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IN PACKS, ALL AT 50p EACH

@® TESTED AND GUARANTEED

B79 4 IN40QO07 Sil. Rec. dindes. 1.000 PIV 1 amp. plastic

Be1 10 Reed Switches, 1* long " dia. Highspeed P.O. type

H35 100 Mixed Diodes, Germ. Gold bonded, etc. Marked and

Unmarked

H38 30 Short lead, NPN Silicon Planar Ex Equipment

H3s 6 Integrated circuits 4 gates BMC 962, 2 flip flops
H41 2 BD131/BD132 Complementary Plastic Transistors

HE5 4 40361 Type NPN Sil. transistors TO-5 can comp. to HG6

HEB 4 40362. Type PNP Sil. *ransistors TO-5 can comp. to HE5 -

® UNMARKED & UNTESTED IN BARGAIN
QUANTITY PACKS

B1 B0 Germanium Transistors PNP, AF and RF

B86 150 Germanium Diodes Min. glass type

884 100 Silicon Diodes DO-7 glass equiv. to 0A200, 0A202

888 100 Sil. Diodes sub. min. IN 914 and INS16 types

H20 2() BY126/7 Type Silicon Rectifiers 1 amp. plastic, Mixed
H3a 15 ‘E'%Esr Transistors, PNP, Germ. NPN Silicon TO-3 Can
H67 1) 381N Channel FET's plastic case type.

PLASTIC POWER TRANSISTORS

In two ranges
40W and B0W Silicon Plastic Power -Tnnlimra avail. Sold under
our dependable Tested and G d terms. value at

prices. For mdlvldual or quantity usars.
Range 1. VCE. Min 1 Rangez VCE. Min. 40.
HFE Min 15. HFE Min. 40

1-12 13-25 26-50 1-12 13-25 26-5D
40 Watt 20p 18p 16p 40 Watt 30p 28p 28p
90 Watt 24p 22p 20p 90 Watt 35p 33p 30p

Please state NPN or PNP on order.

CROSS-HATCH GENERATOR MK.2

©® 4 PATTERNS

@®ONLY 53" x 3" x 3"

® IMPROVED CIRCUITRY

® RUGGED CONSTRUCTION

Indispensable for aligning colour TV. Now with plug-in ICs and more
sensitive sync. pick-up circuit. Reinforced fibreglass case. Pattern
selector switch..Uses 3 U.2 type batter;?ss internaly,
o built
Complete kit Ready
. ed -
fless batts.) £7 a3 fless batts.) £9 93

QOTHER ITEMS

LM380 AUDIO IC (numbered SLEO745) needs only two cap-
acitors and two pots to make an efficient little 3 watt audio
amp. With instructions. B £1.00
A REV. COUNTER FOR YOUR CAR. The Tacho Block'
enables any 0.1 mA meter to be converted to an accurate
lingar rev. counter. Easily fits to any car with conventional

coil ignition ... £1.00
TRANSISTOR IGNITION KIT for better performance

and petrol economy. Easy to fit. State if for + or — earth, ... £6.00
B RELAYS in a useful assortment of various types. ... £1.00

UHF TUNING UNITS by a famous manufacturer. Brand new. £2.50
METRICATION CHART. Thousands of cross refs, for length,

area, volume, liquids, weight. Pocket size 12p. Wall chart 18p.
BOOKS|. BOOKS|. BOOKS| Dozens of titles in stock — reference,
instMuctional, constructional, etc. See the B.P.P. Catalogue.

B.P.P, FREE CATALOGUE - 20 large pages (113" x 8}") packed
with bargains. Send large Gp stamped & addressed envelope for
your copy.

TELEPHONE: SOUTHEND (0702) 46344,

BI-PRE-PAK LTD

222 224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX S$0 9OF.

BI-PRE-PAK

Bargains in Semi-Conductors,components, modules & equipment.

VERSATILE DEPENDABLE

TO-DAY’'S MOST CHALLENGING VALUES!

STIRLING SOUND AUDIO MODULES come to you as basic units

assambled on P.C.Bs enabling you to sdd required components in

wwm of your own choice. Modules are tclfsd' and boxed before
spatched snd include well printed instructions.

AMPLIFIER MODULES

Pra-amplifiers; tone control

$8.100 Active tone control unit to provide bass, treble,

balance and volume controls - - ... £1.60
§8.101  Pre-amp for ceramic cartridge, tape and radio ... £1.60

$8.102 Pre-amp for low cutput magnetic cartridge, tape and
radio. With R..A.A. correction +1dB at 1K on P.U. £2.25

Power Amplifiers
88,103 Compact |.C. amp. with 3 watts R.M.S. uutput Oper—
ating voltage B to 22. Size 3" x 2%, £1.75

§5.103-3 Stereo version of above usmg one I.C. on each
channel ... £3.25

$8.105 A compact and useful all-purpose amplifier which
will run excellently on a 12V supply. With 5 watt
output, two make 3 good stereo amp. Size 21" x 14" £1.95

§8.110  Similar in size to 58,103 but with a 10 watt output.
ideal for many domestic and small-size P.A. appllca-

tions. Dparates from 26 10 32V. ., . £2.40

58,140  Excsllently designed 40 watt R.M.S. linto 4 ohms)
hi-fi amplifier. S?N ratio better than 75dB. THD better
than 0.2%. Power requirements — 45V. d.c. With
0.15% cantre edge connections. Two brrdged glve

80w. R.M.S. into 8 chms. £3.60

TUNER MODULES
88.201 Ganged tuning umit with accurately engineered
slow-rnotion drive in rugged housmg Exceflem

sensitivity. Tunes 88-108MHz .. £6.25
§8.202 \.F. stage {with 1.C). Pre tuned AF.C. connection.
Operates from 4.5 to 14 . £5.25

§5.203 Stereo Decoder. Designed essentially for use with
55.201 and 2, this module can also be used by most
mono FM tunsrs. A LED may be attached. Operatmg

voltage 9-16V. d.c. £5.62

§5.300 Power Supply &Ibillzlnn Unit for addrng to unstab-
ilized units. Max. Input veoltage — 656V, d.c.; output
adjustable from 12 to BOV. Dependabls rugged and

money saving.. e £3.25

@ ALL MODULES TESTED AND GUARANTEED
@ WITH WELL PRINTED INSTRUCTIONS

SINGLE-CHIP STEREO AMP!

A fantastic bargain using a unique single chip A
sterao |.C. to provide 8 5 + 5 watt output into Iy
B-ohm channels. Assembled on P.C.B. with tone -
vol. and  balance  controls.  Reguires Va

9-38V.dc. £6.25. r

TERMS OF BUSINESS

V A T. Prices shown hureNdo nut_l_lnclude VAT, Please add 8% 10 total value of your
an

POSTIGE Except where stated otherwise. add 15p for postage & packing far UK.
orders. Overseas — add £1, any difference being charged or refunded
PAYMENT Cash with arder, cheque or money order. Minimum value — £1. Also
you can pay by ACCESS

PORTANT — Every effort is made to ensure accuracy of prices and descriptions
at time of DI'EDGnrlg[ this advertisemant and going to press. Prices are subject 1o
alteration without prior notice,

l Please send

) Suir Suuma

§8.102-3

[ T R - - -y

To BI-PRE-PAK 222 West Rd., Westcliff-on-Sea, Essex.
Please send latest B.P.P. Catalogue. | enclose large S5.A. envelope .
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main features

WORKING WITH THE OSCILLOSCOPE 10
What those waveforms tell you

COLOUR SYNTHESISERS
A vast repertoire of colour effects on a CTV screen

USING THE pA706
A versatile audio amplifier 1.C.

UNDERSTANDING COLOUR TV
The signal circuitry

ELECTRONICS - ITS EASY
How regulated power supplies work

projects

ETI IMPEDANCE METER 17
Read impedance directly with our unusual project

BIKE SPEEDO
Be the first to have an electronic speedo on your bike!

LIGHT DIMMER
£250 project will handle 500W

ETI 3600 SYNTHESISER
Constructional details start this month

ELECTRONIC FLASH TRIGGER
Trigger your photo-flash from light, impulse or sound

news & information

NEWS DIGEST

PROJECTS BOOK - NUMBER TWO
PREVIEW OF JULY'S ETI
ELECTRONICS TOMORROW

TECH-TIPS

ETI/MARSHALL'S TTL & CMOS OFFER
Massive reductions on popular I.c.'s

An oscilloscope enables you to see waveforms: our article tells you how

to interpret them. Photograph of the 40-25 courtesy of Scopex Ltd,
Pixmore Industrial Estate, Pixmore Avenue, Letchworth, Herts. Colour
Synthesiser photo courtesy of EMS Ltd.
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READER QUERIES: These can only be answered If they relate
to recent articles published In the magazine. ~Rarely can we
supply Information In addition to that published. Written
queries must be accompanied by a stamped, self-
addressed envelope, and telephone queries must be brief, not
before 4.00pm and can only be answered subject to the availability
of technical staff.
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preparation of the magazine to ensure accuracy but ETI
cannot be held responsible for It legally. Where errors do
occur, a correction will be printed as soon as possible afterwards
In" the magazine.




The largest selection

BRAND
022

ACL0T © ORR | ADIGL & BOLE1 BD133. 072 | BFIS4 028 | MIER40 066 | 20302 o081
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ACIS2 18 | AFIZ5 083 | BClE7 #1:08 | 0026 048 | 20845 018
ACI34 018 | AFI%6 031 | BCL 0B0 | 0028 0BR | w0sT1 018
ACIST o148 1 o381 | BCleA o088 | oC28 088 | 2a3TIE 018
ACI41 080 | AF139 038 | BCI7O0 oM | 0020 0BE | 2RaT3 010
AGuz. Om | Amie o8 | RO o1 | 0cas odb | aasr  om
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NEW FULLY GUARANTEED DEVICES

SN1893 041 | 2N30BE @19 , SN405E 018
AN2147 079 | 2NSO0B4  O-5L | eN4058 011
IN2148 063 | 2NM005 045 | SN1060 018
aN2160 Q88 | 2N3391 @18 | 2N4OS1 Q18
aN2192  0-89 | 2N3I91A €18 | IN4062 018
2N2103  0-39 | 2N3392 018 | 2N4284 019
aN2184 0-80 | 2N33 0-18 | 2N4285 019
ON2917 OB4 | 2N38B4 018 | 2N4280 019
2N2918 628 A 019 | 2N4287 G198
aNg2219 088 | 2N3402 028 | 2N4288  O-1%
2N 024 3403 OB | 2N4289 018
2N2221 028 | ONS404 031 | 2N4Z00 01
SN2222 022 | ON3405 048 | 2N4291 O19
2N2388 019 | oNdI4 017 | 2N ol
2N2360 018 | 2N3415 017 | 2N4293 019
2N2 018 | 2N3416 O©81 | 2NS172 013
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2N2412 087 | 2N3026 B8 | 2NG4ST O35
N2 088 | 2N3614 @7 54 o
N2711 028 | 2NA16 @RE | 2No45D 044
2N2712 028 | IN3EIG QBR | 2N6221  OT7E
SN2T14 ©-23 | 2N3646 C10 | 28301 (i
ZN2004  0-19 | 2NB702 013 | 28302A 048
IN20O44 028 | 2N3T0Z @13 | 28802 048
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AN2BOSA 023 [ 2N3705 L% | 28304 T
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DIOCDES AND RECTIFIERS
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BEL4 VARICAP BACK TO BACK 016

KING OF THE PAKS  Unequalled Value and Quality

SI,IPEH pAK NEW BI-PAK UNTESTED

i SEMICONDUCTORS
Malisfaction GUARANTEEI in Every Pak. of meawey F

Pak Ho. Deaeription Price

12 1 P2tk Subh-Min General Purpose Gemuninm Disdes 44

2 50 Mined Germ sAF/RF . ... . .54

3 95 Germand 1 Bub-Min iike ORB, U ).54

u a4 W diem Tr Itk (MHE, AITTUN .54

B0 e A Sab-Min. Silicon .54

6 A0 il Planar Trans, NI )54

- Rewtifires TUHP- 4

.

.54

.54

. [,54

L Transisbons 02wk & 28 T L L0, ).54-

Mixel Hilieon and Genmaniam 1hmien. . 74

NN Sl Flajur “Teae. -3 Mk 1EF'Y

A Anags Hllwsn Wevtiivms Stud Ty up 'Ly L. K

et " AF Trumistars s ALY 1T Y

B Amp Hilaw Hectiflem BY A1 Vepe ape fao il PIV
20 Silicon NPN Transistors like BC108 o )4
12 1-3 Amp Siliven Hevtiflers Top TRk op to 1000 1Y )4
- AF. Givrmani Allesy Tramsliatm ) Hyerivm & (M

MAIFT w like MHe Series PNI Trunsistors .

20 Germmmium 1 Amge Hectitlers GJB1 Series up to 300 PIV

124 2
25 25 S MHe NPN Silleon Tranwistors 25708, BAY2ST ... (.54
U250 Fast S ilehing S oclem Tike LNBIS Micre-Min, . .. 4
29 HE L A SR TO-5 can, ap Lo i PEY CHA1 G- D8
U#2 25 Fener Disdes 300mW [M0-7 caue S8 volte mined . 0,5
Plastle Case | Amp Milvon Bectifiers INJU Herfes ... ) 8

PN Alloy Trans. To-5 BOY26E 280024 .

U wm Planar Transistors BN F Tk 18 252006

T30 90 Wilicon Flanar NPN Transistors TO-6 BFY 806

Hillcon Allny Transistors HO-2 PNP OC2Z00, RG22

Fasl Rwitching Silleon Trane. NPN MHz N1

RF. Germ. PN P Tranaistioms 25 10000 5 TO-5 ., -

Dual Transistors 1 lead T0U-3 820611 . X
T30 25 Wi, Trans. Plastic TO-148 AF, BOLAT11d. ... X
U447 207 Al Trans. Plastic TO-5 BCT1G S PN 154
U35 7 SA SR, TUHG up Lo GOOPIY ... ... . 08
145 20 Unijuncthm traosdators sinilsr to TINAE .54
47 1070220 AB plastic triacs 50V 6A « ... 08
U4k & NPN HIL power teatwdstom ke 23 .08
U340 T2 NPN BIL plaatic power, trana, 61 .08

Code No's. mentioned above are given ax a kuide to the Lype of device in

the pak. The devices themaelves are normally unmarked.
A LARGE RANGE OF TECENICAL
AND DATA BOOKS ARE NOW
AVAILABLE EX. STOCK.

SEND FOR FREE LIST.

rice

hONPE
high gain tenbwistor 2

NPN 0
@ BOLG . 0.54
ROV T PSP tranwdutors TO- 18 - D54
NPN trnsistors 2 % RFYDL, | x HFYAL. . 0,54
BAY 2 NEX awlteh teutudators TOCIR L 0,54
HuY NEN teanufutam A00MHy . 054
HY e wilieon pectitiers L - o8
Hil, & G, trane, mdsesd ol marked new . .0 LGS
6 TTL209 Red LED ......... 1,08
Sth EDITION over 300 pages
TRANBISTOR EQUIVALENTS BOOE, A complete cross
eeference and vyuividents hook for European, Amercan and

Japanese Trinsistor, Exelonive to BLPAK £2,30 cach.

BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A
RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT

COMPETITIVE PRICES—

Pak No. £p

Gl U0 Wed apot teansdstom BNE . . .54

Q2 16 White aput H.I', tranmistors PXP . 054

WU T Ly traneislom L 054

AR o] teannialom (014 .. 54

waoo4 tranglatom. L 0.54

Quooat ETanHinLOTS 054

Y 4 A trnsintars P .. D054

LTL Y Fapslator: P . 4
yuoooT  trunintiry 548

i T« 4

LT R LA { 4
Y 0.54.-

YU A AF LIT Lypee tranbietors oo D34

AL o 1T ILE, Ly e trsnsistom .. 054

Gl 7 uNHehy Aib Epoxy transdetors ours .54

QIT 0 NPN U ox AT 41 & % x AT 340 .. 054

NIN 4 MALTHE Y % MAT L & ¥ x MAT 0.54

QIY 4 MADT'H L x MAT Mg | %X MAT 0.54

Q4 U b Gennad i Urtistore AF. . 054

gl 4 3 hy furme bransietors oo D54

o . 054

/] - 054

. D54

- D54

- 0.54

. .54

0.54

. 054

- 054

b 0.54

Mued 2 K UN1
. TR 0.54
Lrunslutom 2N 17 oo 054
N LranHinton AUnMH
. s 054
L %

Toh- LM plastle 30 MH 3:3:

F] NEN Silieon transistons | 0.54

P transislorse i x 4N 0.54

NotpnHadstore B % 0.54

Lr AL s % 0.54

NI - 054

tranwlators 0.54

B AN L 0.54

Tohe 1M transinioms, 0.54

Tidd tratwinlom | 0.54

NEW LOW-PRICE TESTED S.C.R.'s
FIYV A A DA aA TA 1A 164 S0A
TOG TOGH TOGK TOG TO Tiods Todx TO4=
s 0822 0R7F 0 ¢38 052 055 058 127
o 087 G327 052 052 055 063 082 154
o0 0-27 032 084 054 082 067 0B7 178
don 032 042 059 062 087 077 082 183
G 042 062 G975 07F 0B84 107 097 —
s 083 070 0BE 088 098 132 160 440

PUSSIBLE
-~ dA-dia—
i E L INDGUA TNAG6A-
J5TA-45A, IND o 2A2Z0-2, ETC. VCBir soy
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UNIVERSAL COUNTER
The new 75MHz Electronic Counter/

Timer from Hewlett-Packard (Model
5308A) does more than many rack sized
models. Like other universal counters,
it counts frequency, frequency ratio,
period, period average, and time
interval; it scales and totalises. Beyond
those wusual abilities, it offers sub-
nanosecond time interval averaging, and
it auto-ranges to select the range that
gives best resolution within a convenient
measuring time.

HP claim this is the first electronic
counter to auto-range when averaging
time interval or when measuring
frequency ratio, in addition to auto-
ranging frequency and period average
measurements.

Mated with the 8-digit (Model 53008)
display, the 5308A forms a package 3 1/2
by 6 1/4 by 9 3/4 inches weighing
5.31bs. The timer/counter module costs
£238 (plus £243 for the 53006).

AUDIO MIXERS

Although not designed for professional
use a new range of audio mixers is
available from Partridge Electronics.
These models have some of the facilities
of professional mixing equipment.

Full  monitoring (via a built-in

headphone amplifier) of individual pre-
fade channels or post-fade mixer output,
and V.U. metering can be provided. Up
to five input channels are available and all
mixers include a built-in power supply.

The prices range from £ 18.58 for the
electronics of the basic 5-channel mono
mixer, and £23.22 for a mixer kit with tone
controls (cabinet £7.00 extra), to £38.23 for
a (mono) mixer kit with tone controls,
monitoring facility, and VU meter (all
prices plus VAT). There are many other
options  from  Partridge  Electronics,
21 Hart Road, Benfleet, Essex, SS7 38P.

ELECTRIC BUS

The first battery-powered electric bus is now
in regular service in Manchester. It carries
sixty giant batteries and 34 passengers at
speeds up to 45 mph. The bus is like the old
trolley buses in its performance.

UNDERWATER PLUG AND SOCKET
STC's stand at the Oceanology International
75 exhibition was a new multi-way plug
and socket capable of being plugged and
unplugged underwater whilst live. STC,
190 Strand, London, WC2R IDU.

SUPERCONDUCTIVITY IN A POLYMER
Three physicists in California recently
observed superconductivity below 0.260K
in quasi-one-dimensional crystals  of
polysulphur nitride (SN)y - a material
formed from elements in a region of the
periodic table not usually associated with
superconductivity.

NEW PRICES AND PRODUCTS FROM
DORAM

Doram have published a new price list for
their products. This will apply until 31st
July 1975. They also have a leaflet
containing new additions to their range,
including a kit for the ETI 'Printimer" (which
we published in Nov. 1974) for £7.99,
order code 991-451. Doram, P.O. Box TRS,
Wellington ~ Road  Industrial  Estate,
Wellington Bridge, Leeds, LS12 2UF.

BATTERY VEHICLE SOCIETY

We have news of a society for people
interested in battery-powered
transportation. The Battery Vehicle Society
was formed in November 1973 and as
interest in alternative forms of power has
grown so has the membership. An annual
membership fee of £2 keeps members in
touch with news of the latest developments
by local group meetings and the bi-monthly
journal.

The society caters for those interested
in the history and preservation of electric
vehicles
(which goes back to 1837) and those
working on their own experimental
developments. The secretary of the society
is Mr. P. D. Williams, 3, Steyning Court,
Steyning Avenue, Peacehaven, Sussex, BN9
8LU.




SCIENTIFIC DESK-TOP CALCULATOR
The Anita 1041-RA is a new desk-top

scientific  calculator  with
memory, and a wide range of scientific

exponent

functions. It costs £119. Details from
Sumlock Anita, Rockingham Road,
Uxbridge, Middlesex, UBS 2XL.

ALARM CLOCK IC
AMI Microsystems have a-new MOS
alarm clock IC with a number of
interesting features. It offers a choice of
50 or 60Hz input, alarm with snooze,
presettable 59 minute countdown
timer, direct LCD/LED/ tube drive, 12 or
24 hour output, power failure indicator
and a blanking/ brightness control.

The S1998 also has a sleep output
for timed radio turn off. The device
operates over a power supply range of 8

to 29 volts (unregulated}. Information
is available from: Adrian Electronics
Itd., 28 High Street, Winslow,

Buckingham, MK18 3HF

THE SECOND NOEL?

A new type of star has been discovered
by British scientists using Ariel 5,
the UK satellite. It was discovered
over the Christmas holiday last year
and flared up to its brightest level on
Christmas day. It is an X-ray Star with a
fluctuation period of 6.75 minutes. This
is much slower than,a pulsar (which
flickers every second or so) and much
faster than a binary system.

A possible explanation which has
been suggested is that this is a pair
of stars much closer than those
previously discovered. One would be
a burnt-out star (a white dwarf) which
would be losing material to the other
(a neutron star or maybe a black hole).

CHILDREN'S TV STUDIO

At a children's club in Kursk, USSR, there
is a TV studio staffed by 45 children. The
club also has its own film show. The
programs they produce describe their
town and the activities of the clvb.

10,000 AMP CONTROL

Fosters  Transformers Ltd have
ordered eight DC current transformers
from Control Technology Ltd., of
Peacehaven, Sussex, for use in a rectifier
control system for British Nuclear Fuels
Ltd. The system will handle 10,000
amps. With each unit there will also be a

pair of standard AC current
transformers used as interposing
devices.

LCD HANDBOOK

There are now more than {20 distinct
liquid crystal displays on general sale,
but few makers of electronic equipment
are using LCDs  (except for
watchmakers).

Details of all LCD manufacturers and
their products are brought together for
the first time in "The International
Handbook of Liquid Crystal Displays",
available from Ovum Ltd.,, 14 Penn
Road, London, N7, for £32.

VAT AND COMPONENTS

At the time of this issue going to press,
the VAT position on components and kits
is far from clear. ETI have discussed the
position with H.M. Customs and excise
but it could be a while before a ruling is
made. As the Customs and Excise
interpret  the  position,  electronic

components which can be used in Radio,
TV and Hi-Fi are chargeable at 25%,

others are not. The impracticality of this
will be well understood by most
electronics enthusiast and a ruling must
be made.

We strongly suggest that readers ordering
goods should add 25% VAT but should
send a self-addressed, stamped envelope
with their order for return of the
difference.

COMPUTER IN THE CANTEEN

In the canteen of the
Institute for  Computer  Research,
at  PERM, USSR, you don't have to
pay for vyour food: The cost of the
food on your tray is printed out by
an electronic cashier, and this s
recorded on punched tape
alongside your personal
reference number when vyou insert
a card into the machine. When
the tape is later sent through
the computer the expenditure is
stopped from your next wage packet!

TELECOMMUNICATIONS 75
The organiser of
the Telecommunications 75

conference and exhibition
has announced details of the
conference side of this new event,
which is to be held in the
Metropole Conference Centre,
Brighton, on June 3rd, 4th and 5th.

A list of some of the companies

who have booked stands and
conference details are available
from Mr. P. Gordon Saville,

Telecommunications 75, 21 Victoria
Road, Surbiton, Surrey.

QUICK-DRI PCB PEN

An improved version of the Decon-
Dalo 33 PC etch-resist marking
pen, under the name of the 33
PC Quick-Dri, is now available. To
use you just draw the desired printed
circuit on to a copper-clad board
allowing the track to dry for two

minutes before etching in ferric
chloride.
The Decon-Dalo 33 PC

Quick-Dri costs £1.08 for one (£4.43

for 6, £8.80 for 12) including
post and VAT. From Decon
Laboratories Ltd., Ellen Street,

Portslade, Brighton, Sussex, BN4 1 EO.
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BEDROOM CLOCK

The Boudoir 1 is a digital alarm
clock with a 4 digit, 0.7 inch
Planar Gas Discharge display.
Tipping the clock forward stops
the alarm and initiates the 'snooze'
mode.

Then the alarm will sound every
ten minutes until it is turned off. The
clock is available in white or
beige and costs £17.93 from
Mcleod International Itd.,
Sovereign House, Lion Green
Road, Coulsdon, Surrey.

BOUDOIR |

COMPUTERS AT SCHOOL

Systems, Maintenance & Services Ltd.,
who install electronic equipment in
schools, are "installing a mini computer
configuration and peripheral equipment
in a High Wycombe school. This will be
used by 14 to 17 year old students and
will be repeated in Oxfordshire, Suffolk,
Germany, Turkey, Italy, Spain, Bahrain,
Holland and Belgium.

American statistics indicate a 10 per cent
educational gain by computer users over
non-users. S.M.S. Ltd.,Great South West
Road, Feltham, Middlesex.

QUARTZ CHRONOMETER KIT

Electro Systems and Timing (48 Robinson
Road, Loudwater, High Wycombe, Bucks,
HP13 7BJ) have a new chronometer, their
Model 401. The 401-4 is a 4 digit model;
the 401-6 has six digits; the 401-4-R
and401-6-R contain rechargeable
batteries.

The kits are based on the MM5314 LSI
chip and contain 14 transistors and LEO
displays. A 3,276,800Hz crystal controls
the instrument to within 1 second a
month (indoors). With the display on
continuously the batteries last 5 to 6
hours, but this is normally off. There is a
12 month guarantee covering ready-built
models and properly constructed kits. The
prices are £33.48, £37.80, £45.36 and
£51.84 (inc. VAT) respectively.

If you have no trouble obtaining ETI from your newsagent that's
the obvious place to get it. However an early analysis of the
reader questionnaire has shown that one in three readers has trouble
in buying ETI.

If you are one of those having trouble, why not take out a
subscription? Normally you receive your copy for a few days before
our official publication.
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NEWS DIGEST

IMAGE ISOCON

A television camera tube which is
claimed to have a potential pickup
superior to that obtainable from any
previous camera tube has been
introduced by RCA. The Image Isocon
camera tube retains the desirable
characteristics of the image orthicon
tube, but it has much less noise (14 to
16dB quieter in the black spots), a
greater dynamic range (at least one
order of magnitude, a much higher
resolution (typically 1000 lines) and
virtually no dark current. Setting-up
procedure for isocons is simpler than
for the image orthicon.

Two versions of the RCA Image Isocon
are available. Type 4828A has a plain
glass face-place and the image section
uses a photoemissive light sensor and a
charge-integrating storage target. It has
a linear transfer characteristic (unity
gamma) which extends to the knee
region, sensitivity which is equal to the
best image orthicon, very low lag and a
high signal output current (provided by
a five-stage electron-multiplier).

Type 4807A has a fibre optics faceplate
for coupling to additional stages and
employs a wide target-to mesh spacing
to provide a good sensitivity at very low
light levels: RCA, Lincoln Way, Sunbury-
on-Thames, Middlesex.

WAVE POWER

Dr. Stephen Salter, of Edinburgh
University; has calculated that Britain
could get all of its power from 1000
floats, each 1/2 km long and 30 feet
deep, situated off our shores. The tidal
barrage idea has already been
investigated (using estuary tides which
have a frequency of one cycle per day)
but Dr. Salter's idea involves a different
energy source: the six-cycles-per-
minute ocean waves. The floats would
have to be in at least 300 feet of water
and would be linked up to
suitable generators. Tests have shown
that 9 foot waves lifting a float 3 foot in
length six times a minute can produce
50kW.

COMPUTER CONTROLLED BATTERY
CHARGER

A computer-controlled car battery
charger no larger in size than a lady's
handbag, vyet powerful enough in
effect to "jump start" a car has been
invented at General Electric Company of
the USA's R & D Centre.

Claimed to be as powerful as a 70 pound,
four-foot-high  commercial  chargers,
GE(USA)'s seven-pound "Hotshot Battery
Booster/Charger" will bring a car battery
to full charge within an hour or two.
Designed with average drivers in mind,
the new device is equipped with logic
and control control circuits which
prevent power from flowing unless the
charger is properly connected to a
battery.

Automatic power conditioning circuits
regulate the current to provide optimum
charging. As the battery approaches
maximum charge, the booster/charger
reduces the current and, in effect,
becomes a "trickle charger" for overnight
use. The device will not damage a car's
sensitive electronic components, such as
a transistor radio, should they be left
on during charging. A built-in fan
removes any gases that might evolve
from a battery during high-current
charging.

The small size of the charger makes it
suitable for-on-board applications in
electric vehicles. The Hotshot Battery
Booster/Charger uses a transformer
made from new magnetic materials,
and 25KHz AC to DC conversion
circuitry. The device is still at the
development stage so don't phone in to
ask where you can buy one!
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Up to 12 light-emitting diodes in the form of a
luminous strip of varying length for analogue
indications can be driven by this new Siemens
circuit UAA180. If required, several of these
circuits can be cascaded.

LARGE SCREEN SCOPE

A new large screen oscilloscope system,
known as the 9383, has just been
introduced by Racal Instruments for use
in industry, education, medicine and
exhibition displays.

The system consists of three basic units: a
display unit with a 19 inch rectangular
screen, a power supply and a remote
control unit which incorporates the
controls.

A maximum of four traces can be
displayed simultaneously on the screen,
the whole area of which is usable. Under
normal lighting conditions the display is
clearly visible from a distance of up to 50
feet. A graticule is printed directly on the
tube face to avoid parallax errors.

Four independent Y input channels are
provided, each with a frequency response
to 30kHz and an input impedance of 1
megohm.

Input sensitivity is 10mV/cm. Each trace
has its own gain and shift controls and
can be moved over the full height of the
screen so that any two or more traces
can be brought into close proximity or
superimposed on one another. The time
base speed can be varied between 30
seconds and 300us per sweep.
Information from Racal Instruments Ltd.,
Duke Street, Windsor, Berks.

LOW LIGHT AND THERMAL IMAGING
SYSTEMS

Many new applications of low light and
thermal imaging systems were presented
at an international conference held
recently by the Institution of Electrical
Engineers.

One demonstration shows how one could
suppress all but moving targets for use in
intruder detection. The use of pulsed
illumination to enhance the contrast of
objects seen by low light viewing systems
through mist and fog was described and
illustrated. Another paper showed the
way in which the medical profession is
realising the ability of thermography for
detection and monitoring of many
medical conditions, such as cancer, and
arthritis.

B.H. Components sent us their catalogue when they noticed our survey of mail order
B. H. COMPONENT catalogues in the April ETI. All the major categories of components are covered but

FACTORS LTD the emphasis is on passive components and hardware. Consequently the catalogue
ELECTRONIC doesn't carry much spec., unlike some of the specialist semiconductor catalogues.
COMPONENTS 59 North Street, Fixed capacitors seem to be the speciality, with a very wide range. B.H. sell
LeéggtoEUB7u§E%rd 'capacitor kits' and 'resistor' kits, containing a selection of values from a particular
eds, range. Boxes, cabinets, panels and chassis of all shapes and sizes, lots of plugs,
Price: sockets and connectors, knobs and tools are the basis of the thorough hardware
catalogue no. 4 3 rice: 20p
Size 298 x 210mm 64 range. ) )
pages The other categories are covered adequately, for instance there are 182 common

types of transistor listed and 51 transistor packs (55p each). A few common ICs are
carried plus the 74 series TTL.
There are lots of illustrations and the contents/index is clear.

B.H. COMPONENT FACTORS LTD.
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The new EPO telemetry surveillance system introduced by Evershed Power-Optics Limited uses this

push-button control panel.

The new remote CCTV system is designed to keep a watch against

intruders inside industrial plant, and in warehouse areas, docks and airports where the large areas
involved create security problems. (Evershed PO Ltd., Bridge Wharf, Chertsey, Surr.ey, KT16 BLJ).

AC MILLIVOLTMETER

The VM77E is an analogue AC
millivoltmeter which measures 1mV to
300V full scale over a frequency range of
10Hz-6MHz. The accuracy of
measurement is between 2 and 6% and
the useful frequency range extends to
greater than 10MHz.

There are 12 voltage ranges and 12
decibel ranges, covering -60dBm to
+50dBm. Advance Electronics Ltd.,
Instrument Division, Roebuck Road,

Hainault, Essex.

HYBRID STEREO AMP

The latest addition to the Guest range of
Sanyo modules is the STK014: a 15 + 15
watt amp with a THD of 0.2% and
running off a 38V supply.

Both power amplifier channels are
contained in one thick-film hybrid IC
package which is very competitive
compared with discrete component
circuits.

The package dimensions are 78 x 44mm
and the devices are available to the
trade (£284.60, 100-off) from Guest
international Limited, Redlands,
Coulsdon, Surrey, CR3 2HT.

MAKE PCBs

At the Paris Components show we saw two
new products from P.B. Electronics of 62
Largo Road, St. Andrews, Fife, Scotland.
The DevEtchTin is a complete system for
the production of printed circuit boards;
ideal for prototypes and short runs.
Chemicals some with the three tanks to
give you all you need for PCB production.
For labs and workshops wanting UV
exposing of PCBs and silk screens, PB have
introduced their exposure units. They come
ready for use, with vacuum as an optional
extra.

E-Z MICRO HOOK

A new E-Z Hook, the E-Z Micro Hook, is
available from the British Electrical Co.
The new range of six hooks has been
designed for difficult IC connections and

operates on the same ‘hypodermic
needle' principle of the standard
connectors.

They're 1 3/4 inches long and weigh less
than 1 gram, so the Micro Hook can be
connected to delicate wires without risk
of damage.

The Micro Hook is available in ten colours
and costs 45p (including VAT) from British
Central Electrical Co. Ltd.,, Special

Products Division, Briticent House, New
Street, Ringwood, Hants.

HIGH CURRENT SCR

A new range of high current SCRs
manufactured by the American General
Electric Company has been announced
by Jermyn Industries.

They are named C147 and are rated at
63A RMS, available in twelve different
voltage grades from 100 volts to 1200
volts. The cost of the 400 volt device,
the C147D, for mains operation, is £7.25
for small quantities from Jermyn,
Sevenoaks, Kent.




BUGHOUND

The most common type of listening bug
consists of a small FM radio transmitter,
with a range of about 400 vyards,
incorporating a miniature microphone and
batteries. Sound can be picked up 20 -
30 feet from the microphone. EMI have a
new transistor radio sized, device to
locate such bugs.

The EMI Bughound is a wideband receiver
with varying sensitivity covering up to
300MHz. It can quickly detect miniature
radio transmitters, wired microphones,

bugged telephone and intercom units,

and mains carrier transmitters. It is
simple to use, portable and battery
operated.

MAGNASWITCHES

Four Magnaswitches are available from
Photain Controls. They have been
primarily designed for use as burglar alarm
sensors. Each set is supplied in two parts;
the Magnaswitch and the magnet. The
magnet is fitted in the door window or
cupboard being protected and the switch
is fitted in the surround. When these two
items are close together (i.e. the door
window or cupboard is closed), the
Magnaswitch closes, completing the circuit
back to the control unit. As soon as the
magnet moves away from the surround
the Magnaswitch opens, the circuit is
broken and the alarm sounds. Any
number of Magnaswitches can be wired in
series in a loop circuit with any other
'normally closed' sensor which can also be
fitted in the same loop circuit.

There are models for wooden or metal
window frames; some have two reed
switches. Prices start at £1.50 each.
From Photain Controls Ltd.,, Unit 18,
Hangar No. 3, The Aerodrome, Ford,
Sussex.

BIPOLAR MEMORY COSTS CUT
Signetics Corporation have made price
reductions on their complete range of
TTL RAMs and PROMs. Announcing
reductions of as much as 62%, Dick
Baldey, European Bipolar Memory
Marketing Manager, said that increased
unit throughput in production and
extensive cost reduction programmes
had enabled Signetics to price Bipolar
Memory Products in the "commodity
item" price range. Signetics
International  Corporation, Yeoman
House, 63 Croydon Road, London,
S.E.20.

TRI-STATE LED

A red and a green light emitting diode
connected in parallel with reverse
polarity and mounted in a standard
package is available from Semicomps
Limited. The MV5491 has three states:
Green, Red and Off. These states depend
on the direction of the current through
the lamp or the relative potential across
it. Thus the lamp serves as a polarity
indicator.

Among other numerous applications is its
use as a digital status indicator; a monitor
of remote terminals sharing a common
line; a beat frequency. indicator; or a zero
indicator in a "centre-zero'." linear LED
array, where polarity is indicated by
colour. Semicomps Ltd., 5C Northfield
Estate, Beresford Avenue, Wembleym
Middlesex.

LINEAR IC DATA BOOK

The 13th edition of the Linear Integrated
D.AT.A. Book is now available from
London Information at £21.00 for a year's
subscription (2 issues). The latest issue
gives the parameters of over 7000
devices from 85 international suppliers.
Full details of Operational, Differential,
Audio, RF/IF and wide-band amplifiers are
presented to facilitate comparison and
selection.

The Book is updated and published twice
a year. From London Information (Rowse
Muir) Ltd., Index House:, Ascot, Berks, SL5
7EU.

BASF COMPETITION

Anyone buying a BASF LH uper cassette
can enter a competition for a 2-week
holiday for four on the Norfolk Broads,
with a food hamper and a radio cassette
recorder. The competition closes at the
end of June.

ELECTRONIC CHECKOUT

John  Sainsbury, the supermarket
company, are carrying out trials at
Woolwich on an electronic checkout.
Three customers through at once and a
lot more comfort for the cashier are
claimed for the prototype which was
developed by branch planning services at
Clapham.

The check stand is based on a modified JS
twin-bay unit. In place of the cash
register is an electronic keyboard, a visual
display system and a processor that does
alot more than add up the bill.

The prototype is higher (better for
unloading trolleys); longer (more room
for customers); and the cashier sits on the
left and not the right side of the conveyor
belt (a much more comfortable position
to work from). As the price of each item is
keyed-in, the individual amounts come up
on a small display panel over the belt;
positioned so both the cashier and the
customer can see it. This information is
repeated on a second display panel facing
the packing bay; designed to encourage
the customers to move along, leaving
room for the next in line to unload.
When one customer's bill is complete the
cashier 'holds' the total in a memory and
gets on with serving the next customer.
The amount owing is displayed on a panel
over the appropriate packing bay. If the
cashier completes the second customer's
bill before the first has paid the second
total is stored and the cashier is free to
start on a third customer.

The cashier has signals to remind her
which customers still have to pay. It
doesn't matter if the cashier is in the
middle of serving a customer when
someone wants to pay; the electronics
allow either of the two previous
customer's bills to be 'recalled' without
affecting the adding up of the third
customer's shopping.

It is better for the cashier, too. She can
sit with her knees under the check stand
and face the customer.

ERRATA

Tech-Tips, April ETI, page 65.

Speed Control for Model Trains, Circuit
Diagram.

A wire is shown shorting across one of the
diodes in the bridge. This should be
deleted.

Electronic Ignition System, May ETI, page
26.

PARTS LIST. The transistor Q1 is the
2N2219 or BC338. Other transistors are
correctly specified.




Complete the coupon and
we'll send you our new
catalogue. Completely free.

HEﬁATiH KIT

The new Heathkit catalogue is now
out. Full as ever with exciting. new
models. To make building a =¥
Heathkit even more interesting and
satisfying.
And, naturally, being Heathkit, every kit is absolutely
complete. Right down to the last nut and bolt. So you won't
find yourself embarrassingly short of a vital component
on a Saturdayevening whenthe shopsareshut.
You'll also get a very easy to understand instruction manual
that takesyoustep-by-stepthrough theassembly.

Clip the coupon now and we'll send you your free copy to
browsethrough.
With the world's largest range of electronickits to choose from,
there is something for everyone.

AM/FMdigital electronic clock radio.

An oscilloscope from the Heathkit range.

Including our full range of test
equipment, amateur radio gear, Hi-Fi
equipment and many general interest
kits.

So. when you receive your catalogue you should have hours of
pleasantreading.

And, if you happen to be in London or Gloucestercall in and
see us. The London Heathkit Centre is at 233 Tottenham Court
Road. The Gloucester showroom is next to our factory in Bristol
Road.

At either one you'll be able to see for yourself the
onethingthe catalogue can'tshowyou.
Namely,howwellacompleted Heathkitperforms.

Heath(Gloucester) Limited, Dept. ETI-25.Bristol Road.
Gloucester.GL2 6EE.Tel: Gloucester (0452) 29451.

Digital electronic car clock/elapsed timer.

i 'The newHeathkit catalogue.Out now. FREE.

l To:Heath (Gloucester) Limited, Dept. ETI-25,Gloucester,GL2 6EE. Please send me my free Heathkit catalogue.
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THE EXTENT to which an oscilloscope
can be used depends largely on the
instrument  itself and the most
versatile 'scopes are usually the most
expensive. One can pay as little as
about £50 for a small, general purpose, or
service type 'scope and £800 or more
for a wide-band multi-purpose
instrument  with a storage c.r.t.
facility.  However, good secondhand
instruments are available, mostly of
the older valve type but these are

nearly equal in performance and
accuracy to their modern
transistorised  counterparts, providing

they are in good condition and one
has  the means of checking
calibration etc.

As a general rule, the choice of a
'scope should be made according to
the kind of work one wishes to do. As
a guide, instruments costing between
£50 and about £150 are usually perfectly
adequate for audio, radio, TV and
electronics applications of a general
nature. A double beam (two separate
traces) instrument is a great asset and
allows input and output waveforms to
be displayed simultaneously for
comparison but, whatever type is used,
it is important to know its limitations
and the calibration accuracy. For
example, a 'scope with a Y amplifier
bandwidth of up to say, 2MHz, will not
show the amplitude of a 5MHz signal
in true relationship to one at 1MHz.
One would not be able accurately to
measure the duration of a voltage
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pulse in terms of microseconds with
a fastest timebase of a few
milliseconds; to display a 1uS pulse
opened out to cover one centimeter
on a ten centimeter c.r.t. screen would
require a timebase speed of 10uS.
Signal amplitudes can only be measured
accurately if the attenuators for input
signals and the Y (or X) amplifiers
are in good order. Last but not least
comes interpretation of the display
itself and  here really useful
information can only be obtained from
intelligent observation made in con-
junction with accurate calibration and
full knowledge of the performance
parameters of the 'scope itself.

CALIBRATION

For the benefit of those unfamiliar
with the oscilloscope, a few examples
concerned with calibration may not
be amiss. The oscillogram in Fig. 1
shows a typical timebase waveform
(B) beneath the negative-going trace
fly-back suppression pulse: Now the
timebase waveform looks linear, which
it is, and the fly-back suppression pulse
coincides exactly with the return of
the timebase waveform from zero to
maximum amplitude. A very linear
timebase is important otherwise re-
petitive waveforms will appear as
crowding together toward one side
or the other of the display. A example
of good linearity is shown in Fig. 2in

which (A) is the timebase waveform
and (B) an actual display of square
waves of 1kHz. The three complete
cycles of square-waves are uniform
in width and since 1kHz is a time
duration of 1mS, the timebase is 3mS.
Note that the timebase is synchronised
to the square-waves and good

Fig.1. Typical time base waveform (B) with fly
back suppression pulse (A) Note excellent
linearity of time base waveform.

Time base waveform (A)

Fig.2. against
displayed square waves (B) to show
synchronisation. Text explains time
relationship.



synchronisation is also important,
particularly when examining coincident
waveforms.

Most oscilloscopes have a calibration
graticule over the c.r.t., usually divided
into centimetre squares as in Fig. 3,
against which is. displayed a square-
wave. If the vertical calibration is say
0.5V per centimeter, then the
amplitude of the square-wave is almost
2V. The frequency of the square-wave
is unknown and only a complete half-
cycles displayed but the horizontal
calibration is say 0.1mS/cm. The
duration of the half-cycle is almost 5 x
0.1mS = 0.5mS which gives 1mS for the
full cycle, or a frequency of 1000Hz.
Finally Fig. 4 shows five complete cycles
of a square-wave at a frequency of
1000Hz (A). What is the duration of the
time base? Each complete cycle is 1mS
so the timebase speed is 5mS, (just
over in fact as another quarter-cycle
appears at the extreme right). The
waveform (B) below, shows marker
pips, derived by differentiation of the
square-wave. These are  more
convenient for calibration of unknown
duration.

Fig.3. Graticule in centimeter squares provides

voltage (Y deflection) against time scale (X
deflection) calibration (see text for interpretation.

Flg.4. Display of square-waves (A) and marker
pips obtained by differentiation. See also Fig.5
and text for further explanation.

FROM GENERATOR

- /7J77 CR = See text -

Fig.5. Simple RC network to obtain marker pips
from a square-wave signal and which lend
themselves for time scale calibration. A diode
may be connected across R to eliminate
positive and/or negative going pulses as
desired.

TO OSCILLISCOPE

The square-wave is simply passed
through a CR circuit (Fig. 5) and the
positive or negative-going pulses can
be rectified out.

Having devoted a little space to
calibration and to some extent
interpretation of displays, let us now
look at some typical applications of the
oscilloscope. These are relatively few
and fairly basic for any attempt to
cover all the possibilities would
require, endless editions of ETI. It
should also be mentioned that every
oscillogram is genuine and not
retouched and photographed from an
Advance 0S250 oscilloscope with a
Model 350 Polaroid camera, although
some double or triple exposures of film
have been used to show relative wave-
forms and to reduce an otherwise
formidable number of illustrations.

MISLEADING DISPLAYS
False information can be given by an
oscilloscope  display because of

unwanted signals from circuits under
test, defects in the oscilloscope itself
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Fig.6. (A) Sine-wave deflected by (B) 50 Hz
hum modulation.

Fig.7. Distortion of displayed waveform due to
crosstalk within 'scope circuitry itself.

Fig.8. (A) This appears to be a uniformly
modulated RF carrier. (B) Reveals phase shift
between positive and negative going halves of
envelope.

and so on. It is also important to make
full use of the various timebase speeds
when analysing displayed wave-forms. A
simple case is shown in Fig. 6 where (A)
is @ 1000Hz sine-wave but appears to be
duplicated.

Reducing the timebase speed reveals
that this is due to modulation by
another signal of lower frequency, in this
case 50Hz mains hum which could come
from the circuit being tested,
unscreened leads, or even the 'scope
itself.

In Fig: 7 a ramp voltage waveform is
shown but the first cycle is distorted, in
this case by crosstalk in the 'scope, so it
pays to investigate not only the
equipment being tested but also the
'scope itself when things do not appear
as they should. On this point, also
examine the waveform (A) in Fig. 8: it
appears to be a uniformly modulated
R.F. carrier but expansion of the time-
base (or speed-up) as in (B) reveals that
the positive going half of the envelope is
out of phase with the negative going
half. This could be due to phase shift in
the circuitry being tested or in the 'scope
amplifier.

PHASE SHIFT
The oscilloscope can be used to
determine. phase shift, of signals

through an amplifier for instance, by
feeding the input signal to the Y plates
and the output signal to the X plates . .
Some 'scopes have what is called an XY
facility for this and matched amplifiers
but accuracy will be limited by phase
shift in the X and Y amplifiers
themselves. When there is no phase shift
(0 degrees) or reversal to 180 degrees, a
diagonal line will appear in one direction
or the other, as in Fig. 9A. An ellipse
indicates phase shift at angles between 0
degrees and 180 degrees, or 180 degrees
and 360 degrees, for Example at 450
degrees, 135 degrees, 225 degrees and
so on, until the angle is either 90 degrees
or 270 degrees at which a full circle is
displayed, as in Fig. 9A. The phase angle
can be ascertained as per Fig. 9B.

Figure 10 was obtained by frequency
sweep from 1Hz to 100,000Hz and shows
phase shift through an amplifier which
rotates -completely through 360 degrees
as the frequency comes down to 1Hz
(the spiral part of the display). Multiple
exposure photography and phase shift
have been used to produce the
oscillogram Fig. 11 which should be easy
to work out.

LISSAJOUS PATTERNS

Determination of an unknown frequency
with the aid of a known frequency and
an oscilloscope can be made by the
Lissajous method (after the French
physicist M. Lissajous).



The known frequency is connected to
say, the Y plates and the unknown to
the X plates. When the unknown
exactly equals the known then a circle
is formed as in Fig. 12A if the signals
are of equal amplitude. If the
frequency difference is 2 to 1 then two
loops will be formed and for 3 to 1
three loops will be formed as Fig. 12 (B
and C), and so on. When the loops are
above each other (turn the page
sideways) the frequency ratios are
reversed e.g. 1/2 or 1/3 etc.

A similar technique is Z modulation
(brilliance modulation of the c.r.t.) and
many 'scopes have this facility. In Fig.
13, an ellipse has been formed by
phase shift (it may be a circle) of a
signal of known frequency. Signals of
an unknown, and in this case higher,
frequency have been applied to the
c.rt. grid to produce the brilliance
modulation.

The ratio is determined by the number
of bright or blacked out spaces which
in Fig. 13 is six or a 6 to 1 ratio.

SOME AUDIO APPLICATIONS
Square-wave testing is popular with
audio engineers as a ready means of
estimating, among other things, the
frequency response performance of
amplifiers including tone controls,
filters etc. A uniform square-wave with
a rise time over 10% to 90% of the
leading edge of about 1uS is essential.
This can be checked by using the 'scope
calibration as already outlined. Don't
accept what appears to be nice looking
square-wave as in Fig.14 (A) because
the leading edge looks fast.

Opened out, it appears as in Fig. 14 (B)
and the rise-time is several micro-
seconds, whereas (C) has a rise-time of
better than 1uS. We cannot delve too
far into the interpretation of square-
wave displays as this could warrant a
whole article in itself but instead give
some general examples, with the aid of
oscillograms, of how amplifier
performance can be estimated just by
looking at the display. These are shown
in Figs. 15, 16 and 17 and the captions
explain. Further information on. the
subject will be found in the references
given at the end of this article.

Still on audio however, other examples
of oscillogram interpretation may be of
interest. Take a look at Fig.18 which
shows two 1kHz sine-wave signals (A
and B) but each from a different
generator. Which is the better signal
(the one with least distortion). Neither
trace will tell you by looking but in fact
(A) has less than 0.02% harmonic
distortion whereas (B) has more than
0.3% (fifteen times as much) and the
residual of this (output from a
distortion meter greatly amplified) is
shown as (C).

3600 315

oo 450

Phase angle = sin ¢) E—

For example if A = 35mm and B 18mm,
18
sinq)= ----=0.514 or 31 degrees approx, or 149
35
degrees depending on oscilloscope X and Y
connections.

Fig.9 (A). Phase angles. See text for explanation. (B) Determination of phase angle from an
oscilloscope.

Fig.10. Phase shift from an amplifier during a
frequency sweep from 1Hz to 1000,000 Hz.

Fig.13. Frequency comparison by Z modulation
is explained in tbe text.

Fig.11. As the text implies you may work
these phase shift displays out for yourself
with the aid of Fig.9.

Fig.12. Typical Lissajous patterns of 1:1. 2:1
and 3:1. See text for interpretation.

Fig. 14 (A). Appears to be a good square-wave
with a fast leading edge. (B) reveals it is not
so fast (several p sec) whereas (B) has a rise
time of 1y sec.

Fig.1 6. Amplifier tests with square-wave (A)
100 0 Hz square-wave Input signal. (B) only
slight slope at top Indicates good response at
low frequencies. (C) Curved and steep slope

indicates severe loss of

response.

low frequency



Fig. 16. Amplifier tests-with square-waves. (A)
1000 Hz square-wave input signal. (B)
Indicates fairly good high frequency response
falling away about about 20kHz. (C) indicates
poor high frequency response falling away
badly at probably less than 10kHz.

Fig. 11. Square-wave test for ringing, (A)
Input signal (B) Output from amplifier showing

severe ringing due to inductive circuitry.
Frequency of ring is about 5kHz.

Fig.18. Deceptive sine-waves (A) and (B) both
'look' good but (A) has less than 0.2% distortion
whereas (B) has more than 0.3% and its
harmonic content is shown at (C) greatly
amplified.

Fig.19. Examples of clipping. (A) Clean sine-
wave form generator. (B) and (C) Asymmetrical
and symmetrical clipping due to overload, or
malfunction of the amplifier under test.
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Fig.20. Special test for amplifier input overload.
See text for explanation.

Fig.21. Coincident pulse waveforms. See text for
explanation.

Fig.22. Coincident pulse waveforms. See text
for explanation.

Fig.23 (A). Pulse used for acoustical

experiment (B) Result of experiment. See text
for explanation.

Fig.24. Spoken voice waveform of the word
'SEE'

W~

Fig.25. Pickup cartridge track-ability testing.
(A) Good track-ability. (B) Poor track-ability.
See text for explanation.

Oscillogram Fig. 19 shows at (A) a good
clean sine-wave but supposing this is
passed through an amplifier you have
constructed and appears as either (B) or
(C). Both indicate what is called clipping
and (B) is asymmetrical i.e., positive peak
only clipped, whilst (B) shows symmetrical
clipping with both positive and negative
peaks clipped. This suggests either too
much input signal and therefore
overloading at the input stage, or
malfunction of the amplifier due to wrong
component  values causing  wrong
operating voltages etc. Overloading an
amplifier input stage is however, done
deliberately to verify what is called
'overload margin' and Fig. 20 shows a
special application where the input signal
is increased until clipping becomes visible,
in this case at about 32dB above the rated
input level. The dB scale is photographed
separately but is calibrated to match the
amplitude of the input signal to the
amplifier under test.

SOME GENERAL APPLICATIONS

The double beam (two trace oscilloscope
is invaluable for simultaneous display of
two events, each time related to the
other, and Fig. 21 (A) shows a square
pulse (negative going) which has been
used to gate a tone burst generator (B).
The trace is fast enough to display one
pulse so that close examination of time
relationship can be made i.e., the tone
burst starts its first cycle (positive going)
precisely with the leading edge of the
gate pulse. However, these two events
are also related to another as in Fig. 22
where (A) is the gate pulse again, (B) is a
variable width pulse from which the gate
pulse was derived in the first place and (C)
the tone burst. All three can be examined
together but wunless you have an
expensive multi-beam 'scope this is where
photographic records are useful.

The tone burst in the previous
example was used for some acoustics
work and Fig. 23 shows it again at (A) as a
single event. The pulse was fed to a
loudspeaker and the signal picked up by a
microphone a few feet away. The time
difference between the 'transmitted' and
'received’ pulse (B) can clearly be seen
together with echoes from around the
room. As both time traces are the same
we are actually measuring the speed of
sound through air verified in this case by
the time interval between transmitted
and received pulses.

The 'scope has many uses in analysing
waveforms of unknown component and
Fig. 24 shows a display of the spoken
word SEE. The timebase was triggered by
the beginning of the sound so the whole
waveform of



the word is displayed. The S sound
is clearly definable followed by the
EE waveform. A faster time base
would show even more detail of
frequency components or formats as
they are called.

The track-ability of pickup cartridges
has become an important performance
factor in the world of hi-fi and special
laboratory test records are used, with
the aid of an oscilloscope, to obtain
instant indication of performance. An
example is shown in Fig. 25 in which
(A) shows a typical test signal
consisting of a 10.8kHz sine-wave
pulse and how it should appear on the
'scope if the track-ability is good. The
lower trace (B) shows poor track-
ability by the distortion in the pulse
envelope and individual sine-waves.

It would be possible to go on almost ad

infinitum giving examples of
oscilloscope  displays  and  their
interpretation and of course literally

hundreds of ways in which a 'scope
can be used. It is worth however
mentioning one technique developed
by Gordon J. King and F. C. Judd (both
well-known hi-fi technical authors). This
is ailed 'frequency sweep testing' but
is really an adaption of an old
method used in conjunction with
modern test instruments including the
oscilloscope.

FREQUENCY SWEEP TECHNIQUES
Checking the bandwidth of intermediate
frequency (IF) stages of superhet
receivers with aid of a 'wobbulator', or
frequency sweeping oscillator, goes
back to pre-war days of massed
produced radio sets and, apart from
being a great time saving method, was a
fairly accurate way of obtaining a true
band-pas response. The frequency
responses of amplifiers and other audio
equipment can also be obtained by
frequency sweeping and the use of a
pen-recorder readout: Bruel and Kjaer
equipment is notable for these
applications. However, frequency sweep
generators, known also as function
generators, have become available
now .and most have a synchronizing
pulse output for triggering an
oscilloscope time-base to coincide with
the sweep. The sweeps may take only a
few seconds and can be dis-played
directly on the 'scope screen which
provides a virtually instant readout. To
put it, another way, one can see what is

happening whilst it is happening.
Moreover the results can be
simultaneously recorded by

photography.

The first example, Fig. 26, is a radio
application  showing the overall
selectivity of a VHF/FM receiver with
the input signal running into 6dB
limiting. The caption explains further

Fig.26. Overall FM selectivity with input
signal 6dB into amplitude limiting, Horizontal
calibration 8 OkHz/div showing effective
bandwidth of 240kHz. The requirement for
good stereo based on a phase linear

characteristic.

Fig.27. As Fig.26 but with input signal at 60 dB
into amplitude limiting, showing even further
widening of the characteristic at this level,
corresponding to about 530kHz.

Fig.28. Sweep response. FM detector
characteristic with good linearity over about
400kHz

Fig.29. Audio amplifier responses by frequency
sweep testing (see text).
| !
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Fig.30. Record-to-replay frequency response of
a cassette tape recorder by frequency sweep
test.

but this oscillogram relates to Fig.27 in
which the input signal is high enough
for 60dB limiting and shows a further
widening of the characteristic at this
level; further details in the caption.
Figure 28 is a similar application of this
nature and is the sweep response of an
FM receiver detector characteristic
against a graticule scale of 18kHz per
division (horizontally). This signifies
good linearity over about 400kHz which
ensures minimal FM distortion and
inter-modulation products.

Finally, some examples of audio
frequency sweep technique for direct
display, on the oscilloscope screen, of
the frequency responses of amplifiers
including their tone controls or filters
etc., and of tape recorder record-to-
replay response. The frequency sweep
generator used for this work covered 10
to 100,000Hz +0.1dB over the full range
for sweep times of about 2 to 15
seconds. The faster sweep times are
used for more or less instant visual
display. The signal from the generator is
sine-wave and of low distortion but the
oscilloscope displays only the positive-
going portion of the waveform.
Amplitude is therefore vertical and
frequency horizontal so an appropriate
graticule or graph background can be
registered and photographed against
the sweep display. Oscillogram Fig. 29 is
a typical example, in this case of the
overall frequency response of a good hi-
fi amplifier which is almost flat from 10
to 100,000Hz. Against this s
superimposed, by another film
exposure, the response of the high
frequency filter of the same amplifier,
the rate of roll-off being about 3d8 per
octave starting at 3.000Hz. The
responses of tone controls can also be
shown in the same way.

The record-to-replay frequency
response of a typical cassette tape
recorder is shown in Fig. 30; here the
frequency sweep is actually recorded
together with a sync pulse for the
'scope. The replay is, therefore, made
directly to the 'scope so we have an
overall, or record-to-replay response.

In this oscillogram a 10,000Hz marker
signal is also displayed and this is
derived electronically from the actual
sweep signal as it passes exactly
10,000Hz. This is used to ensure
accuracy of readout against the
logarithmic  frequency scale. The
oscillogram needs little interpretation
and the response scan speaks for itself.
The 'fluffy' top i.e., the line of the
response, is due to fluctuation in the
recorded signal caused by variation in
tape to head contact.

Finally a display that might almost be
considered unique. Oscillogram Fig. 31
shows the responses of the 12
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Fig.31. The individual responses of twelve filter controls on a graphic equaliser taken by frequency

sweep testing and superimposed .photographs.

SGOPE BOOKS
FROM ETI

In addition to the reference books mentioned above, ETI,
in conjunction with Technical Book Services, can supply
readers with the following titles.

1. WORKING WITH THE OSCILLOSCOPE
Over 100.pages devoted to circuits and illustrations of
the waveforms that should be present at various points.
By Albert C. W. Saunders. £1.75 inc. postage

2. HOW TO USE VECTORSCOPES, OSCILLOSCOPES &
SWEEP SIGNAL GENERATORS
Goes into the whole subject deeply in over 250 heavily
illustrated pages. By Stan Prentiss. £1.85 inc. postage

3. THE OSCILLOSCOPE
Starts from first principles and takes the reader to an
advanced level. 256 pages, by George Zwick.
£2.00 inc. postage

4. 99 WAYS TO USE YOUR OSCILLOSCOPE
As the title implies, this describes how to solve particular
problems using a ‘scope. 191 pages, by Albert C.W.
Saunders. £1.70 inc. postage

The books mentioned above {1—4) are available from ETI/
TBS. Send orders with remittance to:

ET!1 SCOPE BOOKS,
Electronics Today International,
36 Ebury Street, London SW1W OLW.

filters of a graphic equaliser at maximum lift.
The reference is -10dB (1000Hz) so each filter
is providing about 11dB lift at peak. The centre,
or peak frequencies, can be clearly defined and
the slope rate verified quite easily. Hand
plotting a complete set of responses of this
nature could take a long time as each has to be
plotted individually. The sweep technique does
this automatically and with equal accuracy and
although this example necessitated 12
separate film exposures, a lot of time was
saved, in fact it took less than 10 minutes to
obtain the photograph. Note also the. 100dHz
frequency check marker in this example.
Although not many books have been published
that deals exclusively with the oscilloscope, or
rather its uses, the following text books do
contain further useful information:
The Oscilloscope at Work by A. Haas and R.W.
Hallows. lliffe and Sons. Last published 1959
but should be available from technical libraries.
A very comprehensive work.
Servicing with the Oscilloscope by Gordon J.
King. Newnes-Butterworth. New edition to be
published. Excellent examples covering radio,
| . audioand TV.
i | ! Radio and Electronics Laboratory Handbook by
; M.G. Scroggie. lliffe Books. Latest edition
published 1971. Informative on the use of the
oscilloscope and other laboratory instruments.
The book mentioned above by Gordon J. King
deals with television very thoroughly and
thanks are due to him for the excellent
frequency sweep oscillograms of FM tuner
responses (26,27 and 28).

»~ 100,000

Don't miss your copy of
HENRY'S
NEW 197

* OVER 5,000 ITEMS - largest UK range of
electronic components for home
constructors.

200 PAGES - every aspect of electronics and
components for amateurs and hobbyists —
kits, projects, test gear.

DOZENS of new lines and new ranges.

MANY price reductions throughout the new
Catalogue.

A Discount Voucher with every copy, worth
50p.

FREI

Write now for your copy, encldslng 65p remittance.

HENRYS

303 EDGWARE ROAD, LONDON W2,

TO EDUCATIONAL ESTABLISHMENTS
when ordered on official notepaper.



CLOCK KITS and ICs CMOS From the 2 leading manufacturers only. RCA and Motorola:

MK/704-4 4 digit Alarm Clock Kit £14.95 At the new manufacturers’ prices
(complete less case, transformer, switches, LS) ,
(Fp ) MK/ 704-6 6 digit Alarm Clock Kit £16.85 Device £ Description Man
— MK50250N Alarm Clock IC £5.60 .
AY-5-1224 L ‘ CD4000AE 0.21 Dual 3-Input NOR gate plus inverter RCA
= 4 digit Clock IC £4.75 l
CD400JAE 0.21 Quad 2-Input NOR gate RCA
— | DISPLAYS CD4002AE 0.21 Dual 4-Input NOR gate RCA
™m . CD4006AE 1.47 18-Stage Static Shift Register RCA
— DL704 (Econ) 3" Red Common Cathode LED display 95p CD4007AE 0.21 Dual Complementary Pair Plus Inverter  RCA
DL707 .3’ Red Common Anode LED display £1.70 CD4011AE 0'21 Quad 2-Input NAND gate RCA
DL747 .6’ Red Common Anode LED display £2.45 CD4012AE 0.21 Dual 4-Input NAND gate RCA
FND5000 .25" Red Fairchild Superdigit C.C. £1.15 CD4013AE 0'53 Dual ‘D"’ Flip-Flop with Set-Reset RCA
FND500 5" Red Fairchild C.C." £2.20 CD4016AE  0.62 Quad Bilateral Switch R
NSN33 12" Red 3 digits in DIP C.C. £1.65 CD4017AE ) ivi cA
» i 1.63 Decade Counter/ Divider RCA
MAN3M 12“ Red Common Cathode LED display 48p CD4019AE 0.73 Quad AND-OR Select Gate RCA
SP352 -55 Orange Beckman 2 digit module £4.00 CD4020AE 1.82 14-Stage Binary Ripple Counter RCA
51701 .5 Green 4 dig Phos-diode Clock £5.80 CD4022AE 1.69 Divide-by-8 Counter/ Divider RCA
CD4023AE 0.21 Trnple 3-Input NAND Gate RCA
SUPPORTING le, PCBs. HARDWARE, etc, CD4025AE 0.21 Triple 3-Input NOR Gate RCA
32kHz High eccuracy/siability crystal from ITT £3.60 CDA4027AE 0.91 Dual J-K Master Slave Flip-Flop RCA
50 cps 32 kHz Xtal plus CMOS to provide 50 cps  £5.84 CD4029AE 1.96 Presettable Up/Down Counter RCA
75492 Hex Digit Driver IC—MOS to C. Cathode LED £1.02 CD4030AE 0.65 Quad Exclusive-Or Gate RCA
75491 Quad Seg Driver IC—MOS to C. Cathode LED 81p CD4047AE 1.37 Monostable/Astable Multivibrator RCA
2447 BCD 1o 7iseg decoder driver (C. Anode) £1.05 CD4049AE 0.62 Hex Butfer/Converter (Inverting) RCA
7448 BCD 10 /7 ség decoder driver (C. Cathode) 85p CD4050AE 0.62 Hex Buffer/Converter (Non-Inverting) RCA
8704-6 PCB for clock display with 4 or 6 DL704 £1.35 CD4068BE 0.26 8-Input NAND Gate RCA
MK-PCB PCBs, IC sockef, cable. stand-offs for CD4069BE 0.26 Hex Inverter RCA
MKS50250N with common Cathode displays £2.45 CD4071BE 0.26 Quad 2-Input OR Gate RCA
CD4073BE 0.26 Triple 3-Input AND Gate RCA
SOLDERCON PINS {(in'strips_of 100) for 100+ 50p/ 100 MC14501CP  0.32 Triple Gate MOT
Low cost sockets for TTL, CMOS, displays, ICs. 1000+ 40p/ 100 MC14510CP  1.77 BCD Up/Down Counter MOT
Nylon support samples with any pin order 3000+ 35p/100 MC14511CP  1.95 BCD to 7 Seg Latch/Decoder/Driver MOT
10w-C  10-way Colour Coded Flat Cable 60p per metre MC14553CP  4.07 3-Digit Counter MOT
20w-C  20-way Colour Coded Flat Cable 50p per 50cm
We also have smaller stocks of most of the rest of the CMOS range —
MODULES sae or phone for stock/ price list.
kg; :8(')( Logarithmic Voltage Controlled Oscillator ~ €5.25
Low Frequency Function Generator £4.
SINTELSOUND  [AB KIT: LG 130K pius FX1100 foae RCA 1975 CMOS Databook (645 pages) £2.30 (No VAT) plus 37p

P&P. Pin-outs, Data, CMOS use. Application notes and circuits.
ET 13600. All Semiconductors are being stocked for this project.

ADD VAT at 8% — 10p P&P on orders under £2
Other displays, ICs, etc.. available — phone (9.30 a.m.-7 p.m.) or

write.
Data, and circuits where appropriate, supplied with all orders. or
available separately (send sae). 53a Aston stl’eet, Oxford NTEL

Tel. 0865 43203

Now MNailable Rom ETI ...

Towers' International When we saw ‘Towers International

, Transistor Selector Transistor Selector’ we were so
owers T o MAE M 85 CEn Wit impressed that we have made
' arrangements with Technical Book

. Services to supply readers directly.

([ J
[=lovels) This 142-page book gives com-
n erna lona prehensive details of over 10,000
® British, US, European and Japanese

transistors including electronic and

o
== : mechanical specifications, . manu-
ranSls or facturers and available substitutes.

ALL FOR

ADD VAT a1 8% — 10p P&P on orders under £2

Selector £3.40 52

HOW THE INFORMATION IS GIVEN (SHOWN HERE REDUCED SCALE) TO: TOWERS INTERNATIONAL
TRANSISTOR SELECTOR

TAANSISTOR OA PACK- LEAD L4 K FE EURD USA ETI'
WUMBEA LT AGE N0 MAX WA Yoy FE BIAS USE MFA EQVT.  fOVT 36, Ebury Street,

i London SW1W OLW.

inale NG Loa! Asc  1scaurfiso0n 209N SOMA RMS CBS ASY29  2ML10M

anAl A NG Lo 85C 150MuF{1500x 20m SOma RN 0BS ASY29 N1Y0& H

28439 G| Lce 85C  10CRME  3n JOMN  S0mA RMS 08% ASYZS 2N130& Please find enclosed cheque/P.O.
24398 NG LOM 85C  150muF ™ JOMN  S0wA RMS 0BS ASY29 2N 1)04 for £3.40

2n440 NG Lo [ 214 150uuF L} 40nN S0Ma RF 085 ASY29 2N1)04 .

PO TR OT L04 8SC 130P 40 40WN  S0mA ANS| €S ASYZ9  2NE3O4 NAME
P L 9 30 20740 94 AMG| MQB ADZLZ 2N1100

20602 (W% S0w 20/40 SA AnGl MOB ADZILI2 2nL10C
FLIYS L1y 30w 20/40 98 ANG MOA ADILI2 2WL100 ADDRESS
ELIT XY 15CHnF 400x Y0P 137P LT} ALG‘ GBS ACL76 2n24)30

2465 v 150" nF i 320 e Iwa RwS[ 0BY ASY29 2N130e
ELIXR T 150nuF 24 20P 407140 2048 RwS[ ORS ASY29 2M1)0s
PIYYTY J 1enNy aw 1wa AM3l 08S ASY29  2NLDC
PLIXT Y sr o il ° MRS ASY29 >

RLXYLTYY 15ChuF 400k 28P 20/40 20m4 ‘l] 085S ACLIT76 2N2430




IMPEDANCE METER

Measure impedance directly
with ETI's new impedance
meter - checks capacitance
and inductance too!

THIS IS an unusual project - in that we
started out designing one thing and
finished up developing another!

We had intended to design an RLC
bridge which is a very useful
instrument and' perhaps the next most
commonly used after the multimeter,
signal generator and scope.
But whilst it is useful to be able to
measure the value of an individual
component, on many occasions we are
more concerned with the magnitude of
the impedance than we are with the
actual value of Cor L.

For example assume that we require to
know how the impedance of a speaker
varies with frequency. Due to the
effects of the crossover network it will
not be known whether the speaker is
inductive or capacitive in the crossover
region. Additionally a speaker goes
capacitive below its natural resonant
frequency. Hence the use of an R LC
bridge to plot impedance would be
very tedious indeed. We would have to
determine whether the speaker was
capacitive or inductive, measure the
actual value and then calculate the
impedance for each point to be
plotted.

With the ETI impedance meter
impedance can be read directly as a
function of frequency as shown in Fig.
7.

This is just one example of the many
possible applications. In addition the
meter may be used to measure
component values by simply referring
to a reactance chart or doing a simple
calculation as detailed below.

Other applications include measuring
the impedances of microphones,
filters, transformers and amplifier
inputs etc. All can be measured as
easily as one would measure a resistor
using an ohmmeter. Simply by
connecting the device to the input
terminals of the meter and making the
measurement as detailed in the "How
To Use'l section.

In most practical applications we
require to know the magnitude of the
impedance - we do not care whether
the device is predominantly inductive
or capacitive.

On the rare occasions that we do
require to know reactance we can

ETI 116 Impedance Meter

3k

RANGE

IMPEDANCE 1kHz

UNKNOWN 'f'?‘-‘ 10kHz
CAL. EXT. @ |

MODE FREQ. EXT. INPUT Pan

Fig. 1. Block diagram of the impedance

u u
meter shows that it consists of an
oscillator an amplifier and a meter circuit. etl p ro, ect

v
EXTERMAL
IMPUT %
METER
DRIVE
CIRCUIT
Q3¢ e
1K OR 10K SWITCH 1ol
+
AMPLIFER .
IMPEDARCE
URDER

REFERERNCE
RESISTOR

SPECIFICATION

Impedance measuring range 1 ohm - 1 Megohm

Frequency of test 20Hz - 20kHz external
1kHz or 10kHz internal

Range of Inductance 10uH - 1000H external
20uH - 100H internal

Range of capacitance 100pF - 1000uF external
100pF - 100uF internal

Accuracy * 5%

Voltage applied tounknown, max 1V rms

When measuring items which are connected to the mains earth either
the item, or the meter, must have the earth removed.
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IMPEDANCE METER

It should be borne in mind that we
are determining. impedances by using
audio frequencies in this instrument
hence components such as RF coils
may well have a different impedance at
RF frequencies (due to skin effect etc)

Hence such coils should be measured
under conditions as close as possible to
those when in circuit. Further the
inductance value, as measured, will only
be accurate on coils having a Q greater than
10.

TURNS RATIO

To measure the turns ratio of an
unknown transformer simply load the
secondary with a value of resistance,
R, which causes the impedance Zp
(looking into the primary) to drop by

50% from the unloaded value. The
turns ratio may then be calculated
from

than they do at audio. If the DC resistance is greater than = /2o (N
Additionally iron-cored coils have an  one tenth of the measured impedance the N V/ %o (N= number of turns)
inductance  dependant  upon the  second formula should be used. N2 R
measuring frequency and upon DC
current flowing
*(20) 200 20(02)*
"N\ CAPACITANCE
N\ .
b INDUCTANCE
(10} 100 N 1.0 (0.1}
{9) 90 0.9 {0.09)
(8) 80 0.8 (0.08)
{7} 70 0.7 {0.07)
{6) 60 0.6 (0.06)
CAPACITANCE
IN uF 15150 05 (0.05) 'NDUCTANCE
(4) a0 0.4 (0.04)
(3) 30 4 0.3 (0.03)
{2) 20 1 0.2 (0.02)
— I
(1) 10 0.1 (0.01}
1 2 3 4 5 6 7 8 91
IMPEDANCE (OHMS)
Fig. 5. React hart
FOR IMPEDANCES GREATER THAN  *FIGURES IN BRACKETS for delerrmining values of
T00HMS DIVIDE CAPACITANCE  AREFOR 10 kHz L ordC from ;neas;:krﬁd
Impeaance a Z
SCALE BY THE SCALING FACTOR (1(5)kHz inbrackets}.
AND MULTIPLY THE INDUCTANCE

SCALES BY THIS FACTOR.

e.g. A CAPACITOR WHOSE IMPEDANCE
IS 6000 OHMS (SCALING FACTOR X 1000)
AT 1KhZ VALUE IS 27/1000 = 0.027uF.



Fig.4. Internal view of the meter shows how the

board end other components are positioned.

This calculation is based on the fact that
an impedance in  the secondary
is transformed to an impedance in
the primary that is proportional to the
square of the turns ratio.

Many other applications can be devised
for an impedance meter and the
few mentioned here are indicative of
the usefulness of such an instrument.

CONSTRUCTION

Any accepted construction method may
be used but the use of a printed circuit
board will greatly simplify the procedure.
Components should be assembled
onto the printed circuit board, with the
aid of the component overlay Fig 4,
making sure that all polarized
components  are orientated correctly.
Capacitor C12 should not be fitted
initially is the required polarity must
be determined as follows.

Temporarily connect the transformer
to the otherwise completed board and
switch on the power. Measure the
voltage from the amplifier at point H.
This should be within £ 1.5 volts of zero,
If this voltage is negative reverse the
polarity of C12 to that shown on the
overlay. If the voltage is positive use
the polarity shown. This variation of
voltage at point H is due to differences
in the FET transistors Q1 and Q3.
Attach wires to all output connections
of the printed circuit board allowing
sufficient length  to terminate them
in  their respective positions. Install
the board in position using 12 mm
long spacers and countersunk screws.
Countersunk screws are necessary as
they will be covered by the lid of the
box. Install the power transformer
and power lead, on the rear panel,
together with the power-cord clamp and
earth tag. Mount the slide switch to the
front panel using countersunk screws.
Resistors R5 to R14 should be mounted on
the rotary switch SW3 before mounting
it on the front panel. If the 30, 300, 3k
etc resistors are not available they
may be replaced by a parallel
combination; eg 30 ohms is obtained
from 33 ohm and 330 ohms in parallel
and 3k from 3k3 and 33k in parallel.

The rest of the front panel
components, except the meter, (for
ease of wiring) should now be mounted
together with the escutcheon. The
wiring can now be completed and
the meter installed and connected.

USING THE METER

The meter should be used in the following
manner:-

1. Switch the cal/impedance switch to cal.

2. Switch on power.

3. Select the required test frequency. The
meter should read full scale, if not, adjust
RV1.

4. If an external oscillator is used set the
frequency and adjust oscillator output
level to obtain full scale reading.

5. Connect the impedance to be
measured.

6. Select the one megohm range.

7. Switch the cal/impedance switch to
impedance.

8. Reduce the range, if necessary, to
obtain a readable deflection. This reading
is the required impedance; eg 0.6 on the
10k range is an impedance of 6k.

9. If desired the external frequency may
be varied to obtain a plot of impedance
versus frequency.

10. Switch back to 'Cal' before removing
the impedance being measured.

TABLE 1

Error Resistance Capacitor  Capacitor

(R2/R3) (C1/c4) (C2/c3)
1% 150k 0.001uF 100pF
2% 68k 0.0022uF 220pF
3% 47k 0.0033uF 330pF
4% 39k 0.0039uF 390pF
5% 27k 0.0056uF 560pF
6% 22k 0.0068uF 680pF
7% 18k 0.0082uF 820pF
8% 18k 0.0082uF 820pF
9% 15k 0.01uF 1000pF
10% 13k 0.01uF 1000pF

PARTS LISTETI 116
RESISTORS (All 1/4 watt 5% carbon)
R24 4k7

R9,R20,R21
R2,R3

R4

R10
R11,R16
R12

R13

R14

R15

R17

10R
30R
47R
100R
120R
300R
390R
430R
680R
1k
1k5
2k2
3k
10k
30k
100k
300k
™
22M

RV1 2k2 trim type potentiometer
TH1 Thermistor type R53

CAPACITORS
c1

C2,C3
C1,C4,C7
€8,C10
C9

C12

C13
C5,C6

SEMICONDUCTORS
Q1,03

Q7
IC1,IC2

D1-D4
D5,D6
ZD1

MISCELLANEOUS

33pF ceramic

0.01uF polyester

0.1uF

0.1uF

10uF 16V electrolytic
100uF 6.3V electrolytic
1000uF 6.3V electrolytic
1000uF 25V electrolytic

2N5459

BC108

BC178

BD137, BD139

BD138, BD140

uA741C

DIL or TO5

1N4001 diodes

1N914

BZY88C3V3 zener diode

T 240V/7.5V-0-7.5V 1A transformer

M1 0.1mA FSD meter 75 x 65mm

SW1 3-pole 3 position slide switch

SW2 DPDT 240V toggle switch

SW3 1-pole 11 position rotary switch

Sw4 DPDT toggle switch

PC board, Metal box, Front panel, small phone
socket, pointer knob, 3 core flex and plug, rubber
grommet and cable clamp four 12mm long spacers,
two terminals, nuts and bolts etc.




IMPEDANCE METER

FREQUENCY CALIBRATION
The frequency should be within
10% of  nominal if specified

components are used. However, if a
frequency meter is available the network
can be trimmed to give the correct
readings.

Measure both the 1kHz and the 10kHz
and calculate the percentage errors. If
either or both are low in frequency the
resistors R2 and R3 can be paralleled with
additional resistors to increase the
frequency. Since this will affect both

ranges choose the one with the greatest
error. Table 1 gives the correct resistance
to use.

Remeasure the frequencies. One
frequency should now be right and the
other high. The capacitors C1 and C4 or C2
and C3 can be paralleled by the
appropriate capacitors as selected from
Table 1.

LIMITATIONS

Due to stray capacitance, (about 15pF)
associated  with the front panel
terminals and the switches, the 1 Megohm

ETI 116 Impedance Meter

3k
SR

100 100k
30 —// \\300k
10 M

RANGE
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Fig.6. Layout of the front panel. Full size is 152mm x 98mm.
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Fig.7. Impedance-versus-frequency plot for a two-way speaker box. Note the combined speaker/box
resonance is 75Hz. The crossover frequency was 2kHz. A plot such as this would be extremely difficult to
generate using a conventional LCR bridge, but is very simply done using the ET/116 impedance meter.

range is useful only up to about 4kHz.
The 300k range is useful to about 10kHz.
When measuring series LCR networks
(where the impedance rises greatly off
resonance) it is usually necessary to
parallel a resistor across the network to
stabilise it. Once at resonance, the
resistor may be removed for actual
impedance measurement. The frequency
can now be altered provided that the
meter is not allowed to go off scale. The
resistor used should be not more than 10
times the value of the network
impedance at resonance.

ALOOKATSOME
MORE
ETI BACKISSUES

Our back issues department can supply
copies containing the following articles:-
IC Power Supply (1.5V-15V)
ZN414 Radio
in January 1973

Trafficator Canceller
Measuring Noise in Amplifiers

in April 1973
Audio Frequency Meter
Earth Resistivity Meter
Getting a 4th TV Channel

in July 1973

Digital Alarm Clock
P.A. Speakers
Solar Power
in September 1973

Quad Amplifier
S.W.L's ATU
Using the TBA800
Laser Experiments
Lighting Effect Kits review
in April 1974

Digital Fault Finding Methods Digital
Servicing Tools
Early Radio Patents (Pt 2)

in July 1974

Articles in BOLD are PROJECTS

These articles are just a selection from the
many printed in these Issues. Many other
back Issues can be supplied. For a complete
listing of articles before May 1974, see the
Index in that month's issue.. To order send
30p for each issue plus P&P (10p for one:
15p for more than one) to Back Numbers
Dept, ETI Magazine, 36 Ebury Street,
London SWIW OLW, clearly stating the
issues you require.

We cannot supply the following:

April, May and November 1972,

February and November 1973,

March and September 1974,




BICYCLE
SPEEDOMETER

Be the first to have an electronic speedo on your bicycle.

BE THE FIRST to have an  mounted on the handlebar - a bicycle save themselves the trouble of making a board
electronic speedometer on your, or your  horn button is ideal; the photo if they wish.

son's bicycle - calibrated in km/h too!  transistor and resistor R2; and the lamp.  The battery, comprising six 1.5V cells cells, is
The advantage of an electronic contained in a battery case also inside the tin
speedometer is that it doesn't take extra ~ INDICATING SECTION box. Note that an extra wire has to be soldered
muscle power to drive it as do those  The components of the indicating section  to a connection of the battery case to provide
mechanical ones. The small amount of  are mounted on a very simple printed the tap at the 6 volt point as shown.

energy needed comes from a battery circuit board, shown full size in Fig.4. This

which is switched on only when a s attached by bent brass strips to the LAMP AND PHOTOTRANSISTOR

speed reading is required - this is  meter terminals. Veroboard or tag-board  These items are mounted on the insides of the
obtained by pressing a bicycle horn enthusiasts can use their favoured front forks of the bicycle. If this location is not
button mounted an the handlebars. technique and available,

This project was developed around
a stripped  down  bicycle, hence
the photographs show bare elements
only. The indicator part of the
speedometer is a 1mA meter mounted in
the lid of a suitably sized tin can, see Fig.
1. This is attached to the handlebar
pinch bolt by means of a bracket
fashioned from aluminium as can be seen
in the photo.

The electronics are in four
connected sections: the indicating section
( Fig. 1); the switch, which is a push button

Fig.1. The meter section may be attached to the
handlebars by a bracket held by the handlebar pinch
bolt. (meter dial is seen here before re-calibration).
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BICYCLE SPEEDOMETER
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Fig.2. Circuit diagram of the complete unit.

due to the existence of brakes for example,
then the rear forks or seat stay may be
used as an alternative position. Whatever
position is used it is important that the
mounting brackets are attached securely so
that they will not allow the parts to tangle
with the spokes.

The photo transistor is attached to a small
strip of phenolic board by means of a
shaped brass clip. The resistor R2 is
mounted on the opposite side of the board
with its leads passed through small holes
and bent to form an anchor. When the
speedo is working properly this resistor
may be covered with epoxy resin. The
active portion of the photo transistor is

shrouded from unwanted light by a short
length of black plastic tubing, cut from an
empty ball pen, epoxied on to the board.

Directly opposite the transistor is a lens-
end bulb (pen torch variety) in a lamp
holder mounted on a suitable bracket. The
bulb is shrouded with a piece of plastic
conduit -mainly to keep dirt away. It is very
important that the bulb selected should
have its filament on the bulb axis -so that
the bright spot formed by the bulb is in
line with the bulb and can be directed on
to the transistor. These two elements must
be adjusted so that they are rigidly aligned.

CONNECTION

Light twin flex such as speaker lead is
suitable for connecting the various
elements together.

BARRIERS

The barriers on the prototype were pieces
of aluminium about 90mm x 25 mm,
actually cut from the aluminium plates
used on office offset printers.

Simply bending the ends of the strips
around the spokes and pinching them is
sufficient to keep them in place.
Constructors who can't obtain similar
aluminium could use old

HOW IT WORKS

The speedo is essentially a very
simple tachometer which measures
the frequency of pulses caused by
interrupting a light beam shining on a
photo transistor. Fig. 2 shows the
circuit. The transistor and lamp are
mounted on opposite sides of one of
the bicycle wheels and the light from
the lamp is interrupted by barriers
between alternate pairs of spokes.
Pulses of current flowing in the
transistor circuit cause a pulsating
voltage across the battery and load
resistor R1. These pulses are fed to
the 1mA meter through a bridge
rectifiel circuit D1 -D4 in series
with a capacitor (actually C1 and C2 in
parallel). The  rectified meter
current is directly proportional to the
size of the capacitor and pulse
frequency. The variable resistor RV1
provides calibration adjustment.

PUSH BUTTORM

(R HAMDLEEAR

P.C. BOARD

TAP
BATTERY

L+

Fig.3. This schematic drawing shows how the various parts are interconnected.
The direction of light should be perpendicular to plane of transistor body.



Flg.4. Printed circuit board
(shown full size).

Fig. 5. How the components are
mounted on the printed circuit board.
The completed board may be fixed
rigidly to the meter terminals by two
copper straps.

TO Ql ————r

aluminium or tin cans flattened out and
perhaps painted.

CALIBRATION

A fairly accurate calibration may be
made by attaching a piece of cardboard to
the spokes so that it acts as a clicker as it
passes the forks. Aim for a light click on
one fork only so that the wheel is not
slowed down too rapidly. Then. spinning
the wheel. counting clicks over say 30
seconds and reading the meter at the
same time, provides enough data to work
out speeds and calibrate. (Something to
do with your new calculator!).

The meter should be adjusted by the
calibrating pot RV1 so that it reads full
scale at some convenient speed such as 45
km/h. It may be hard to spin the wheel at
this speed by hand, but the problem is
overcome by driving it by a rope drive
from a pulley fitted in the chuck of a drill.
This works very well.

As the meter reads linearly, settings
below full scale should be accurate
enough using the divisions on the original
meter scale.

Another possibility for calibration is for
the bicycle to be paced by a car with a
speedo of known accuracy (remember
that only a maximum full scale reading is
required).

The meter scale should be fitted with

+
METER

- ———T0 BATT-VE

10 S
: 0 QL)

TO LAMP

PARTS LIST ETI 235
R1 Resistor 4k7
R2 Resistor 2k2
R3 Resistor 100R
RV1 500R Potentiometer
C1 Capacitor 1.0uF plastic
C2 Capacitor 0.47uF plastic
D1-D4 0A200 or similar diodes
Q1 OCP71 or similar
S1 Push button switch - normally

open - bike horn type

M 0-1mA meter
Lamp 3 volt lens end as used in pen
torches
Battery - 6 x 1.5V cells in holder
Aluminium for barriers
Aluminium or light steel for brackets
Tin box

fresh numbers - Letraset figures stuck on
white Contact background are ideal.

If there is any problem with getting a full
scale reading the most likely causes are:-
incorrect alignment of lamp and photo
transistor, and a lamp which spreads out
the light too much instead of
concentrating it.

FINISHING TOUCHES

When all is in working order the battery
case should be taped up and then
'nested' in plastic foam inside the tin box.
The tin box should be sealed against the
weather with plastic tape, and the lamp
should be lightly soldered to the lamp
holder to prevent its being loosened by
vibration.

tecknowledgy

Ambit has something different to offer the
modern electronics enthusiast - amateur or
professional.

Tecknowledgey -the sort of data and information
service that simply cannot be matched by any
other component source. With today's new
products in electronics, you need a new
approach to buying to make certain that you get
best advantage from the vast amount of data and
information  that is being published to
complement the modern technology.

Our speciality is wireless. AMBIT has all the
semiconductors and inductors for all types of
receiver up t0'200MHz. VHF FM stereo is
covered by various modules for tunerhead. IF
and decoder applications.

Larsholt 7252 FM tuner set: A complete varicap
tuned head + IF. with 1uV for 26dB S/N, 0.1%
THD, muting, AFC, meter drive audio pre-amps
Ready built £20.00.

Linear Phase FM IF system, with mute, AFC,
AGC, meter drive. Twin IF filters and 0.1 % THD.
Built and aligned on a R&S Polyskop for £9.00.
EF5603 MOS and Varicap FM tuner head from
TOKO. The best in the range £8.40.

EC3302 FET and varicap FM tuner head for lower
cost systems. £5.00.

The ALL Electric Wireless........

A UNIQUE varicap tuned AM radio unit
with IC, ceramic filter IF, and three stage
tuning. Covering the medium wave in one
sweep. Kit £8.00, built for £9.95.

A Unique 150mm track length slider for
AM/FM  varicap tuners, and any other
application for a precision 50k linear WW
potentiometer. £3.00 ea.

6 Button preset varicap control unit from
IMI. Inc fixing bracket £3.40.

993090 MPX PLL decoder. A superb unit
with pilot tone filter, audio pre-amps, LED
beacon.  Kit £6.40  -built  £7.60.
91310 Low cost MPX decoder module.
No corner cut though, and price includes
LED beacon and TOKO npilot tone filter.
Kit for £5.10, built £5.90.

We also carry a wide range of linear
IC's for audio and radio.

EG The LM381 N stereo preamp £1.85
The NE560,561,562,563 PLL £3.19 ea
CA3089E FM IF subsystem inc coil
£1.94 CA3090AQ stereo decoder inc
coil £3.75 and stacks of TOKO coils and
filters for radio and MPX. SAE for our
free short form lists. Short form price
list and product summary FREE with
an SAE. Full catalogue folder cost is
40p (inc), and contains more info on
TOKO and up to the minute linear than
ever.

from

Ambit International

37 High Street
Brentwood, Essex.
CM144RH

Tel: 216029 TIx; 995194
VAT EXTRA: P&P 20p




NEW.!...

the decon-dalo
33PC Quick--Dri
etch-resist marker

A unique drafting aid for the
electronics engineer enabling him
to prepare in minutes a perfect
PCB.

A fine-tipped marking pen charged
with free-flowing etch-resist in -
new formulation QUICK-DRI ink is
ready for etching in just two
minutes!

Simply draw the desired circuit
onto copper laminated board - etch
- clean.

The circuit is ready to use.

NO MESS-NO MASKING
A perfect circuit every time!

Still only £1.00 for one-off, £4.00 for six, £8.00 for
twelve VAT and post extra. Available now in every
country in Europe.

Forallwhowant to
know about
electronic circuits

circuit
designs

Collected Circards

PWilliams J Carruthers JHEvans JKinsler

A WIRELESS WORLD PUBLICATION

Here's a book of very special appeal to all concerned with
designing, using or understanding electronic circuits. It comprises
information previously included in the first ten sets of Wireless
World's highly successful Circards -regularly published cards giving
selected and tested circuits, descriptions of circuit operation,
component values and ranges, circuit limitations, modifications,
performance data and graphs. Each of the ten sets - including 29
additional circuits - in this magazine size hard cover book has been
updated where necessary, and is preceded by an explanatory
introduction. Circuit designs (1) is the first collection of its kind.

Circuits covered are:

Basic active filters
Switching circuits
Waveform generators
AC measurements
Audio circuits

Constant-current circuits
Power amplifiers
Astable circuits
Opto-electronics
Icropower circuits

A new bookfromWirelessWorld

Please send me further details onthe 33 PC Quick-Dri

Post to: DECON LABORATORIES LTD
FREEPOST
PORTSLADE,BRIGHTON,ENGLAND

(No Stamp Needed) Phone 0273 414371

ORDER FORM

To: General Sales Department, IPC Business Press Limited
Room 11, Dorset House, Stamford Street, London SE1 9LU.

Please send me copy/copies of Circuit Designs - Number 1 at
£10.40 each Inclusive. | enclose remittance value £
(cheques payable to IPC Business Press Ltd.)

NAME (please print)........ccccoveereeunnee

y reg
International Limited Registered No 6!7128 Registered office
Dorset House, Stamford Street, London SE1 9LU.




Now-two fascinating ways to enjoy saving money!

(:N\' Sinclair Scientific kit FAEER

Britain’smostoriginal calculator
now in kit form

The Sinclair Scientific is an altogether
remarkable calculator.

It offers logs, trig, and true scientific
notation overa 200-decade range —
features normaily found only on
calculators costing around £1000or
more.

Yet even ready-built, the Sinclair
Scientific costs a mere £32.35
(including VAT).

And as a kit it costs under £20!

Forget slide rules and four-figure
tables!
With the functions available on the
Scientific keyboard, you can handle
directly

sin and arcsin,

€os and arccos,

tan and arctan,

automatic squaring and
doubling,

log 10, antilogqo, giving quick
access to x¥ (including square
and other roots),

plus, of course, addition,
subtraction, multiplication,
division, and any calculations
based on them.

In fact, virtually all complex scientific or

mathematical calculations can be
handled with ease.

Sois the Scientific difficult to
assemble?

No. Powerful though itis, the
Sinclair Scientific is a model of
tidy engineering.

All parts are supplied — all you
need provide is a soldering
iron and a pair of cutters.
Compfete step-by-step
instructions are provided,
and our Service
Department will back
you throughout if
you've any queries
or problems.

Of course, we'll
happilysupply the
Scientific or the
Cambridge
already built, if
you prefer —
they're still
exceptional
value.

Components for Scientific kit

(illustrated)

Coil

. LSlIchip

. Interface chips

. Case mouldings, with buttons,
windows and light-up display in
position

. Printed circuit board

. Keyboard panel

. Electronic components pack

s

. Battery assembly and on/off swi
. Soft carrying wallet

©oo ~Nom

10. Comprehensive instructions for use

Assembly time is about 3 hours.

(diodes, resistors, capacitors, etc.)

(INC.VAD)

tch

Features of the Smclalr Scientific

T TERITEEITT

. 1rad
sinciair 'e’”o
Suenllﬁc

™

TTATEOTE

57.2958°

2:30259
2-71828
314159

v anmog
4 tan

¥ arctan
A sin

¥ arcsin
4 cos

=

arccos

@ 12 functions on simple keyboard

Basic logs and trig functions (and thein

inverses). all ffom a keyboard as stmple as a

normal arithmetic caleulator’s. ‘Upper and

fower case’ operation means basic
arithmetic keys each have two extra

functions.

@ Scientific notation

Display shows 5-digitmantissa, 2-digit

exponent, both signable.

@ 200-decaderange

109910 10499

@ Reverse Polish logic
Post-fixed operators allow chain

calculations of unlimited length —
eliminate need for an = button.

@ 25-hour battery life

4 AAA manganese alkaline
batteries (e.g. MN 2400) give
25 hours continuous use.
Complete independence from
external power.

@ Genuinely pocketable
41/3"x2"x11/16". Weight 4 oz.
Attractively styled in grey, blue and
white.



Ex BEA CONTROL UNITS by UNIVAC

A FREE STANDING, MODERN STYLE DIECAST CASE
CONSISTING OF:

2-50way gold plated plug & sockets; sub assembly with 3 multiway switch assemblies:
4 decade push button assembly with electrical reset; 2 decade push button assembly with
electrical reset; single bank 8 push button assembly;
decade lamp assembly; 1-12 x 3 lamp assembly; 4 decade thumb wheel assembly; 16

bit inline card code assembly; 6-15way plug & sockets.

Limited stocks at £12.50 each. Plus £2.00 carriage.

1 decade lamp assembly:

1-2
‘BUY’

Also modern style typewriter
keyboard with 21
function keys. Housed in slim-
line diecast
torised. No information but a

separate
case. Transis-

at £15-00 each plus

£2.00 carriage.

HUNDREDS OF SQ. FT. PACKED WITH CLEARANCE ITEMS, TEST GEAR ETC. ALL

INDIVIDUALLY PRICED. CALL OR SEND FOR LISTS.

HARTLEY 13A Double Beam Os-
cilloscope TB 2c¢/s-750ke/s. Band
width 5-5 mc/s, Sensitivity
33Mv/cm. Calibration markers
100ke/s and 1Mc/s. £30 ea.

EX-MINISTRY CT436 Double
Beam Oscilloscope DC-6 megs.
Max Sensitivity 10mv/cm. Small
compact. Size 10 x 10 x 16 in.
Suitable for Colour TV servicing.
Price £85 each including copy of
manual.

12" CRT Magnetic Deflection. Blue
Trace Yellow Afterglow (P7). Infor-
mation and recommended circuits
with all purchases. Brand new boxed.
£4 each, Camiage £2.

100MHZ SCOPE TUBES. Mullard
D13-450GH-03. P31 Phosphor In-
ternal graticule — 6cm x 10cm rec-
tangular. Y sensitivity 3V per cm. X
sensitivity 11V per cm. Single gun.
Distributed Y plates. Trace rotate
coils. Brand new boxed. £30 ea. Car-
riage £2.

GRATICULES. 12 cm, b}. 14 cm. in High
Quality plastic. 15p each. P

PANEL mounting lamp holders. Aed or green
o sa. Miniature "ﬂ_ g

[ TELEPHONES—
MODERN 'STYLE 706 BLACK
OR TWU-TONE GREY £3.75
each. P.&P, STYLE 7006
TWO-TONE GR EN and GREY
£3.75 each. P.&P. 45p. HAND-

CAPACITOR PACK S0 Brend new compo-
nents only 50p. P. & P. 27p.

P.C. MOUNT SKELETON PRE-SETS.
Screwdriver adjust 10:5 and 2 5M o 2pea
M. 500 250 2no 23K a &p s, F ag-
just 10, & and 2.5M @ 3Ipea 1M 500, 250

HIGH \MI.I.IE—PHINTEO BOARD PACK.
. ele.—no
twu boards th. seme—ng short-leaded trangis-

tor connpater poaras £1 78 post pacd

Large guantity LT. HT. EHT rransformers and
hnr".

y SETS—complete with 2 Insets d 28K @ Bp ea. MinP. & P 15
. oL and lead 75°p each P.&P. 37p. | oo M »
FIBRE GLASS PRINTED CIRCUIT gﬁpm ONLY 76p each. P.&P

BOARD. Brand new. Single or

Vast qan:my of quality compongnis

100001 FEED THRY CAPACITORS. Oriy - oy of geod qualty compenen

| . sald n nacks of 10—30p P &P 15p ILB. “.umomc GOODIES
Double sided. Any size 13p per MODERN STANDARD * TELE- 1-50 post paid
i RECTANGULAR _INSTAUMENT raus, .
sa. in. Postage 20p per order. m?”EAS JE‘A(‘:;EHEI'I} 3&‘?‘%55: American Ex-aqu. Size 43 x 43 x 14" 115 -
FINGERS LIKE THE 746. £3.00 Volt. Vary quite £3 ea. P. & P. 47p. CRYSTALS.

LIGHT EMITTING DIODES mgrmm

Hewletl-Packard. Brand New Colou:: 4.43MHz. Brand Nm

each. P.&P. 45p. £1.25e0.P & P. 15

Information Sp. Holders 1p. DEUVERED TO YOUR DOOR 1 cwi. of
Electronic  Serap chassis. boards. eic. -No
METERS .’S:t FA? zsu 42 22530-25 RELIANCE P.CB. mou 270: 470: Rubbish. FOR ONLY £&. N Iraland £2 exira. Beshive Trisrser 3/30 pf.
micra & ] 00— :
250 rod: hnear. As new €2.08 s P& F 37p, 500 0hms: 10K ot 36p ea. ALL BHAND NEW, P.C.B. PACK S & D, Quantity 2 sg. . —no Brand new. Oty 18 13pca. P& P 15p:
tiny pieces, 50p plus 7. & P. 20p. U o :P,":“ & P. 25p: 100-999
BLOCK PAPER CAPACITORS AVAIL-  VENNER Hour Meters—5 digit. wall mount A
ABLE. 5.AE. with requirements. —gesled case. Standerd mans, €375 ea. TRIMMII PACK, 2 Twin 50/200 pf ceramic;
P. & P.55p. n 10/60 pf ceramic: 2 min strips with 4

HF . Crystal Drive Unit. 13in. rack mount.
Standerd 240V input with superb crystal oven
by Labgear ino crystals) £5 ez, Carr. £2-00

pm-t 5/20 pf on each: 3 air spaced praset
307100 pf on ceramic base. ALL BRAND NEW

PHOTOCELL squivalent OCP 71. 13p es.
TRANSFORMERS. Al standard inputs, 25p the LOT. P. & P. 15p.

MULLARD OCP70 10p e3.
Gard/Perm/Parl. 450-400-0-400-450. 180
s::nmn 2 meg. log pots. Current type MA 2 ¥ 63v. £3 ea.

ALMA precision resistors 200K: 400K-497Kk:  ROTARY SWITCH PACK—5 Brand New
398K- & 1% 27pea; 325K, 5-6K_13K-0.1%  Switches P &P.27p.

20p 0a METER PACKS—3 different meters
for £2. P.&P. 55p.

INSTRUMENT 3in. Coivern 5 ohm Ba FANT. VALUE
50K and 100K 50p ea 3se Mini T ”“c. o 240V
input. 3Vblt 1 amp outpur. Brand New.

BOURNS TRIMPOT POTENTIOMETERS. 65p each P. & P, 20p. Discount for _RELAYS . RESETTABLE COUNTERS—4 digit
258?35".22&.%%?-?0":51\;2 2.5:5:10: qggnnr\f. ;;;'h g'l": Ia‘s:::mars 4 pole cio 15K— ggll stﬂnebrIGEBISDde:o 10000 ﬂm
, ] LOW FREQUENCY WOBBULATOR
DON'T FORGET For alignment of Receivers, Filters etc. 250KHz to 5 MHz, effective to 30 MHz on harmonics. Three controls—RF ievel

YOUR MANU ALS sweep, width and frequency. Order LX63. Price £8-50 P. & P. 35p.
As above but can have extended cover range down to 20KHz by addition of external capacitors. Order LX63E. Price 11-50
SAE WITH P. & P. 35p.
REQU'HEMENTS Both models can be used with any general purpose oscilloscope. Requires 6-3V AC input. Supplied connected for automatic

50Hz sweeping. An external sweep voltage can be used instead. These units are encapsulated for additional reliability, with

the exception of the controls (not cased, not calibrated),

20HZ to 200KHZ
SINE AND SQUARE WAVE GENERATOR

In lour ranges. Wien bridge oscillator thermistor stabilised. Separate
independent sine and square wave amplitude controls. 3V max sine,
BV max square outputs. Completely assembled P.C. Board, ready to use.
9 to 12V supply required. £8-85 each. P, & P. 25p. Sine Wave only
£6-85 each. P. & P. 25p.

WIDE RANGE WOBBULATOR

5 MHZ to 160 MHZ (Useful harmonics up to 1-5 GHZ) up to 15 MHZ sweep width.
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10-7 or TV
IF alignment, filters, receivers. Can be used with any general purpose scope. Full
instructions supplied. Connect 6:3V AC and use within minutes of receiving.

All this for only £6.75. P. & P. 25p. (Not cased, not calibrated.)

MAKE YOUR SINGLE BEAM SCOPE INTO A
DOUBLE WITH OUR NEW LOW PRICED
SOLID STATE SWITCH.

2 HZ 1o B8 MHZ. Hook up a 9 volt battery
and connect your scope and have two traces
for ONLY £6.25. P. & P. 25p.

STILL AVAILABLE our 20 MHZ wversion at
£9.75.P. & P. 25p.

TRANSISTOR INVERTORS
TYPE A TYPEB TYPEC

Input: 12V DC Imput: 12V DC Input 12V to 24V OC
Output- 1 3kV AC 1.5MA | Output: 1.3kV DC 1.5MA JOutput: 1.5kV to 4kV AC 0 SMA

Price £3.45 Price £4.70 Price £6.35
Postage & Pacl:ing 36p

TYPED
Input 12V 10 24V DC
Output: 14kV DC 100 micra amps at 24V
Progressively reducing lor lower inpul voliages
Price €11

m stated — pl add £2.00 carriage to all units,

VALUE ADDED TAX not included in prices—please add 8%
Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order

Open 9 am to 6.00 pm any day (later by arrangement.)

N CHILTMEAD |

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reodmg 582605;’659[6







light dimmer

AL THOUGH commercially made light
dimmers have fallen considerably in
price recently, they still usually command
about £4.00 (though we have seen
them advertised a bit cheaper).

In addition to giving control over the
brightness of a bulb, modern circuits
using a Triac actually save electricity
and will eventually pay for themselves
though we do not advocate them for
this reason.

The circuit' for a light dimmer is not
complex, as will be seen from Fig. 1,
nor are the components all that
expensive.

Including everything, we reckon the cost
of this project at about £2.50. The circuit

overcomes a drawback in many of
the commercial models: the Triac is
protected against mains transients.

Many versions do not come on until
the control is rotated over half way,
yet current is still being drawn; in our
circuit the light comes on almost at
minimum setting.

An unusual facility is also incorporated
in the design which some readers
might wish to take advantage of. A
light dimmer is perfect for use with a
TV set as neither viewing in full light
or complete darkness is very pleasant.
The circuit is so arranged that the
switch can also handle a load which is
not controlled by the dimmer circuitry.
Thus, the TV can be switched on
using the unit, but only the light will
be controlled. The same

arrangement also makes it possible to
control only one light, leaving others
unaffected.

The unit will handle 500W as
shown, but with some modifications
can easily be adapted to control 1kW.

CONSTRUCTION
Use of a printed circuit board (the
pattern as shown in Fig2 s

recommended. Veroboard can be used
but mains voltages are present and
many people will consider that the
track spacing is a bit close.

First mount the terminals A-D.
These are taken from a small terminal
connecting block.  Each terminal is
fitted to the component side of the
board being held in place with a screw
which can then be soldered to the
copper track.

The choke L1 is made up from a
piece of ferrite rod, 1/4 inch diameter
and 1 1/2 inches long, wound with

55 turns of 28 swg enamelled
copper  wire, wound tightly and
secured at each end by a strip of

adhesive tape. Tin the ends of the
wire and attach the choke to the PCB.

Now mix up some quick setting
epoxy resin and smear this over the
windings, making sure. that some will
anchor the choke to the board. If
there is any epoxy left over, smear
this over the soldered terminals as this
will help with rigidity.

The other components can now be
mounted, the Triac should be fitted as
close to the board as possible. The
switch contacts of the pot must fit
through the PCB. and should be
fitted so that the back of the switch

Fig.2. The PCB pattern.
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Fig. 3. Components layout, seen from the
front of the PCB. The PCB has been flipped from
left to right.
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Fig.1. The circuit of the dimmer.



Fig.4. This shows the mounting of the
terminals A-D. The mounting screws are
soldered to the copper track.

Fig.5. The completed unit, without faceplate and
knob.

is firmly up to the board. Note that a
double pole switch is used and both poles
are wired up in parallel. This is done as
the rating of switch contacts in pots is
usually about 2A, bringing it a bit close to
our 500W rating: doubling up gives a
better margin.

Blank switch plates are available, made by
M. K. Products, and a 3/8" hole is
necessary. As the plastic is rather brittle,
it is best to drill a smaller hole and ream
out the remainder. With the MK 3827
(used in the prototype) there is a
moulded flange on the inside which
requires a small slot to be filed to give
clearance for the Triac.

For those wishing to use the unit at 1 kW
it is necessary, for safety reasons, to use a
separate switch from that in the pot. A
suitable heatsink will also be necessary on
the Triac and the wire gauge on L1 should
be slightly heavier: 24 or 26 s.w.g. The
greatest drawback when using the higher
power is that RFI can be annoying. When
used with a lower load, the radio
interference is very low and could not be
detected 12" from the prototype, even
with the radio's ferrite rod in line with the
choke.

PARTS LIST

RESISTORS (1/4 watt or 1/2 watt)
R1 47R

R2 3k3

R3 4k7

R4 390k (see text)

RV1 250k potentiometer linear with double pole switch
CAPACITORS

C1,C2  0.033uF 600V
C3,C4  0.1uF 600V

Q1 SC141 or SC146 or similar 400V 6A triac
D1 BR100 diac
L1 Choke (see text)

PCB, Terminal connectors (4 off), Switch faceplate, Control knob

HOW IT WORKS

As with practically all modern
dimmer circuits, this one makes
use of a Triac for the power
control.

A Triac can be regarded as an
electronic switch that is turned
on by a pulse at a
predetermined time in each half
cycle and turns off at the end of
the half cycle.

Control of the Triac is of the
simple resistor/capacitor and
Diac system. By varying the
resistance of potentiometer
RV1, the time constant of RV1/
C4 so as to, change the phase at
the junction RV1/C4 is passed
to the Diac through limiting
resistor R3. The Diac is
connected to the gate of the
Triac and as the Diac is in fact a
bi-directional diode, both the
positive and negative pulses are
applied to the gate.

Capacitor C1 and choke L1 are
for suppressing RF1 while R1
and C2 are used for transient
suppression.

Resistor R4 is fitted so as to
allow full control of light while
using RV1. The ideal value for
RV1 is 150k but as this value is
virtually impossible to obtain, it
is paralleled by R4 to give
effectively this value.

TEST AND OPERATION

Warning: The circuit board has 240V
mains applied to and extreme caution
should be used when installing the unit.

Before fitting the unit, it is worth testing
on the bench, using a table lamp as a
load. Connect this as follows. Terminal
A: mains live, Terminals B and C: load,
Terminal D: Mains neutral.

If all is well, the unit can be fitted in
place of a modern switch fitted in a box.
In very shallow boxes, there may not be
room for the wunit but extension
mouldings are available from the same
people who supply the switch plate
itself.

If the facility for switching an
uncontrolled load is not required (i.e.
using it conventionally), a jumper wire
should be fitted between Terminals B
and C and the two wires which normally
connect to the switch that the dimmer
replaces can be connected to A and D.
The unit will work whichever way
around the wires are connected but to
keep as little of the PCB. live as possible,
the live should be connected to A.



INTERNATIONAL 3600

CONSTRUCTIONAL DETAILS

UNLIKE our larger 4600 unit, the modules in
the 3600 are not designed to be removable
as a single unit. Additional components (such
as input and output switching for the
oscillators) are mounted directly on the front
panel (rather than on a sub-panel) and some
printed circuit boards, such as the keyboard
controller, are mounted in the box and
connected to the potentiometers and
switches on the front panel by means of
leads.

OSCILLATORS

These are the same as the larger unit except
that only three (instead of four) are used. The
oscillators, as described, are configured for
use with F to F keyboards. If C to B
keyboards- are used resistors R11 and R12
should be changed to 47k. In using the larger
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4600 unit it was determined that the low
range of the oscillator is lower than really
necessary. It is therefore suggested that
the value of C4 be reduced to 1uF

+ay

Additional front panel controls required
for the oscillator are a four position rotary
switch switch to select input, a level
control potentiometer and resistor, and a
three position rotary switch on the output
(see diagram left).

KEYBOARD CONTROLLER
The keyboard controller is substantially as
published in February 1974 and the
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Fig. 2. The auxiliary board circuit diagram.

subsequent modification published in
August 1974. Some parts are deleted and
others added (see parts list) to make
minor improvements and to adapt the
unit to the 3600 format.

A minor modification, which improves
accuracy in setting up the keyboard
modulation output, is performed by
changing R57 to 30k, RV19 to 5k, R77 to
39k and RV22 to 1k (see Fig. 1).

To set up the controls the following
procedure should be used. Connect two
oscillators to the 'key output’, select '4
foot' range and check that the oscillators
track over the entire keyboard range.
After setting up RV23 and RV24 as
described for the 4600 Unit, connect one
oscillator to 'KEY OUTPUT' and the other to
'KEY MOD OUTPUT".

Disconnect the link between 46 and 47
(if connected) connect 47 to zero volts
and adjust RV22 to 'beat' the oscillators
on the lowest note. Then adjust RV19 at
the top end. These two controls interact
and it will be necessary to repeat the
procedure several times to get both ends
right. The range of RV22 has been made
small so that adjustment is less sensitive.
However this means that component
tolerances may cause the correct setting
to be outside the range of RV22. If the
correct setting is below the minimum
setting of RV22 parallel R77 with 1.5
megohm. If still not correct use 820k. If
the correct setting is above the
maximum setting of RV22 parallel R78
with 1.5 megohm or 820k as required.

On the 3600 the modulation
potentiometer, RV21 as fitted to the
4600, is not used and 46 and 47 are
therefore linked. An output is taken from
this point, being the modulation output.
To prevent confusion the output of IC12 is
relabelled 'KEY MOD OUTPUT".

The input to the exponential converter,
IC13, is modified to accept the three
inputs required. The. bias network R63-
RV20, has also been changed.

The original R62 (47k) is replaced by
three resistors, labelled R62A, B and C,
each of 100k. To save making a different
printed circuit board the two additional
resistors are glued onto the top surface
of the board with epoxy cement.
Potentiometer RV20 is adjusted to give
zero volts at point 46 when all
modulation controls are at zero. Zero
volts can be checked by switching one of
the oscillators to 1/2 foot range and
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Fig. 4. Component overlay for the auxiliary board. The PCB is flipped from left to right.

PARTS LISTS

PARTS LIST - OSCILLATORS
(Three required)
1 Oscillator as published in ETI February 1974
1 Switch 1 pole 4 position rotary (or 2 pole 4 position)
1 Switch 1 pole 3 position rotary (or 3 pole 2 position)
1 Potentiometer 22k Lin rotary
1 Resistor 100k 1/4 watt 5%

KEYBOARD CONTROLLER
1 Keyboard Controller as published in ETI February 1974
1 Keyboard Controller mod as published in ETI
February 1974
1 1k trimpot
1 5k trimpot
1 50k trimpot
3 22k potentiometers Lin rotary
3 100k resistors 1/4 watt 5%
1 150k resistor 1/4 watt 5%
1 30k resistor 1/4 watt 5%
1 39 resistor 1/4 watt 5%

The following parts are not used - delete from list
2 10k trimpot

1 10k rotary potentiometer

1 100k trimpot

1 27k resistor 1/4 watt 5%

1 33k resistor 1/4 watt 5%

1 47Kk resistor 1/4 watt 5%

1220k resistor 1/4 watt 5%

R
R

14
13

R5,6,7,11

R

16

R4,9
R3

R

12

R8
R17,18,19
R20,21
R2
R10,15
R1

IC4,5,6,7

PARTS LIST - AUXILIARY BOARD

470R resistor 1/4 watt 5%

1k resistor 1/4 watt 5%

10k resistor 1/4 watt 5%

15k resistor 1/4 watt 5%

18k resistor 1/4 watt 5%

33k resistor 1/4 watt 5%

56k resistor 1/4 watt 5%

82k resistor 1/4 watt 5%
100k resistor 1/4 watt 5%
100k resistor 1/4 watt 5%
150k resistor 1/4 watt 5%
220k resistor 1/4 watt 5%
1M resistor 1/4 watt 5%

47k Log potentiometer rotary
33pF ceramic capacitor
100pF ceramic capacitor
0.0022uF polyester capacitor
0.015uF polyester capacitor
0.1uF polyester capacitor
0.47uF tantalum capacitor
10uF 16V electrolytic capacitor
BC109 transistor or similar
BC179 transistor or similar
4006

4030

4001

LM301A

Back issues are available for some of the original 4600 articles (Not March or September which ran from

January to September 1974

Maplin Electronic Supplies, P.0. Box 3, Rayleigh, Essex, SS6 8LR will be stocking all parts for the ETI 3600

as they did for the ETI 4600.

zero volts can he checked by switching one
of the oscillators to the 1/2 foot range and
the input selector to off. Adjust the
oscillator to the lowest frequency possible.
Now select the modulation input and
adjust RV20 to give the same frequency.

AUXILIARY BOARD

The auxiliary hoard contains the odd
circuitry necessary to interface the various
sections of the 3600 synthesizer. It contains
two mixers one for the envelope inputs and
one for the equalizer inputs. A circuit is
incorporated to derive a 2.5 volt supply for
the modulation potentiometers.
Additionally the board contains a noise
generator, similar to that described in the
March. 1974 edition, with the exception
that it is permanently connected to produce
'pink' noise.

Reference should be made to that issue for
the principle of operation of this circuit. The
two mixers are simply LM301 operational
amplifiers which have two inputs. One input
is via a 100k resistor and the other is direct
to pin 2 of the IC. The later input is used for
the oscillator which has a 100k output
impedance.

A 2.5 volt supply is derived from the +14
volt supply by divider R8 and R9. This
voltage is buffered by IC5 which is
connected as a unity gain non-inverting
amplifier.

The external input amplifier uses a
differential pair Q1 and Q2, followed by an
additional gain stage, Q3. The feedback
components R15, R13 and C10 provide a
gain of approximately 40dB. The output of
this amplifier, goes to the filter input.

to be continued next month



Save at least 307, — and up to 807 with ' %

ET/MARSHALES OFFER

STOP PRESS
H. M. Customs and Excise have ruled that
this offer is subject to 8% VAT as shown
— not 25% as seems possible with many
components.

Yet again ETI has managed to arrange a really low price (for a
limited period) on popular components. This month our offer
takes a slightly different form from usual as the choice of component
and quantity is yours! Last month we arranged a spectacular offer
on TTL devices but do not apologise for including these again as the
choice is wider and the quantity is your decision.

It goes without saying that all devices are prime, branded, new
components as with all devices from Marshall's.

1!

OFFER USUAL

TYPE PRICE PRICE
SN 7400
SN 7401

SN 7402
SN 7404
SN 7410
SN 7413
SN 7447
SN 7448
SN 7473
SN 7474
SN 7490

The offer is made subject to the stocks being unsold and is only
open until June 30th for ETI readers using the coupon below.

VAT & POSTAGE

It is ETI's general policy to give price inclusive of VAT and postage.
Due to the nature of this offer we do not feel it applicable here. The
rate of VAT paid must be that ruling at the time the order is placed
(8% at time of going to press).

USUAL OFFER USUAL

TYPE E PRICE
CD 4000AE
CD 4001AE
CD 4002AE
CD 4007AE
CD 400SAE
CD 4011AE
CD 4016AE
CD 4013AE
CD 4029AE
CD 4045AE
CD 4049AE

8 25p £1.4 40p 81p
SN 7492 plus 8% VAT and P & P 25p plus 8% VAT andF'& P 25p

The form’ below must be used for this o'ffer. Cheques should be made payable to A. Marshall (London) Ltd, and
sent to the company at 42 Cricklewood Broadway, London NW2. Telephone 01-452 0161, Telex 21492.




, Everything you need is in our
New 1975 Catalogue
available now price 25p
(100 pages of prices and data)

Call in and see us 5-5.30 Mon-Fri
9-5.00 Sat
Trade and export enquiries welcome

Top 500 Semiconductors from the largest range in the UK rlw 'I;EI;E;EEE.NIS lﬂ’T -
footy iomnde and un
% Dy 2 ) tor
SN4S8 080 |2N3I390  0.45 | 2N5285 AF11E 0.38 | BC207 0.12 | BF 158 0.27 |im309k  1.88] oCa2 0.50 Dedy Mol 2 Oca 74 "‘“m':,";v"m"’::
INAGEA 086 | 2N3301 0.2 2N5296 AF117 0.35 | BC7 0.1 | BF1GD 0,23 | LM5T| 1.50 | OCA5 0.32 plugs i 10 sens! socket o
INASTA 120 |2N3I0IA  0.29 | 2N5298 AF118 0.35 [BC212Kk  0.18 {BF163 0,32 {LMaBO 190 0cT 017 Parts list a8 follows. & Resistor Pack £1.00
2N490 3. 0.16 | 2N5457 AF124 0.30 |BCZ12L 0.16 | BF166 0.40 |LM3E1 220 OLs2 0.25 p & p 20p; B Potertiometer Pack £1.28 p &
IN4a9 4. 0.15 | ZN5458 AF125 0.30 [BC214L 0.18 | BF1G7 0.28 | LM702C 0.76 | OCHY 0.25 p 20p: © Capacitor Pack £3.10 p & p 20p
2N492 3. 0.15 | EN5458 AF126 0.28 | BC237 0.18 | BF172 0.27 |LM708T099 0.48 | 0Ca3 0.24 D Semi-conductor Pack E14.50 p & p 20p.
Qz.(g] 5. 0.18 | 2ZNS497 AF127 0.28 |BC23A 0.15 | BF177 . 0.20 | HDIL 0.38| ORP12 D.55 E IC Sockers £4.00 p & p 20p p
INGSE 0. 0.18 | 2N54394 AF139 0.65 | BC239 0.15 | BF178 0.36 | 14DIL 0.40{ RE3 1.80 Tranghormer €195 p & p 25p. @ PCH's
INEST 0. 0.50 | ZN5496 AF186 0.48 | BC261 0.25 | BF179 0.43 | LMT10 0.471 SL4144 1.80 €7.50 p & p 20p; M Switches €4.50 p & p
INESE ° 0.97 | 2NGO27 AFI00 0.85 BC253 0.26 | BF180 0.35 |m3900  0.70) SUB10C 1.70 2001 UHF Modular K1 E7.50 p & p 200
2NESS 0. 1.40 | 2ZNS?TT AF239 0.85 |BC267 0.15 | BF1E1 0.38 |LM723C 0.80) SLB1IC 1.70 P
INT08 0. 0.10 | 3N128 0.90 (BC258 0.16 | BF182 0,35 | LM741T099 0.40 | S5L612C 1.70 Specal Prices — completr kit ewcluding
ZNTOSA a. 0.10 | 3N139 0.70 |BC259 0.17 | BF1B3 0.66 |BDIL 0.40( 5L620C 2.60 case £42.00 p & p 50p Secvors AF nel
2N708 0. 0.18 | 3N140 079 |BC261 0.26 | BF184 0.30 | 1401 280 E23.80 p & p I0p Assambiy mstruchons
INTOS 0.21 | 3N141 1.00 |BC262 0.25 | BF18S 0.30 | LMT4 459 with complete kit or 769 on requen
MmN 0.15 | IN200 1.00 |BC263 0.25 | BF194 0.12 | LM7488DIL 310
INT1E 0.15 | 40381 0.14 | BC30O 0.38 | BF195 0.12 |LM7805 SLEAIC 10
INTIBA 0.27 | 40382 0.14 |BCIOT 0.34 | BF196 0.13 | 14DIL SNTBDOIN 282
INT20 0.17 | 40363 .94 |BCIO2 0.29 | BF197 0.16 | LM7805 SNTBO1IN 185
ING14 0.11 | 40389 0.15 |BC3I03 0.54 | BF198 0.18 | LM7812 SNTB023N  1.60
INS1E 0.12 :ggg‘ 0.17 &'.‘30; 017 EFZOO 0.;2 tm;g;s SNTBDIIN 2,92
ING18 0.15 5 0.17 |BCIOBA 0.15 | BF22EJ 0. 572 0.20
ING2§ 0.15 | 40406 0.18 |BCIOSC  0.20 | BF244 0.21 | MC1303 TAAJDO  1.80 P.C. Marker Pen Daic 33PC 0.87p Zeners
2N530 0.15 | 40407 0.21 |BCA 0.27 | BF245 MC1310 2 TAAZEI 1.10 ADOMW—11g; IW — 17p
N1302 0.18 | 40408 0.14 |BC328 0.28 | BF246 MC13300P TAAISO 210 IC Sockets BDIL 18p; 14DIL 17p; 16DIL
N1303 0.14 | 40409 029 |BCI37 0.20 | BF247 MC135iP TAASSD  0.60 20p.
2N1304 0.15 | 40410 0.35 |BC3IIE 0.20 | BF254 0.98 [MC1352F 0.80| TAag11C 218 Raslvtors w — 2p; 4w — I 2w —
2M1305 0.15 | 40411 0.18 0.80 | Br255 0.1 |MC1466 50| TAAE21 203 Bp; 5w — 10p; 10w — 12p.
IN1306 0.15 | 40594 0.23 |BCY11 0.85 | BF257 0.47 | MC1489 : TAABEIR  1.32 Scorpio Car ignition Kin — €11.50 +
2N1307 1.20 | 40595 0.30 |BCY3Z 1.15 | BF258 0.83 | MEO402  0.20| TRABAIE 22§ VAT
IN1308 1.20 | 40601 0.13 | BCY33 0.85 | BF250 0.5 | MEDAO4  0.13| TBAGSY 1.89 | IMF440V — £1.10. Transforme: —
2N1308 1.38 | 40602 0.13 | BCY34 0.79 | BFR3 0.2a |MED412  0.1B| TBABID  1.50 BSTBO246 — £1.20, £3.00.
2M1ETH 1.50 | 40603 0.17 |BCY38 1.00 { BFR71 0.24 | ME4102  0.11] TRABID 118 .
IN16TIA 1.80 | 40604 0.17 |BCY3H 1.60 | BFS21A 2,30 |ME4104  0.11] TBAS20  4.00 OPTO & LED'S
IN15718 2.20 | 40636 0.24 | BCY 40 0.97 | BFS28 0.82 | MJ4ED 0.95| TIL209 0.30 Red. green and yellow
INIT11 1.80 | 40689 0.68 (BCYA2 0.28 | BFS61 0.27 | Miag1 1.20| TIP29A 0.49 0.16 dwmeer, 31p
2N1907 X . 2.85 | 40873 0.88 |BCYSE 0.30 | BFS98 0.25 | M40 1.05| nPI0A 0.58 0.20 dameter 33p
2N2102  0.68 | 283779  3.15 | AC126 0.23 |BCYS9 0.32 | BFX29 0.30 | MJ497 1.45| TIPI1A 0.62 DL707 £2.35 or 4 for £8.00
2N2147 0.78 | INI750  2.80 | AC127 0.25 |8CYT0 0.17 | BFX30 0.27 |MJ2955  1.00| TIPIZA 0.74 Mmitron £1.68
IN2148 0.84 | 2NITE1 2.35 [ AaCi2E 0.21 |BCOY71 0.22 | BFXB4 0.24 | MJE34D D.A8| TIPI3A 1.0
22160 090 | 2N3792 2.0 [ACISIV 0.1a 7 0.15 | BFX85 0.30 |MIEITD 0.8 | TIP34a 1.51
22184 022 | 283794 0.10 [ACISZV 0.14 |BD115 0.75 | BFXBT 0.28 |MIE3TY  0.75| TIPISA 2
INZ2N9 0.24 | 243819 037 | AC153 0.15 {BONG 0.75 | BFXBE 0.25 | MJES2D 0.60| TIPIGA 170
2N2218a 0.26 | ZN3820 038 | ACTE3K 0.18 | BD121 1.00 | BFXBE 0.00 | MJESZ1  0.70| TiPata 0.79
2MN2220 026 | IN38S23 142 :Els-t . 0.18 gg:gg g-:; g;vso 0.23 MJgggg ;m Tr:;;a_ 0.90
INZ22Y 0.18 | 2N3804 0.27 176 X 0.18 X Y51 0.23 | M LT8| TIP29e 0.80 - e
IN2221A D21 | 2N3806 027 |ACI176K 040 |BCiSR 0.16 |BO131 0.40 | BFY52 0.21 | MPB111T  0.32| TiP30c o085 Cmos Circuits—CDRange
0.87 | ACI1BTK 0.38 [ BC160 0.80 |BD132 0.50 | BFY53 0.18 | MPBTT2 0. 1.00 AME0.68 4030087
042 ACIBBK  0.40 |BC1678  0.15 |BD135 0.43 | BFYO0 0.76 | MPE113 O, 1.25 4017172 4031 619
0.18 |ACY1B .24 |BC1688  0.15 [BD138 0.8 | 8RY3S 0.48 | MPF102 0. 1.48 4018 2.55 .
0.15 | ACY19 0.27 | BCY1BAC 0.15 [BD13T . 0. 260 2018 0.88
0.15 | ACY20 0.22 (BC1E98 .15 |BD13E 0. 1.40 ;
0.15 | ACY21 0.26 | BC1ESC 0.15 | 80139 0. 1.60
0.15 | ACY28 0.20 |BC170 0.15 | BD140 [ 0.70
a.21 | ACYID 0.88 |BC1N 0.18 | BD529 0. 053
0.34 | AD142 0.87 |BCI72 0.17 0. 0.98
0.95 | AD143 088 |BC177 0.28 | BFR39 050
1.10 | AD149v  1.20 |BC178 0.27 | BFR79 y 0.28
0.80 | AD150 0.83 |BC179 0.30 | BOY20 0. 0.13
0.83 | AD161 1.15 | BC182 0.12 |BF116 0. 0.13
1.00 | AD162 1.8 [BCIBZL  0.12 |BFI17 1 0.20
0.82 | ADMY pr | BC1B3 0.12 [BF1 4., 0.6
0.98 | AD152 1.06 |BCIBIL 0.2 |BF123 a, 0.13
1.24 | AF108 0.40 | BC184 ©.13 | BF126 4, 0.18
146 | AF109R  0.40 | BC184L 0.13 | BF152 1, 0.23
0.47 | AF114 0.38 | BC188 0.28 | BF153 0.
0.48 | AF115 036 |8cia7 0.27 |BFI54 0.
A
[ ]
2 Ba3%in 28 -
2 5aBin L -
IuxIMin E1 ] - -
Fnbin a7 - 32
I Tin 1.26 100 1.82
PINSx38 30
H ",
TTL Integrated Circuits — Quality & Prices you can't beat SNIIN4 138 5200 1. S Supplied

Trade and

SHT4 SN74151 08B SNT4175 090

SNT400  0.18 [SM7410 | 0.18 | SN7432 SN7451 SN 7481 1.28 5...?.35 SN74153 0 SNT4178  1.44

SN 7401 0.18 |SN7411 0.28 | SN7437 SN7453 SN7482 078 | SN74100 SN74154 1 SN74180  1.40

SNTAD1AN ©0.38 [SNT7412 028 | sn7438 SN 1454 SN 7483 0.85 | SH74107 ENTA155 1.0 | SNT4181 195

SN7402 0.18 [SN7413 0.35 | SN7440 SN7460 SN7484 0.85 | sN74118 SN74157 088 | SN74180 230

ﬁ;gi :.: g:;::ti :—:: SNT441AN SN7470 SNT4B5 1.25 | sh7a) 18 SNT4160 1.0 | SNT74181 230

A X SN7442 SN7472 SN7486 0.32 | EN74120 SN74161 190 | SN74182 1.8 ent

SN7405  0.18 [SN7420  0.18 | SNT445 SN7473 SN7490  0.48 | SN74122 SN74162 110 | SN74183 115 E‘?-Em Loiqomo*lau

SN7406 D48 |SN7423 029 | SN7448 SN 7474 SN7481 0.85 | SN74123 SN74163 190 | SN74186  1.80

SNTADT DAS |SNTA2E 0.28 | SN7447 SN74T7E SNTA92 048 | sN74149 SNT4164 2,01 SN74187 18R Single Double

SNT40B  0.19 |5N7427 0.29 | SN744B 3NT476 SNI493 048 | SN74145 SN74165 2,01 SN74188 226 Fotary Pors. 18p a8p

SN 7409 0,22 [587430  0.18 | SN7450 SN7480 SN7494 0.82 | SN74160 SNT4167 40| SNT4190 228, Fotery Switchad 28p -
Sliders akp T8p
Full rangs of Capscitors mocked. Ses
cotalogue for datails

Presets Horrontal or Vertcal
W Bp Iw 10p
Diodes & Rectifiers — A Selection From Our Range

Bridges * SCR's

IN34A 0.10 [IN1204 0.97 | INS408 0.30 | BAI44 0.12| svzo 0.60

INS14 0.07 | IN1208 1.37 | 1544 0.08 | BAYAS 048 | BY211 051 Plosuc 1A 24 a4 BA

ING16 0.07 | IN4DO1 0.08 1§132 :.;: ::ME 0.20 | BY212 0.51 - N 080 0.2

IN1183 0.84 | 1N4002 0.85 | 15134 . 15 0.12 BY213 0.40 24 032 0. ¥ 2 .

IN1184  0.82 [IN4DO4 0,07 | 15920 0.07 | BA15S 0.12] 049 0.27 loo 036 037 D70 0.7F Construction Kits

IN1186 1.18 | IN40OS pae | 15921 0.08 | BAI5E 0.18| 010 0.45 300 030 041 075 0.80 AV? Py — 2,04
INT190 252 | IN4DO? 0.10 | 15922 0.08 | BAX13 0.08]| DA47 0.08 00 036 045 085 1.10 UHS70  Tranamitier €274
NYIST 0.50 | N4 4B 0.07 | AATTE 4.08 | BAXIG 0.10) 0ATOD 0.07 800 040 082 095 125 MUET Recsrtr bgr above 122
N1192 INSOS4 0.8 | AATIE 0.08 | BB103 0.25| OA7] 0.0 EW18 Electronics. dice [{ R3]
AN1184 IN5400 0.17 | AA119 0.08 | 88104 0.45| OABY 0.18 EW20  Beciro. Dice + Sen .79
INT1G6 INSADY 017 :.:ISB ﬂ.;l aY 100 0.27 Dﬂzg 0.18 Sc:_rso ' 100V 200V 400V 600V T

IN1198 INSAC2 0.20 | BA102 0.28 | BY126 0.12] 0A 0.06 ek TO1 043 044 —  —

IN119D ING404 022 BA11S 0.10 | BY127 0.18] oA 0.06 124 plastic .45 0.60 0.68 086 TRY OUR NEW GLASGOW SHOP
IN1200 INS406 0.25 | BA142 01T | BY1B2 1.00| DARS 0.07 JAplesiz 055 0.63 0.70 1.05 VAT sll prices sxclusive
IN1202 4A plostic 050 0,58 0.85 PAP 25p Malil Order




S

BEYUILILD
CHANTICLEER

READ: TIME & ALARM
ELECTRONIC 'BEEP’ ALARM TONE
TEN MINUTE 'SNOOZE’ FEATURE
BRIGHT, CLEARDISPLAY
NOMOVING PARTS

EXECUTIVE STYLING

SOUD STATERELIABILITY

Digital Clock

The heart of the CHANTICLEER is a tiny electronic
package containing thousands of transistors which divide the
50 cycles/second mains frequency into precise time units.
The clock "movement" in fact has no moving parts to wear
out or tick or tock or hum or click.

*x %k ok k ok Xk Xk

RECOMMENDED
PRICE

£16.60 o

a)qdi

COMPLETELY ELECTRONIC
NO MOVING PARTS

BYyt000D

Alarm

Has a.m. or p.m setting with alarm on/off indicator. A
gentle electronic 'beep' tone with special 'snooze' feature
that resets the alarm for ten-minute intervals. The snooze is
activated by simply tilting the clock forward and then
releasing. Upon cancelling, the alarm can be immediately
reset for the same time next day.

10D

BYWOOD ELECTRONICS
181 Ebberns Road
Hemel Hempstead,
Herts. HP3 9RD.

Tel: 0442-62757

Whatto look for in July’s ETI

O™ oW TO BUILD
ELECTRONIC PROJECTS

A major feature which starts from scratch describing how to tackle project
building. A suggested 'stock' is given together with details on how to solder,
constructional methods etc.

I

BUMPER TECH-TIPS

We get so many excellent submissions to this feature and it is
so popular that our July issue is carrying 8 pages of these
useful ideas and circuits.

HOW AMBISONICS WORKS

ETI Technical Staff have bisected Patent 1369813
which manages to give true surround-sound on only two
channels - and the effect is far better than current
quadrophonic systems!

HIGH VOLTAGE
FORLOW COST!

Something for nothing? Not quite but voltage multipliers using diodes and
capacitors can be cascaded to give almost any desired voltage. Theory and
examples are given.

STAGE MIXER PROJECT

Our 8-channel Master Mixer (April-July 1973 and Project Book
1) was a very successful feature. This article takes the design a
step further to give professional quality stage mixer.

JULY ISSUE ON SALE JUNE 13th. 30p.

glectronics

today international




colour
synthesiser

MULTIFUNCTION
DIGITAL SIGNAL MANALOSYE CONTROL OSCILLATORS (2kHz - 3kHz) ~ AUDIO INPUT FILTERS
MATRIX PANEL holes (20 x 16) (High/low range; coarse/ (frequency split 500Hz
(53 x 57 holes) (see Fig.1) fine control; deviation; - 5kHz and level)
(see Fig.1) ) level & mode)
Olo o O O
D — —
|
n
SPECTRON
MANUAL VOLTAGE 4 SHAPE GENERATORS OUTPUT COLOUR
CONTROLS (CLOCK OR MANUAL CONTROL
ADVANCE) (luminance; red; blue)
(16 different shapes)
VIDEO INPUT LEVEL
ol wouAes setentons compaatr el spcing)
level) (rﬁode switch rec’ycle last
16 events/continuous)
VIDEO EXHIBITION
IMAGE SOURCES VOLTAGE CONTROL SOURCES

A tape of experimental work by
Adam Sedgewick using the EMS
synthesiser, is one of the

X and Y Counters

Slow Counter

4 Shape Generator Qutputs
Video Comparator

2 Oscillators with both Square and sine output
2 Random voltages
3 Audio inputs (Bass envelope, Treble envelope and

IMAGE MODIFIERS

4 Qverlay Gates
4 Inverters

Edge Connector
Delay

2 Flip Flops
Invert X, Invert Y

Signal)

2 From D.S.M. inputs (Low or high frequency filtering)
4 \/oltage Control slider inputs

1 External Input

VOLTAGE CONTROL INPUTS

2 Shape Generators to control various functions

1 Video input with controls of Luminance, red or blue
bias which affects the whole of the final picture
Comparator Level Spacing input

exhibits at the Serpentine
Gallery's Video Exhibition from
1st to 26th May this year. This is
a free exhibition of tapes (which
will be played on request),
performances and fixed pieces.
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The EMS graphic colour synthesizer (note unit is now called 'Spectron' not 'Spectre' as seen here).

A vast repertoire of static or moving colour effects displayed on a
625-line. PAL TV screen, Terry Mendoza reports.

ELECTRONIC music synthesizers are such
incredibly versatile devices that, around
the world, a number of people are
investigating their use in another art-form:
that of visual display.

Now EMS, in London, have produced a
commercial visual synthesizer called
Spectron.

In common with its audio counter-part,
Spectrum utilizes a small number of
modules to create a vast repertoire of
static or moving colour effects for display
on a conventional 625 PAL video screen.
Apart from obvious applications in the
special effects sector of video work and TV
broadcasting, its  designer  Richard
Monkhouse envisages it being applied to X-
ray recognition it is particularly suited to
this application for it can accept an
external video input and split its grey scale
into seven discrete bands, each of which
may then be coloured differently.

Matrix patching (common to all EMS
synthesizers) has been retained - inputs to
modifiers and outputs that produce the
final image are sited at the top of the
board, and outputs from the modifiers and
all video sources are at the side of the
board. However, due

to noise and crosstalk difficulties
encountered  with  analogue video-
frequency signals, the direct picture signals
are in digital form. This adds greatly to
flexibility; a 'form-specifying' digital signal
only governs shape and area texture, hue,
brightness and apparent position are
controlled by further digital signals
combined with the first. There now follows
a survey of the various modules
incorporated in Spectron.

X AND Y COUNTERS

The X counter produces vertical bars and
the Y counter horizontal bars, the width of
the bars and the spacing between them are
variable and dependent on which outputs
of the binary counters have been patched
to the AND gates which sum them.

The bars or, when simultaneously used, the
chequerboard, can be modified by the
superimposition of the outputs from an
analogue generator -of which more later.
Each of the counters has nine different
outputs, the bar-width going down by a
factor of two between each pair of
adjacent outputs. Any, or all, of the

outputs may be phase-inverted by
grounding its 'invert' input.

OVERLAY GATES

There are four overlay gates which can
overlay one moving (or static) pattern
with another. The signal representing
the background of the video 'scene' is
patched into the 'sig' input apd the
signal intended for the foreground is fed
to the 'dis' (disable) input; only wh n
this input is not pulled low will the
background signal be gated through.

SHAPE GENERATORS

There are two shape generators, each of
which produces two outputs, which may
themselves be preselected from sixteen
possible design shapes. The two
generators both have four LED displays
to indicate, in binary form, which shape
has been selected i.e. all indicators off
indicates 0000 = circle shape; 0010 =
'gear' shape (see illustration 2).

The shape can be selected by manual
switching or can be allowed to cycle
through its a 'catalogue' at
predetermined rate. Ovoids and
triangles are generated by dual-ramp
generators, with the intersection of two
voltages producing a visible low. Any
shape or pattern may be fed to an
inverter in order to be able to utilise the
background of the shape for

modification rather than the shape
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Fig. 1. Layout of front panel
matrix boards.
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itself, (see Fig. 3). Thus a circle and moving
pattern fed to the overlay gate will give
rise to a blank circle in the foreground
with the pattern moving around and
'behind' it. Inverting the circle before
patching it to the gate will completely
alter the effect -the pattern will only
appear within the confines of the circle
which will lay on a blank background:

A mini analogue synthesizer panel ( Fig.1)
feeds each shape generator to allow
controlled distortion to be imparted to the
chosen shape.

The shape-generator parameters fed by
the analogue controls are as follows:

1. horizontal position

2. vertical position

3. horizontal zoom

4. vertical zoom

5. circle size

6. 'gear' size

7. 'frizz' size

8. 'lantern’ size

It can be seen that inputs 5-8 are, to use the
physiological term, species specific and will
only affect the shape indicated. Hence a
circle shape will only be influenced: by
parameters 1, 2 and 5.

The following analogue
available:

a. Two sine/square wave generators with a
wide highly stable range between 0.1Hz and
30kHz which can be very finely controlled.
When the controlling signal forms a
harmonic of the line frequency very
beautiful patterns result and these control
generators have been designed to lock onto
these integer frequencies to make full use
of this effect.

b. A random voltage generator with

controls are

Gaussian distribution, two independent
outputs and a slew rate control. It also has
a switch to recycle the sixteen most recent
events.

c. Four slider-fader control voltage inputs.
d. A buffered audio signal input together
with another input which is split to give
treble and bass envelope following.

e. Two output lines are provided, with
different time constants, direct from the
digital signal matrix.

f. A buffered external control voltage input.
As well as influencing the shape generators,
these analogue modules may also be used
to bias the two colour parameters, the
picture brightness and the step spacing of
the video comparator. This latter is the
device that likes a black and white camera
input signal and splits it-into a seven level
grey scale feeding to seven output rows on
the digital control patch  board.
A certain brightness level at the input will
activate one output row, causing it to go
'low' and this may then be patched to a
combination of luminance and colour
outputs to give a particular hue and
brightness each time the same brightness is
encountered at the input. It is this that
could provide the medical application
mentioned earlier. The output row need
not only be patched to relate grey-scale
brightness to colour but in conjunction with
the overlay gates, could be used to produce
a chequered pattern each time a chosen
brightness level is reached quite a startling
effect when used, for instance, on the
human face.

SLOW COUNTER

This is another source on the digital signal
matrix giving six outputs consisting of
binary multiples of frequency from 6 Hz to
0.15 Hz. It is synchronized so that it only
changes state during the frame fly-back and
is used to give sudden rapid changes and
movements.

EDGE GENERATOR

This is an interesting device which
synthesises an apparent three-dimensional
edge to a pattern or shape. It is described
by the designer as a "cut out of plywood"
effect (see Fig. 2). There are four outputs
from this module giving either a narrow or
wide edge which is situated to the left or
the right of the pattern.

A delay module, which causes 0.6uS signal
retardation, can be used to generate a
different variety of edge effect and a type
of feedback which produces an ‘echo
oscillation' (Fig. 4).

The digital matrix is completed by a flip-flop
device which halves the



Function of inverters

Start with a black screen

Circle (shape No 0) patched
to output LO

Circle patched to Inverter.

Inverter patched to LO

Action of edge generators

'Gear' shape alone

\\\\\

‘11!
Output of edge generator
with Gear patched into it

Gear with edge (the edge may
be any independently chosen
hue and shape).

Echo oscillation

@

Echo oscillation on the Inside
of a circle shape

Fig. 4

Fig. 2

horizontal spatial frequency of patterns
patched to it, and may also be used to fill
out shapes that start as outlines or to
divide the width of the 'echo oscillation'
mentioned above.

There are two output channels which are
identical in every respect. Each has four
luminance  channels, three ‘'colour
1' (controlling red intensity) and three
'colour 2' (controlling blue intensity).

Binary combinations of outputs produce
a graduated scale of brightness and colour
i.e. for brightness the following sixteen-
step scale is used:

L0 L1 L2 L3
1 Black X
2 X
3 X
4 X X
5 X
6 X X
7 X X
8 X X X
9 X
10 X X
11 X X
12 X X X
13 X X
14 X X X
15 X X X
16 White X X X X

In the same binary fashion, each three-
column colour channel can be made to
produce an eight-step scale of saturation.
The value of the digital system can now be
seen. At its simplest, patching different
outputs of the slow counter to a
combination of colour and brightness
outputs will produce a rhythmically
flashing screen

Fig. 3

in different colours and brightness.

Special circuitry ensures that increasing the
luminance will not result in a reduction in
perceived colour saturation.

Incidentally all the output columns have a
wired OR action which means they will go
low if a signal patched into. them goes low,
and only one signal patched in needs to go
low to produce this effect. In terms of the
visible end effect, feeding more signals into
the same output column is, to quote the
designer, "like carving away a piece of black
card to expose a white surface behind one
can never add a new area of black" (see
Fig.6).

Though Spectron is thorough and capable of
high complexity, EMS are adamant that
maximum potential can only be realized if
the system is used in conjunction with
camera feedback focussing the camera on
the screen of the monitor. This results in a
moving pattern with the modification of the
image each time the signal travels around
the loop.

EMS are producing a complete package
incorporating a Sony black and white camera
and modified Sony monitor, priced at £4000.
The Spectron alone is available for £3000 and
for this price, despite its versatility it may still
suffer the same fate as the audio synthesizer
the majority of operators will find
themselves generating the same hackneyed
patterns that could probably be realized by
much simpler circuitry.

It will be left to a talented few to use the
device to the limits of its capabilities and to
develop video graphics into a new art form.

Wired OR action of output
column. Patching more signals
into the same output column
combines them in a way rather
like cutting out cardboard. The
same combinational logic applies
to all the columns on the matrix
board

Modulated circle. Appearance
of circle when size modulated
by 50 Hz sine wave.
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have been published, some of which can
B be adapted to accept other means of

°—|Cl|— triggering.
Q\ °—|CI|— °—|CI|— The one described here will trigger from
MIG P12 RE virtually any energy source. All that is
i required is a sound, light flash or other
o—— o—— o—— effect that can provide a sudden voltage

AT change.
The unit also incorporates a variable time
DuTeur delay between the trigger input and the
y A \ flash triggering.

-9 + It has been based on the NE 555 timer IC -
sce T this has a very sensitive input, the ability
to provide the required variable time delay
and an output of sufficient energy to

c3
A To-muF trigger an SCR.

o— o— z_.o_ MANY sound-operated flash trigger circuits
S

J, CONSTRUCTION
AT 14 []Eéuu ’_| owi ¥ The prototype unit was constructed on
i 4 Veroboard, taking care not to apply too
sLF 4 ZM much heat to either the components or
h A the board.
o R Ras The most critical part of the circuit is
around pin 2 of the IC. The triggering
o current needed is only 0.5 micro-amps and
with pin 1 being the negative supply line
and pin 3 the output, leakage currents
[]RS across a dirty board can easily cause
= S continuous triggering. To prevent this the
strip to which pin 2 is attached should be
as short as possible. It is also a good idea
o : to clean off any excess flux with

INPUT 24

=
0=

Circuit Diagram



methylated spirits on completion of
soldering.

Input is via two miniature earphone
sockets mounted on an insulating strip.
The outside connection goes to the
positive and negative lines respectively
with the centre connection of both plugs
going to the input.

USING THE UNIT

Sound trigger. The unit may be triggered
by a crystal microphone insert or by a
loudspeaker used as a microphone. The
input can be to input 1 or 2. When the
sensitivity is turned up to maximum; (RV1
at minimum) the unit may trigger
continuously. To avoid this, simply turn
the control back until the LED goes out,
but flashes when the required sound is
made. The photo of the tennis ball hitting
a stool was made in this way with the time
delay at minimum about 4 milliseconds.
Light trigger. The resistance change of a
cadmium sulphide cell may be used to
trigger the unit when the light level falling
on the cell varies. If the intensity of light
increases, the

PARTS LIST
SEMICONDUCTORS
IC NE555
SCR C106D or similar with a 400V rating
LED Miniature red

RESISTORS (10%)

R1 330k

R2 165k (2 x 330k in parallel)
R3 100k

R4 10k

R5 560R

R6 33k (optional depending on input)
CAPACITORS

C1 0.01uF

C2 0.1uF

C3 0.01uF

SWITCH

Any SPST switch suitable
POTENTIOMETER

RV2 2 Meg linear

RVl 50k linear

INPUT DEVICE

CdS cell (ORP12)

Crystal mike insert etc.

OUTPUT DEVICE

Electronic. flashgun, preferably computer type
as these give a much shorter flash duration at
close range.

OTHER PARTS

Metal case (58 x 58 x 100 mm)
Veroboard"(40 x 80 mm)

Input sockets (earphone type)

Output to suit flash unit being used

Knobs 2 for pots

Battery Connector

HOW IT WORKS

A negative pulse at the inputis fed
via capacitor Cl to the input pin (2)
of the IC. Pin 2 is held slightly above
its triggering voltage of 1/3 V¢ by
the voltage divider comprising R1,
R2, and RV1. The negative pulse
triggers the IC and the output (pin 3)
goes high for a time period controlled
by RV2, R3 and C2. When the
output goes low again at the end of
the time interval capacitor C3 charges
through the gate cathode circuit of
the SCR switching it on and firing
the flash.
Capacitor C1 isolates the input from

the voltage divider so that the
unit isn't sensitive to the DC level at
the input. RV1 acts as a sensitivity
control by allowing the voltage to be
adjusted to a suitable level so that the
input  signal will trigger the IC.
Resistor R4  limits  the  discharge
current from C2 at the end of the
timing cycle so protecting the IC.
The LED and its protective resistor
RS act as an indicator to show that
the unit has triggered, so simplifying
the setting up process and minimising the
number of times the flash has to be fired. This
means that the flashgun needn't be fired until
a photo is to be taken.

resistance drops rapidly, while if the
intensity falls, the resistance increases
but much more slowly. Triggering is thus
best done by increasing the light level.
Connect the CdS cell to input 2 via a
33k resistor across input 1. A sudden
increase in the light level will then fire
the flash. If the time is set at a minimum
this can be used as aslave flash unit as
it only responds tosudden changes.
The photos of the fluid drop falling into
the beaker of water were taken by having
the drops interrupt a light beam falling
onto a cadmium sulphide cell. The cell is
in the tube in the top left of the large

photo. The drops were Indian ink to be
certain they would block out the light
beam. The time delay was about 250
milliseconds.

Switch triggering. With a switch connected
to input 1 and a resistor to input 2 (33k),
the unit will fire when the switch is
opened. If the position of the switch and
resistor are interchanged the unit will fire
as the switch is closed.

For simplicity in use the inputs have been
devised using miniature earphone sockets
with a resistor connected to a plug so by
simply changing the plugs the input can be
changed.

N——

Drops of Indian ink are
‘caught' here splashing into
a beaker.




THE|JAZ706

AUDIO POWER AMP

THE CONSTRUCTOR who  employs
integrated circuits instead of discrete
devices will save himself much time and
trouble in circuit wiring. In addition, he will
be rewarded by the more compact unit
which can be made with one or more
integrated circuits. One of the most
obvious applications for integrated circuits,
especially for the beginner, is in the field of
audio amplifiers for power output levels up
to a few watts.

This article will cover the Fairchild
Semiconductor pA706 device in detail. It
can provide a power output of up to 5.5W
into a 4 ohm loudspeaker when used with
a single 14V supply. This fairly new
integrated circuit is very suitable for use as
an audio amplifier in car radio receivers,
but it can also be employed in television
receivers, portable radios, domestic stereo
equipment and in various industrial
applications.

QUTRUT 1]

HO CONMECTION 2[]

QUTPUT GROUND 3]

HO CONMECTION 4[]

INPUT GROUND SO

FREQUENCY COMPENSATION &[]
IHRUT 70

114 POSITIVE SUPPLY

[J13 NO CONNECTION

12 BOOTSTRAP COMMECTION
11 NO CONNECTION

110 RIFPLE BY-PASS CAPACITOR
[J9 MO CONNECTION

15 GAIN ADJUSTRMENT

Fig.1. Connections of the 14-pin dual-in-line
uA706

CONNECTIONS AND
ENCAPSULATIONS

The pA706 is a 14 pin dual-in-line device in
a plastic encapsulation with the
connections shown in Fig, 1. The device is
available as a type 'A' package without any
heat sink other

than the copper slug fitted at the back of
the device. The active components of the
integrated circuit itself are soldered to the
lower side of this copper slug. This type of
device is shown in the centre of Photo 1;
when in use, the copper slug should be in
contact with a suitable heat sink.

Amateur constructors will generally find
the type 'B' package more convenient,
since it contains a bracket heat sink
permanently soldered to the copper slug
(Photo 1 ). A larger heat sink may be
bolted to the bracket for better cooling.

At the time of writing, the pA706 is listed
at £1.94 and the uA706B at £2.17.

Details of the internal circuit design of the
device may be found in reference 1.
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Fig.2. A uA706 circuit using a minimum number
of components.

SIMPLE CIRCUIT

One of the simplest possible circuits for
the use of the uA706 is shown in Fig.2. The
two earth connections (pins 3 and 5) are
joined just outside the integrated circuit so
as to minimise feedback current loops.

The 100uF capacitor in the pin 10 circuit
can be used to smooth out any hum or
ripple which may be present on the power
supply line and prevent it appearing
across the output. This. capacitor may be
omitted if a battery power supply or a well
smoothed mains power pack is employed.

The gain of the circuit is determined by
the value of the resistor Rg in the feedback
circuit of pin 8. If Ry is 100 ohms, the
voltage gain will be about 50 or 34dB. If,
however, Ry is reduced to zero, the
voltage gain will rise by a factor of four to
200 or 46dB. The gain is equal to the value
of an internal feedback resistor (7000
ohms) divided by (Rg + 35), since Rg is in
series with an internal 35 ohm resistor.

The capacitors Cc and C1 provide high
frequency compensation in the circuit.
Suitable values are shown in Table 1 for
gains of 34dB and 46dB. The values of
these capacitors can be changed
somewhat (as shown in the Table) so that
one can obtain a frequency response to
20kHz or 10kHz at 3dB down. The low
frequency response extends to about 40Hz
at 3 dB down in the circuits included in
this article.

Gain = 34dB Gain = 46dB8

Bandwidth T0kHz 20kHz 10kHz 20kHz
Rg 10002 10082 1) 0t

Ce 10nF 6.8nF 2.7nF 1.5nF

Cg tnF 470pF 330pF 150pF

The 1000uF capacitor in the output (pin 1)
circuit prevents any steady current from
flowing through the loudspeaker. It also
provides a correctly biased signal for the
bootstrap feedback circuit of pin 12.

OUTPUT POWER

The increase in output power obtainable
from a typical uA706 device with the
supply voltage is shown in Fig.3. between
the recommended limits of 6V and 16V. A 4
ohms loudspeaker was employed and the
power output was measured at a total
harmonic distortion level of 10%.

OUTPUT POWER AS A FUNCTION OF

SUPPLY VOLTAGE
/
“ . ///
3 /
. 7
£, |
2 ., P
L]
.. ] W 12 i1} "W

ELFPLY VOLTAGE - YOLTS

Fig.8. Maximum power output plotted
against the supply voltage.

TOTAL HARMONIC DISTORTION
AS A FUNCTION OF OUTPUT POWER
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Fig.4. This graph shows that the distortion is
almost independent of output power at low
levels, but increases extremely rapidly at the
onset of clipping.



The variation of the total harmonic
distortion with the output power is
shown in Fig.4. It can be seen that the
distortion rises very rapidly at power
levels exceeding about 4W owing to
clipping of the waveform. The distortion
is almost constant at about 0.5% at
output power levels up to about 2W.

The power supply current required with
no input signal is typically 18mA. The
current rises with output power when a
signal is applied.

The maximum permissible output current
is 2.5A. but the device will not be
damaged by repeated accidental short
circuiting of the speaker load provided
that the short circuits do not last long
enough for the silicon chip in the device
to become overheated.

MAXIMUM POWER DISSIPATION BY THE
INTEGRATED CIRCUIT AS A FUNCTION OF

SUPPLY VOLTAGE
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SUPPLY VOLTAGE - wOLTS
Fig.5. The maximum power dissipated in the
device plotted against the supply voltage.

POWER DISSIPATION AND EFFECIENCY AS
A FUNCTION OF OUTPUT POWER
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Fig.6. The power dissipated in the device at

various output power levels.

a2y

Photo 1. The uA706 (centre) has a copper
cooling slug at the centre of the plastic
package, whilst the uA706B has a small cooling
bracket soldered to the back of the device.

HEAT SINKS

The maximum power dissipated in the
device at various values of the power
supply voltage is shown in Fig. 5.This
maximum power dissipation occurs only
when the input signal is large. If no
additional heat sink is fitted,

Photo 2. A large heat sink for the efficient cooling of
the uA706.
Photo 3. A small heat sink attached to a uA706A.

the type 'A' package can dissipate up
to about 1.7 W and the type 'B' package
up to 24W  provided that the
ambient temperature does not exceed
25°C.

These power dissipation levels can occur
at supply voltages of 11V and 12.8V for
the type 'A' type 'B' packages
respectively. In practice one, can
employ rather higher supply voltages
before one requires a heat sink
provided that the ambient
temperature does not exceed 25
degrees and provided one does not feed
sine waves into the input for more than a
moment.

This is because ordinary speech and
music signals will not cause the
maximum power dissipation to occur for
more than a very short time.

As shown in Fig.6, the power dissipated
in the device reaches a maximum of
about 3W when the output power is
about 3W. The efficiency  (power
output/power delivered from the supply)
is also shown for various output power
levels.

If the type 'B' package is fitted with a
large heat sink, it can dissipate up to
about 5 W.

STABILITY

The use of the compensating capacitor
Cc enables stability to be obtained at
high frequencies. However, as with all
high  gain  amplifiers,  reasonable
precautions must be

observed in the component layout, etc.
In particular the following points
should be noted.

(@) The two ground connections (pins
3and, 5) must be connected, together
as close as possible to the integrated
circuit to a common earth. This avoids the
possibility of ground loop problems
causing instability.

(b) The output coupling capacitor
(1000puF) must be close to the output
terminal (pin 1) to reduce the lead
inductance.

(c) The 0.33uF capacitor across
the loudspeaker terminals should be
placed close to the output coupling
capacitor to ensure that the
speaker and lead inductances are
completely swamped.

(d) The Input and output leads must
be kept well separated.

INPUT O > —t = f_"v"
(] guu
| f 10 1 -
o ;, Jow ]
Volume J
control == Ce
O 4 °

Fig.7. A circuit in which one side of the of the
loudspeaker is earthed.

Another circuit using the pA706 is
shown in Fig.7. The performance is
similar to that of the circuit of Fig.2, but
one side of the loudspeaker can be
earthed. The circuit of Fig. 7 requires an
additional 220uF capacitor and a 47 ohm
resistor in order to provide feedback
to the bootstrap connection at pin 12.

Photo 4. An amplifier using the circuit of Fig.7. The upper side
of the board is covered in copper and the uA706B brackets are
soldered to this copper foil for cooling purposes. The printed
circuit connections are on the underside of the board.

The gain of the circuit shown in Fig.7 is
34dB. The capacitor Cs in the optional tone
control can have a value of 27nF to
produce a 3 dB 'roll-off' at 3kHz. If the
resistor Re is replaced by a shorting wire,
the gain is increased to 36dB; Cs may then
have a value of 5.6nF to produce a similar
3dB fall at 4kHz.

OTHER CIRCUITS

The WA706 devices can be used in the
stereo amplifier circuit shown in Photo 4.
Each circuit may be like that of Fig.2 or Fig.
7.

If a higher power output is required, two of
the uA706 devices may be used in a bridge
circuit. The inputs to the two devices are of
the opposite phase, so a push-pull output is
obtained. This output can be used to drive
an 8 ohm loudspeaker. The circuit details
are given in reference 1.

The use of various integrated circuits,
including the uA706, in stereo FM receivers
is discussed in reference 2. Discrete
semiconductor components are required
only in the FM front end, the remainder of
the receiver employing integrated circuits
and requiring only two adjustments before
use.

REFERENCES

1.John-W. Chu: A High Output Power,

(6 Watt), Low Distortion, IC Audio
Amplifier, Fairchild Application Report
APP-317.

2.David K. Long, Integrated Circuits for FM
Receivers, Fairchild Application Report
APP-318.  Fairchild, Mountain  View,
California, June 1972.

By BrianDance



BUILD THE

TREASURE

TRACER
MIKHI

METAL
LOCATOR

AS SEEN
ON BBC-1
& BBC-2

TV

Genuine B-sllicon transistor circuit,
does not nesd 8 transistor redlo
to operate,

Incorporstes unique varicap tuning
for extra stabllity.

Search head fitted with Feradsy
screan to elimindte cspacitive
effects.

® Loudspeaker or esrphone operation
(both supplied).

Bltluln's best selling -metal locator
kit,

Kit can be built in two hours
using only soldering iron, screw-
driver, pliers and side-cutters.

® Excellent sensitivity and stability,

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

® Complete after sales service.

® Weighs only 2202; handle knocks
down to 17‘ for transport.

Send n-mpcd self-eddraxsed envelope

Complete kit
with pre-built £10 90
search coil -

Plus 60p P&P

New rate VAT £1.26

Guarantesd

Plus 60p P&P
Plus £1. 27 VAT (8%

South Africa, Rhodesia etc:
Send £14.00 for kit, E18.0
built, both include Air Mail.

MINIKITS ELECTRONICS,

6d Cleveland Road, South Woodford,
LONDON E18 2AN

(Mail order only)

TRANSISTORS

AC107 0.16 BC158
AC126 0.93 BC139
AC127 0.13 BCI7NN
AC128 0.12 BC172
AC138 0.20 B8C173
AC141 020 B8Ci184

1 Cv7484 0.10 26106 0.21
3 Cv7594 0.28 2G306 048
6 Cv7B48 0.30 2G345A 0.18
6 CvB762 0.40 206402 0.26
8 MO0S33 0.30 2N628 048
8 ME41020.12 2NB97 0.16
2 MJE20210.80 2N715 0.38
3 NKT182 2N726 0.28
4 0.88
2
[
0
8

AC153 0.22 BC209 0.28

AC1564 022 BC212L NKT184 0.28 2N753
AC187 0.21 BC213L NKT212 0.20 2N1303 0.16
AC188 0.27 BC214L NKT221 0.17 2N1304 0.19
AC189 '0.18 BC30! NKT224 0.18 2N1306 0.18
AC176 0.18  BC337 NKT270 0.18  2N1309 0.28
AC17€) MP  BCZ11 028 NKT278 0.18 2N1754 0.20
AC128f 0.28 80131 040 0C22 080 >N2484 0.30
AC177 0.26 B8D132 040 0OC28 080 2N2923 0.18
AC176 0.28 BD131) MP 0OC36 048 2N2924 0.18
ACY17 0.28 60132/ 0.78 0C3 088 2N2925 0.18
ACY18 0.22 80139 0.80 0C44 | 0.17 2N2928G Q14
ACY19 0.22 80140 0.60 O0C45 0.14 2N2926V 012
ACY20 .0.22 BF167 0.28 OC70 0.11 2N2928R 0.11
ACY21 018 BF181 033 O0C71 0.11 2N29260 0.11
ACY27 020 B8F1B2 040 0C72 0.18 2N2926B 0.11
ACY28 0.22 @F183 040 OC81 0.17 2N3063 0.18
AD149 088 BF194 0.12 0C200 0.28 2N3054 0.81
AD161 0.38 BF196 .30 0C201 0.32 2N30565 0.80
AD162 0.38 BF198 0.18 0C202 0.27 2N3702 0.12
AD1811 MP  BF197 0.18 0C203 0.20 2N3703 0.12
AD162) 0.78 BF200 0.80 ,0C204 0.20 2N3704 0.14
AF115 020 8Ff274 0.38 0C445K 0.28 2N3710 0.10
AF116 020 BUIOE 2.00 5GS289200.18 2N3711 0.10
AF124 033 @8FXx29 0.30 SGS269420.14 2N3713 1.20
AF126 0.31 BFXB4 0.33 5GS26949018 2N3904 0.33
AF1768 080 BFXB6 0.33 5GS270220.18 2N3905 0.31
ASY51 020 BFYS0 0.20 SU203 0.68 2N3906 0.30

ASY52 022 BFY51 0.20 TKI00 0.78 2N4047 0.28
BC107 009 BFY652 0.20 TISSOM 0.33 2N4058 0.13
BC108 0.09 BFYB! 0.8 TISOIM 0.33 2N4059 0.18
BC108 008 8SY3B8 020 TB217 0.30 2N4287 0.20

0. 0.17
CVS441°0.27 '271X602 0.17 25745 0.48

DIODES .
AA118 008 BY100 0.18  0A200.-0.07 1N4002 0.06
2/AA1190.12  BY127 048 04202 0.08 1N4003 0.08

AA215 041 BY164 048 1NJ4A 008 1N4004 0.06
BASO o010 BYX38/ 11N202 0.10  1N4005 0.07
BA111 0.20 300 0A8 1N252 0,10 1N4006 0.08
.BA112 020 B8v2213 o. 14 .008 1N4007 0.09

1N9
1N984B 0.10 1N4161! 0.08

s
BAXYS/ arves 0.8

871010 § IN112 010 NA148 0.08
H

o
0.
BAY31 0.18 0al0 O
BAY74 014 OA47 O

ﬂiﬂ OIODES

400mW 2-33v ALL 0.0
w/1.6  2-33v Al

1N30B4 0.12  1N4244 0.07
1N4001 0.05 1S3038A0.18

OPTOELECTRONICS
each _ ORP12BRANC NEW CELLSO A3
0.16 esch OCP 71 0.44 ORPG60 048

-

TESTED 8.C.Rs. THYR R BT109 CON/SR!

50 PIV 3AMP T0.66 %AzS'E 1STER BT109 C o..7s
_ - RIAC 6AMPS 400v 66 CASE
100 PIV 3AMP T0.66 %Azsg T Vo080
- FET) L) 0.30
200 PV 3AMP T0.66 CASE | Bribar . ReCT.  24Mp
.40

0.30 400v )
400 PIV 3AMP TO-66 CASE | .yt 2NB8027 BRAND

040 | NEW 0.25
600 PIV 3AMP TO-66 %A‘SE DUAL IN LINE SOCKETS 14

PIN and 16 PIN ONE PRICE
ONLY 033

800 PIV JAMP TO-66 CASE
0.80

.Cs

SN7402 0.18
SN7400 0.18 SN7403 0.18
SN 7401 0.18 . SN7405 0.16

SN7408 0.38 tM1310 1.28
SN7413 0.32 L M3B0N 1.00

SN7480N0.68  MC1103L1.80

LoOICI.Ca  MCO32 0.18 MC945 0.30 MC952 0.18
TYeE MC933 0.18  MC946 0.14 MC9093 040
‘MC930° 0.18. MC944 0.18  MC948 0.28 MCH097 0.40
ELECTROLYVICS:  0.02u1/250v,  4.0uf/B4v.  4.7ul/16w,

8.8uf/40v. 10uf/26v. 33ul/I6v. 40utl/ 16v, all one price 0.08 eech.
47uf/35v. 100uf/10v 0.08 eech: 126uf/18v. 220ut/40v.
B880uf/16v, 6.3v/1500ut 0.12 esch; 18.18/6500v, 32-32/276v
0 28 each: 32.32/450v 0. l‘ THESE ARE ALL VERY LOW PRICES.

'OLVCANIONATE 0. O\UHZSW 0 033u11250v 0./ 10uf/260v.
0.10/250v, 0.22uf/260v. ALL AT 0.08 esch: 1uf/260v 0.12;
2.2uf/250v. IDEAL CROSS-OVER 02' each.

POLYGSTER: 0.0015uf/400v. 0.22uf/160v. 0.22uf/250v,
6.8uf/400vALL VERY LOW PRICED 0.03 esch.

CAPACITORS: 0.0016/350v. 0.0047/500v. 0.047/400v.
0.1/180v, 0.26/250v. 125uf/10v 0.08 sach.

METALLISED FILM CAPACITORS: 0.047uf/250v. 0.15u'/258:
0.04..

SPECIAL OFFER I.C.s SPECIAL OFFER SPECIAL OFFER
BULK PURCHASE BRAND' BULK PURCHASE DIODES BRAND
NEW 14 PIN DECADE TRANSISTORS .NEW 1N4148
COUNTER NEW BC337 40 FOR ONLY

SN 7480 2 FOR ONLY £1.00. 20 FOR £1.00. £1.00

MAIN. TRANSFORMER 240v INPUT 12v.Bamps. 26v.1.1amp,
30v.1.6A C Core £2.80 PP 26p

PAPST TAPE MOTOR 220v 50H2 €2.50 each, PP 25p.

P.A.R. BISTABLE RELAY LATCHING 24v DC 4 C/0 contacis 0.68

:l“' SUPER BARGAIN PACKS

No. Qty. Conern Price
J1 1 Pre-amp component kit plua detas 0.56
J4 4 Trenslators 2N726 new end marked 0.88
Js 8  Zener diodes top hat typo 76v new 0.88
J7 50 Metres con/wire mixed colours 0.88
J8 100  Resistora metel oxide Ysw mined velues 0.86

16 4 Toggte switches assorted 0.88

J1? 10 Switchea 6 push 10 make, 5'off/on 0.88

Jig 12 Standard crocodile clips 0.88

J19 12 Screwdrivers 6 inches in langth 0.88

J20 1 Pack of nuts, bolts, solder tags, etc., et 0.88

J24 1 Component bosrd BC107/108 & 109. etc 058

J27 5 Lengthe of ferrite rod 0.58

Jae 20 Teg strips assorted lengihs 0.88

JN 20 Pre-sets lin & log mixed 0.88

432 20 Capocitors can type mixed velues 0.86

J33 80 Ceremic plete cepecitors mixed values 0.68

Plesse add, 10p Post & Pack per J Pack on the first 3 only

MAILORDERDEPT.ONLY
CALLERS BY APPOINTMENT

J.E.T. ELECTRONICS
80A MAWNEY ROAD, ROMFORD, ESSEX RM7 70A
TELEPHONE ROMFORD 81466

Pleass sdd 10p Post & Pock whers not eteted
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Baker Group 25,3, Bor 150hm . ... £7.75
Baker Group 35, 3.8 or 15 ohm .. ... £8.50
Baker Deluxe, 8or 15ohm ....... £10.75
Baker Major, 3, Bor 150ohm .. .... £8.50
Baker Regent, 8 or 150hm . ...~ ... £7.75
Baker Superb. 8or 150hm .. .. .. £14.50
Celestion PSTB (for Unilex) ........ £3.25
Celestion MH 1000 horn, 8 or 15 ohm £10.95
EMI 13 x 8,3, 80r150hm ...... £2.25
EMI 13 x 8, 150d/c, 8ohm ..... £2.50
EMI 13 x 8,450 t/tw 8 ohm . ... .. £3.75
EM! 13 x 8,350,8 or 15 ohm . .. .. £8.25
EMI 13 X 20wattbass . ......... £6.60
EMI 2% ' tweeter 8ohm ......... £0.65

EMI 8 X 5, 10 watt. d/c, roll/s 8 ohm £2.95
Elac 59RM 109 15 ohm 59RM114

BORM -« i i £2.95
Elac 6%:'* d/cone, roll/s 8 ohm £3.50
Elac TW4 4" tweeter . ........... £1.50
Fane Pop 15 watt 12" 8 ohm .. .. .. £5.25
Fane Pop 25T 12" 8 ohm ........ £7.25
Fane Pop 50 watt, 12’ 8 ohm £12.00

Fane Pop 55, 12" 60 watt 8 ohm .. £12.50
Fane Pop 60 watt, 15" 8 ohm ..

Fane Pop 100 watt, 18 8 ohm ... £24.50
Fane Cescendo 12A or B, -8 or 15 ohm £29.00
Fane Crescendo 15. 8 or 15 ohm. .. £36.00
Fane Crescendo 18. 8 or 15 ohm .. £51.95
Fane 807T 8/ d/c, roll/s. 8 or 15 ohm £3.85

Fane 801T 8’ d/c, roll/s, 8 ohm ... £7.00
Goodmans 8P 8 or 150hm . ... ... £5.50
Goodmans 10P 8 or 15 0hm . ... .. £5.80
Goodmans 12P8 or150hm ..... £12.95
Goodmans 12P-D 8 or 150ohm .... £13.75
Goodmans 12P-G or 15 ohm ... .. £15.75
Goodmans Audiom 200 8 or 15 ohm £12 00
Goodmans Axent 100 8 ohm ... ... - £€7.25

Goodmans Axiom 402 8 or 15 ohm £17.25
Goodmans Twinaxiom 8'' 8 or 15 ohm £8.75
Goodmans Twinaxiom 10’ 8 or 15 ohm £9.25

Kef T27 ... ... i, £5.25
KefT15 .. ... .. .. ........... £6.00
Kef8110 ........ ... ..ot £7.25
Kef 8200 .................... £8.25
Kef 8139 ................... £14.25
KefDNB . ... ................. £2.00
Kef DN12 . ... ............... £4.95
Kef DN13 . ... ... ..., £3.30
Richard Allan CG8T 8" d/c roll/s ... £6.35
STC4001G super tweeter . . ....... £6.19
Fane 701 twin ribbon hom ....... £35.00
Baker Major Module each ... ... .. £10.95
Goodmans Mezzo Twin kit . Pair £40.75
Goodmans DIN 20 4 ohm each . ... £11.75
Helme XLK25 (pair) . ........... £22.00
Helme XLK30 (pair) ............ £14.95
Helme XLK50 (pair) ............ £39.95
Kefkit 1 each . ................ £20.95
Kefkit3each ................. £36.75
Peerless 3-15 (3 sp. system) each .. £15.00
Richard Allan Twinkiteach ........ £8.95
"Richard Allan Triple 8 each . . ... ... £13.75
Richard Allan Triple each . ....... £19.95
Richard Allan Super Triple each . ... £23.75
Wharfedale Linton 2 kit (pair) .. ... £19.25
Wharfedale Glendale 3 kit (pair) . . . . £34.50
Wharfedale Dovedale 3 kit (pair) £52.50
Castle Super 1ORS/DD ......... £12.95
Castle Sunerr 8 RS/DD . .......... £8.95
PRI UDE VAT
Cabinets for Pi d—ﬁ . wadding, vynair, etc.
Send stamp for free booklet hoosing a
Speaker”*
FHEE with ovdorl over £7 — “HIFi
as’’ book

All uniws guunmm new and perfect
Prompt despatch
Carriage: Speakers 38p each, 12’ and up
50p each, tweeters and crossovers 25p each,
kits 75p each (pair £1.50).

WILMSLOW AUDIO

Dept ETI
Swan Works, Bank Square, Wilmslow
Cheshire SK9 1HF Tel. Wilmslow 29599
(Discount HIFi, PA and Radio at
10 Swan Strest, Wilmslow)




The Signal Circuits

THE EARLIEST colour receivers (for NTSC
system in USA) used a staggering number
of valves but before long transistors were
in use in the low-power signal circuits.
Further progress with high power
transistors eventually made possible the
first all-transistor colour set, with no
thermionic device except the display tube
itself. This was introduced by the British
Radio Corporation in the sixties. Current
progress involves compacting as much
circuitry as possible into special purpose
integrated circuits. All but the higher
power stages can now be contained in a
handful of ICs. Good manufacturing
economy but often introducing servicing
headaches!

A television receiver is a harsh
environment for semiconductors because
of the surge currents caused by sparking
inside the display tube or by reservoir
capacitor charging at switch-on. Unless
controlled by careful design, these surges
can destroy transistors instantly. As a
result many European manufacturers
prefer to build 'hybrid' receivers which use
both semiconductors and valves, using the
valves for their tolerance of transients in
high power sections.

In spite of their constructional variations
virtually all PAL colour receivers conform
to the block diagram in Fig. 30.

TUNER

This is a compact pre-assembled box
containing two or three transistors with
the functions of tuned RF amplifier and
mixer/oscillator. The modern type uses
varicap diodes in the tuned stages to
allow remote de channel selection by a
push button/potentiometer assembly on
the front of the receiver. This gives far
easier and more accurately repeatable
tuning than mechanical capacitor drives.
Automatic frequency control can also be
applied to the de tuning input to further
improve tuning stability.

The tuner mixer converts the incoming
sound and vision signals at UHF (or VHF
where used) to a standard- intermediate
frequency which is 39.5MHz for the vision
carrier. Since it is impractical to achieve
much selectivity in the tuner the
frequency response of the following IF
strip must be carefully tailored for
optimum  amplification  of  each
component of the television signal -
see Fig. 31a.

UNDERSTANDING
COLOURTV

by Caleb Bradley B.Sc.

IF STRIP

Figure 31a shows in idealized form the
components of the television signal after
frequency changing to IF. The vision carder
is amplitude modulated by the luminance
signal whose frequency range extends to
about 5 MHz. Side-band energy s
therefore generated up to 5 MHz either
side of this carrier. but the lower side-
band is almost completely suppressed at
the transmitter in order to use frequency
space more efficiently. Since some low
frequencies in the lower side-band (which
appears above the vision carrier after
inversion in the mixer) are allowed to
remain this is known as vestigial side-band
transmission.

A colour transmission also contains
chroma side-bands which centre on a
frequency 4.43 MHz below (at IF) the
vision carrier. Frequency interleaving is
used to enable luminance and chroma to
share the same frequency space as was
described last month.

The sound is frequency modulated on a
separate carrier above the vision carrier.
Due to frequency inversion in the mixer it
appears below the carrier at IF.

Figure 31b shows the actual IF response
shape of a high quality

INTERCARRIER
6 MHz SOUND M
AERIAL / AMP w DET
REJECT | | REJECT DELAY LUMIN | Y
— o — ——
TUNER DETECTOR 6 MHz | [4.43 MHzf'| jyinance | 60ons | |_DRIVER
He e ¥ ohe H »+ a
T T 7| | sTRP N INE
5 > osc [ scan
o [ LNEsVNe .. g
T T RS DEFLECTION
: o FIELD | ] FIELD COILS
i FIELDSYNC | 0SC [ scan
: R 2Zh
| L "
WS 4.43 MHz
AF.C. PAL G-Y

CHROMA - >
3;._____ < bives DECODER oy
. 2 i
| T e e
PUSH BUTTON
SELECTOR

Fig.30. Block diagram of a colour receiver. The display tube is driven by colour difference signals from the
decoder. Alternatively it can be driven by pure R, G and B.

DISPLAY
TUBE




UNDERSTANDING COLOUR TV

receiver. Relative gain is plotted on a
logarithmic (decibel) scale since on a
linear scale the lower details would be
too compressed into the base line to see
properly. Such a response shape is only
obtained after careful alignment of as
many as a dozen tuned circuits and
reflects a number of engineering
compromises.

The first requirement is a high quality
luminance signal. For this the response
shape would ideally have a flat top and
steeply falling edges to match the
transmitted luminance spectrum.
However there are limits to what can be
achieved with conventional tuned
circuits. A flat top requires a number of
low-Q tuned circuits stagger-tuned and
there are economical limits to this. Steep
sides require the use of high-Q tuned
circuits and these introduce large phase
changes in the region of their resonance.
Such distortion of the luminance signal
appears as ringing or vertical striations
after (i.e. to the right of) major picture
details. Since the edges of the luminance
response cannot be steep it is usual to
place the vision carrier about 6dB down
on the high-frequency fall-off. A correctly
shaped fall-off in this region prevents
attenuation of low frequency luminance
components by allowing some vestigial
side-band energy to supplement the main
side-band.

At the high frequency end of the
luminance spectrum a compromise is
made between the desire for maximum
picture resolution and the inevitable
slight interference by chroma on
luminance i.e. fine patterning in areas of
saturated colour. Therefore the response
will be 'rolling off' somewhat before the 5
MHz luminance limit.

POSITIONS OF FIELD

ALTERNATE FIELDS

SOUND

Fig. 31.

a) ldealised spectrum of colour TV
signal at i.f.

bl Typical frequency

response of a receiver i.f. strip
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Fig.32. a) Line sync pulse

(b) Basic form of field sync. pulse
(c) Actual form of field sync. pulse
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Fig. 33 Simple sync. separator



The sound carrier passes ,through the i.f.
strip at considerably lower level than
luminance or chroma for reasons which
will become clear. Two other features of
the IF response are the strong rejections at
41.5MHz and 31.5MHz which prevent
interference from the sound or vision
carriers of transmissions on adjacent
channels.

The IF response shape of a colour receiver
is far too critical to set up without the
proper equipment - a sweep frequency
generator and synchronised oscilloscope.
Fortunately it usually only has to be done
at the factory.

DETECTOR

Sometimes a single diode envelope
detector, as in an am radio, is used after
the IF strip. However the diode non-
linearity encourages the generation of
beat products between sound and chroma
(6 - 4.43 = 1.57) MHz) which can cause an
unpleasant coarse, 'herringbone’
patterning in coloured areas. Therefore
many sets use two or more detectors. In
the future synchronous detection may be
used in this stage. After the detector the
various components of the television
signal are separated as follows.

SOUND

The FM sound signal is extracted by an
amplifier tuned to the difference (6MHz)
between the sound and vision carriers,
known as the inter-carrier frequency. This
frequency is produced when the two
carriers beat together in the detector and
has the sound frequency modulation. The
reason for presenting the amplitude
modulated vision carrier to the detector at
much higher level than the sound carrier is
now clear: it is to ensure that the inter-
carrier product does not disappear on
picture whites where the vision carrier is
at minimum amplitude. A single 6MHz
tuned stage gives sufficient gain to drive
the FM detector (which has the response
in Fig. 31d). This stage must be accurately
tuned to reject any vision amplitude
modulation present on the inter-carrier
signal. This causes a buzz on the sound
channel, primarily at field frequency
(50Hz). Inter-carrier buzz is easily
recognised because it changes pitch as the
picture content changes and is worst on
pictures containing peak whites e.g.
captions.

LUMINANCE

The strongest signal from the detector is
the luminance signal. Inter-carrier sound
(6MHz) and chroma (4.43MHz region) are
filtered out to prevent fine patterning, the
latter rejection being a compromise with
resolution.

Luminance Is fed through a small delay

line (1 1/2 micro-second approx.) to the
driver stage which controls the red, green
and blue beams of the display tube equally
to give shades of grey and white. The
luminance delay, not to be confused with
the much longer PAL-D delay in the
decoder, compensates for the time taken by
signals to pass through the decoder and
ensures that the colour signals are
registered in time with luminance when
they reach the display tube.

CHROMA

The chroma signal is extracted from the
detector by a tuned (x 1MHz about
4.43MHz) amplifier. This often has a non-
symmetrical response as in Fig. 31c) to
compensate for the falling IF response to
the upper chroma side-band. The reference
burst also passes through this amplifier to
the PAL decoder.

SYNCHRONIZATION

The vision signal carries two sets of pulses
for the purpose of synchronizing the line
(horizontal) and field (vertical) picture scan
rates in the receiver to the studio camera.
They are pulses of peak carrier strength i.e.
'blacker' than black video level, and
therefore appear as peak positive
excursions from the detector. Their shapes
are shown in Fig. 32. The sync. separator is a
simple peak detecting stage such as a
transistor with small forward base bias and
no emitter resistor as in Fig. 33. This serves
to strip all but sync. pulses from the signal.
The field sync. pulse is distinguished from
the line sync. pulse by being much wider - as
crudely shown in Fig. 32b). It can therefore
be separated from. the line pulses by a
simple integrator RF/CF in the sync.
separator, and then used to trigger the start
of each field scan. Note that in each field
half of the 625 lines (= 312%) are scanned.
This means that the field pulse must trigger
the field scan at the start of a line or half
way through a line on successive fields. This
starting difference must be established
accurately or the fields will not interlace
properly, with unpleasant effects. Therefore
the waveform (in Fig. 32b) is improved in a
number of ways before transmission.

Firstly by providing uninterrupted line sync.
during the field pulse. the line scan is given
no opportunity to drift off frequency. In Fig.
32c there is a positive-going synchronizing
edge at the start of every line.

Secondly the video information is blacked
out on 2% lines before the field pulse. The
line sync. pulse for each of these lines is
'split' into two half-width pulses known
as equalizing pulses. Their purpose is not to
make the line scan suddenly run at double
speed; instead it is a way of ensuring that
the level on the field sync. integrating
capacitor CF in Fig.33 is exactly the same
before every field pulse, whether it happens

to start on a whole line or half a line.
Therefore the time taken to charge CF to
the field scan trigger level is constant so
interlace is correct.

The original reason for blanking so many
lines after the field pulse was to allow
enough time for receiver line and field
scans to stabilise. Modern sets do not
need anything like as much time as this
and most of these lines could now be
included in the picture proper with a
slight gain in vertical resolution. However
there is no sign of this being done
because these non-picture lines (as many
an 50 out of 625) have other uses. The
viewer is unaware of anything
transmitted on these lines because they
are 'off the top' of his picture. They often
carry test signals for studio and network
monitoring and a recent exciting proposal
is to put alpha-numeric information on
them in digital code the British CEEFAX/
ORACLE system now under trial.

PAL DECODER

The-function of a colour decoder is to
recover the two colour difference signals
from the chroma (modulated sub-carrier)
signal and thereby control the
proportions of red, green and blue light
produced by the display tube to create
correct colour impressions by additive
mixing. A commercial decoder circuit and
its block-diagram are shown in Fig. 34. A
hybrid circuit is chosen because the
stages are most readily identifiable.

The chroma amplifier is a simple tuned
stage Q0. The 6MHz sound inter-carrier is
blocked by a tuned trap in Q0 emitter.
Amplified chroma passes via a viewer
control to the PAL delay line driver QO.
The control VRO varies the overall gain of
the chroma stages. Although this could
be fixed by the designer virtually all PAL
receivers have this control which enables
the picture colours to be set under-
saturated, correctly saturated or over-
saturated to taste. It does not affect the
colour hues which are never adjustable
on PAL receivers.

Note that Q1 obtains its base bias
through the 'colour killer' D3. Excessive
forward bias is prevented by DO. For the
moment note only that the colour killer
has the power to shu off this chroma
stage, as its name suggests.

Transistor Q1 drives the PAL delay line via
a transformer FXTO. The delayed chroma
passes to an autotransformer FXT1.
Suppose VR1 is anticlockwise so the
centre tap is earthed. Then delayed
chroma appears at the bottom of FXT1
and inverted delayed chroma appears at
the top. Now by advancing VR1 some
undelayed chroma can be added both
these. If the undelayed chroma strength
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of chroma respectively and achieves
T electronic  cancellation of phase
= By errors. These components are fed to
AP T two synchronous demodulators which

also receive suitably phased sub-carrier
frequency from the crystal oscillator
Q7.This is controlled by the burst in a
phase-lock loop similar to the one
described last month.

E-4
QUTFUT
AMP

COLOUR
KILLER

FHASE
CORRECTION FAL
r————- EISTRELE

JR—

LINE
| FULSE

EURST GATE 7.8kHz
FULSE RIFFLE

EURST -
L EURST

WOLTAGE
L PHASE LOCK LOOP

s S5 EA TR The chroma at QO collector is also
; picked off by C4 and fed via a
s ) 4.43MHz tuned circuit to the burst
amplifier Q6. This transistor receives
forward bias only during the 4.43MHz
reference burst ( Fig. 32a) i.e. during the
back porch period just before the
picture information on each line. This
is achieved by a burst gate pulse
which is derived elsewhere in the
receiver by delaying line sync. pulses
to turn on Q6 at exactly the right times. It
is essential that no picture
chroma information should get past
Q6 to the phase comparator.

FHASE
COMPARATOR

Fig. 34b This is a block schematic of Fig. 34a. The dotted stagesare not essential for decoding.



The frequency of the reference oscillator
Q7 is accurately held at 4.43 MHz by the
quartz crystal. Its output is buffered by
emitter follower Q8 and fed back to the
phase comparator.

The action of the phase comparator is to
produce an output voltage on C36 which
is proportional to the phase difference
between the burst and reference
oscillation. On the half cycles of burst
when the lower end of FXT4 secondary is
positive and the upper end is negative,
D13 and D14 conduct. This effectively
connects VR2 slider to C36, via the 180k
resistors and FXT5 secondary. Since the
s latter is a source of reference oscillation
the voltage left on C36 after the burst has
passed is equal to VR2 slider voltage plus
or minus the average level of the
reference oscillation during D13 and
D14 conduction. This depends on the
phase relation between burst and

reference -see Fig. 35.
If burst lags reference by 90 degrees the
mean level is zero and nothing is added to
or subtracted from VR2 slider voltage. In
practice this phase relation never occurs
because a feature of the PAL signal is that
I the burst phase jumps forwards and
)k backwards through 90 degrees on
I I successive lines. This causes alternate
L positive and negative swings on C36 - see
= H - Fig. 35 (b) and (c). This waveform is
smoothed by R47/C37 to obtain its mean
DC level which is applied as a control
voltage to the two varicap diodes in the
% reference oscillator. Increased positive

voltage causes these diodes to lose
capacity causing the oscillator to gain in

o0, phase (slightly increased frequency);

Fig. 34a. Typical PAL decoder.
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Fig. 35. Phase comparator action. The bursts actually consist of ten cycles of sub-carrier frequency only three of which are shown here. The burst
swings between case (b) and case (c) on successive lines causing an AC waveform on C36.
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decreased voltage causes the oscillator to
lag. If VR2 is set for exactly correct
reference  the  smoothed phase
comparator output stabilises the oscillator
phase on the - V axis (see Fig. 35) since
here alternate bursts cause equal swings
of the C36 waveform about its mean level.

SYNCHRONOUS DEMODULATION

The U and V demodulators each consist of
a four-diode switch. Half cycles of
reference oscillation cause all four to
conduct, alternate half cycles cause them
to block. The output of each demodulator
is the algebraic product of the two inputs;
high frequency harmonics are also
produced because the cycle of conduction
of the diodes is rather more abrupt than a
true sine law. All harmonics are removed
by the low pass filters following the
demodulators. From these are obtained
demodulated U and V.

The U axis reference oscillation feed for
the U demodulator is simply obtained by
delaying the reference oscillator output
by 1/4 cycle (90 degrees) in an LC delay
L5/C46. However the V demodulator
needs a reference feed which differs 180
degrees on successive lines to follow the
PAL reversals of the V signal. The
reference oscillator is already at the - V
phase. The phase. switching is performed
by D11 and D12. One or the other of these
diodes is always conducting depending on
the state of the 'PAL bistable' ,04/05.
Therefore either the upper or the lower
secondary winding of FXT3 is connected
to the V demodulator via FXT2. (C23/C24/
C25 have low impedance at 4.43MHz.)
Since FXT3 secondary are oppositely
phased with respect to earth, the V
demodulation phase is reversible simply
by changing or 'toggling' the PAL bistable.
This is done at the start of every line by a
line sync. pulse which is 'steered' by D5/
D6 to whichever of 04 or 05 happens to
be on. It turns off this transistor causing
the bistable to adopt a new state until the
next pulse.

IDENT

The problem of ensuring PAL switching
operates in correct phase has been
mentioned. It is solved by the ident
amplifier 02/03. This is tuned to magnify
the 7.8kHz ripple produced on C36 by the
swinging bursts. The ripple is amplified to
a beefy sinewave, the 'ident' at Q3
emitter. Note that 7.8kHz (half line-
frequency) is also the operating frequency
of the PAL bistable. The ident however
carries the correct PAL phase information.
Diode D4 allows

the ident to overrule the toggle pulse
steering to correct the bistable phase if
necessary.

In theory the ident could be amplified
sufficiently to drive the V phase switch
directly but only one manufacturer is
known to have -chosen this approach. The
scheme described is used by the majority
of PAL receivers for its simplicity.

THE COLOUR KILLER

During a colour programme D3 receives
the 7.8kHz ident signal and half wave
rectifies it to produce several volts
positive on reservoir capacitor C7. This
voltage is the source of forward bias for
the chroma amplifier Q1.

Like any amplifier, the chroma stages
generate some electrical noise. It happens
that a small amount of chroma noise
which would be unnoticed in a colour
picture can cause a very unpleasant effect
on a monochrome picture, appearing as a
kind of 'coloured confetti'. The purpose of
the colour killer to switch off the chroma
stage(s) to prevent this.

Monochrome transmissions do not (or
should not) carry any sub-carrier burst in
the line back porch period. No swinging
bursts means no 7.8kHz ripple from the
phase comparator thus there is no ident
and hence no bias supply from D3 for TR1.
Therefore Q1 draws no collector current
and no chroma noise is fed into the PAL
delay line.

WEAK SIGNALS

Because of the colour killer, a PAL colour
receiver gives only a monochrome picture
if tuned to a distant colour transmitter.
The sub-carrier bursts in this case are too
weak to bring the decoder's phase-lock
loop into control so no (or weak) ident is
produced. This is satisfactory because a
weak television signal may give an
annoying confetti-ridden colour picture
but only a slightly degraded monochrome
picture.

In receiver repair the colour killer is rather
a nuisance because a wide variety of
component failures can cause it to shut
off the chroma leaving no colour
information on the screen to interpret.
Therefore servicemen often deliberately
over-ride (disable) the colour killer circuit
by some simple means. For example in
Fig.34 an appropriate method is to solder
a resistor of 10k or so from HT to Q1 base
to provide uninterrupted forward bias. For
other circuits the manufacturers service
information, if available, usually gives a
method. But

don't forget you've done it. One is liable
to forget to 'unkill' the killer when
'shutting up' the set after servicing!

Many receivers employ a sophistication of
the colour killer which improves picture
resolution on monochrome. We recall
that the luminance signal chain includes a
4.43MHz trap circuit to remove chroma.
The principle is to fit a diode in series with
this trap and use the 'colour killer voltage'
on C7 to keep the diode forward biassed
so the trap action is unaffected. However
the absence of voltage on monochrome
causes the diode to block. This disables
the trap to restore full bandwidth
luminance drive to the tube.

DECODER OUTPUTS

It will be shown later that the outputs of a
decoder can be either ER,EG,EB or ER-EY,
EG,EY,EB,EY

depending on how the display tube is
connected. The latter set of signals is
produced by the decoder in Fig. 34.

Since V=0.877 (ER -EY) and U = 0.493 (EB-
EY) the signals in brackets are simply
obtained by passing the outputs of the U
arid V demodulators through stages of
suitable gains. In Fig.34, VRO sets the
overall colour gain and VR5 sets the gain
for EB-EY relative to ER,EY.

The third signal EG-EY is obtained by
adding together suitable proportions of
the other two - see Part 2. The
proportions are set by VR3 and VR4 in
Fig.34.

The display tube requires large voltage
swings from the decoder which are
provided in this hybrid design by the three
identical pentode amplifiers V0a, V1a and
V2a. Since each colour difference signal
may swing positively or negatively from
its 'no colour' (black, grey or white) level,
it is important to fix this level. This is
achieved by coupling each colour
difference signal to the tube via a
capacitor (C47, etc.) and a driven clamp
consisting of the triode section of each
output valve. Normally this valve is off.
Between scanning lines where there is no
chroma signal, the clamp triodes are
briefly turned on by a line sync. pulse fed
to their grids. This adjusts the charge on
C47 so that the no-colour output level is
the voltage at the triode cathodes, which
is fixed by a resistor divider. A long time-
constant is formed by R64 and C47 which
prevents the no-colour level drifting
during the scanning line. The decoder,
which is the most formidable part of any
colour receiver circuit has now been fully
described.

to be continued . . ..



New Course in Digital Design

Understand the latest
developments in calculators,
computers, watches, telephones,

television, automotive instrumentation. . . .

Each of the 6 volumes of this self-instruction
course measures 11%" x 8%’ and contains 60
pages packed with information, diagrams and
questions designed to lead you step-by-step
through number systems and Boolean algebra,
to memories, counters and simple arithmetic
circuits, and on to a complete understanding of
the design and operation of calculators and
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Fig. 1. Regulation can be slightly improved by: (a}. Voltage regulation - an additional shunt
load. (b). Current regulation - an additional series load.

WE HAVE SEEN how the regulation of a
power supply is related to its effective
internal resistance. A voltage source
requires low internal resistance, whilst a
current supply requires maximum internal
resistance for best operation.

PASSIVE METHODS

A simple and very elementary method of
improving the regulation is, to impose
a dummy load on the supply that
is much greater than the normal
load. Figure 1a shows a swamping
load of 10 amps in parallel with 1
amp. If the real load (the smaller)
varies by a value comparable with 1
amp, far less change occurs in the total
load drawn from the supply - the
output voltage, therefore, changes less.

This  method improves regulation
for load changes, out does nothing
to  guard against input
supply changes. Furthermore, it s
clearly inefficient. Note that RL s
now connected to a lower source
resistance - that of Rg in parallel
with Rs. The reduction in resistance
is however, not great.

If a constant current through the load
resistance is required a similarly
crude method is to place the load in series
with a resistor that is much greater than
the
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load value - as shown in Fig, 1b. It can be
seen (from Ohms law) that | will
now remain constant over a wider range
of RL variation.

Again there is a disadvantage, the
input voltage must be raised to
drive the same current through the
increased resistance circuit.
Furthermore, if this is done, RS
wastes considerably more power than
is used in the load. As required, for
better current regulation.

RL now sees a higher source resistance.
Both circuits are wused occasionally
but their real relevance is that the same
basic principle (modifying the impedance
of the supply) is wused in more

sophisticated supplies. These supplies
use special non-linear  components
and active devices to  provide

much better  regulation with
considerably less loss of power.

NON-LINEAR DEVICES

Before low cost  semiconductors
became widely available in the form of
regulating diodes (Zeners) and regulator
integrated circuits, designers used the
barretter current regulator and the
gaseous-tube voltage regulator. These
are still found in older equipment but
would not normally be used in new
designs.

How requlated power supplies work.

The barretter contains an iron filament in a
hydrogen filled envelope and is used in
series with the load. Over a
reasonably wide range of

voltage (100-200V) the load current
remains constant to  within  20%
(typical value would be 300mA). By

today's design standards they waste
power and run extremely hot.
Regulation occurs because an increase
in current through the filament (see
Figure 2a) causes its resistance to
increase thus tending to reduce the
current to its previous level - RS in Fig.
1b, increases with increasing current.
Note that the currentitself provides a
feedback effect (via heating of the
filament) that controls the current. The
use of feedback (but in a more effective
way based upon active elements) is the
secret of obtaining really, good
regulation, as we shall see later.

The gaseous-tube voltage regulator is
a gas-filled two-electrode valve which,
once the gas is ionised into conduction,
provides a reasonably constant
voltage drop between its electrodes
with  varying current values flowing
through the ionised gas. Again these are
seldom used today, being more suited to
voltages much larger than those needed
in semiconductor work (they strike and
operate at around 100V).

In use, the regulator is wired in parallel
with the load, the two being fed from
the supply via a series resistor, as shown in
Fig. 2b. If the input voltage increases
(assuming a constant load) the total
current must rise. But as the VR tube
maintains constant voltage across itself,
the load current remains steady and all
the excess current flows through the
VR tube. Thus the voltage drop
across the series resistor increases so
that the voltage applied to the load
remains the same.
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Fig. 2 (a}. The barretter tube regulates by the increase in resistance
with temperature (and hence current) of an iron wire filament.
(b). The gaseous-tube voltage regulator operates by virtue of the
constant voltage which appears across a gas discharger over a wide

range of current.
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Fig. 4. In a zener diode the reverse breakdown region is used to
provide a constant voltage as current demand varies.

Fig. 3. Forward and reverse bias characteristics of germanium and silicon

diodes.

The effectiveness of the compensation
depends upon the rate of change of the
voltage-current  characteristic of the
device. The barretter represented in Fig.
2a changes some 200uA/V.
A flatter curve would imply a current that
changes less per volt and this is to be
preferred. Neither of these two devices
has a particularly low V/1 ratio and
neither, therefore, is able to provide close
control over wide ranges of input change.
Negative temperature coefficient NTC
resistors - more commonly called
thermistors or varistor’s - have a similar
voltage-current characteristic but the
slope is in the reverse direction, that is,
increase in current increases their
temperature .which, in turn; decreases
their resistance. They are not suited to
regulator design where constancy s
desired but are useful in providing the
reverse effect, for example, when wired in
series with a load, that could be damaged
by  switch on  current  surges.
An NTC resistor suitable for such. use
might have a resistance of 3000 ohms cold
reducing to 200 ohms when heated by
100mA passing through it.

ZENER DIODES

The current versus-voltage characteristics
of both germanium and silicon diodes are
illustrated in Fig. 3. In the forward
direction (positive voltage at anode with
respect to cathode) the devices operate,
as shown, in the right-hand region of the
graph:

It can be seen that once the forward
voltage across the diodes reaches 650mV
for silicon (or 350mV for germanium) it
remains substantially
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Fig. 5. Zener diodes are manufactured in a wide variety of packages. The larger capacity (not
shown here) units,are usually mounted on heat sinks if run at their maximum rating.

constant over quite wide excursions of the
forward current. Thus forward-biased
diodes could be used as constant-voltage
regulator elements but only at the low
voltages mentioned above or at multiples
of these voltages (using diodes in series). If
a conventional diode is reverse biased
its operating characteristic will be as
shown on the left hand side of Fig. 3. Very
little current (micro-amps) will flow until
the reverse  voltage reaches a
comparatively large value when the
current starts to increase much more
rapidly: In a germanium device the
voltage across the diode will still increase
relatively slowly with increasing current,
but in a silicon device the voltage across
the diode now remains substantially
constant regardless of further increase in
current. This point is known as the
Reverse Breakdown Point.

In a normal diode the rapid increase in
reverse current causes the semiconductor
junction to overheat and the device may
fail. This breakdown effect occurs at
voltages between two and a half volts and
several thousand volts depending upon
the material and construction of the
semiconductor junction.

However, this seeming disadvantage may
be put to work in special constructed
devices known as Zener diodes. Zener
diodes are invariably silicon devices
which have been specially designed to
operate within the reverse-breakdown
region, without damage, provided that
the maximum-specified power dissipation
(VxI) is not exceeded.

DYNAMIC RESISTANCE OF ZENER
DIODES

Ideally, a Zener diode should maintain a
constant voltage across itself with varying
current through it. However, practical
devices don't behave quite like that. In
Fig. 4 we see, from the typical
characteristics of a 30 volt, 90 watt
device, that if the current through the
device changes by 1.0 amp, the voltage
across it will change by 2 volts. This may
be expressed as a resistance as follows:-
By Ohm's Law t:N=Ri.e.l=2 ohms L:.I 1
As this resistance is the ratio of changes
of voltage with respect to current it is a
dynamic quantity, and is therefore known
as the Dynamic
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Fig.6a. Typical Zener diode regulator. (b) Dynamic resistance of BZY88 series Zeners. (c) Temperature coefficients of BZY88 series diodes.

Resistance of the Zener. It tells us how
well the Zener will regulate the voltage
with  changes in load current.
Thus a Zener having the desired reverse-
breakdown voltage may be used to replace
the gas-regulator valve shown in Fig. 2b.
Any load connected across the Zener will
see a source impedance which is the
parallel combination of the dynamic
resistance of the Zener, and the internal
impedance of the power supply.

TEMPERATURE COEFFICIENT

The reverse-voltage characteristic of the
Zener is temperature dependent, the
extent of this dependency being
determined by the designed Zener voltage
and power dissipation. For example
in typical 400mwW devices
the temperature  coefficient  ranges
from 2.5mV for a 2.7 volt Zener to +
26mV  for a 30 volt Zener.
Zero temperature coefficient is obtained
with a device having a nominal voltage
of 5.6.

Where Zener regulators are required
to have minimum temperature coefficient
and higher than 5.6 volt rating, several
diodes with temperature coefficients
which cancel may be used in series.

For example, if 9.8 volts is required
with zero temperature coefficient,
a 3.6 volt 2.0mV diode may be used
together with a 6.2 volt + 2.0mV
diode.

REGULATOR DESIGN

The circuit of Fig. 6 is that of a typical
Zener diode regulator stage. The series
resistors must be large enough such that
when the load current is at its minimum
(Zener current at maximum) the power
dissipation rating of the diode is not
exceeded, and small enough to ensure
that when the load current is maximum
(Zener current at minimum) the voltage
across the load does not fall below E,
(Zener voltage). Additionally the Zener
current should always be at least one
tenth of the maximum load current. The
optimum value of Ry may be calculated
from

Es1Ez
R =
g 111,
Power in Ry = (1.114)% Rs and maximum

may be calculated from

Ego-Ez

Zener dissipation

Pz = Iz Ez

R

where
Es; = minimum supply voltage
Es, = maximum supply voltage
E; = zener voltage
I .1 = minimum load current
I, = maximum load current
For example assume that we have a car
battery supply that varies from 11 to 14
volts and from this we wish to obtain a
stabilized 6 volt supply at currents from
40mA to 60mA.
The nearest available Zener voltage is 6.2.
Thus
ESl =11 ||_1 = 006A
ESZ =14 ||_2 =0.04A
E;=6.2
11-6.2

1.1x0.06
use nearest preferred value 68 ohms.
The power rating of this resistor must be

(1.1x0.06)> x 68

=296mW - a 1/2 watt resistor will do.

14-62

—0.04 6.2



Hence a suitable device would be one
with a power rating of 1.25 watts and a
nominal Zener voltage of 6.2.

Where Zeners with power ratings greater
than one watt are used a heat sink will
usually be necessary. Note also that the
supply voltage must always be greater
than the Zener voltage if regulation is to
be maintained - at least 10% higher is a
safe minimum value.

The Zener voltage regulator is widely
used throughout electronics. It may be.
used as a basic regulator as in Fig. 6, or,
it may be used to provide the reference
voltage for more accurate and powerful
regulators which make use of active
devices as well.

The aim of good voltage supply design is
to achieve lowest practical effective
internal resistance. The Zener does this
reasonably well, for the load sees only
the dynamic resistance of the Zener
which is much lower than the source
impedance. As a rough guide the
dynamic impedance RZ of the Zener,
varies (according to device) from 30
ohms per volt of the Zener, downward to
fractional ohms per volt.

If one Zener stage cannot provide
enough stability it is quite practicable to
join stages in cascade. Each stage
thereby lowers the effective source
resistance  (because  stages are
connected in parallel) but, more
significant is the fact that input voltage
variations are more adequately
attenuated, each stage running from a
progressively better stabilised source.
Fig. 7a shows a typical dual stage supply.
Figure 7b is the preferred method, of
providing the same illustrated 5.6 V, for
in this alternative all of the diodes have
optimum temperature stability.

Zeners also have other uses - to clip and
hold voltages at fixed levels and to
convert sine-wave signals to square-
wave signals.
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Fig. 7(a). Cascading Zener regulator stages improves voltage stability. (b) Selected Zeners are
often joined in series to achieve the lowest temperature error.

(a) NOT TEMPERATURE STABLE

(b) IMPROVED TEMPERATURE STABILITY

OF VOLTAGE

ACTIVE COMPENSATION

Although the Zener can provide a relatively
low dynamic resistance value, it is possible
to provide still lower resistance by
incorporating active amplifiers into the
regulator circuitry.

If the actual load voltage is compared with
a constant reference-voltage source, it is
possible to determine if the output is
greater or smaller than required and by
how much. Having made | such a
comparison, the difference, called the error
signal, can be used to modify the incoming
signal accordingly. This is the principle of
feedback. Figure 8 shows how feedback is
used in the electro-mechanical type of
supply regulator. These regulators are used
where loads are high and the unwanted
changes occur only relatively slowly. In
operation the output of a basic rectifier is
smoothed by a capacitor. (C) to provide the
required output voltage. The output
voltage is compared with a reference
voltage and

AMPLIFIER

ADJUSTELE
TRANSFORMIER SHAFT

the difference between them (that is the
error) is amplified. The amplifier output
drives a motor such that a tapping on the
AC transformer is changed - thus reducing
the error.

Thus, by using feedback, changes in output
voltage are rapidly sensed and the input
quickly compensated. The feedback
amplifier and control actuator (the motor
in Fig. 8) need not be precision devices -
they can be quite crude in fact - but the
reference voltage must have better
stability and accuracy than is required from
the output.

The reference voltage is quite often, and
effectively, supplied by a Zener. As the
Zener now only has to supply a reference
voltage, and not operate over a wide range
of current, its operation will be much more
stable. That is, its dynamic impedance will
not be a source of error. Additionally, the
Zener current may be set at a level which
gives optimum temperature stability.
Although electro-mechanical

ERIDGE
RECTIFIER

Fig.8. Superior regulation is obtained by using feedback - as demonstrated

by this electromechanical form of regulator.
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regulators have their uses, the majority of
regulators for low-power electronic
systems now use totally solid-state
components to build systems such as that
shown in Fig. 9.

A wide range of control methods are used
using such devices as transistors and
integrated circuits, silicon controlled
rectifiers (SCRs) and saturate reactors to
achieve fast and accurate regulation.

The voltage reference is again generally
derived from a Zener network. However,
precision units may use a Weston
standard cell or a special high-stability
Zener. arrangement. Yet another kind of
regulator may use an external varying
voltage as the reference in the feedback
system. With such supplies the output is
made to track the varying input voltage -
these are called programmable supplies.

SHUNT REGULATORS

We have seen how the basic Zener
arrangement may be used to provide a
shunt path around the load thus
stabilizing load voltage. By reducing the
current range required of the Zener diode
it is possible to improve the regulation
and to reduce the power handling
required of the Zener. Figure 10 illustrates
how a transistor is added to the basic
Zener circuit to produce a more precise
shunt regulator.

Now the Zener regulator only has to
supply the base current Of the transistor
which in tur controls the much-larger
collector current.

To see how the regulator works let us
assume that the current demanded by the
load falls. The voltage across the load
would tend to rise (due to less voltage
drop across the series resistor (R)
and this would cause the base-emitter
voltage on the transistor to rise (as VR is
held constant by the Zener). Hence the
transistor draws

more current to compensate for the
current shed by the load. That is the
current drawn through the series resistor R
is held constant, current not needed by the
load being shunted by the transistor.

As the transistor provides current gain
ranging from tens to hundreds, the current
variations demanded from the Zener are
reduced by the same factor, with
consequent improvement in regulation.
Although not immediately obvious,
feedback is used in this circuit. Voltage
changes across the load appear at the base
of the transistor which acts to reduce the
original change to zero.

One vitally needed characteristic of a
general-purpose power supply is that the
output should be capable of being short-
circuited without damaging any
components. The shunt regulator does just
this - a shorted output merely connects the
emitter of the transistor to collector,
thereby reducing the voltage applied tot
the device. The transistor therefore cannot
be damaged by a shorted output. Such a
supply is, however, inefficient, especially at
light loads, for shunt regulators act always
to dissipate the same maximum amount of
power - either in the load, in the shunt
element or in both. Hence, at zero load the
unit wastes as much power as the
maximum safe load would consume, and if
ever the load is disconnected the transistor
must be capable of passing the full load
current.

SERIES REGULATORS

The Zener reference may be used to
control a transistor in series with the load
such that a constant voltage appears across
the load. Figure 11 is the circuit of such a
basic series regulator.

The operation of a series regulator may
most easily be understood by

Loan

considering the transistor and load to be an
emitter follower circuit. We know from our
previous theory that an emitter follower
maintains its emitter at Vbe (0.6 volts for
silicon) less than the voltage at its base,
regardless of the value of the collector
supply. Thus the transistor, because of the
Zener reference voltage at its base, varies its
impedance and hence the voltage dropped
across itself, in order to maintain a constant
voltage across the load, regardless of load
current and supply-voltage variations.

As the transistor has a large current-gain the
Zener diode again only has to supply a small
current range and regulation is therefore
improved. However, the transistor must be
capable of withstanding the full load current
and of dissipating fairly high power. The
series regulator is more efficient on light
loads than the shunt regulator but if the
output is short-circuited the transistor in a
series supply will be destroyed (unless
pro ected in some way), as the full supply
voltage and base drive is applied to it.

IMPROVING SERIES REGULATORS

The simple series regulator, just described,
is a great improvement on the simple Zener
regulator but may still be improved further
by additional circuit refinements.

Figure 12 show the schematic diagram of a
typical series regulator supply. The AC
transformer has two secondaries the first of
which provides DC to the regulator and
hence the load via a bridge rectifier and
smoothing capacitor. The second winding
provides a separate supply to a Zener
regulator, As this winding does not have to
supply the varying load current - only the
steady Zener supply, regulation of the
reference
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Fig.10. Basic shunt regulator uses transistor to maintain constant

load current on the unregulated DC source.

Fig. 11. The series regulator also relies on feed-back to control

voltage drop across a series-pass transistor.
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Fig.12. This schematic diagram of a Hewlett Packard series - regulated constant voltage power supply
illustrates the design philosophy of precision supplies.

focussing coils, semiconductor testing, the

requirement is for constant
output current regardless of load
changes. Loads connected to such

supplies are connected in series, rather
than in parallel as is the case for
voltage regulated supplies.
Ohms Law tells us that a certain
value of current is related to voltage via
a fixed value of resistance. Hence
constant current supplies can make
use of a small series resistor to
monitor the output current by virtue
of the voltage developed across the
resistor.  This voltage is then
compared  with a reference (the
actual value is a matter of design
choice, the lower the series
resistance the lower the voltages and
losses involved) in much the same
way as for a stabilised voltage
supply. The differences in circuitry
needed can be seen by comparing Fig.
13 - that of a well-designed constant
current unit - with Fig. 12.

. . . . . ) By combining these two concepts
Zener is considerably improved. In  current. This results in still further inYco onhe fupply a combinF:ad
addition a temperature compensated  improvement in regulation. The  constant voltage and constant current
Zener may be used which could have a  operational amplifier provides a change in unit is formed (denoted CV/CC). This
temperature coefficient as good as  base current to the series regulator in such a holds a constant voltage up to a preset
0.01%/C. direction as to correct any error maximum load current where after
This very stable Zener reference is between the output voltage and the Zener it provides constant current.
compared to the output voltage of the reference. Power supplies designed to provide
supply by a differential-operational variable  output for experimental
amplifier. Thus the _Zener does not have  CONSTANT CURRENT purposes por equipmgnt (or
to supply any appreciable In some applications - magnetic circuits, componelnt) testing are often subject
to severe orextended overloads. Units
. such as these are generally equipped
WOLTAGE with various protective devices
REFERENCE > + that  safeguard not only the
: + power supplies themselves but also
the loads that they are driving. These
a5 e L ) various  protective circuits  will be
- R A £ described in this series next month.
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sensing resis?or progﬂges a voltage Fig.14. Automatic current limiting is
which, in conjunction with an error obtained with a series sensing resistor.
amplifier, controls the series pass : : Thi_S method of control is often used in
transistor to maintain constant current. + ': '? it series-pass voltage regulators.
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LAST MONTH we described a BCD counter
with preset and comparator options, this
might be too complicated for some simpler
applications such as a simple counter,
frequency counter or timer. This month we
have a new device from Ferranti which
could make life a lot easier when designing
or building such a project. The, ZN1040E is
a four digit decade counter with BCD and
seven segment outputs in a multiplexed
mode. Counting can be up or down with a
carry/borrow output in a synchronous type
of operation and with reset to zero facility.
As with the MK50395 last month, the count
and the display can be used separately with
an external latching input, this means that
the counter can collect a count, transfer it
to the output register for display, reset the
counter and start collecting a new count.
This makes it ideal for a frequency counter
operation or for the back end of an A-D
converter such as a digital multimeter. As
the maximum count rate is up to 8MHz,
the ZN1040E is one of the fastest
frequency counter chips available. One
other main a vantage of this chip is that it
has segment output current limits of
100mA and thus can typically drive LED
segments directly. Other chips also make
this claim but they are intended to drive
small calculator displays, this chip will drive
large Jumbo DL747 displays using only four
cheap PNP digit drivers.

To use the ZN1040E as a frequency
counter, the frequency is connected to the
count input. An external clocking source
gives outputs at 1Hz, 10Hz, 100Hz and
1KHz, the output is used to gate the input
frequency into some form of shift register
ring counter. The ring counter has two
outputs one controlling the latch input and
the other gating the clear input of the main
chip, the event sequence is given in Table

The ZN1040E also has a lamp test input and
a blanking input which may be used to
switch off the display completely or to dim
the display by inputting a variable mark
space signal. The IC is presented in a
standard 28-pin DIL package, and requires
5V at 90mA. With this chip and a few parts
of low-power TTL, you can build several
portable instruments for counting or timing
applications.

RECORDING DIGITAL DATA

Both the amateur and professional engineer
often have a requirement to record digital
data from a TTL source for analysis or for
input to another TTL unit. There are tape
systems which will do this but they are very
expensive and have a specification far
beyond requirements.

| was working on a system recently where
we needed to record BCD data on magnetic
cassette tape; there was not much data to
record at each sample and there were not
many sampling times each week. The system
was switched on by an external signal and
the time (hours and minutes) and two other
four figure data were to be recorded. This
data was to be played back onto a digital
display and manually recorded on a graph.
As yet the system has not been implemented
but it did point out a requirement for a piece
of equipment that was cheap and reasonably
easy to build. As some of you might have a
similar requirement or would like to build a
similar unit, | will outline the basic ideas.

The system uses a standard cassette tape
recorder (mono) with a normal cassette.
Two frequencies are produced continuously
at the recorder end, these two
frequencies must be within the recording
capability of the cassette and also a
reasonable distance apart from each other,

TABLE ONE

a. Counter incrementing with previous total
being held and displayed.

b, Ext clock indicates end of sample period.

c.Next count pulse is now gated into shift

regsster counter. Data is transferred
into display register.

. Next count pulse latches count data.

. Next count pulse resets counter.

. Next count pulse Is counted, stops reset
and clears the external clock pulse.

. External clock now starts a new timing
period and a new count data is collected
in the main chip.

let us say a nominal frequency of 2kHz to
indicate logical '0O' and 6kHz to indicate
logical '1'. Thus we can record any one of
four signals on the tape: 2kHz, 6kHz, 6kHz
modulated at 2kHz, no signal. If we ignore
the modulated (combined) signal we are
left with . indications of no data; logic 'O’
or logic '1'. We load our data to be
recorded into a set of Parallel-In, Serial-
Out shift registers and give the signal to
start the tape recorder. To start with we
record a few inches of no signal in order
to separate the data from different
samples; this is not necessary in all
applications. A clock oscillator then
addresses each bit of the shift register and
presents the data therein to the decoder.
The clock also informs the encoder that
there is some data to be recorded, the
encoder thus allows one of our two
recording frequencies to be input to the
recorder. The clock oscillator then
switches to low, which inhibits both
frequencies thus leaving a no-signal gap
on the tape, thus the data on our tape
looks like Fig.2, the digits 17 are
represented. Figure 3 shows the block
diagram of the encoder, additional logic is
required to start the encoder for each
sampling system and to count the pulses
of the clock oscillator in

DIGIT DATA LOGIC ‘0

LEAD-IN (NO SIGHALY
COMDITION

Fig.2. How a BCD number "17" goes onto cassette.

(— INTER-DIGIT GAF (HD SIGHAL)
2KHZ ‘ \ 2KHZ ‘ \ 2KHZ ‘ \ EKHZ ‘ \ 2KHZ ‘ \ EKHZ ‘ \ EKHZ ‘ \ EKHZ ‘
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BCD DATA OUTPUTS

FIS0 SHIFT REGISTER

SIP0 SHIFT REGISTER

CLEAR &
LATCH
QuTPUT

& cLook v

10kHz

EkHz

2hHz

Fig.3. Encoder Block Diagram.

order to stop the encoder when all data bits
have been recorded. In the above example
two 7490s would count the 48 bits to be
recorded and as the count of 49 was sensed
the clock oscillator would be inhibited by a
‘D' flip-flop output. The START signal would
reset this flip-flop and thus allow the clock
to run.

The output from the last gate is fed to the
tape recorder input after suitable
interfacing to the recorder input.

The data is read off on another similar
device which works from the earpiece
passed through a Schmitt trigger to shape
the signals. The signals are then passed to
two LM567 phase locked loop tone
decoders, one set to switch with 2kHz input
signals and the other set to operate on
6KHz input signals. The bandwidth of these
decoders needs to be set rather wide to
allow for differences in tape transport
speeds between the recorder and player.
The outputs from these tone decoders will
be a logic '1' if the specific tone is present at
the input and logic '0' if no tone or a tone
outside the bandwidth is present. If the

DATA OUT

T0 TRAPE
RECORDER

FROM TAPE
RECORDER
SCHWITT

two outputs are fed to a 7486 Exclusive
Or gate then this gate will give an output
logic '1' either when both tones are
received together or when no tone is
received. Additionally the output from
the 6KHz tone decoder will give a logic '1'
if a logic one is encoded on the tape and
a logic '0' if either a logic '0' is encoded or
no signal is encoded. Thus by a simple
form of gating we can use the 7486
output as the sync clock and the 6kHz
LM567 output as the data for a Serial In,
Parallel-Out shift register. When all of
the data has been loaded into the
register the clock pulses will stop and
thus the monostable will turn off after
one second, this turn-off signal can be
used to latch the output data from the
register into the displays and also to
clear the register ready for the next set
of data.

Including the shift registers, the whole
unit would cost about £25 for both
encoder and decoder and can be used
with virtually ant type of tape recorder
on the market. The data transmission

& cLooe & oemn
NPT INPUT

RETRIGGER I
TABLE
1 SEC I

Fig.4. Decoder Block Diagram.

speed is a nominal 10Hz but this depends
on the reaction speeds of the LM567s and
this depends on the allowable
bandwidths; without actually trying out
the system it is difficult to know how
much faster than this it might work. In our
example we would allow 214 seconds of
tape at each end of the data for starting
and stopping and to act as an inter-
sample gap, our data would take 4.8
seconds of tape making each sample take
10 seconds of tape. We would thus be
able to record up to 360 samples on a
standard C60 cassette. If much more data
is to be recorded at each sample then it
might be an idea to put a sync pulse or a
set of pulses within the data by recording
another tone or shorter inter-sample

gaps.

Data on the ZN1040E from Ferranti Ltd.,
Electronic Components Division, Gem
Mill, Chadderton, Oldham, OL9 BNP.
Data on the LM567 tone decoder from
Ambit International, 37a High Street,
Brentwood, Essex.
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64 HOBBY PROJECTS FOR HOME AND CAR
by Bob Brown and Mark Olsen

A variety of novel circuits — many of them unique, which should please
almost everybody. (Foulsham-Tab) £2.05

ELECTRONICS SELF-TAUGHT WITH EXPERIMENTS

AND PROJECTS by James Ashe

Covers basic principles of electromcs Projects include amplifiers. small
computer circuits. alarm systems, a simple audio oscillator and test
instruments. (Foulsham-Tab) . ....... £2.10

GETTING THE MOST OUT OF YOUR ELECTRONIC
CALCULATOR by William L. Hunter

Helps you get infinitely better value out of the average modern calculator,
making the most out of it by exploiting its full potentidl. (Foulsham-Tab)
£2.10

THE AUDIO HANDBOOK by Gordon J. King

Deals fully with all aspects of audio recording and reproduction including FM
radio, stéreo on disc and tape, 8-track and 4-channel systems {Butterworth)
£5.25

110 OPERATIONAL AMPLIFIER-PROJECTS FOR
THE HOME CONSTRUCTOR

Outlines the essential characteristics of the op-amp, and presents 110 useful
projects ranging from smgle ampllhers to sophlsucated instrumentation
circuits. (Butterworth) . B . £2.05

Cheques should

be made payable
to Electronics
Today International
and sent to: ETI

Also avaitable:

Beginners’ Guide to electronics — 3rd
edition. Butterworth .......... £2.15
Basic electronic Problems solved. Foul-

sham-Tab ............... ..., £1.85 Book Service, 36
Beginners' Guide to Transistors. 2nd Ebury Street,
edition. Butterworth .......... €£2.05 London SW1W OoLW




tech-tips

PINK NOISE GENERATOR
A useful method of frequency
response testing of audio equipment is
to excite the system with a random
noise electrical signal and then analyse
the output into its various frequency
components  using narrow band filters.
The ideal noise signal is one having unit
power per unit bandwidth (this is
termed "white" noise). The system will
be effectively driven by all frequencies at
once. The frequency- spectrum of the
output will then be the required
frequency response of the system.
However, the most common form
of frequency analyser uses filters
with a constant percentage bandwidth
(often one-third-octave). Thus an analysis
of true white noise would give a
frequency spectrum rising at 3dB per
octave, because the power in a noise
signal is directly proportional to the
measuring bandwidth.

Pink noise was developed to give a
flat frequency spectrum into such
filters. The output of a pink noise
generator falls at 3dB per octave.
Normally they are made by installing a
-3dB per octave filter after a white
noise source. By a fortunate coincid-
ence, the electrical noise from a
741  operational  amplifier,  when
connected as shown, does have if pink
noise frequency spectrum.

The circuit is simply three
gain  operational  amplifier
cascaded. The first stage generates
internal  electrical noise  which s
amplified to approximately one volt
r.m.s. by the two following stages. The
circuit must be laid out as closely as
possible to the schematic diagram, and

high
stages

1Kz

| 1}
220nF

QUTFUT

184

N
100wk

—
11K 11K

220

1Kz

GROUND

carefully screened, because the
input stage is very sensitive to
extraneous signals and could pick up
hum or oscillate due to capacitive
coupling  with the output. The
prototype is run from a PP9 battery,
mounted inside the case, to
further reduce any possibility of
hum pick-up.

The output does have a slight roll-
off from a pink noise characteristic,
starting at about 100Hz. This is caused
by the AC coupling between stages
in the circuit which is necessary
to prevent DC fluctuations from
saturating the output.

Also there is a roll-off at the
high frequency end caused by the

internal compensation in the
operational amplifiers.  There s,
nevertheless, usable output up to
25kHz.

My  apologises  are due to
the manufacturers concerned for using
their devices in this unorthodox fashion.
It may be useful to point out that
the cheaper brands of 741 op-amp are
likely to have higher noise levels and
thus be more useful for this particular
purpose.

SIMPLE HAZARD LIGHT

When switched on, the lamp will light, at
the same time, this light will lower the
resistance of the LDR thus operating the
relay, which in turn disconnects the
supply to the lamp. This causes the LDR
resistance to increase thus de-energising
the relay. Time delay is introduced by the
add-ition of the capacitor across the coil.
Lamp L1 must be positioned close to the
LOR. The only limit to the number of
other lamps is the current rating of the
relay contacts.

+HEW

AS MANY LAMPS
AS REQUIRED ®

B
12y RELRY 3
S00R —lil

o




Tech-Tips is an ideas forum and is not not aimed at the beginner.
We regret we cannot answer queries on these items. ETI is
prepared to consider circuits or ideas submitted by readers for
this page. All items used will be paid for. Drawings should be as
clear as possible and the text should preferably be typed. Circuits

must not be subject to copyright. Items for consideration should
be sent to the Editor, Electronics Today international, 36 Ebury
Stret, London SW1W OLW.

When a DJ has to make an announcement
over a record, the normal procedure is to
fade out the deck, fade in the microphone,
and vice versa at the end. If this unit is
used, however, the operator need only
speak into the microphone, the deck being
faded out automatically.

The lamp and LDR need to be taped
together, preferably with black tape, to
exclude light. VR1 is used to set the
brightness of the lamp. With no signal on
the input, VR1 is set for no attenuation of
the music signal. When speaking at normal
volume through the microphone the music
should fade down until it can be heard
quietly in the background.

Some microphones may not produce
enough signal to do this. If this happens, a
simple pre-amp can be added to the input
stage, as was done in the prototype.

SIMPLE DISCO AUTO FADE
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LOW COST LOGIC PROBE CUM PULSE CATCHER ELECTRONIC SHIP SIREN
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This circuit will give a sound like a
- AAS Y ship's siren. It can be used with the low

power output source for model ships if
fed into a more powerful amplifier/
speaker, as an alarm tone. The circuit
consists of a multivibrator (Q1 & Q2),
and a low power output stage Q3. The
speaker should have animpedance in the

T
1/ FlLse

470R

.||||—

region of 40 to 80  ohms.
When working on digital equipment itis  whether positive or negative going, C1 and C2 determine the pitch of the
very often desirable to know the state  (SW1 selects the polarity). This LED siren and the values specified will
of various points of the circuit. Usually  will also indicate a pulse train. provide a tone of about  300Hz.

an oscilloscope is used, however a very
short duration pulse is usually hard to
see unless the scope is a sophisticated
wide-bandwidth type.

This logic probe has its own readout
which illuminates a LED indicating
whether the point tested is a logical "0"
or"1".

It also indicates the presence of a high
speed pulse,

An inexpensive TTL Hex inverter is
used. Power is derived from the 5V
supply to the circuit being tested.
Having connected the earth and +5V
leads a simple check is to connect the
probe tip to the 5V supply and then to
earth. The "1" and "0" LEDs should
light in turn.

Quiescent current is negligible. Should a
more powerful output be desired then
the output at the collector of 02 can be
fed into an amplifier input via a 1pF
electrolytic, in series with a 12k resistor.
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MC1471

It is often necessary to convey
information from two electrically
isolated points. The circuit shown
here was developed in the
applications department of Motorola
Semiconductors and allows
information represented by voltage
to be transferred to a remote point
via a light beam.

The functioning of the circuit is more

LIGHT-COUPLED VOLTAGE - TO - FREQUENCY CONVERTER

e e

“VEE

proportional to the applied input. The
operational amplifier's scaling resistors
are chosen to suit the application. At
the receiving end the impedance of the
impedance of the photo-transistor
alters the time constant in a
conventional UJT relaxation oscillator
circuit in sympathy with the level of
incoming light beam to alter the output
frequency.

AUDIO TRAFFICATORINDICATOR

-
T0 FLASHER
UNIT

INDICATOR LT700 SPERKER
LARIF

————— EXISTING WIRING
NEWY WIRING

On some cars, the click of the flasher unit
cannot be heard above the engine noise
etc. This can lead to the trafficator being
left on, possibly lead-ing to an accident.
The device shown above is simply
connected across the existing indicator
light, and, when in operation, gives out a
loud pulse every time the lamp is turned
on and another when the lamps turns off.
Most transistor output transformers

or less self-evident. An operational
amplifier drives a l.e.d. to provide a
light output

could be used, although an LT700 was
used in the prototype. The loudspeaker
should be a small 3 or 8 ohm unit.

ELECTRONIC SWITCH

The switch  in this circuit uses an
N channel FET to present either a high or
low impedance path to ground for
any incoming signal.

The main advantage of such a switch
is that the actual switching of an audio or
RF signal can be done in-situ on the
board rather than bringing the signal
along a cable to and from a mechanical
switch.

This eliminates hum pick up and other
stray problems.

The mechanical switch simply switches DC
to the FET gate.

Another feature of the circuit is that one
mechanical switch is sufficient to key a

a number of FET switches with no
crosstalk between channels.
The operation is that when the switch
is in the "off" state the F ET is biased
hard on. Any incoming signal s
effectively shorted to ground. In the
"on" position the FET is biased to the
non-conducting region thus
presenting a high impedance to
ground. This allows the incoming
signal to appear at the output
terminals unattenuated. The output
impedance of the circuit is high and
the following stage impedance should
be in the excess of 50k if excessive
loading is to be avoided.

IHFUT OUTFUT

SIMPLE FIRE ALARM CIRCUIT

A voltage divider made up of a resistor and
positive temperature co-efficient
thermistor has its incremental voltage
fed to a neon indicator lamp. The
thermistor is used as the temperature
sensor. Its value is such that under
normal ambient conditions the neon
voltage across it is below striking voltage
for the neon.

If a fire causes the thermistor to heat up,
its resistance rises, and the neon ignites
giving a visual alarm. The value of the PTC
thermistor is selected to give the
necessary resistance change to ignite the
particular neon lamp used. An audible
alarm can be activated by adding suitable
electronic circuitry.

22K 22K
o~ NAA—— Ao
10uF 10uF
N
270K

Sl
-10% OFF

oy 5

47H

240y NEDH == PTL
] INDICATOR A == THERRTISTOR




FOUR-WAY FLASHER ADAPTOR UNIT

Many current model cars now incorporate a
turn indicator switch position which causes

LH FRONT R all  four indicator lamps to  flash

simultaneously. This is a valuable safety

L g device if stalled on the road especially at
N & night.

Older model cars fitted with normal
winking indicators can be converted to

TURN INDTCATOR include this facility with the aid of a few

Ty diodes, a switch and a heavy duty flasher unit.

FLasHER | = i Since in the "four" position the flasher
| sy must switch twice its normal load it Is

advisable to substitute the normal flasher unit
with a heavy duty one as supplied for use with
caravans and trailers.

Diodes D1-D4 are any rectifier types
capable of handling about 3A. Switch 2 is
fitted in on the dashboard and L5 is a

(%) optional indicator also located to the
LS

FUSE

+HE

o
E
L 0 O~ ——————-]

dashboard.
The circuit as shown will work with both 6 and
2 L4 12 volt negative earth systems. If the wiring

_|__®_ _®__|_ is positive earth, reverse the direction of
LH REAR RH FEAR the diodes.

SIMPLE MODEL TRAIN SPEED CONTROL

Two transistors, a diode and a The output transistor must be mounted
potentiometer can be used in place of  on a suitable heatsink.

the large and expensive rheostat Short circuit protection may be provided
usually provided in model train by wiring a 12 volt 12 watt globe in series
controllers. with the output. This will glow in event of
Virtually any n.p.n small signal a short circuit and thus effectively
transistor may be used in place of the current-limit the output. It also acts a a
BC108 shown, likewise any suitable visual short-circuit alarm.

n.p.n power transistor can be used in

place of the 2N3055.

124
12

T0
FORWARDREVERSE TRACKS
SWITCH

ELECTRONIC FISH CALLER

A lot of controversy exists among amateur
fishermen as to the effectiveness of "fish
S A SPERKER callers". Some swear by them, others just shake

1ok their heads.
15K 01uF
% A

Here's an inexpensive way of finding out. The

005 two-transistor circuit drives the speaker:
- Varying the two potentiometers produces a
ih . % I B wide variety of sounds. You may be lucky and

b = hit on one that will bring in the big ones.

An inexpensive waterproof housing is a thick-

walled polythene bag with a few lead sinkers

eiie 02 i 0024 inside. An on-off toggle switch can be
- manipulated without opening the bag when
SWHTCH switching power on and off. The bag opening is
I sealed with good quality electrical tape to make

+

EC108

TR system waterproof. Tape seal should be

renewed after each use.
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SEND T W00 ADD VAT POC NLL. PRICES. IN U.E.PaPp 15p,

MONEY BACK IF. NOT SATISFIED,
LARGE. BTOCKS, LOW PRICES,

ALL BRAND NEW TOP GHADE FULL
SPEC: DEVICES, CALLERS WELCOME
CATALOGUE/LIST FREE. SEND SAE,
BARCLAYCARD & ACCESS x POST,

EXPORTS R0p,

INTEGRATED
CIRCUITS

Digital isplays I

SLAT RED LED 0.3"

nILLA 29p LMBTT 2x2Ke2, 87
[PIGIT 0-BDP BOp en TIMER  5dp  Ly3s0 2§ AF 80p
GREENEYELLOW ¢1,40 RF/TF  2Hp  [MaR1 2aPre 2
¥ JUMRO LED 9,6 747 TOao 2i4p  LME0o0n 1x0PAGSD
DISPLAY ¢2,25 ca. DIL 14 28p wolnog 1,20
L NIL 14 d4p  wMC1306
A0D15F n=89DD ¢£1 ea. Heg. 54p
ZENON FLASH TURE DIL B aTp
4. .Dara 13p, DIL 14 290p
- TOOH 29p
2x7 11 inp -
DIL 8 33p fetoPA £2
TBOS 5V £1.40 briver ¢l
LEDS 204 STYLE  ONLY 13p ea TRIZ & 15 £1,40 avRef 79p
TIL 209 WITH CLIP RED 13p ea 76013 6W AF 11 Timer 55p
TIL 211 & CLIP GREEX 28p ea 8N38 SIG GEN £3 3o2xt g1,20
LARGE 0.2" & CLIP 17p ea CA02R el PLL {3,143
LARGE 0.2" CLIP I0p ea CA3046 5p PLL €413
208 STYLE OR 20p ea CA3 (2 2 PLL £3.18
INFRA RED LED 77 A3p. £1.50 PLL 12,0
h CA30; :4 ) i1 708 2Rp
|:1,L LM300 22207 g2 741 26p
Uhe U Wy L LM301 OPA  45p 718 33p
TEC12 PHOTO AMP/SCMITT/REL! LM304 0-40V €3 SNTGEG0 IF gl
DRIVER or LED TTL INTERFACE 81p  hM307 OPA — 49p  8N76611 IFil.25
LM3I0& HiRo ©5p TAD110 &IF  §2
Lyinag v TUHARIG FWAF nap
uiT2 IF ANAL4 RX €109
. SPECIAL OFFERS
PLUORESCENT LIGHTS 12V WADE IN UK | uy30ss FULL HIGH SPEC 115% 37p
8 WATT 13~ £3. 13% 227 £3.50 741C 8PIN DIL 27p.MFC40008 33p
DlGlTHL E NE535 TIVER 55p.ZN414 RY £€1.08
ELD H BC109 6p,2N3R1de 1Gp,BFY51 13p
IC AY51224 4 DIGIT CLOCK £3.75
Wy5311/4 GIT CLOCK €7 ” 1qn TTL
CASSETTE - NN 7473/74/76  29p
. ir 7400 GATES 13p 7473 45p
In‘lllﬂﬂ“s e 7404 INVERT 17p 7490 52p
7401/2/10eteldp  7491/2/3/4 53p
NEW Btk Car MECHANISM £B 7413 SEMITT 31p 74100 74175 ¥l
STERED CaS ECHANISY £ 5 7440 BUFFER l14p 74121 3zp
Suszanic COT reorder 1447 DAIVER 89p 74123 e
with b %D 13p for DaTA 7470 & 74TZ 20p  74141(&7441)73p

TRANSISTORS
& DIODES

Price each

A MATCHING 16p
AC127 & 128 16p ° rue wisy srriop
ACIR? & 188 top
AD14D 43p TIP 41 70p
AD1GL & 162 s3p LIP 42 - BEp
BC107 & 108 op LIP 2955 e0p
B0 10p TIP 3053 55p
BCL47/8/9 1op TIS13 seelizese
BO1GT/8/9 12p ZTX109&830 d
BCLG7/8/5  12p  1N4001
BC177/8/8 18p 1N1004 & 7
RC182/3/444210p 1N4148 & 914 4p
BC212/3/444L11p  2N6OT 14p
BOY70/1/2  17p 2N706RS 11p
BDL131 & 132 39p 2¥2646 UJT 32p
BFRE1 2§2004 & 5 20p
BFRS0/51 2ap 9p
BFRS0/ 51 23p 17p
HFRRA 250V 49p 37p

a 16
BFYS0/1/2  15p .mg
BSX18/20/21 16p & op
MIE2955 50p & 1op
MIEB055 85p & ap
YPU131 PUT  4ap £ 9 Sp
0491 0AB1 6P 2%3710 & 11 10p
DABL & 0491 6p  2N3RIOE FET l6p
TIP 25 & 30 52p  2X3823E FET 17p
TIP 31 & 32 69p  oN3on4/3/6  15p

PULL SELECTION IN DUR PREE LIS

MEW TRAMFUS FULL SPEC PAKS

PAK 4 10 RED LEDS our cﬁoice £1

PAK B 4 741 0P AWP - 1

PAK C 4 2N3035 £1.D 12 BC1oD €1

PAK & 10 BCLR2 €1.F 11 283704 €1

PAK G & BFY51 {1.H 0 2N3818e:f1l

PAK J © 2N3053 ¢1.K 40 1N911 ¢l
BZYRE A00my 13/50V SCR 36w
ZENER DIODES §p  TAGL/400 55D
BRIDGE RECT €106 & 7 SCR D1
18 507 agp  JA/400W 53p

¥ sc146D TRIAC
BRI10C DIAC 255 10A 100V 73p

ver
VERO E"i (JG"OR ‘E" ww Pﬂ;iy

COPPER CLAD VERDBGaﬂﬂ o.1"

20p 2ix37" 26p.31x37"31p.
.‘ 3p 3ix 177 §1,.50
DIL IC's BOARDS 6x4i™ §1,50
24 way edge connector GOp
46 way 90p. PLAIN 3)7x17" ¢l,
FACE CUTTER 45p.FEC ETCH PAK 50p

PRINTED CIRCUIT Bﬁﬁﬁ') Kl

DECON

DECON DESOLDER BRAID REEL 39p
HEATSINKS

5F/Tna & 18F/T01R p ea.TV4 15p,
TV3E/TN3 16p.EXTRUDED 47 4Y1 29p.
TGS308 GAS DETECTOR - <1.80 ea.

LOGIC PROBE

CAPACITORS

CERAMIC 22pf to 0.1luf 50v 5p.
ELECTROLYTIC: 10 /100 uf in

I10v 5p.25v ép.50v 2uf/10v 5p.
1000 uf/25v 1Bp.200/500 25v 9p,
POTENTIOMETERS (POTS) aB or EGIN
LIY¥ or LOG ROTARY 13p.SWITCH 14p
OUAL 45p.SLIDERS 29p.STERED 57P
KnoBs 7p.PReSETS 6PRESISTORS 1ip
SWITCHEE: SPST 18p. DPDT 25p.

Din pLuss aLL 12p, SockeTs 1Mp,
ALI CASES AB3/AB7 30p.aB13 65p
TRANSFORMERS 14 6v6v or 12v12y
Only €1.34,100mA type CT 75m.

UL sochkeis

TEXAS GOLD
LOW PROFILE ea
8,14,& 16 PIN 13p

SOLDERCOX STRIPS:
100 PINS S0p.1K €3,

TTL TESTER PEN {3

GUEST ELECTRONIC
DISTRIBUTION LIMITED

Guest, normally supplying electronic components to
industry, are making available packs of specially selected
components for the home constructor. These components
are of professional quality at hard to beat prices.

PACK 1 — CAPACITOR PACK

30 Miniature vertical mounting electrolytic capacitors

50V working

Ex047uF 5x10uF

5x10 uF 3x22uF £2.00 (one pack)
5x22 uF 2x33uF £3.50 (two packs}
5x33 uF

PACK 2 — RESISTOR PACK

Pack of 200 medium power (0.75 + 1W) resistors.
Assorted values throughout £24 range 5% £2.00 (one pack}

PACK 3 — POTENTIOMETER PACK

Pack of skeleton potentiometers linear aW

4 x 25002 4x10 KQ

4 x 50010 4 x 50 KQ £2.50 (one pack)

4x1 KQ 4 x 100K . :

4x25KD 4 x25K0

PACK 4

A special pack designed for the constructor who is

"'stocking up’’ generally and seeks excellent value.

Comprising:
Selection of electrolytic capacitors (30+)
Comprehensive selection of medium power resistor (5%) E24
series {100 +)
Selection of skeleton potentiometers (32 +)
Selection of lampholders with bulbs (5 +)
Miniature 250V 2A toggle switches, 3 or 4 poles (2+)

£5.50 (one pack)
All prices include VAT and Post and Packing
Please send cheque/PO/Cash, clearly stating pack required and
address to
Brian Woods (REF: D.W.) Marketing Services, Guest Distribution,
Redlands. Coulsdon, Surrey CR3 2HT

% ELECTRONIC
PIANO KIT

% SYNTHESISER
KIT

% ELECTRONIC
ORGAN KITS

There are five superd Efec-
tronic Organ kits specially
designed for the D-1-Y en-
thusiast, With the exireme
fiexibility allowed in design,

you can build an organ lo your requirements.
which will compare with an organ commercially buiit

cosling double the price.

wPortable organ with 4 octave keyboard, £145-29. % Console
argan with 5 octave keyboard, £250.95% Consocle organ with
2 » 4 octave keyboards and 13 note pedal board. £470-85. 4
Console organ with 2 x 5 octave keyboards and 32 note pedal
board. £680.% Console organ with 3 x 5 octave keyboards
and 32 note pedal board, £960.% W/W Sound Synthesiser Kit,
£130. % W/W Touch Sensitive Electronic Piano. £100.

All compenents can be purchased separately, i.e., semi-
conductor devices. M.O.S. master oscillators, coils, keyboards,
pedal boards, stop tabs, draw bars, key-contacts, etc.

Send 50p for catalogue which includes 5 x 10p vouchers or send
your own parts list, enclosing S.A.E. for qubtation.

ELVINS

ELECTRONIC MUSICAL INSTRUMENTS
Designers and component suppliers to the musical industry
12 Brett Road, Mackney, London, E8 1JP, Tel.

01-986 8455
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ELECTRONIC IGNITION RIT

Spatkante MK2 i$ a hyn petdarmiance . gl guality i pace

PO nnaian sysign

pom desgn ol the Spakne circol it
cantuce brosker
2 contaet breaker bounce «s eh

wally by & plse SupPmssiIan Lyt wveh MIDIEEENTTT
Mt et o the pomnis bownee apen 31 Ingh . e Lae
AP M Conlie? hiteeakar Hhnat as ehiminated by redueing the

enlilems ol the

wnalisel eler
pressents the

e as falline
ez el
A
e
g wal kit feel
NAnNy
e en
W3Sk e e -

el 1 601 of the vote 1t will perfarm equally |
DONES At s nal
s Contacl hevikess

sy stem Suarknly incoporites 3 shad cir

THE KIT COMPRISES EVERYTHING NEEDED

PAIENTS By selened

N e L LY

e wWhnh ehavaates tne moblems ol

i thesifn e alrnarsltes the gasshaty ot
stors g7 the SCR O IAany Ciahacstive s
toolivaot in this

hiconiond e tead
Purege
T

Seanknte 1 M

aasampitiny inetan! all weath
oy kst Gp s S Genes 100

Tt et g 1

o Bedatiest st fNming  conlineal peak

NOTE - FUEL CONSUMPTION

Tiwe fittik) of 3 Sparante MK2 shoall reduce I
ey alilanngh the ol wl e

A faw wstonate of the savings which

Base 0N PO By Our CaSIOmers anit upon

Aluminium

These projert bazes e manufartured fram 18
gauge alemimum 80d come complete with lids
and srrews
The pnces shown nclude VAT (ar 8v) but
160 should be added 10 The 101al ordar value
1o DO316RE and PArkung
Pare

tengqih Width  Height lier
{wmehesthnchesl (inchesiV AT
L H 2} 4lp

4 aap

2]

Oritae

0 flae
Bores can be nade 1o any sue bur ih
mum adat for 3pacul sies 13 $00. Gena
trade enquares wikome

AN andl 1ess

Re-daly sttt pressed steet case coated in min Biick ehoxy
s ceaely alnller! Dse an Beatsok toh guadity S vear
Suadtontesl tumstoting and components. cables  coil con
ponted airenit board s bolts, sikcon grease
" wenans I omakee e kit negatwe or postlive carth
A 1O fnpsnstalalion insleuctons
WP SAY ITIS THE BEST SYSTEM AT ANY PRICE

OPTIONAL EXTRAS

Etertrorur R.P.M. imdation.

Tous v e onchsded e thee anil 1o pravem oulr revving
1 most camganins e linms. high pedor

PRICES
niv S FIOESTIN R T I X VAT st and packing
He ol ot vee S 1385 el VAT post andd paclang
Hall e he et bes sathe ol distonuler aginnn o 1o
Hostunliae,

Sl onmngeoner hoam o Sparkete  caution (0
. 1M awd VAT Gasl amd paskeng
[TRARY BN

cefue e will vary
would be expected

ronvemmnnl ignition swilch.
1 champeover feom ~ Sharkeile™ wgnition 1o con
il For grethenan COMPIISONS  stilic tirn
g il adse seatel the gnilion off cumpletely
ey devicr Gh.CONNEIISS Mmounting
Kol aostwarnans: Cableg vexeladers

uel con

1S S
tur awn

Fluorescent
light kit

Yau ¢an build this reverse polarity proterted 12 volt, 8 watt,
fluoresrent fighl. You will receive all af the neressary paits:-
white onamellod ready drilled metalwark. ready drifled heatsink,
pnnted circuil board, high quality and
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SEE US FOR A DEMONSTRATION

ELECTRONICS DESIGN ASSOCIATES DEPT ETla
82 Bath Street Waisall WS 3DE Phons 33652

FROM Name

Address

Please Supply

SPARKRITE MK 2 DIY Assembly ks - (1053
SPARKRITE MK 2 Ready Bush Negative corth - £13 86

SPARKRITE MK 2 Ready Bt Positive easth - (13 85
Ignition changeover swilches - £2 73

end caps and rable, the llumesrem lube, nuts l:olls and wnshers

eic.. and simple bly i and

When complete the llghl ha: a wide varlety ol uus such as
® and h garage lighting, emeor.

gency highting, lighting for ramping caravaning gr Hoating, as

anansperthion lamp and many more.

If you can't spgre ) hour 10 pul the light together then we

will supply it ready buitt (for 8 lew entra penrel.

PRICES

Assombly ki

Renly It

Diftainer

1319 o W AT, post and narking!
1978 {Imz VAT pest and packingl
Se exlea nG WY.A.3 post and packingl

R P AV Limil systems in Ihe above bnits . (2 42

Fluoresc eat Kght assemb) - €3 19

Flyorescent light built wnits - (J %

Ddfusecs for the above - 59p

of number aluminium bores -

of aumber 2luminium boxes -

of aumber alyminium boxes -

1 eaciase chegue P O's for €

Cheque No

[Send SAE o brochure only requied]

1974-197%
TRANSISTOR
COMPARISON
TABLES

A true pocket book (5 3/4" x 4")
which gives equivalents of over 2,500
types - several alternatives are given

for each. Originally a German
publication, this book gives the
information in  English, French,

German and Italian. 24 pages are
devoted to transistor lead connections
and over 130 to the equivalents
section giving basic construction, lead
details and manufacturers:

Send a cheque or P.O. for £1.25
(includes  postage) to ETI to
receive  this truly up-to-date
reference book.

TO: TRANSISTOR COMPARISON
TABLES
ETL,
36 Ebury Street,
London SW1W OLW.

Please find enclosed my cheque/P.O.
for £1.25.

NAME . . . . . .. . . .
ADDRESS . . . . . . . .

. . . . . .

| I ——



GIRD NO. 33| 7056
CW.O,only P, & P I10p on orders below {5
Drscount: €£10=10%,, £20-15%, (except net items)
Export Order enguiries welcome (VAT (reel

O#Hicial Orders accepted from
Educational ‘& Goverament Depariments

ALL PRICES INCLUDE VAT

—
SPECIAL RESISTOR KITS
IOELD oW KIT. 10 of each EFT value. 22 onms—IM, a total of 5TOICARBOMN FILM 5%, 65

10EI2 W KIT- 10 of each EI2 value, 22 obhmi— I M, 2 total :f STOICARBOMN FILM 5 o &3 net
25E12 iW KIT. 25 of each EI2 value, 22 obrmis—IM, a total of 1425 (CARBON FILM 5%, €8 )5 net
25E12 yW KIT 25 of each E12 value, 22 ohms— I M, a total of 1425 [CARBON FILM 5° 1, €8 45 net
20E12 ;W KIT 20 of each €12 value, 22 ohms—2M12, a toral of 1220 (METAL FILM 5%, £11 0% nect

ALL QUANTITIES SPECIFIED ABOVE ARE APPROXIMATE.

(Prices include post & packing)

1. £3 85 nec

MULLARD POLYESTER CAPACITORS C280 SERIES

I5p. | SufF,23p. 1 1uF, 16p.

MULLARD POLYESTER CAPACITORS C296 SERIES

400V: 0 001uF, 0 00I54F, 0 0022uF, O 0033uF, O 00474F, 23p. O 006B,F, O OI“F
0 0154F, O 022uF. O 033uF, 3yp. 0 047uF, O 068uF, O IuF, 4ip. O I54F, &,p.
0 22uF B4p. 0 33uF, 12p. O 47uF, l4p.

Sp. 0 22uF, 55p.0 3IuF 6;p 0 47uF, Byp. 0 6BuLF, I12p 1uF, tdp,

MINIATURE CERAMIC PLATE CAPACITORS

S0V (pF) 22, 27, 33, 39, 47, 56, 68, B2, 100, 120, 150, 180, 220, 270, 110, 3190, 470,
560. 680, 820, (K, K5, 2K2, IK1, 4K 7 6KB. 14F1 0 01,0 GI§, 0 022 0 031, 0047,
24p. each 0 1, JOV 4sp.

POLYSTYﬂ.ENE CAPACITORS |60V 52,

tpF) 10, 15, 22, 33, 47, &8, 100, 150, 220, 330, 470, 680,
4700, 6800, 10,000, 4%1p.

250¥ P.C Mounting: O OluF, 0 DI5uF, 0 022uF, 0 0331uF, O 0474F, 34p. 0 0GBLF,
O 1uF, 430. 0 I5uF, 4ip. 0 22uF, S3p. 0 1IuF, 8p. O 47uF, 9o, 0 68uF, 12p. |uF.

160V 0 01uF, O OI15uF, 0 022,F, 3p. O 047,F, 0 068uF, Jjp. O IuF, dip, O |5uF,

1000, 1500, 2200, 3100,

CF—High Stab Carbon Film, 5%, MF—righ Stab Metal Film, 524

W, Type Range 1-99 100 -459 500-99% 1000 Size mm
¢ CF 22-1m ] 0 7% 0 80 0 5§ 14 75§
t CF  22.2M2 I 0 75 0 60 0 5% 19x1058
3 CF 22-IM 1 075 0 &0 0 55 5 5x16

P MF 10.2M7 2 | Ea 1 32 (] In?

y o OMF o Ig.aM2 2 1.41 121 o 99 42x108
I MF {0.10M k] | §8 |:1 I &S 6 bui)
2 MF (D-10M 45 3 52 108 275 Ex17 5

For value miaing prces, please refler 1o our cataiogue
WALUES AVAILABLE—EI2 Series onty

iprice «n pence each)
{Net prices above 100}

PRESET SKELETON POTENTIOMETERS

MINIATURE O 25W Vertical or kForzontal 6p each 1K, K2, 4xX7,
up to 1M (],

SUB-MINDO 05w Vertica', 1000 to 220K 11 SD each

10K, etc

LEIGHTON ELECTRONICS CENTRE, 59 NORTH St
LEIGHTON BRUZZARD. BEDS.

TEL: 105253} - 2316
CATALOGUE No. 3 20p

Miniature Mullard Electralytics ;"EROBOARD 01015 POTEI‘_:ITIC;:!ETEIS
. R = 28p 1Bp | Carbon Track ftto MU log or in Single, 16,p Dual Gang 48p Log Sinpie w ik switch 26p
! 2:; :33 :3: 23ﬂ; Ly ?i: 1, x 1} 26p 199 | Stider Pors 10K, 100K, 500K 10mm. 34p. 45mm. 47p. 60mm. 55p. (Semi-log)
x5 32p 33

TE LI Sip 100uF 0¥ ele | 5] L5y 285 2ap | oropes | pLuGs ELECTROLYTIC CAPACITORS. Tubular & Large Cans
3-3aF &3v “: 100uF 25 &30 | 35 5 i 7p 7o | iNa001 6;p | DIN 2P 12p | (uFiV) 1125, 20T 4025, 4 7:10, 525, 825, 10112, 10 50. 1625,
4§ ToE 61V &ip ,50“; eV & P L2 =5 (Plam - tap | 1N4002 75p IPn 13p | 22063, 25025, 25°50. 32/25. §2°25 100;10, 10025 6_p. 50,50, Bp.
$ oy P A 212 | 25 5 3¢ Plan) Zt2p | tna00d #p | 5 Pin 8o 15p | 100/50 200028, 11p 250,50, 18p 500.10 1ip 500725 1Sp.
§ SmE Ay gip 3tur bivise | 5L plan — 22p | 'N400a9;p | 5td lack 14;p | 500750, 1Bp. 1000:10. 15p_1000:25. 32p 160050, 40p 2000 10.
OLE 16V ‘fp ZIOUF o 6!l-‘ Insertion toal 59p 59p | IN40GS 12p 2.5mm jack Ilp | 20p 1000100 90p. 2000°25. 30p 2000:100, 95p -2500/25. 18p
ID:‘F 25w ﬁ;p llD;:F Lo é: Track Cutter 44p 44p | 1M4008 14p Phono 5,p | 150050, 62p 3I000/50. 80p 5000)25, &&p S000 50.£1.10
iOuF 63V 6ip  220uF 63valp | ns- Pk 25 H0p H0p | IN9I4 7o | SOCKETS HI-VOLT: 41450, id4p. 8:350. 19p 8'450 20p 16,350, 12p
ISuF 16V 83p 330uF 16V 12p TRANSISTORS rBrigiIO% 1;: DlN]ZPPlﬂ :gp 16,450, 13p. 32:3150. 33p 50:250. 20p 100°500. 88p
ISuF 63V & F 0 P
122E Sov 618 J30uF Se | a7 tese BCTIAL 120 | @45, 420 |5 P 1600 125 | METALLISED PAPER CAPACITORS
224F 15V 6ip  4704F 40v20m | ACIZ8 21p BC213L 12p | OA4T 99 | Sid Jack 14ip | 250 D 05.F. 0 I..F. 6p. 0 25. 6p O 5.F. 7 p li:F. 9p. SO0V
22uF 63V 6ip  6B0LF 16v iSp | BCI07 ttm BC2i4l 17p | ©A8! 1B | 2.5mm jack Iip | 0°025.0 05 6p O 1. 6p. 0 25.7,p 0 5. 9p 1COOV: 0 OI, ilp.
J2uF 10V 6ip  &BOWF 40v12Sp | BCI08 126 OC44  lap | OA200 8p | Phono Sip | 0 022. 13p O 047.0 1.15p.0 22, 21p O 47. 28p.
33uF 16V 6ip  1000uxF 16V 20p | BCIOS 13p OC7I 13 . NEW KIT
338 4o °!° 1o O:F ¥ ISD 8¢ 148 up OCE! NF STOP PRESS Screened Wire, Metre Sip| NEW KIT S5E12 W METAL
H i 0 P '3 I3 R FRES Twin Screened Wire, Metre 13p | FILM 5% ULTRA LOW NOISE
&u; ?3: :{p :soo;;:? tlsp BE!W 12p TOCH“ 'ﬁn UUS!ng L | Sterea Screered Wire, Metre 12p | NEW RESISTORS WITH FULL
A‘JHF i 6?9 lggg“F |gv %-’;D SCIEIL 12p 2I51916 ”D NOW OPEN Connecting W.re, &' colours, Metre 1.p| COLOUR CODING S5 EACH
47M-F v P 2 e 1B3L 12p 1IN P (59 NORTH Sty | ¥eon Bulb, 0V W .re Ended 5 for 24p | E12 VALUE 109-1M, TOTAL

LF 83V Bp 13004F & 4 26p | BCIB4L 13p 2NITO2 Hip ! | Panel Neon, 240% Red, Ariger, Ciear 20p | 305 £2.76

DIGITAL DISPLAYS

DL707 Common-Anode 0.3" LED display £ 1.70
DL704 Common Cathode DL707 £ 1.70
DL701 . Common-Angode 0.3" *1 £ 1.70
DL747 Common-Anocde 0.6 LED display £ 2.45
DL750 Common-Cathode DL747 £ 2.45
DL746 Common-Ancde 0.6" *1 £ 2.45
3015F Minitron filament 12.5mm £ 1.25
3017F Minitron filament 17.5mm £ 2.00
RDS1 Itoka filament 2,6" £ 8.00
RDM2 Itoka filament 5.0 £24.80 -
DG12 Phos-diode 12.5mm £ 1.20
5LTO1 Phos-diode 4 digit clock display £ 5.80
DIGITRONIC 116 Six digit clock £31.00
DIGITRONIC 117 With 1/10th seconds £34.00
DIGITRONIC lIQ 6 digit Quartz clock £43.50
DIGITRONIC IIS Mains Stopwatch Clock £54.00
DIGITRONIC 11} Time/Date/Alarm Clock £37.50
CHANTICLEER 4 digit alarm clock £16.60
(For Common-anode LEDs)

MHI-5314 5314 chip, driver & PCB £ 6.60
MHI-7001 7001 chip, driver & PCB £10.00
MHI-5025 5025 chip, driver & PCB £ 9.356
MHI-D707/6 6 DL707 LEDs plus PCB £11.00
MHI-D707/4 4 DL707 displays plus PCB £ 7.60
MHI-D747/6 6 DL747 displays plus PCB £15.15
MHI-D747/4 4 D1747 displays plus PCB £10.25
MHI-D727/6 6 Digit 0,5” units plus PCB £14.50

All prices on this advert exclude VAT,

s gddl

NEW CHIP PRICES as from 1st May 75

DIGITAL GLOCK GHIPS

CLOCK CHIPS:

MMS5314 Basic 12/24Hr, 6 digit, 50/60Hz chip.

7 seg outputs. Very popular, simple
chip. ’

As MM5314 but with additional BCD
outputs.

6 digit alarm chip with alarm tone out-
put, Standard basic alarm facilities.
Time, Date & Alarm on one € digit
chip. The Alarm can be used in 3 modes
including a time switch, Clock-Radio &
Snooze features. 7 seg outputs, 50/60Hz
or 100.BkHz input frequency,

As CT7001 but with BCD outputs not

7 seq.

Stopwatch chip, most reqd. stopwatch
functions 6 digits (hhmmss or mmssss},
300kHz input. 7 seg output, Special price.

8 digit [HhMmSsss), stop/start/reset, £ 8.50
BOHz/60Hz/100kHz input, BCD output
hard-wired alarm with repeat {snooze).

Can also be used as B digit decade counter.
CMOS chip for Liquid-crystal displays, £15.00
12Hr, 1Hz colon, input 32768Hz or
65536Hz. Runs on 1.5V hearing aid
battery for a year.

4 digit non-mplixd alarm chip, will

direct drive |-¢c or phosphor-diode displays.

* Available in a MHI kit,

We advise the use of sockets for all 1Cs, 24/28/40 pin £1.00.

BYWQOD ELECTRONICS,
181 Ebberns Road,
Hemel Hempstead,
Herts. HP3 9RD.
Tel: 0442-62757

£ 4.44*

MME311 £ 5.18
£ 5.60*

£ 7.30*

MK50250
CT7001

CT7002 £ 7.30

TMS3952 £10.50

HEEC2
CT6002

MM5316 £9.25




MINI-ADS

FOR FURTHER INFORMATION
PHONE: BOB EVANS
01-730-8282

TTL AT LOWER PRICES!
(Fast delivery. All prices include 8% VAT

1/24 25/99 1/24 25/99
7400 14p 13p 7472 28p 25p
7401 14p 13p 7473 33p 31p
7402  14p 13p 7474 33p  31p
7403 14p 13p 7475 50p 45p
7404 16p 15p 7476 34p 31p
7405 16p 15p 7480 47p 42p
7408 16p 15p 7483 89p 80p
7410 14p 13p 7486 30p 26p
7412 16p 15p 7489 £3.50 £3.20
7413 32p 31p 7490  46p 44p
7417 30p 29p 7491 B83p 77p
7420 Tdp 13p 7492 S1p 46p
7427 27p  25p 7493  46p  4dp
7430 14p 13p 7495 68p 61p
7432 27p 25p 7496 77p 69p
7437 29p 26p 74107 34p 3p
7440 14p 13p 74121  34p 31p
7442 69p 63p 74123 65p 61p
7445 B9p  82p 74141 79 72p
7447 89p 79p 74145 86p 78p
7450 14p 13p
7451 14p 13p
7453 14p 13p

87p 79p
74174 £1.35 £1.25
74175 99p 90p

7454 14p 13p 74181 €209 £195
7460 14p 13p
TN4148 4p, 1N4001 4%p, 1N4002 S5p,

1N4003/4 6p
All devices full spec. by famous manufacturers. TTL
may be mixed for 25/99 prices. SAE for lists with
TTL pin layout guide. 10p P&P on orders under £2.
J. C. JONES (Dept. E6)
46 Burstellars, St. lves, Hunts. PE17 4XX
Mail Order only)

4 x741 (8 DIL) £1
15 x BC108 equiv. in plastic case
(BC148) £1 30 x 1N4148 £1.

Full spec. devices. Prices include 8%
VAT P & P 15p on orders under £3.
SCOTT ELECTRONICS
{Dept. ETI)

P.0. Box 42, Wembley, Middx.

fibre optic suppliers

MARE'S TAIL FOR DECORATIVE DISPLAYS
7,000 + Flbres, 22" diameter, immaculate finlsh
£10.00 ea. FIBROFLEX SIZE 1 Flexible 440
strand glass [ight conduit, Bundle Dia. 1.14mm.
40p per matre (10m £3.00; 100m £21.00)
FIBROFLEX SIZE 4 2.2Bmm Bundle Dla, £1.50
per metre CROFON 1610 64 strand plastic light
conduit, bundie dla, 1.8mm, Q.0, 3.3mm £1.20
per metre (10m £9.00)

PLASTIC OPTICAL MONOFIBRE Flexible singie
strand for multiplefinternal ilumination, displays,
optical coupling. FP10 (0.25mm) 100m £2.00;
FP20 (0.5mm) 100m E4,00 FP40 (1.0mm dia.)
1m 30p; 10m £2.20; 100m £14.00 FPEO (1.5mm
dla,) 1m 60p; 10m £4.00; 100m £30.00

EPOXY RESIN Tran p:.»arent, low viscosity, 30ml
60p. FIBER-BRITE ‘Polish’ for plastic fibres 2m1
50p. OPTIKIT 103 Contains 2m Crofon 1610
plus 5m each FP20, FP40, FPG60 + 1m1 Fiber-
Brite, A handy pack for the experimentar and
laboratory alike, £4.70. OPTIKIT L6 6 lenses dia,
7,14,21,26,47,51mm £2.90. OPTIKIT RRS Five
aliferent retrorefiectors £2.00. CIRCULAR POL-
ARISERS Reduce glare on all types of instrument
or display, Red/Amber/Green or Meutral. S0mm
square 70p; 75mm sq. £1.40; 150mm sq. £4.50,
SEO5B-40T ULTRASONIC TRANSDUCERS
For remate contral, burglar/proximity detector.
40kHz Tx/Rx pair £3.50.

OPTOELECTRONICS LIGHT SOURCES AND
DETECTORS MVv54 2Zmm Red LED 20p
MLEDS00 T092 Red LED 20p MLED92 infra-

Red 30p XC209-R 3mm Red LED 20p XC209-Y
Amber 30p XC209-G 30p 2ZN5777 High Sensitivity
Silicon PhotoDarlington 50p MRD150 High Speed
Siticon PhotoTransistor 40V 70p MLS203 Light
Sensitive Thyristor 60V, 0.4A £1.20,

Please add 8% VAT to prices above (p
Send 9*" x 6" SAE for full short form list.

FIBRE OPTIC SUPPLIERS (ET)
2, Loudoun Road Mews, London NWB ODN.

TRIACS (Plastlcz 10A/400V 67p (3+ 64p)
DIAC 19p Plastic Frontplate for Light-
dimmer 22p. Add VAT. PAP 15p. CWO.
T.K. ELECTRONICS 106 Studley Grange
Road, LONDON, W7 2LX.

ET! Electronic Ignition_ System kit of all
semiconductors only £7.00 NE 555 53p,
NE 556 £1.02, 741C 25p, SN7400 13p,
SN7410 14p, SN7490 45p, SN74121 32p,
BC107/8 8p, 1INA4A148 3p, I':'ostage etc.Free
SAE for lists, G. Newman, 12, Francis
Avenue, St, Albans, AL3 6BX (Mail Order
only).

PRECISION POLYCARBONATE CAPACITORS
63V

440V AC [+ 10%) Range =1% =2% =5%
00ufF [V /8" s0p  p47.F  SBp 46p  38p
022uF () 3/8"x5/8"] S9p  1.0uF 66p 56p 4ép
025.F |1 3/8"5/8") 62p =22.F 80p 65p 55p

D47uF 1 /8% Tlp  47uF €130 E1.05 8Sp
08uF [ 3/8"%"] T6p 6G8uF £1.64 £1.29 £1.09
068uF  [2"x%Y) 80p 100.F £2.00 E1.60 £1.40
10uF  [2"x%"] 9p 150uF £2.75 £2.15 £1.90
20uF 21" EL2Zp  220.F E350 £2.90 E2.55
TANTALUM BEAD CAPACITORS — Values available

01,022,047,1.0,2.2, 47,6 8uFat 15V/25Vor
35V 10.04F at 16V/20V or 25V, 22.0uF at BV/ 10V
or 16V; 33 OuF at BV or 10V; 47 OuF a1 3V or BV,
100.0uF a1 3V, All at 10p each: 10 for 95p; 50 for
£4 00

TRANSISTORS

BC107/8/9 9p BC212/212L14p BFYSO  20p
BC147/8/9 10p BC547 12p BFY51 20p
BC157/8  12p BCEE8A 12p BFY52  20p
BC182/182L11p BF104 12p OCN 12p
BC183/183L 11p BF197 13p 2N3055 50p
BC1B4/184L 12p AF178 30p 2N3702/471p

POPULAR DIODES: All brand new and marked- 1N914
6p; B for45p, 18 for 90p: TN916 Bp: & for 45p; 14 for
90p. 1544 5p; 11 for 50p: 24 for £1,00. 1N4148 5p;
6 for 27p; 12 for 48p. LOW PRICE ZENER DIODES
400mW; Tol. 5% at SmA. Values available; 3V; 3.6V;
4.7V, 51V 6.2V: 6.8V: 7.5V; B 2V B.1V; 10V: 11V
12Vv; 13Vv; 13.5V; 15V; 16V; 1BV, 20V, 22v;
24V; 27V; 30V. All at 7p each; 6 for 39p; 14 for B4p
Special Offer- 100 Zeners for £5.50. RESISTORS: High
stability, low noise carbon film 5%; %W a1 40°C, 1/3W
at 70°C. E12 senes only, from 2.20 to 2.2M{}. All at
1p each, 8p for 10 of any one value; 70p for 100 of
any one value. Special Pack: 10 of each value
220 w 22M0 (730 resistors) £5.00 SILICON
PLASTIC RECTIFIERS, 1.5A 'Brend new wire ended
Do27: 100 PIV.—7F {4/26p). 400 PIV.—BP
(4/30p). BRIDGE RECTIFIERS 2WA 200V—40p
350V—45p 600V—55p. SUB-MINIATURE VERTI-
CAL PRESETS: O TW only; All at 5p each. 500, 1000,
22001, 4700, 6800m 1k, 2.2k, 4 7k, 6 8k, 10k,
15k. 22k, 47k, 6Bk, 100k, 250k, 680k. 1M, 2.5M.
5M

Please add 15p Post and Packing on all orders
below £5.00. All export orders add cost of
Sea/Airmail. Please add 25% VAT to orders.Send
SAE for lists of additional ex-stock items.
Wholesale price lists available to bona fide
companies.,

MARCO TRADING
Dept. T6, The Old School, Edstaston, Near WEM.
Salop. Tel. WHIXHALL 464 /465 STD (094872)
{Props: Minicost Trading Ltd )

MNew Fibre Optic Torch, many uses fully
flexible 3mm_dia. light source 95p + 20p
P & P or SAE for details, Andrew Graham
and Co., Mitre House, 177 Regent Street,
London W1R 7FB.

VALVES RADIO TV TRANSMITTING
1930 to 1975 many obsolete, 200 types
stocked. List 20p. We wish to purchase new
and boxed valves. Cox Radio Sussex Lid.,
The Parade, East Wittering, Sussex. Tel:
West Wittering 2023,

PCB's for ETI, PW, PE, projects 65p per
board. Individual patterns £1 plus 6p per
square inch, Add 10p P&P per board.
FIBRE GLASS COPPER LAMINATES at
1lp per square inch, any size, Mail Order
from TEC, 241 Burnt-Oak Broadway,
Edgoware, Middiesex.

INFLATION?

7 WATTS — 150 WATTS
7 Watt IC TBA810AS overload protected
with P.C. board and data, £1.50. Post 15p.
7 WATT IC KIT IC, P.C.B. and all comp.
£2.25.
7 WATT MAINS KIT as above and tx., etc.
£3.75.
7-WATT READY BUILT IC modules using
TBAB10AS. Size 3%'" X 2" X %' £2.50
each, £4.60 for two, £8.50 for four. Mains
kit for up to 2 modules £1.70.
R.C.A.2N6254 150 watt 85V vce 16A TO3
NPN Silcon Power Transistors. Two for
£2.25, complete with data for building 75
watt to 150w amps.
REDPOINT BLACK 1.3° c/watt drilled
2XT03 Heatsinks, ideal for above transistors,
85p each.

Post 30p per order

Mail Order send to WATSON, c/o 131
Buxton Street, London E. 1.

di a | oiL
LED 5 ia | 0,125 0. Ddeer
AED 15p 19p B pin
ith Data 12p
w‘;ip - GREEN 270 33p 14 un
YELLOW 27p 33p 13p
INFRA-RED | 550uW axial lead, 49p
LEDs win 1.5 mW TO46 £1.10
OPTO-ISOLATORS with Data OP. AMPS
IL74 1.5k 150kHz €1 | 709 a0 a2sp
4350 2.5kV, 5MHz £2.25 | 714 Bpin  28p

748 DIL 3I6p

AC127:/8 15p | 2ZN2O26(R) Tp
AF117 20p | 2ZN2B26(G) 12p MNEGSSY 80p

BC107 10p | 2N3063 15p | IN414 £1.10
aci08 Bp | 2ZN3055 41p 7400 16p
BC108C 12p | 2N3702/3/412p | 7805 Reg £1.50
BC147/8/9 10p | 11543 26p | Plastic 15 Amp

BC157/8/9 V1p | MPF102 40p Dele Pen 70p
BC1638 Tip | 2N3B1D 256p

BC163C 12p | 2N3B23 I0p Hatd 3p

8c177/819 17 INAGOT 5p
BC182/3/4L 11 IN4OD2 6
BC212/3/4L 12p | ZENERS BZY88 IN4DD4 7
BCY70 isp | 27V-3V b RUTREC ap
BCYT1 22p OA47 &p
72 12p | Bridge Rectifies | 01 n
8FY50 51 16p | 50v, 24 30p | DA 5p
BFX29 30p | 100V, 24 I6p [+T%: 13 Sp
oc71 10p | 2007, 24 @ip | 0a200 8p
2NTOE 10p | 400V, 24 a8p 0A202 Te
IN2804 16p
2N29044 18p | Thyristors BOY 100y 400V
242906 168p | T05. 14 28p  27p  aép
2N2006A 18p | TOEG, 34 2 A5p S50p

PRICES INCLUSIVE +15p P.&P. (1st class)

18 ELEMENT
ONLY
E2.00

+ VAT & 35p PP

10 ELEMENT

£1.75
+ VAT & 35p PP

WHEN YOU FIT YOUR
OwWh AERIAL NEW DESIGN
SUPERIOR QUALITY FOR COLOUR
BLACK & WHITE. & FM STEREO
INCLUDES MOUNTING BRACKET AND
COMPLETE FITTING INSTRUCTIONS AND
ADVICE ON OBTAINING SUPERE RECEPTION

AXI1ALIPRODUCTS
) . 4 ELEMENT
/”r//f‘z_aoF} q\fATTEEE??ﬁp PP -
SAVE MONEY
~ TS gasy 111

Zener Diodes 3.3 33V 400mMW -8p  1W - 15p
aci27  12p  BC147  9p IN4148 ap
ACI2Z8  12p BCi4B  9p 1NA004 6p
ACI0T 9p BC149 10p 8ZYBECSVE Op
BC108 9p BFYS1 15
BC113 10p  2N3055 45p 41 opamp 2Bp

E.T.I. GRAPHIC EQUALIZER
BCI0G 10p LM301 37p
BZYBBC1S ap LED inc chy 20p

MAIL ORDER ONLY C.W.0.
AXIAL PRODUCTS LTD., DEFT. 16
23 AVERY AVENUE

ISLAND DEVICES, P.0. Box 11, Margate. Kent

HIGH WYCOMBE, BUCKS.

BUDGET MINI AUDIO MIXERS

With Prafessional Facilities

Slider Faders + Tone Controls + Monitoring %
V.U Meter
Moeno ar Stereo * Ready to use or Kits

Details: Ref, ET|,
PARTRIDGE ELECTRONICS, 21-25 Hart St,, Benfloet, Essex




HARDWARE

Screws, nuts, washers, etc,

Sheet aluminium cut to size or in standard packs,
plain or punched / drilled to spec.

Printed circuit boards for published designs or
individual requirements, one-off or small runs,
Fascia panels, dials, nameplates, etc., in etched
aluminium. 6p for details.

Ramar Constructor Services
29 Shelbourne Road
Stratford on Avon, Warwicks.

Greenbank Electronics

FREE!
Data and circuit diagram for Digital Clock Chip AY-5-1224,
Digital Alarm Clock Chip MK 50253, also data sheet for
DL-747, DL-750 LED displays. {A stamped addressed envelope
with enquiries would be a great help to us, but is not essential )

CLOCK CHIPS
AY-5-1224, 4 digit, 12/24 hr., 50/60 Hz, TTL compatible,
zero reset, easy display interface, 16 pin package £3.66
MK50253 4/6 digital alarm clock chip, 50 Hz, 12/24 hr,

AM/PM & activity indication, ‘snooze’ feature intensity
control, simple time setting, 28 pin package £5.50
LED DISPLAYS
DL-747 0.6" (1 5mm)} high, common anode £2.04
DL-750 0.6" {15mm) high, common cathode £2.25

Add VAT to all prices, post, etc. 10p + VAT per order

GREENBANK ELECTRONICS (Dept. T6E}, 94 New
Chester Road, New Ferry, Wirral, Merseyside, L62 BAG
Tel. 051-645 3391

IJUAHTZ CHRONOMETER KITS

The proven range of EST chronometers
is now available to home and profes.
sional constructors.

Send SAE for full details.
Tel: PENN 4661

ES: prices:

401-6 {Hours, mifiutes, seconds) . ... ...... .. vt £35
401-4 (Hours, minutes) . .. ... ... .. ........ ... ......... £31
401-6-R {As 401-6 with Micad battery pack} . ... ... . ......... £46
401-4-R {As 401-4 with Nicad battery pack) ................. £42

Ready-built units add £7. Add 8% VAT UK only

ADVANTAGES OF THIS SUPERB MODERN CHRONOMETER:
One second per month accuracy at room temperature
3MHz quartz crystal used for best temperature stability
Rugged mechanical design assures reliability for mobile use
All components supplied including wire, screws and case
Professional quality parts, glass fibre PCB
Large, easy to read LED display
220/ 240V mains or external battery operation
Attractive palycarbonate case, brushed aluminium panel
Separate power unit to protect the sensitive crystal ascillator circuit from
undesirabe heat transfer
Optional self-contained Nicad battery for portable use
No-cost extras include precision-engineered black anodised adjustable
stand and power unit/ battery charger
12-month guarantee for correctly assembled kits and ready-built
Chronometers
FULL INSTRUCTIONS SUPPLIED

ok kNN R

*

TO: ELECTRO SYSTEMS AND TIMING CO
48 Robinson Road, Loudwater, High Wycombe, Bucks HP13 7BJ,
ENGLAND

PLEASE SUPPLY: (UK residents add 8% VAT)
401-6 kit(s) at £35 401-6-R kit(s} at £46  [] Ready-built unit{s)
401-4 kit{s) at £31 401-4-R kit{s) at £42  (specify code number)
NAME

[ ———— — —— —

ELECTRONICS
DEVELOPMENT ENGINEER

A new opening has been created in the Ealing area for a
highly skilled Electronics Engineer to join a new team
within a newly created small research and development
laboratory within a new small production and prototype
unit,

The Engineer required will have strong innovative
abilities as well as sound, modern technical skills to
design, develop and prove advanced circuitry. He will
work with two highly skilled Industrial Designers and
other support skills to brmg an idea through to a full
production item.

While the area of electronic interest ranges over all
aspects of advanced security devices, the prime ability of
the man required will be in the RF field. Transmitters,
receivers, scanners, RF detectmn systems and associat-
ed audio.

The interests of the C.D.l. group of companies covers
military, paramilitary electronics; police support
electronics; technical intelligence retrieval devices and
systems; pulse induction metal detectors; night vision
systems and body armour.

The group is relatively new having been formed in June
1972 and to date has concentrated on building a
marketing capability to support its already existing
strong innovative abilities. It is now filling in the centre
sections thereby creating a very good opportunity for a
young man of outstanding ability to grow with the
group. Profit sharing, health and pension schemes are
operated.

Please write to the Managing Director giving complete
and thorough details of your qualifications in relation to
our needs and your expected salary requirements. All
replies will be held in strict confidence.

FREELANCE CONTRACT
ELECTRONIC DESIGN AND
DEVELOPMENT ENGINEERS

In addition to the staff Development Engineer required
we are also seeking wvery high, calibre Design and
Development Engineers to work on specific projects on a
freelance contract basis.

We are- also interested in purchasing outright or on a
royalty basis fully developed devices which fall within
our areas of interest.

We are open to discuss sound ideas which we can
develop, manufacture and market or any combination
which makes sound commercial sense.

If any of this interests you then please write to the
Managing Director clearly stating what you have to
ofter.

C.D.l. HOLDINGS LIMITED
3 Old Pye Street, London SWIP 2LB

Technical Security Ltd, Pulse Induction Ltd,
Night Vision Systems Ltd, Body Armour Ltd




Over 150 —

about Radio &
Electronics

;gimff?om@ maintenance and
ways to ewj&"ﬁ"ﬁ,ﬁ&,"?} L., repairs for a spare
'5’7;"'»};925 3/57;1,,%’,2 \,, .\ time income and

,%’:f, IH a career for a

engineer a .-

better future

ECURITY

find out how

in just 2 minutes

That’s how long it will take you to fill in the coupon. Mail it today
and we’ll send you full details and a free book. We have successfully
trained thousands of men at home - equipped them for higher pay and
better, more interesting jobs. We can do as much for YOU. A low-
cost home study course gets results fast - makes learning easier and
something to look forward to. There are no books to buy and you
can pay-as-you-learn.

Why not do the thing that really interests you? Without losing a day’s pay, you
could quietly turn yourself into something of an expert. Complete the coupon
{or write if you prefer not to cut the page). No obligation and nobody will calt
on you . .. but it could be the best thing you ever did.

Others have done it, so can you

“Yesterday | received a letter from the institution informing that my application
for Associate Membership had been approved. | can honestly say that this has
been the best value for money | have ever obtained, a view echoed by two
colleagues who recently commenced the course’’. — Student D.|.B., Yorks.
*“Completing your course, meant going from a job | detested to a job that |
tove, with unlimited prospects’’. — Student J.A.O. Dublin.

*“My training quickly changed my earning capacity and, in the next few years,

my earnings increased fourfold’’. — Student C.C.P., Bucks.

FIND OUT FOR YOURSELF

These letters, and there are many more on file at Aldermaston College, speak of
the rewards that come to the man who has given himself the specialised know-
how employers seek. There’s no surer way of getting ahead or of opening up
new opportunities for yourself. 1t will cost you a stamp to find out how we can
help you. Write to Aldermaston College, Dept. BE180, Reading RG?7 4PF,
Home of B.I.E.T.

./

better future.

Practical Radio & Electronics
Certificate course includes a
learn while you build

3 transistor radio kit.
Everything you need to know

}4<— = mmCUT OUT THIS COUPONsm mmmn cmm s ey

Tick or state subject of interest.

l MECHANICAL
Society ot
Engineers-
A.MS.E. (Mech)
Institute of
Engineer &
I Technicians
{A.M.LE.)
CITY & GUILDS
Gen Mech. Eng.
Maintenance Eng.
Welding
Gen. Diesel Eng.
Sheet Metal Work
Eng. Inspection
l Eng. Metallurgy

ELECTRICAL &
ELECTRONIC
CITY & GUILDS
Gen. Electrical
Engineering
Electrical
tnstallations
Electrical Maths
Computer
Electronics
Electronic Eng.
Practical Radio
& Electronics

I {with kit)

MANAGEMENT &

PRODUCTION

Institute of Cost
& managemnent
Accnts.

Computer
Programming

Works M°'ment.

Work Study

Gen. Production
Eng.

Estimating &

I Planning

Man. Prod.-cont.
Storekeeping
Management

0 skills
Quality Control

[m}

DRAUGHTSMANSHIP

Institute of
Enginearing
O Designers
0O  (AM.IL.E.D)
O Genaral
0 Draughtsmanship
O Elec. Draughtsman-
ship
Architectural
Draughtsmanship
Technical
Drawing

u]

=}
O RADIO & TELE-

COMMUNICATIONS

M CITY & GUILDS
O Telecoms.
Gen. Radio & TV
E

ng.

O Radio Amateur
Exam

Radio Servicing

O AUTOMOBILE &
AERONAUTICAL

0 Institute of the

0  Motor Industry

O CITY &GUILDS
Auto Eng,
O Gen. Auto Eng.

Coaching for many ma;ar erams.

l including ONC.C & C

| serren

I To Aldermaston College, Dept. BE180, ON

Reading RG7 4PF.

NA oo
Bl or.k C:puala Pleue
ADDRES

OTHER SUBJECTS
Accredited by C.A.C.C. Member of AB.C.C.

DAY FOR A
OMORROW |

Post to address below.

Motor Mechanics
D Auto Diesel Eng.

Garage M'ment.
O AEC Aero Eng-
01 ineering Exams

Gen. Aero Eng.

CONSTRUCTIONAL

Institute of Building
L.i.0.B.
AB.T. Clerk of
o  Works
Construction

O Surveyors Institute

LCS..
o CITY & GUILDS
General Building
O (all branches)
Heating & Vent.
QO Inst. Clerk of
Works
Site Surveying
Health Engineering
Road Construction
Quantities
Estimates
Hydraulics
O Structural Eng.

[a]
GENERAL
O Agricultural Eng.
Counci! of Eng.
Institutions
Farm Science
Plastics

nl

o | G.C.E.
U|ss0 &
g LEVELS SUBJECTS

Over 10,000
group passes

AGE

BE180

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY



3 GREAT PROJELTS

FOR YOU 70 BU/LD

BUILD AN ORGAN TO YOUR
OWN SPECIFICATION!

Full  construction details in our
leaflets. Leaflet MES 51  price
15p. describes a fully
polyphonic  basic organ which can
be used later as the basis of a
large sophisticated  instrument.
Further leaflets issued at approx. 3
monthly intervals describing more
footages. solid state switching, foot
pedal board. many more stops,
special effects. rhythm  sec-tion.
"Leslie" speaker etc.

At every stage in this organ we
shall be using the very Ilatest
technology, to give you a really
high quality instrument, that is not
only on a par with but probably
inadvance of most commercially
available organs.

REDUCED COSTS!

Eventually you could be the owner of a highly sophisticated instrument
and parts of it will still be using the original components you bought
for the basic organ. Of course this means greatly reduced costs and
the satisfaction of having "built it yourself".

A GRAPHIC FQUALIZER fo

GET A SUPERSONIC SAME-DAY-SERVICE WITH
QUALITY COMPONENTS - FAST

We stock all the pans for this brilliantly designed synthesiser. including
all the PCBs, metalwork and a drilled and printed front panel. giving a
superb professional finish. Opinions of authority agree the ETI
International Synthesiser is technically superior to most of today's
models. Complete construction details available shortly in our booklet.
S.a.e. please for specification and price lists. We shall be stocking all parts
for the International 3600 Synthesiser. to be published shortly.

t under. f 50’

A really superior high quality stereo graphic equaliser as
described in Jan.1975 issue of ETI. We stock all parts (except
woodwork) including all the metal work drilled and printed as
required to suit our components and PCBs. S.a.e. for price list.

Our fantastic 1976
Catalogue is much more
than just a stock list.
Inside its attractive glossy
cover it is packed with
CIRCUITS  YOU CAN
BUILD. A 10W stereo
tuner-amp, a MW/LW
radio, a high quality pre-
amp, a 10W stereo
power amp, a digital

MAPLIN]

clock. Application circuits
for our ICs (eg. a
frequency doubler, audio
amps and pre-amps, flip
flops  power  supplies,
notch filter etc. etc.

([ELECTRONIC
SUPPLIES

of i
S including hundreds of new
ones!

Detailed data on all our
semiconductors. A

comprehensive  transistor
equivalents list. Full data
and hundreds of

pictures of the thousands
lines we stock

P.O. Box 3. RAYLEIGH. ESSEX Telephone: Southend-on-Sea (0702) 44101 VAT. Please add






