 1.2.115 TM62I E2.50 716305 E1.110
CA3022 £2.20 1.515 £4.40 3117602310 £1.72 16141516 LIAM 7111796 £1.29
C13023 £2.20 SUITE £4.40 361633314 E3.01 TM86111 £1.45 MACS £2.30
0.3025 5.70 01101C E2.50 001611 ON £1.30 769790 £1.65 31440 E I .10
CA30281 5.90 533(686 £1.87 07611511 £1.65
C036209 £1.25 C830ME £290 317611611 £1.51

NEW 1979 CATALOGUE
48 pages containing largest range of quality com-
ponents in the UK - Over 8.000 line items - 50p post
paid or 40p to callers at any of our 4 branches.

MAIL ORDER
All prices are VAT Inc Telephone Credit Card orders -
minimum CIO Access and Barclaycard.

'1

COAXIAL CABLES
2.41-U.H.F. (BANDS 1.V) 75 OHMS 18 p /m Z.45 -V. H F
(BANDS 1,111) 750 OHMS 16 p/m

V.M.F. FEEDER CABLES
Z 50 -UM F F M TWIN RIBBON FEEDER 300 OHMS 10p m

MAINS CABLE AUDIO -SCREENED

Z 31.2 CORE OVAL - 21/2 223 STENO SCREENED
AMPS IFAO Ilerts

2.25 -FIGURE 8 RIB POLARISED 10p/ m magm0NE saw,
TIM 125/199/61195 Mhispi 101 romp
2106175510 12.5047 558/6.

TTL Nee catalogue for full range)

741321211 E1.25 74132731 11.30 74113291 E270 741137911

74152131 £1.25 71132750 £3.20 741E3271 02.55 711.1131611

74132448 E1.50 74132798 E.0.58 71133491 £1.10 741.339011

741.32451 £1.85 711.5210/1 £1.65 74113521 01.07 7033934
74132471 E1.54 74132131 (l.20 71133531 E1.07 711339511

7432130 El .09 74132910 U14 14103650 5.55 71133906

71112461 ELM 711.5290/1 E1.00 74133060 1.655 7033990
711325111 E1.00 74132536 E1.00 74133671 E13.55 74134931

741575371 E1.110 741.3283 E1.35 7413361/1 £055 76.36700
711325711 £1.00 74132914 11.35 7113373N CCM 5117130011

74132510 E1.00 7132990 £2.95 7111374/1 £015 5117130311

741.325/31 E1.55 141232311 1.3.50 741337511 (0.66 317430111
711326111 £1.25 14133201 £1.85 711.53771 £1.30 07121011
741128811 £044 7413325/1 12.40 7115370 £1.00 507452011

E1.25 51174101 £077
E0.44 511713401 E11.77

7.0.00 71743666 5.77
£0.10 507431121 £1.70
E1.50 5117131149 £1.70
£1.00 61174314011 £0.77
£1.45 311113157N £2.95
E0.10 311743120 (230
£1.90 58743110 £1 .81
£0.77 511743200/1 £3.50
E0.77
5-54
£0.77
£11.77

VALVES - ',BULLARD

Ps hire E116 £2.43 P11201 E277 FINX £2.506T
17/62 E1.17 EL95 E1.71 PCNOI E1.77 PL506 1287

ECC82 £1,31 1716/1132 £1.17 P0093 £1.77 3.509 E2.75
BIS% E1.31 8750 £2.17 PERM 11.77 3.519 E5.13
ECM E1.51 6234 £2.14 P01200 £2.114 P1.802 13.99
BUM 12.15 PC% £2.31 PCLIE £1.51 PY503 £1.71
MEM E1.51 PCIN1 £231 P0.03 ELIO P111 £1.56
E0184 E2.75 PC97 £1.31 P061 £1.67 P15086'02.41
MOO £1.71 N903 £243 PC1.16 £1.76 UCLR ELM
ECL82 £1.71 PCCI4 £1.51 PV.805/85 £1.00 UC183 ELK
501% 11.76 PCC6 £1.71 P13510 E4.40 0184 ELM
E165 £1.17 RCS E1.75 011200 £2.25
6183 £1.51 PCC1119 L215 11.36 £2.31

184 £1.62 P080 E1.51 PU13 £2.87
636 £2.50 PCM6 11.77 PUN £1.74
ELM £1.30 PCf200 £2.77 Pl.% £1.46

TEST LEADS KIT PN 90. Complete luxury kit - curly leads.
long reach prods banana plug. pin plug Spade terminal and
croc clip PRICE E3.50 / SET

z7-777-7

SIGNAL INJECTOR. Model SE250B Unusually stable
trouble-shooter - for checking TV. Radio amp etc. E5.30.

1021,--

TINNED COPPERCOPPER WIRE. Available on 2o7 reels in the
following gauges
595 Price SIM PrIco 556 PlICII
II £155 25 NEM r E073
72 E0.56 30 E11.115 36 120.00

MULTICORE SOLDER - SAVBIT 1.2mm
Approx. 13.7 metres of see 12 Savbir Solder Ideal for Radio.
IV and similar work £2.28.

POTENTIOMETERS -VOLUME CONTROLS 95p 3) DU AL GANGED -STEREO

ROTARY POTENTIOMETERS. All standard 1/4" spindles As above, but dual No Switch.
All Log or Lin available in the

35p 1) SINGLE LESS SWITCH following values
Long spindle, double wiper 5k 10k 25k
evadable in following values 501 100k 250k

75p 2) SINGLE SWITCHED.
As above but with 2 Pole Switch 2

Amp 250VAC

500k 1Meg 2Meg
except type 1 not available in la"
1 Meg value

CMOS 144 0116.8.. 1w 1411 rtsiel

COM E13.20 54012 £120 5402 I E1.05 £0/510£225
0041:011 E0.20 0040131 E052 co.ions (1.58 2/140340 mei
1214002 E0.11 C64011 £1.60 540231 5.29 73140358 E1,.,
0114005 (1.25 54015 5.75 £000246 £076 1151037 E1.20
12141117 1.0.111 064016 £0.52 £040258 E11.20 1104010 E1.1 2
£04018 1.11.91 0040178 (1.05 540276 E0.55 C1140418 1.0116
CONN E0.511 549119 E1.05 0114021113 EOM C010425 TAM
081810 ECM 0640191 5.12 0110291 ELIO C04043 £1.05
0040118 E11.20 COKER E1.15 004030 E.0.114 004044 E1.013

OEiNP"

3°P'V\-4
,4°9 PC(PGC).03? .40
N

0;00 IsP\1°-
PO) P.'-C ucro

Our new catalogue lists a whole range of plastic
boxes to house all your projects. And we've got
circuit boards, accessories, module systems, and
metal cases - everything you need to give your
equipment the quality you demand. Send 25p to
cover post and packing and the catalogue's yours.

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

Telephone Chandlers Ford 1042151 2956

BUILD THE
Al2L,R0E00

ALREADY SOLD

NASCOM I COMPUTER nm
NEW LOW PRICE

+ r. VAT£165 POST FREE

WE ARE THE SOLE APPROVED LONDON
STOCKIST & NATIONAL DISTRIBUTOR

KITS IN STOCK:
 BRITISH DESIGN  U.K. BEST SELLING KIT

FEATURES: I- UI.I MIER SALES SERVICE & GUARANTEE

* Free B -Bug and Modulator
* Supplied in kit form for self -assembly
* Full documentation supplied.
* Fully screened double -sided plated through hole

printed circuit board
* Full 48 key keyboard included
* 2K x 8 Ram
* IK x 8 monitor program proyultng
* Powerful Mostek 280 CPU
* 16 x 48 character display interface to std

un-modified T.V
* T V display memory mapped for high speed

access.
* On board expansion to 2K x 8 Eprom
* On board expansion for additional 161/0 lines.
* Memory may be expanded to full 60K.

SOFTWARE
* 1K x 8 monitor program providing
* 8 operating commands, supporting Mem examine/modify.

load, tape dump
* Reflective monitor addressing for flexible monitor expansion
* Monitor sub routines include - delay ASCII coding. binary

print, cursor shift and many others.

OTHER
EXPANSION * 3A

* 3A
or Expansion buffer board £25.00
MEMORY KITS (inclusive all hardware) * BA

8K E135.00

£!401C! * Expansion16K ...**
32K .....11.1. * E* I / 0 board with decoders and all hardware except * E

CS tn." * keyboard
Will accept up to 3 11143A 1 CTC and 1 UART. programming

NEW T-4 Operating System in (2) 2708 EPROMS upwards compatible
TINY BASIC .

SUPER TINY BASIC (with Editor & Machine Utility routined)
ZEAP ASSEMBLER EDITOR

 VAT 8%811 items except books Demonstrations continuous
Industrial Enquirtes
FREE BROCHURE - SEND S.A.E. 9 V: s 6 1/2 STAMP 12

-----,

-------------
0,

11.:Lr 't -

tabulate. copy. break, single step execute tape

through user programs.
to hex conversion, clr screen, scroll up, suing

HARDWARE
power supply for up to 4K expansion £19.90
power supply for up to 4K expansion MKII

24.50
power supply for larger than 32K expansion

, £80.00
card frame £29.50

Prom Programmer E40.00
fromEraser E26.00

Cabinet .. E3.50
Manual E4.00

from T2 & 8 -Bug £25.00
E25.00
E35.00 ,
E32.00

daily. We welcome export - Educational and

'hp.

ill All mail to: IP;',HENN 5 1,1ARCLAMIMYCAR:7d'sgwRaadre

Road
aioPhone (01) 723 1000 London W2 L.
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ELECTRONIC BOOKS
Ref. No. Title Price
126 Boys Book of Crystal Sets 25p
138 How to Make Aerials for TV (Band 1-2-3) 25p
160 Coil Design and Construction Manual 75p
196 AF - RF Reactance - Frequency Chart for Con-

structors 1 5p
200 Handbook of Practical Electronic Musical Novelties 50p
201 Practical Transistorised Novelties for Hi-Fi En-

thusiasts 35p
202 Handbook of Integrated Circuits (IC's) Equivalents

and Substitutes 100p
203 IC's and Transistor Gadgets Construction Handbook 60p
205 First Book of Hi-Fi Loudspeaker Enclosures 75p
206 Practical Transistor Circuits for Modern Test Equip-

ment 60p
207 Practical Electronic Science Projects 75p
208 Practical Stereo and Quadrophony Handbook 75p
210 The Complete Car Radio Manual 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

Radio Hams 85p
216 Electronic Gadgets and Games 100p
217 Solid State Power SUpply Handbook 85p
218 Build Your Own Electronic Experimenters

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

Accessories 85p
221 28 Tested Transistor Projects 95p
222 Solid State Short Wave Receivers for Beginners 95p
223 50 Projects Using IC CA31 30 95p
224 50 CMOS IC Projects 95p
225 A Practical Introduction to Digital IC's 95p
226 How to Build Advanced Short Wave Receivers 1 20p
227 Beginners Guide to Building Electronic Projects 1 25p
228 Essential Theory for the Electronics Hobbyist 1 25p
RCC Resistor Colour Code Disc Calculator 10p
BP1 First Book of Transistor Equivalents and Substitutes 50p
BP2 Handbook of Radio, TV & Industrial & Transmitting

Tube & Valve Equivalents 60p
BP6 Engineers and Machinists Reference Tables 50p
BP7 Radio and Electronic Colour Codes and Data Chart

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

stitutes 110p
BP22 79 Electronic Novelty Circuits 75p
BP23 First Book of Practical Electronic Projects 75p
BP24 52 Projects Using 1C741 95p
BP25 How to Build Your Own Electronic and Quartz

Controlled Watches & Clocks 85p
BP26 Radio Antenna Handbook for Long Distance Recep-

tion and Transmission 85p
BP27 Giant Chart of Radio Electronic Semiconductor and

Logic Symbols 60p
BP28 Resistor Selection Handbook (International Edition) 60p
BP29 Major Solid State Audio H i-Fi Construction Projects 85p
BP30 Two Transistor Electronic Projects 85p
BP31 Practical Electrical Re -Wiring and Repairs 85p
BP32 How to Build Your Own Metal and Treasure Locators100p
BP33 Electronic Calculator Users Handbook 95p
BP34 Practical Repair and Renovation of Colour TVs

(Reprinting) 95p
BP35 Handbook of IC Audio Preamplifier and Power

Amplifier Construction (Reprinting) 95p
BP36 50 Circuits Using Germanium, Silicon and Zener

Diodes 75p
BP37 50 Projects Using Relays, SCR's and TR IACS 1 10p
BP38 Fun and Games with your Electronic Calculator 75p
BP39 50 (FET) Field Effect Transistor Projects 125p
BP40
BP41
BP42
BP43
BP44
BP45
BP46
BP47
BP48
BP49
BP50
BP51
BP52

Digital IC Equivalents and Pin Connections 250p
Linear IC Equivalents and Pin Connections 275p
50 Simple L.E.D. Circuits 75p
How to Make Walkie-Talkies 1 25p
10555 Projects 145p
Projects in Opto-Electronics 1 25p
Radio Circuits Using IC's 1 35p
Mobile Discotheque Handbook 1 35p
Electronic Projects for Beginners 1 35p
Popular Electronic Projects 145p
IC LM3900 Projects 1 35p
Electronic Music and Creative Tape Recording 1 25p
Long Distance Television Reception (TV -DX) For The
Enthusiast 145p

BP53 Practical Electronic Calculations and Formulae 225p
BP54 Your Electronic Calculator and Your Money 135p
BP55 Radio Stations Guide 1 45p

TECHNOMATIC LTD
17 BURNLEY ROAD, LONDON NW10 1ED
(2 minutes from Wks HAI Tube Station) (Ample parking space)
Telephone: 01-452 1500. Telex: 922800
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T.V. GAMES
PROGRAMMABLE - £31.86

COLOUR CARTRIDGE TV GAME
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Fah carbide. combing op to toe Phenol action pus,tod the first cortridg.
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a additimal Pone Tenn Shelling Dames. SWIM, Star On be nod as wither . rifle or a

'nil of cows compl.te with lion o stock oil barrel sotensioo.
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COSTING STAR AURA optional extra E4.116 Inc. VAT

lactose Wad& Videemutor soil raced W 1 oar
T I g

£24.30 inc. VAT
Ibis sompogrumablo cowls oilers too online COLOUR poor Tennis, Squash Hockey. Solo ..- II i
I, Football. Baskoll.H. Dridlogl. Sole 2 awl Iwo map boiltio argentAquae game:. . A.,
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CHESS COMPUTERS
STAR CHESS - £55.50 inc. VAT

PLAY CHESS AGAINST YOUR PARTNER
using your own T.V. to display the board and pieces
sue Gus is a oow absorbing T.V. gams lor two plums which will interest cad mote all sees.
The wit phis tato he mill socket of your TA oat and displays the board and pieces in foil pica
ter black of AIR on your T.Y. spent Bond on IP mores el chose it adds evil more
uchnuat mod iatorest I. the game. Fr Wm Ma hove now Moved, Star Chou is a novel
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CHESS CHAMPION 6 - £85.50
PLAY CHESS AGAINST THE COMPUTER - 6

LEVELS
Ti. ran latest dovolopinut I. oncroprocuser whoology ROW orablos us to char a mosque
reindict a the price el computer chess games. Chou Champion is a onily dualoped electrooic neutostomeml.,, Vy
microcomputer. manutoderod by VIDEOMASTER [a subsidiary of Worldiostons. Europe's most .-,........,0,..:,,ll.P..,,,,,,.. ...
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The whom anis of play coo be dinged at any tip doriog the pose mil mu con use the overrun key to make mutate roues or
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pongee. World chess champion ANATOLY KARPOV says:
"This chess computer is a new end interesting partner with remarkehle gaine variations."

CHESS CHALLENGER 7 - £92.50
CHESS CHALLENGER 7 - £92.50 inc. VAT

Ptay chase aping the computer at 7 &Deng Iona. [Similar to
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CHESS CHALLENGER 10- £154.50 inc. VAT

NEW IMPROVED PROGRAMME - MK 2. APRIL, 1979
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Feedback
Most amplifier users see it as a curse. Some amplifier designers
see it as a cure-all. The truth is somewhere between the two.
Ian Sinclair gives you the facts.

THEY KEEP USING this word feedback, don't they? The
amplifier you've just built sounds a bit loud and fuzzy,
and you're told it needs feedback. Another one you've
built just howls all the time, and you're told it's caused
by feedback. Let's unwrap the mystery.

First of all, sort out what we mean by an amplifier.
Whatever it's made from, you can put a signal into it and
you get a signal at the output which is a good copy of the
input signal's shape, but of much greater amplitude.
When the input signal is a wave, its voltage amplitude
(peak -to -peak) is the voltage difference between the
opposite peaks. For example, a signal with its positive
peak at 2 V and its negative peak at -2 V is a signal of
4 V peak -to -peak amplitude.

It's this amplitude that an amplifier amplifies; a few
designs of amplifiers (called current amplifiers) are
intended to amplify not the voltage amplitude but the
current amplitude. The point is, though, that the
amplifier doesn't miraculously cause the signal to get
greater; it simply creates a new waveform whose
amplitude is greater than the signal input, but which is
controlled by the signal input so that it ought to be a
good copy. If it isn't, we say that the output signal is
distorted.

Now the signal at the output of an amplifier can be
connected to other circuits, and if we're reasonably
careful about it, these connections won't make much
difference to the amplitude of the signal. The care we
need to take is in not connecting the signal into a circuit
with a low resistance, much lower than the output of the
amplifier is designed to feed. If we stick to fairly high
resistance circuits, though, we can make connections to
the output of our amplifier without reducing the signal -
no noticeable amount of signal is taken away from the
amplifier.

INTRODUCING FEEDBACK
'now this is where feedback comes in. A feedback
connection is a connection made through a resistor or
through a set of resistors or capacitors called a network,
which connects the signal at the output of an amplifier
back to the input of the amplifier. This connection is
called the feedback loop, and when a feedback loop is
connected, the behaviour of the amplifier is considerably
changed. The reason is that the amplifier is no longer
making a copy of just the input signal but a mixture of
signals, the input signal and the feedback signal. What
happens now depends on how the mix is arranged.

MIXING IT
One way of arranging the mix is to have the feedback
signal in phase with the output. 'In phase' means that
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Fig. 1. Voltage amplitude. This wave has a voltage amplitude of
4 V peak -to -peak.

the signals are exactly alike except for amplitude, with
the peaks happening at exactly the same time. When the
mixing of signals is done this way, the feedback is said to
be positive - the signal coming back through the
feedback network looks just like the input signal, and
when we mix this with the genuine input signal the two,
add together to make a higher amplitude input for the
amplifier. This in turn produces a greater amplitude of
output which will result in more feedback signal, and so
on. (Fig 2)

If we use an attenuating network for the feedback
loop (remembering that an attenuating network reduces
the amplitude of a signal) and we make sure that the
attenuation of the feedback loop is more than the gain of
the amplifier, the whole thing comes to balance. The
amplifier behaves as if it had much more gain, because
the feedback is providing some of the input signal. At the
same time any distortion that the amplifier produces is
greatly increased, because the distorted signal is being
fed back to be amplified again.

If the gain of the amplified portion is greater than the
attenuation of the feedback network, then the output
signal will provide enough feedback signal at the input
to produce the output signal by itself, with no other input
needed. This arrangement is an oscillator - it continu-
ally.generates an output signal with no need for an input.
If an amplifier oscillates, it's because of positive feed-
back somewhere, perhaps from signals passed through
stray capacitances if the oscillation is at a high
frequency, or from signals passed along the power
supply line if the oscillation is at a low frequency. Even a
careless arrangement of earth connections can cause

INPUT

(V)
FEEDBACK

OUT INPUT

FEEDBACK

OUT

Fig. 2. Feedback. (a) In phase, adding to the signal at the input
(positive feedback), (b) in antiphase, subtracting from the
signal at the input (negative feedback).
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oscillations if the amplifier has a large amount of gain.
Positive feedback is used therefore to make oscillator

circuits, and to boost amplifier performance, but, be-
cause it's difficult to control, high quality audio
amplifiers avoid using positive feedback. Oscillator
circuits control the positive feedback carefully so that it
operates only at one frequency, the frequency of
oscillation.

Negative feedback is the other option. Negative
feedback is what we get if the feedback network is
connected to an amplifier whose output signal is in
antiphase with the input signal. Antiphase means that
the signals (apart from the differences in amplitude) look,
like mirror images of each other. When we add signals in
antiphase, the effect is the same as that of subtracting
one signal voltage from the other. The result of negative
feedback, then, is to make the signal into the amplifier
less than the genuine input signal we are applying to the
amplifier. The amplifier is still doing its stuff, but there is
less signal for it to work on, so that it looks as if the gain
of the whole arrangement is less than it was before the
feedback was connected.

STABILIZING GAIN
At first sight, this doesn't look like a very good
bargain. Gain after all, is what we want from an
amplifier, and, it doesn't seem to make sense to do
anything that reduces gain. The advantages of negative
feedback, however, greatly outweigh the small disad-
vantages of a loss of gain. Gain, after all, is easily
obtained; if you want more gain, you can use more
transistors. What negative feedback does is to stabilise
gain - a much more valuable feature. Think of it this
way. Suppose you built twenty samples of two stage
voltage amplifiers. There's precious little chance that all
of them would have the same figure of gain - because
of the differences between transistors we might find gain
figures ranging from 500 to 8,000. Now if these were
all negative feedback amplifiers, we could design for a
gain of 250 - and find values ranging from 230 to 260.
This is a much smaller spread of gain values, and illust-
rates the value of negative feedback for the designer. It's
possible, using negative feedback to design an amplifier
whose gain can be exactly calculated whatever the
tolerances of the transistors. The use of integrated circuit
amplifiers makes negative feedback even more import-
ant, because the gain of an IC amplifier simply cannot be
closely controlled when the IC is manufactured.

FIGURING OUT THE GAIN
How much gain can we expect from an amplifier fitted
with negative feedback? If the amplifier has a large
amount of gain before the feedback is added, the answer
is fairly simple. Find the attenuation of the feedback
network - this amount is then equal to the gain of the
complete amplifier when feedback is added. For
example, if the feedback network causes the output
signal amplitude to be divided by 50, then the gain of
the complete amplifier will be 50 times providing that
the gain of the amplifier before the feedback was added
was much more than 50 (perhaps 500 or more). This
figure of gain should remain fixed throughout the life of
the amplifier, even if transistors are replaced.

Being able to design for a definite figure at gain, then,
is one good reason for using negative feedback, but it's
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certainly not the only reason. Another compelling reason
is the reduction of some types of distortion. Remember
that what an amplifier does is to create a larger -scale
copy of an input signal. Any difference, apart from the
difference in amplitude, between output and input, is
distortion. One kind of distortion in this sense is noise -
unwanted signals which are generated inside resistors,
transistors and all other conductors by the movement of
the electrons. Because the noise generated inside an
amplifier is not present as a signal at the input of the
amplifier, the use of negative feedback reduces the noise
by cancelling it with an antiphase signal at the input.
Hum signals picked up from a poorly -smoothed supply
line can be reduced in the same way.

EXTENDING BANDWIDTH
Another type of distortion is frequency distortion. An
amplifier may not treat signals of different frequencies in
the same Way; very often, the gain of the amplifier for
signals of low frequencies (below 50 Hz) or high
frequencies (above 20 kHz) is less than for "mid -band"

FREQUENCY

FREQUENCY

Fig. 3. Reducing frequency distortion by negative feedback. (a)
Graph of gain plotted against frequency for an amplifier with-
out feedback. (b) The effect of negative feedback is to reduce
the gain, creating a flat portion of graph.

0
/-00

VOLTAGE
IN

Fig. 4. Effect of bias faults. The graph shows a region A -B in
which there is no gain, so that negative feedback cannot
operate.
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Feedback
frequencies in .the range 400 Hz -1 kHz. A negative
feedback connection will reduce the gain, but make the
lower value of gain one which holds true for a much
greater range of frequencies. The effect is shown on the
graph of Fig. 3, the amplifier can cope with the low and
the high frequencies at low values of gain, and applying
negative feedback brings the gain of the amplifier for the
middle range of frequencies down to the same value.

A CURE ALL?

Negative feedback is so useful that we fall into the habit
of assuming that it can cure all sorts of nasty complaints
that amplifiers are prone to. What we have to remember
though is that negative feedback works according to the
book only when the gain of the amplifier is very high
when no feedback is being used. If the amplifier gain -

without feedback - is low, then feedback has little or no
effect. Would we use negative feedback on such an
amplifier? In the normal course of events we wouldn't,
but we sometimes forget that an amplifier can have low
gain in patches. For example, Fig. 4 shows the graph of
signal out plotted against signal in for an amplifier
output stage which is not correctly biased. Most of the
graph is fine, showing a healthy gain, but the small
section marked AB at the centre is not so good. In this
section there is no increase in output over a small range
of input, so there is no gain. No gain means that negative
feedback will not correct the distortion caused by this
sort of shape and yet we often assume that this 'cross-
over' distortion, as it's called, is removed by negative
feedback. A good general rule is that negative feedback
can make a good amplifier a bit better; but it can never
make a lousy amplifier into a good one! HE
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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 Projects
£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.
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The action -packed show for the electronics enthusiast now includes the
Midlands among its venues. If hobby electronics is your interest or
your business, then Midlands Breadboard is tailor-made for you.

Bingley Hall, Birmingham,
23 -26 May, 10am -6pm
Admission : £1 Adults
75p Students

Crammed with the gear that constructors need. Circuit boards, components,
audio kits, d.i.y. computer systems, electronic musical instruments -
you'll find it all here. And you can buy it on the spot - or browse at your
leisure. Demonstrations and competitions (exciting prizes!) keep the show
humming with activity.
P.S. There's a London Breadboard too, December 4 -8th, Royal Horticultural

Halls - come to both!

 I want to visit the show. Send me more details nearer the date.

 Please send me details now of exhibition space.

Name

Position

Company

Address

Telephone . Telex

Return to: Trident International Exhibitions Limited
Abbey Mead House, 23a Plymouth Road,
Tavistock, Devon. PL19 8AU

Telephone: 0822 4671 Telex: 45412 TRITAV

mm Imo um mut um am um mom mu mu mu um Nom mu man im um um um
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Electronic
Music
If an electronic music synthesiser means a keyboard and a black box to you,
make synthesisers simple with this article by Tim Orr.

Electronic music of one form or another has been around
for almost as long as electronics. In fact, I have seen a
complete music synthesiser built in 1926 which used
only two valves. Fifteen years ago electronic music was
produced by studios that contained lots of special
purpose electronic processors, mixing discs, tape
recorders, reverberation units, and then it all changed!
Someone (several people claim that it was themselves),
decided to pack most of the electronic processors into
one unit, so that an integrated system for electronic
music production in one box was obtained. This device,
known as the synthesiser, took EM out of the studio and
on to the stage, and since then things have just pro-
liferated. The pioneers of EM were Moog and ARP in the
States and EMS (Peter Zinovieff and David Cockerell) in
England. Now there are very many companies through-
out the world producing synthesisers although it is fair to
say that very few of them are producing new and
interesting ideas. In fact it is quite difficult to define what
devices are in the EM area, because it has been merged
with professional audio (studio) processors and musical
(generally guitar) effects devices.

VOLTAGE CONTROL

The fundamental concept that makes synthesisers what
they are is that of voltage control. Voltages that are
generated control the pitch of the oscillators, they
control the harmonic structure of the sound (enabling
dynamic filtering), they control volume and many other
parameters. A typical synthesiser system is shown in
fig. 1. A conventional musical keyboard is used as the
interface between the musician and the machine. When

KEYBOARD

PITCH

GATE

SLOW
OSCILL/
ATOR

SAMPLE
AND

HOLD

VCO VC F

a note is pressed, two signals are generated, a pitch
voltage and a gate voltage. The keyboard would
generally be tuned so as to produce semitone tuning,
that is twelve notes per octave, each note spaced at
intervals of one twelfth of the square root of two!!
What this means in terms of voltages is + 1V per
octave or 1 / 1 2V oer semitone. This voltage is used to
control the pitch of VCO's, (voltage controlled oscilla-
tors), and the resonant frequency of VCF's (voltage
controlled filters). The pitch voltage is stored in a device
known as a sample and hold. This is an analogue
memory that is controlled by the gate voltage. When the
gate is high the unit 'samples' the pitch voltage and
when it goes low the unit 'holds'. The gate merely tells
the synthesiser that a note has been pressed, which in
this case triggers off two waveform generators, the AD
(Attack Decay) and the ADSR (Attack, Decay, Sustain,
Release). The AD sweeps the VCF producing dynamic
filtering and the ADSR generates an amplitude enve-
lope.

The sound generation process is as follows. The
musician selects a note. This tells the VCO what the pitch
must be. The waveform from the VCO is filtered by the
VCF, but the filtering is controlled by the AD waveform.
This could make the sound go AH -0W-00 or even
00-0W-AH. The filtered sound then passes through the
VCA which gives it an envelope that is controlled by the
ADSR. Fast attacks give the sound a percussive quality,
slow attacks a 'backward' quality. There is also a slow
oscillator for generating vibrato and swept filtering
effects and a noise generator for producing pitchless
sounds, such as explosions. All the parameters are
controllable via potentiometers (about 16 in this case)
and so an enormous range of effects can be synthesised.

NOISE AD

VCA

ADSR

OUTPUT

Fig. 1. Block diagram of a typical synthes-
iser.
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CONTROLLING IT
Most synthesisers are monophonic, that is they produce
only one note even if several are pressed. Generally the
keyboard selects the highest note played. This is simply
done by passing a constant current through a series
resistor chain, (Fig. 2). A voltage is picked up on the
pitch bus which is linearly proportional to the highest
note pressed. This voltage then passes through an
analogue switch (Q1) which is controlled by the gate
signal. When a note is pressed, the gate is high and the
switch is ON. The pitch voltage charges up Cl . When
the keyboard is released the gate voltage goes low, the
switch turns OFF and the pitch voltage is held on C1 . A
voltage follower (IC1) is used to buffer this voltage to the
rest of the synthesiser. A FET op amp is used because
this doesn't discharge the capacitor Cl . A portamento
control (RV1) has also been included. This allows the
player to glide rather than change instantly from one
note to the other.

A musical keyboard is the most common control
medium for the player, but conventional instruments
have many other types of control. These include levers,
valves, tension bars, dampers, percussive devices,
string tensioners, elongatable resonators, air pressure
sacks, etc. It is not practical to include all of these
controls into one synthesiser, although some of them do
appear in various machines. For instance there is a
'wind' synthi and several drum and guitar synthesisers.

Two common types of controls are the XY joystick and
the pitch bend wheel. The performer can play keyboards
with one hand and operate a control with the other. For.
instance the pitch bend wheel can be used to bend notes
just like a guitar player does by stretching (bending) the
string.
The.primary sound generator in a synthesiser is the VCO.
This produces the fundamental waveform which the
synthesiser manipulates. It is usually controlled by a
manual knob so that it can be tuned to other instruments

TO ADSR

PITCH OUTPUT
VOLTAGE

+1V/OCTAVE

Y POT

-12V

Y VOLTAGE

PITCH BEND
VOLTAGE

+12V

C2

FET OP AMP
PITCH
OUTPUT

0
100n

Fig. 2. Signal processing in a simple
monophonic synthesiser.

-12V
DOWN

0111164.4

UP

POT

POT

+12V

X VOLTAGE

WHEEL

SPRING

Fig. 3. Two common controls - the xy
joystick and the pitch bend wheel.

FIXED BLOCK

20 Hobby Electronics, May 1979



Electronic Music
by the keyboard voltage and a voltage control input. If a
slow sinewave is injected then vibrato effects (frequency
modulation) can be produced. Most VCO's are logarith-
mic in response. That is a control voltage increase of
+1V will increase their frequency of operation by one
octave (double). Thus a control voltage change of 4V will
change the frequency by a factor of 24 which is 1 6.
Generally most VCO's have a wide range of operation,
often greater than 1000 to 1, although for musical
purposes a range from 100 Hz to 1.6 kHz is sufficient. If
the synthesiser has more than one VCO then they can be
arranged to produce a musical chord. This chord can
then be controlled by the pitch voltage from the key-
board, producing a very rich musical sound. It is,
however, possible to produce interesting sounds from a
single VCO.

The waveforms typically generated by a VCO are
sawtooth, triangle, squarewave, (sometimes with a
variable mark /space ratio) and sinusoidal. These all
have different harmonic structures which characterise
them, (Fig. 4.). A sawtooth can be constructed out of a
sinewave at frequency fo, plus a smaller one at 2fo plus a
smaller one at 3fo, plus a smaller one at 4fo etc. These
are known as harmonics and a sawtooth has an infinite
series of even and odd harmonics. The squarewave has
only odd harmonics (fo, 3fo, 5fo, 7fo). A triangle
waveform, which is, in fact, just an integrated
squarewave has only odd harmonics, but they die away
faster than those of the squarewave.

FREQUENCY
KNOB

VOLTAGE
INPUT

KEYBOARD
INPUT

u, +4V

H
+3V

5

2 +2V
I -

z

°+1V

VOLTAGE CONTROLLED
OSCILLATOR VCO

0 '

100Hz 2000, 400 Hz 000Hz 1600Hz

OSCILLATOR PITCH

OUTPUTS

SAWTOOTH

TRIANGLE

SOUAREWAVE

7\7\1\ SINEWAVE

Fig. 4. The waveforms typically
generated by a VCO.

A squarewave with an uneven mark / space ratio has a
mixture of both odd and even harmonics. This can
produce some very interesting sounds if the mark /space
ratio is slowly modulated by a control voltage. The
sinewave has no harmonics, it is a pure sound and is
generally not very interesting.

VOLTAGE CONTROLLED FILTERS
VCF's are used to manipulate the harmonic structure of a
signal. They can selectively enhance or reject a particular
frequency. By changing their resonant frequency they
produce dynamic filtering. Your mouth is also a dynamic
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SAWTOOTH-
ODD & EVEN
HARMONICS

E
SQUAREWAVE-
ONLY ODD
HARMONICS

I NW -

f 3f 4f 5f 6f 7f 80

FREQUENCY

2f 3f 4f 5f

FREQUENCY

a

6f 7f

FUNDAMENTAL fo

8f

2nd HARMONIC 2fo

3rd HARMONIC 3fo

4th HARMONIC 4fo

ADD INFINITUM

Fig. 5. Discriminating between harmonics.

filter and this is one of the reasons for the popularity of
synthesisers, that is the pseudo human quality of many
EM sounds.

A typical VCF is a lowpass filter. It has a signal input
and an output. The VCF has a manually controlled Q
factor (resonance) and break frequency. Also the break
frequency can be voltage controlled. If the VCF with a
high Q is used to filter a low frequency squarewave it is
possible to discriminate the individual harmonics that
were discussed earlier. As the resonant peak of the filter
passes over the harmonics, they are selectively
amplified. This process is known as ringing or chiming
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Electronic Music

AUDIO
INPUT

CONTROL
VOLTAGE
INPUTS

FREQUENCY
CONTROL,

Q CONTROL fo

LOW
PASS
OUTPUT

OUTPUT
INPUT

11

L VARYING Q

\
\ VARYING fo

Fig. 6. (above) 'Chiming the harmonics' to produce a 'swept
filter' sound.

SQUAREWAVE
INPUT 100Hz

FILTER SET
AT 5kHz 1kHz

FREQUENCY

300Hz 100Hz

Fig. 7. Using a low pass filter, with a 0 of 5 to "ring" the
harmonics of a square

the harmonics and produces the characteristic synthes-
iser 'swept filter' sound (fig. 6). If an Ad wave form is
used to sweep the VCF then a wide range of filter sounds
can be generated.

A more elaborate filter structure is shown in fig. 7.
This is the universal filter and only appears in larger
synthesiser systems. The controls are the same as
before, but there are four outputs, lowpass, highpass,
bandpass and bandstop (notch). These all have the same
resonant frequency and can be used to further increase
the range of filtered effects.

Another type of filter that has been recently intro-
duced is the flanger, fig. 8. This is a recursive filter that
works on the time delay rather than the phase delay
principle. A bucket brigade delay line is used to delay the
input signal. The original and delayed signals are then
added together, their amplitudes being equal. Thus,
when the two are in phase, they add up but when they
are 180 out of phase they cancel out completely. This
produces a notch, or rather a series of notches which is
called a COMB filter response. These notches are equally
spaced on a linear frequency scale, their spacing being
controlled by the delay time. The shorter the delay time
the fewer are the notches. There is also a feedback path
around the unit. This makes the filter much more 'peaky'
and the effect of the filtering greatly pronounced.
Flanging is similar to the effect on jet engine noises that
can be heard as they fly over head.
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Fig. 8. The flanger -a recursive filter
working on time delay.
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A typical electronic music synthesiser - the transcendent
2000.
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electronics today
What to look for in the June

HI-FI RECEIVER

A fifty watt stereo amplifier and a high quality
tuner would make two excellent projects in
themselves. With specifications such as these
boast, we could be sure that the units would soon
become widely accepted as the very best in DIY
hi-fi. However we've gone one better to combine
the two units to produce a receiver of outstanding
merit. If you're about to buy, build or borrow a
high-class hi-fi - stop it at once until you've read
next months ETI.

ECM
ECM (Electronic Counter Measures). Without extensive
capability in this field a modern fighter aircraft stands
about as much chance against its opponents as would a
bi-plane. Radar homing missiles can be jammed, locating
radar foiled and laser targeting pick out a plane for
ground -to -air attack in a fraction of a second. On the
ground too, anti-tank missiles, remotely guided, can
"take out" highly sophisticated (and expensive) tanks
before they get time to retaliate. The principle behind the
machinery are fascinating and their implications chilling.
Read about them next month in our comprehensive
article.

;sue: On sale May 4th

ANYBODY
THERE?
That intelligent life exists elsewhere in the
Universe is a mathematical certainty.
Whether or not it rides around in flying
saucers we cannot afford to ignore the fact
that it is there - somewhere. Steps are being
taken to communicate with other worlds by
some of this planet's largest observatories,
and they may surprise you. Don't blame us if
after close reading of this, you encounter
more than lights in the sky!

READERS'
DESIGNS

Next month's is a remote controlled light
dimmer which uses an ingenious voltage
control circuit and ultrasonic transmission
technique. Can be adapted to give remote
level control of just about anything.



CLIPPING
AMPLIFIER
Probably the main use for clipping
amplifiers these days is in musical
effects units to produce the so
called "fuzz" effect. This circuit
uses two common emitter
amplifiers based on Q1 and Q2 to
drive a simple clipping circuit using
D1 and D2. RV1 is the input atte-
nuator and if this is adjusted for an
output level of less than about 1
volt peak to peak at Q2 collector,
neither D1 or D2 will be sufficiently
forward biased to conduct
significantly. These components
then have no real effect on the
circuit, which in consequence
operates as an ordinary amplifier.
Assuming SW1 is closed, if RV1 is
adjusted for a signal level of more
than 1 volt peak to peak at Q2
collector, during positive output
excursions when the signal
amplitude is greater than 0.5 V
DI will conduct and act like a low
voltage zener, preventing the
signal from exceeding 0.5 V in
amplitude.. Similarly, on negative
output excursions D2 will limit the
signal level to no more than -0.5
V. This causes the signal to be
severely disctorted by the clipping
action as shown in (a) the distortion
products giving the desired "'fuzz"'

imam 11112111 Ill llllllllllllllll 111114

A

REACTION
GAME
This is a simple reaction testing
game for one player. The idea of
the game is to end up with both
LED indicators switched on, and
initially only one lamp will come
on, followed by the second one
shortly afterwards. When this hap-
pens a switch must be operated as
quickly as possible, and the first
LED will switch off if the attempt is
too slow.

14

Short Circuits
IN

b

BC109C
BASE VIEW a R1

8M2

RV1
47k
log C1

100n 01
BC109C

R2
27k

C2
1u
10V

02
F13 BC109C
1k8

SW1

SOFT
HARD

+0.5V

ov

-0.5V

effect.
A circuit of this type can be used

to produce a form of sustain effect
when employed with a guitar. Here
RV1 is adjusted so that clipping
occurs even when the signal from
the guitar has decayed consider-
ably. This results in the output
signal remaining at a virtually con-
stant 1 volt peak to peak level for
the duration of each note, whereas
a guitar signal normally hits a high

initial peak and then rapidly de-
cays. In this application the hard
clipping produced by the unit will
produce the fuzz distortion pro-
ducts whether they are required or
not. This problem can be alleviated
to some degree by switching SW1
to the "soft" position. R6 is then
connected in series with D1 and
D2, and this gives the smoother
clipping action shown in (b) due to
the voltage developed across R6

SW2
ON/OFF

B1

F13Z,

C4
9V

k OUT 100u
10V

R6
330R

I

when DI and D2 pass a current.
This greatly reduces the high
frequency distortion products
which are the most noticeable and
objectionable ones.

The circuit has an input imped-
ance of about 47k and needs an
input of less than 1 mV RMS to
produce clipping. If the full 1 volt
peak to peak output is not required.
R7 can be used to attenuate the
signal to the required level.

The circuit uses the four 2 input
NOR gates of a 4001 CMOS de-
vice, the gates being connected as
simple inverters in this application.
Gates 1 and 2 are connected to
form a Schmitt trigger type circuit,
and at switch on Cl will be dis-
charged causing gate 1 input and
gate 2 output to be low. After about
seven seconds Cl will have
charged through R1 to the transi-
tion voltage of gate 1, with the
coupling between the two gates
resulting in gate 2 output swinging
positive quite rapidly. Coupling

through R4 causes gate 1 input to
be taken further positive, and a
regnerative action occurs which
results in gate 2 output jumping to
the high state and switching on D1 .
This indicates that the player
should operate the push button
switch SW2.

Until this switch is opened, an-
other trigger/timer circuit will be
fed from gate 2 output. D2 is nor-
mally on but will be switched off at
the end of the second timing period
if SW2 is not used to halt the
charging of C2 in time. The second

delay can be adjusted using RV1,
from more than 500mS at maxi-
mum resistance to only about
50mS at minimum resistance. This
gives a difficulty factor varying
from "easy" to "impossible- for
anyone with normal reactions.

The circuit is reset using SW1
which disconnects power from the
circuit, discharges C2 through cur-
rent limit resistor R8, and similarly
discharges C1 through R3. The
unit is then ready to start operation
again when SW1 is set back to the
''start'' position.

7.4

R1
680k

C1
10u
10V

R2
2M2

R3
22R

RESET

14 8
4001
TOP
VIEW

71

START

SW1a

LE D1
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138

22R

B1
9V
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EVEN LOWER PRICES
SUPERIOR CASIO WATCHES

A well-known consumer magazine has published a
report on watches which supports our opinion that
CASIO and SEIKO are the best watches in the world,
with CASIO offering unbeatable value for money.
All CASIO watches have a calendar display, night
illumination, mineral glass and stainless steel cases,
water resistant to 100ft, (except Sports watches and
500S - 66 feet).

powN 46CS-27 B
PRICE REDUCED

Almost certainly the slimmest and most sophisti-
cated 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.
 Optional hourly chimes.
 Chrono measures from 1/10 second

to 6 hours,
 Net, lap, 1st & 2nd place.
 7.8mm Stainless Steel case.
 Real (mineral) glass face.
 Water resistant to 100 feet.
 Less than ± 10 seconds/ month Only £39.95

50QS-178 REAL QUALITY
AT LOWEST EVER PRICES

Stopwatch, Dual Time,
Water Resistant to 66h.
Displays hours, minutes,
ten seconds, seconds flash,
am /pm; And with day, date
and month calendar, stop-
watch 1 sec to 13 hrs.
Stainless steel encased.
Fine Stainless steel bracelet
with easily removable
links.

£19.95
SPORTS WATCHES

£19.95

52QS-14B
Right, 8mm

£22.95
Up to 25 functions. Net, lap and first and second place
times to 1/ 100 sec. F-100 Resin case and strap.
520S -14B Stainless steel encased version with fully
adjustable s/s bracelet.

CASIO QUARTZ
31 QR Functions as 50QS above

31QR-208
Left, 8 5mm

£19.95
54QS-168
Right, 7 5mm
6 digits

£24.95,
6 DIGIT WATCHES (not Sports). Hours, minutes,
seconds and day of week. (Model 54QS has an optional
display of hrs. mins, date, day, ten seconds, seconds
flash); And day, date, month, year calendar. Selectable
12 hr. (with am /pm) or 24 hr. clock.

DOWN

45CS-2213
Left, Chrono

£34.95
25CS-168
Right, 9 25mm
Alarm

£34.95

CHRONO AND ALARM

CHRONOGRAPH 6 digits as above, with chrono
measuring net, lap and 1st & 2nd place times from
1/100 second to 6 hours. Dual time facility.
ALARM. Displays hours, minutes, seconds (or date),
day, am /pm. Perpetual calendar. 24 hour alarm.
25 CR-168 Round alarm as above. £24.95
Prices include VAT, P &P. Send cheque, P.O. or phone
your Access or Barclaycard number to

TIMETR ON
Callers welcome by appointment

Bet. HE. Beaumont Sale
184-167 fast Road
Cambndge C81 100
Telephone 0223 67503
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tavil FROMr U.S.A.

the 3 Hand
MAKES CIRCUIT ASSEMBLY A BREEZE!

Lets you work with both hands!
Sturdy aluminium construction!

Accepts boards of any size!

STEP 1. Clamp '3rd' hand on edge of bench.
table or workboard. Insert circuit board, position
components. Note: convenient working angle.

STEP 2. Flip circuit board to flat position for
soldering and clipping. Reverse procedure for
double -sided boards.
Dealer enquiries invited

INTRODUCTORY OFFER
£7.85 inc.

Solo Importers
PARA SALES, 1 Hook Road, Kingsciers, Newbury,
Berks.

ETCH RESIST TRANSFER
KIT SIZE 1:1
Complete kit 13 sheets 6in x 41/2ir-t
£2.50 with all symbols for direct
application to P.C. board. Individual
sheets 25p each. (1) Mixed Symbols (2)
Lines 0.05 (3) Pads (4) Fish Plates and'
Connectors (5) 4 Lead and 3 Lead and
Pads (6) DILS (7) BENDS 90 and 130
(8) 8-10-12 T.0.5. Cans (9) Edge
Connectors 0.15 (10) Edge Connectors
0.1 (1 1) Lines 0.02 (12) Bends 0.02 (1 3)
Quad in Line.

FRONT AND REAR PANEL
TRANSFER SIGNS
All standard symbols and wording. Over
250 symbols, signs and words. Also
available in reverse for perspex, etc.
Choice of colours, red, blue, black, or
white. Size of sheet 12in x 9in. Price £1.

GRAPHIC TRANSFERS
WITH SPACER
ACCESSORIES
Available also in reverse lettering, colours
red, blue, black or white. Each sheet
12in. x 9in -contains capitals, lower case
and numerals Vein kit or Ytin kit. £1
complete. State size.

All orders dispatched promptly.
All post paid

Ex U.K. add 50p for air mail
Shop and Trade enquiries welcome

Special Transfers made to order
E. R. NICHOLLS

P.C.B. TRANSFERS
DEPT. MI5

46 LOWFIELD ROAD
STOCKPORT, CHES. 061-480 2179

Car Audio
Manual
MW/LW

etarai.' 4..A.4
111111

Full medium and long wave tuning. Com-
plete with speaker and mountings. Suitable
for positive or negative chassis Latest
model.

E1.00£9.95 + Post
Push -Button [511--

MW/LW

11-"=T1l,

OH

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

£15.60+ 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.E38.95+ £4.0s0t

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

£3.95 (pair) + 70p Post

Telescopic Car Antenna
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 stern. Excellent,
pin -pointing, positive reaction to
non-ferrous, negative reaction to
iron. This models normal price is

£39.95!

C.) £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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BUILD A PROJECT
ON CSC

FILL IN COUPON & RECEIVE FREE COPY OF

ELECTRONICS BY NUMBERS PROJECT No 1 'TWO TRANSISTOR RADIO'
ELECTRONICS BY NUMBERS. EXPERIMENTOR BREADBOARDS. PROTO-BOARDS.

TWO -TRANSISTOR RADIO.
Now using Experimentor Breadboards and
following the instructions in "Electronics by
Numbers" ANYBODY can build electronic
projects.
Simply look at the diagram -- this has
exactly the same type of layout of all
EXPERIMENTOR boards. Look at the
component list and select the component
Ql, this is an NPN transistor type 2N3904,
this plugs into holes C10, D11, and B12.
Easy isn't it?
Now take C2, which is a .1 of capacitor,
this plugs into holes H7 and H10.
Do the same with all the components,
connect a 9 volt battery and you have a
perfect working TWO -TRANSISTOR
RADIO. Loudspeaker

extern
regd.

YOU WILL NEED
B1 -9 VDC battery
C1-365-pF variable capacitor
C2-.1 -uF capacitor
D1-Diode, 1N914 or 4148 or equiv.
L1-Standard broadcast loopstick antenna
Q1 -NPN transistor, 2N3904 or equiv.
Q2-PNP transistor, 2N3906 or equiv.
R1-100,000-ohm resistor, Y. watt
R2 -4700 --ohm resistor, Yx watt
S1 -SPST switch
T1-500:8-ohm matching transformer
SPK R -8-ohm speaker

Building radios is lots of fun. Here's a loud -
speaking crystal set. L1 and C1 form the
circuit that tunes the radio. For better
performance substitute a germanium diode
such as IN34 or IN6O.
These projects use components which are
readily available from all suppliers and we've
made a special effort to design the projects
so that in many cases substituting close but
wrong component values of different
transistors will still result in a working
circuit.
FILL IN THE COUPON AND WE WILL
SEND YOU FREE OF CHARGE A COPY
OF THE FULL PROJECT "TWO -TRAN-
SISTOR 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.

PC - 16 pin. £2.75.
PC - 16 pin with cable.

£6.00.
PC - 16 with cable and 16 pin clips at

both ends. £10.25.
CONTIIINIAL SACIZIO CCIPPORATKar=0=
Europe, Africa, Mid -East: CSC UK LTD.
Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex C611 3AQ.
Telephone: SAFFRON WALDEN 21682.
Telex: 817477.
26

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.

11111U
ONLY £1.60.

EXP.350. £3.15.
270 contact points with
two 20 -point bus -bars.

EXP.
300.
£5.75.

'

EXP. 650 for Micro-
processors. £3.60.

EXP 4B.
More bus -
bars.

£2.30.

qii11111111111111111111111111,11111111

11111111111111111111111

111111111111111:

: matt 11111 Itill tllIl (MI mm:::
::::: :MC mmtit Stitt mint mIttl tItti

ALL EXP.300 Breadboards mix and match with 600
series.

THE ULTIMATE IN BREADBOARDS
FOR THE MINIMUM COST.
TWO EASILY ASSEMBLED KITS.

CM= 00111TOMO1111 SP4Ctillttte4 00111.0111111111011

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 TWO -TRANSISTOR RADIO PROJECT.
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.
BREADBOARDS.

EXP. 325
EXP. 350
EXP. 300
EXP. 650

130
270
550
270

EXP. 48. Four 40 Point
Bus -Bars

TEST CLIPS
PC. 16.

PC.16-18.
PC. 16 18 Dual Clip.

PROTO-BOARDS.
PB. 6.

PB. 100.
630
760

IC CAPACITY
14 PIN.DIP.

UNIT PRICE
INCLUDING POSTAGE

AND V.A.T.
1 £ 2.53
3 £ 4.21
6

use with 0.6
pitch Dip's

£ 7.29

£ 4.69
Bus -Bar Strip £ 3.29

£ 3.78
£ 7.56
£12.15

6 £11.01
10 £13.82

NAME

ADDRESS

liE.
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Parking Meter
Timer
Avoid expensive parking fines with
our pocket -sized warning bleeper

HAVE YOU EVER returned to a parking meter just in time
to see a meter maid slap a ticket on your jallopy
windshield? If so, our parking meter timer will help
ensure that that experience never happens again. It does
so by sounding a loud 'beeping' alarm signal several
minutes before your parking time is up, thus giving you
time to sprint back to the parking zone and feed another
coin into the meter just before your 'legal' time expires.

The timer uses just two CMOS integrated circuits and
half a dozen discrete components and is small enough to
fit comfortably into a shirt pocket. To use the unit, you
simply select either a one hour or two hour parking
period via a slide switch when you first feed the meter
after initially parking the car. this automatically switches
the timer on. Then slip the timer unit into your pocket
and forget about it.

A few minutes before the expiry of your selected
parking time, the timer automatically emits a loud
'times -nearly -up' beeping alarm sound. This sound is
loud enough to be heard in a noisy room, even when the
unit is pushed into an inside pocket. Once the alarm has
sounded, you can turn the unit off via its slider switch.
The parking meter timer costs only a few pounds to
build, but could save you a lot of money from parking
fines.

Internal view of timer showing how the PCB is fitted.

Hobby Electronics, May 1979

Steve Ramsahadeo who built the prototype of the parking
meter timer is shown above (too shy to show his face) with theunit in his shirt pocket. The reminder bleeps will prevent the
consequences shown below though the ticket being written
out is real and the sufferer is an ETI staff member!
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How It Works
The two integrated circuits used in the design
are CMOS devices. IC1 is a 4020 14 -stage ripple
carry binary counter, and IC2 is a 4011 quad
2 -input NAND gate. Two of the NAND gates
(IC2a and IC2b) are interconnected as a low -
frequency astable multivibrator, with its output
feeding to the CLOCK (pin 10) input terminal
the 4020 and to one of the input terminals of the
IC2c NAND gate: the second terminal of the
IC2c NAND gate is fed from either the 14th (pin
3) counter stage of the 4020, which is normally
low but goes high on the 4096th count of the
clock, in the '2 hour' position of SW1, or from
the 13th (pin 2) stage of the 4020, which goes
high on the 2048th count of the clock, in the
'1 hour' position of SW1. The output of the IC2c
NAND gate is fed to a miniature tone generator
module via IC2d, which is connected as a simple
inverter. The complete operating sequence of
the circuit is as follows:

The unit is switched on by moving SW1 to
either the 1 Hour or 2 Hour position. At switch -
on a brief reset pulse is fed to pin 11 of the 4020
via the C2" -R2 network, and all outputs of this IC
go low. The astable 'clock' generator starts to
operate as soon as the unit is switched on, but
the tone generator is held off because one of the
inputs to the IC2c NAND gate is low. At the end
of the 2048th clock cycle in the '1 Hour' position
or the 4096th clock cycle in the '2 Hour' position,
one of the inputs of the IC2c NAND gate is set
high by the respective output of the 4020. The
tone generator module is then switched on
whenever the output of the clock generator
goes high, and thus produces a 'bleep' signal.

In use, the timer can be set to produce either
precise 1 and 2 hour periods, or periods that are a
few minutes short of these times, by adjustment
of the RV1 'set time' control.

The circuit of the parking meter timer.

CONSTRUCTION
The most important thing to remember about this project
is that, to be of real practical value, it must be small
enough to fit comfortably in a shirt pocket, so that you
can use it even in the warmest weather. With this in
mind, we've taken a lot of trouble over miniaturisation.

The housing that we've chosen for the project is a
Type 65-2514F Verocase, which is just large enough to
house all of the components. Even so, it is necessary to
cut away part of the pillars along one side of the case, to
accommodate the PCB and its components.

Slide switch SW1 should be recessed into the front of
the case, so that it doesn't get accidentally switched off
when the unit is in use. We achieved this by cutting a
small slot in the front cover and fixing the switch into
position from the rear by using layers of epoxy adhesive
to set the switch at the correct height.

TAKE PRECAUTIONS
Note when assembling the PCB that miniature poly -
carbonate capacitors are used for C1 and C2, and also
that sensible precautions must be taken when soldering
the two CMOS IC's into place. The wiring of SW1 to the
PCB should be done with special care. When construc-
tion of the timer unit is complete, it can be calibrated as
follows

CALIBRATION
Temporarily disconnect the lead to the 'common' tag of
SW and connect the lead to the positive supply rail.
Switch the unit on. The unit shoUld now produce the
'bleeping' tone. If you want the unit to give precise one
hour and two hour timing periods, adjust RV1 to give
68.3 bleeps per minute. If, on the other hand, you want
periods of 1 hour 50 minutes (to give you the 'times -
nearly -up' warning), set RV1 to give 74.5 bleeps per
minute. That completes the calibration, and you can now
reconnect the lead to the common tag of SW1b, and put
the unit to practical use.
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Parking Meter Timer
As a final point, you may care to note that you can get

timing periods of 1/2 hour or 1/4 hour from the unit by
connecting SW1b to pin 1 or pin 15 of (Cl, if you so
wish.

SW1a
(COMMON)

BLEEP
TONE

BLtEP
TONE

ON!

The component
siting on the PCB.

The wiring
of SW1

+Ve ON
PCB

SW1a TO
PCB

LINK LINK

r.

+Ve FROM
BATTERY

PIN 2 (lhr)

PIN 3 (2hrs)

Parts List
RESISTORS. (all 1/4w 5%)

R1 2M2
R2 100k ir
CAPACITORS

Cl 220n polycarbonate
C2 100n polycarbonate

POTENTIOMETER

RV1 IMO preset.

SEMICONDUCTORS
IC1 4020
IC2 4011
MISCELLANEOUS
Bleep tone
SW1 min, slide three position double pole
Vero case to suit. PCB PP3 battery.

11-07aPliro
1110

The PCB pattern shown full size.

Completed PCB
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ELECTROillKil
"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 & Logic Circuits
Electronic Organ, Timer. Light
Control, Agility Tester, Lie
Detector. Siren. Horn, Buzzer,
Bird, Metronome.
Cds cell light & sound control
Photogun, Light Oscillator
Light Switch, Light end Sound
Morse Code.
Field Strength Meter
Hygrometer. Sphygometer, etc.
etc.

Radio Receiver, Transmitter,
Amplifier, Audio Generator, Signal
Tracer & Injector, Continuity Tester,
Telegraph, Photoradm Receiver,
Radio Receiver! Microphone
Illuminometer. Voltmeter, Ammeter.
Sound Level Meier, Ohmmeter,
Diode & Transistor Tester,
Transparency Indicator, etc., etc.

The above is just 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
120 PROJECT KIT £33.75
100 PROJECT KIT £29.25

60 PROJECT KIT £25.75
30 PROJECT KIT £18.95
15 PROJECT KIT £16.75

Prices include educational manuals free book VAT p&p in the U K ) and
free introduction to the British Amateur Electronics Club

Callers at 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 HF

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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examined at our Oxford Street offices.

CLOCK RADIO

.111110116.

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 R RP - but just check on
comparable prices - you'll find ours a bargain.

ie

An example of this Clock Radio can be seen and

(Inclusive of VAT and Postage)  
To:

CLOCKRADIO Offer,
Hobby Electronics, 1

25-27Oxford Street, London W1R 1 RF.

1

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

Name I , 
I

Address
I 
II.

Please allow 21 days for delivery UK only ,

J 

21150
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Marketplace
( "61 411611151111"111111111111"1

I
I L I

,

t.444,4$

DIGITAL ALARM CLOCK

Size: 100mm x 130mm x 60mm.

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.

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

£895
(Inclusive of VAT and Postage)

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

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, May 1979
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LCD CHRONOGRAPH

We feel we've got to tell you carefully about this offer. Why? Because our
pric2. 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 024.95 - some of the discounters are selling it at
c..29 95 the price to HE readers for exactly the same watch is C1 2 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.

O
O

C:11

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

£12E95
(Inclusive of VAT and Postage)

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

Please find enclosed my cheque/ P.0 for
=712.95 (payable to Hobby Electronics) for my
LCD Chronograph.

Name

Address

Please allow 21 days for delivery.UK only.

-1 I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I

I -I 

31



HOBBY ELECTRONICS BOOK SERVICE
30% Discount on Selected Titles
We have been able to acquire a large selection of books - originally published in the US -
and are able to offer these at 30% off the regular price. Note that all prices include
postage. Regular HE otter

Price Price
line. Post) (inc. Post)

Gilbert, J. Advanced Applications of the Pocket Calculator £4.20 £2.94
Crowhurst, N. Basic Audio Systems £1.90 £1.33
Smith, D. Basic Electronic Problems Solved £1.90 £1.33
Ash, J. Handbook of IC Circuit Projects £2.30 £1.61
Mandz, M. Electronic Puzzles and Games £2.20 £1.54
Hallmark, C. Electronic Measurement Simplified £2.00 £1.54
Stapleton, G. F Beginners Guide to Computer Logic £1.90 £1.33
Heiseman, D. Build Your Own Working Robot £3.70 £2.69
Wells, B. Fire and Theft Security Systems £1.90 ft .33
Kyle, J. Electronics Unravelled £2.20 £1.54
Ashe, J. Electronics Self Taught With Experiments £4.40 £3.08
Weis How to Repair Musical Instrument Amplifiers £2.50 £1.75
Turner, R 125 One Transistor Projects £2.10 £1.45
Brown, R. M. 104 Easy Projects For The Electronics Gadgeteer £1.40 £0.98
Darr, J. New Ways To Diagnose Electronic Troubles £1.70 £1.19
Brown, R. Sixty Four Hobby Projects For Home and Car £2.10 £1.45
Green, W. Solid State Projects For The Experimenter £2.10 £1 .45
Seissons, K. Stereo -Quad Hi-Fi Principles and Projects £1.60 £1.12
Salm, W. Tape Recording For Fun and Profit £2.00 £1.40
Margolis, A. 10 Minute Test Techniques For P.C. Servicing £1.90 £1.33
Clifford, M. Test Instruments For Electronics £2.10 £1.45
Wells, B. Transistor Circuit Guidebook £4.00 £2.80.
Gaddis, B. Troubleshooting Solid State Amplifiers £1.90 £1.33
Shunaman, F. How To Test Instruments In Electronic Servicing £2.10 £1.45
Horowitz, M. How To Troubleshoot And Repair Electronic Test Equipment £2.70 £1.89
Goodman, H. L. Indexed Guide To Modern Electronic Circuits £2.20 £1.54
Swearer, H. Installing and Servicing Electronic Protective Systems £1.90 £1.33
Klein, B. Introduction To Medical Electronics £2.00 £1.40
Sands, L. G. Mobile Radio Handbook £1.70 £1.19
Steckler, L. Simple Transistor Projects For Hobbyists £1.70 £1.19
Green, W. RTTY Handbook £2.60 £1.82
Green, W. Protected Test Equipment You Can Build £2.10 £1.45
Swearer, H. Pulse Switching Circuits £2.20 £1.54
Fox, R. W. Protected TRIAC/SCR Projects For The Experimenter £2.10 0.45
Tuite, D. Practical Circuit Design For The Experimenter £2.60 £1.82
TAB Staff Popular Tube/Transistor Substitution Guide £2.10 £1.45
Goddis, B. Troubleshooting Solid State Wave Generating and Shaping

Circuits £1.80 £1.26
Cunningham, J Understanding and Using The VOM ad VTM £1.80 £1.26
Wanninger, A. Using Electronic Testers For Car Tune Up £1.80 £1.26
Saunders, A. C. Working With The Oscilloscope £1.70 £1.19
Saunders, A. C. Working With Semiconductors £1.70 £1.19
Everest, F. Acoustic Techniques
Seissons, K. Amateur FM Conversion Construction Projects £2.30 £1.61
Carr, J. FM /Stereo/Quad Receiver Servicing Manual £1.80 £1.26
Carr, J. Op Amp Circuit Design and Application £3.80 £2.26
Carson, K. Simplified Computer Programming £2.20 £1.54
Clifford, M. Modern Electronic Maths £6.50 £4.55
Clifford, M. Modern Guide To Digital Logic £3.90 £2.73

All prices include postage. Please make cheques etc.. payable to HE Book Service (in
sterling only please) and send to: Hobby Electronics Book Service, P.O. Box 79,

Maidenhead, Berks.

r To: Subscriptions
Hobby Electronics
P.O. Box 35
Bridge Street,
Hemel Hempstead,
Hefts

Name

I would like a postal subscription to HE star-
ting with the
issue. I enclose payment (£6.50 for UK and
Eire, £7.50 elsehwere, £11.50 air mail).

Address
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More
people in
Britain

buy

than
any
other

electronics
magazine.

Why?
Most magazines have their
circulations independently
audited according to very
strict rules and ETI has just
taken over as the largest sel-
ling magazine in the field in
Britain. Starting as a small
"also-ran", ETI has now over-
taken mags originally selling
four times the number of
copies.

Find out why ETI is No. 1 for
yourself. Could it be something
to do that it's better than the
competition?
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AB Circuits
Do you know how a multivibrator works? Chances are you are like the
rest of us, you can recognise it, but can't explain it, well there's no
excuse now.
ACCORDING TO THE RECORDS, it was a Mr Abrahams
and a Mr Bloch who invented in 1914, a circuit which
has come in for a lot of use ever since. They might very
well have called it an AB circuit, but they chose the name
of multivibrator, and it stuck. The names astable,
monostable and bistable to describe different varieties of
multivibrators came a lot later.

One of the nice things about the MV circuit is that it's
instantly recognisable. Mr A. and Mr B. would still be
able to follow the action of modern transistor multivib,
circuits, even though it's 65 years since their invention.
Oddly enough, though, the action of the MV isn't so well
known. Out of hundred exam. answers this year
on the action of a MV, only a few indicated even the
faintest idea of how the circuit worked. Perhaps, in
honour of the memory of Messrs. A. and B. we should
set the record straight!

To start with, a multivibrator circuit is a positive
feedback circuit. Now positive feedback has several
effects, but the most important one from the point of view
of understanding the MV is that it can make the gain of
an amplifier very great so great that a tiny change of
voltage at an input will cause the output to whack right
over from one voltage limit to the other.

The other important fact about the MV, and the one
which doesn't seem to be well known, is that the
resistors and capacitors are much more important than
the transistors. It's the time needed for a capacitor to
charge through a resistor that decides what the
frequency of an MV will be, and most of the time of a
cycle is spent in charging a capacitor, with the transis-
tors playing no part in the action whatsoever. It's
because of this that the circuit can work equally well
using transistors, valves FET's and almost any other
device which can be switched on and off.

BOTTOMS UP
Bearing all that in mind, lets take a careful look at an MV
circuit in action, using the simple circuit of Fig. 1 as a
guide. The action of the circuit repeats, so we pick it up
when Q2 is cut off (Why? - well, we'll see later!) and Q1
is conducting. The collector voltage of Q1 is low because
of the current flowing through R1, and the base voltage
of Q2 is below 0 V and rising, as R2 pours current into

.

As C1 fills up, or charges, the voltage at this side of it,
connected to the base of Q2, rises. Now a silicon
transistor doesn't start to conduct until its base voltage
reaches about 0.5 V above its emitter voltage. The
emitter voltage of Q1 and Q2 are both set at zero, so Q2
won't start to conduct until R2 has charged C1 up to a
level of 0.5 V. In this state the transistors aren't ampli-
fying. Q1 is bottomed, Q2 is cut off, so there's no gain
from either of them.

Things change dramatically when the base voltage of
Q2 reaches the turn -on voltage. Whenever Q2 starts to
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Fig. 1. The traditional MV circuit, with cross -coupled transistors.

conduct, its collector voltage drops and that unsticks
Q1, out of its bottomed state. What we have now is a two
transistor amplifier with positive feedback, enormous
gain; and a small positive going signal (the charging
capacitor) at the base of Q2. The result is that the
collector voltage of Q2 (the output of this amplifier)
shoots down to about earth voltage (about 0.2 V in this
example) in a time less than a millionth of a second and
the collector voltage of Ql, rises also. That's as long as
the transistors act as amplifiers this time round Q1 is cut
off. With its collector voltage up at supply voltage. The
base voltage of Q2 has been held high by this action, but
won't rise much above 0.6 V because the base -to -
emitter part of a transistor doesn't obey Ohm's Law -
the voltage across it when it is conducting stays pretty
constant. For example, if the voltage between base and
emitter is 0.55 V at 1 mA current, it's only about 0.61 V
when the current is 10 mA and 0.67 V when the current
is 100 mA. Q2 is bottomed by all this, with its collector
voltage down to about 0.2 V, which is about as low as
collector voltage of a conducting transistor can go.

'CAPACITOR ACTION
That's the changeover then but there's one important
action we haven't mentioned. When Q2 switched on,
with its collector voltage shooting down from + 10 V to
0.2 V, the base voltage of Q1 must also have shot down
by exactly the same amount. Why? Because of C2, that's
why. The action of a capacitor is that a change of voltage
at one plate causes exactly the same change of voltage at
the other plate, until the capacitor has time to charge.
The switch -over of a pair of transistors equipped with
positive feedback doesn't give any time for capacitor
charging, so that the 9.8 V drop (from 10 V down to
0.2 V) at the collector of Q2 will cause a 9.8 V drop at the,
base of Q1. Wait a minute, though, the base of Q1
started at a voltage of about 0.55 V - it doesn't ever rise
much higher. So a 9.8 V drop lands it up at a voltage of
0.55-9.8 V (and I didn't use my calculator!) That's the
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part of the cycle which is important, because it starts off
the next part of the timing.

The score now is amplification nil, capacitors char-
ging, 1. No amplification because one transistor is cut
off and the other one bottomed; C2 charging now with
one plate at 0.2V (connected to the collector of Q2) and
the other at -9.25 V. Things can't stay that way for long
because R3 is connected to the +10 V line. Current will
flow through R3 to charge up C2 and let the base voltage
of Q1 rise steadily. Eventually, the base voltage of Q1
will reach the magic figure around 0.5 V when Q1 starts
to conduct. Once more, when this happens, the transis-
tors are in the voltage gain business again, and the rise
of voltage at the base of Q1 causes Q2 to cut off. This
time its the base of Q2 which ends up at -9.25 V, and
current starts flowing through R2 to charge C1. The
transistors have, once more, acted as amplifiers for only
a millionth of a second or less.

WAVEFORMS
That's the basic circuit, then, and Fig. 2 shows the
waveforms we see at the various points in the circuit.
These waveforms have been drawn on the same
timescale, as we would see them on a four -beam
oscilloscope, so that you can see what's going on at all
four test points.

The basic MV circuit works well, even with fairly
grotty transistors, and produces a wave which is roughly
square. A noticable feature of the waveform at either
collector is that, though the drop of voltage is very rapid,
the rise takes rather a long time, so that the circuit
doesn't produce a really well -shaped square wave. We
know how to cure this - we've known for about thirty
years how to cure it - but it's one of these things that
people keep re -inventing! What causes the slow rise of
collector voltage is the capacitor which couples the
collector to the other base. Take, for example, the
collector of Q2 in Fig.1. When the base of Q2 is switched
to -9.25 V, there is no current in Q2. If C2 were not
connected, the collector voltage would rise to +10 V
almost instantly. C2 is connected, though, and that's
what delays things. You see, the plate of C2 that's
connected to the base of Q1 is held at around 0.55 V -
its that business of the base -emitter voltage being
constant. As a result, C2 has to charge through R4 if the
voltage of the plate connected to the collector of Q2 is to
rise. Charging takes time, and follows the graph shape
shown in Fig. 3a.

The ruleS for capacitor charging are well understood.
The figure R x C (R in ohms, C in microfarods) is called
time constant, measured in microseconds and in a time
of one time constant the capacitor charges to 63% of its
final voltage (10 V in our example). After two time
constants, the voltage has reached 86% of its final
value, after three time constants 95%, and after four
time constants 98%. We usually assume that it's as
good as all the way there after four time constants, so
that's the time that's needed to charge C2 and allow the
collector voltage of Q2 to reach 10 V.

SQUARED UP
Now we can smarten up this square wave no end if we
disconnect C2 from R4 when 0.2 switches off. How do
we do it? By using a diode D1 connected as shown in
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I COLLECTOR

01 BASE

Q2 BASE

02 COLLECTOR

Fig. 2. Waveforms in the MV circuit of Fig. 1. Note that the
collector waveforms are not perfect square waves, because of
the slow rise -time.

TIME

(a) (b)

Fig. 3. (a) Waveshape of voltage across a charging capacitor. (b)
Using a diode to separate R4 from R5 when Q2 switches off. R5
is then used to charge C2.

Fig. 3b. A diode, remember, conducts only when its
anode is more positive than its cathode. While Q2
conducts, D1 will also be conducting keeping point (a)
down at a low voltage, a bit higher than the 0.2V of the
collector of Q2 perhaps at about 0.7V or so. Now when
Q2 cuts off and its collector voltage starts to rise, D1
simply stops conducting. Point A can't change voltage
quickly because it's connected to C2, but the collector
voltage can rise really quickly, with no C2 hanging on to
it. The collector voltage rises smartly, then, and C2 is
charged up at a more leisurely rate by R5. The result is a
really sharp -edged square wave at the collector of Q2.
We can, if we like, add the same bit of additional
circuitry at the collector of Q1 , to produce perfect square
waves there as well; this wave will be the inverse of the
wave at the collector of Q2.

The theory of charging capacitors tells us that a given
capacitor -resistor combination always takes the same
time to reach a given fraction of its final charging
voltage. In the MV circuit shown the capacitor is forced
to about -9.25 V, and charges until it reaches about
+0.5 V, and the time taken for this is about 70% of the
time constant, 0.7 CR; this value of 0.7 CR holds good
whatever the supply voltage happens to be, provided the
capacitor is fixed to a negative voltage equal to the drop
in collector voltage. The result is that the frequency of an
MV shouldn't change when the supply voltage is raised.
When we try it, we find that the frequency increases -
but there's nothing wrong with the theory. What's
happening is that the base of a silicon transistor won't
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AB Circuits

D1, D2, D3, ALL
IN4148

Fig. 4. An improved MV circuit. D1 permits the waveform at R4
to be a good square wave, which will be better still if the output
is taken through an emitter -follower. D2 and D3 prevent
breakdown of the base -emitter junctions of the transistors.

stand for large negative voltages, and the base -emitter
junction starts to behave like a zener diode, conducting
at a large reverse voltage. This mucks up our theory,
which assumes that the negative voltage at the base
would be about equal to the drop of collector voltage. To
get around this, so that the MV can be relied on to give
the same frequency output at idfferent supply voltages,
we add silicon diodes in series with the base leads, as
shown in Fig. 4.

Silicon diodes are not made by the same process as
transistors, and will stand much greater negative vol-
tages, so that the diode, not the base, takes the
battering. The diode, incidentally, can alternatively be

connected in series with the emitter leads.
All in all, it's a remarkable circuit that can still be

extensively used so many years after its invention. What
makes it even more remarkable is that it's survived the
change from valves to transistor almost unchanged.
When I try to imagine electronics fifty years from now, I

can see the MV circuit unchanged - but I'm not sure
what devices will be amplifying for that odd
microsecond in each cycle! HE

SINCUUR PRODUCTS: Microvisson TV world
model £147.95.UK model C29 95 mains adar+
tor 0.73. PDM35 £28.95, mains adaptor
£3.19, case E3.19. 014350 £68 95. DM450
E97 95. 0M235 £49.45, rechargable batts.
E7.50, mains adaptor E3.70, case £8.45. enter-
prise prop calculator with accessories E22.95.
Cambridge prog calculator £12.13, prog library
E4.45. mains adaptor £3.20.
CSC MAX100 Seq meter E75 40.
CALSCOPE oscilloscopes. seed s.a.e. for data or
see Calscope advert ,n this magazine. Super 6
£174. Super 101236.
COMPUTER GAMES. Chess challenger 10
£167 Chess Challenger 7 £79. Checker Chal-
lenger 4 £84 Checker challenger 2 £50. Atari
videocomputer £138 Cartridges £13.45.
COMPONENTS. Send s..0. for full list I N4148
1 4p 154002 2.9p 741 15p be 1826. be 183b.
bc184b, bc212b. 5c213b, bc214c 4.5p
Resistors 2W 5% E12 109 to 10M 1p, 0.8p for
50+ of one value. 16V electrolytic, 5/1/2/5/
10/22of 5p. 100,4 6p 1000uf 10p. 11b FeC1
£1.05. Delo pen 79p. 60 sg ins pcb 55p.
TV GAMES. Send s.a.e for data. AY -3-8500 +
kit £8.95. Rifle kit E4 95 AY -3-8600 + kit
£12.50. Stunt cycle chip + kit £12.10. Tank
battle kit £4.50.
TRANSFORMERS 6-0-6v 100ma 74o, 11/2a
02.35, 6.3v Pim £1 89 0-0-9v 75ma 74p, la
(2, 2a E2.60. 12-0-12v 10Orna 90p, 18 £2.49.
IC AUDIO AMPS with pcb. JC12 6W £1.60.
JC20 IOW £2.95. Send sae for data.

B ATTERY EUMINATORS 3 -way type 6/71/2/
9v 300rna 12.95 100ma radio type with press
studs 9v £3.35. 9v + W £4.50. Car converter
12v input, ourtput 4'h/6/71/2/9v 800ma
£250
 ATTERY ELIMINATOR KITS. Send s.a e
for data 100ma radio types with press -studs
41/2v E1.40. W E1.40. 9v £1.40, 41/2+41/2v
E1.80, 6+6v £1.80. 9+9v £1.80. Stabilised
8 -way types 3/41/2/6/71/2/9/12/15/18v
100ma £2.80. lAmp E6.40. Stabilised power
kits 2-18v 100ma E3.60. 2-30v 14 E6.95. 2-30v
2a £10.95 12v car converter 6/71/2/ 9v la
£1.35.
T -DEC AND CSC BREADBOARDS s-dec
E3.17. t-dec £4.02. udeca. E4.40. u-decb
E6.73, exp300 £6.21, exp350 E.3.40, esp325
£1.73, exp4b £2.48
111-1411 AUDIO MODULES. s450 E23.51.
AL60 E4.86, pa100 £16.95. pm80 E4.47.
bent80 E5.95. Stereo 30 £20.12. AL30 £3.95.
P412 E7.60. PS12 £1.39. MA60 £35.44.

SWANLEY
ELECTRONICS

Dept HE, 32 Goidael Road, Swanlay,
Kent

Post 30p extra. Prices include VAT.
Official and overseas orders welcome
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REMOTE AND
TOUCH VOLUME
CONTROLS

An electronic attenuator such as
the MC3340P IC can be used as
the basis of a remote volume con-
trol, as shown in the first circuit.
RV1 controls the voltage gain of,
the MC3340P, which varies from
typically 13 dB at minimum resist-
ance to about -80 dB at maximum
resistance. Since only a DC level is
controlled by RV1, any AC pick-up
in the connecting cable can be

IN

Short Circuit
filtered out, which is the purpose of
C2. The cable only needs to have
two conductors, it can be many
metres long, and does not have to
be a screened type. Cl and C4 are
merely input and output DC block-
ing capacitors respectively. C3 rolls
off the RF response of the circuit so
as to aid stability and prevent RF
breakthrough.

The MC3340P can be used as
the basis of a novel touch operated
volume control, as shown in the
second circuit. This has the advan-
tage over a conventional volume
control of having no moving parts
to wear out. The device is control-
led by a voltage rather than a res-

+9 12V

V

istance and gives the same attenu-
ation range as the previous circuit.

The control voltage is obtained
from a charged capacitor (C1) via
an op amp unity gain buffer
stage utilizing IC1. IC1 has a
PMOS input stage which produces
a typical input resistance of 1.5
million Meg ohms. This ensures
the charge on Cl is not
significantly affected by the
amplifier of attenuator circuit, so
that once set it remains virtually
unaltered for a long period of time.

The charge voltage on Cl is set
by the operator who, by touching
the lower two contacts, can charge
Cl via R1 and his or her skin

resistance. This decreases the con-
trol voltage fed to IC2, and in-
creases the volume. Touching the
upper two contacts causes Cl to
gradually discharge; increasing the
control voltage and decreasing the
volume. When the unit is switched
off, Cl gradually discharges. At
switch on it is necessary to bring
the volume up to the required level,
rather like using an ordinary com-
bined on /off switch and volume
control. Both circuits will handle
input levels of up to 500 mV RMS,
with a THD figure of only about
0.6% at high volume settings,
rising to about 2% or so at low
settings.

Cl
220n

0 DECREASE

R1
10m

0 INCREASE

7

IC1
CA3140E

IC2
MC3340P

6

IN 3

C
470n

a

TC3

0 9 12V

F.° OUT
C4
10u
10V

,1.70P

0 ye
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20 x 20 WATT STEREO AMPLIFIER
Viscount IV unit in teak simulate cabinet Silver finish rotary controls and
pushbuttons with matching fascia, red mains indicator and stereo lack
socket. Functions switch for mic. magnetic and crystal pickups, tape tuner
and auxiliary. Rear panel features two mains outlets DIN speaker
and input sockets plus fuse 20x20 watts RMS 40x40 watts peak
For use with 8 to 15 ohm speakers

30x30 WAIT AMPLIFIER IN KIT FORM
For the experienced constructor coin-
plete in every detail, same facilities
as Viscount IV, but with 3000 output
6060 watts peak. For use with 4.15 a.
ohms speakers

+ P&P
f29.00 12 50

s,etcga-

a0-1 30x30 WATT AMPLIFIER IN KIT
WITH SPEAKERS

2 6000MMI compact 12" basewoeters with cropped sides 14,000
Gauss magnet. 30 watt RMS handling. plus 2, 3" approx tweeters
and cross-overs to suit. tita.00

r p&p 00

BUILT AND READY TO PLAY 39
(4

.00
3000 Viscount Available hilly built and tested p&p 12 50

£29.90
E2.50 p&p

EMI SPEAKER BARGAIN
Stereo pair 350 kit. System consists of
13" x 8" wows woofer with rolled
surtound. 21/2" approx Audax tweeter.
crossover components and circuit
diagram. Frequency response 20 Hz
to 20 Klie Power handling 15 watts RMS
20 watts max
8 ohm impedance

f14.95
Per stereo pan
+ f340 p&p

BSR P200
Belt drive chassis turntable unit semi f 24.95
automatic, cueing device p&p (2.55

AD C. OLM 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 fit into your own plinth

f7.95 p&p f200

SANYO Nic/cad. battery, with
mains charger equivalent in
size and replaces 4 SP11
type belts Size 33/4"x-11/4",
x 2" approx

f 7.50 pip
[1.

AM/FM STEREO TUNER
AMPLIFIER CHASSIS COMPLETE WITH DECODER

Ready built Designed in a slim form for compact, modern installation
Rotary Controls Vol On/011, Bass, Treble, Balance.
Push Buttons for Gram, Tape, VHF, MW, LW

Power Output 5 watts per channel Sine at 2% THO into 15 Ohm
7 watts speech and music.
Taps Sensitivity Playback 400mV/30K OHM for max output Record
200mV/ 50K output available from 25KHz (150mV/100K) deviation
FM signal Frequency Range (Addle) 50Hz to 17K Hz within ± ldB
Radio FM sensitivity for 3dB below limiting better than 10 uV
AM sensitivity for 20dB S/N MW 350 uV/Metre LW lmV/Mene
Size approx length 16" x height 23/4" x depth 41/4"

240 Volts AC Complete with Whig dial phid

f19.95 (2 25Circuit diagram

BSR Manual single play
record deck with auto

return and cueing lever tined with stereo
ceramic cartridge 2 speeds with 45 r p m
spindle adaptor ideally suited horn home

d OAuse f10.95 D55
OUR PRILE C2 55

Size 12" BY:"

AUDIO MODULES IN
BARGAIN PACKS
CURRENT CATALOGUE

PRICE £

AT OVER
PER PACK

SEE OUR PRICES
PACK 1 2 x LP1173 10w RMS output power audio
amp modules. 1 LP1162/2 Stereo pre amp for
ceramic and auxiliary input

OUR PRICE f 4.95
pis (I 00 Aw

2 PACK 2 2 x LP1173 10w RMS output power audio
amp modules n I LP11134/2 Stereo pre amp for
magnetic, ceramic and auxiliary inputs

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

Two Way
Speaker Kit

Comprising el two 8" x 5" approx.
4 ohm bass and two 3'2" 15 ohm
mid -range tweeter with two cross-
over capacitors

per stereo pair

£2 90 plot 01.50 in&
plus 111.50 p.& p.

AVAILABLE ALSO TO PURCHASERS OF THE 10 + 10 AMPLIFIER KIT
illus OUR PRICE

one f I 00

10 + 10 AMPLIFIER KIT

£7.45

An opportunity to buy a 10 watts per channel 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
LP1183 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, input, output and headphone
sockets, wire, and an easily assembled wrap around cabinet
to house the finished unit

p&p E2.05 f11.95

BARGAINS FOR PERSONAL SHOPPERS
LEO 5 function 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 LEO ap

1111.111display Buzzer and
snooze timer

f11.95
125 Wan Power Amp Module

Mains power supply for above unit

WILLARD Built power supply

DECCA 20w Stereo speaker kit comprising
2 8" appros bass units 2 3'," approx
tweeter inc crossovers

VIDEOMASTER Super Score TV Game
with pistol mains operation

111111111.

f5.95
f6.95

f12.95

f2.95

f13.95
f3.50
f 1.50

f20.00
f14.95

PORTABLE RADIO/CASSETTE RECORDER, AM/FM with clock
LW. MW. SW VHF mains/battery operation f41.95
VIDEOMASTER COLOUR
SHOT TV GAME
Choice of three games -Football. Tennis
and Squash Ready to play -one or two
players. MAINS OPERATED. OPPORTUNITY AT f9.95 ONLY

ACCESSORIES'
Suitable mains power supply parts.
consisting of mains transformer,
bridge rectifier. smoothing capaci-
tor and set of rotary stereo con-
trols for treble. bass. volume and
balance.

50 WATT MONO
DISCO AMP

f29.95
PAP f2.50

£3.95

Size approx 13%" x TA" x 614"
50 watts rms. 100 watts peak output. Big features include two disc
inputs, both for ceramic cartridges, tape input and microphone input.
Levet mixing controls fitted with integral push-pull switches. Independent
bass and treble controls and master volume

70 & 100 WATT
MONO DISCO AMP
Sae appros
14"x 4"x Mx"
Brushed aluminium
fascia and rotary controls
Five vertical slide controls. master volume.
tape level, ma level. deck level. PLUS INTER DECK FAOER
for perfect graduated change from record deck No. I to
No 2, or site versa Pre fade level control 70 wan
(PFLI lets YOU hear next disc before lading 140 watt peak f 57
it in VU meter monitors output level PAP (4.00
Output 100 watts RMS 200 watts peak 100 watt f65

R C
323 EDGWARE ROAD, LONDON, W2
21H HIGH STREET, ACTON W3 6NG

ACTON: Mail Order only. No callers
ALL PRICES INCLUDE VAT AT 12Yx%

All items subject to availability. Price correct at
19.3.79 and subject to change without notice

For personal shoppers only

DUO II SPEAKERS

Attractive teak finish, modern design
incorporating 2 speaker units -ti"
approx. woofer and 2Tr" approx.
tweeter 45 to 1800 Hz. Impedance 8
ohms Power 15 watts RMS 20 watts
max. Per stereo pair.

f17.00

FOR PERSONAL SHOPPERS ONLY
TANNOY 15" Lancaster corner cabinets
traditional design f20.95 each

NOTE DUE TO INDUSTRIAL UNREST, PLEASE ALLOW

EXTRA TIME FOR YOUR ORDER TO REACH YOU

Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432. 9.30am-5.30pm. Hall day Thursday. ACTON: Mail Order oily. No callers GOODS NOT DESPATCHED OUTSIDE UK
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Electronics '
CB

Open almost any American magazine and you'll
see adverts for Citizen's Band (CB) transceivers.
Although we don't have CB in Britain (yet) we
though you'd like to know more about it. In the
States it has a language all its own, but if you
want it in plain English, look out for CB next
month.

Drill Speed Controller

DIRDA SPEED
COMM

This unit regulates the speed of your trusty
single -speed machine for those jobs, like
masonry, when it's simply too fast.

Meters and Multimeters Kit Review

A 0
Cnf 0 0

We published an introduction to test gear in the
March issue. Next month Ray Marston explores
the subject of meters and multimeters. He
explains what is important in the spec., how
they work and looks at the circuit of a current
(no pun intended) design.

liiiblEtectronics
We conclude this very popular series with
goggle boxes, fighter finders and number
crunchers. Ian Sinclair goes into TV, radar and
computers.

GSR Monitor

When you're under stress you sweat. When you
sweat your skin resistance changes. Our GSR
Monitor shows you cand everyone else) how
you're feeling. Build it for fun or for more
serious biofeedback experiments.

Would you like to hear your plants sing? Yes,
sing. This kit combines a biological amplifier, to
give more oomph to natural potentials pro-
duced by the plant, and a music synthesizer,
controlled by the boosted plant power.

Envelope Generator

Built around the Motorola MC3340P attenua-
tor chip, this unit gives you full Attack. Decay,
Sustain and Release (ADSR) control.

Display Techniques

In this article Tim Orr looks at a variety of
displays, including the familiar LED and LCD
types. He explains how they work and what
they're used for.

The June issue will be on sale on May 11th
The items mentioned here are those planned but circumstances may affect the actual contents.
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555 Projects
EVERY SO OFTEN a device appears that is so useful that
one wonders how life went on before without it. The 555
timer is such a device.

It was first introduced by Signetics, but is now
manufactured by almost every semiconductor manufac-
turer. It is cheap and probably one of the most versatile
devices we have described.

The device can be made to operate as a monstable or
as an oscillator (multivibrator) with times from micro
seconds to several hours.

It can operate on power supplies from 5 V to 18 V and
can thus be used with TTL, model railways or motor car
circuits with ease.

Finally, and not least, the device can source or sink up
to 200 mA (0.2 A) allowing it to drive relays, lamps anct
other large loads directly.

The 555 itself takes about 10 mA from the supply
when the output is high (timed period) and 1 mA in the
reset state (output low). To this must be added the load
current.

BASIC CIRCUITS
This section describes the basic circuits that can be built
around the 555 timer. These will be used in specific
applications in later sections.

MONOSTABLE
The basic 555 is usually obtained in an 8 lead DIL pack
with connections and internal circuit as shown in Fig. 1.

Vcc (the supply) and ground (Ov) are obvious. The
output is true (high going) and the trigger input is low
going. The device is DC coupled, hence the output stays
up if the trigger input is longer than the timed period.
The device is not re-triggerable in its basic form.

To construct a monostable we add a resistor and
capacitor Rt and Ct as shown in Fig. 2.

Referring to Fig 1 and 2 the operation is as follows.
The trigger input sets the flip flop and the output goes
high. The discharge transistor turns off, and Ct starts to
charge via Rt. When the voltage on Ct reaches the
control voltage defined by the three resistor chain,
comparator 1 resets the flip flop, the output goes low
and the discharge transistor turns on again to discharge
Ct. The circuit can now be triggered again by another
input.

The timed -period is therefore the time that it takes Rt
to charge Ct to the control voltage from OV. As the three
resistors are equal, the control voltage is 2/3 Vcc, and
since Rt is also connected to Vcc the timed period is
independent of Vcc.

Waveforms for the operation are shown also on Fig.
2

For mathematically minded people, the timed period
is given by:-
T=1.1 Rt x Ct where Rt is in ohms and Ct in Farads.

For non mathematically minded people, a table of
values for various periods is given in section 5.

It can be seen from Fig. 1 that the control voltage is
brought out to pin 5. With this facility the control voltage
can be de -coupled to improve the noise immunity of the
device, or changed to give a control voltage other than 2/3
Vcc.

38

6
Threshold -4"-1

. 4
Reset

Discharge

Vcc

Cmptr.

Ov

OV

Cmptr.

Memory
flip flop

OV

Trigger

Output

Reset

Fig. 1. 555 Connections.

Trigger
input

Output

Trigger input

2/3 Vcc

Pins 7, 6

Output

Fig. 2. Monostable.

Output stage

13

Output

Vcc

Discharge

Threshold

Control volts.

Control
voltage

Trigger

Vcc

OV

T

T= 1.1 x Rt Ct
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This article was taken from 10555
Projects' by E. A. Parr, published by
Bernard Babaria at £1 .45. It de-
scribes several practical circuits
using IC timer.

By varying Rt and Ct the timed period can be con-
trolled from about 5µS to about an hour. Above 5
minutes, though, accuracy and reliability start to fall
because of the large value components necessary. In
long time applications the ZN 1034 (manufactured by
Ferranti) is a better device.

The minimum value of Rt is determined by the
discharge transistor, and IKO is normally the minimum
allowed. The maximum value of Rt is determined by the
leakage current of comparator 1. The data sheets
recommend 20 M, but accuracy suffers above IMO. For
most purposes Rt should be kept between IKO and IMO.

MULTIVIBRATOR (ASTABLE
OPERATION)
If we look at Fig. 1 we see that the trigger input is
connected to the flip flop via comparator 2. To set the flip
flop the input has to fall below 1/3 Vcc. Apart from
providing noise immunity, this allows us to make the
555 into an oscillator.

To do this we connect two resistors Ra, Rb and a
capacitor Ct as shown in Fig. 3. The operation is as
follows.

Assume that the flip flop has just been set and the
voltage on Ct is about 1/2 Vcc. Capacitor Ct will be
charging via (Ra +Rb). When the voltage on Ct reaches
2/3 Vcc, comparator 1 will switch, the flip flop wil reset
and the discharge transistor will turn on. Ct now dis-
charges via Rb. Note that Ct is also connected to the
trigger input. When the voltage on Ct reaches 1/3 Vcc,
comparator 2 will switch. This sets the flip flop again,
turns the discharge transistor off and Ct starts charging
again via (Ra +Rb). We are now back to where we
started. This astable operation will continue indefinitely.

Output

Pin

vcc

ov
vcc

2/3 Vcc

6 1/3 vcc

ov

OV

Output

Charge Ra + Rb Discharge Rb
(a) Normal

vcc

(b) Equal mark/space astable

Fig. 3. Astable Operation.

Vcc

OV

A 555 without its clothes on. Note the small dot, this denoted
pin 1.

The voltage on Ct thus varies between V3 and 2/3 Vcc,
although this can be changed by external manipulations
of the control voltage. The voltage waveforms are shown
on Fig. 3a.

The time of the high period is given by

T1 =0.7 (Ra +Rb)Ct

this is sometimes called the charge period for obvious
reasons.

The time of the low period is given by

T2= 0.7 x Rb xCt

this is tometimes called the discharge period.
The total period is thus:-

T=0.7 (RA +2Rb)Ct

and the frequency is: -
1.45

f -
(Ra +2Rb)Ct

If Rb is much larger than Ra (eg, 100k and 1 k0) we get
nearly equal mark /space ratio and the frequency is
approximately given by: -

0.72f -
Rb X Ct

Note that in the basic multivibrator circuit it is not
possible to get the low period longer than the higher
period.

Tables of values for various frequencies are given in
section 8.

If an oscillator for a particular frequency and mark/
space ratio is being designed, Rb and Ct should first be
chosen to give T2, then Ra selected to give T1 from the
formula above.

If an oscillator of exactly equal mark space ratio is
required, this can be given by ignoring pin 7 connecting
a resistor direct from the output to charge and discharge
the capacitor (see Fig. 3).

Both charge and discharge periods are given by

T=0.7 C R

henc'e the total period is

T =1.4C R
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TOUCH SWITCH
The 555 needs about 0.5 jIA at the input to trigger, this
means that it can easily by made to function as a touch
switch. The circuit described here senses mains hum
(Fig. 4). The human body, except in the middle of a
desert, has several volts of 50 to 60 Hz mains enclosed
in it. This voltage can be used to trigger a 555 direct.

Touch
plate

D3

connected in its equal mark /space mode. The frequency
is set by VR1, R1 and Cl in the above mentioned range.

VR2 controls the output level, the output being AC
coupled by C3.

To prevent stray radiation into the circuit under test,
the circuit should be constructed in a die-cast box with
the output being taken via co -ax cable.

R1

C4
01µf

04

555

ic,

RE
820k

02

All diodes
1N4001

A

Vcc

A Output

.L C3

T ov

R1 sets sensitivity. Typical values in range 47k -10M.
In extremely low noise areas, remove D3-D4, and connect R1 to OV.
Adjust value of RI so 555 does not trigger permanently. (RI "d 10M)

The monostable period is set for about 1 sec. The
induced mains comes via C2, giving a continuous string
of trigger pulses. The output will go low for about 10 mS
every second as the monostable times out and retrig-
gels. Diode D1 and capacitor C3 slug the relay so it does
not "chatter", on these 10 mS pulses. Resistor R2 sets
the sensitivity.

The relay energises when the plate is touched, and
de -energises up to 1 sec after the finger is removed, the
delay depending on when the monostable last re -
triggered.

These circuits should NOT be connected direct to
mains, relay coupling should be used. Under no
circumstances should SCR and Triac drive be combined
directly with a touch switch.

SIGNAL INJECTOR
This unit is a signal injector for use in testing audio and
other amplifiers. It gives a square wave out which is rich
in harmonics, the frequency of which can be varied from
50 Hz to 15 KHz.

The circuit is shown in Fig. 5. It is a 555 astable

vcc (9V)

R1

1k0
50k

IC1
555

8

,VR1
Freq.

2

1,2
To.04,,,f

Fig. 5. Signal Injector.

VR2

500R

SW1

C3

11-' Probes

1 OV

D4
1N914

Fig. 4.
Mains -Hum
touch switch.

The current drain is minimal, and the unit will run for
months on a 9 V battery.

The maximum load current of the 555 is 0.2 A and the
556 is 0.15 A. This means that the devices can be
coupled to small high impedance loudspeakers without
the need of a further driver stage.

For a 9 V supply, these currents correspond to 45
ohms for the 555 and 60 ohms for the 556. Many 75
ohm loudspeakers are available and these give more
than adequate noise.

If lower impedance speakers are used, a series
resistor should be inserted to bring the impedance up to
the required value.

SIMPLE ALARM CIRCUIT
To simply use a 555 as a tone generator we connect the
loudspeaker to the device as shown in Fig. 6. It will be

Alarm
contact
0 0-0- Vcc

Zik8

R2
6k8

I Di
555

2 5 1

Cl C2
0-1µf 0.11.0

Fig. 6. Simple Alarm Circuit.

D2 01-D3
1N4001

D3

Loudspeaker

OV
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555 Projects
noticed that the speaker is AC coupled by C3. It is
possible to direct couple the speaker to the output, but
unless the return side of the speaker is returned to the
mid rail point there is standing mean DC current through
the speaker coil which some speakers object to.

Diodes D1 to D3 are for the protection of the 555
from any inductive spikes caused by energising and
de -energising the speaker coil. In the author's ex-
perience they are not necessary except in the case of
unusually highly inductive speakers. They are omitted
on all subsequent speaker driving circuits. Diode D4 is
added if equal mark space is required.

MULTI ALARM CIRCUIT
The cost of a simple 555 tone generator compares very
favourably with the commercial audible warning de-
vices, with the added advantage that the pitch can be
varied where more than one alarm is required. If two
alarms cannot occur together, considerable cost saving
can be made by using the circuit of Fig. 7. Different
timing resistors are connected to the alarm contacts and
the 555 itself gets its current through D1 etc.

SIREN
If a rising and falling exponential ramp is applied to the
control voltage pin of an oscillator we get a siren output.
The circuit for this is shown in Fig. 8.

The output of IC2 is used to charge Cl via R7, giving
an exponential rise and fall. Because of the long times
required, R1 is a high value and is unable to drive the
control voltage pin directly. An emitter follower, TR1, is
used to buffer the voltage on Cl. This can be either an
NPN or PNP emitter follower to suit what the constructer
has available.

The emitter follower output is taken to the control
voltage pin by R6. Again, the value of R6 determines the
frequency shift of the siren.

If the component values used are the same as those in
the diagram Fig. 8, the "warbler siren" used by police
cars in American TV series is produced. This has the
same make up as a normal siren, but the frequency
shifting is much faster.

COIN TOSSER
This circuit uses an additional TTL IC with a 555 to
provide a random "'heads/tails" indication. The circuit
is built into a box which has two lights labelled "heads"
and "tails" and a push button labelled "toss". When
the toss button is pressed and released one or other light

Fig. 8. American
Police Siren.

1N914

R1
68k

R2
68k

Alarm contacts

R1
5

D2

R2 R3
8k2

r
3

R4
5k6

 Cl
70.1µf

555

2 5

C2 um
01µf7

Fig. 7. Multi -Alarm Circut.

Vcc

etc.

etc.

etc.

OV

will come on, the result being purely random.
The circuit is shown on Fig. 9. IC 1 is a 555 connected

as an oscillator, which is allowed or inhibited by PB1, the
toss push button, connected to the reset pin. The
frequency is set for about 100 KHz, so in the 0.5 sec that
the button will probably be pressed for, some 50000
pulses will be produced.

These pulses go to IC2, a TTL 7474 D type flip flop.
When this device is connected as shown, it becomes a
divide by two counter, so one, and only one, of its two
outputs will be at a binary 1, the other being at a binary
0. Which output is at a binary 1 will be determined by
the number of pulses from IC1 being odd or even. This
will be to all intents and purposes random.

The two outputs heads and tails are LEDs, driven
directly off the ouputs of IC2. The LEDs are lit when the
corresponding output is low, ie at binary 0.

The circuit is most useful if battery powered. The TTL
requires a 5 V rail. There are two possibilities. Firstly
three 1.5 V cells will provide a 4.5 V supply which will
just work TTL. Secondly a simple series regulator as
shown in the insert on Fig. 9 will give 5 V from a 6 V or 9
V battery.

IC1
555

+C2
C3 um

T101.0 01µf mo

Table of changes
for warble

R7 4k7
C1 4 7µf
R1 4k7
R2 4k7
C2 10µf

R7
100k

TR1
2N3702

R5
1k0

[R3,
8k2

n R4
U 8k2

IC2
555

2 5

R6
C4 10k

C5
100µf

Vcc

OV
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Toss El PB1
Press to

LED1 LED2
Heads Toils

R1

4k7 R2
ti

1k

5V

R4 R5
470R 470R

IC1
555

R3
tk

IC2
7474

D

C1 so C2---.
? break 0 1p.f T0.003310

do

S.C.R. DRIVE (PHOTOGRAPHIC
TIMER)
WARNING. Circuits using 240 V are potentially lethal.
These should be constructed in an earthed case, and
great care taken when working on them. Where the
circuit 0 V is connected to the line neutral, plugs must be
correctly wired or the entire circuit will be at 240 V.

This simple circuit shown in Fig. 10 gives control of a
photographic enlarger. The 555 is connected as a
simple monostable, but the output controls the load via
the diac and the triac.

The delay period is controlled from 1 to 100 secs by
RV1. For ease of setting RV1 should be made a ten turn
pot with analogue dial. Because of the proximity of the
mains voltage RV1 should have an insulated spindle.

Variable resistor RV2 calibrates the timer for varia-
tions in Ct by adjusting the control voltage.

The triac is effectively burst fired. When the 555
output is high, the triac is conducting. The turn on is not
synchronised to the supply and if the load is, heavy
spikes may be induced onto the mains. Filtering should
then be placed in series with load (RS components TV
chokes).

The supply Vcc can be obtained from a simple
transformer/bridge/rectifier/smoothing capacitor
circuit.

For maximum safety, the control logic could be
connected to the triac by an opto isolator and zero
voltage switch.

E

OV

8C107
or similar

TR1

820R
C1

ZD1 2500
56V

5V

OV

Simple 5V regulator

Fig. 9. Coin Tosser.

COMPUTER VOICE
This is one of the author's favourite circuits as it
combines two of the most useful ICs, the 555 and the
741.

The circuit was originally designed to give a Dalek
type speech for a computer in an amateur dramatics
play.

The circuit works by quickly varying the amplitude of
the speech. The circuit is shown in Fig. 11.

IC1 is a 741 connected as an inverting amplifier with
gain normally determined by R2 and R5. Across R5 is a
relay contact and when the contacts close RV1 and R6 is

Reed T
relay

L

D1

C 1N4001

Speech 411AWMOWM1Y.VM%

RLA nn.nnn-
V out 14414414

R1 R2
4k7 4k7

4
2

555

6

RV1
500
k

R3
1k

C11
C2
150

3

IC2
555

2

-11 1.1

Set time
(10 turn)
0 -0- 100 secs

-RV2
5k
calibrate

R3
220R

MT2

VHF
choke

M

100

T1

Stort End
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_555 Projects
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Fig. 11. 'Computer
Voice Synthesiser'.
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1k 25µf

I
C3
1p.f

put in parallel with R5 and the gain is reduced by an
amount determined by RV1.

The speech from the microphone thus varies in
amplitude at a rate determined by the relay contacts and
the magnitude of the variations by RV1.

RLA is buzzed by IC2, a 555 timer, the rate being set
by RV3. A frequency in the range 20-60 Hz was found to
give the best results.

With the values shown a typical moving coil
microphone wil give 500 mV out of the circuit which will
drive the AUX inputs on most power amplifiers, or any of
the many available IC power amps.

STAR TREK RED ALERT
The Red Alert sound on Star Trek is a sawtooth
modulated tone. It starts low, rises slowly to a high value
then drops suddenly and starts again.

The circuit is shown on Fig. 13. IC1 and IC2 are
connected as before, except that the period of ICI is set
to give a charge time (output high) of about 0.5 sec and a
discharge time (output low) of about 0.1 sec.

The ramp is produced by Cl, which is charged by a
crude constant current source provided by Q2 and its
associated components. A simple resistor charging
could be used, but the exponential charge does not give
an authentic sound.

C1 is discharged by 01, which is turned on by the
brief discharge time (output low) of IC1.

The resulting sawtooth is applied to the control
voltage input of IC2 to give the required sound. As
before, the value of R9 determines the range of the
sound.
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Fig. 13. Star Trek
Red Alert'.
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When the control voltage input is used to control an
oscillator, an increasing voltage gives a decreasing tone.
The input to give us our Red Alert sound should there-
fore be an inverted sawtooth.
METRONOME
To give sound effects with a 555 it is not necessary to
use high frequencies. The sound of a metronome, a
simple ciick, can be produced with a single 555.

The circuit is shown on Fig. 12. The 555 is connected
as an oscillator and RV1 gives a range of 10-140 beats
per minute. The notes regarding the choice of a speaker
for the previous circuits also apply here.

If the cone of the speaker is accessible, the tone of the
metronome can be made indistinguishable from a
clockwork metronome by doping the cone with poly-
urethane varnish. Care should be taken not to allow the
varnish to jam up the coil movement. HE
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This article is reproduced i3y kind permission
of Bernard Babani (Publishing) Ltd, The
Grampians, Shepherds Bush Road, London
W6 7NF, and taken from 'IC 555 Projects' by
E. A. Parr% The book contains sections on
motor car, model railway and alarm circuits
together with basic information, general
circuits and variations on the basic IC. The
book (Bernard Babani No. BP44) is available
from most component stores and good book
shops for £1 .45. It is also available from the
HE Book Service.
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Fig. 12. Metronome.
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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.. 0 & 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

Earl. J.. Audio Technicians Bench Manual
Earl. J.. Pickups and Loud Speakers
Earl. J.. Tuners and Amplifiers
Earl, J., Cassette Tape Recorders
Earl. J.. ABC of Hi-Fi
Capel. V.. Microphones In Action

£3.50
£3.50
£3.00
£5.25
£4.25
£3.00

Graham. P., Simple Circuit Building
Colwell. M.. Electronic Diagrams
Colwell. M.. Electronic Components
Colwell, M.. Printed Circuit Assembly
Ainslie. A.. Practical Electronic Project Building
Colwell, M.. Project Planning and Building

£2.45
£2.45
E2.45
£2.45
£2.45
£2.45

Capel. £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

Aldridge, D.. Transistorised Radio Control For Models
Drake. J.. Radio Controlled Helicopter Models

£3.50
£3.95

King, G. J.. Beginner's Guide To Television
King. G. J.. Beginner's Guide To Colour T.V.
Guilou. F.. Beginner's Guide To Electric Wiring

£3.10
£3.10
£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, 0.. 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

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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Digibell
Project
No more pressing door bells with the HE Digi-Bell, it's just touch and
go, the 'chime' will never be ignored.

UNTIL RECENTLY doorbells have all relied upon a
mechanical action to strike a bell or chime. With the
advent of reliable ICs the electronics industry has been
attemptimg to innundate us with microprocessor based
song -boxes. Any type of doorbell must fulfill one basic
function, however, that is to attract the householder's
attention to the fact that someone is at the door. It
doesn't matter how many tunes it may play, if it can't be
heard or even worse, is ignored altogether it's use as a
doorbell is somewhat suspect.

There are two distinct methods of attracting
someones attention (audibly that is) the most obvious is
volume, nothing wrong with the theory but it does rather
lack elegance. Hopefully HE will never be accused of
that. The second method involves the peculiarities of the
human ear. We are more sensitive to certain frequencies
or combinations of frequencies than others.

NOTICEABLE NOTES
A great deal of research was done in the sixties by the
Post Office into what makes a sound noticeable. The
result of this research is with us today in the shape of
the Trimphone Warbler. The sounds made by these
instruments are very distinct and the Digi-Bell works in a
similar manner.

The Digi-Bell has one more unusual feature, the

The compact design of the HE Digibell.

Hobby Electronics, May 1979

inclusion of a touch -switch as opposed to the normal
mechanical push-button. The sensor uses the resistance
of the skin to activate a short time delay which sounds
the 'Bell' for a short time after the finger is removed.

CONSTRUCTION
All the electronics are mounted on a single PCB. The
usual precautions must be taken when handling CMOS
devices. Ensure all the polarised components are fitted
the right way round. In the prototype the PCB was
mounted above the speaker on pillars. The touch -plate
was made from a small piece of Perspex. The outer
contact was an old knurled nut from a standard toggle
switch, (use a plated type to avoid corrosion). The centre
contact was made from a plated dome -headed 6BA
screw. Both contacts were filed and the connecting wires
soldered directly. The knurled nut can then be fixed to
the Perspex plate by an epoxy adhesive.

OPERATION
Because the Digi-Bell uses CMOS IC's, the stand-by
current is extremely low, around 2-5 uA, so an on -off
switch is unnecessary. It's a good idea to use a mercury
or alkaline battery, so the unit will function for several
months.
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Fig. 1. Circuit diagram of digibell.

How It Works
The circuit of the Digi-Bell can be broken down
into three distinct sections.

TOUCH SWITCH
The touch switch uses skin -resistance to trigger
the 'bell'. IC1 (quad, dual input NAND gate) has
both inputs of gate (a) tied together. This now
becomes a NOT gate. (If logic 1 ( + 9V) is preset
at the input, logic 0 (OV) will appear at the
output and vice -versa, therefore it is an in-
verter). The input pins 1 and 2 are connected to
the +9V line (logic 1) via RI, so there will be
logic 0 on the output (pin 3). If a resistance less
than RI (eg a finger, typically 10-50 k ohms) is
connected between the input pins and the 0 V
line, the logic stage will change and the output
will rise to + 9V. A CR network Cl, R2 holds the
output high for a short period (about 1 second
per microfad of Cl). The output from the CR
network is taken to the first in a pair of astables.

THE OSCILLATORS
The output from the touch switch 'enables' the
first astable (free running square -wave genera-
tor, see Jan HE for operation) which has a
frequency of around 10 Hz. This in turn enables
the second astable, with a frequency of 5 kHz,
§b the resulting output will be a 5 kHz square -

wave, gated at 10 Hz.

AUDIO OUTPUT
The output from IC2 (c + d) pin 11 is fed to a
Darlington Pair (current amplifier) comprising
Q1, Q2, they drive a low impedence loudspeaker
LSI. A 20 ohm speaker was found to give the
greatest volume, although a lower impedance
speaker will work but below 8 ohms damage to
the output stage might occur.
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A loudspeaker sandwich. The PCB is bolted to the front panel,
with the loudspeaker between the two.
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Fig. 2. Constructional details
of the touch plate.
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Digibell Project

+Ve

LS1

c11 0.2

Fig. 3. Component overlay.

Parts List
RESISTORS (All 1/4W, 5%)

R1 4M7
R2 1 MO
R3 47k
R4 39k
R5 680k
R6 270k
R7 33k
R8 1OR

TOUCH
PLATE

CAPACITORS
C1 4u7 (See How It Works)
C2 1u0
C3 1n0

SEMICONDUCTORS
IC1, 2 CD4001
Q1, Q2 BC107
D1 IN4001

MISCELLANEOUS
PCB to suit, -Small piece of perspex, knurled nut, 6BA
screw, Battery, 9V PP3 (Mallory etc), loudspeaker.

None of the components are difficult to obtain, the
semiconductors are all available from Watford, Maplin,
Stevenson etc, the case can be chosen to suit the
particular application.

Approxoimate cost £4.50.

JNAf t.iP Ro' OcIERS

Stri4i L-Aitni 114.. Rf.sis-ro(
INRopPCb. 114f o NIS

Moist sloc<

-44f,
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UI4'-( KNol.1

Top view of the PCB. Note that resistors are mounted vertically
to save space.

Fig. 4. PCB foil pattern.
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SPECIALS
TOP PROJECTS
Book 1 + 2: £2.50 + 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, SOW stereo amp. and many more.

Book 3: SOLD OUT!
Book 4: £1.00 + 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, IB 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 Generator

Power Amplifier Modules E2 Sand

CCTV Camera Headphone Adaptor

LEO thee Sound -light flash Trigger

Expander -Compressor.

rm..11igital Thermometer

Stars 8 Dots logic Game lightshow

Active Crossover.... Hear and Tell Unit

Pink Noise Generator GUN Monitor

Sweep Oscillator Stereo Simulator

electronics
tomorma-
elesppo today

NAPPetitN0

LWOW lefts
STAN N,401,11

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.

Ut20

Computers
Display Systems
Digital Instruments
Transmission tiniu
kopes S. Recorders
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 Or
ELECTRONICS MORT EPOERMAFIONLM

ETI

CIRCUITS

No2
£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.

from ETI
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Into
Electronics
by Ian Sinclair Part 7
This month lan Sinclair looks at the electronic systems we all know and
love - radio, disc and tape.
WE'VE COVERED A LOT of ground in these previous six
issues, looking at the components and the circuits that
make up the building-blocks of electronics systems. Now
it's time to look at what we build with these circuits, the
electronics systems which we make so much use of
these days. We'll start with one of the oldest of elec-
tronics systems, radio.

The history of radio started when Heinrich Hertz in
1888 showed that electromagnetic waves, which had
been predicted by Maxwell some twenty years earlier,
actually existed, and could be transmitted from one
place to another. The waves that his apparatus
generated had quite a short wavelength, and the dis-
tance of his.first transmission was comically short, a few
metres, but he had demonstrated the first principles of
radio, that a high -frequency (short wavelength) signal
will leave a wire and travel through space. Another wire
placed in the path of this signal will have signal voltages
induced by the wave, so that the signals can be received.

FLASHERS - OLD HAT
The early transmitters generated radio waves by making
use of the oscillations caused by sparks. These spark
transmitters worked, but they generated a huge mixture
of waves of different frequencies - fine when only a few
transmitters existed, but useless now. Nowadays we
need to generate a high -frequency radio wave which is
of a single selected frequency, and to avoid interference
with the thousands of other transmissions, we need to be
able to keep the frequency constant to within a few Hertz
(Hz). Every radio transmitter, then, apart from some
low -power or mobile types, starts with a crystal -
controlled oscillator.

This is only a starting point, though. The frequency
which is to be used for transmission may be much higher
than the frequency of the crystal. To obtain the higher
carrier frequency from the lower crystal oscillator
frequency, distorting amplifiers called frequency multi-
pliers are used. A frequency multiplier stage is simply an
amplifier with deliberate under- or over -biasing. The
input is tuned to the (low) frequency of the crystal
oscillator, which then switches the current in the multi-
plier on and off at the crystal frequency. This causes

Hobby Electronics, May 1 979

FROM
CRYSTAL
OSCILLATOR 3.5MHz

TUNED
TO 3.5MHz

+15V

TO
NEXT

14 MHz STAGE

TUNED
TO 14 MHz

Fig. 7.1 Frequency multiplication using tuned circuits.

pulses of current in the collector circuit, whose load is a
tuned circuit, tuned, that is, to an exact multiple of the
oscillator frequency (such as twice, three times,
etc). Each pulse of current through this load sets the
tuned circuit into oscillation, and the oscillation will not
have died away too much before the next pulse of
current sets it off again. The point about having the load
tuned to an exact multiple of the oscillator frequency is
that each pulse of current will then arrive in just the right
phase to keep the oscillation going in the tuned load. If
the load is not correctly tuned, there will not be a
continuous steady signal at the collector. The output
from this lot is therefore a high frequency signal which is
a sinewave, whose frequency is controlled by the crystal
oscillator.

DAH, DAH DIT
So far, so good. We have a high frequency signal which
will radiate from a wire, an aerial (antenna in the U.S.A.).
How do we use it? In the early days, the only way we
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Fig. 7.2. Amplitude modulation of a carrier wave,

knew to use a radio wave was the way we used the
current in a telegraph wire - we started and stopped it
in the pattern called Morse code. Now the Morse code is
a fairly simple code, but the idea behind it is important.
You can't convey much of a message with a steady
signal of any kind, telegraph or radio. To make your
radio signal useful, you have to change it, modulate it,
either in the form of a stop -start code like Morse code, or
in some other way.

A Morse message takes a long time to send, even
when automatic transmitters and receivers are used.
What was needed was a way of coding an audio signal
on to the radio wave, and one of the most frequently
used methods is called amplitude modulation.
Remember what we mean by amplitude. It's the size of
the wave, measured to the peak, in volts. Amplitude
modulation means changing the amplitude of the high
frequency carrier wave, the one that can be transmitted
from an aerial, in a way which allows the carrier to take
the information of a low frequency signal along it.

Take a look at Fig. 7.2. This shows a high frequency
wave; the frequency is so high that individual cycles
cannot be distinguished in this scale. Along with this
carrier wave is shown an audio wave, the type of signal
we get, after amplification, from a microphone.
Amplitude modulation means making the amplitude of
the carrier wave vary at the same rate and with the same
voltage changes as the signal wave, and the result of
such amplitude modulation is shown in Fig. 7.2. This
modulated wave is still a high frequency wave, it can still
be radiated from an aerial, but its amplitude now varies
in a way that carries all the information on the amplitude
and frequency of the audio signal that we want to
transmit.

The final stages of an AM transmitter therefore
consist of amplitude modulation and power amplifica-
tion, very often carried out together. One well -
established method of amplitude modulation consists of
feeding the carrier signal to a power amplifying stage
whose collector voltage is then modulated by an
emitter -follower (Fig. 7.3). Large transmitters, of course,
use valves (vacuum tubes) rather than transistors, but
the types of circuits that are used are similar. Fig. 7.4
shows a block diagram for a complete fixed -frequency
AM transmitter.

So far, so good, but there's not much point in having
transmitters sending out modulated carrier waves unless
we can receive them. Receiving the carrier wave is one
thing, a piece of wire will do that, though some design
work and cunning is needed if we want to make the best
use of the modulated wave. The problem now is what to
do with the modulated carrier. The trouble is that it's still

50

AUDIO
SIGNAL

CARRIER
SIGNAL

Q1

OUT

Q2

Fig. 7.3. AM by means of an emitter follower.

a radio frequency wave, even though it's modulated.
No matter how much we amplify this wave, no loud-
speaker or earphone will vibrate at the frequency of the
carrier wave, large amplitude or small. The modulation
cannot do anything because the modulation waveform
of the opposite peaks of the carrier is in antiphase - one
part of the modulation cancels out the other. What we
need is some method of recovering the original audio
signal from the modulated carrier wave.

DETECTIVE WORK

The process of recovery, called detection or demodula-
tion, is practically always carried out by a diode, making
use of the principle that a diode conducts in one
direction only. A modulated carrier fed to a diode will
cause the diode to conduct for only half of each cycle of
the carrier wave, and so the waveform at the other side
of the diode looks very different (Fig. 7.5). We can then
use this waveform to charge a capacitor which is allowed
to discharge through a resistor. If we choose the time
constant of the capacitor and resistor well, the capacitor
will not discharge noticeably during the time from one
carrier peak to the next, but will discharge fast enough to
follow the changes in the audio waveform. The effect of
the capacitor also ensures that there's hardly any carrier
wave left, and the small amount that remains can be
filtered off, leaving the audio signal. O.K.?

Wait a minute, though. We've been assuming that
we have a signal of large enough amplitude to pass
through a diode. We don't in fact get that much signal
from an aerial unless the transmitter is very close or very
powerful, and we still need to make sure that we have
selected the correct carrier wave from the thousands that
are around. How do we do that?

TUNING IN
Selecting a frequency, of course, is the job of a tuned
circuit, and the obvious way to construct a radio is to
have several stages of amplification each using a tuned
circuit as load. Obvious, yes, and this was the method
that was once used. It's called TRF - tuned radio
frequency (Fig. 7.6), but it isn't suited to modern needs,
and here's why. To start with we need to be able to
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Into Electronics
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Fig. 7.4. Block diagram of a complete fixed frequency AM
transmitter.

change the tuning of each tuned circuit if we want to be
able to tune from one carrier frequency to another.

At the same time, if we want the radio to be selective
enough to pick out one carrier wave from others whose
frequencies are very close, we need a lot of tuned
circuits. It's not entirely impossible, because we can
make ganged tuning capacitors, variable capacitors with
one shaft operating several capacitors, but it's difficult.
In addition, and just to make a difficult job almost
impossible, we have our old friend positive feedback
lurking around. We may have to amplify the radio signal
by quite a bit using perhaps a gain of one thousand or so.
With so much amplification of a carrier that can launch
itself off a piece of wire so easily, it's very hard to stop
some of the amplified signal from getting back to the
input. Working on the 'butter -side -down" principle, such
feedback is always positive at some frequency or other,
so that the whole amplifier oscillates.

The fact that oscillating receiver is useless as a
receiver is bad enough, what makes it worse is that it
radiates the oscillating signal back into the aerial and so
to any other receivers that are around. When your
receiver oscillates, no one listens to the show. We don't
like TR F receivers, folks.

SUPERSONIC CHANGES
All is not lost, though, because a brilliant invention of
more than fifty years ago lets us have lots of tuned.
circuits, along with easy changes of frequency and less
chance of feedback. It started with the name of super-
sonic heterodyne but not surprisingly lost a few letters
and ended up being called the superhet receiver. How
does it work? Pin your eyelids up and read on.

At the input of a superhet receiver, the signal is tuned
in the usual way, using a variable capacitor which is part
of a two -gang capacitor set. Instead of amplifying this
tuned signal, though, its frequency is changed in a mixer
stage. Two frequencies are fed into the mixer stage -
the carrier signal that has been selected by the tuning,
and a sinewave generated by an oscillator (called the
local oscillator) which is part of the receiver. Most small
receivers do not use a separate oscillator stage, the mixer
is connected so that it will oscillate. Now we've men-
tioned the idea of signal mixing before (beat -frequency
oscillator, remember?) but let's run over it again. When
we feed two radio signals into an amplifier which is not
biased for linear amplification, the output signal will
consist of the sum and difference frequencies as well as
the frequencies we put into the mixer. More remarkable
and useful is the fact that if one of the input frequencies
is modulated, then the sum and difference frequencies

vv\,ivy v\A'

T
Fig. 7.5. Using a diode and CR network for detection and
demodulation.

will also carry the identical modulation. We choose the
difference frequency, called the intermediate frequency
(IF) and use as the load of the mixer a tuned circuit which
will resonate at this intermediate frequency.

TRACKING DOWN THE IF

What's so smart about changing the frequency? Well,
it's not just that we change the frequency, but that we
change any input carrier frequency into the same IF
frequency. The frequency of the local oscillator is
controlled by a variable capacitor, the other half of the
ganged pair whose first half is used to tune the carrier.
Now with a bit of cunning we can arrange it so that these
two tuned circuits, the input and the oscillator, will
'track' together, meaning that when we change the
tuning of the carrier by 50 kHz, then the tuning of the
oscillator will also change by 50 kHz. If this tracking is
accurate, then the difference between oscillator
frequency and carrier frequency stays constant, so that
when we tune from one carrier to another the frequency
at the output of the mixer, the IF, stays constant.

We now have the easy job of amplifying a signal
which is at a fixed frequency. The tuned circuits for this
lot can be kept inside metal cans to reduce radiation of IF
signal, so that positive feedback can almost be elimin-
ated. Any feedback to the input of the mixer is not
particularly important, because it's at a different
frequency from the carrier frequency and will be rejected
by the tuned circuit at the input. A few high-class
receivers use an additional IF trap at the input, just to
make sure. Very cunning, very useful.

AUTOMATION
Summing it all up so far, Fig. 7.7 shows a block diagram
of a superhet receiver up to the detector stage, and Fig.
7.8 shows the actual circuit diagram of a typical pocket
transistor radio. There's one little bit of cunning that we
haven't mentioned yet - it's called the AGC circuit,
meaning Automatic Gain Control. This AGC is needed
because of the way in which radio waves reach us. Radio
waves are electromagnetic waves, like light, and they
travel through space in the same way, at the same speed
of 300 million metres per second, obeying the same
laws. Apart from the effects of diffraction, the only way a
radio wave can reach us from a distant transmitter
(because of the curvature of the Earth) is by reflecting
from the Heaviside or Appleton layers. These are belts of
ionised gas that surround the atmosphere, with lots of
loose electrons floating about, and they reflect radio
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AERIAL Fig. 7.6a Block diagram of a TRF receiver.

(a)

(b)
Fig. 7.6b Using ganged capacitors to tune several stages
simultaneously.

R F R F R F DETECTOR A F A F LOUDSPEAKER
AMPLIFIER AMPLIFIER AMPLIFIER AMPLIFIER OUTPUT

(c)

GANGING OF
CAPACITORS

NEXT
- II BASE

BIAS

BIAS
Fig. 7.6c A single RF stage and connections to the next stage.

waves at most of the lower frequencies. Any radio signal
of up to around 30 MHz can then reach us by several
paths, a direct path if the transmitter is not too far away,
and various reflected paths (Fig. 7.9) depending on the
height of the reflecting layers, which is generally around
30 to 50 miles.

TO BE OR NOT
TO BE . . . IN PHASE
At the receiver, then, signals arrive from several different
directions having travelled by different path lengths, and
there is no chance that they will always arrive perfectly in
step. At 1 MHz for example, the wavelength of a carrier.

RF
tuning

Ferrite
rod aerial

C1

MIXER

RF
AMPLIFIER

IF
AMPLIFIER

TO DETECTOR

LOCAL
OSCILLATOR

Fig. 7.7. Block diagram of a superhet receiver up to the
detector stage.

is 300 metres. A path difference of only 150 m at this
frequency will cause one wave to be inverted relative to
the other, and any odd multiple of 150 m difference in
path length will also cause the waves to be in antiphase.

The reflecting layers are constantly on the move, so
that reflected waves have to cover different distances
from one minute to the next. At one instant, the waves
reaching the receiver may reinforce each other, at the
next instant they are just as likely to cancel. The result is
that the signal received at the aerial varies greatly in
amplitude from one moment to the next.

We could, of course, sit with one hand on the receiver
volume control turning up the wick each time the signal
became faint and turning it down again when the signals
were strong, but it's easier to use a form of negative
feedback to do the job. AGC makes use of the fact ihat
the detector diode rectifies the carrier signal, so that
there's a steady (DC) voltage at the detector. The
amplitude of this steady voltage is equal to the peak
amplitude of the carrier, and we can filter out the audio
signal changes which go along with it (Fig. 7.1 1). We
can separate this DC signal out and use it to control the

1st I F
tra nst

C4

I F. amp

C3

IFT1

VC3.

C2

02

V C4

Detector
diode

R5IFT2

2nd I F
transf
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amp

87

03

RV1

Volume
control

-°C9

R8

04

05
Output
stage

D2

Clo

R9

T2

L

Oscillator
coil

Oscillator
tuning

Lis

Fig. 7.8. Circuit diagrams of a typical pocket transistor radio.
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Fig. 7.9. Direct and reflected paths by which a signal can reach
an aerial.

DIRECT

DEFLECTED

(a) IN STEP (IN PHASE)

Fig. 7.10a Constructive interference (waves in step).

(b) OUT OF STEP (OUT OF PHASE )

Fig. 7.10b Destructive interference (waves out of step).

gain of the receiver, usually by feeding it to an IF
amplifier stage, sometimes to the mixer as well. Now
when the carrier is strong there's a large DC signal at the
detector, and this is used to bias the IF amplifier so that
its gain is low. When the signal fades, the DC voltage at
the detecttor drops, the IF amplifier bias changes,
allowing more gain so that there is more amplification of
the signal. All getting clear?

FM
Modulating the amplitude of a carrier isn't the only way
of getting a high frequency carrier to take a low
frequency signal for a ride. Another of the many types of
modulation is FM, frequency modulation. In this type of
modulation, the carrier amplitude does not change, but
the audio signal causes changes in the frequency of the
carrier. The greater the amplitude of the audio signal the
greater the frequency change (deviation) of the carrier.
The higher the frequency of the audio signal the more
rapid are the frequency changes of the carrier.

Frequency modulation is easy to carry out, though
demodulation needs rather more than the simple diode
circuit that is used for AM receivers. The main advantage
of FM is the freedom from noise and interference which
can be achieved when well -designed equipment is used.
For this reason, FM is used for all high quality sound
broadcasting, and exclusively for stereo broadcasts, of
which more later.
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Fig. 7.11. Using the carrier amplitude to control the receiver
gain (AGC).

PRE- VOLUME/ VOLTAGE POWER
AMPLIFIER TONE AMPLIFIER AMPLIFIER

CONTROLS

Fig. 7.12 Block diagram of a typical audio system.

AUDIO SYSTEMS

LOUDSPEAKER

The one part of a radio system we haven't dealt with yet
is the audio section - the circuit that handles the audio
frequencies all the way from the detector to the loud-
speaker. We've left this section so far not because of any
difficulty but because the circuits are so similar to those
used in other audio systems, such as disc and tape
recorders. The range of fequencies that we're talking
about, the audio range, is from around 30 Hz to about
20 kHz which is the range of frequencies of sound that
can be detected by a human ear in good condition.
These sound frequencies, converted into electrical
signals by a microphone constitute the audio frequency
signals which have to be amplified and converted back
into sound. The circuits of any audio system must carry
out voltage amplification, the control of gain (volume
control), the control of the shape of the gain/frequency
graph (tone control to you), and power amplification so
that a loudspeaker can be driven. A block diagram of the
sytem looks as in Fig 7.12.
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Fig. 7.13 Baxandall tone control circuit.
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Voltage amplifiers are familiar by now, and the idea of
amplitude control (using a potentiometer) is simple, but
the tone control stages of a Hi-Fi amplifier are a bit
daunting if you've never seen similar circuits before. Fig.
7,13 shows one very popular type called a Baxandall
circuit.

In this circuit, a network of resistors and capacitors is
connected so that it feeds two lots of signals into the
base of a transistor. One signal is the audio signal from
the previous stage, the other is a feedback signal from
the collector of the transistor. Now this is negative
feedback which will have the effect of reducing the gain
of the amplifying stage, but the amount of signal that is
fed back depends on the settings of RV1 and RV2 as well
as on the values of the resistors and the capacitors in the
circuit. For example, if the slider of RV1 is nearer end X
of the potentiometer, then the signal in through C1 and
R1 can reach the base of Q1 much more easily than the
signal (feedback) through C6, R2 and most of the resist-
ance of RV1. Because of this, the easier feedback path is
through C4 rather than through RV1. C4 has a rather
small value, so that it will pass high and middle
frequencies more easily than very low frequencies,
causing bass boost. The bass is boosted because more of
the higher frequencies are being fed back, so the gain of
the transistor for high frequencies is less than it is for
low frequencies. With the slider of RV1 at end Y, only
the higher frequencies of the signal can easily reach the
base of the transistor without passing all the way
through RV1 , so that this now acts to cut bass. RV2 has
a similar action on the high (treble) frequencies, so that
separate control of the two ends of the audio range can
be achieved. Such elaborate control is used only for high
quality sound equipment. Your three quid Hong -Kong
tranny makes do with a 0.1 u capacitor wired across the
speaker.

CHURNING OUT THE POWER, AND
SINKING IT
One part of an audio system that we haven't spent much
time on is the power output stage. Power output is
needed because loudspeakers convert electrical power
into audio (sound) power, so that electrical power in the
form of a signal with enough voltage and current
amplitude must be supplied. Loudspeakers are inef-
ficient devices, converting less than 1°/0 of the electrical
power into sound, so that a fair amount of electrical
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Fig. 7.14. A single -ended output stage.

Fig. 7.15. A. push-pull output stage.

power is needed. A power output transistor therefore has
much larger current passing through it than we ever use
in a voltage amplifier transistor, and because loud-
speakers are damaged by direct current flowing through
them, we have to couple the signals to the loudspeaker
by a transformer or a capacitor. One exception to that
last rule is that the DC can be balanced out in a type of
output circuit called a bridge circuit, but these are rare.

Fig. 7.14 shows a single -ended output stage which
uses one transistor with a transformer as its collector
load. The term single -ended just means that the signal is
not shared with any other transistors - you'll see
circuits later which do share the signal and are not
single -ended. The bias of the transistor is set so that a
current of about 0.5 A flows when no signal is applied,
and the full amplitude of signal at the input will cause the
collector current to swing between 1.0 A and zero
current at the peaks. The voltage at the collector is about
supply voltage (12 V) with no signal, and the average
voltage does not change when a signal is applied, so that
with a full -amplitude signal the voltage swings down to
zero volts (at the peak of current) and up to 24 V (at zero
current). The peak voltage signal is therefore 12 V, the
peak current signal is 0.5 A, the peak power is 12 x 0.5
= 6 W, and the average power is half of this, 3 W.

This type of single -ended output stage (a Class A
stage) is wasteful of power and is used mainly in the type
of mains operated equipment where high quality sound
is not important (the telly, lad, the telly. If they're
gawping at the picture, they're not listening to the
sound). Most output stages make use of the push-pull, or
double -ended principle, in which two transistors share
the output signal between them. These push-pull circuits
can also be operated with a large steady current (Class
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Fig. 7.16. A fully complementary output stage.

R6

03

SIGNAL IN

Fig. 7.17. A more complete version of the 'totem pole' output
stage, given in Part 4.

A), but most designs make good use of both transistors
by running each transistor with very little bias current, so
saving power. The most popular circuit of this type is the
totem -pole circuit, briefly referred to in Part 4 (Fig.
4.11). Let's look over that circuit again. In its simplest
(and best) form, it uses one PNP and one NPN transistor
connected as a pair of emitter followers, feeding the
loudspeaker through a capacitor. With no signal input,
the circuit is biased so that the voltage at the emitters is
equal to half of the supply voltage. When the same
signal input is taken to the bases of the two transistors,
the positive half of the signal will cause Q1 to conduct
(with Q2 biased off because Q2 is a PNP type). The
voltage at the emitters will follow the shape of the
positive half of the signal waveform, since Q1 is an
emitter follower. The negative half of the waveform will
shut off Q1 and make Q2 (PNP, remember) conduct so
that the voltage at the emitters now follows the
waveshape of the negative half of the wave. At the
loudspeaker, the complete waveform is used. Because of
the coupling capacitor, the waveform at the loudspeaker
has an average value of zero; there is no DC level.

Fig. 7.1 7 shows a more complete output stage of this
type. RV2 along with the diodes D1 and D2 provides
some bias, so that the base of Q2 is at a higher voltage
than the base of Q3. If both bases were at the same
steady bias voltage, then signal voltages between
V/2 -0.5 and V/2 + 0.5 would not produce
any output, because a transistor does not
conduct until its base voltage is about 0.5 V higher than
its emitter voltage (negative to emitter voltage for the
PNP type). Even when some bias is applied, the
waveform output for very small signals is never quite
perfect because the two transistors never match each
other perfectly enough. This type of distortion is called
'cross -over distortion.' RV2 acts to adjust the bias
current flowing in the output transistors, and can be set
so that the cross -over distortion is as low as it can be for a
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(a)

(b)

(C)

Fig. 7.18. Using a large amplitude wave to set an amplifier for
maximum input signal.

Fig. 7.19. Typical transistor heat sinks.

given pair of transistors. RV1, along with R2 provides
negative feedback of bias voltage and of signal. Because
the output stage (which we can think of as a single
emitter follower) is directly coupled, adjusting RV1 sets
the voltage at the emitters of the output transistors. In
use, RV1 is set to make the DC voltage at the join of R5,
R6 equal to about half supply voltage. A more accurate
method of setting is to connect in a signal whose
amplitude is large enough to cause each peak of the
output signal to appear flattened. RV1 is then adjusted
so that both peaks are flattened symmetrically (Fig.
7.18). The amplifier is now set so that it can handle the
maximum amplitude of input signal.

C2 is a 'bootstrapping' capacitor whose job is to assist
Q1 to drive the bases of the two output transistors.
When a signal of near maximum amplitude is being
handled, there would not be enough voltage across R3
(which has a small value) to pass base current into Q2
unless we could increase the voltage of the supply. The
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Fig. 7.20. Block diagram of a record player.
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Fig. 7.21. Recovery of left and right channels from a single
groove in a stereo disc.

positive feedback signal through
each peak, and also helps to avoid
no risk of oscillation, because the
less than unity.

FRYING TONIGHT

C2 does just that at
signal losses. There's
voltage gain of Q2 is

Before we leave output stages, though, there's one
important point about all of them. Output stages use
transistors which can pass quite large currents at fairly
high voltages, compared to most voltage amplifiers. The
result is that power is dissipated in the transistors, and
inevitably this means that the transistors will get hot.'
Unless we can pass on this heat, the temperature of the
output transistors will increase until the collector -base
junction, which is the part that has to dissipate the
power, fails. There aren't many water-cooled transistors
around (yet), so that the heat has to be passed on to the
air, using convecting fins called heatsinks. These heat -
sinks (Fig. 7.19) are chunks of metal, finned and
blackened, to which power transistors are tightly bolted,
usually with a layer of heat -conducting silicone grease to
help make good contact. The metal chassis of an
amplifier is often used as the heatsink, and because the
cases of power transistors are connected to their collec-
tors electrically, mica washers have to be used as
electrical insulators between the transistors and the
metal chassis. This prevents the transistor collectors
from shorting to the chassis or to each other.

DISC
The block diagram of a record player is shown in Fig.
7.20. All of the transistor stages should now be familiar
to you, but the transducer is not and a brief look at it is
worthwhile. Most discs nowadays are stereo, meaning
that two separate recordings are made on the same
track. We could, if we liked, record quite different
sounds on the two channels, as they are called, but we
use stereo recordings mainly for the pleasing effect of
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Fig. 7.22. Transferring stylus movement to transducers using a
'yoke.'

having sound appear to be coming from a larger source
than one small loudspeaker. Stereo recording uses two
microphones, and inevitably the sounds reaching these
microphones will not be identical. The aim of stereo
recording is to preserve these differences until the sound
is finally played back through two loudspeakers. The
channels are labelled I (left) and R (guess).

On a disc, a cycle of sound wave is recorded as a wave
pattern cut into the plastic material of the disc. When
stereo recording is used, the waves on one side of the
groove, which has a V-shape, will not be the same as the
waves on the other side, because each side of the groove
carries the recording of one of the stereo channels. The
groove angle is 90°., so that the pickup cartridge must
include two transducers set at 90° if it is to convert the
shape of the disc groove into two separate electrical
signals. The use of a 90' angle makes it easy to keep the
channels separate (to avoid cross -talk, as they say).
Earnest students of Mechanics will tell you that a force
has no components at 90° to its line of motion. Well, it
works, anyhow.

The movement of the stylus has to be transferred to
the transducers by using a yoke (Fig. 7.22) and for high
quality replay, the mass of each of these moving parts
must be very low. The stylus has to be able to return to its
normal central position after each wave, so that some
sort of return spring is needed, but for good reproduc-
tion this 'spring -back' must be as low as possible. In the
language of the cartridge designer, the compliance must
be high. The rms signal from most cartridges of the Hi-Fi
type is around 2 mV at full belt.

TAPE

The disc player as we know it just evolved out of the
primitive gramophones of the last century, and has
changed from being a purely mechanical gadget into a
mainly electronic system. Magnetic recording (tape or
cassette) is just as ancient, and has adapted more readily
to electronic methods, because it needed electronic
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Fig. 7.23. The principle of tape recording.
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Fig. 7.24. Block diagram of a record/replay tape recorder
system.

methods from the start. Stereo is easier to provide on
tape, because we can record several tracks on one tape
using as a transducer for each channel a tiny elec-
tromagnet, the recording head.

The principles of magnetic recording are shown in
Fig. 7.23. A signal current passes through the elec-
tromagnet, so that a varying magnetic field exists at the
gap in the head. The magnetic material, nowadays
always a plastic tape coated with iron or chromium
oxides, is pulled past the gap at a steady speed. Each
piece of tape is left magnetised, and the amount of
magnetisation is proportional to the amplitude of the
signal current in the head at the instant when the tape
was in the gap. When the same tape is run at the same
speed past another head (or the same head with different
connections to the coil) the changing magnetism at the
head (caused by the combination of the magnetisation
and the movement) induces voltage signals in the coil of
the replay head. These signals, a millivolt or so in,

amplitude, can then be amplified. Block diagrams of a
tape recorder system, both for recording and for replay,
are shown in Fig. 7.24.

One awkward complication is the way that magnetic
material behaves. Small current signals through a
recording head leave no magnetic signal on the tape,
large signals can cause the magnetic material to 'satu-
rate' so that the waveform is clipped (Fig. 7.25). To
overcome the small -signal problem, we add, while
recording, a small signal at a high frequency, around 80
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V
TO REPLAY
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SIGNAL+
SIGNAL -

NO SIGNAL
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PEAK -TO -PEAK

MAGNETISM
N -S

AMPLITUDE OF
BIAS SIGNAL

Fig. 7.25. The use of a bias signal to overcome the small -signal
problem.

to 100 kHz, which is much too high to hear on replay.
This is called the bias signal, and it is the bias signal
which ensures that the tape always has some signal
being recorded. To avoid saturation problems, the
amplitude of signals must be controlled so as not to
reach the level at which the tape saturates, so that
meters or AGC circuits are used to keep the recording
level below the saturation point.

What makes tape so difficult to use satisfactorily is
that the amount of bias and the saturation level is
different for each tape, and the amount of bias that is
needed for any particular machine varies from one brand
of tape to another. Adjustments to recorders can be
made only if very specialised instruments are available,
and very few laboratories have these instruments, so
that the type of tape recommended by the maker of a
tape recorder should be adhered to unless a review (in
Hi-Fi news, for example) says otherwise. For more details
of this tape recording business, try thumbing through
'Beginner's Guide to Tape Recording' (from the Book
Service).

TWO -HEADED RADIO
One final problem - how do we transmit stereo signals
by radio? One answer would be to use two different
frequencies for the two channels, but that isn't very
satisfactory - it uses up too many frequencies, and the
unfortunate listener with a mono radio will hear only the
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Fig. 7.26. Block diagram of a stereo radio transmitter.

left channel or the right channel. The way out of this
problem, is to mix the L and R signals to form L+ R and
L-R. Now the L+ R signal is the normal mono signal
which listeners with no stereo equipment will normally
receive, and the L-R signal, the difference signal will
allow a stereo receiver to recover the two separate R and
L signals. How do we transmit them? Well, the (L-R)
signal is amplitude modulated on to a low frequency
carrier (called a subcarrier) at 38 kHz, and most of the
carrier signal is then filtered out, leaving only the
modulated sidebands (for more on sidebands, see the
next Part). The (L+ R) signal, with frequencies up to
about 14 kHz is added in, and a small -amplitude 19 kHz
sine wave added. We now have a signal which consists
of three parts at quite different frequencies, easy to
separate, and the whole of this signal is now frequency
modulated on to a carrier at around 90 MHz.

A mono receiver will demodulate the signal, but will
filter out all the parts whose frequencies are above 14
kHz, so that only the (L+ R) signal is received. A stereo
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Fig. 7.27. Block diagram of a stereo radio receiver.

TO AUDIO
AMPS

R

receiver (Fig. 7.27) is much more complicated. The
mono (L-R) signal is filtered off in one circuit, the
19 kHz sine wave in another, and the sidebands of the
(L-R) modulation in a third. The 19 kHz sinewave is
used to generate a 38 kHz carrier (using a frequency
multiplier circuit) which is then added to the (L-R)
modulation. This lot can now be demodulated using a
simple diode detector, so that we have the L-R signal.
Now the signals are combined. If we add the signals:
(L+ R)+(L-R), we get 2L, a left channel signal. If we
invert one signal and then add: (L+ R)-(L-R), the result
is 2R, a right channel signal. This operation, called
matricing, recovers the original L and R signals which
can then be separately amplified. A set of filter circuits is
used to remove traces of the 19 kHz and 38 kHz signals
which would otherwise cause bother with tape
recorders, since they can beat (remember) with the tape
bias sinewave.
Next month we conclude Into Electronics by
looking at TV, Radar and Computing, no less. HE

MAINS
INTERFERENCE
SUPPRESSION

If you were to take a look at the
mains voltage on an oscilloscope,
you might expect to find a 250
V RMS sinewave. If you see a pure
sine wave then you are quite lucky
and you need not read any further.
However, most mains supplies are
composed of the sinusoidal
generated by the electricity com-
pany plus various forms of inter-
ference generated by local users.
When light bulbs, electric ovens
and various electric motors are
turned on they usually generate a
sharp change in the load upon the
mains supply which cause clicks
and spikes to be generated. The
worst offenders are large brush
electric motors, thyristor dimmers
and motor controls, spot welding
units in fact anything that grabs
large chunks of current abruptly
from the mains supply.

The clicks and spikes often

Short Circuit
ible clicks on loudspeakers and
generating errors in digital equip-
ment. Faced with this problem
there are two things that can be
done. Filter out the mains borne
interference and try to prevent it
being generated. Circuit A shows a
typical mains filter.

The mains has to pass through a
passive lowpass filter made
out of an inductor and a capacitor.
This causes the high frequency
parts of the interference to be atte-
nuated. The inductor must have a
high current rating (1 amp in this
case), and the capacitors a high
voltage rating (250 V AC at least).
This type of mains filter can be
brought as a module for a few
pounds, but it can also be made out
of discrete components. In the
latter case, use rubber sleeves on
the connections, you only get killed
once.

Circuit B shows how to suppress
motor generated interference. This
also reduces electro-magnetic
radiation. Again, the capacitors
need to have a sufficiently large

make their way into pieces of elec- voltage rating and take care to
tronic equipment, producing aud- insulate all connections. C1,2,3 MUST BE 250 VAC OR GREATER

lllllllllllll 1111111111 llllllll smilimmiiiimmummili lllll mminutimmisi lllllllllllllllllllllllllllll llllllllllllll mill lllllllllllll min llllll llllllll oin

CONNECT
TO

MAINS

L

L2
5uH
AT 1 AMP

R1
1005

C1
10n

250 VAC

N OM \-
L2
5uH
AT 1 AMP

C2
5n

C3
5n
250 VAC

MOUNTED CLOSE TO MOTOR

1

L

CONNECT
E TO LOAD

FOR 100-050 WATT
LOADS

C1
5n C3 I

100n

MAINS
ELECTRIC
MOTOR

CONECT
C2

5n T T
TO CASE
OF MOTOR

__J
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The latest kit
innovation 1:
from SpOrAilia

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 tiring 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 RV1I
will require a tachometer pulse slave unit. Price £3.85 inc. VAT, post & packing.

Electronics Design Associates, Dept. HE7
82 Bath Street, Walsall WS1 3DE. Phone
614791
Name

Address

Phone your order with Access or Barclaycard

'iacludiag pasta,. and packing UK only QUANTITY REQ'D.

X4 KIT £16.65 inc. VAT

TACHO PULSE SLAVE UNIT

£3.85 inc. VAT

Access Or Barclaycard No.

(09211

Send SAE if brochure only required.

I enclose chequeins for

Cheque No.

Mill Mill 1111111
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ACE MAILTRONIX LTD

DiptHETootal Street

WakefieW,WArlishire 5.11

COMPONENTS -

KITS

SERVICE
QUALITY
PRICES
MAGAZINE
PROJECTS
S.A.E. for list of HE projects

Now over 1,000 types in
stock!
See the new range of low-
cost 'ELEKITS'.
1st Class same day despatch.
All guaranteed products.
Many reductions!

Trouble -free!

Name

Aggress

I enclose 30p*, please send catalogue.

*Refundable with future orders over £5.00.

Assemble
It in an evening!
MECHANISM & CASE
Inc. assembly instructions

E 5.001 C 6.99
THREE FOR £13.50.

 AC MAINS
 SIZE 6 Ye x 2;/e x 23/4

Your receipt is a 2 -year
guarantee

 SILENT RUNNING
 LARGE ILLUMINATED

NUMERALS

AS USED iNeRAun
DIGITAL CLOCKS

MECHANISMS 10 FOR £39. 100 FOR E300

HENRY'S RADIO EXPORT

404 EDGWARE ROAD, IN

LONDON W2 1ED 01-723 1008

HALF PRICE OFFER

HElowArto
DELIVERY

FROM STOCK

ELECTRONICS TODAY INTERNATIONAL
and

HOBBY ELECTRONICS

require an

ADVERTISEMENT
SALES REPRESENTATIVE

to assist in the rapid development of these two successful
and fast-growing magazines.

A background of advertising sales is desirable and a
knowledge of electronics would be an advantage but all
applicants will be considered.

We are a young company with strong ambitions and we
need someone who wants to fit into this environment.

For the right person we are prepared to pay a generous
salary and, as a degree of travelling is involved, a company
car will be provided.

Applications will be treated in strictest confidence and
should be made, in writing, to:

CHRISTOPHER SURGENOR
ADVERTISEMENT MANAGER

MODMAGS LIMITED
25-27 OXFORD STREET

LONDON W1R 1RF
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Aerial Tuners
Is your aerial 30 metres of wire connected directly to your short
wave receiver? The aerial tuners described here enable you to match
the aerial, whatever type, to the receiver.

TWO BASIC TYPES of aerial tuner are really all that are
necessary for most short wave listening applications: the
unbalanced type for long-wire aerials and the balanced
type for balanced -to -unbalanced conversion as well as
tuning the aerial feedline system.

Circuit and construction details for a long wire aerial
system are illustrated in Fig. 1.

Ll in Figs. 1 and 2 is an air -cored coil, 32 mm dia.
(11/4in), 8 turns per inch, 102 mm long.

A portion of every second turn is depressed, using
the blade of a small screwdriver and moderate press-
ure, so that the remaining turns stand proud and allow a
standard crocodile clip to be attached forming a tapping
point on the coil (Fig. 1 b).

The tuning capacitor, Cl, can be anything suitable,
providing it has a maximum capacitance greater than
0.2n.

The receiver tap is generally best at a point only
several turns from the grounded end of the coil. Tune in
a signal near or in the frequency band of Interest and
commence with the aerial tapped about 1/4 to 1/3 the
way up the coil from the grounded end. Tune C1 for

BALANCED FEEDLINE
TO AERIAL

T1
1:1 BALUN
TRANSFORMER

C1

L1 in both tuners is an
air -cored inductor
32mm dia. (1 1/4in), 8
turns per inch, 102mm
long.

TO RECEIVER

Fig. 2. A balanced aerial tuner.

AERIAL

RECEIVER

Fig. 1. (a) Circuit of a tuner for a long wire aerial.

DEPRESSED COIL TURN

(b) Construction of the coil.

maximum signal strength.
Move the tap higher and retune for maximum signal.

If it increases, you're headed in the right direction. If it
decreases move the tap the other way.

A balanced tuner is illustrated in Fig. 2. Coil taps are
made in the same fashion as illustrated in Fig. 1. The
tuning capacitor is a double -gang broadcast type which
must have identical gangs. This item can be salvaged
from old valve radios.

BALUN
The balun, Ti, is a wideband type and is constructed as
follows: A dual -hole ferrite core is required.
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INNER CONDUCTOR

OUTER BRAID

STARTS

Fig. 3. Construction of the 1:1 balun transformer.

Take three 180 mm lengths of light gauge hookup
wire or 26 gauge enamelled copper wire and twist them
together at about two twists per 10 mm. Wind three

FERRITE
BALUN
CORE

START a

START b

START c

FINISH a

FINISH b

FINISH c

Fig. 4. Connections for 1:1 wideband balun transformer.

turns of the twisted strands through the holes of the core
as illustrated in Fig. 3. Identify and mark the three
separate wires. Having done this, connect them as
shown in Fig. 4. Use a small tagstrip or terminal block to
support the joints.

When using the tuner, taps are made symmetrically
about the centre -tap of the coil, L1.

The aerial tuners can be constructed in any suitable
metal or plastic box. However, if using a metal box,
Choose one of such a size that the air -cored coil can be
mounted at least its own diameter away from any side.

HE

11

SINGLE IC
ORGAN
This single monophonic organ (ie it
can only produce one note at a
time) is intended to be used with a
stylus operated keyboard. This can
be made using printed circuit tech-
niques, or it can be made from
stripboard etc. if preferred. In fact
anything that will provide the
necessary 25 connection points
will do. The organ covers two
octaves including semitones: one
either side &middle C. It utilises a
556 dual timer IC which contains
two 555 type timer circuits, both of
which are used in the astable
(oscillator) mode in this circuit.

The right hand section of the
circuit is the actual tone generator,
and its output feeds a miniature
speaker via DC blocking capacitor
C5. The frequency of operation is
determined by C3, R3 and which-
ever of the 25 presets (RV5 to
RV29) is selected using the stylus
and keyboard.

Each preset is tuned to a dif-
ferent note ranging from the C
below middle C (130.81 Hz) at
RV5 to the C above middle C
(523.25 Hz) at 8V29. The presets
are adjusted to the correct notes by

Short Circuit
aural means using pitch pipes or a
tuned musical instrument to pro-
vide the reference notes. When the
stylus is not connected to the key-
board the oscillator circuit is not
complete and no output is pro-
duced.

The tone generator produces
a straightforward rectangular
waveform which is not particularly

RI
4k7

etc

musical. Results can be consider-
ably enhanced by slightly
frequency modulating the tone
generator to produce a tremolo
effect and a richer sounding out-
put. It is an easy matter to do this
and it is merely necessary to couple
a control signal to IC1 pin 11 The
low frequency modulating signal
(about 4Hz or so) is generated by

A Bb B

4 CONTACTS STYLUS
KEYBOARD

R2
470k

C

RV5-RV29
ALL 100k

the other section of the 556. This
has its output loosely coupled to
the tone generator via R4 and
tremolo on/ off switch SW1. The
squarewave output of IC1 a would
give a rather abrupt tremelo effect
and so C4 is used filter out the high
frequency harmonics on the signal
so as to give a much smoother and
pleasant tremolo effect.

SW2
ON/OFF

+9V

NE556 TOP
VIEW

C5

IC a

% NE556
IC1b

'4 NE556
100u
10VR3

9k7

SW1
TREMOLO
ON/OFF

C2
220n C3

100n
C4
4u7
10V

1

LS1
25-80R

R4
390k

0 ye

14
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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.

at *A
=4 I \

0

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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White Noise
Effects Unit
Simulate the soothing sounds of wind, waves and surf on the beach, or the
roar of jet aircraft and steam trains, with this HE White Noise Effects Unit.

THIS COMPREHENSIVE little unit gives an excellent
introduction to special sound effects. It contains a white
noise generator, a variable -frequency low-pass filter
and a variable -frequency tuned amplifier. This com-
bination enables you to use the HE unit to generate a
whole range of interesting sound effects, including those
of wind, waves, surf, waterfalls, jumbo jets and 'steam'
sounds, etc. As an added bonus, you can also use the
unit as a variable -frequency 'tone' generator.

White noise can be simply described as a signal
containing a full spectrum of quite randomly generated
frequencies or 'tones', all with randomly determined
amplitudes, but which have equal mean power when
averaged over a reasonable unit of time. The basic sound

Hobby Electronics, May 1979

of white noise resembles that of hissing steam, but this
sound can be greatly modified, to give very interesting
effects, by passing it through the types of filters that we
have used in the HE design.

The HE white noise effects unit is battery powered,
and has a panel -mounted LED (light -emitting diode) to
indicate the ON state. Variable front -panel controls are
provided for the control of the low-pass FILTER
frequency, the tuned -amplifier TUNE frequency, the
tuned -amplifier SET Q or 'tuning sharpness' adjustment
(which also gives the 'tone' generation facility), and for
the control of volume or LEVEL.

The unit is provided with three output sockets. The
main output is via a mode selector (FILTERED or
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White Noise Unit
(left) Top view of completed PCB.

(below right) internal view of the
unit, ready to switch on.

(below left) The front panel lay -out
we used on our unit.
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Varicap
Diodes
The Varicap Diode is now found in countless pieces of domestic
equipment, yet it is probably the most underestimated component
on the amateur market, and for no good reason as you will find out.

ONE OF THE VERY satisfying things about the physical
sciences is that when a need arises there's very often a
device somewhere that's just been discovered and
which is the ideal solution to the need. The Varicap
Diode is one such device-and its story is rather an
interesting one.

Tuning a superhet radio receiver is a fairly simple
business, when the frequencies that are being received
are in the medium waveband. Frequencies of around 1-2
MHz don't leap easily off each little piece of wire,
feeding back to other bits of wire, so that we can afford to
be reasonably sloppy with the mechanical design of the
tuning stages. The actual tuning can be done either by
using ganged variable capacitors, with trimmers to keep
the variables in step, or by using ganged variable
inductors,

When designers had to cope with the much higher
frequencies of Band 1 TV, of 45 MHz upwards, they
soon found that the familiar techniques still worked very
well. Given a bit more care in arranging the circuit, using
a PCB and avoiding long runs of metal carrying signal
frequencies, acceptable tuning could be achieved. Even
the change to VHF radio at 90 MHz did not require a very
great re -think of tuner design.

FREQUENTLY ENCOUNTERED
PROBLEMS
Things started to get a bit difficult when Band III at
around 200 MHz came into use. At this frequency, the
inductance which is needed to resonate with the sort of
:stray capacity you find in a tuner is rather small and
inductance consisting of small pieces of straight wire
started to appear. The universal method of tuning was
now the turret tuner, in which the 'coils" were carried on
a cylinder fitted with contacts so as to act as a larger
wafer switch. The contacts on the rotating turret, as this
was called, made contact to corresponding studs on a
printed circuit board underneath and with careful de-
sign, and effective shielding between sections, good
results were obtained.

The coming of colour on Bands IV and V signalled the
end of this type of construction because stray capacit-
ance simply coudn't be reduced any further except by a
fairly radical redesign. The first UHF tuners used con-
ventional continuous tuning, either by ganged variable

WAVELENGTH

Fig. 1. The wavelength is the distance between neighbouring
peaks of the same kind.

/IL
% WAVELENGTH

MAXIMUM -
WAVE
VOLTAGE

Fig. 2. A conductor earthed at one and will have a maximum
signal voltage one quarter of a wavelength from that end.

capacitors or by ganged variable inductors. Perform4nce
was generally adequate in strong signal areas, but for
several reasons, the conventional methods of tuning fell
short of what was expected.

One of the main problems was interaction. Whenever
several tuned circuits are ganged, whether by ganged
capacitors or inductors, there must be shafts or other
moving parts joining them together. These shafts are
usually metal, so that there are conductors which pass
through from one section of the tuner to the next.
Signals can pass along these shafts even if they are
earthed, coupling one piece of the tuner to the next.
Signals along earthed metal rods? Yes, because we're
talking about signals which have a very short
wavelength. For example, the wavelength of a 800 MHz
signal in air is 375 mm (Fig. 1). Now if we use a metal
bar, earthed at one end, then it is possible to have a
signal wave on the bar with the zero voltage part of the
wave at the earthed end, but a higher voltage signal at
the other. This effect (a standing wave) will be
particularly serious if the bar length is exactly one
quarter wavelength. Quarter of a wave of 800 MHz in air
is 93.75 mm, but it's less in a metal rod.

Now we can generally manage to avoid having rods of
exactly 93.75 mm long, but there's going to be a part of
wave signal on any piece of metal that isn't actually
earthed and on any wire that goes to earth, and so on.

TO'
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There will even be some standing waves in the capacitor
plates and in the space inside each compartment of the
tuner. The effects on the receiver are dead spots, failure
to oscillate at some frequencies, perhaps even unwanted
oscillations at some frequencies. What we would like to
have is some method of tuning circuits which didn't
require any moving parts, as it happened, by the time we
really needed it, such a device was available-it's the
Varicap Diode.

AN UN -BIASED ANSWER?
A Varicap Diode is, as the name suggests, a diode. When
it's connected into a circuit and reverse biased, it has a
very high resistance, but there is a capacitance between
the anode and the cathode. This capacitance is not a
constant-it can be changed by altering the amount of
reverse bias. More reverse bias causes less capacitance,
and a small reverse bias causes a large capacitance.
Typically we get the values of capacitance and bias
shown in Fig. 3.

To see why this happens, we need to brush up our
knowledge a bit on the junction diode. Junction diodes
are formed by growing a piece of P -type silicon over a
piece of N -type, or the other way round. P -type silicon
conducts because its structure has haps, called holes,
which act like positively charged particles. N -type silicon
has a crystal in which there are spare electrons,
negatively charged, free to move. The names, P -type
and N -type, remind us that the particles (carriers) which
are free to move are ,respectively, positive holes and
negative electrons.

Now we can illustrate what's happening by some
simple diagrams in which we indicate only the type of
carriers by + or - signs. Using this idea, a junction
diode looks something like the diagram of Fig. 4. If we
now make connections to the P and N materials, some
distance away from the junction, we can connect a
battery or some other voltage supply to the diode. This
voltage is called a bias voltage, and its effect will be to
cause a force on all the carriers. The N carriers are forced
along the- to + direction, and the P carriers along the
+ to - direction by the bias voltage.

Looking at Fig. 5 we can see that if the positive pole of
a battery is connected to the N -type material of the
junction diode and the negative pole of the battery to the
P -type material, the effect of the voltage is to pull the
carriers away from the junction where the N -type meets
the P -type. This is a reverse -bias, and with this voltage
applied, the diode is almost an insulator, with no carriers
at the junction. Conversely, if we connect the battery so
that the positive pole is on the P -type material and the
negative pole on the N -type material, carriers will be
pulled across the junction by the voltage and so the
diode will conduct. It's the reverse bias that interests us
here, though.

It just so happens, any bias voltage less than about
0.5 V doesn't attract carriers across the junction, so that
the diode is still slightly reverse biased. As the reverse
bias is increased, the N and P carriers each move away
from the junction and, of course, from each other. This is
the action that we make use of in the varicap diode. It
occurs in any junction diode, but the varicap diode has
been deliberately designed to make the most of the
effect.

68
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Fig. 3. Typical graph of capacitance against bias voltage for a
varicap diode.

+1]?

P I
JUNCTION

Fig. 4. Representing a junction.

III

JUNCTION

100

Fig. 5. Reverse -biased junction - the carriers have been pulled
away from the junction.

We've known variable capacitors for years. The
familiar variable capacitors have plates that slide into
mesh with each other (Fig. 6a), but we also use com-
pression trimmers (Fig 6b) in which the capacitance is
increased by pressing the conducting plates of the
capacitor towards each other. It's this action which is at
the heart of the varicap diode. The N and the P -type
carriers in a heavily doped semiconductor make the
material a good conductor, almost as good as a metal.
When a junction is formed, the P -type carriers on one
side of the junction behave like a metal plate; the N -type
carriers on the other side of the junction behave like
another metal plate. What's in between? A piece of
silicon with no carriers present, so that it acts as an
insulator.

Now two conducting plates separated by an insulator
are what we need to form a capacitor, and the size of the
capacitance is decided by the area of the junction and
the spacing between the two lots of carriers (Fig. 7).
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Varicap Diodes
PLATES

COMPRESSION
SCREW

INSULATOR

PLATES

Fig. 6. Variable capacitors - (a) sliding -plate type, (b) com-
pression type.

AREA A

SPACING d

CAPACITANCE = EAd
(E VALUE DEPENDS ON
INSULATING MATERIAL)

Fig. 7. How capacitance depends on area and spacing.

ISOLATING
CAPACITOR

INDUCTOR

+Ve BIAS

Fig. 8. Using a varicap diode in a circuit.

Once a diode has been formed, the area of the junction is
fixed, but the distance between the two sets of carriers is
something that we can alter-by changing the amount of
reverse bias. At a low figure of reverse bias (0 to +0.4V),
the layers of carriers are close to each other, so the
capacitance between them is comparatively large. At a
(high figure of reverse bias ,,normally up to 30V), the
layers of carriers are farther apart, making the capacit-

ance between them much less. This is how the diode can
act as a variable capacitance.

APPLICATIONS
How do we use it? The usual way is to use the varicap
diode in series with a fixed value of capacitance. This
way, we can connect up the bias voltage with no risk of
upsetting the DC voltage of any other circuits. The bias
supply can be taken through a resistor with decoupling
capacitors used to make sure that no signals can pass
from one section to another. The really big advantage of
the varicap diode is that there's no mechanical move-
ment. Only a DC voltage is needed for changing the
capacitance and this can be supplied along a wire (Fig.
8) which can be kept free of signal voltages by using
decoupling resistors and capacitors. Once outside the
tuner casing, the wire can be of any length, and can be
supplied from a potentiometer. We can also make use of
automatic tuning, using other circuits to generate the
tuning voltages to the varicap diodes.

Most impressive of all, though, is the improvement in.
tuner performance. We can gang many more circuits
together, obtaining sharper tuning, and yet make smal-
ler and more compact tuners. We can also isolate
sections of the tuner more efficiently due to the lack of
mechanical connections. Construction be-
comes much simpler, a tuner design which would have
been practically impossible using the older techniques is
comparatively straightforward when varicaps are used.
Wonder what we'll use when TV starts to be broadcast
direct from satellites on a one centimetre wavelength?

HE

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 1R F

Hobby Electronics, May 1979 69



S. R. BREWSTER
LIMITED

WHY PAY MORE?
for Miniature Soldering Irons 84.Accessories

PRICE P & Extra\Solderingjiv4k- 13 watt Iron available EACH EACH

in 12, 110 & 240 Volts. fittedwith
No. 20 bit

SPARE BITS . No 19 size 1.5mm or No. 20 size
3 mm or No. 21 size 4.5 mm or No
22 size 6 mm
No. 78. I.C. Desoldering Bit
No. 1920L Long Life Bit ..

£3.78

44p
88p
95p

SAFETY STAND £3.25
52p
26p
65p

SOLDER Savbit 20'
Savbit 10'
Lowmelt 10'

INDUSTRIAL/RETAIL ENQUIRIES WELCOME FOR THE ABOVE

± 22p

+ 9p

1- 65p
-f- 9p
+ 4p
+ 9p

We also Offer & Recommend for Mail Order &
Personal Callers Only

Oryx 50 Temperature Controlled Soldering Iron
Spare tips for above

PAICESEACH
includingVAT

;VI;
11.10

Isotip quick charge rechargeable Soldering Iron E20.40
Spare tips for above £2.60

12.25
LI.90
L4.25

Copper Clad board single sided 70p
Watchmakers Side Cutters f4.75
Watchmakers Pliers L4.25
Transformer 100VA 2 x" 12V 4.1A L10.50

Cable 7/0.2 11 Colours 100 meter reel
0.1 Veroboard 31/2" 111/2"
0.1 Veroboard 41/4" x 113"

OTHER ITEMS ALSO AVAILABLE ASK FOR LIST S.A.E.

MAIL ORDER DEPT.
86-88 Union Street, Plymouth
PU3HG Tel:(0752) 65011

Please Quote your
Number when
ordering

SOLDERING IRONS

P=
THE MIGHTY MIDGET S

TEEMS
HOBBY ELECTRONICS
TEE-SHIRTS

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

HE Tee -Shirts,
Hobby Electronics,
25-27 Oxford Street,
London W1R 1RF.

70

it fsWAR!!

ANOTHER WAR!!!
Yes once again we have stock coming out of our ears!
Arrow have purchased the entire stock of a prominent
mail order company and must clear space in our
warehouse.

Cut out and mail whole coupon:
Insert no of packs required in box

1. Quarter Kilo weight mixed resistors, may incl.
1/4 to 2 watt /Wirewounds great
variety £1.00

2. 100 Assorted Capacitors, may incl. Discs,
Electrolytic/Mylars/Polys, etc. £1.00

3. Thyristor pack - 3 mixed S.C.Rs, may incl.
1/2-10 Amp @ 50 to 400 volt £1.00

4. Zener Pack, 15 assorted Zener diodes/
regulators, may inc. 250mw to 5 watt, many
voltages £1.00

5. Trimmer Capacitors, unique pack may incl.
Variables, Presets, UHF/VHF /TV types 15
pcs £1.00

6. 20 Transistors, may incl. Germanium, silicon,
NPN and PNP, Power, etc. £1.00

7. 20 Diodes, may incl. Signal, planar, gold
bonded, rectifiers, etc. £1.00

8. Linear Integrated Circuits 9 pcs., may incl.
741s, 709s, 301s, DIL and T099. Great
value £1.00

9. COSMOS pack, inc. 4011 plastic/ceramic
DILs, 8 pieces for just £1.00

10. 10 Presets/Pots/ Rectilinears,
sorts £1.00

all

FREE. Order all 10 packs, get a JUMBO SUR-
PRISE PACK ABSOLUTELY FREE

n

n
n
n
n
n

OFFER IS LIMITED TO U.K. MAINLAND CUSTOMERS
ONLY. PRICE INCLUDES VAT no more to pay, except
POSTAGE 30p BUT FREE if you order over 5 packs.

To:

(Your name and address)

Please print clearly. Please give your postcode

ARROW ELECTRONICS LIMITED
LEADER HOUSE
COPTFOLD ROAD
BRENTWOOD
ESSEX CM14 4BN
If you wish you may collect at our shop. 0
OUR 1979 PRICE LIST SUPPLEMENT IS NOW
AVAILABLE. SEND LARGE STAMPED SELF..
ADDRESSED ENVELOPE or if you are ordering
packs tick box
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Model Train Controller:

Improved
Overload Trip
HERE'S an interesting follow up to last month's model train speed
controller. It's not a constructional project, but the story of how we came to
develop a new electronic transformer overload trip for use in possible
future projects.

WE PUBLISHED the circuit of a model train speed
controller in the April issue of HE. This project used a
special type of 'thermal trip' thermistor in the primary
leads of its transformer to give full overload protection to
the 15 volts AC and the uncontrolled 12 volts DC
outputs of the unit.

After that project was published we played with the
train controller a little more, and finally decided that we
weren't too happy with the action of the trip, mainly
because it tended to come on at a lower overload current
than we had expected, and because, once it had been
tripped, the whole unit had to be switched off for about
half a minute to allow the trip to reset itself again. Also,
the trip took several milliseconds to activate in the event
of a short circuit, and we didn't think that was particu-
larly good.

Our first step in trying to improve the performance of
the unit was to wire two of the special trip thermistors in
parallel in the primary of the transformer. That raised the
overload 'trip' current of the controller to a more
satisfactory level, but didn't help with the other two
problems. We then took a close look at a commercial
model train controller, the Hornby 900, to see how it
achieved its overload protection.

The Hornby system uses two electro-mechanical trips
for overload protection. One of these is wired directly in
series with the secondary of its transformer and protects
the AC output and the other is in series with the output of
the rectifiers and protects the two DC outputs. Output
currents flow through each trip via a pair of contacts on
a bimental strip and via a length of resistance wire that is
looped around the bimetal strip. In the event of an
overload the resistance wire heats up the bimetal strip,
which bends and opens its contacts, thus cutting off the

current flow: the bimetal strip then cools down and the
contacts close again, reconnecting the output current.
The cycle then repeats ad infinitum until the overload is
removed.

What we don't like about this system is its action in
the event of a short-circuited output. The cut-out takes
about four seconds to trip in the event of a short. The
output in this period is limited only by the losses of the
transformer and, on the DC side, by the rectifier. We
measured short-circuit AC currents of 10 amps and DC
currents of 8 amps on our Hornby unit. Once the Hornby
cut-out had tripped, it takes 20 to 30 seconds to reset.

Having looked at the Hornby system, we decided to
design an entirely electronic transformer overload pro-
tection system that suffered from none of the disadvan-
tages of the two cut-out systems that we had just looked
at, with a view to using this new trip in possible future
projects in HE and our sister magazine, ETI This trip was
designed to connect to the primary winding of a trans-
former, and to activate when the secondary load exce-
eded a VA rating that could be pre-set by a single
resistor. Our final design works very well. It activates
within less than 10 mS, gives excellent short-circuit
current limiting and reconnects power automatically
within a few seconds of the overload being removed.

The full circuit of our electronic Transformer Overload
Trip is shown in the diagram. We are not presenting this
circuit as a constructional project, but as a circuit that is
of technical interest and real practical value. If you want
to add the unit to your own train controller, you'll have to
devise your own constuctional methods. Note, however,
that this circuit is connected directly to the mains supply
line, which carries potentially (no pun intended) lethal
voltages. You have been warned.
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Improved Trip

L
R1
47R
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10k
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01 'IS TIC206D
Q2 IS TIS43
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10u
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Fig. 1. Circuit for the improved overload trip. This circuit will
almost certainly be used in future mains -driven equipment as it
offers a high degree of protection against overcurrent and
overload conditions.

How It Works
Q1 is a triac or self -latching solid-state

bilateral switch. It is wired in series with the
transformer (the load) primary, and acts as a
closed switch when it is on and as an open
switch when it is off. It turns off automatically
at the end of each half -cycle of mains voltage,
and can be turned on at the startof each half -
cycle via unijunction transistor Q2. Resistor RI
is also wired in series with the primary, to limit
switch -on surge currents of the transformer to
an acceptable level and R3 is used as a current -
sensing component for the trip circuitry. The
R2 -C1 network damps any fast transients that
try to appear across the triac.

Unijunction transistor Q2 is powered from a
12 volt DC supply that is derived from the mains
line via D1 and R4 -R5, and acts as a free -running
oscillator that applies a series of 4 kHz trigger
pulses to the triac gate via protection diode D2.
The unijunction trigger -pulse generator can be
turned off by driving Q3 on via its D3 -R10 -C3 -
R11 -R12 base network. Q3 turns on automati-
cally if the mean 'peak' voltage (ignoring mo-
mentary transients) across R3 exceeds
approximately 3 volts, e.g. if a peak current of
300 mA or greater flows through R3 when R3
has a value of 10 R. This figure corresponds to a

typical primary power rating of about 500 VA,
which allowing for transformer losses, corres-
ponds to a secondary power rating of about 30
VA.

Thus, Q1 is normally switched on via Q2 at the
start of each half -cycle and acts just like a
closed switch that applies power to the trans-
former primary. In the event of an overload,
however, a voltage proportional to the overload
current is 'stored' in C3 via R3 -D3 and R10
within 2 half -cycles (10 mS) of the overload
occuring, and this voltage turns Q2 off via Q3
and prevents Q1 from turning on in following
half cycles, thus removing the power connec-
tion from the transformer primary. The stored
voltage of C3 then leaks away until Q3 turns off
and Q2 turns on again, at which point the triac is
triggered on again during a half -cycle: if the
overload condition is still present the above
`overload' cycle then repeats and the triac acts
as an open switch: if the overload has been
removed the triac remains on and normal
operation resumes.

The circuit thus acts as a precision overload
trip that automatically resets itself after a short
period of the overload condition being removed.
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PRINTED
CIRCUITS

HARDWARE

Comprehensive range Constructors Hardware
and accessories

Selected range of popular components
lull 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
drawing materials for p c boards.

Send 15p for catalogue.

RAMAR CONSTRUCTOR
SERVICES

MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tel. 4879

and other

BARGAINS FOR THE
EL ECTRONIC HANDYMAN

BRANDED LED DIGITAL
ALARM CLOCKS

(1) (2) (3)
Returned to Service Department within guarantee
period.
(1) With alarm repeat - S.R.S.P. of £17.00 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 £6.95 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

DIGITAL DEVICES LTD
RETAIL DIVISION (G8GHZ)

TTL 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

LIN EARS
723 43p
741 27p
NE555 35p
TCA940 10w 24v
Audio IC Normally
E1.75. While stocks
last 99p or TWO for
£1.75

ZENERS
Motorola 1/2 watt in
2v7, 4v3 & 5v6 only
7p each, 55p per 10,
£5 per 100, any mix
BZY 88's 7p
Series 2v7, 3v, 3v3,
3v6, 3v9, 4v3, 4v7,
5v6, 6v8, 7v5, 9v1,
10v, 12v, 15v,16v,
18v, 20v, 22v, 24v,
27v, 30v & 33v.
Zener Development
Packs:
No 1.1 off each of the
above values - 22
diodes £1.30
No 2.1 off each of the
above plus 4 more of
5v6, 9v1, 10v & 12v
(Popular values) 88
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

TAIVITRONIK LTD. (DEPT. HE)
217 TOLL END ROAD, TIPTON
WEST MIDLANDS DY4 OHW TEL. 021-557 9144
Mag

Issue Protect
Kit

Ref PCB Kit

Kit

Contents
See key)

Nov 78 Bedside Radio 1001 95 13.53 BEHL

Stereo Amplifier H002 3.45 38.26 BEHL

Waa Waa Pedal H003 80 5.70 BEH

Digital Clock H004 18.80 EH

Dec 78 Push Button Dice H005 79 4.75 BEHL

H.E. Metronome H006 61 5.26 BEHL

Photon Phone H007 1.40 7.58 BEGH

H.E. Mixer H008 2.95 20.69 BEGHL

Jan 79 Graphic Equaliser H009 2.95 21.31 BEGHL

Flash Trigger 11010 95 11.19 BEHL

Variwiper - Relay 4401)11 80 6.15 BEH

Variwiper - SCR H0115 75 3.34 BEH

Touch Switch H012 95 4.03 BEH

Feb 79 Short Wave Radio H013 1.25 10.15 BFH

Sine/Square Wave Generator H014 1.60 22.41 BEHL

Scratch & Rumble Fitter )Mono) H015 1.25 12.31 BEHL

Scratch & Rumble Fitter 'Stereo) 11015S 2.50 15.82 BEHL

HE Car Alarm H016 1.10 7.12 BEHL

Mar 79 Light Chaser H017 1.70 12.12 BEN

Casanova's Candle H018 1.00 4.99 BEH

Tone Control H019 80 7.35 BEGHL

Photographic Timer H020 1.00 8.42 BEGJL

Apr 79 . Model Train Controller H021 1.40 TBA

Cistern Alarm H022 75 TBA

Transistor Gain Tester 14023 70 TBA

Photocopy of any of above Projects 30p.

PRINTED CIRCUIT BOARDS and

KITS FOR HE PROJECTS

KEY TO KIT CONTENTS

A

D

0.

J.

M.

Vero-board(s).
Printed Circuit Board(s).
Nth Screen printed component layout.
Tag strip.
All Resistors, potentiometers, capacitors,
semi -conductors.
As E but with exclusions. Please ask for details
Di! and /or transistor sockets and /or soldercon
pins.
Hardware includes switches, knobs, lamps and
holders, fuses and holders, plugs and sockets.
microphones, transformers, speakers, meters,
relays, terminal blocks, battery connectors, etc.
BUT excludes nuts, bolts, washers, connecting
wire, batteries and special miscellaneous items.
As II but with exclusions. Please ask for details.
As H but including connecting wire.
Suitable case(s).
Suitable case with screen printed facia.
Full kit to magazine specified standards.
Kit with professional finish - incorporating all
prime features including screen printed pcb and
case where appropriate.

SPECIAL OFFERS
Plug-in mains PS113v/fiv/9v/I2v DC 300MA.
Suitable for tabulators. TV Games. etc. £2.99
100 x lk resistors 30p
4 x NE 555 £1.00

Pcbs and kits available from TAMTRONIN LTD.
for projects from ET! and EVERYDAY ELEC-
TRONICS. Send sae for free catalogue. Please
quote project and kit reference number when
details of a specific kit are required. sae.

Tamtronik Ltd. reserves the right to change kit
content wdhout notice to incorporate current
modifications or to make valid substitutions for
temporarily unavailable components.

The majority of kits advertised can be supplied
from stock, however please allow 21 days
delivery since demand on any kit is unpredict-
able.

SOLDERING IRONS & ACCESSORIES
SRB 18 watt iron, incl. No. 20 bit £3.78
Stand £3.25
Solder - Saubit 20ft. 52p

Desoldering bit £1.00

Spare bits
BIT SIZES
No 19 (1.5mm), No 20 (3 mm), No 21
(4 5rnm), No 21 (6mm)

"IDEAL FOR THE HOME CONSTRUCTOR"

44p

Kits can be supplied excluding pcb and/or case. Send sae for
details naming kit and kit reference and free catalogue. P.& P. 30p
Trade and Educational enquiries welcome Prices include VAT

Visit our shop at Telephone or Letter

32 Market Place
Great Bridge. Tipton
West Midlands
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Reader's
Letters
Son Of Cartoons

R. V. Aldridge's comments in the March issue of HE
has stimulated quite a response. You may remember
he suggested that we 'omit the stupid cartoons and
use the space for circuits and more circuits.' Here is
just a small sample of the replies we've had. You may
think they're a little biased: We would have printed
some replies supporting Mr Aldridge, but so far we
haven't received any.

Dear Sir,
After reading the letter from R. V. Aldridge in your

March issue, I felt compelled to write to disagree with
his comments about the cartoons.

I personally enjoy the cartoons enormously and
consider that they help make electronics an enjoy-
able hobby.

D. R. Falkner
Middlesex.

Dear Sir,
I've just read with horror R. V. Aldridge's letter in

your March issue. It's the fascinating and informative
articles on many subjects plus the spirit of good
humour they're written in that makes your magazine
so enjoyable.

I would recommend Mr Aldridge to get the book 'A
Million Electronic Projects for Morons' by D.R.I.
Joint and spend the rest of his life doing them - we
won't miss him.

Fred Pearson,
West Yorks.

Dear Sir,
In the March HE R. V. Aldridge suggested that you

stop the cartoons in your mag. I for one hope you
don't. I enjoy such as the Beasties and think they are
well placed at strategic points around your mag.

As for Mr Aldridge's other comments, if he wants
`circuits and more circuits' and no other features,
there are plenty of books he can get from the HE Book
Service full of them. I myself get the magazines for
that special touch.

A. Coverdale,
Cleveland.

Dear Sir,
I am presently taking a degree in electronic en-

gineering and I find the information given in your
magazine pleasantly refreshing. In my opinion HE is

Please send submissions for the letters 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.

well presented and the articles are well varied. I don't
believe that there is another electronic magazine on
the market that includes articles on communications,
computers and projects of general interest at such an
easily readable level. I find that the theoretical
articles are also easily read and aren't so obscure as to
be neglected by the average reader.

One criticism - cartoon strips could be used more
effectively to break up articles by being larger and
better drawn.

Brian Harris,
Chesterfield.

Dear Sir,
I have just bought the April issue of HE specially to

read '555 Circuits - This IC timer explored,' as stated
on the front cover.

There was no such article inside. Have I been
conned? What about the Trades Descriptions Act?

A. Bamber,
Kent.

Mr Bamber's letter is typical of several we've had
pointing out our bloomer. Yes, we did advertise "555
Circuits' on the front cover. No, it didn't appear
inside. First of all, we apologise to any of you who,
like Mr Bamber, weren't able to read this superb
feature last month. There seems to have been a
breakdown in communication somewhere along the
line. All concerned are now tea boys. We hope we've
made up for it this month.

Dear Sir,
I have noticed that most of your circuits use the

PCB method.
I have constantly tried to make my own circuit

boards without success. So could I suggest an article
on the construction of PCBs, with the emphasis on
the cleaning and marking of the board before etching
and also the strength of the ferric chloride solution.

I am sure this would be of interest to many other
beginners.

A. Hall,
Renfrewshire.

We couldn't agree more with you. That's why we
published a feature entitled 'Make Your Own Printed
Circuits' in the December issue of HE. If you want to
learn how to make your own PCBs and you missed
the December issue (shame on you), a 60p postal
order will bring it winging your way.
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QUARTZ LCD
5 Function
Hours, mins., St:CS.,
month, date, auto
calendar, back light,
quality metal
bracelet.

£6.65
Guaranteed same
day despatch.

Very slim, only
6mm thick.

QUARTZ LCD
ALARM 7 Function
Hours, mins., secs.,
day, date, alpha day,
back -light, auto
calendar.
Adjustable stainless
shygl 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

Powered from solar
panel with battery
back-up.

£14.95
M9

HANIMEX
Electronic
LED Alarm Clock

no id res so,

£8.65 Thousands sold!

Guaranteed same
day despatch.

M13

QUARTZ LCD
7 Function
Hours, thins., sees.,
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

SEIKO Alarm Chrono
LCD, hours, mins.,
secs., day of week,
.nonth, 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 sum CHRONO
ti digit, 11 functions.
Hours, mins., secs., day,
date, 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'
teed same day despatch.

SOLAR QUARTZ LCD
Chronograph with Alarm
Time Zone Facility

SEIKO Chronograph
LCD, hours, mins.,
secs., day of week,
month, day, date,
12 hour chrono,
iraph, 1 10th secs.
end lap -time.
Back light, stainless 1

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.

same

M15

HOW TO ORDER
Payment can be made by sending cheque, postal order, Barclay, Access or American Express card
numbers. Write your name, address and the order details clearly, enclose 30p for post and packine
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 0327276545

=II=
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.

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 despetch

METAC * PRICE

SOLAR QUARTZ LCD1
5 Function
Genuine Solar

Solar panel with
battery backup.
Back light and auto
calendar.
Hours, mins., secs.,
day, date.
Quality metal
bracelet.

£ 9.95
Guaranteed same
day despatch.

=SW=

M12

DIGITAL
LED CLOCK

Automatic brightness control. Weekere I
alarm cancel.

Features and 91,eCrtlCatml,

Hour 'minute display. Large LED (fiscal,/ will
p.m and alarm on indicator. 24 Hours alarm
on -off control. Display flashing for power Ins.
indicator, Repeatable 9 -minute snooze. Auto
mahc brightness control. Weekend alarm ca..'

£10.95

Guaranteed same day
despatch.

M16

IlletaC ELECTRONICS
& TIME CENTRES

North & Midlands
67 High Street, DAV ENTRY

Northamptonshire
Telephone: 03272 76545

South of England
327 Edgware Road

LONDON W.2
Telephone: (01) 723 4753



Add-on bass pedal t for Has escolleot ha guitar stop Ini gooarists

riminpun
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.

A massive new catalogue
from Maplin that's even
bigger and better than
before If youever buy
electronic components
this is the one
catalogue you must
not be without
Over 280 pages -
some in lull colour

- it's a comprehensi,
guide to electronic
components with
Hundreds of
photographs and
illustrations and pato
al ter page
of invaluable data

Our bi-monthly
newsletter contains
guaranteed prices 
special offers and
all the latest
news f rom Maples

This superb organ - build the fast working section for lust over r
in our catalogue

Irarfl controller lue , i
nttruchon details

The 3800 synthesiser. build it yourself at a fraction of thr
this specification Full details in our catalogues

I

I
I

I

I

I

I

I
IA 63 -key ASCII

rnicruprocessorinte
board with 625 line TV in
ce Details uu our catalogue
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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 57!


