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The 450 Tuner prowides insiant program selection at the Touch
of a bulton ensuring accurale wning of 4 pre-selecied statlons,
any of which may be altered as often as you choose, by simply
changing the seMings of the pre-set controls

Used with your existing audio equipment or with the BI-KITS
STERED 30 or 1he MKB0 Kit etc. Alternatively the PS12 can
k2 used i no suitable supply 15 available, together with the
Transformer Tag1

The 5450 is supplied fully built. 1ested and aligned The unit s

High quality modules for stereo, mono and
other audio equipment,

MPA
30 €

PUSH-BUTTGN

b
Enjoy the quality of a magnetic cartridge with
‘your existing ceramic equipment using the new

'M.P.A. 30. a high quafity pre-amplifier enabling

H H ) ‘ etic cartridges 10 be used where facilities
Fitted with Phase Lock-loop Decoder |5 2 o 0 um i aes oy

* FET Input Stage It is provided with a s1andard DIN

* VARI-CAP diode tuning nput socket for ease of connection

* Switched AFC [Full instructions suppliad

* Multl twrn pre-sets _— a

* LED Stereo Indicator

Typical Specification:
Sensitivity 3¢ volts
Stereo separation 3Gdb
Supply required 20-30v at
80 M3 max.

)

easily installed using the simple instructions supphed.

STEREO PRE-AMPLIFIER

B

- PA100

4  OUR PRICE

£13.50

L0

Frequency Response + 1dB 20H:z
A 1o alie ~ q 20KHz Sensitiaty of inputs
BAOUA Lty helereo pre am""m?' Tepe tnput 100mV into 100K ghms
and 1wone controf unit The six 2 Radio Turer 100mV infe
push-bultton sefector switch pro- 100K ghms

wdes a choice of inputs together 3 MagnencP U 3mVinio 7

with 1w reaily effective filters for 50K ohms

high and low lrequencies, plus tape  © U Input equalises to A1AA curve with L
outpul 1dB from 20Hz ta 20KM:

Supply — 20-35V at 20ma

MK, 60 AUDIO KIT: Compnising

2 x AL6O's. 1 x SPMBO. 1 x D:mensions

BTMBO. 1 x PA10O. 1 fromt panel 299mm = 83mm -
and knobs 1 Kit of parts 1o include AU Dlo

on/oll switch, neon ndicator AMPL'F'ER MODULES

stereo  headphone sockets plus

instruction booklet. COMPLETE o The AL10. AL30 and AL3O unirs
PRICE £27.55. -plus B2p are simifar in their appearance and
TEAK 60 AUDHD KT: postage i their general specification

However, careflul selection of the
plastic power devices has resulted
in a range of oulput powers from 3
to 10 waus R.M.S

The wversatitity of their design
makes them ideal for use in record
players. 1ape recorders, stereoc
ampliters and casselle and car

SPECIFICATION: tridge 1ape players in the home
® Harmonic Distortion Po=3 watts f=1KHz 02 5%
" @ Load Impedance B-160hm @ Size: 75mm x 63mm x 25mm
@ Fraquency response + 3dB Po=2 watts 50Hz-25Hz
@ Sansitivity for Rated 0/P — Vs=25yv. RL=Bohm f=1KHz 75mV.RMS

Comprising Teak veneered cabinet
size 16%"x11% " x3%"'" other
parts include aluminium chassis
heatsink and fromt panel

bracket plus back panel

and appropriale sockets

eic KIT PRICE £9.20

plus 62p
postage.

P

POSTAGE &
PACKING -

Postage & Packing add |
25p unless otherwise |
shown. Add extra for |
airmail. Min. £1.00 Jl

STEREO 30
\ 75

COMPLETE AUDIU
CHASSIS

T+7 WATTS
R.M.5.

P& P4a5p

The Siereo 30 comprises a2 complete stereo
pre-amplitier. power amplifiers and power supply. This,
with only the addition of a transformer or averwind will
praduce a high quality audio unit suitable far use with a
wide range of inputs i.e. high gquallty ceramic pick-up
stereo tuner, siereo tape deck etc. §mple to instail
capabie of producing really lirst tlass resuits. this unit 1
supplied with full instructions. black front paned knobs.
maifn switch, luse ard fuse holder and universal
mounting brackets enabling v to be installed wn a record
plinth. calrnets of your own consituction or the cabinet
available Ideal for the beglnner or the adwanced
constructer who requires Hi-Fi pedormance with a
rminimum of installation difficulty (can be instatled in 30

mins)
TRANSFORMER £2.45 plus 62p p &p
TEAK CASE €3.65plus 62pp & p

£

3@%}2.5. £2.30 SwArli.zng.s. £2.65 |u:;?f?4_s,£2.95

e .

AL 60 25 Watts (RMS)

* Max Heat Sink temp 90C. % Frequency response

13mm.

20Hz to 100KHz * Distortion better than 0.1 at 1KHz | Frequency Responsa 20M4r-20KH s

- {—30B). Bass and Treble ram o

Supply voltage 15-50v * Thermat Feedback * Latest 1208, foguet Impedence 1 miog whm.

Design Improvements * Load — 3.4,8. or 168 ohms *| ingu¢ Sensitivity 300mv. Supply
L

NEW PAt12 Stefso
Pre-Ampiifi -
plataly red

foruse with AL10/
20/ 30  amplilier

Moduies, Fasiures include on/off voluma.
Balance, Base and Trebls ¢ontrols. Complsie
weih tEpe Dulput

Signal to noise ratio 80db * Overall size 63mm. 105mm, | requerements 24V .5m4. Size 152mm
¥ 8dmm x I3mm.

Stabilised Power Supply Type SPM80

SPMB0 is especially designed to power 2 of the ALGO Amplifiers, |

up 1o 15 watts (R.M.S.} per channel simultaneously. With the | Yransformer T538 £2.30

addiuon of the Mains Translormer BMT80, the unit will provide
outphits o up to 1.6A at 35V, Size: 63mm. 105mm. 30mm
Incorporating short circuit protection
Transformer BMTBO
£2.60 + 62p postage

]
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Especially designed 1o a siuct speeification Only the -

Iinest components have been used and the larest

solid-state Circuiry incorporaled in this powerful little

ampritier which shouid sausly the most erlical AF Power SUpply Helg AL'IO/ZD/30,
enthus.ast [ ] PA12Z, SA450 e

—[Tnput voltage 15-20v A.C. Qutput voltage 22-30v D.C
Cusput current 800 mA Max. Size 60mm x 43mm x 26mm

OUR ICE £‘| .20

P.0. BOX 6, WARE, HERTS.



NO STRINGS (GUITAR?) POWER

News digess

Designated the AL250, a new 125W
rms amplifier rose to our notice
recently from Bi-Pak Semiconductors,
63a High Street, Ware, Herts. Retailing
at under £16 the amplifier has a very
good specification, {see below} that
would suit it perfectly for use as a
guitar amplifier, assuming a suitable
pre-amp.

The unit is protected against short-
circuit and low lcading of the output,
and should be, therefore, fairly rugged
inuse. Bi-Pak state on their sheet that
the unit is suitable for ‘background’

music. Background at 125W rms?
Amen to that! Details from Bi-Pak,

SPECIFICATION
Output Power {452 load) 125Wrms
Sensitivity (for 100W at 1kHz} 450mV

input Impedance {at 100kHz}  33k{2
T.H.D. 50W into 452 0.1%
50W into 802 0.06%

Signal to Noise Ratio
{at ¥ power} >B0dB

Power Bandwidth {—3dB} 20Hz-25k Hz
Damping Factor {862 load, at 1kHz) 65
Size 190 x 205 x 40mm.

SINGLE CHIP LOW COST
TEMPERATURE CONTROLLER
The new National Semiconductor
LM3911 IC will control temperature
over the —=250C to +850C range
better than 1/100C stability. Included
on the chip is the calibrated temper-
ature sensor, voltage reference and
op-amp. All that is needed for the
complete control system are set-point
resistors and a power control device.
The sensor s calibrated directly in
degrees Kelvin at 10mV/CK and initial
accuracy is *10CK, but can be
improved externally. Applications for
the LM3911 range from home thermo-
stats to precision temperature baths.
The low cost makes it attractive to
use as fire alarms or overtemperature
detectors in electronic circuitry. For
example, an LM3911 could be
included in MOS memories to speed
clock rate as temperature inCreased.

NAVY WIRED FOR VISION
Muirhead L1d, have recently delivered
wire photo equipment to the Navy.
Photo transmitters are located on
board ships tn areas where incidents
may occur and photographs taken are
then sent back to a receiver located
in Whitehall. In this way Government
officials have photographic informat-
ion available to support verbal reports
of the incident. This equipment was in
regular use recently on beard the
Naval Frigates supporting British
trawlers in the Cod War.

NEW LUX TURNTABLE

Aimed at the very tov of the market
the PD282 is the first venture into
turntables for the Lux Corporation.
The device is direct drive with a
unique bearing system. No further
details are available at present, but
watch for it, as it is due to be released
here very shortly. {For a while SME
‘had the only one in the country.} The
.price will be very high; the PD282 sells
in France for 1664Fr {£168}.
Distributor: Howland West Ltd.,
3--5 Eden Grove, London N7 8EQ.

TANDY LISTS

We have just received the new Tandy
catalogue, listing their ranges of hi-fi
and electronic components. Whilst the
hi-fi ranges offer only questionable
value for their price, the catalogue
does include some hard-to-obtain
components e.g. strobe tubes. The
prices are high, but if you can't find
it elsewhere, try Tandy.

FAIRCHILD TO ENTER TV GAMES
MARKET

Fairchild's Consumer Division are
ptanning to launch a wide variety of
TV games in the US during the latter
part of 1976,

The basic unit providing three
games is expected to retai! for about
% 100 in the US but Fairchild have
recognised that one quickly tires of a
limited choice of games, so the unit
will have a slot into which ‘cassettes’
can be inserted to increase greatly the
game choice. Each cassette will enable
3 extra games to be played. These
include sophisticated race track and
war games. Cassettes are expected to
retail for 515

Plans to market the units in the UK
have not been finalised but it is hoped
to launch the range in Britain during
1977.

APOLLO-S0YUZ PULSAR

Not, as you would think, the ETI
clock taking 10 space, but the first
extra-galatic pulsar star. |t was dis-
covered by the Apollo spacecraft
during the link-up last year. Lying in
the Lesser Magellanic Cloud it forms a
binary pair with a blue giant, circling
it every 3.B9 days. Designated SMC-X1
the star is ten times as powerful as any
in our own galaxy.

HOWS OAT!

Maplin Electronic Services produce a
regular news sheet as a catalogue
supplement and frequenctly liven this
up with cartoons. Main ‘feature’ of
the February 1976 is the ETI Dynamic
Noise Filter covered in the February
and March issues; Maplin are doing a
kit for this.

We were especially taken with the
accompanying cartcon done for them
by Sid Parker of the Southend
Evening Echo and reproduce it betow
by kind permission of the artist and
Maplin.

s

I AM FINDIN® DIS DE BEST WAY |
O GEDDIN® RID O° DE WHITE

NOISE™




75 WAS BAD YEAR FOR
SEMICONDUCTOR COMPANIES

Last year was a'bleak one for the US
serhiconductor industry according to
an analysis by the Chase Manhattan
Bank. This had been widely predicted
but only now are the facts coming
out,

In the US, the sales of consumer
electronic products was 20% down:
audio equipment was down a stagger-

ing 30%: Microwave ovens were one of

the few products which inproved.

The falling sales of consumer pro-
ducts led to a 20% drop in semicon-
ductor sales but in the last months
of 1975 a distinct improvement was
under way. Traditionally the trends
in the US are followed about six
months later in Europe and Japan.
I this follows on this occasjon we can
expect an improvement elsewhere in
the world within a few months.

Digital watches 'took off’ |ast year,
cushioning the blow 1o some
companies: sales topped 3 million
units in 1975,

NATIONAL CALCULATOR IC

National Semiconductor offer a new,
low-cost six digit floating decimal cal-
culator circuit, MM5777. The device
uses a metal-gate P-channel MQOS
process — a tried and tested process
that gives low end-production cost.

To assemble a complete four-
function, six-digit calculator the
company offer:-

NSA 1161 LED display stick
DS 8977 Digit driver
MM 5777 Calculator chip

9V Battery and keyboard to choice

The MM5777 is a 24-pin, Epoxy-B
DIL package, and gives leading and
trailing zero suppression to conserve
battery power. It operates with alge-
braic notation, and features floating
point input and gutput and chain
operations.

SCHOOL FOR TEACHERS

Essex University will be holding its
Electronics Summer School for
teachers during the week July 12—186.
This year three courses will be run
simultaneously, Linear Circuit Design,
Digital Circuit Design and Small
Computer Systems. This is a new
course which should be of interest to
‘mathematics teachers as well as those
interested in electronics: Further
information from R. J. Mack at the
Department of Electrical Engineering
Science, University of Essex,
telephone Colchester (D208) 44144,
extension 2408 or 2299.

BOUNCING METERS
¥

Western Instruments have released a
new VOM series, one major feature of
which is their ‘invunerability’. All
five models in the 660 series are
drop-proof and feature a custom
rugged self-shielded taut-band mech-
anism, diode-protected meter move-
ment, temperature compensation,
pluggable circuit board assembiies,

external fuse replacement, and can be
recalibrated without: removing from
their case. They are warranted, in
writing.to operate after being droppe
a height of five feet. {So if youre a
small clumsy engineer — your troubies
are over!). Details from Electroplan
Ltd, P.O. Box 19, Orchard Road,
Royston, Herts. SG8 5HH.

CLOCK UP AN INCH

Two new multiple-digit, PCB mounted
numeric LED displays have been intro-
duced by Litronix. Each incorporate
four 7-segment numeric LED display
mounted on a PCB within a red filter.
A digit height of the 45204 is %in.,
and of the 4120A, 1in. — the largest
numeric LED display currently
available.

Design principally for applications
in 12-hour or 24-hour electronic
digital clocks, the displays include
colons for am., p.m. and Alarm Set

S PSP T & TR ST T e TS | e T Tr MR TRy

indication, and feature excellent
character definition at viewing
distances in excess of B0ft.

Typical electrical characteristics of
the DL-4520A are: forward voltage of
1.8V (at 20mA per segment);
luminous intensity of 1.0 mcd; the
DL-4120A hzs a typical forward
voltage of 3.6V (at 20mA): luminous
intensity of 2.0 med.

Praduction prices are anticipated to
be £4.80 for the DL-4520A, and £5.5
for the DL-4120A, in quantity.



FAIRCHILD WATCHES

The Savoy Hotel recently lent its
hallowed halls to the launching of yet
another range of digital watches. The
culprits on this accasion are the
Fairchild Carporation. Two different
lines are being introduced to the UK
at present {although a third is
apparently possible in the future).
The mare expensive of these will carry
the Fairchild name, for distribution
throygh ‘fine jewellers’ on'y, with
discounting a farbidden practise. The
other is marketed under the Timeband
name, and is intended for the mass
market, with prices ranging from
£19.95 up to £32.95. Prices for the
more expensive Fairchild line run from
£44 to just below £100. All watches
employ the same circuit module, and
use LED display. Price differences
are accaounted for by styling, braceiet
and case.

A great deal of work has abviasly
been expended on the ladies ranges,
and here Fairchild have a head start on
the rest of the market. The mens
models, however, seem little different
to the vast majority of those already
on sale in the "UK marketplace"’
{Fairchilds phrase}. Circuitry is also
along standard lines and uses a 32kHz
oscillator to derive the liming pulses.

The watches are five function, and are
operated by a single pushbutton.

One point perhaps worth noting
is that batteries are not user
replaceable and return to the retailer
is. advised. An obvious question is
how happy are the ‘mass market’
retailers geing to be about carrying
out this time consuming aperation?
Perhaps all digital watch manufact-
urers should consider this aspect more
closely in the future. Availability at
present is zero, but immediate ship-
ments are being arranged by the
company.

News digest

NEW CBM SCIENTIFIC

CBM introduce Greenline SR1800
scientific calculator at £29.95 includ-
ing VAT, with the gptional extra of
a rechargeable cassette and mains
adaptor/charger which come together
as a rechareable kit for an additional
£6.00. This give gives 3-way power
with disposable battery, mains and
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rechargeable cassette, The machine
uses algebraic logic and is fully guaran-
teed for 1 year. A 12-digit green
display gives B-digit mantissa and 2-
digit exponent plus signs. The funct-

ions of the calculator are:

Accuracy Calculates to 10 digits
while displaying 8 in
the mantissa.

EE EEy EE}  Exponent entry and
exponent shifts.

Memaries Two independent

memaries plus
summation key to

memaory 1.
Parenthesis Single level bracket
facility.
TRIG Sin, Cos, Tan, Sin-1,
Functions cos-1, tan-1,

LOG Functions Ln, eX, log, 10%.

Powers \/;L, X2, XKy, yx

Conversions Polar to rectangular
coordinates, degrees

to radians.
Statistical Mean and standard
deviation.
Other T change sign, 1/x,
Functions Xy,

DANGER: 30 FUNCTION CALCULATOR
ESCAPES FRONM CBM!

Alsg from CBM comes a new
scientific with an awe-inspiring 90
functions. The beast is called an
SR4190R and can be bought for
£59.90, but at your own risk; no

responsibility will be taken for people
contracting ‘button mania’ from the
animal. We are so intrigued by the
SR4190R that we have arranged to
review it mare fully in the next issue.

TEXAS RECALCULATE

Texas Instruments announce price
reductians to six of their electronic
calculators. Maodels affected are as
follaws:

Mode! New Price Old Price
TI 1200 f B.95 £ 10.95
TI 1250 f 9.95 £ 13.95
Ti 1500 £14.95 £ 19.95
TI1 5050 £94.95 £109.95
SR 50A £44 .95 £ 59.95
SR 51A £64.95 £ 89.95

Prices include VAT

TWA USES COMPUTER TO SAVE
FUEL

Computer-assisted flight planning and
related techniques helped Trans World
Airlines save moare than 70 million
gaitons of expensive jet fuel in 1975.
Flight aperations use an 1BM System/
370 Model 168 to calculate flight
plans in order ta pinpaint the lowest
cost route. The powerful system
constructs nearly 1,000 flight plans
daity for TWA’s world-wide operations
plus countless alternative plans.

The computer calculates three
possible plans: Federal Aviation
Administration {FAA)} approved; free
search and minimum cost. Free search
means that the system examines every
possible route from origin to destin-
ation for the best route. In some cases
the best route may be longer {because
of bad weather} but is chosen to
provide a smooth ride.

A flight dispatcher creates a plan by
entering information into the
computer via a visual display terminal.
Information includes payload, fuel
requirements, allowable takeoff
weight, flight time, distance and
various altitudes and weather data.
Stored in the computer’'s memary is
information on factors such as aircraft
performance and route.

A dispatcher can request the system
to search up to five altitudes for the
best one. The system figures the best
routing on the first altitude, then the
next and so on. Using information
from the dispatcher, the Model 168
simulates each altitude/route combin-
ation. Fuel consumption, flight time
and cost is develcped for comparison
by-the dispatcher who recommends an
optimum plan to the flight captain for
his concurrence,



| DIGITAL CLOCK £9.56

Inc. VAT, Post & Packing
| MATCHED CHIP & DISPLAY

DISPF}AY FUYABA 5-LT-01. 7 SEGMENT
Only ’G'CG Phosphor Diode. 12.5mm Digit
£6.3 AM/PM and colon
l Inc. VAT

CALTEX CT7001. MOS LSI
28/30/31 Day Calendar |
24-hour Clock

Snooze Alarm f
Clock Radio Feature

Easily Settable Counters

l CHIP
! Only Price
£5.50
Inc VAT

i

TRANSFORMER — £2.50 INC. VAT
[ Payment with order

IMTECH PRODUCTS LTD.
' IMP HOUSE, ASHFORD ROAD, ASHFORD, MIDDX.

Telephone: Ashford 44211
Telex: 936291

the good components service
with a still more up-to-date catalogue

In relatively few vears, Electrovalue has risen to a
position of pre-eminence as mail order fand industrial)
suppliers of semi-conductors. compaonents, accessories,
elc. There are wide ranges and large stocks 10 choose
from as well as many worthwhile advantages ta enjoy
when you order from Electrovalue

CATALOGUE 8 ISSUE 2

Second prnting now ready, revised and up dated on phces. eic.
144 pages, New ifems. Oplo elecnonics, Diagrams of
componemMs. apphcations, LT, cicuds. Post free 40p, including
voucher for 40p tor spending on arder over £5 st value

DISCOUNTS
On 2l CW Q. mail orders. except for some nems marked
NETT
on orders list value o0 orders hst value
5% £10 or more | Iu% E15 or more

FREE POST & PACKING

Onall C.W O mail arders in UK. over£2 hist value. I under, add
16p handlng charge

PRICE STABILIZATION POLICY

Prices acs mld and then reviewed over minimum periods of 2
months. nexl review due April 1s1.

QUALITY GUARANTEE

On everything :n oul Catalogue — No mBnu'aClurer"s-relgc'fs_
seconds or sub-slandards merchandise

ELECTROVALUE LTD

Al communications to: Section 5/4, 28 ST. JUDE'S ROAD, ENG.I.EFIEI.D
GREEN, EGHMAM, SURREY TW20 QHB. Telephone Egham 3603 Telex 284475
Shop hoyrs 9-5.30 daily, 9-1 pm. Sais

NORTHERAN BRAANCH: 680 Bumnage Lane. Burnsge, Manchester M19 1INA,
Telephone [051) 432 4945 Shop hours daily 9-5.30 p.m.. 9.1 pmSats,

LAST MONTH’S
OFFER; |

4ERZ 1S A PHOTO OF THE WATCH IN LAST
MONTH'S OFFER {FOR TECHNICAL
REASONS WE WERE UNABLE TO

PUBLISH IT LAST MONTH)

THE OFFER IS OPEN

UNTIL 215t MARCH

1976
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ET) Magazine,

36 Ebury Street,

London SW1W OLW.
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CALCULATOR

rljl gl -kl 534

An inexpensive calculator

modified to provide one-hundredth

of a second timing,

FOUR-FUNCTION calculators are
now available for as little as £5.00. At
those prices, it is cheaper to buy a
calculator and throw away the parts

that you don’t reed, than it is to buy a’

keyboard, display, or calculator chip
separately.

Having this in mind we were very
interested to receive an application
note from National Semiconductor
which detailed how to modify one of
their calculators for use as a
stopwatch, We therefore decided to
develop this idea to a full project for a
calculator/stopwatch which provides
timing with one-hundredth of a second
resolution for a cost as low as £10.00
{including the calculator}.

The NOVUS 650 calculator is a
simple four-function machine which
has a fixed decimal point between the
second and third (RH} digits. The
calculator does not have floating
point, and only works in whole
numbers, the decimal point being an
indicator onlty. These features
however, whilst detracting from the
usefulness of the machine as a
calculator, make it ideal for
modification, without difficulty, for
use as a stopwatch.

Stopwatch operation is made
possible by the fact that if ‘1" is
entered into the calculator and the '+’
key is continually pressed, the
calculator will add ‘1" to the number
displayed each time the ‘+' key is
pressed. Thus, as a stopwatch, the "+’
key must be ‘pressed’ electronically
100 times per second. {If a
floating-point calculator were to be
used, 0.01 would have to be added
each time the key was pressed and this
of course is much more difficult to do}.

The 100 Hz timebase, required for
the key-pressing function, needs
to be supplied by means of a crystal
and a divider chain or, by some other
simple but stable oscillator such as a
PUT. For most applications the PUT
{programmable unijunction transistor}
is quite accurate enough and this,
coupled with the fact that the crystal
and its dividers are bulky and
relatively expensive, led to us choosing
the PUT oscillator.

i0

STOPWATCH

The additional electronics for the
stopwatch is all mounted on a separate
printed-circuit board which is a very
tight fit in the calculator. Soldering to
the pins of the calculator IC is also
required and unless you have previous,
constructional
with soldering, do not attempt this
project.

CONSTRUCTION

Due toc the unusual nature of this

SPECIFICATION

experience, especially.

project the constructional procedure
given is much more detailed than
usual. The constructor is well advised
to follow the following steps carefuily.

{a} Dissassembie the calculator by
removing the battery and the four
screws that hold the case together.

(b} Remove the externat power
socket and disconnect the leads from
it to printed-circuit board. Take note

Maximum Reading 9999.99 sec {2 hours 46 mins 39.99 secs)

0.01 secs
+0.2%

Resolution

Accuracy (typ)
Mode — accumulating type, single button start/stop, separate button
for clear.

Calculator.
Six digits, four functions, reverse Polish fixed point.
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of the position of these leads as they
must be replaced later. 3

{c} The new pushbutton for the
stopwatch must now be mounted into
the back cover. The photograph shows
the approximate location of this
button. Note that the web of plastic,
between the battery compartment and
the calculator housing, must be cut
away on the right-hand side so that the

Fig. 1. Circuit diagram of the complete

stopwatch, Calculator parts are shown

push button may be fitted. To a
determine the correct position, 3‘3‘2’- 5
temporarily reassemble the calculator, —’:g &
without screws. The correct location : ggg E
can now be determined as the button © 3
goes between the display board, the « 5
calculator board and the battery {yes —-—l = £
there is space!) =l = £
{(d) Due to the curved case of the = %:E
calculator we did not use the normal E g - §E§E
mounting method for the push button, ! o o
but just drilled and filed a hole just P S o] o] 2
large enough to allow the push button > = JuRVT
to cut its own thread in the plastic. It
may also be necessary, however, to , @) 3 (I S R
epoxy the button into position. o mo_ - | )
(e} Assemble the printed-circuit R e
board, ETI 534, as shown in the -l 253 2 e ]
component overlay. The components = E&: 3
must be positioned as shown, as the r L I e A e
board fits between the calculator o F ~ L&
board and the keyboard and space is 3 E
very limited 2 o [
+{f} Attach thin insulated wires to the L
points shown on the overfay and leave ‘—| l--«l !
them about 75 mm long.

{g) To obtain a little more space,
trim all component leads on the back
of the calculator board, including
those of .the calculator IC, as close to
the board as possible. Now cut the
printed-circuit track on both sides of
pin 1 of the MM5736 calculator IC
(pin 1 is the pin next to the s mark)
Using a single strand of flexible wire
rejoin the tracks on both sides of pin 1,
leaving pin 1 isolated.

(h} Pasition the control board, ETI
534, alongside the calculator board
{see photo}. Due to space limitations
the wires from the control board have
to soldered directly onto the pins of
the calculator ICs.

{i} Check very carefully the point to
which each wire must be connected,
cut it to length (not too long), and
solder it directly to the specified pin.
The ICs are numbered anticlockwise
from the ‘e’ mark.

(k) Reconnect the power wiring
from the external socket.

{I} Connect the push-button switch.

{m) Check the calculator before i
final assembly as follows:-

Connect the battery and switch on.

Clear the display and check all keys

+Ya
_g‘ﬁ:

and calculator functions. NOQLLNEHSNd
Clear the display 1HY1S 4018
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CALCULATOR STOPWATCH ./l 5 mensenceome

ones at 100 times per second.
{n} If a frequency counter or an
J-sk
o u
-
w
l\h ETI 534 Ig,
I —)

6scillosc?pe is available connect to the
junction’of R11 and CB and adjust for
) PARTS LIST — ETI 534 1'_(‘)0 Hz. fI‘I‘ an o;cilloscope isdu;ed sync
the cro from the mains and beat the
i ia 5% d

Res-"-sm' a7k ::W % 100 Hz against that.
\ . q T {(p} Fold the control board on top of
’rllz P mtc”1M T the calculator board making sure that
aAriflicaley none of the leads is on top of any of
rim °°'{§,’l,';°a"2°(tfq'o$§aﬁife% LA the |Cs thus preventing the board from

‘going right down,

{q} Cut a small hole in the side of-

c2.3 Capacitar 0.0047 UF palyester
8 4 0.0082 o

82-4 " ooe ,_l‘tF = the casi\to allot:\: access to RV 1,
(31l = ag tantalum
el g zzﬂF T {r) Assemble the calculator
tantalum completely again making sure that the
leads do not foul anything and that
Fig. 2. Printed circuit board layout. Full size D1-D7 Diode IN914 BA318 or similar the 'calculator fits together without
64 x 52mm. Q1  Transistor 2N6027 or similar needing to be forced. !
IC1 Integrated Clrcuit 4011 (CMOS) (s} Check the accuracy of the
Ic2 3 " 4016 (CMDS) stopwatch by timing, over a long
Marshalls are supplying & kit of parts Smail push button . period, using a known accurate source
for this project (less calculator and PC Board ETY 534 ek :
PCB) at & price of £2.50 4 VAT, Caiculatar NOYUS 650 {eg telephone time service) and make
successive adjustments of RV 1 to give

PCB from Ramar at 68p Inc. correct results.

USING THE STOPWATCH

The conventional stopwatch has a

Av1
single button which starts, stops, and
43 - ] resets, the timing. The ETI stopwatch,

on the other hand, uses the side
button for start/stop and the existing
CE/C key for reset.

This configuration allows the
stopwatch to be used for applications
where accumulative timing is required.
M ISHBUTTON For example where three separate runs
_must be timed for a total time, the

stopwatch is not reset between runs

but merely started and stopped for
each run.

A further advantage is that timing

TOPIN
171C3

TOPIN
BICI

TOPIN

41C3
TOPIN
313

1
|
TO FIN : Y
Jice ! may be commenced from a reading
T— { preset by the keyboard. This is done
131(:3 j by first clearing the display and then

entering the starting time in
one-hundredths of a second. |f the ‘+
button is now pressed before starting,
the stopwatch will count up from the
entered time, whereas if the ‘-’ button
is pressed the stopwatch will count
down- from the previously entered
time to zero. <
When using the stopwatch be careful
to hold it in such a way that accidental.
pressing of keys is avoided, as spurious
keyboard entries will result in an
erroneous reading. . '

Fig. 3. Component overlay.

As a service to readers having
difficulties obtaining the Nowvus 650
calculator used as our stopwatch, we
have decided to supply, direct. The
price is £5.00 inc, and orders should §
be sent 10 ETI Novus 650 Saies, 36
Ebury Streel, Londen SWIW OLW
Please allow 21 days tor delivery

Fig. 4. The calculator as modified and before final assembly.
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DM75492 Oualln-Line Peckage

o

=

Geo pL2 I ar

Tar witn

4011

r 0 ]5 T

Dual-tn.Line Package

T
1 J 18
GIGIT 2 —f Vi
‘] 7
0IGIT 1 — — Dt 2
3 1h
" — oG 3
KEYBDAAD 1 is
SCam { K. — it 5
INPY TS \ o
n— MM5T36 s
fi B
SUGMENT ¢ —s F— S1GMENT »
1] 12
SFGMENT | —y = SEGMENT
[] 1"
SIGMENT g —§ — SECMIN' ¢
L] 10
SEGMENT b —] =

TGP wi o

UL diwiyy et pauts aipaly

4016

Fig. 5. Component connections. 4066

HOW IT WORKS.

With the standard calcuiator the
keyboard controls a three-line by
six-line matrix, that is, a calcuiator
key when pressed joins one of three
pins, of IC3, to one of six other pins,
This gives a maximum of 18 possibie
combinations of which only 15 are
used. The 6 lines are both input and
output of the IC, that is they drive
the display via IC4 as well as passing
keyboard commands to the
calculator.

The stopwatch is controlled by an
additional push button, which in
effect stops and starts the calculator,
whilst reset is performed by the
front-panel ‘clear’ key. The push
button operates a flip flop formed by
IC1/1 and IC1/2. The capacitors
around the flip flop change it from a
normal RS type to a toggle type.
Diode D3, capacitor C4 and resistor
R5 set the flip flop into the stop
condition on initial switch on. The
output of IiC1/1 is at zero volis in the
‘'stop’ state and at +9 volts in the
‘run’ state.

When the output of IC 1/1 goes
high capacitor C8, together with
R12, provides a 10 ms pulse to the
control input of IC 2/1. This is an
analogue switch across the 1’ key.
Thus the closure of this switch is
equivalent to pressing the ‘1" key.
When the switch closes capacitor C5
begins to charge via R7. When it

reaches about 6 volts (set by
R9/R10) the PUT switches on, and

5 is discharged rapidly to a low.

voltage, the PUT tums off, allowing
C5 to recharge. This action takes at
place at 100 Hz, The diode D4 is
used for temperature compensation.
When the PUT fires, terminal ‘ag’
drops to a low voltage which
discharges €6 via D4 and D6. And,
although the PUT is on for only a
short time, diode D6 isolates €6
allowing it to charge slowly (5 ms)
via R1l.

The pulse from the PUT is squared
by IC 1/3 and is then used to control
IC 2{2, which is across the '+* key.
The pulse thus causes one to be
added to the displayed number 100
times per second.

To operate the calculator, at the
rate of 100 pulses per second, it is
necessary to disable the calculator
debounce circuitry. This is done by
IC-2/3, IC 2/4, 1C 1/4 and D7. The
debounce is disabled only in the ‘run’
mode, and is still functional in
normal calculator operation.

Diode D5 and «pacitor C7
decouple the control circuitry from
the  calculator, as the high peak
currents drawn can result in a
two-volt ripple, on the nine-volt
supply, which otherwise would upset
the iming,
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BUILD THE

TREASURE
TRACER
MK

METAL

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

o [ncorporates unigue varicap tuning
for extra stability.

e Search head fitted with Faraday
screen to eliminate capacitive §
effects.

o Loudspeaker or earphone operation
(both supplied).

e Britain’s best selling metal locator,
kit. 4,000 already sold.

e Kit can be built in two hours using
only soldering iron, screwdriver,

-~ pliers and sidecutters.

® Excellent sensitivity and stability,

e Kit absolutely complete includin,
drilled, tinned, fibreglass p.c. boar
with components siting printed
on.

o Complete after sales service.

e Weighs only 22o0z; handle knocks
down to 1 7" for transport.

Send stamped, self-addressed en-
velope for Literature,

£12.50

Plus 85p P& P
Plus £1.00 VAT (8%)

Built, tested

and Guaranteed £l 1.50
Flus 85p P& P

Plus £1.40 VAT (8%)

Complete kit
with pre-built
search coil

MINIKITS ELECTRONICS,
f 6d Cleveland Road, South Woodford,

LONDON E18 24N
(Mai! order only)




Must go due to lack of space

TELETYPE 28 — for £20 only

Information supplied. Carriage £2.50 VAT 8%

Solartron 0-12V lamp £7.
Solartron 12:2V 1 amp £12.
Solartron 1.5-13.5V 1 amp £8.
Roband 21-27V 3 amp £10.
Roband 8-12v 5 amp £10.

SELECTION OF STABILIZED POWER UNITS

Coutant 35V 2 amp £16.
Coutant 28V 2 amp £14.
Roband 4.-14V 3 amp £8.

Coutant + and — 1012V 3 amp |

twice £22.

Venner 10V 1 amp £6.

APT 12-15V 2 amp £15.
APT 22.27V 3 amp £10.
Farnell 0-12V 2 amp £8.
Coutant 20V 2 amp £12.

BUNKER-RAMO. 240V input
Qurputs + 12V 5 amp
minus 3 8V 25 amp
minus 24V 25 amp
P:ice £45 each

ALWAYS A LARGE QUANTITY OF TEST EQUIPMENT,
SPECIALISED UNITS, CHASSIS, ETC. CALL AND SEE

Ex-Ministry Pye Receiver R3129

£6 oa.
Ex-Ministry VHF Recewver R7303
Mulichannet £8 ea.
Ex-Minsstry STC HF Receiver Units
with Plug-in coils £7 ea.
Ex-Mimstty Marconi Radio Jammer
type HG1Q Banery aperated £12.
Multi Range Millivoltmeter by Ay
mec. Sensitivity down 10 10mVy full
scale £7 na.
Marcom  Sensinve Valvevohimeter
| TF1100 £12 ea.
Rohde & Schwarz 10-280MHZ High
Gain Vihde Band Amplifier £15 ea.

Marconi Calibrator Scopes etc TF345

£15 ea.

Pulse & Bar TV Waveform Generator

£15.

Airmec Counter € digir. Standard

240V input, Large bright display
£12 ea.

Airmec Crystal Oscellator 100KHZ

1MHZ. Crystal Oven, Standard mains

£15 ea.

Furzehill Valve voltfeter V200

10mv to 1000V full.scale Volis & db

scaie €18 en.

FHACH|I RAMP MODULE Fx21. | FHACHI vCO MODULE FX11 —

24 Volt DC nput for 18 volt saw
tooth output Requires only external
capaciter and 100K ohm potentio-
meter 1o conirol frequency range up
o 100KHZ {eg 50 rmid elecirolytic
gives sweep ol approx 1 cm per
secend) In or cul sync capablity
Price £5.75. P &P 20p

VWOHZAVOOKHZ. Size 2 2 1% x %
H Input 12V to 24y OC (no1 centre
tapped). 18V input grving 10V
constani ampliude oulpul Reguires
only 1 meg ohm potennomeler to
une énbire range — or can be swept
with a saw Iooth input Price £5.75.
P.P 20p

| TYP{CAL of our LISTED ITEMS — now
going ouwt in all parcels or §.A E.
llem 47 IMHOF Cabiner handles with
Pivoung recessed Handle, Brand new
£1 per pair P&P 40p.

ltlem 49 DIVIDER UNIT T4517
tOOKHZ input — 100KHZ;, 10KHZ;
1KHZ output 18-24V DC £6 ea.
ltem 50 Gallender-Griffiths Bridge
type 2146 £7.

ltem 66 RELEAS O-MATIC Balance
by Oeriling. Needs attention but
worthwhile £15.

tem 61 ROHDE & SCHWARZ
MULTI COUPLER 29-6BMHZ £7.
Itern 63 AIRMEC TELEVET 877 £12.
Item 79 HEWLETT PACKARD LOW
FREQUENCY OSCILLATOR £15.

GAATICULES. 12 cm by cm
plasitc 15prach P & F Bp

wr High Quaiitg

a1 quaniiey ol good quat'iy companents,
HO PASSING TRADE — w0 wa offer
3LE of ELECTAONIC GOODIES
for £1.70 poot pad

#1000p! FEED TMAU CAPACITQRS. Only sold
| mpacksof 10 30pP &P 15p

«CAPACITOR PACK 50 frangd new componems
orly 50p. P. & P. 27p.

sBuatiuve Trmmer 3730 pf
Brand new Qty 18 13pea P & P 15p
1009 10pea P AP 25p 100999 Tpea

P
AF tree |

P.C.H. PACK S & O Quanmty 2 sq. . —na iloy
peces %0p pius P & P 20p

«TRIMMER PACK, 2 Twin 50 200 pf termmic 2
Twin 10760 o csramee 2 M 1Pt with 4 prasel
§720 pton each. 3 ar 1paced presel 30/ 100 pd an
ceramic base &I BRAND NEW 25p the LOT P.&P
15p

FANTASTIC VALUE
Mrriature Transtormer Siandard 24DV Inpul
3vok 1 amp outpul Brand new 65p each P
&P 20p Discount for quanuity

+HIGH-VALUE — PRINTED BOAARD PACK.
Hundreds ot ComponEnts, TIEAUSIOS, &I -—ng {wa
boerds Ihe samé—no shorl-leaded iransistor
ompuler boards €1.75 post paid

*METERPACKS—3 difterent meters Ior €2, P &
P S5p

AESETTABLE COUNTERS 4 dign by
Stonenridge / Soaace, 1000chm col €2 en P &P
SSp

FIBRE GLASS PRINTED CIRCWT BOARD.
Brand new Single or Double ywded Any size 1% p
per 3q in Postage 20p per order

« TELEPHONES

MODERN STYLE 706 BIACK OR TWOQ-TONE.
GREY, £3.7% sch P & P 150 HANDSETS
compiets with 3 ety ond load, €1 25 cach P & P
37p DIALS QMLY 80p rach P & P 2Sp
MDDERAN STANDARD TELEPHONES IN GREY OR
BLACK WITH A FLACE TO PUT YOUR FINGERS
UKE THE 746 C).00 eech F & F 15p

AsS;buw un diseclpurad Gray only. £2ea P 4 P
4

P i

DON'T FORGET
YOUR MANUALS
S.A.E. WITH

LOW FREQUENCY ANALYSER

50Hz —50kHz

ASSEMBLY AND INSTRUCTION

INFORMATION 5.A.E
PRICE €27 . P & P 75p

EX-MINISTRY. CT436 Double
Beam Oscilloscope DC-6 meys. Max
Sensitivity 10mv/cm. Small com
pact, Sze 10x10x 16in Sunable for
Colour TV servicing. Price £95 each

SOLARTRON OSCILLOSCOPE
TYPE CT316. DC — 6 mc/s Size
8% x 11" x 20" Very fine
condition 1n M:nisiry Iransit cases
Complete with copy of manual, £45

Board. modules and all including copy of manuai each

components (excluding 24V.P.U )

REQUIREMENTS

WIOE RANGE WOBBULATOR
5 MHZ to 150 MHZ {Useful harmonics wp 10 1.5 GHZ} up w0 15 MHZ
sweep widih, Only 3 controls preset RF level sweepwidith and frequency
Ideal for 107 or TV IF alignment filiers, recesvers. Can be used with any
yenera purpose scope. Full instructions suppiied Connect 6.3V AC and
use within minutes ol receiving. All this for only £6.75. P & P, 35p, (Not
cased, not cahbrated.)

20HZ to 200KHZ
SINE ANO SQUARE WAVE GENERATOR
in four ranges. Wien bridge oscillator thermistor stabillsed Separate
independeni sine and square wave amphiude controls, 3V max sine. 6V
max square outputs. Completely assembled P,C. Board, ready to use. 9 10
12V supply required. £8.B5 each. P. & P. 35p. Sine Wave only £6.85
each. P & F 35p

MAKE YOUR SINGLE BEAM SCOPE INTO
A DODUBLE WITH OUR NEW LOW PRICED
S0LID STATE SWITCH

2 HZ 1o @ MHZ Hook up a 9 voit battery
and connect your scope and have two
maces for ONLY £6,.25. P & P 25p

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

LOW FREQUENCY WOBBULATOR
Align receivers, filters, erc. 250kHZ 10 SMHZ effective
1o 30MHZ on harmonics Order as LX63. Price £8.50
F & P 35p LXB3E extends down to 20kHZ with
‘exiernal capacitors. Price £91.50 ¥ & P 35p. Use
with GP Scope. Requires 6.3V AC input. Automalic
S0HZ sweeping. (Not cased. not calibrated)

-
TRANSISTOR INVERTOR TYPE 8

Input 12V DC Output 1.3kV DC 1.5MA. Price

E4.70 P & P 36p. Other wypes as previously

advertised still available. Other combinations

possible S.A.E. with your requirements, No |

telephone calls.

Unless stated — please add £2.50 carriage to all units
VALUE ADDED TAX not included in prices — Goods marked with * 25% VAT, otherwise 8%
Official Orders Welcomed, Gov./Educational Depts., Autharities, etc., otherwise Cash with Order

CHILTMEAD | TDOE

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, King's Road). Tel.: Reading 582605
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Build the Texan stereoamplitler, then you ¢an be doubly proud ! Far a start.,
you'll own a superb home entertainniant
unit. And have nad all the pleasura ol

L 4 Can be built §lagé by stage
doing it yourself, with the Henry's Rit. ¢

Agh for leoflet 2
% Everything' necessary
supplied. Full after sales service
and guarantees.

KIT PRIGE

£35.00

Inc. VAT +£1 plp

Laok at the Texan speciflcation

Incarparaling fully infegrated slereg preamp
and power amp. with 61C°s, 10 tranplstors,

& reclifiers and tener diodey. Plys #tabilised,
plotected circullry, glass Nib peb; Gardeners
low-field low-tine mains transfermer; all
lacililles and controls. Siim design, chassis
147 1 6% L 2" geerail. 20 waltts perchannel
RMS, tess tham0.1% distortion a1 14Hz

Buiit and lested
E45.00 inC VAT
+{1.00php

THE NATURAL FOLLOW-ON — THE TEXAN FM TUNER KIT!

Binld the malChing Texan siseq tuner | Features
advanced vancap luming. Pnase lock loop decoder
Prodessionally designad Cicust. Everylhing you nead is
intna kil Fiom the giass hibra pch te the cabingt nsali,
Excellenispac 2.5 4V aendisensitivity. 500 mV gusput
{adjusiable). Tuningange B7-102 MH;. AMains
powered

KIT PRICE

£25.95

Inc. VAT +
60ppEp.

Budt andlested £30.95 inc. VAT +50p pErp

. alf the electronic excitement

you could wish far!
An up-to-the -minule gdme, Plugs i
o yous own TV aenal socket Wi
Switchan, And you'Ig away | ¥
Choose Youl game — fogiball, 1ennls
or nole-in-the-wall Absotulaly
salw. Foi you. Your chidren, And
your FV. Matns po werad ="

List Puce £42 50 o &) T
HENRY'S PRICE-ONLY £25.50 e
i ) Hi DR
J _' : : ginll s

For this new edifion, we hive made
hundreds ol €hanges and addiigns,
i has over 200 pages containing
viltually everyihung lar amareurs and
piolessionats. And you'll have ng
Bother at sl linding everything you
wan!, because there’s & complete
y Jphdbencal ingex a8 wall as a sechion
index. Yogethes, they pul you dighion
cOuse 11 1ha items you need, From
Sanclai prajects 16 gducational kits,
Oscilloscopes ta pacel meters Colls lg
capaciiors, Transisioss ta valves.
Loudspeakers ta microphanes - all ar
competiuve piices Dvet 200 e ﬂve,- 200
pages ol wital s1arisiies - just ol Dﬂg
you! Sg send now 1ot your copy.
- /Dp Cart /pack
- SELE. -SERvICE CE
309 ¢ Gw NTRE
ARE EROAp.

[:]
Argaing o, Hors . g

WD'NJ."J 9%, U o

L

FREE 10 Educ
ordered onaf

ional Establishments when
iat headed notepaper,

04/6 EOBWARE ROAD DND D 01.40
0 R $A 0OR | ' OND( 01-636 668
NEW 04/98 UPPER PARLIZ 3 f , 06022040

WMIDLANDS
STORE 2 o Radio, 30 p R o1
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ENGINEERS
-

YOURSELF FOR A

BETTER JOB -~ MORE I’AY'

Do you want promotion, a better job, higher pay?
“New opportunities’ shows you how to get them through
a low-cost, Home Study Course. There are no books to
buy and you can pay as you learn.

This easy to lollow GUIDE TO SUCCESS should be
read by every ambitious engineer. Send for this helpful
76-page {ree book NOW ! No obligation, nobody will cull
onyou. [t could be the best thing you ever did.

CHOOSE A BRAND NEW FUTURE HERE
= mm CUTOUTTHIS COUPON = mm

Tick or state subject of interest. Post to address below.

ELECTRICAL &
ELECTRONICS

Practical Radio &

MECHNICAL
AMSE (Mech)
Genera? Mech. Eng. []

AUTO & AERO

“otor Mechanics O

Eectronics fwith KD [0 ¢ 4 G Motor ¥

Electronic Engineerin, Mechnics ] |mst Engineers &

Certiflicate & General Auto I‘lﬂ:‘.":’c‘ans O
General Elect Engintering LUt T

Eng Certificate | il D Engineenng O |"'
C & G Elect T wetding U J
Insisllat:ans O ézﬂrﬂiegnstrauon Board )

Elect. [nstail & Work 3

O MAA/IMI Dip. O )

C &G Elect MANAGEMENT &
Technicians O PRODUCTION
b e Computer f
IRADIO AND TELE- Prugramming d
COMMUNICATIONS 'CONSTRUCTIONAL | o o0 0

Colour TV Servicng [] Heaung Ventilating & ‘Management Accls [
‘C & G Telecoms Aur Conditioning O
Techmican's Cert. O Aschitectural
C & G Radio, 1V & Draughttnanship & ¢ % .
Electronics Mech Design gmliﬁggsslgghl
Certiticate LIQOB ]
Radio & TV . Greneral
Engineering Course [ Carpu?(ry & olnery) (3] Deaughtsmanship [
Radlo, Servieing & Plumbing Technoiogy{ | AMIED. a
l Repairs Genera) Building O Electrieal
g Radio Amateur’s Painting & Braughtmanship O
4 Exam Detorating g
G.C.E.

OSx |
No -58°0’ & ‘A’ Level Subjects |
—over 10,000 Group Passes'

Aldermaston College

Dept. TET 13 Reading RG7 4PF

alsoat our London Advisory Office. 4 Fore Street Avenue,
Moorgate. London EC2Y 5EJ. Tel. 01-628 2721

NAME (Block Capitals)

ADDRESS

Posteode

Oiher subjects of intercst
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The following article provides
greater.. detail: of a device first
featured in ETI Data Sheet
November 1975, and lists several
applications for the amplifier not
covered therein:

@
7w

PHASE
COMPENSATION

r

STROBE

'V~ AND CASE
Fig. 1. Functional diagram of the CA3130,

The CA3130 series of operational
amplifiers combines the advantages of
both CMOS and bipolar transistors on
a single monolithic chip. A specificat-
ion and description of package options
available were given briefly in the Data
Sheet referred to above. These will not
be repeated here, and the circuits
for voltage regulator, pulse generator
and function generator given there
were sufficiently clear to make their
inclusion here-also superflous. Instead
we shall consider in detail the circuit
of the device, and give several further
very interesting applications.
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Fig. 2. Supply current against total supply
voltage.
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Fig. 3. Schematic diagrarmn of the CA3130.

CIRCYUIT DESCRIPTIDN

The output circuit consists of a
complementary-symmetry MOS {COS/
MOS} transistor pair,- capable of
swinging the output voltage to within
miltivelts of either supply voltage
terminal {at very high values of load
impedance).

The CA3130 Series circuits operate
at supply voltages ranging from 5 to
16 volts, or ¥25 to *8 volts when
using split supplies. They can be phase

campensated with a single external

capacitor, and have terminals for
adjustment of offset voltage for
applications requiring offset-null capa-
bility. Terminal provisions are also
made to permit strobing of the output
stage.

"~ The input terminals may be oper.
ated down to 0.5V bhelow the
negative supply rail, and the output
can be swung very close to either
supply rail in many applications.
Conseguently, the CA3130 Series

ELECTRONICS TODAY INTEBRNAT!IONAL—APRIL 1976

circuits are ideal for singte supply
operation. Three Class A amplifier
stages, having the individual gain
capability and currént consumption
shown in Fig. 3, provide the total gain
of the CA3130. A biasing circuit
provides two potentials for common
use tn the first and second stages.
Term. 8 can be used both for phase
compensation and tto strobe the
output stage into quiescence. When
Term. 8 is tied to the negative supply
rait {Term. 4) by mechanical or
electrical means, the output potential
at Term. 6 essentially rises to the
positive supply rail potential at Term.
7. This condition of essentially zero
current drain in the output stage under
the strobed “OFF" condition can only
‘be achieved when the ohmic load
resistance presented to the amplifier is
very high {e.g. when the amplifier
output is used to drive COS/MOS
digital circuits in comparator appli-
cations).

97




THE CA3130
OPERATIONAL AMPLIFIER

INPUT-OFFSET-VOLTAGE {V|n)

it is well known that the
characteristics of a MOS/FET device
can change slightly when a dc

gate-source bias potential is applied to
the device for extended time periods.
-The magnitude of the change is
increased at high temperatures. Users
of the CA3130 should be alert to the
possible impacts of this effect if the
application of the device involves
extended operation at high temper-
atures with a significant differential dc
bias voltage applied across Terms. 2
and 3.

OFFSET NULLING

Offset-voltage nulling is usually
accomplished with a 100,000-0hm
potentiometer connected across

Terms. 1 and 5 and with the
potentiometer slider arm connected to
Term. 4. A fine offset-null adjustment
usually can be effected with the slider
arm positioned in the mid -point of the
potentiometer’s total range.

HANDLING

The CA3130 uses MOS field-effect
transistors in the input circuit. Because
MOS/FET's have extremely high input
resistances, they are susceptible to
damage when exposed to extremely
high static electrical charges. To
minimize the possibilities of damaging

the input stage transistors, Q6 and Q7

the CA3130 utilizes a protective diode
network in  the input  stage.
Nevertheless, it is good practice that
precautions be observed during hand-
ling, testing and actual operation of
the CA3130 devices to minimize
possible damage (see ET! November
74 Handling CMOS).

&
WIDEBAND NQISE

For low-noise performance the

CA3130 is most advantageous in
applications  wherein the source
resistance of the input signal is 1
megohm or more. In this case, the
total input-referred noise voltage is

typically only 23 uV when a
test-circuit  amplifier is operated
at a total supply voltage of
15 wvolts. This value of totai

input-referred noise remains essentially
constant, even though the value of
source resistance is raised by an order
of magnitude. This characteristic is
due to the fact that reactance of the
input capacitance becomes a signifi-
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cant factor in shunting the scurce
resistance. It should be noted,
however, that for wvalues of source
resistance very much greater than 1
megohm, the total noise voltage
generated can be dominated by the
thermal noise contributions of both
the feedback and source resistors.

VOLTAGE FOLLOWERS

Operational amplifiers with very
high input resistances, like the
CA3130, are particularly suited to

service as voltage followers. Fig. 4
shows the circuit of a classical voltage

follower, using the CA3130-in a
split-supply configuration. The
digital-to-analog  converter  (DAC)

circuit, described in the following
section, illustrates the practical use of
the CA3130 in a single-supply
voltage-follower application.

PEAK DETECTORS

Peak-detector circuits are easily
implemented with the CA3130, as
illustrated in Fig. 5. It should be noted
that with large-signal inputs, the band-
width of the peak-negative circuit is
much less than that of the peak-
paositive circuit. The Second stage
of the CA3130 limits the bandwidth
in this case. .

" Negative-going - output-signal ex-
cursion requires a positive going signal
excursion at the collector of transistor
Q11, which is loaded by the intrinsic
capacitance of the associated circuitry
in this mode. On the other hand,
during a negative-going signal ex-
cursion at the collector of Q11, the
transistor functions in an active
“pull-down” mode so that the intrinsic
capacitance can be discharged more
expeditiously.

+7.5v

BV p-p INPUT

BW (-3 dB) = 1.3 MMz
0.3V pp INPUT;

BW {~3 dB) = 240 kHz

Fig. 4. Vaifége follower circuit with split supply of plus and minus 7.5 volts. This
circuit alfows low impedance loads to be driven from a high impedance source.

+1.5v

-71.5V

=

BW -3 4d8) = 4 MH2
SR = 10V/uS

+DC
ouTPUT

SuF
100k

|

accurate ac voltmeters.

{a} PEAK POSITIVE DETECTOR CIRCUIT

Fig. 5. Pesk positive detector circuit. Detectors such as this are ideal for building
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'9-BIT COS/MOS DAC

The circuit of a 9-bit Digital to
Analog Converter {DAC) is shown in
Fig. 6. This system cembines the
concepts of multiple-switch COS/MOS
IC’s, a low-cost' ladder network of
discrete metal-oxide film resistors, a
CA3130 op-amp connected as a
follower, and an inexpensive Mono-
lithic regulator in a simple single
power-suppiy arrangement. An ad-
ditional feature of the DAC is that it is
readily interfaced with COS/MOS
input logic, e.q. 10-volt logic levels are
used in the circuit of Fig. 6.

The circuit wuses an R/2R
voltage-ladder network, with the
output potential obtained directly by
terminating the ladder arms at either
the positive or the negative
power-supply terminal. Each
CD4007A contains three “inverters”,
each “inverter” functioning as " a
single-pole double-throw switch to
terminate an arm of the R/2R network
at either the positive or negative
power-supply terminal. The resistor
ladder is an assemply of one per cent
tolterance metal-oxide film resistors.
The, five arms requiring the highest
accuracy are assembled with series and
parallel combinations of 806,000-0hm
resistors from the same manufacturing
lot.

A single 15-volt supply provides a
positive bus for the CA3130 follower
amplifier and feeds the CA3085
voltage regulator. A ‘scale-adjust”
function is provided by the regulator
output control, set to a nominal
10-volt level in this system. The
line-voltage regulation {approximately
0.2%) permits a 9-bit accuracy to be
maintained with variations of several
volts in the supply. The flexibility
afforded by the COS/MOS building
,blocks simplifies the design of DAC
systems tailored to particular needs.

SINGLE-SUPPLY, ABSOLUTE-
VALUE, IDEAL FULLWAVE
RECTIFIER

An absolute-value circuit, using the
CA3130 is shown in Fig. 7. During
positive excursions, the input signal is
fed through the feedback network
directly to the output. Simul-
taneously, the positive excursion of
the input signal also drives the output
terminal (No.6}) of the inverting
amplifier negative such that the 1N914
diode effectively disconnects the
amplifier from the signal path. During
a negative-going excursion of the input
signal, the CA3130 functions as a
normal inverting amplifier with a gain
equaf to —R2/R1. When the equality
of the two equations shown in Fig. 12,
is satisfied, the full-wave output is
symmetrical.

10V LOGIC INPUTS
N

4 o
G .
+10.010
14
1 ]
2 1
Lsad 3 7 I 6 5 4 3 T TMSB
Te Ts Tw Ts Ta Tw TG 3 1o—|
CO4007A CDAB0TA CD4007A
“SWITCHES" [|_-switches “SWITCHES
¥l 1 =
12
T s 5
4
= <806k < 402k < 200k
1% 1% 1%
E sk 75
1 1 PARALLELED
a6k RESISTORS
1%
15V 10k
VOLTAGE UTPUT 3
+15V § REGULATOR ouT VOLTSGE
FOLLOWER
+10.010V 2
| LOAD
22.1k
1%, — 5GDF
-
T 1 REGULATED
0.00TF VOLTAGE

REQUIRED
BATIQO MATCH
STANDARD
:0.1%

10.2%
+0.4%

and the CA3130. &9 i?éﬁas

=
'

Fig. 6. Nine-bit digital-to-analogue
converter uses CMOS digital switches

G aN— |

ALL RESISTORS IN OHMS.

Fig. 7. An absolute value full“wave detector provides the average of the input waveform.
This is useful for converting dc meters. ey digital voltmeters to read the average of the ac
input signal.

AN

ak

20pF
GAIN LRz A
n R1+RZ+R3
2
. x +nZ 100k ADJUST
GEIC G (el OFFSET 2K
ADJUST
FOHX’O.S:H-F—Z P =
F 1 R1 20V pp INPUT : BW (-3 dB} = 230 kHz,
0.75 DC QUTPUT (AVG) = 3.2V
Ha=‘““ﬁ?’5k W p-p INPUT : BW (-3 dBI = 130 kHe,

DC QUTPUT |AVG} = 160mV
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THE CA3130 ’
OPERATIONAL AMPLIFIER

Fig. 8. A CMOS transistor array may !
be connected as 8 power booster for the
output stage of a CA3130,
+15V
- -+ .
QPERATION WiTH OUTPUT- ™ ID-D‘"F 14 2 1
STAGE POWER-BOOSTER . RENC | S e =
The current-sourcing and sinking —IH 4 0] ’_{ 02 |_{ o
capability of the CA3130 output stage . : '—l,_" p— _l, 1 iR, = 1000
is easily supplemented to provide sk TP | :g:% ;Jgn?rvm)
power-boost capability. In the circuit = a3 . : 1 g
of Fig. - 8, three COS/MOS™ |INPUT 2| . |
tranhsistor-pairs in a single CA3600E IC O 1”F A f 3 _i il 'Tﬂ
array are shown parallel connected H ! g r :
with the output stage in the CA3130. E i 8 5 ;
In the Class A mode of CA3600E | Ay oy - 4893 '. n? n? n3 : 1
shown, a typical device consumes 20 | SaC5inrs tokHz | _] _| , *
mA of supply current at 15V i :q = | = | : ‘
operation. This arrangement boosts L E '
the current-handling capability of the == -j‘j = “}E = i g—
CA3130 output stage by about 2.5, ’ = = 1
The amplifier circuit in Fig. 24 10k = # = 4
employs feedback to establish a T NOTE
closed-loop gain of 48 dB. The typical TRANSISTORS pt. p2, p3 AND n1_n2_n3 ARE
. . ; P L.CONNECTED WITH OB AND 012
large-signal bandwidth (-3 dB} is 50 B ey OF THE £A3130
kHz.

6-Digit D

igital Clock Kits

@ 72/24 HOUR [ s = o
® 50/60 HERTZ | 2 *
@ BRIGHT DISPLAYS s L g
® SLOW TIME SET \
@ FAST TIME SET i .
@ TIME HOLD oy J
R = 2 I Yo +90p Airmail p&p
If you have been considering buiding a digital clock kit but were discouraged by the
bigh prices, we have just removed your last excuse. Why. pay over E12 when you can
get one for about half that price?
KIT COMPRISES: OPTIONAL JUMBO DISPLAYS
1 — National MM5314 Clock Chip. 12/24 hour, 50/60 Hz option You can have 6 — 0.5 Jumbo displays with a suitable
6 — Bright red common cathode displays, 0.27'' character height. board instead of the 0.27'' types. Clock kit with 6 jumbo
7 — NPN Segment driver transistors. disptays £10.95° + 90p airmail p&p
6 — PNP Cathode driver transistors
g —ggrgon resistors *ORDERING lNFORMATION
— Lhodes

The above prices shown in British £s are approximate

2 — Disc caps equivalents of the following U.S. Dollar prices and should

1 — Eecrrolytic ﬁlz.er cap ] be used as a guide oniy:

3 — Switches for time setting functions Clock kit with 6 — 0.27" disptays U.S. $16.50 post paid.
2 — Exched, drilied and ptated p.c. boards. Clock kit with 6 — 0.60"" displays: U.S. $24.76 post paid.
1 — lllustratad assembly instructions manual Remittance by BANK DRAFTS or INTERNATIONAL
All you provide is a 9-12v ac/ 200 m/a Transformer MONEY ORDERS IN U.S. FUNDS. SENT ANYWHERE IN
and case of your choice THE WORLD.

NO ELECTRONICS KNOWLEDGE REQUIRED TO BUILD THESE KITS

=
sabtr‘a“lcs P.0. Box 64683, Dallas, Texas 75206, U.S.A.
PNTEANATIONAL
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Marshalf

A. Marshall{London) Ltd Dept:ETI
42 Cricklewood Broadway

London NW2 3ET Tel: 01-452 016172
Telex: 21492

& B5 West Regent St Glasgow G2 20D
Tel:041-332 4133

& 1 Straits Parade Fishponds Bristol
BS16 2LX Tel: 0272 654201/2

Callin and see us 9-5.30 Mon-Fri 9-5005at & 27 Rue Danton Issy Les Moulineaux

Paris 92 Ted:644 2356

Top 500 Semiconductors from the largest range in the UK

IN4SE [ X1}
2NASBA g.as
IN4STA 1.20
INAF0 400
INAGT 4.38
2N492 5.00
ZN453 5.20
INGGS Q.27
2NEST 0186
INGIE 0.82
ZNGSS n.53
ZNT0S 0.14
INTOBA 0.18
NI08 0.7
INTOY 0.42
FLTAR 050
2NTIE 0.231
ZNT184 [15-4 ]
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GET A GREAT DEAL FROM MARSHALLS. TV

SPARES FOR BONA FIDE DEALERS,
LARD, NATIONAL AND

SN7408 G119

2M3390
2N3391
INI3IGA

N3397

| TN3393

N3392

2N3aG2
2N3403

M3ald

INTLTE

IN34VE

283417

ZN3440

| 2n3901
2N 3447
ZMJ638
INIGIBA

NIEI
2NIBA T

2N3707
2N3I703

N3704

INITCE
IN3IT06

2NS1 9D

NG9

N5192
NS 195
ANS245

INSZY4

¢4as’

0.59

PEVMACS OB N CNPT ALy O

gubag‘uiuuinui;‘u.._-....—‘--'-n__gnn

Mo b @ =N L

SOOI EOEOP OO 0aNNNLUN-N- v ~-CO00000000CA000=0
— iy Ny D00 O

Q-rub0=00~00
P IR - Y AN
CoEanNBwwEmD

o048

2N5295
2NS286
2N5298
2NS4a57
2NSASH
2N5459
2N5492
2N5494
2N5496
2NE0Z27
ANSTTT
IN1z8
N33
x40
TANTAT
3N200
40361
40362

SN7432
SNTAA7
SN7438
SN74a40

L SNTAA1AN

SNTA42
SN7ads

| 5N7446

SN74a7

Jen7aan

SN71a50

coceooocas

[4] -
aochavanr

AFt1S
AFT18
AF117
AF118
AF124
AF125
AF126
AF127
AF139
AF 186
AFIGO
AF239
AF24D
AF279

022 | §N7851
| SM7453

5N7454
En7A60
SN7470
SN2472
SN747R
SNT7474
SN7475
$N7476
SNTAB0

sosscovaa

i
rEmESehan S

ooosoo
NNgAD e
CE-N-IT RT3

u'm-'-'—'—-«‘y..'-‘-'.-'—-'-a'a'--'...'.—-n'-'—b'—-h'u'n'm'.-'.-'.-&.au'-i..u'—'u"'.'-'_.-'-pg
NAUENNNN QAN AU AN R A UG E NN WL OGNS A muNn b B hO

BC20

SN 749;
Sh24%3

ShT494

FIRST ORDER OVER £10.00.

w327
wn
0.16
U6
018
u.ve
1%
s
9.25
V.25
115
018
o7

-co-ccoccoonas

O N = D m AR =

Sopogoc-~o0o-~
HGDHONOWHﬂs
VAR RND OO NN

CUNMMDOGNNGm N

BF160
BF163

NEW YEAR REDUCTIONS

TVL tntegrated Circuits — Quality & Prices you can’t beat’
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14DIL
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tapiL
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1abiL

MJsB0
MJAB1
MJaa0
W49

ITT, MUL-
MOTOROLA. SEND FOR
OUR NEW TWO PART CATALOGUE ON YOUR
HEADED PAPER, £1.00 INCLUDING POST AND
PACKING. REFUNDABLE WHEN YOU PLACE YOUR

\LM709T0ag

LM 3900
1M723C
LM741T099
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Lv7a88D1L
LM7BOS
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Trade and export enquiries welcome  Catalogue price 25p

MULLARD

oc3s 1.8 RADIO MODULES
Geaz 0.5¢ RF/IF AMPLIFIER
0Cas 0.1z
o671 i LP 1173 6.68
oc1z 0.25 Lr 118 3.54
oCe1 0.25 STEREQ PRE AMPLIFIER
0683 0.23 LP 118372 432
ORP1Z 0.55 LP 1184/2 1.18
e | e FM/IF AMPLIFIER
SL610C 1.70 LP 1185 5.56
SLE11C 1.70 FM TUNER .
gltglgg 1.70 LP 1186 6.88

2 260
Sleage v LP 1400 7.22
5L621
SLe 4pC
SLEA1E
SNIGOOIN
SNT601IN
$NTB023N
SNTBOIIN 297
ST or2 P.C. MARKER PEN DALD 33PC
Taszed  1.20 0.87. ZENER DIDDES 400MW
TAA 350 1.96 0.11, 1w 017, 2.5W 0.35. IC
TAASRQ 0.32 SOCKETS BDIL 0.10. 14DIL 0.14,
TAAGIIE 2B

16DIL 0.13, RESISTORS “w
0.02 (100 per valye 0.013), VW
TBAE4IE  2.25 0.0 (100 per wvalue 0.014)
SCORPIO CAR IGNITION XIT
£12.50, JUMBO 7-SEGMENT

3 DISPLAYS £2.00. DL 707 £1.75.
TilBogs e MINITRON £1.55 LED4 RED.

TIP29A 0.4 YELLOW. GREEN, 16dia 0.371,
TP30A 0,58 20dia. 0.33
TIPI1A
TIP32A
FIPA3A
TIFA48
TIF35A
TIF364
TIPA1A 0.79 SEE MARSHALLS FOR CMaS
TIP42A 090
TIP28c 080 .18 CDACIE 68 CDag4az .70
TIP30c .85 £04019 .52 CpaAD4Z .83
TIR3 1 1.00 £04020 8B Cp4D4d .77
TIp32e 125 -G4021 B8 CDAQ4ST.30
TIF33e 1.45 CD4007 1% CDAD22 85 CDAGAE120
TIP3ac 260 CDA021 1B Cup47 9%

Pd1c 40 CDAG24 .72 CDApay 45
Tipd2e 1.60 H CRAC25 1% CDAOSD .45
TIF49 0.70 AN CD4Q2Y A1 CD4STO01 25
TIP53 0.53 CO4028 .83 CO45111.94
TIP2955 048 45 €D40291.06 CD45161.25
TIP3)5Y 0.50 049030 CO4%181.87
-TiS43 0.28 chag3t CD45201 87
ITX300 0.13 .45 D407 B
ZTx301 013 CD4041 .70
ITXI02 0.2¢
ZTXS00 Qs
ZTX501 0.13
z'rr:.';oz 0.18
X530 0.23

Veroboard
apper Plain

o n1 01§

fp Ep £p

2.5x3%m 35 - 7

2,%%in - 1%

TTL 1 g
= - 3z
1.00 192

SN74174-  D.99 30 30

SN74175  O.70 16 116

$n74176 114 Troda sand Rararl Supplind

SN741BQ L@

NT4ral 195

§N24150 1 88

SNT4191  1.86

SN7a182 1.8

5N74191 115 A

SNT4196  1.60 Potentiometers

SNT4187 1.58 Linear or Log

SNTA198 180 .

SN74199  1.84 Singls Doubls
Potary Pols 25p 75p
Botary Swiiched  55p —_
Shders asp 5p

Full range of Capaciiors siocksd. Sem
carplogus for delwita

Prasets Horizonal or Vesncal
W 8p Iw 10p

MICRO-MIN SWITCHES 2P 2W

¢ 60p. 1P 2W 50p. SUB MIN
SWITCHES {P 2W 55p. 2P 2w
50p. 2P 2W CENTRE OFF 60p. | P
ON/OFF 45p.

MAIL ORDER
ALL PRICES EXCLUDE VAT
POSTAGE & PACKING Z5p
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2 ,,__0
+16- MV
R2 R3
Gk& c2 Sk6
1uf .
WHITE
a1 + NOISE
56k
¢ AAAA
a1 .
[1 ¥}
* o
g{f 0.005uF 0.003uF

Q1--Q2 ARE TYPE BC108

Fig 1. Circuit diagram of the noise generdator.

PARTS LIST —ETI 441

R1 Resistor 56K  12W 5%
o Ské 12W 5%

39k 1HW 5%
R4 " 1M W 5%
. 390Kk HW 5%

Cl Capacitor 25 25V electrolytic
c2 e 1 25V
c3 " 25LF 25v

atectrolytic
electrolytic

ca = 0.00514F polyester
cs 0 0.003UF polyester
[o:] B 820pF ceramic
c? £ LUF 25V electrolytic

Q1-Q3 Transistor BC548,BC108
or simitar

PC board ETI 441

CASE

BATTERIES

DUTPUT SOCKETS

North America: Use any NPN transistor
with a galn of 100 or more {such as the

" Radig Shack RS52013s)

22

Simple circuit generates both
white and pink noise.

NOISE is generally an undesirable

phenomena that degrades the
performance of many measurement
and instrumentation systems. [t
therefore seems strange that anyone
should want to generate noise, but this
is often the case.

Noise generators are often used to
inject noise into radio-frequency
amplifiers in order to evaluate their
small signal performance. They are
also used to test audio systems, and as
random signal sources for winddike
effects in electronic music.

There are two commonly used noise

source characteristics, 'pink’ and
‘white’. White noise is so called
because it has equal noise energy in
equal bandwidths over the total

frequency range of interest. Thus, for
example, a white noise source would
have equal energy in the band 100 to
200 Hz to that in the band 5000 to
5100 Hz. .

I f white noise is filtered or modified
in any way it is referred to as coloured
noise or, often more specifically, as
‘pink’ or ‘grey’ noise, The term pink
noise should be restricted to the noise
characteristic that has equal energy per
percentage change in bandwidth. For
example with true pink noise the
enerqy between 100 Hz and 200 Hz
should equat that between 5000 Hz
and 10 000 Hz (100% change in both
cases).

Pink noise therefore appears to have
more bass content than does white
noise, and it appears to the ear to have
a more uniform output level in audio
testing. To change white noise to pink
noise a filter is required that reduces
the output level by 3 dB per octave
{10 dB per decade} as the frequency is
increased, The ETI 441 Noise
Generator is designed to provide both
white and pink noise as required.

ELECTRONICS TODAY INTERNATIONAL—APRIL 1876



{*

HOW IT WORKS — ETI 441

In the days when vacuum tubes
were in common use the most
commonly used form of noise
generator was a vacuum-tube diode
operated in the current saturation
mode. Nowadays noise generators
may be very complex indeed. Highly
complex digital generators which
produce psuedo-random digital noise
may cost many thousands of pounds
An, example of a simpler type of
digital noise source may be found in
our synthesizer design (see
International Music Synthesizer 4600
ETI March 1974). However for
audio work of a general nature the
most commonly used, and the
simplest, method is to use a zener
diode as a noise generator.

Transistor Q1 is in fact used as a
zener diode. The normal base-emitter
junction s reverse-biased and goes
into zener break-down at about 7 to
8 volts. The zener noise current from
Q1 flows into the base of Q2 such
that an output of about 150
millivolts of white noise is available.

The ‘zener’, besides being the noise
source, also biases Q2 correctly, and
the noise output of Q2 is fed directly

a filter is required which provides a
3 dB cut per octave as the frequency
increases. A conventional RC
network is not suitable as a single RC
stage gives a cut of 6 dB per octave.
Hence a special network of Rs and (s
is required in order to approximate
the 3 dB-per-octave slope required.
Since such a filter attenuates the
noise considerably an amplifier is
used to restore the output level
Transistor Q3 is this amplifier and
the pink noise filter is connected as a
feedback network between cotlector
and base in order ‘to obtain the
required characteristic by controlling
the gain-versus-frequency of the
transistor. The output of transistor
Q3 is thus the pink-noise required
and is fed to the relevant output
socket.

To convert the white noise to pink q

to the White Noise output. :

CONSTRUCTION

Construction is relatively simple and
almost any of the common methods,
such as Veroboard or Matrix board,
may be used if desired. For neatness
and ease of assembly it is hard to beat
a proper printedcircuit board and for
this reason we have provided details of
a suitable board.

Almost any type of NPN transistor
will do for the generator provided that
the one used for O3 has a gain of 100
or more.

For use as a separate instrument in
general experimentation the unit will
need to be powered by a pair of
nine-volt batteries. However if the unit
is t0 be built into some other piece of
equipment, as is often the case, any
supply within the equipment which
has an output of between 15 and 30
volts dc will besuitable. ®

Bruel & Kjoer
15 L

Printed circuit layout. Full
size 67 x 49 mm.

Fig. 2. Component
overlay.
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The Black Watch kit
| ___ £1495!

* Practical—-easily built by
anyone in an evening's
{ straightforward assembly.

* Complete-right down to
strap and batteries. ¥

* Guaranteed. A correctly-
assembled watchis
guaranteedforayear. It
worksas soon as you put the '
batteriesin. On a built watch 1§
- we guarantee an accuracy :
within a second a day-but 2
building it yourself you may be
able to adjust the trimmer to
achieve an accuracy within a
second a week.

| Touchand tell

Press here for hours and minutes... here for minutes and seconds. Batteries easily replaced at home.

s The Black Watch by Sinclair is unique.

Controlled by a quartz crystal, and
powered by two hearing aid

batteries, it uses bright red LEDs to
show hours and minutes, and
minutes and seconds. And it's
styled in the cool prestige Sinclair

fashion: no knobs, no buttons,
wi No flash.

The Black Watch kitis unique, too.

It's rational — Sinclair have

reduced the separate

&  componentsto justfour-and

’it's simple: anybody who can

*7 useasolderingiron canassemble
a Black Watch without difficulty.

From opening the kit to wearing the

watchisa couple of hours' work.

=&

The specialist features of the Black Watch

Smooth, chunky, matt-black case, Large, bright, red display-easily read  Runs on two hearing-aid batteries
with black strap. (Black stainless- at night. Touch-and-see case- (supplied). Easily re-set using special
steel bracelet available as extra- no unprofessional buttons. button-no expensive jeweiier's
see order form.} service.

e T — S
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The Black Watch~using the unique
Sinclair-designed state-of-the-art IC.

The chip.

The heart of the Black Watchis a
unigue IC designed by Sinclair and
custom-built for them using
stafe-of-the-art technology-
integrated injectionlogic.

This chip of silicon measures only
3mmx 3mm and contains over
2000 transistors. The circuitincludes

a) reference oscillator

b) divider chain

c) decoder Circuits

d) display inhibit circuits
e) display driving circuits.

The chipistotally designed and
manufacturedin the UK, andis
the first designtoincorporate
afl circuitry for a digital
watch on a single chip.

Batteries

Take advantage of this
no-risks, money-back

offer today!

The Sinclair Black Watch is fully
guaranteed. Return your kit in original
condition within 10 days and we'll
refund your money without question.
All parts are tested and checked
before despatch-and correctly-
assembled watches are guaranteed
tor one year. Simply fill in the FREEPOST
orderform and post it-today!

Price In kit form: £14.95 {Inc. black
strap, VAT, p & p).

Price in built form: £24,95 {(inc, black
strap, VAT, p&p).

sirncis=ir-

Sinclair Radionics Ltd,

London Road, St Ives,

Huntingdon, Cambs., PE17 4HJ.
Tel: St lves (0480) 64646.

Reg. no: 699483 England. VAT Reg. no: 213817088,

Complete kit

£14.95!

...and how itworks

A crystal-controlled reference is used
todrive achain of 15 binary dividers
which reduce the frequency from
32,768 Hz to1Hz. This accurate
signalis then countedinto units of
seconds, minutes, and hours, and on
requestthe stored information is
processed by the decoders and
display drivers to feed the four
7-segment LED displays. When the
display isnotin gperation, special
power-saving circuits on the chip
reduce current consumption to only
afew microamps.

The kit contains
1, printedcircuit board

2.

unique Sinclair-designedIC
encapsulated quartz crystal
‘trimmer
capacitor
LED display
2-part case with window in-
position
batteries
battery-clip

. black strap (black stainless-
steel bracelet optional extra=
see order form)

. full instructions for building
‘and use.

LED display

Aflthe tools you need are a fine
soldering iron and a pair of cutters.
1f you've any queries or problems in
building, ring or write to Sinclair
service department for help.

Quartz crystal

2000-transistor silicon integrated circuit

To:Sinclair Radionics Ltd, FREEPOST, Stives, Huntingdon, Cambs., PE17 4BR.
l Please send me Total£

. (qty) Sinclair Black Watch
kit{s) at £14.95(inc.black
strap, VAT, p&p).

{Qty) Sinclair Black Watch{es)
built at £24.95(inc. black
strap, VAT, p&p}.

*lenclose cheque for £.
made out to Sinclair RadionicslL.td
and crossed.

*Please debitmy *Barclaycard/Access/
American Express account nuniber
{otyiblackstdinless stee]l 0 seseileteleiee e e srwe s
bracelet(s)at £2.00

(inc. VAT, p&p).

Name {please print}

Address e e —
Signature = ET I/d
FREEPOST-no stamp required. *Delete asrequired
= (¢ 1 _ [ [ __ -~} __ I E— —J
25
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AUDIO MILLIVOITMETER

Sensitive instrument for ‘A’ weighted audio noise and signal measurements.

AN ACCURATE and sensitive ac
“voltmeter is needed for many audic
equipment measurements,

Whilst for example, maximum power
output is readily measurable with a
conventional multimeter, more
complex instrumentation is required
for measuring noise output f{a
measurement required when checking
signal/naise ratio).

Even signat levels as high as 100 mV
typical output of most pre-amplifiers,
are not readily measured with
accuracy on a conventional multimeter.

The ETI 128 Millivoltmeter s
specifically designed for such
measurements whilst also being useful
as a general purpose ac/dc voltmeter.
The lowest range, of 300 microvolts
FSD, allows measurements to 80 dB
below one voit, whilst other ranges
allow measurements up to 30 volts ac
or dc. These ranges cover most of the
measurement requirements of audio
work.

When measuring noise levels account
must be taken of the non-linear
characteristics of the ear. For this
reason a network has been
incorporated which tailors the meter
response-versus-frequency to match
the subjective response of the ear.
Such a network is known as an ‘A
weighting network’ and its use
provides a measurement which is
realistically related to what is heard.
When measurements are made using
this network the results must be
gquoted as being ‘A weighted’.
Typically this is done by quoting dBA
rather than just plain d8.

CONSTRUCTION

The meter is a highly sensitive
instrument and for this reason the
constructional method given should be
followed closely if noise and hum
pickup are to be minimized.

A diecast box is used to house the
meter as this provides excellent
shielding against external signals. The

26

D DECIBELS f W by
% ©

o -

o

d

eti 128

30 my 100 my 109 my
-300B %\ -20a8 / -10 0B

10 mV
=40d8

0V
+30dB

® o
&

N

The meter used in the prototype
measured 100 x B2mm but required to
be rescaled. Any similar meter may be
used as long as it has 100 microamp
sensitivity.

The ac/dc and Flat/’A’ weight
switches are four-pole types although
only the outer two poles are used. The
centre two poles are earthed in order
to reduce the capacitance between the
two outer poles. Such precautions are
necessary to prevent any possibility of
instability on the most sensitive
ranges. The metal bracket which
supports the printed-circuit board also
acts as a shield between the meter
circuitry and the input stages.

Commence construction by
assembling components to the
printed-circuit board, making
absolutely sure that all are mounted in
the correct position and with the

correct polarity. This should be
carefully done — once the meter is
fully assembled, it is very difficult to
change components.

Assemble the front panel, fitting all
switches with the exception of SW3,
LEDs, potentiometer, input socket,
meter, and the shield. The shieid
passes between the centre two
contacts of the “A’-weighted switch.

Solder a tinned copper lead to each
of the 12 contacts on the rear wafer of
switch SW3 (about 25 mm long). Feed
these wires through the holes provided
in the printed-circuit board {1b to 11b
and Wb) making sure that the wiper
contact on the switch goes to Wb and
that the other wires are inserted in
sequence. Do not solder as yet,

Assemble the printed-circuit board
onto the shield and the rotary switch
to the front panel. We used a 3 mm

RANGES
dc (FSD)

ac (FSD})

ACCURACY
MINIMUM READING
Open circuit
Terminated 47 k
POWER SUPPLY
Voltage
Current
Battery life

-76 dB
—85 dB

SPECIFICATION

10, 30, 100, 300 mv, 1, 3, 30 V.
auto-polarity, LED indication.
0.3,1,3,10,30, 100, 300 mv, 1, 3, 10, 30 V
0dB=1mW into 600 ohms (0.775 V)
weighting curves, ac only, flat, 'A" weight

+ 3% nominal

+6 and —6 volt (batteries)
approximately 12.5 mA
-approx 100 hours (8 x 1015 cells)
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b -3 mvj,
S
01 mV
——03my
= 10 mV
A1 2R2 2A3 CR4 <R5 <RE
k3270 < 2k < 820 < B2k < 2k7 ~0'30 mV
i —0 100 mv
4,' 1 0 300 m
. 220uF R0 | b
&V !-—’ 01V
T a7 RB <, Bk2 [
220k 8k Sae Y
3200 10v
o3V

=
10pF

TOPINTY

—Va; RV3

100k

Fig. 1. Circuit diagram of the
millivoltmeter.
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stack of washers to space the switch
back from the front panel so the
control knob would sit down claser to
the front panel, Remove any slack in
the tinned-copper wires, connecting
the switch to the printed-circuit board
and then solder them to the board.
Now remove the printed-circuit board
and switch assembly from the front
panel. The switch wifl now be rigidly
held onto the board, and the front

"wafer can now be wired to the board
via further tinned-copper links. Make
sure that none of these wires is
touching.

Add leads to the printed-circuit in
the focations shown on the overlay
and reassemble the board and switch
assembly to the front panel. The
components on the front may now be
connected to the board by these leads
which should be kept as short as

possible without placing undue strain
on the wires. The only exception to
this rule is the wire from SWla to
SW2a which should be kept reasanably
well ¢clear of the second pole of SW10.
This is best done by running the lead
down the front panel along the
bottom and then back up to SW2a.
Shielded wire should be used where
designated on the overlay and wiring
diagrams, and this should preferably
“be of the low capacitance variety.

The LEDs are connected in parallel
but in anti-phase, the actual polarities
may be determined later if necessary
during the calibration pracedure.

CALIBRATION

Before commencing calibration,
check that the meter performs as it
should -on all ranges by applying
known voitages and checking that a

HOW ITWORKS — ETI 128

The millivoltmeter may be
separated into several sections in
order to simplify the explanation of
its mode of operation. These are:

(a) Inputattenuator.

(b) Tnput amplifier,

(c) ‘A’-weight network.

(d) Meter drive circuitry,

(e) Polarity detector.

The input attenuator consists of
resistors R11 1o 17 and capacitors C4
to 7, and gives division ratios of 1,
10, 100 and 1000. The capacitors are
required to ensure that the division
remains accurate at high frequencies.

The input amplifier is a CA3L30
operational amplifier where the gain
is selected by SW3b. Gains of 190,

60, 19, 6 and 1.9 are available which
I together with the input divider ratios

provide the 11 ranges required. The
high gain ranges of 190, 60 and 19
are ac coupled, as the temperature
stability of the CA3130 will not
allow voltages of less than 10 mV d¢
to be used. The output of this
amplifier is 60 mV when the meter is
indicafing full scale on any range. A
potentiometer, RVI, is provided to

adjust the offset voltage on the
CA3130 and thus acts as a zero-set
control. Since the offset voltage is
affected by temperature this control
is available externally.

When measuring noise in audio
svstems a weighting network is often
used fo give a measurement which is
related to the non-linear response of
the ear. The most commonly used
weighting is known as ‘A’ weignt and
this facility is built into the meter.
The ‘A’ weight curve is produced by
a network that has a three-pole,
high-pass filter and a single-pole,
low-pass filter. The main section of
this filter is formed by C10, C11,
Cl12 and R22, 23 and R24 (two
poles). The third pole is due to C3
and the one megohm combined
resistance of R11 to R17. This later
section prevents saturation of the
input amplifier at low frequencies,
Since this filter introduces some |oss
at | kHz, RV2 is incorporated to
provide the same loss in the ‘flat’
mode.

The second M acts as a meter
amplifier. Th- input signal is rectified
by the diode bridge DI to D4 whilst

the amplifier effectively compensates
for the diode drops. A preset for
offset adjustment, RV3, is provided
for this 1C. Calibration is performed
by adjustment of the shunting
resistance, R31 and RV4, across the
meter. Due to the full-wave action of
the rectifier the meter when on the
dc ranges reads uni-directionally
regardless of dc polarity. The output
of IC2 will however will either be at
over one volt positive or one volt
negative {voltage drops across the
diodes) depending on whether the
input voltage is positive or negative,
This is compared by IC3 against zero
volis and, depending on polarity,
either LED 1 or LED 2 will be
illiminated. With an ac input both
LEDs will be on. These LEDs are
therefore the polarity indicators.
Capacitor C19 removes any high
frequency components which could
be coupled into the input, as the
LEDs are located next to the input
socket:

Due to the difference between the
average and the RMS values of a
sine-wave a slight change in gain is
necessary in the ac mode and, this
change is made by SWlhb.

-
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This internal view of the meter shows on the right, how the range switch is wired to
the printed-circuit board. Note also the shield,
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then adjust RV 3 to zero the meter.

3. Select the 10 mV range, dc, and
‘flat’, and adjust the front panel
control RV 1 to zero the meter.

4. Remove the short from the input,
select the 300 mV range and apply an
input having a frequency of less than
500 Hz and a level which gives a
convenient indication, eqg 0 dB. Change
the frequency to somewhere between
10 kHz and 50 kHz making sure that
the input level is the same in both
cases, and adjust capacitor C7 so that
the meter reads the same in both cases.

5. Apply an ac input signal and
switch between ac and dc. The reading
on ac should be about 10% higher than
on dc. If it is 10% lower the leads to
switch SW1b should be reversed.

B. In the ac mode select ‘A’-weight
and apply a 1 kHz signal of sufficient
level to obtain a 0dB indication on
the 1 volt range. Vary the frequency.
over the whole audio range and check
that the response as shown in Fig. 4 is
obtained.

7. Go back to 1 kMz and check that
zero dB is indicated in the ‘A’-weight
mode. Now select ‘flat’ and adjust
RV2 to obtain the same reading.

8. Apply an accurately known
voltage with the instrument set to the
flat and ac modes and adjust RV4 to
give the correct reading.

9. Apply a dc input of known
polarity and check that the correct
LED illuminates. If not, reverse the
leads to the LEDs.

This comepletes the calibration and
the instrument shoutd now give
accurate readings on all ranges and at
all frequencies within the specified
range. ®
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SPACECRAFT
ENVIRONME

second is due to the planet’'s own
heating system, its molten core. in
the case of the moon, only the
albedo is present. About 12% more
heat will be generated by this
process and all astronauts operating
on the unar surface will encounter
this.

THE ABSORBING TRUTH

Not all materials absorb heat
equally. A white car for instance
remains much cooler than a biack
cne when left in the sun all day. The
reason for this is that thermal
radiation is confined to a spectrum
of 0.8-3.0 Microns and white paint
absorbs very little energy at .these
wavelengths (it is reflected). We
‘see’ at wavelengths far shorter
than those which correspond to
‘heat

MATERIAL CHOIGE

Numerous substances exhibit dif-
ferential absorptive and refiective
behaviour to radiation of different
wavelengths. So we can manufac-
ture filters and protective coatings
to weaken or reflect unwanted
thermal radiation. These'protective
coatings help controi the external
and internal temperature of the
spacecraft and spacesuits.

SURGICAL GOATING \

These coatings are usually in the
form of extremely thin films, yet
they have considerable effect. Great
care has to be taken assembling
equipment to ensure that these
films are not damaged (one often
sees photographs of people assem-
bling equipment dressed like sur-
geons performing an operation).
Every speck of dust represents a
hazard.

PROBLEMS WITH ULTRA VIOLET

We are all familiar with the effects
of the sun’s ultra-violet light
radiation; the paint on a door or

32

ABOVE: The link-up mission module is checked out by Lenov and Slayton in the manned
spacecraft center

BELOW. The spacesuit is the astronauts minialure craft. It provides him protection whilst
outside the capsule.

RIGHT: Skylab photographed from the astronauts as they pull away. Atop the near end is the
emergency solar shield deployed by the second crew. A solar power panel matching the one at
right foreground was lost during the launching. At the far end is the Apolio telescope mount
with its paddie-wheel power panels.
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window frame discolours after
being exposed to several months of
direct sunlight. Our bodies become
‘tanned’ if we stay in the sun.
Above the earth's protective atmos-
phere the intensity of this UV light
is much greater and the discoloura-
tion process is speeded up. Fortun-
ately, substances called ‘Ferro-
cenes’ (organic,metallic com-
pounds) offer great resistance to UV
radiation. At the same time they
- permit the thermal coatings beneath
them to continue reflecting the
thermal energy incident upon them.
A series of layered protective
coatings is thus formed, the layers
of which function at different
portions of the electromagnetic
spectrum. Without ferrocenes and
other similar substances, the sun’s

UV radiation would quickly degrade
the thermal coatings.

EXHAUSTING PROBLEMS

As mentioned earlier, the exhaust
gases emitted from RCS engines
can greatly raise the temperature of
parts of the craft in a few seconds. It
ts essential, therefore, to avoid
placing important communications
.equipment — antennae, radar,
-altimeters, radiation probes, etc, in
the path of exhaust plumes. Several
techniques are employed to prevent
overheating of any equipment
placed outside the protective skin of
the craft. Each section of an

antenna, for example, is thermally
insulated from the next minimising
heat conduction.

The materials themselves, mainly
‘metallic in nature, are chosen for
their high temperature characters-
tics. Caught in a sudden surge of
heat radiation their molecular struc-
ture remains intact and does not
deform, an essential characteristic
when using precision microwave
antennas. Extra thicknesses of
ferrocene coatings are also used,
and have been found .entirely
adequate in all but the most severe
exposure to rocket exhaust. '

METEORS

Throughout interplanetary space
there exist millions upon billions of

fragments of planetary debris,
called meteors, or micro-meteorites.
The size of these fragments can vary
between the size of a grain of sand

to that of a football or a small island.

Any spacecraft unfortunate enough
to encounter the smallest of these

fragments encounters a severe
hazard. If large numbers were
encountered all at the same

moment the experience becomes
somewhat akin to passing through a
sand blasting machine. Larger
meteors will wreck the spacecraft
with a single direct hit. However,
astronomical data already collected
by deep space probes, together with
earlier information built up from
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earth based observations, suggests
that the likelihood of such collisions
occurring is extremely small indeed.
There are, however, regions with a
very high population of these
fragments, such as the Asteroid Belt
between Mars and Jupiter, and
until space wvehicles are built as
large as skyscrapers (like Star Trek's
Enterprise) there will be obvious
danger for any vessel probing out
into space through these regions.

THE OANGERS OF ‘NOTHING’

The gas pressure in space is less
than 10'2mm of mercury. This
vacuum, the solar thermal
influence, together introduce some
rather bizarre problems.
Sublimation of materials is ana-
logous to evaporation of a liquid.
The wmetals zinc and cadium,
.commonly used in electronic sys-
tems, will sublime at the rate of 1
millimetre per year in the vacuum of

-space. Little imagination istequired

to see what could happen to wiring,
and switch contacts, etc., when
metals re-deposit themselves across
a supposedly open circuit. Thus the
electronic systems utilised in space-
craft must employ metals that do
not sublime readily. In addition
Electronic circuits are usually pres-
sure sealded as a module, using
linert gases.

‘OVER-ATTRACTION

A further aspect of vacuum and
solar heat is "cold welding’. Metallic
surfaces devoid of grease and gas
films can very easily weld together
by mere impact under the correct
conditions. A switch contact could
become permanently closed, or a
relay fused. The designers must
therefore select materials which do
not easily succumb to the effect.
Coatings or films can assist with this
problem, but generally it is over-
come by the choice of materials.

It is obvious then that explorers in
space have many different hazards
and dangers to overcome. The fact
that so many space missions have
been successful is a great tribute to
American scientists.

Photographs supplied by NASA. @@
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It is our policy to quote an all-inclusive price in every Case,
there is nothing else to pay.

Since the ET| Book Service started about nine months ago, it has
achieved enormous popularity with readers. The books included
in the list are selected for their likely appeal to ETI readers. The
list includes many ‘standard’ works as well as the latest titles.

This month we are listing about three times the normal num
ber to introduce readers to some less well-known titles and
specialist books.
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SEMICONDUCTOR DATA

INTERNATIONAL TRANS{STOR SELECTOR

T, D. Towans £3.45

H 1t takes you longer than one minuie 10 hnd our &Il sboul transistors, Then you Nasd & copy
of 1his booh,

POPULAR VALVE/TRANSISTOR SUBSTITUTION
GUID £2.1%

Subﬂu[u‘lnn duia tor both valves ang trAngNTOrS 1N DN NAwW voluma

El.eﬂb.l.? VALVE AND SEMICONDUCTOR DATA

Charactenancs of 1,000 valvas. cathads 1oy iubok transaiars, dindes. recuhers ang opucal same £2.50
conduciers. This naw adion (1875} is righ wp 16 date end over 450.000 copies have baan sold
TRANSISTOR EQUIVALENTS DATA BOOK £3.00
DIODE EQUIVALENT DATA BOOK £2.65
TEST EQUIPMENT AND OSCILLOSCOPES

BASIC ELECTHONIC TEST PROCEDURES

I. M. Gottlis| £2.35
Showu how 10 gn sccurmte massurement wilh VOMes malara and aecill@scopan

'ELECTRONIC TEST EQUIPMENT

H, Kitehes £5.00

Enpigins tha principles and requiremaents of perucylar fypes of ledt equipment inCluding typeal
arcuitey,

HOW TO TROUBLESHOOT AND REPAIR ELECTRONIC

IEE‘.‘I E!SIUIPMENT £2.15

Packed with practical dms on repair of il typas of insiruments

HOW TO TEST INSTRUMENTS IN ELECTRONIC

FEEING £2.15
Tha all-m-one Wy Inyirpmant application hand book -
HOW TO USE VECTORSCOPES, OSCILLOSCOPES

J‘\IFHD SWEEP SIGNAL GENERATORS £1.95

A practical Quiie et talls how 10 uss modern TV et insirumans
I'l()}.d".‘:r TO USE YOUR VOM VTVM AND OSCILLOSCOPE
:;rrcnﬂﬁg:: ulu; i helping 1G select myrumenis best swied to ond vidusl needs

THE OSCILLOSCOPE
G Tk

£1.85

£2.10
Sracts from the firgt principles snd wkas tha rasdar ra an advancad laval
PRACTICAL TEST EQUIPMENT YOU CAN BUILD
W. Gresn £2.15
For tschnicans, radin/ TV service opersior and sanoys expanmaniers
HADIO TV AND AUDIO TEST EQUIPMENT £4.95
A p-mcucnl gude K3 Tedt and ad largaly with 1he oadilloscops .
TEST INSTRUMENTS FOR ELECTHON!CS
. Crtford £1.65
Evey modfimbons o your VOM /VTVM and stope with 1ha &3 of 1his book
WORKING WITH THE OSCILLOSCOPE
A Beundsr £1.85
Inclugos workanop 1es1 proects with LBrge s Crawogs
SERVICING WITH THE OSCILLOSCOPE
LJanum 1976} £5.00

Includes » urique sares of teaces 10 be lopnd 1n normal
nd foully aguipinen!. sarén r.dm :uloul T\l Circuns servstong 18 dealt wnh

HOW TO ORDER
All prices are correct at the time of going to press but are sub-
ject to alteration without notice. All prices inglude postage.
Please print your name and address ¢learly and list each titie and
price separately. Cheques and postal orders should be made pay-

able to ETI Book Service, Books are sent on seven days® approval

against a full cash remijttance, plus postage. Book stock is not

held at ETI's London offices and orders should be sent to: ETI

ggngSERVICE 25 COURT CLOSE, BRAY, MAIDENHEAD,
KS.
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TELEPHONES
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The telephone was made by
Alexander Graham Bell and the
world’s first telephone message wat
sent by him to his assistant,
Thomas Watson, in Boston, Mass.,
a hundred years ago.

Twenty-seven years earlier a tele-
phone, believed to be the first, was
built in Havana by Antonio.Meucci
of Florence. This instrument was

TELEPHONE
BOXES

The first public call-box was
cpened in New Haven, Conn. on
1st June 1880. Payment was to an
attendant. Regular callers could
buy a key to enable calls when the
attendant was off duty.

The first coin-operated telephone
was installed in Hartford, Conn, in
1889. It was not until 1206 that
the Post Office opened their first
coin-box telephone at the Ludgate
Circus P.O.

'COME HERE, WATSON,
| WANT YOU

These words were sent, and received, on the
telephone shown above, on 10th March 1876

never patented or demonstrated
publicly.

The first publicly demonstrat-
ed phone was built in 1860 by
Johan Phiiipp Reis near Frankfurt.
It was made from a violin case, a
barrel bung and a sausage skin.
Listeners claimed to be able to
recognise music but messages were
.unintelligibie.

Prepayment phone boxes were
net introduced until 1925,

The first outdoor kiosks in
Britain were erected n 1908. Most
of the kiosks were made of wood,
but in dockiand areas they were
made of galvanised iron to with.
stand the agression of dockers who
lose their money.

In 1912 the Postmaster General
approved the provision of doodling
pads to discourage callers from
defacing walls. These were aband-
oned during the first World War.

The first standard kiosk design
was introduced in 1921 — a con-
crete frame with red wooden door
and metal glazing bars.

THE FUTURE

ETI's DIRECTORY

BRITISH
TELEPHONE

1879 First telephone exchange in England
was opened in Londen, by the Telephone
Company Ltd.

1896 National Telephone Company’s trunk
service was taken over by the Post Office.
1912 Al National Telephone Company
exﬁ;‘langes had been taken over by the Post

ce.
1915 Archangel submarine telegraph cable
was laid,

1925 Prepayment
were Introduced.
1927 London — New York radiotelephone
service commenced,

1929 Hand micro-telephone was introdyced
{combined transmitter and receiver in one
hand-set).

1932 “'Telex', "Printergram'™ and private
telegraph services were Introduced.

1937 Flrst submarine coaxial
cable opened to MHoiland
channels. *'999*" service
London.
1943 Fipst
the Irish Sea.
1949 London-Birmingham television radio
relay link opened.

1951 Telephone Act passed,
the Postermaster-General tao
¢harges by Statutory Regulation.
19586 Opening of the  Transatlantic
Telephone Cable.

1958 First subscriber Trunk
installation opened at Bristol.
1962 First telecommunications satelllte
{Telstar) launched, Experimental electronic
exchange cpened at Highgate Wood.

1963 International Subscriber Dialling [1SD)
mtroduced from London to Paris.

1964 Datel serwices introduced. . First
Crossbar exchange gpened 1o publlc sarvice,
1965 London Post Cffice Tower opened,
1968 Inauguration of
modulatien {PCM}
1273 world's  first
national Confravislon
London and Sydney,
1975 I1SD extended to 26 countries. Post
Office's new Research Centre opened at
Martiesham Heath, Suffolk at a cost &f
£11% million,

coin-colliecting boxes

telephone

carrying 16
introduced In
lald in

submerged repeater

enabling
flx retail

Dialling

first pulse code
switchlng centre.
experimental Inter-
link-up  between

Next month's ETI
article on VIEWDATA. In this system
subscribers will be able to call up
information from a central computer
using their telephone line.

Other developments being research-
ed oy the Post Office include sending:
signals down glass fibres, The cap-
acity is fantastic — half a million
phone calls can be transmitted down
a “‘cable” of glass fiores!

will feature an

ELECTRONICS TODAY INTERNATIONAL—-APRIL 1976
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TELEPHONE
EXCHANGES

The first telephone exchange was advertised in
October 1877 by lsaac Smith, for the New England
Telephone Company. Within a month he had 17
subscribers. The first in Britain was the Glasgow
Medical Telephone Exchange built in 1879, Unlimit-
ed calls where allowed for a fee of £12.

The photo above shows a lady operator inan
Edwardian telephone exchange.

The first automatic exchange was patented in
1889 by Almon B. Strowger, a Kansas City under-
taker. Strowger had previously been losing custom
when the wife of a rival undertaker became an
operator of the manual exchange,

The first Strowger exchange was opened 1832 in
the US; the first in Britain opened in London in
1892, The early telephones did not have dials — the
subscriber has to tap out the number on 3 keys
{(hundreds, tens and units).

The first telephone dials were
used in 1896. Projecting vanes
divided the sectors of the dial —
the use of holes was a later
development. Today the push-
button dial is common and soon
it will be standard.

ELECTRONICS TODAY INTERNATIONAL—APRIL 1976

"7 "METAC INTERNATIONAL

QUARTZ ACCURACY

LED MODEL TLE3
* Hours

* Minutes
# Seconts £‘ 53[]
g + £1.26 VAT
Jet Black Stainless SUMLINE
Steel Braceiet CASE
LED MODEL TLES
* Hours
* Minutes
#* Seconds
* Date
* Alpha Day
* AM/PM
SLIMELINE

Stainless Steel ASE
Bracelet £29.95 + £2.40 VAT &

LIQUID CRYSTAL

CONTINUOUS DISPLAY
WITH UNIQUE BACKLIGHY

* Hours

* Minutes QUARTZ
# Seconds ACCURAGY
#* Date

* Flashing Colon

% PM Indication

SUMLINE CASES

MODEL MODEL
TLCAG TLCAS

£38 4 £36 40

+£3.11 VAT +£2 .91 VAT
Gold plated Staihless Steel
Bracelet Bracelet

METAC SUPERCOVER

Nownhere, not even in the most expenswe [eweliary shops will
you find this DOUBLE GUARANTEE

* REFUND in full 8l) money paid immecdiately upon request
for 8 period of 2% DAYS if not entirely satisfied with the
product

* REPLACE or repair at our discretion any watch developing
a fault for a perod of TWO YEARS from date of purchase

* FREE cal:ibration chack at end of 1st year: 2nd year and 3rd
year

# FREE advising service on all wchnicat aspects of Electronic
Timing to wearers of METAC watches

NOW WEAR YOUR WATCH WITH CONFIDENCE
All watches dispatched in presentation boxes

Mail order customers please add 58 pence per order 1o cover
postage and insurance.

CROSS LANE, BRAUNSTON, NORTHANTS
Tel. Rugby 890672

Please supply the following . .
Name
I enclose chague []

# ddress pestal order "] monay orer ]

| wish tu pay by Berclaycard/Access asd my number is

=

Signature .
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Now we bring you...

TOP PROJECTS No.

WHICH INCLUDES .

GRAPHIC EQUALISER

RADAR
INTRUDER ALARM

COLOUR ORGAN

DIGITAL VOLTMETER

LIGHT DIMMER

ELECTRONIC IGNITION

DIGITAL DISPLAY

AF METER

a l
. ’T“'o
R S8

TACHO TIMING LIGHT

PLUS MANY MORE

Available from your newsagents or direct
from ETI. Please send £1.20 to cover
cost plus postage and packing. Make
cheques and P.0O.’s payable to ETI
Magazine and please write Top Projects
No. 3 and your address on the back of
your cheque,

TOP PROJECTS No. 3

ETl Magazine,

36 Ebury Street,

London SW1W OLW

OIV SALE AT YOUR NEWSAGENTS MID-MARCH: £1.00

ELECTRONICS TODAY INTERNATIONAL-APRIL 1976




" Save up o 3% wi

Hl/ Viarshalls

SEMICONDUCTOR OFFER

ETl and Marshalis have again teamed up to bring our readers this chance 1o stock up on [C's and
power transistors at very special prices. All devices carry Marshalls usual guarantees, and are
brand new (as usualf} straight from the manufacturers. There are large stocks of everything in the

lists, But order quickly 10 make sure of that component you need.

For readers in Bristol and Glasgow it couldn’t be easier! Just go along to the Marshalls shop to
pick up your order. But TAKE THE COUPON WITH YOU, no orders will be accepted without it. Al

mail orders 1o London branch. please.

i | B
i G B Rl A A R AR R S A R R R RS rove |
) ]
7400 (06 | 0 [ 7450 | 6 | a1 |70 ] 230 170 |aooase | a8 | 92 || & | 60 |vemreons | a0 | 2
HOLL0g | A0 wsa | a6 | a0 | 7e193 | 105 | 85 f 400vaE | a8 | 12 | 035 | a0 | 80 | Lm748 sonLe 0| =
THE2 { .16 N T4 -6 1 74136 1560 | 100 | 400228 18 2 1 ap4g A5 36 [ mCldiope 250 1.9
ngfae | 00| | 3| s 1006 9% | m NESSSY R
9 |02 fm | Az | 2 wa? Bl a2 2M3055 85 | 45
w6 [0 | e | &) u 5008 52 | 8 MIZ955 w0 | 15
Wil | e | e | 5| a om | 52| % MIEZES 12 | %0
g |om [ 06| ue | 66 | a4 o | oas | a2 WJE3055 TS| A
0.5 | N T | N 2 4mz 18 g au::f:nn; Il.ls: 1];5: READERS ARE
naln Moy T2t 3 A 013 5 80139/ ADVISED TO KEEP A
a6 | 0| i [ [ 8 I T BOY56 150 | 38
g |6 | 0| | s s | s | B RECORD OF THEIR
Tz |65 | a5 | e 1| m 1019 52| ORDERS:.
1|8 | S5 | | | s wa | oas| R
450 | .16 11 | ®180 | 110 k-] 4024 72 | 50 |Devices marked~ VAT at 25%. All others at 8%
r—_——__——__— — — S, Y G N RS I e MR N S —--—l—_——_—1
Nosmwi | Offer ~ ’-Nomai' Dt ~
I TYPE Proe | Price ary L P THFE Prce an: QTyY| ¢ p |
|  TO: ETI READER OFFER T T AT w7 8 I ]
401 16 i1 4008 = &
i ;un 6 it gﬁ ispe) 35 |
4 16 1 8 a2
I A. Marshall {Lon) Ltd. ;m, ks 2 e 4 1z |
1 1] 6 " 45
I 42 Cricklewood Brgadway el . 1] T s | |
6 » 16 018 ]
| London NW 41 - s m sz - |
17 <] 14 0z a8 12
pL5 ] 113 n 4024 n -Iﬁi(l]] I
: 7440 J6 10 40 <]
Please f-_nd enclosed my remittance 7502 et i e 14 20
{shown in final col on the nght) 145 u 55 049 a5 % |
l Made payable 10 A, Marshall (London) ;:;J 16 11 LM74T B0 JJ]I 23'9 '
i 16 t LM748 BOIL ; 4 3
l Ltd. for components specified. o e 1l' P L
st 8 i YESSSY o | w |
l L) 3 i’} M08 65 A5
PLEASE PRINT CLEARLY L 2 4 2055 g | s |
| 7492 45 2 MJE2955 120 L
;493 45 2 MJEJ055 15 0 I
196 5 “ 80135/ Pr 110 15
N i 2 | u minappe | 158 | 1o |
| ADDRESS na  fia 8 HaSh a7
APDRESSSe." . . . 1 Bl 1
1S3 ] %
| ;:‘5; 120 0 okt s __|
e m‘;, e = POST & PACKING
20 - |
| ................... T419) 115 5 VAT AT 8%
141% 150 1.00 __I
BEiaae . - e @ wm T3 BT 25%
M AWk 18 a2 ___l
| i S T 1975 25p CATALOGUE {optional) I
ANY GUANTITY OR COMBINATION MAY BE <
l ORDERED, BUT CAN ONLY BE ACCEPTED ON i
I THIS COUPON SUB TOTAL TOTAL I
g 17

ELECTRONICS TODAY INTERNATIONAL—APRIL 1976

FREE BONUS FOR ORDERS OVER £10

————————-———-———————————————-——_————————-J—J

1.C. INSERTION TOOL WORTH 60p I
COVIPLETELY FREE OF CHARGE. IDEAL |

TOOL FOR ALL ENTHUSIASTS.
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VIEWDATA

The Post Office’s Viewdata
system has received surpris-
ingly little publicity despite
the enormous implications.
What is it? Use your existing
telephone line and TV set to
summon up a vast store of
information from a central
system. A special report in
ETL
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OFFER
ON

CASSETTES

High quality C80 audio cassettes at
a sensationally low price — that's
the offer in next month’s ETI. Full
details in the May issue.

EXPANDER

COMPRESSOR

An unusual project designed to
our normal high standard —
expand or compress the dynamic
range of any audio signal to
increase fidelity or intelligability
depending on the application.

FROZEN
SIGNALS

Storage scope tubes have openedI
up the analysis of non-repeating
fast signals, yet how they work is
not widely known and is very
clever,

TEMPERATURE
METER

An inexpensive project using a
widely available sensor — a silicon
diode! Can be calibrated for C or F
and designed for easy coupling to a
digital display.

WILL WE GET
IT IN TIME ®

Two weeks before the next issue
goes to press, a really exciting IC is
due for release which will be of
especial interest to the home
constructor. ETI has been pro-
mised the first sample: if we get it.
— you’ll know about!

MAKE SURE OF YOUR COPY

ETI's sales increased in 1975 by
over 34% (Dec 74-Dec 75) — that
resulted in a lot of disappointed
potential readers despite consider-
able increases in print run. Be sure
of your copy — place a regular
order with your newsagent — he'll
be glad to reserve you a copy.

Features mentioned here are
scheduled for the May issue. How-
ever, circumstances, including
topical articles, may affect the
final contents.

TOUCH SWITCH

New Technolgies have made the
touch switch thoroughly practical
— next month we present a pro-
ject with endless applications.

40

DATA SHEET SPECIAL:

AUDIO AMPLIFIER ICs

We’ve gathered together data on
both common and less well known
audio amp ICs for this special. It
covers from milliwatts to 100W

and will save you hours of
research when you next tackle an
audio project.

ELECTRONICS TODAY INTERNATICNAL—APRIL 1976
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P.E. CAR CLOCK KIT AVAILABLE

Send s.a.e. for details/prices. etc
ADVANCED ALARM CLOCK KIT

Complete kit including attractive shm case with perspex panel for 6 dign
alarm clock with bleep alarm. snooze and automatic intensity control, high
bnghtness display driving, uses MK50253 IC and Jumbo O Sin LEDs Kit
also includes PCBs, active and passive gomponents. IC skt. nmin
transtormer, switches. flat cable, loudspeaker, mains cable and plug. Full
nstructrons. Crystal control /battery back-up and touch switch snooze and
alarm are optional add-ons £27.3%

SIMPLE & ATTRACTIVE 4-digit CLOCK KIT

(As featured in January Everyday Elecironics) Ideal kit for the less
expenenced constructor; kit includes IC. pleasing 4’ green display with
colon. PCB. mimature transformer, shm white case with perspex front
panel, and all other components except mains cable and plug. Full
instructions 3 - . £15.69

CRYSTAL TIMEBASE KIT

Ali components including PCB (47mm x §3mm) to pravide 50cps for clock
ICs gwing time accurate to a few seconds a month Kit includes PCB
32 768 kHz mimature watch crystal. trmmer, 3 CMOS ICs and sockets.
Cs, Rs £6.28

STOPWATCH

Complete Kit for Stopwatch {as in December ET1); choose 6 digit range
trom tens of hours to milliseconds Contents Verocase 75/1410J red
perspex front panel, Manganese battenes. clips. transistors, diodes, winng
pins, screws, sockets, pin-header. CMOS. resistors, capacitors, 5 12MHz
crystal.  tnmmer, PCBs, 6 x MAN3M displays With instructions,
component layout, etc £31.80
STOPWATCH WITH ONE LATCH: As above but kit also includes
facility to repeatedly freeze one set of displays with count continuing on the
other set €47.71
ADD VAT at 8% 1o all Prices in this advertisement. 15p P&P on orders under 1 3
Free on orders over L3 Orders sent by 1st Class Post Exports No VAT 35p (Europe).
11 {Dverseas) for Air Ml PP jany vxcess refunded) Full Price List and Dala with any
order. of on request {phone or send 5 3.6.)

Official Orders waicomed, wnilen phoned or telexed from Univs  Palys  Nat Inds
Gowt Depariments Companies atc Fastest Delivery for R&D.

53a Aston Street, Oxford
SINTEL

Tel. 0865 49791
Tolex: 837650. A/B ELECTRONIC OXFD

cMOS

CMODS lrom the leading manulaciurers anly

£DA000A 0.17 CDA028A 0.74 CD4053Aa 0.77 CDA0BEB 0.59
CLA001A 0.17 CD4029A 0.94 €D40544A 0.96 (D4089R 1.27
€04002A 0.17 CD4D30A 0.46 CDA055A 1.08 CD4093B 0.66
C04G06A 0.97 (CD4031A 1.82 C0D4056A 1.08  (DaD94B 1.63
CDA007A 0.17 CD4032A 0.88 CD4OS7A  20.35 (040958 0.86
CDA4COBA 0.79 CD4033A 1.14 CD405%a 10.64 CD4096B 0.86
CD4009A 0.46 CD4034a 1.66 CD40BOA 0.92 CD40998 1.50
C04010A 0.46 (D403I5A 0.97 CD40G1A 16.43 CD45028B 0.98
CD401iA 0.17 . CDA036A 1.82 CD4062A 7.33 C045108 192
CD4012A 0.17 (CD4037A 0.78 CO40D63R 0.90 CD45118 1.28
CD4013A 0.46 (CDA403BA 0.88 CD4066A 0.58 CB45148 2.56
040134 0.83  CD4039%A 2.86 CD40678 2.95 (045158 2.56
CD4015A 0.83 CD4040A o.88 CD4a0688 0.8 (CDA5168 132
CDA016A 046 C04041A 0.69 CDA40698 0.18 CD4518B 1.03
CO4017A 0.83 CD4032A 0.69 CD40708 0.18 (CD45206 1.03
C04018A 0.83 C040434 0.83 CD40718B 0.8 (CD45278 1.30

CD40194 0.46 (D4044A 0.77 C040728 0.13 Cpas328 1.16
CD4020A 0.92 CD4045A 1.15 CD40738 018 (cpassse 0.74
CD4021A 0.83 CDAOABA 1.10 CD40758 0.18 (Dass6B 0.74
040224 0.79 CDA4D47A 0.74 (CD4Q76B 1.27 MC14508 2.37
CD4023A 0.17 CDAG4BA 0.46 CD40Q7?78 018 MC14528 0.86
CD3024A 0.64 CD3043A 0.46 CD40788 0.18 MC14538 6.04
CD4025A 0.17 COD4050A 046 CD30818 0.18 MC14563 4.07
CD4026A 1.42 CD4051A 0.77 CD40828 0.18 mCtase6 1.21
CD4027A 0.46 C04052A 0.77 (CD40858 0.59 MCMI14582 805

RCA 1975 CMOS Databook: 400 pages of data sheets and 200 pages of
circuits, applications and other useful nformauon €2.67 (Add: no
VAT —post free)
Motorala McMOS Databook (Volume §, Senies A)

£2.77 (Add no VAT ~post tres)

CLOCK ICs DISPLAYS VEROCASES
MK50253 £5.60 DL7C4E 85p 75/14104 £2.64
MK50250 £5.00 FND500 €1.02 (205 x 140 x 40mm)
MM5314 £4.44 FND5000 9sp 75/1411D £2,94
AY51202 £4.76 MAN3M a8p (205 x 140 x 75mm)
AY51224 £3.66 5LTO1 £5.80 Fiat Cable
MKS030M  £12.50 LCD £9.40 20-way £1 per m.

DISPLAY PC8s (each fits neatly into Verocase J) lor clock with 6 x
FND500. for clock with 6 x DL704_ for counter with up 10 8 x FNDS0Q. for
counter with up 1o 8 x DL704 - these four are £1.35 each, for clock with 4
x FND500 90p. ?

IC SOCKET PINS. Lowes! cost sockets for CMOS, TTL. Cs. Displays.
Strip of 100 pins for 50p, 400 for £2, 1,000 tor £4, 3 000 for £10.50.

srkrife

mk2

The tried, tested, proven, reliable, complete,
professional, capacitive discharge,

“Sparknte’ was voted bast of l.tvv"ml Tesiad by
Popular Motoring Magazine

ORDER NOWV

TO: ELECTRONICS DESIGN ASSOCIATES GEPY. €Ti &
82 Bath Sireet. Walsafl. wS1 3SE. Phone 33652

FROM Hew . -

Agddress

SPARKRITE MK 2 DIY Asssabty & & £10.9)

Electronir

fa
manufae

SPARKR/TE MK 2 Rosdy Bui Megetive sarth « 1188

SPARKRITE MK 2 Rosdy BuiR Positve sarth » £13.08
Ignitlon changeaver swilches @ £2.58

AL M. Limit rreioms in the shove wwve & £2.42

| enciess chogue P 0.8 for §
Clatts Wo,

T ——

HARGED

o3t Sl wakher starting

«y = L0 1o 5 imes longer without attention.

rasier acCaierBinm. highet top speeds longer coll and bartery

e #thoent fuel burnmg and less B polfution, SMOOThe:
unning. contimust pask Dertormance

THE KIT COMPRISES EVERYTHING NEEOED

Ready dnlled pressed s1ec) case coted wi matt hiack ppoTy resm,
184y, drlied base and heatsink tap quetiey § yesr quaranteed
iransiormer snd comporents. cables, coil connectors frinted

ELECTRONICS TODAY INTERNATIONAL—APRIL 1976

PRICES

DY 2sembivkn £1093ine VA T post and packing Ready
Budt wil £33 B6 nc! ¥V A T.. post and paching (Both 10 tn all
wetucles with conl / dutributod synton up (o 8§ cylinders |

+Swatch for neant ¢l rom Sparkfrte {gnimon 10
conventronal grmon €2 98 VAT, post and packng
RPM hmitng contra! £2 42 mal VAT, post and paching
fFo1ted Wy ciie o inedy bustl unit. dashbosrd maunting on kit |

CALLERS WELCOME
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TEGH-
TIPS

INDEX

AC to DC Converter, Preclsion Dec 73 80 Diode Tester Sept 74 66 LDR, Ho d Jan 76 47
Actjve Band Pass Oct 7466  Diode Tester GO/NO-GO Aug 73 B2 DM ldh Atk 5
Actlve Tane Contral Qct 74 66 Disco Autotade May 75 68 R g o St
. Simple ug Doorchimes Delay Jan
Alarm, Baslic Apr 7566  Doubie Precision Rectifier B 757 b e
Ampliitier, Economy Feb 75 68 Dual Polarity Power Suppily Mar 75 67 Frequency Converter June 75 64
Artificial Full-Wave Rectifler 'Aug 73 66 Dummy Load for High Power Light-Fiasher (Ultra-Simpie) July 74 66
S Mt emer A Amps Oct 75 66 Light Level Indicator Aug 75 66
ud:o Amplifier 0l Light Show Circuit June 74 67
Audlo Amplifier Oct 75 65 5
Audio Cllpper, Preclslon Han 76 44 3 H&g‘;,%;:,‘,'@;{‘,‘om (J:)ucr:e ;2 gg
Audjoc Doubler July 72 83 Electronlic Fuse Apr 75 66 Lock, Electroni¢ Jan 76 50
Audjo Leads, Universal Aug 75 65 Electronlc Fuse, Better Sept 75 66 I.ogic' Anatyser Mar 76 73
Audio Mixer, One Transistor Mar 75 66 Electronic Switch June 75 64 Loglc Probe Nov 75 74
Audlo Rejection Filter Nov 74 67 FET Radlo Dec 74 67 Coudspeaker Checking June 74 67
Audio-RF Signai Tracer Preamp Jan 76 44 FET Square Wave Generator Feb 75 68 Loudspeaker Microphone May 74 63
Audlo Trafficator indlcator Jan 75 64 Fillament Connectlons June 73 81 Low temperature Alarm June 74 66
Automobile Rev Counter/ Fliter, Active Jan 74 77 Low Frequency Extender N‘I’ r 76 72
Tachometer July 74 66 Finlshing Front Panels Feb 75 €6 Low Regulated DC Voltages Jualy 73 82
Auxillary Battery Adaptor Feb 75 68 S i idas Warning .nar:e ;g -~ Low Voltage Stabillsers Mar 75 67
:ishcasller, Transistorised June 75 6.‘7:
lash Slave Drlver Oct 74 6
Back-up Fallure Lamp Nov 74 67 gtasher gircui't ] L'l AT
- v lasher Transistorised Dec 74 66 Making Slow P
Batanced Regulator, Simple Aug 75 64 Floodiamp Power Control Dec 72 Be Au?!lsbt?a e Jan 76 52
Bandpass Filter, Active Sept 72 80 Fluorescent Starting, Filcker- Measuring Migh Reslstance with
Battery Checking July 74 66 Free Jan 76 45 Multirfeter Sept 73 82
Battery Life June 74 66 Four-Way Flasher Adaptor June 75 65 Measuring Micro-Ammeter
Battery Snaps May 74 62 Frequency Meter, Simple Reslstance Apr 75 66
Battery Tester Dec 75 73 Accurate Mar 76 73 Measuring RMS Vajue of AC
Battery Tester Jan 76 49 Fuse Fallure Indicator July 74 66 with DC DVM Jan 76 48
Beeper, Transistorised May 75 67 Fuzz Box Apr 75 67 Memory that Learns July 75 40
Blown Fuse Indicator May 75 68 Fuzz Box Oct 75 66 Meter Protection with Zeners July 72 83
Boost your Mains Apr 72 66 Mixer, Good (RF) Mar 74 63
‘Bucket’ Regulator Jan 76 48 Modef Train épeed Control June 75 65
Burglar Alarm, How not to
e ’ e h Monostable Multivibrator Dec 74 67
esign Jan 6 Gain Controlled Amplifier June 73 81 Multipiler Efficlency, improvingJune 72 84
GO{rNC:-GO Dlode-Transistor ) e MulgptlieI;IOp_,f\mp Circuit
ester an etectors True RMS July 75 44
Multlvibrator, Improved Mar 76 74
g . Multlvibrator, Unusual Aug 75 65
gaagggﬁgrrlc%ihg‘glrté%l'l:r, Varjable hongtr ;2 gg Malf Charge Rate for Car Multivibrator, Wide Range Dec 72 86
Car Warning Flasher System  Sept 74 66 Batteries Feb 76 70
Cartridge & Rumle Filter Mar 76 74 Half-Wave Rectitler, Fast Sept 72 86
Chopper. Simple Jan 76 51 Headlamp Dipper, Automatic Feb 76 70
Clipper Preamp Sept 75 65 Heat Sinks, Avolding Insulated Apr 75 66 :eon Flasher Warning s Juty 75 41
Clock Generator, Muitiphase  Jan 76 46 High tmpedance Amplifier L g eon, Low \oiftage Transistor
CMOS Ciock Feb 7567  Hish Imoedance Bridpe o = - L
Colour Coding Components Jan 76 46 Amplifler Sept 75 65 Nf.%n ALl el - L
Compressor, Simple Mar 74 63 Nols:dLPn‘\sﬁg?'ge Limiter sJ;an 75 66
Constant Current Clrcuit Mar 75 66 DIGIEE Rt A R ept 75 66
Constant Current Source Apr 74 67 Noise sofjerf:e gl L =4 Jome 73 81
Coolant Level warning Aug 74 66 High Impedance Voltmeter Nov 74 66 - 5imple June 73 81
Crackle-Free Pot. Opto-isolator July 75 39 High input Impedance Amp Nov 74 66
Crossover, Simple Sept 74 67 High-Power Zenered Votlage
Crystal Checker Jan 76 46 from LLow Power Sources Jan 76 45
Crystal Check-Up May 75 66 High Voitage Constant Current Og-Amp Radio Dec 74 66
Crystal Earpieces June 74 67 Supply Feb 75 69 QP-Amps as Photocell Amp Dec 72 86
Crystals, Uncritical Aug 73 82 High Voltage Electroiytics May 74 62 Optical Pulse Conditioner Jan 7% 66
Current Limiter Sert 74 67 High Voltage from-a Battery Qct 73 82 Osclilator, Simpie Dec 75 72
gurren: Is.‘l)mlting_r ! July 75 a1 Hum Stopper Nov 75 72 Oscillator, Wide Range July 72 B4 l
urren urce, femperature
Stable Mar 76 74
IC Stabllised P.S, Aug 75
identifying 74 Series Uiy 7543  Deak Detect & Hoid Circult  Apr 75 67
tmproving UJT Linearity May ‘7462 < SRIEEEEMERIR CuCUit Feb 73 85
DC to DC/AC Inverter Sept 75 65 tncreased Sensitivity for Heavy 5 b Lspeli
DC-DC Converter May 75 66 Current Thyristors Apr 75 66 Economical Aug 75 65
Oigltal Capacitance Probe July 75 38 Increasing Noise Immunity July 75 44 Photo Electric Relay Feb 7569
Digital Comparator, Low Cost Noy 72 81 informatlon Transfer July 75 38 PLL AM Receiver Sept 74 66
819::3; '?ie P E)elc ;g 7‘51 Intruder Atarm Jan 76 49 :I%%Flirglnztooret 1 3"‘" ;i ?g
igital Tape Adaptor uly 4 Inverter, Transformer sl XLt o o
Digital voltmeter July 75 42 S eeTian Jan 76 47 power Supplies, Adjusting Sept 75 64
OIL Drilling Jan 76 52 Power Supply or Battery? Apr 74 66
Diode Adjusts Zener Voltage Nov 74 &7 Power Supply, Variable glves
Diode Checker Apr 72 B4 JFET Test, Quick Apr 75 67 +ve or —ve output Mar 75 67
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ATA §
INDE

SL415A & SLalan
TBA810

AY.5-1224A
AY-5-3507
AY-1-069_12 & AY-1-5051

Product Detector, Translstor Apr
Protecting IC's Agalnst Shorts Nowv
Pulse Count to Speed Converter Apr
Pulse Delay, Economical

Pulse Generator Dec
Pulse Generator, Simple Aug
Pulse Timer June

RC Oscillator, Stable Dec
Reaction Comparator Sept
Recording Pickup c
Reduced Ripple at Low Current Nov
Reference Voltage Supply Apr
Regulator, Variable, High

Voitage Jan
Replacing Soldering iron Bits May
Rasistor Values, Odd A
Resistors In Parallei
RE Amplifier Protection
RF Attenuator, Variable
RF Dectector
RF |ndicator, LED
RF Preampiifier
RF Voltmeter, Sens|tive

Saw-Tooth Generator
Saw-Tooth Generator, Simple
Schmitt Trigger without

Hysterlsis Sept
SCR Control, Full-wWave July
SCR Crowbar Protection July
Screw Starter July
SCR Tester Noy
Self-Triggering Timing Circult Jan
Sequential Closing of Relays May
Sequential Timer Nov
Shaft Position Digltal

Transducer May
Sharing Diode Load Apr
Shaver Adaptor July
Shutter Saver Mar
Signal Tracer May
Signal Track and Hold Circult  Oct
Sine/Square Wave Converter Apr
Single Ended Power Supplles,

Coverting June
Siren Circults for Toys Feb
Siren, Toy Feb
Siren, Simple May
Solder-Flow Problems June
Soldering IC"s July
Sound Effects Generator Oct
Sound Effects Generator Jan
Sound Oparated Two Way

Switch Nov
Speed Control for Models Apr

** Errata June

Speeding up Darlingtons July
Square-Wave Generator July
Square-Wave Generator, Fast

Edge Nov
Square-Wave Generator, Variable

Duty May
Stabillsed Power Supply Dec
Stabllised Power Supply.Meter-

"E 3 Mar
Step Frequency Osciltator April
Strength Tester July
Strobe, Low Frequency Feb
Suppressed Zero Meter July
Suppressed Zero Voltmeter for

car Apr
Sweep Generator, Linear May

ELECTRONICS TODAY INTERNATIONAL

MUA 7800 Serles

Temperature Control System
Temperature Sensor
Temperature Switch
Temperature Sensor, Remote
Thermistor Oscillator
Thermocoupie Thermometer
Thermostat, Low Differential
Timer, 741
Tinning with Solder Wick
Tone Control Circult
Touch Controlled Doorbsll
Touch Sensitive Switch
Touch Triggered Bistable
Transformers [n Reverse
Transtormer-inductor Tester
Transistor Current Galn Tester
Transistor ldentification
Translstor Phase Shifter
Translstor/SCR Tester
Transistor Spcket
Transistor Tester, Basic
TTL Mains interface
ITL Probe
Twilight Switch, Automatlc
Two Control Signals Down
One Wire

Varlable BrHilance Lamp

Varlable Duty Cyc¢le Oscllator

Varilable Frequency Muitiple
Waveform Generator

Varicaps, Chraple

vCoO, imple

Very ‘Cow Output Impedance

Video Power Amplifler

Voltage Controlled Monostable

Voltage Dilvider, Precision

Voltage Dlvider, Regulated

Voltage Doubter, Modffied

Volitage Muitiplier

Voltage Processor

VR Tubes, Boosting

Waa-Waa Circuit

warbling Alarm

Water Level Alarm

White & Pink Nojse Generator
white & Pink Noise Generator
wideband Ampliflers

wiper Delay, Unlversal

Zener Boosts Output Voltage
of Regulator

2ener Diode Check

Zener Dlode LIfts Capacitor
Rating

Zener Diode Nolse Generator

Zener Diode Varlabte

Zaner Diode, Variable

Zener Dlodes, Increasing Power
Rating

Zero-Crossing Pulse Generator

Zero Crossing Switch

Zero Crossing Sync Clreuit

ZN4 14 Power Supply

12v—9, 7.5 or 6V Converter
Auto)

30V Regulators

100xHz Marker

5000 Second Astable

100,000Mohm DC Probie?

-APREIL 1976

March
Aprll

TECH-TIPS AND
DATASHEET INDEX

Tech-Tips has been running
in ETls since the first issue
four years ago. It is an ideas
forum and we cannot supply
further details on any of
the circuits. In this index
some item’s titles have been
rearranged to facilitate search-
ing.

Datasheet is a relatively
new series { 6 months old)
and so far has covered only
ICs. For more information
contact the manufacturer
who can supply full data.

BACK
NUMBERS

The table below shows which of our back
issues are available from our offices, We
charge 40p per issue, plus 15p (for the
first) then 10p (each subsequent issue) fo

to Electronics
International and order should be sent to:
Back Issues Department,
ET1 Magazine,
36 Ebury Street, London SWIW QLW.
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MAINS TRANSFORMERS PRINTED CIRCUIT KIT r S-DECS AND T-DECS
Pri. 240v 710127 7 Nofrills, alt. value kit containing 4 pieces 8" x = =
EI;. 25 p P seg 27/0/27v at 800 m/a, 7' formica laminate, 1 pce. &' x 6'' J S-DEC £1.90. Post & Packing 20p.
Pri. 1107 i E fibre-glass laminate, 1 Ib. etching crystals, 50 | T-DEC £3.60. Post & Packing 30p.
I:'L 0/240v sec. 50v at 10amps, | ccs resistink with instructions. £2.30. P.p. | U-DEC A £4.20. Post & Packing 20p
& IR00. P.P. E1380. 50p. U-DEC B £6.90. Post & Packing 40p.
::.01010;;40v sec. 20/21/22v at 8 amp, CIRCUIT BOARD
Skt Bt 25/ Va5 amp, | PCB.1/16. 10z COPPER OVERLOAD CUT-OUTS
£7.00. P.P. £1.50. " | FORMICA Panel mounting 800 M/A. 1.8 amp. 10
Pri. 1107240y sec. 24/40v at 1% amp, entes e g o i amp. 55p ea.
1.90. P.P. 60p. -9.4x8.1in 3 pcs., 90p.
P, 2400 sa 20/40/80v at 2 smp, | DIM. 10.1x 7.91n 3 pos., £1.00 HIGH CAPACITY ELECTROLYTICS
£3.00.P.P. 700 % Dim. 13.1x94in 3 pcs., £1.20. 250mid 763 volt. 20p. P.P. 8p.
3 = Dim. 17.0x9.0in 2 pcs., £1.20. 1000mfd/ 100 volt, 70p. P.P. 25p,
;gb.zaov IR 22 15 amp: 2 R B e Pty TP I btk 2200mfd/ 100 volt, 90p. P.P. 25p.
9 BAR N PA 4700mid/ 25 volt, 85p. P.P. 20p.
Pri. 240u sec. 18y at 1.5 amp and 12va1 1 | B GAIN PACK 6800mfd/ 16 voli, 50p. PP, 15p.
p. . P.P. 50p. pes. 101 x 7.9 in. Plus free 1/2 Ib
) etching Xtals. £2.80. P P 10,000mfd/ 25 volt. 75p. P.P. 25p.
Pri. 240v sec. 18v at 1 amp, £1.00. P.P, ching Atals, £2.80. P.P. 45p.
25,000mfd/40 volt, £1.25. P.P. 30p.
30p. FIBRE GLASS P.C.B. 47,000mfd /40 volt, £2.00, P.P. 50p.
S.C.R. (NEW, MARKED) Dim. 6 x & in. 35p each. 100,000mfd/ 10 volt, £1.50. P.P. 50p.
12me 400 piv. 35p. 5 amp 400 piv g ) 160.000mfd/ 10 volt. £2.00. P.P. 50p.
Pi Equals less than 1p sq. in. 10.7 M.H.Z. CANNED I.Fs
SIEMENS MINIATURE RELAYS Post & Packing 5p per sheet. glzé 1x% xh‘r{z in, 65p. P.P.-10p.
By 4c/0 with base, 65p ea. EDGE CONNECTORS 54 WAY e T TR 0. Sp T SENR,
24v 2c/o with base, 50p ea. 1 vero size etc. can easily: be cut to any 80p. P.P. 20p.
MAINS RELAY 240v stk it N MINATURE METERS
3c/0 10 amp contacts, 95p with base. IG‘ES|ST GOATED P.C.B. FIBRE GLASS 500 micro-amp (level-stereo beat:‘or). %fg-).
- x 6 in, 50p ea. scaled half black /7 half red, Size 1 x 1 in, 65p.
MINIA:I'UHE RELAYS 12 x 6 in, 90p ea. P.P. 15p.
{138.1%x"4) 24v 4c/0 40p. 12x 12 in, £1.50 ea.
GARRARD PLINTH & COVER Past & Packing 10p per sheet. RIBBON CABLE
For Zero-100, etc. Finished in brushed | FERRIC CHLDRIDE ETCHING XTALS 8 way. 8 colours. Bonded flat side by side.
aluminium an'd black, with hinged smoke 1 lb — 1 litre pack, 60p. P.P. 15p. 10 Metres, £1.90.
grey perspex lid, £11.00, 5 Ib — § litre pack, £1.95. P.P. 55p. o g
BLUE P.C.B. INK 10 NELMES Wa
. Y, HORNCHURCH
Etch resist, use with any pen, much_ cheaper KINNIE GOMPDN ENTS ESSEX RM11 202 7
than ready-loaded pens 50ccs. Price 55p. HORNCHURCH 45167
P.P. 10p. MAIL ORDER ONLY. PERSONAL CALLERS BY APPOINTMENT

tecknowledgey in consumer ICs-and their applications.
SGS Audio ICs Modules & Kits

Weve moved||Medules

3 8011 Totally touch tuned varicap controiier buitt £14.99,
e = % ccomodate expanded R & D
- { rb. ;l'o_ra'. = AMBEIT hp moved sales 8005 Larsholt tunerset accesory unit, with piiot tone filter
s o s h and audio stages, rectifies, 1G stabilizer, meter driver
J’ and administration to 25 High St. circuits. £4.99 {kit}
/ Brentwood. The existing 37 Migh 8001 55kHz2 low pass filter (mpx bindy filter) £2.35 buile
1 Street premises are retained for the £1.75 (krt)
] s engineering activities. 2001 Stereo scrateh and rumble filter, with continuously
- hi variable operating frequencies. £5.80 {built
il One of the first products of this £4.60 (ki)
move has been the development of 300Q Stereo control preamp - 2 wide dynamic range, low
a TV sound tuner, from an “off distortion Achre;mp_ with voi, bal, bass and treble
r E @ g i 7
air'”’ system, using its own varicap controls. kit £5.
= . 2020k The TDA2020 sterec amo kit photographed on the
R e 3 UHF TV tuner, with ICIF am- \efy, £7.85
e plifiers and block fliters by TOKO. 7700 TV off air UHF sound tuner - built £26.00

And then one of our best ever {4 preset stations)

L The much heralded TDA2020 is here, And just TS 7B BFCTRIE Touch tinaT:

to make sure that you don’t go wrong, so is the

9000 kit  AM/FM mpx tuner chassis, with mach. tuner £17.50

SGS application test circuit PCB for a stereo with scanning mode, '"‘:‘ ’“‘i'f‘i’.‘ 7004 kit  MW/LW varicap tuner modula, inc. ferrite rod  £9.95
15 + 15 {RMS) Hi Fi amplifier. for 6 preset stations. The unit is 7252 HiFi MOSFET FM tuner module by Larsholt  £24.00
suitable for use with FM, and now 7253 HiFi FET FM tunes module inc decoder £24.00
Prices : IC__|aubiO DISCRETES ||| AM of course, snd offers a com- AU gy A e TN
TBA810AS +HS 1.08 2TX107/8/9 14p plete tuner system without any Complete EM Tunerikin. inc case for b sekiich thaiolove
TCAS40E +HS 1.80 ZTX413(LN) 17p moving parts. Selection is by means modules: detsils SAE plesse. Prices range #gm £40 - £60.
TDA2020 2.99 FTX212/3/4 16p of touch tuning in all cases, with . : = .
FM LINEAR 1cs 180535 n 1860y 620 manual scan snd preset switching Amongst our various a;‘c;ssoncs‘for Fntert:unrncm
et & automatically interiocked. c_lcccromcs 15 & range of FM runing, frequency and
MC1350 .70 [BOS36 pn 53p sig. strength meters with 12v, SOmA bulb. £2.50 ea:
CA3089 +QC 1.94 ggg;; 2: 3A/50v ggg Our R&D fecilites sreoavallablo for
.00 ral consultancy to OEMs: further - -
Uz bl e I BD5616 npny 2A/45v 27p g:':-enls an spplication, Standard project ! ‘& ; M‘_ "
MPX LINEAR ICS lapsis pnp 30p egtimation fee, inciuding project evalua- & W—— 1 — a
MC1310P +LED 2.20 |BOBO0S npn 10A/S0v 70p m::emment date 1s €15.00 payable in E
CA3000AQ +LED 375 |[BDSI10 pn 102p : 3 ’ . - — -

Free price list with an SAE, catalogie of modules and parts

O]
. = 2 40p.. including posiage and VAT
! amblt Internatlorv‘.._au.l. CWO please, official bodies and companies

General Terms:

' 2 lease note min. invoice £7.50. PP for CWO orders 22p per
' 25 hlgh Street' brentWOOdl grder. (UK and Eire). Overseas customers please include suffi-

' tel: (0277) 216029 cient for postage. VAT is not included, and must be added
essex. cm14 4rh-. tix: 995194 at 25%, In stock orders despatched within 48 hours.
o ELECTRONICS TODAY INTERNATIONAL-APRIL 1976

T



Illlesi microsielil] 10

MIGROBIDLOGY

IN WHICH IS DISCUSSED the
internal operation (biology?) of the
microprocessor. Last month we
discussed the general organisation
of a microcomputer; this month we
shall focus on the heart of this unit
— the microprocessor. We shall
start by reviewing a few basic
concepts — incidentally a good
introductory course if you haven't
done much digital work is Cam-
bridge Learning Enterprises’ "De-
sign of Digitat Systems’, which is
advertised elsewhere in this issue.
By the time you complete Vol 6,
microprocessors won't give you any
trouble!

NUMBER SYSTEMS

In everyday life, people count in
tens, which is fairly logical when
you consider that you have 10
fingers. However, if fate had
decreed that the human race should
have only eight fingers, it is very
probable that we should be count-
ing in eights, and it is doubtful that
we should ever find this to be a
disadvantage. Now, a digital com-
‘puter has 'no fingers and in fact the.
only change of state it can ‘per-
ceive’ is the presence or absence of
a voltage. (See ‘Electronics — f(t's
Easy’ for a refresher .}
Consequently, it is convenient to

represent these two states as a ‘0’
and "1’ respectwely This counting
to the base two is known as binary
arithmetic and is the system that
virtually ali digital computers use.
Just as the digits in a decimal
number represent varying powers of
ten, e.g. 365 is 3x10? + 6x10' +
5x10°, so in a binary number the
digits represent powers of two. For
example, the binary number
11010,., equals 1x2* + 1x2° +
Ox2? + 1x2" + Ox2%ie. 164+8+2
which is 26,,,. The decimal number
39,. can simply be converted to
binary by various methods — the
simplest to use for such a low
number is to find the highest power
of two which can be subtracted

from it and then attempt to subtract

descending powers from it. In this
case the highest power of two which
can be subtracted from 39 is the
fifth (2°=32) leaving 7 remainder.

We write down a one as the first
figure of our resuit. The next lowest
power is the fourth (2*=16) which
cannot be subtracted from 7, so we
write down a nought. Two to the
third, which is 8, cannot be
subtracted from 7 either, so we
write another nought, but 2 squared
or 4 can be taken away, to leave 3,
subtracting 2 leaves 1 and taking
away 1 leaves zero, so we ¢an write
the final three ones to give our final
answer of 100111 . There are
well-defined methods for converting
binary to decimal and vice versa,

0

LISTEN! —
DOING THE COMPOSING AND AN

WITH A DEDIC«‘-‘:TED MPU

OTHER THE PLAYING,
MIKE OLDFIELD?

but it is not proposed to go into
‘these here as they have been dealt
with so often elsewhere, including
‘Design of Digital Systems’.

Now, as we've said already, most
‘microprocessors have an eight bit
(Binary digiT) word length, and so it
can be seen that the iowest number
that can be represented s
00000000 _ and the highest is
11111111, or- 0 and 255 o
respectwelwaegatwe numbers can
be represented in either of two
ways, by rnaking the first bit
indicate the sign of the number or

. . WHO NEEDS

i 9
ACCA Accumulator A
7 Pracessor
9 Control
ACCB Accumulator B r e
DBE TSC BA Halt NMI Reset
15 [}
1x Index Register l J f l l 1
! s Y]
PC Program Counter Accumulator A l Accumulator B
15 0 Index Register ¢t
SP Stack Pointer Stack Pointer 5
2
? 0 Program Counter
57 Condition Codes
{11 || Nz ivlel potiier trleInlz]v]ec
l-ca"v i = > ﬁ::z*I’ llu llll 1
L Overflow il * '} J \
il sk R/W VMA RO +5 V ¢2 Reset
Zero 8-8it- 16-Bit 7
: Data Address Bus
Negative Bus Bus Control
Interrupt
Halt Carry
Fig 1. MPU Registers. {Fram @it 3) Fig. 2 Control fines.
- -
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microfile

by taking the two's complement
Once again, we do not propose to
go into this in any detail as it has
been adequately covered else-
where.

Writing out binary numbers in
full takes up a lot of space and the
numbers are difficult to memorise;
consequently a number system
called hexadecimal is used to
simplify matters. In hex the
numbers 0 to 9 are numbered
conventionally and 10 to 15 are
numbered A to F. This is particularly
convenient as 15 equals 1111, the
highest four-bit binary number; and
hence an eight-bit number can be
represented by two hex digits as
follows:

0000=0 1000=8
0001 =1 1001=9
0010=2 1010=A
0011=3 1011=8.
0100=4 1100=C
0101=5 1101=D
0110=6 1110=E
o111=7 1111 =F

Hence, the eight-bit number
10010101 would be represented
as 95, For a 16-bit number, as will
be found on the .address bus, the
same system applies except that 4
hex digits will be required — e.g.
1110010110111101 is E5BD in
hex.

To simplify the bhandling of
decimal numbers in computers still
further, yet another system exists,
known as Binary Coded Decimal
(BCD). In this system each decimal
digit is directly converted into a
four-bit binary number. To take an

example 49 would become
01001001 as shown:
4 9
0100 1001

Equaily simply, BCD numbers
can be converted to decimal by
taking 4 bits at a time and
converting each group separately to
a single decimal digit, e.g.
01101000 becomes 68.

Some expertise in handling these
number systems is virtually a
necessity if you want to program
computers of any kind. In order to
get the “feel’” of them we suggest
that you read up a bit and then try a!
few exercises in binary addition,
etc.

You will soon discover, for
instance, that if you try to addj
together two BCD numbers as if
they were straight binary, you just

46

I[:VSS O Aeset [ 40

2 [ Hait TSC{d 39

I et N.CY 38 1
4 -} irRQ o2 37

5 Jyma Dee[ 36

& N N.C 3 35

7 C38a R/w [ 34

8 Ovee oo 33

9 JAD DV [ 32 ]

10 A D2 N

1t 3 A2 03§73 30

12 A3 ‘D43 29

13 Jaa 05 [ 28

14 Clas 063 27 T

15 a6 0?2 26 e

16 C3az A5 25 ]

17 L] ag Ata] 24 E

18 [ A9 A13{3 23

19 Al At2[3 22

20 Tlan veg [ 21 i
Fig 3. Pin Layout.

don’t get a correct answer. There
are ways round this, however, as
you'll discover later. We've also
treated all these systems as though
they represent only numbers, how-
ever they also represent the
instructions that the MPU uses as a
program. For instance, the hex code
8B will cause the MG6800 micro-
processor to add a number from
memory to one of its accumulators,
or hex 97 would instruct it to store
the contents of an accumulator in
memory. There are 197 different
instructions (72 basic types) which
the MPU uses — we’ll cover many
of these in depth when we discuss
programming.

WHAT'S INSIDE?

‘The M6800 MPU is a 40 pin DIL
integrated circuit which contains
roughly ten thousand components,
Thé NMOS technology used permits
a very high gate density and gener-
ally speaking makes the whole thing
possible. There are one or two
bipolar microprocessors about, such
as the Am2901, but these are
generally 4-bit devices which have
been arranged so that they can be
parallelled up to permit longer word
lengths {this is known as bit-slice
architecture).

If you part with around £27 of
your cash to buy a 6800 micro you
are getting around 3000 logic gates
which is pretty cheap, if you ignore
the fact that they won't do anything
without quite a ot of other hardware,
‘not to mention software (programs)
However, at the projected
end-of-'76 price of under £8 this
must be value for money and if by
1980 the price drops to the expected

£1 mark you just won’t buy CMOS or

TTL for most projectst
Obviously, circuitry on the actual

lump of silicon is extremely complex

— the only sections the programmer

can actually get at are the six

registers which are connected to the
data and address busses, and via
certain pins he can ‘get at’ some
parts of the logic to handle interrupts
and data transfers etc. Most of the
logic is inaccessible; for example the
arithmetic circuitry around the accu-
mulators is ‘transparent’; instruct
the MPU to add and it will do so,
automaticallty and there is no way
that the function can be modified.

Fortunately, one would almost never

wish to alter the way in which the

MPU operates. It is completely a

‘general purpose’ chip and instruc-

tions are built into it to handle

everything you could reasonably
wish.

The six registers mentioned above
are the most important part of the
MPU. They are.

1 Accumulator A (ACCA}. One of the
two 8-bit working registers of the
MPU.

2 Accumulator B (ACCB). The
other 8-bit working register.

3 (The Condition Codes Register
(CCRj which contains various bits
of information about the contents
of the accumulators. It is an 8-bit
register, but only 6-bits are
actually used

4 (The Program Counter (PC) is a
16-bit register which usually
gives the address of the instruc-
;iorrthe MPU is currently execut-
ing.

5 The Stack Pointer (SF) is used in
setting up areas of memory for
storage of intermediate results
and also in handling interrupts.
Also 16-bit in tength.

6 The Index Register (IX) is used in
special addressing modes to et
the MPU jump around in memory
to subroutines etc. Again, thisis a
16-bit register.

By means of various instructions
one can shift data into, and out of,
the accumulators and memory, alter
data, add numbers, and test results
of operations. At this point, the CCR
becomes of importance. it contains
six bits, HINZV & C, as shown in fig
1. H is a Half-carry bit which is set
when a carry is generated from bit 3
of the accumulator and is of special
relevance in BCD calculations. The |
bit is an Interrupt mask bit, which is
set if the MPU is to ignore interrupt
requests from other devices. (Sorry
about continually mentioning inter-
rupts without explaining them, but
this stuff has to be covered first.). N
is a Negative bit and is set if the
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esult of a calculation is negative. Z
similarly, is set when the result is
zero. V is set if the result overflows
trom the register as a result of
calculation involving the 2°s
complement representation of
negative numbers. C is a carry bit
which is set if the result has greater
than 8 bits.

The Stack Pointer and Index
Register can be loaded, increment-
ed, decremented, and stored by
similar instructions. The Program
Counter is altered by other instruc-
tions such as JSR (Jump to
Subroutine). All of these instruc-
tions will be considered in detail
when we discuss programming.

PIN CONNECTIONS

Fig. 2 shows the signals which
let the MPU communicate with the
other parts of the microcomputer
system. The B-Bit Data Bus is
bi-directional, that is the MPU can
either send data out on the bus or it
can input data from other devices.
The reception of data from memory
is termed reading, whilst transmis-
sion of data for storage is called
writing. The MPU will normally
indicate to the other devices just
what it is doing by putting the
Read/Write {(R/W) line low when it
is writing and high when it is
reading. The MPU will also put out
on the Address Bus, the address of
the memory location it is reading or
writing to or from. However, some
ambiguities could arise when the
MPU is changing the address being
output on the bus, and so another
signal, Valid Memory Address,
(VIMA) is used which only goes high
when the Address Bus has stabilised
and read/ write operations can take
place.

The Interrupt Request signal
(/RQ} is used by peripheral equip-
ment to signal to the MPU to stop
whatever it is doing in order to
perform a more urgent task. When
the IRQ line goes /low, the micre will
complete the current instruction,
store away the Current contents of
the registers at a location given by
the stack peinter, and then go to an
interrupt service program. When it
has finished executing this pro-
gram, it will reload its registers and
start again from where it left off. If
the Interrupt Mask bit of the CCR is
set, however, it will ignore an
interrupt request, unless the Non-
Maskable Interrupt line is pulled
low. as this bypasses the 1 bit of the
CCR and the MPU has to respond to
this request. This abiity of the micro
‘to be ‘interrupted is phenomenaily
important, as it all happens so
quickly the MPU seems to be doing
two things at once.

For example, the MPU can
execute a program, while simultan-
eously inputting data from a tele-
printer keyboard. The micro can
execute an instruction in a coupie of
microseconds, while a teleprinter
can input a character every 100
milliseconds for example, so that it
does not make sense for the micro
to hang around spending most of
its time waiting for a character to be
input. Instead it can be executing a
program until an interrupt stops it to
input the character and store it,
when it can return to the main
program again until it is once more
interrupted.

Data Bus Enable (DBE) and
Three-State Control (TSC) are both
inputs which cause the MPU to go
into a high-impedance state and,
effectively, disconnect itself from
the busses so that other devices can
use them without atfecting the
MPU. The Halt instruction also
forces the MPU into its three-state
mode. Bus Available (BA) will ge
high when this happens to indicate
that the MPU has stopped and the
address bus is availabie.

Reset is used when the MPU is
started up. A positive going edge on
this input will cause the MPU to
execute a special restart sequence
which will initialize outputs and
prevent the entire system from
going randomly haywire.

.1 and ¢2 are the two phases of
the systems clock, which can
operate at up to 1MHz, at which
speed it can execute the shortest
instruction in 2uS. ¢1 and ¢2 are
non-overiapping square wave
complements and are the only
inputs to the MPU that are not at
standard TTL levels. All data
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transfers take place during the w2
clock cycle, and so this signal can
usually be used to drive DBE and
also to enable memories and
interfaces.

The final two inputs to the MPU
chip are the earth connection and
the +5V suppiy.

THE INSTRUCTION SET

We have discussed how certain
pins are used to control the MPU,
but of course-the essential basic
concept of the microprocessor is that
its operation is, for the mest part
dictated by patterns of O's and 1's
on the data bus. There are 197 such
patterns, which are variations on a
basic set of 72 instructions. For
instance, the binary pattern
10001011 (or hex 8B) will cause
the MPU to perform an addition in
the following manner: If, while
executing a program, the MPU
increments the Program Counter to
read out the next program step and
then reads in the code 8B, which
means in human terms ‘Add the
following number to what is already
in ACCA’, it will increment the PC
so that it can read in the contents of
the next location in memory and
add that number to the contents of
ACCA. Thus the complete instruction
takes up 2 bytes (eight-bit words) of
memory and takes 2 clock cycles to
execute. Each clock cycle has two
halves — during ¢1 the address bus
is being changed, and the internal
logic of the MPU is in operation
while ¢2 is used to read/write data
while everything is (hopefully!) sta-
bie. ;

All of the instructions are exe-
cuted in 3 basically similar manner.
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For instance, if the instruction in the
example above had been BB, the
MPU would have read in the
instruction, which is a similar addi-
tional instruction, and would then
have read in the contents of the next
two bytes of memory. This would
give it an address in memory which
it would go to to find the actual
number which should be added to
ACCA, We shall return to this
principle of addressing, which is of
key importance, later.

The operation ‘add to ACCA’ is
given a shortened, mnemonic form
to assist in the writing of programs.
Similarly ‘add to ACCB’ is given the
mnemonic ADDB, ‘load accumula-
tor A" becomes LDAA, ‘increment’
is INC and so on. A complete list of
operations and their mnemonics is
is given in Table 1. Before discuss-
ing them in detail, we shail divert
briefly to fook at addressing modes.

ADDRESSING MODES

“"We've already looked briefly at
two different types of ADD instruc-
tion, (i} immediate mode, where the
value to be used follows the
instruction in the body of the
program, and (i) the extended
mode,. where the two bytes foliow-

address or value is given, such as
CLRA, which clears ACCA.

In the immediate mode, the byte
following the instruction is the value
which is to be added, subtracted,
loaded etc. This is useful for
handling constants in a program.

Direct addressing contains an
8-bit address in the byte following
the instruction and hence can only
address memory locations O
through 255, so that this area can
be conveniently used for scratch-
pad storage. Extended addressing
uses the two bytes following the
instruction to give a 16-bit address
so that the MPU can read data from
any address.

Indexed addressing uses the
index register in combination with
the address following the instruc-
tion. If the processor encountered
the instruction LDAA 05 in the
indexed mode it woutd look in the
address given by the value of the
index register plus 05 and then load
the contents of this location into
ACCA. The indexed addressing
mode is particularly useful for
jumping about in a program since
instructions such as LDX, INX, DEX
provide ways of altering the index
register value.

The relative mode is used only
with branch instructions and enable

the processor to branch = 127
locations relative to the present
value of the Program Coynter.
These instructions are particularly
useful in setting up loops and

iterative processes, as well .as
subroutines.
Detailed information on the

instruction set and addressing
modes is contained in the M6800
Systems Reference and Data
Sheets, and is far too detailed to go
into in any great depth here.
However we have made arrange-
ments for a data pack to be made
available to our readers for 50p
to cover postage and packaging
from Cramer Electronics, 16
Uxbridge Road, Ealing, London
W5 2BP. This will include the
Systems Reference & Data Sheets,
EXORciser Data Sheets, and assort-
ed information including a wall
chart giving pricing information.

In the next Microfite we shall
look at the other components which
make up the memory ‘and input/
output parts of the microcom-
puter.

If you do not wish to cut out the
coupoen, please print your name and
address clearly on a piece of paper
so that it can be used as a label to

send you the information.

To: Cramer Electronics Ltd., 16 Uxbridge Rd., Ealing, LONDON W5 2BP,
Please send me an M6800 Information pack, | enclose Cheque/P,0. for S0p. to cover
postage and packing.

ing the instruction give an address NAMES . behl
where the MPU can find the ABDRESS
NG (sed: InFECt BN afs il w ol TR et o R TR SR S ECt et
5 different addressing modes, or ! :
6 if you include the case where no ot LU A N SR PR e i s R PG TR R LM
ABA  Add Accumulators CLR  Clear PUL  Pull Data
ADC Add with Carry CLv Clear Overflow
ADD  Add GMP  Compare ROR  Rotals Pight
AND Logical And COM  Complement RT! Return from interrupt
ASL Arithmetic Shift Left CPX Compare Index Register  ora Return from S 4
ASR  Arithmetic Shift Right : , gLl D
DAA -~ Decimal Adjust SBA  Sublract Accumulators
BCC Branch if Carry Clear DEC Decrement SBC Subtract with Ca:
BCS  Branch it Carry Set DES  Decrement Stack Pointer oo2 2.0 fry
BEQ Branch if Equal to Zero DEX Decrement Index Register L5/
; SEi Set Interrupt Mask
BGE Branch it Greater or Equal Zero ‘
: EOR Exclusive OR SEV Set Overtlow
BGT Branch if Greater than Zero
= STA Store Accumulator
BHI Branch it Higher INC Increment
; : STS Store Stack Register
BIT Bit Test iNS increment Stack Pointer 3
3 : STX Store Index Register
‘BLE Branch it Less or Equai INX increment index Register g\ ;g eyt
BLS Branch if Lower or Same JMP g SWI Software Interrupt
BLT Branch it Less than Zero Subrout
BMI  Branch it Minus JSR | Jump to Subroutine TAB  Transter Accumulators .
BNE Branch if Not Equal to Zero LDA Load Accumulator TAP Transfer Accumulators to Condition Code Reg. |
BPL Branch if Plus LDS Load Stack Pointer TBA Transter Accumulators : :
BRA Branch Always LDX Load Index Register TPA Transter Condition Code Reg. to Accumulator
BSR Branch to Subroutine LSR Logical Shift Right ST Test :
BVC  Branch it Overfiow Clear NEG o T8X Transfer Stack Pointer to index Register
BVS  Branch it Overflow Set NGD NogOperaﬁon TXS  Transler Index Register to Stack Pointer
CBA  Compare Accumulators ; A A R Loy Wait for Interrupt
cLe Clear Carry ORA inclusive OR Accumulator
Cili Clear Interrupt Mask PSH Push Data - :
B i Tabde 1. MB8OD Instruction st
L i S . - 3
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DESIGN IDEA: MG6800 SINGLE
INSTRUCTIDN CAPABILITY

The evaluation kit MEKG800D1
comprises an MPU, some RAM, ROM,
1/Q ports and a terminal interface. The
ROM {MCMGE830-L7) contains an
‘Executive’ program catled MIKbug
which enables users to load and run
their programs but does not have
any  builtin  singte-step  facifity.

This circuit {fig. } makes use of
the 6800's interrupt routines by
generating a non-maskable interrupt
after the first cycle of each
instruction. In response to the
interrupt, the MPU completes the
curremt instruction and stores the
contents of the MPU registers on
the stack. The MPU then jumps,
via .the interrupt vector, to the start
of an interrupt service routine in
MIKbug.This foads the index register
with the address of the first
instruction of the user’s program.
This address was previously stored
by the wuser at a predetermined
location,

The MPU then goes to the first
instruction of the user's interrupt
routine and executes it. This routine
coutd, for example, print out the
contents of the stack, which now
holds the MPU internal register
contents applicable 1o the user's
program.

The final instruction in the user's
interrupt routine (RTI} will hand
back control 1o MIKbug. When the
system is instructed 10 execute the
next instruction, the MPU's registers
will be loaded from the stack and the
sequences will repeat.

HARDWARE OPERATION

The circuit relies on the fact that
the RTI instruction executed just
‘before the next step of the user's
program is stored at a known address
in MIKbug. A comparator, comprising
four MC7242 ICs, is connected to the
6800 address bus to recognise when
the address of the RTI instruction
is on the bus, The output of the
comparator is ANDed with the VMA
and ¢2 signals. -

When the RTI instruction address
1§ detected, flip-flop A is set and the
MC14526 counter, which has been
preset to 11, begins counting down
¢1 clock pulses, When it reaches zero,
flipfiop B is set, the NMI line is
taken low (hence true) and the
MC14040 counter is enabled. When
the 14040 has counted 32 ¢2 clock
pulses, flip-flops A and B are reset
and the interrupt pulse is terminated.

The 11 and 32 cycle deiays ensure
that the interrupt pulse occurs at the
right time and is of the necessary
length.

KEY TO CIRCUIT COMFGNENTS
(1) MC7242 Exclusive NOR gate (4 oft)
(2) MCT400 NAND gate {1 ot1)
(3] MC?7479 Flip-Fiop {10o)
{4) MC14526 Counter (101}
(5) MC14040 Counter {1 00t)
{B) ™MC7420 AND gate {1011)
(7) MC7401 NAND gate [1ort)

4

(5] ¢ _%—0—0’2

&% R

RT1 Agdress
P
3
Iy
-
1

A Ays

ST Fig 5. Single-step circuitry.

& 2
+Ev /'I’.
Step by step

disable

+5v .

The evaluation kit has an MCM6810
128 byte RAM, situated at the base
address AQ00 (hex), which is used
by the MIKbug program. However,
locations from AD4A to AQ7F in this
RAM are not normally used and can
be employed for the user’s interrup
program (see below), v

The STS SP instruction is only
necessary when the program under test
uses the stack pointer. Hf not, the
MIKbug stack print routine can be
stored directly in memory locations
A006 and A007.

When the ‘print contents of stack’
routine at address ET1F in MI|Kbug

has been executed, a jump is made
to the MIKbug control program.
This means that the user can press
the 'G" key to execute the next
instruction in his program, or he
can use any of the other facilities
offered by MiKbug.

The interrupt service routine can be
written to suit the needs of the user
and may include printing out the
contents of memory locations that
might be changed by the user's
program. _
Design by Marc Bonzon, senior
applications engineer, Microprocessor
Systemns Engineering, Motorola Geneva

Memory Address Machine Code Mnemonic Comment

AQ06 AD Address of user’s
A007 4A interrupt routine
AD4A BF STSSP Save user's stack
A04B AOQ pointer.

AD4C 08

AD4D ) 7E JMP PRINT Jump 10 MIKbug
AD4E E1 ‘print contents of
AO4F 1F stack’ routine.

NEWS AND PRODUCTS .

Software for the AMI| S6800 micro-
processor family is now available
from the CSS network, which has
computing facilities available in
London, Paris and Bonn. This software
includes the S6800 Assembler,
Relocating Loader and Microprocessor
Simulator, for use in microprocessor
software development.

The AMI| Assembler is compatible
with the Motorola assembly language
and offers a number of additional
features including relocatable object
code, macros, conditional assembly
and local labels.

The Relocatable L.oader and Micro-
processor simulator offer a wide
range of file management and program
debugging facilities.

Also from AMI is a new 512 by 8 bit
UV-erasable PROM which is speed
compatible with the $6800 micro-
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processor family, Reprogramming is
effected by first erasing the existing
bit pattern by exposing the chip to
an ultraviclet light source through the
transparent lid for around ten minutes.
A new pattern can then be prog-
rammed byconnecting a --55V source
on a single program pin, and standard
TTL levels on all additional pins. L.ess
than 1 minute is required to program
the full 4096 bits. The S6834 also
features 3-state outputs and a typical
access time of B0OOnS, This chip is
expected to find wide applications in
ROM program debugging, and various
applications where mask-programmed
ROMs cannot be justified.

AMI Microsystems Ltd., 1084
Commercial Road, Swindon, Wilts.

microfile
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New Coursein 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
computers.

Aftér completing this course you will have
broadened your career prospects and
considerably increased your fundamental under-
standing of the changing technological world
around you.

Also aveilable — a more
elementary course assuming
no prior knowledge except
simple arithmetic.

In 4 volumes:

1. Basic Computer Logic

2. Logical Circuit
Elaments

3. Designing Circuits to
Carry Out Logical
Functions

4. Flip flops and Registers

Offer. Order this together

plus  with Design of Digita!
95 50p ' Systems for the bargain B
. PdP  price of £9.25, plus 50p,p&p.

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

Designer These courses were written 5o that you could teach
yourself the theory and application of digital logic.
:Manager ; : ;

. Learning by self-instruction has the advantages of
Enthusiast eing quicker and more thorough than classroom
Scientist learning. You work at your own speed and must

- respond by answering questions on each new piece
g:g:inet:r of information before proceeding to tha next.
uden
Guarantee-no risk to you

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

50

Design of Digital Systems

A Self-Instruction Course in 6 Volumes

1 ComputerArithmetic
2 Boolean Logic
3 Avithmetic Circuits

‘l Memories & Counters
5 Calculator Design
6 ComputerArchitecture

plus 50p packing and
surface post anywhere
in the world (VAT zero
rated). Fayments may
be made in foreign
currencies. Quantity
discounts are available
on request.

r"__----_"'-__"' -------- RS R ko

To: Cambridge Learning Enterprises,
FREEPOQST, St. Ives, Huntingdon, Cambs PE17 48R |

“Piease send me _ . . .. set(s) of Design of Digital
Systemns at£6.45 each, p&p included

T Yoy set{s) of Digital Computer Logic and
Electronics at£4.45 each, p&p included

e LT T EE R R R L]

!

{

I

|

|

1

)

{

I *or.....combined set(s) at£9.75 each. p&p included
I

I

1

i

1
e L et o P P i e g
I *delete as applicable. BT

L No need to use a stamp—just print FREEPOST on the envelope.
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SP8505 ECL +10 COUNTER

PLESSEY

The SPB505 is a high-performance ECL
+10 counter. With sinewave input, the

counter is specified over a 40MMHz to

250MHMz range, using a square wave input,
the lower frequency limit for the device is
extended down to DC

IIFD—l

P 32
Blas

It is expected to find application in
frequency synthesisers and low cost counters
and timers.

13
FIG. 1 BLOCK DIAGRAM —O Ve
&
o apo L] e 3 Ll
D TYPE = g D TYPE s O TYPE 5
FIF a4 b FIF g F/F a
REF REF
cl ¢ cL g c[ 3
130— L]
Bras ——OVep

+ 31V

f‘" T
[

+200my (MiN) =
e S
~200mvIMAX} 12 3 14

[
NPT [ SPE305 T | [
SIGNAL
S0

Fig. 2. Direct-coupled input signal.

ABSOLUTE MAXIMUM RATINGS

Power supply voltage, Ve — Vggl 8V

Input voltage, VinDc

Input voltage, Viyac 25V pp
Output current, louT 15mA
Operating junction temperature +150°C

Storage temperature —55°C to +150°C

OPERATING NOTES

It is recommended that a positive ground plane is
used to prevent damage to the circuit if the output
emitter follower is inadvertently short-circuited to
ground. The signal source s normally coupled
capacitively to the input, but DC coupling can be used
with suitable arrangement of the power supplies or
biasing of the input.

The dynamic range of the device can be improved by
decoupling the internal bias chain to ground; suitable
decoupling points are brought cut on pins 12 and 13, A
low inductance capacitor should be used.

With a sinusoidal input of below 20MHz, the circuit
tends to self-oscillate because the slew rate of the input
ts not high enough. The device will operate down to DC
with a square wave input, however, provided that the
square wave has a slew rate greater than 100V / us.
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Not greater than supply

ELECTRICAL CHARACTERISTICS

Max. input frequency — 450MHz
Min. sinewave

input frequency
Min. squarewave
input slew rate
Output voltage swing — 750mV (typ)
Qutput levels

— 20MHz
— 30V /us

high — 7560mV (typ}
low — 1500mV (typ)

Power supply drain — 70maA (typ)
1 & “-h Ve (POSITIVE)
- 131] suas
E 3 12[] ineuT mias
QUTRLT E . u:|

Os W[ eyt
Qs s{]

VEE (NEGATIVE) [] 7 ]

Fig. 3. Pin connections (top view). '

™70
SPESOS L1

Fig. 4. SPB505 interface to TTL.




NTEGRATED AM/FM RADIO RECEIVER

,..
[=]
7
ie

CIRCUIT  MULLARD

The TBA 570 is a monolithic integrated < e -
circuit for use in AM. and AM./F.M. E Vp=6V,———Vp=3,6V = ;
receivers. |1 incorporates signal detector, |.F. = typlcal values
amplifier, mixer, focal oscillator and a.g.c. for -, f, = 100MHz; Af =% 15 kHz
AM. limiter, complete i.f. amplifier and < £ =1kHz
front-end bias stabilization for F.M. and a ‘E o7 - | | .
driver and preamphilier for audio. B 107 ¢ z T = i

1t is adapted 1o operate in conjunction w [ ! a.f, signal
with hybrid 1.F. block filters and it can be E e and nolse
fitted with 3 tuning indicator. o =

The TBA 570 is able to drive outpul stages &
up 1o 3W with A.C. 1877188 transistors of o 1 !
6W with AD 161/162. 11 can also be used in g W0EA : ——= —+
complete tuner kits, the 500mV a.f. output £l R == e T
satisfying DIN 45 500 hidi standard. g i 2 2 it Pl ==

The data given here is for a complete =
a.m./f.m. portable receiver {including short = =l
wave) driven from a 6V supply and having 3 =2 N |
1W audio output. Voltage swing at pin 11 - 1 z = b —— = —+
{a.{. driver) is about 5.5V. A swing of 18V is @ T R mana
allowable however tor mains and car-ragio = =
applications. \\ "

— T D noise i

ip-1 ‘1 h x
1 10 107 10® 104 105 vy @v) 108
Fig. 7. Typical S/N curves at FM reception.
MAXIMUM RATINGS Total quiescent current
‘ - except TR31 collector current, f.m. front-end

Voltages with respect to pins 3 and 16 and discrete output stages; Vp = 6V 10. 5 mA
Pins No. 1 and 7 voltage 18V Vp=9V 14, O mA
Pf" No. 4 voltage 8V  Total power dissipation at pin 8
Pin No. 8 voltage 8V (excluding TR31} atVp = 9V Va4 = 7.8V 100 mW
BiniliolSualieg Sy Applicable supply voltage range of raceiver 6to 18V
Pin No. b voltage 4V Baso bi q o "

’ se bias voltage for f.m. front-en
Pin No. 14 voltage 1V 9 TENY

. Saturation voltage of TR31
Pin No. 11 voltage 18V atl, = 50mA; I, = 2, 5 mA e 1.0V
Currents (Tolerated minimum: 0 mA . ’

_ a ) Collector breakdown voltage of TR31 (pin 1 1)

Pins No. 2, 6, 12, 13, 15 current 80 pA atly = 26 mA; Ry, = 7 k&) 18V
Pin No. 10 current 5 mA  p.C. current gain of driver stage TR31
Pin No. 11 current 50 mA atl. = 50 mA hfe 25
?| on T'y [
T -0
TN TAZ A
AR
wn : L‘
TmoTar = ™! TRI?
LrF] R.
T — = | ] '_{v_:_::’_ e
TR
-,-:) :.‘lm lT ER7
t o:‘:# s
ey TAL |
TRY
|| o [51’;‘..1 Hﬁ:ﬁ‘m el
&t L o1 ISO L] $u = o

Fig. 2. Circuit diagram TBA 570,
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- REGULATOR SUPPLY

ING

Drive those TTL
circuits with
this 5 volt

10 amp (max)
supply.

WHILST the introduction of CMOS
has lowered_ the power requirements of
digital equipment using it, many large
scale systems, because of cost and
availability, are still designed around
TTL logic. For such systems a five-volt
supply having a capability of up to 10
amps is often required.

The choice of power supply for a
system depends very much on the
cutput requirements, In very low
power applications a shunt regulator
consisting of a series resistor and a
zener may be entirely adequate. For
medium power systems however a
series-pass transistor regulator s
normally used.

Whilst the series pass regulator is very
good with regards to ripple and
regulation the specification of the
transformer is critical if the supply
efficiency is to be above 50%. In a
larger systam this can be a very
important factor.

With a switching regulator the
requirements on the transformer are
greatly relaxed and an efficiency of
70% or more can readily be obtained
with mains-input variations of from
160 to 260 volts.

A fourth type is the switch-mode
supply where the mains voltage is first
rectified and filtered. The rectified
mains then drives a high-frequency
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inverter which employs a ferrite
transformer. Regulation is obtained by
controlling the inverter and by this
means very high efficiencies may be
obtained. Nearly all the components in
such a system work at mains voltage
and hence for safety reasons this
approach was not used in our project.

CONSTRUCTION

All components, with the exception
of the transformer and the choke are
best mounted on a printed-circuit
board such as the one specified. The
choke should be wound as detailed in

Table 2 with four layers close wound
of 16 swg wire. Due to the dc
current in the choke an air gap is
necessary to avoid saturation. The
easiest method of adjusting this gap
for best performance is to run the
supply at the maximum current
required and adjust the gap by
inserting that thickness of insulation
between the cores which gives
minimum ripple voitage. We found
that a 3 mm gap was required at 10
amps for a ripple of 50 mVv
peak-to-peak.

The prototype was mounted in a p

TABLE 1 W =R
Comparison of typical series and switching requlators

SERIES

Output Voltage 5V
Output Current 10 A
Efficiency

240 V in 50%

260 V in 40%

Rippie Voltage
Regulation 0-10 A
Input Voltage
Transformer Secondary
Diodes Required 10 A
Fitter Capacitor
Short Circuit Current

o

<5mV pp
<0.05V 03V
240 £10%
85V@1ZA

33 000 uF

SWITCHING
L
10A

70%

50 mV p-p

160 to 260 Vv

20t0 30 V ® 80 VA
3A

2 200uF
15A
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die-cast box which acted as the
heatsink as well as a shield to prevent
the radiation of RFI generated by the

= switching action of the supply. If
o . o
= 5 y" another form of box is used a heatsink
g ) must be added to the transistor-diode
w2 g g bracket for cooling.
g;o & L An external LC filter will reduce the
v 28 382 ripple even further if required. For
0355 axd :
w3 s :'ézﬁ %@ > example a series choke of 20 turns of
<CE == Y2, o 1.6 mm wire on a 10 mm ferrite rod
022 ol ‘zt“>‘m 52 and a parallel combination of 1000
Eorw '?8 GO & S uF electrolytic and 0.47 polyester
SE"E . 5F NP8 L= N 3 capacitors external to the box will
VVAA 7 provide. considerable extra ripple
e attenuation.
=N
-
W R
Bx =25
b7 > Qe
200 = e
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™
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Fig. 2, Transistor/diode
mounting bracket,
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SWITCHING REGULATOR SUPPLY

Fig. 3. Component overiay.
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HOW IT WORKS — ETI 119

IN a conventional series regulator
power supply the resistance of a
series transistor is controlled in ordcr
to maintain the correct output
voltage. The series transistor
dissipates considerable power and
therefore at very high load currents
series regulators are quite inefficient.
In the switching regulator u Series
transistor is still used but does not
operate in its tinear range. Instead it
switches ON and OFF at high speed
such that the load is alternately
connected and disconnected to a
supply voltage that is higher than
that required across the load. By
controlling the ratio of ON to OFF
time we effectively control the
average voltsge as seen by the load.
For example if it is on for 25% of the
time the average output voltage will
be 25% of the input. Thus by
controlling the ONJOFF ratio the
output voltage muy be stabilized
whilst dissipation in the series
transistor is very greatly reduced.

However since most loads do not
like their supply to be in the form of
a square wave an LC filter is used
before the load to pass only the dc
component.

Referring to the main circuit
diagram we see that transistors QS

and Q6 are used as the series switch.

Ll and C7 form the output filter.
Due to the inductance of the choke a
flywheel diode is required, not only
to protect the transistor, but to
provide proper operation. When the
switch is on, the load current flows
through the transistor, the choke,
and into the capacitor and the load
(Fig. A). When the switch is opened
the load current must continue to
flow through the choke and this is
done viz the flywheel diode D5 (see

Fig. B). The current through ’the
choke will thus rise during the on
period and full during ‘the off period.
The current never falls to zero except
at very low load currents and the
average is the same as the load
current.

The operating frequency is set by
the UIJT Q! which runs about
20 kHz; the higher the operating
frequency the lower the ripple
voltage on the output. However as
the operating frequency goes up so
also do switching losses in both
transistor Q6 and diode DS. The
206 kHz was chosen ~s a compromise.
It is ugh enough not to be audible
but low cnough to keep these losses
to a2 minimum.

When the WJT fires the pulse
generated is coupled into the basc of
Q4 by C4 wurning Q! on. This, inturn,
turns on Q2 and the switch Q5/6.
When Q2 turns on Q4 also turns on
and both laich on. [f the current
through Q6 rises above about 12 to
14 amps Q3 will turn on robding
current from the base of Q2 allowing
both it and Q4 to turn off, This also
tumns off the output switch Q5/6.
This is the current protection
circuitry.

A voltage proportional to the
output is provided by RV to Q7 for
comparison to the voltage of ZD1. if
Q7 is turmed on sufficiently it will
also turn on Q3 thus unlatching Q2/4
and turning off the output switch.
Once the supply has stabilised this
action will control the on time of the
switch in each cvcle of the 20 kHz,
such that the output voltage is
maintained at a voltage as set by RV1
in 2 smooth and even manner.

We used a 240 V to 30 V 2 A
transformer, which is adequate for
supply currents of up to 7.5 amps,

however any transformer having an
output of 20 to 30 volts and a power
rating of 60 VA would do. If up to
10 amps outpul is required then a
transformer with a rating of 75 to 80
VA would be required.

It is also possible to supply the-

regulator from a dc supply of 10 to
40 volts. If the voltage available is
less than 20 volts R2 should be
replaced by a link to ensure that the
UJT operates correctly.

Fig. A. Current paths with switching
transistor on.

L.OAD

Fig. B. Current paths with switching
transistor off.
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Fig. 4. Printed circuit-board layout. Full size. 178 x 78 mm.

L

TABLE 2 Choke winding details. CHOKE COMPONENTS j
ili 22-020-
CORE Philips E core 4:.3 We have, as yet, been unable to find a source of supply to the amateur of the choke
3472(? }WO required core and former. However the value of this component is not critical and is, in any
FORMER Philips 4322-021. case, the subject of experimentation in the adjustment of the airgap. We would there-
31830 or 4312-021 fore suggest that, although we haven't tried this, the laminations and former of a
: B.3V ac heater transformer may be of suitable dsmensuons it may be, in fact, that
Ire|
23|622 s r!;quf 1d6 the secondary of a heavy-duty heater transformer may serve without modification,
Four I?Ye"scose wound of 1. although we recommend that a 1k resistor be connected across the primary to
mm wire core gap 3 mm (see prevent the effects of a build-up of induced voltage. Please note that this is a matter
text). for experimentation.
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o Silent Synchronous Accuracy ¢ Fully electronic

o Pulsating colon ¢ Push button setting

° Building time 1Hr ¢ Attractive acrylic case

o Easy to follow instructions °Size 10.5x5.7x8cm
Ready drilled PCB to accept components

£

~

‘|V||STRA|_ Digital Clock

Pleasant green display ¢ 24 Hour readout

*A Complete Kit
or fully built.

_ Exetron Time Ltd. offer this

unique transformerless design
at a substantial saving on re-
tail price. The kit is compl-
ete less mains lead - all you
require is a soldering iron,
solder, and screw driver to
assemble your own digital
clock.

EXETRON (pept ETI)

Regal House,
Penhill Road,

LANCING, Sussex.

Payment: CWO, Cheque, Access,
Barclaycard.(ouo:e N‘umber)
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PART THREE

FLIP-FLOPS

Our next subject is flip-flops — and
we shall assume that the reader is
familiar with the working of these
devices and so the discussion will
beqgin with the pinout diagrams in
fig. t. The first two are standard
dual edge triggered devices with
"D and “J-K' type data inputs
respectively. No doubt it is known
that the "'D*" variety will divide the
input frequency by two if "Q" is
connected to ‘D" whereas the
"J-K'" type toggle, as this beha-
viour is called, when both 'J’" and
"K' are held high. The set and
reset inputs operate asynchronously
(ie. independently of the clock)
forcing the device into the "Q"" = 1
and "Q" = 0O states respectively.
These inputs operate when taken
high in contrast to most TTL
because TTL inputs rest high when
disconnected whereas CMOS inputs
must never be allowed to ''float’’
anyway. Both the 4013A and the
4027A will operate up to about
8MHz.
" The last device in fig. 1 ({the
40424A) is a guad data latch of the
sort often used for temporary
storage of BCD digits in applications
like frequency meter displays. If the
polarity input is held low then the
Q" output follows the "D'" input
in each latch when the clock is also
low but on the rising edge of the
clock pulse the outputs are isolated
and retain the data present at that
moment. When the polarity input is
high all this works the other way
round. The clock inputs to all these
devices should have rise times of
5us or less (at Veo = 10V}
Flip-flops on their own have uses
in control circuitry and counters. If
you wish to produce a counter to
count through an odd sequence (a
Gray code for example) it is
advisable to find out about Kar-
naugh maps and associated tech-
niques which aid the design process
considerably. The standard form for
such counters is a sequence of

[CMOS]

4013A
DUAL D FLIP FILOP

a027A

DUAL J-K FLIP FLOP

40424
QUAD D-LATCH

fut2

Fig. 1. Three common flip-flop devices.
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Fig. 2, Basic binary counting chain used for frequency division,
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Fig. 3. Principle of shift register. The content of each “cell” is shifted one place to the
fight on the rising edge of the cloeck puise.

flip-flops whose inputs are derived
from the outputs of the others by a
few simple logic gates. As far as
simple binary is concerned, the

‘required set-up is shown in fig. 2.
but we shall have a lot more to say

on the subject of counters in general
later.

The other main application of
flip-flops is in shift registers. A shift
register is a sequence of flip-flops so
interconnected (see Fig. 3} that on
a clock pulse the content of each
device is transferred to the next one

ELECTRONICS TODAY INTERNATIONAL-APRIL 1976

down the line. The register so
formed is referred to as a static
device because, unlike some MOS
devices available, data is not lost if
it is not shifted for some length of
time. One modification to the basic
device is to provide inputs and
outputs to individual flip-flops in the
chain and in this form, shift
registers have many applications in
serial to parallel and parallel to serial
data conversion. This though is
another subject which must wait
until a little later in our discussions.
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COUNTERS

Our main subject this month is
counters. It might well be true to
say that the range available {com-
pared to TTL) reflects the advances
which have been made in other
branches of electronics, particularly
display technology. BCD counters
are conspicuous by their absence as
they have generally been replaced
by seven segment decoded
counters. One disadvantage is a
need in many cases for external
drivers for LED displays but this will
be eliminated when Liquid Crystal
technology is more advanced and,
hopefully, cheaper.

BINARY COUNTERS

As usual we will start with the
less glamorous devices in the rangej
which, in the present instance, are
the straight-forward  binary;
counters. First we should mention
the general operating conditions
required for all CMOS counters. The
clock input rise and fall times should
be less than 5u5 and the operating
frequency limit is about 2. 5MHz at
V_, = 5Vrising to 5SMH2 at 10V. As
far as the problem of drive current is
concerned, it is advisable to consult,
the full data sheets for the device in
guestion but it is reasonable to
assume that no trouble is likely to
be experienced if the requirement is
less than 0.25mA with a 5V supply
or 0.5mA with 10V. ‘

Fig. 4 gives the pinout diagrams|
for CMOS seven, twelve and
fourteen stage binary counters. The
outputs are labelled B, with B, the
most significant bit {i.e. giving
greatest frequency division). It will
be noted that three of the less
significant bits are not available as
outputs on the 4020A and this
limits its usefullness in “"divide by
N’ applications as we shall see:
later. The greatest division of the
input frequency is 128 for the
4020A, 4096 for the 4040A and
16384 for the 4020A. In all cases
the counters step on the negative
transition of the clock pulse and the
reset input sends all stages to
logical zero independently of the
clock when it is taken high. There is
also a twenty-one stage counter {the
4045A) which produces two out-
of-phase pulses at separate outputs
for every 2097152 input pulses. It
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Fig. 7. A divide by
3600 counter
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reset mode.
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is intended for producing one
second pulses from 2.097152 MHz
crystals for driving clock circuitry
and similar applications. Anyone
interested in using this device
should obtain data from a manu-
facturer.

While we are on the subject of
huge frequency division chains
perhaps we should consider crystal
.oscillators very briefly. Fig. b5(a)
shows one common set-up and it is
worth noting that the configuration

in Fig. 5(b) is the standard way of,

producing a simple analogue
amplifier from a CMOS inverter.
DIVIDE BY N COUNTERS

There are times when it is

required to divide a signal by other
than some power of two and by
using a8 4024A or 4040A we may
divide by any number from 2 to
128 and 4096 respectively, alth-
ough extra components are
required. Fig. 6 shows two ways of
achieving this end. The circuit in (a)
has the binary eounter feeding a
system of logic gates, the output of
which goes high when the eounter
reaches N-1 (where N is the number
the input frequency is to be divided
by). This happens on the falling
edge of the clock pulse because the
counters are negative-edge trig-
gered. On the next rising edge the
flip-flop Q output goes low and

when the clock goes low again the.

output goes high, generating a
pulse of length equal to one half of
the clock pericd which resets the
counter. It is interesting to draw a
timing diagram for this circuit and
prove it works. It should be noted
that although the actual output is a
positive going pulse, a similar pulse
of twice its length (i.e. one clock
period} is available at the Q output
of the 4013. A divide by 3600
counter which will provide one
_ pulse an hour from a T1Hz input is

shown in Fig. 7 as an example of |

the technigue.

The second mode has the
advantage that the "'N’° count and
not the "N—1"" count is detected,
but two logic networks are required;
one to decide when the counter has
reached '"'N’° and another to
identify the ""all zeroes'' state and
reset the output. It is also a
disadvantage in some applications
that the counter spends a brief
period in the "N’ state. [t is again
interesting to draw a timing dia-
gram and it is worth noting the
cross-coupled NOR gates used as an
R-S flip-flop. As an example a divide
by twenty four counter is shown in
Fig. 8 to produce one pulse per day
from the one per hour ocutput of Fig

T

__[>,__,1}

Fig. 8. A divide by 24 counter using reset-
maode two. Note the simplicity that may be
achieved in the logic networks — ane NAND
gate serves to identify “24".
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Fig. 8. Pin-out diagram of the 4017A
decimally decoded decade counter.
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Fig. 10. A switch programmable divide by N counter for N = 2 to 89. Extension to higher N

is abvious.

7. The circuit dissipation of both the

. counters would be very low (less

than 1mW) at this low operating
frequency and the only note of
caution to be sounded is that the
counter and flip-flop should not
both be triggered from- the same
edge of the clock pulse (i.e. one
should be positive and the other
negative edge-triggered).

A DECIMAL-DECODED DECADE
COUNTER '

All the old hands at TTL will
doubtless be familiar with the 7490
decade counter and 74141 decimal
decoder driver. The 4017A com-
bines the count and decode func-
tions in a single package but has the
disadvantage of low output drive
capability. Buffering the outputs
with 404 9A inverters will raise the
available output to about five or ten
milliamps at supply voltages of five
and ten volts respectively. The pin
diggram is given in Fig. 9 and the
counter advances one on the
positive clock transition provided
that the inhibit is held low. The reset
operates asynchronously when
taken high as usual. “Carry-out”
may be used to clock the next stage
in @ multi-stage counter. This device
has fairly obvious applications in
controlling switches in multiplexing-
eguipment as one and only  one
output is high at any one time. It is

ELECTRONICS TODAY INTERNATIONAL—APRIL 1276

fairly clear also that we may extend
'the technigues of divide by N
counters to cover these devices with
the added bonus of them being
switch programmable. Fig 10 shows
this idea realised using reset mode
two because of the ease of switch-
ing for N rather than N-1. This
_circuit has lost an inverter compared
with Fig. 6b. this being the change
necessary to adapt the circuit for
counters and flip-flops which oper-
ate on the same clock transition.
The sequence of counters could
'clearly be extended to any desired

length and it is an interesting
thought that seven of these
counters (4017As) and the

‘attendant gates could, when fed
.with a 1Hz input, generate pulses at
any interval from two seconds to
‘iover three months! On a more
|practical note, used in a phase
locked loop circuit a most versatile
digital frequency synthesiser would
result. Remember however that the
output is a pulse and it would need
squaring (one more flip-flop) before

most phase comparators would
accept it.

SEVEN SEGMENT DECODED
COUNTERS

We mentioned earlier that CMOS
IC design reflected the changes in
display technology. Two particular

examples of this phenomenon are
the 4026A and 4033A decade
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counters with seven-segment out-
puts. The pin-out diagrams for these
devices are shown in Fig 11 and, as|
one might guess, the counters are,
identical with the exception that the.
4026A has a display enable func-
tion for use in multiplexing digits,
and an ungated C-segment output.|
whereas the 4033A.“has ripple
blanking and a “lamp-test”’ facility.
We shall consider the use of these'
special facilities when we havel
discussed the features common to
both. The devices are positive edge
triggered and advance only when
the clock enable is low. The reset
operates when taken high as usual
and the segment outputs go high
when they are active. Just as in the.

4017A the signal at the "'carry out’" -

terminal may be used to clock the
next stage in multi-decode applica-
tions.

In the same way as we have
considered for other counters, the;
seven segment outputs may be
identified by logic gates and the|
counters made to divide by any]|
number. Fig. 12 gives the informa-
tion necessary and it should be,
noted that the ‘’N-1 and flip-flop”
method is used because the other
method does not count through.
zero. |If anyone wants to strike a
blow for freedom against LSl we
have covered most of the devices
necessary for designing a CMOS
digital clock. Now we will have to
consider the interfacing of displays’
with our seven segment counters.
LEDs like the MAN-3 which have a.

low current will interface directly .

with the outputs of the 4026A or
‘4033A and give a tolerable bright-

ness with the available drive current

{about bmA), provided that Vg, is
more than 9V. If we drop the
voltage down to between 4 and 9V
then NPN transistors should be

inserted as shown in Fig. 13a and if

the supply drops even lower, the
addition of inverting buffers is
recommended. The seven transis-
tors needed are generally the
components of a single IC. The
attention of the reader is drawn to
the discussion on current limiting
resistors to follow.

MULTIPLEXING

Life .is never as simple as we
might want and there are two
reasons for complicating the cir-
cuitry by using digit multiplexing
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I(i.e. each' digit is displayed for a
fixed period, usually between about
10 and 30% of the time). These are
that to do so is more efficient in
terms of power consumption and
secondly that most multi-digit
displays reduce the number of
lead-outs (by giving just one set of
seven segment drive lings for the
complete display and one digit drive
line for each digit).

This is the reason why the
4026A has a display enable input
which, although the counter con-
tinues to function, cuts off the
display when it is held low. The
,display enable output gives a replica
‘of the input and may be used to
enable other counters which are to
be “on’’ during the same period. It
also explains the presence of the
“'ungated C-segment’’ output which
is used for producing some divide
by 'N* configurations which oper-
ate when the display is disabled.
The basic arrangement of a three
decade counter is shown in Fig. 14
and attention is drawn to the note
that additional buffering may be
necessary on the digit lines. It is
also worth neting the use of a 4017
divide by three counter {(using the
flip-flop reset mode) to_control the
display.

Other sorts of displays which are
often used are higher current LEDs
such as the MAN-1 which is, in
contrast to the MAN-3, a common
anode device. This means it must be
driven by inverting buffers as
shown in Fig. 15a. We have been
relying -here on the output current
limit of the CMOS chip to limit the
forward current in the LEDs. Parti-
cularly when transistor drivers are
employed it may be necessary to
add current limiting resistors in the
segment lines. The calculation of
the wvalue is simple given the
required segment current and
woltage drops (see Fig. 15(b)}. In
multiplexed displays the limiting
resistors should, of course, be putin
the common segment lines and it is
worth noting that a considerable
saving in resistors in  non-mutli-
plexed displays may be achieved by
putting a single resistor in the
common line to each digit. The pay
off is that the display brightness
varies with the digit. Fig. 15(c}
shows the technique for interfacing
with ‘"Numitron’' and similar dis-
plays.

The ripple blanking facility is for
blanking leading and trailing zerces
in the display and it works as
follows. Take the ripple blanking
input (RBI) of the most significant
4033A on the integer side of the
display low. Then take the ripple
blanking output (RBQO) of the IC and

connect it to the RBI of the next
counter and so on until the position
of the assumed decimal point is
reached. Follow exactly the same
procedure from the least significant
counter in the fractional part of the
display backwards to the decimal
point (see Fig. 16(a)). Of course, if
the assumed decimal point is at one
end of the display then half the
procedure would be unnecessary. If
non-significant zeroes in the places
either side of the decimal point are
to be displayed (so that 7 and .6
appear as 7.0 and 0.6) then the
RBI's of the two counters concerned
should be taken to V  f(as in Fig.
"13(b)). Finally on these two ICs, the
lamp-test facility on the 4033A just
‘forces all segment outputs high
when it is taken high.
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THE 4029A AND 4081A

We shall conclude our discussion
of counters by looking briefly at two
more devices. The 4028A is a
general purpose counter which, at
the price that a 7480 was a year or
two ago, has most of the features of
the more exotic TTL devices. Briefly,
the device is positive edge triggered
and advances when the clock and
preset enables are both low. Furth-
ermore it counts in binary when the
Binary/decade input is high and'
BCD otherwise, a high signal at the
up/down_input persuades it to
count up and a low input forces it to
count down. As though this were
not encugh, when the preset enable
input is high, the Q counter outputs
are forced 1o follow the J (""Jam'’)
inputs. The suffix 4" in both cases
indicates the most significant digit.
The pinout diagram is given in Fig.
17 along with that for the 4018A
presettable divide by N counter.

There are two basic ways of
producing counters. Firstly there is
the chain of flip-flops each of which
halves frequency produced by the
one before it. This was the principle
behind the binary counters, which
we considered at the beginning of
this month’s discussion, and also of
the 4029A. The second method is
known as a Johnson counter and it
is basically a shift register consisting
of a chain of flip-flops {see p59)
with the Q output of the last counter
connected back to the data input. A
little patience and a pencil and
paper will soon show that such a
‘counter will divide the input fre-
quency by 2N where N is the
number of stages. The counting
sequence for a four stage counter is
shown in Fig. 18 and the reader will,
notice that if the counter starts with

CMOS

contents not in the counting
sequence (e.g. 1010} then the
contents are always nonstandard
thereafter. Thus some special gating
is required. The simplified internal
diagram of the 4018A in Fig. 19 is

not complete. Also the Jam inputs’

and preset enable {which work in
the same way as in the 4028A)
together with the reset (which zeros
all stages (Q1 —— Q5 = 1) have been
omitted for clarity. Fig. 20 shows
the way to connect the 4018A 1o
divide by all numbers from three to
ten. Just as an example of how
versatile this device is one applica-
tion will be considered in a totally
different field from caunting. By
disregarding the clock the Jam
inputs and inverted data outputs {Q)
can be used as a five data latch for
temporary storage, the outputs
being updated 10 the inputs while
the present enable is high. Next
month we will conclude the series
by considering several different
subjects.
Continued next month

Fig. 20. Connection of the 4018A as a’
divide by "N counter Input to clock,
output waveform from DATA inputis
symmetric when N is even, almost so
when N is odd.
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Fig. 19. Simplified internal diagram of the 4018A.,
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ELECTRONICS PART 26
—It’S easy ~ More complex logic

A
The exclusive OR gate is more
complex than the other gates discussed
last month because it contains more
than one basic gate — it is a small logic
system in itself.
" two inverters, two AND gates and one
OR gate can be interconnected to
achieve the exclusive JR reguirement.
A second example is given by
. considering a function '

Z={A . B)+|C.D.E}+{F.G.H.)+(l.J.}

The problem might be to realise a
logic netwark that performs this
logical task — imagine trying to
describe it in words! Brackets are used
to ensure that sub-connections are
made in the correct way; as in linear
algebra operations in brackets aie de:lt
with first as individual units.

The first step in realising the
network is to form the dot AND
functions of Z. We need two two-input
AND gates and two three-input AND
gates. (It matters not if a gate has
more inputs than needed — the unused
terminal is ignored). The outputs of
these four AND gates are then fed into
the inputs of a four input OR gate so
that the function under the negation

bar is achieved. At this point we could’

select an OR gate foliowed by an
INVERTER or make use of a NOR
gate direct.

When drawn as a sysiem ot
interconnected schematic blocks it
appears as in Fig. 2a. Also given in
Fig. 2b is how a 14 pin dual-in line
IC would appear that performs this
function,

As a third example the exercise is

to devise a logic network that will
add (in binary system} two binary
inputs producing the binary sum
output plus a carry output. This
function  called the half-adder, forms
the basis of digital computation with
binary numbers.

Back in Part 5 the concept of the
binary number system was introduced
showing that the counting base is 2
instead of the more commonly
encountered 10 of the decimal system,
At any digit position in the binary
number, the value can be only 0 or 1
s0 addition of two binary numbers
gives a value at each digit position that
alternates as 0 1 0 1, etc., as counting
progresses. When 0 and 0 are added we
obtain 0; when 0 and 1 are added we
get 1. When 1 and 1 are added we
cannot have 2 in a binary system so it

Fig. 1 shows how.

e
o

g
Fig. 1.

— QR funcrion.

A.B

Logic network providing exclusive

returns ta 0 with a carry of 1 going to
the next higher digit position. Fig. 14
illustrates this idea — try adding the
two numbers! A half-adder daes this
operation for one digit position. The
truth table for the half-adder is,
*herefore, as given in Fig. 4a.

The sum calumn shows we need an
exclusive -OR ta provide the sum value
— hence its impartance in computer
design. A carry is to occur when both
A and B appear so an AND gate is
needed. From these we can develop
one form of the half-adder system —

A ;
B— :

Z={AB}+(CDE}+(FGH}+{L}

Fig. 2. (a) Logic network for function

Z =(AB}+ (CDE]+(FGH)+(tJ]
fb) same logic packaged in IC flatpack.

Ve J | H G F NC
1414131 412} {11} {10} {9 8

Fig. 2(b).

516 i
Y GND

MOST SIGNIFICANT
DIGITMSD

CARRY OF 1
TO NEXT HIGHEST

DIGIT

Fig. 3. Addition of two binary numbers proceeds
with a carry as for decimal arithmetic but with only
two states O, T in each digit.

LEAST SIGNIFICANT
DIGIT
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ELECTRONICS -it’s easy!

given in Fig. 4b. Note how the
complexity is growing. Such a circuit

requires around 30 or more passive.

and active components and hundreds
of such circuits are needed in a digital
computing circuit. A version of the
same circuit only constructed using
NAND gates is given in Fig. 4c. Note
that NAND gates 1 and 2 have both
inputs tied together, they therefore
perform the NOT function. Try your
Boglegan on this as follows — .

SOME LAWS OF BOOLEAN
ALGEBRA

When devising systems of logic the

situation soon arises which calls for

of the for

Boolean

. knowledge rules

manipulating

limited range of logic functions are
available, so conversion of

expression may not be in its simplest
state. Reduction 1o its non-redundant
state means use of less elements.

A number of axioms (truths based
on experience) exist for relationships
between Boolgan statements. There isl
little point in dwelling on their
individual  proofs and historical-
development — for that see the reading'
list. The following relationships are
summarized to assist when needed:

de Morgan's rule 1 :
de Morgan‘s rule 2 :

Commutative laws :

Associative laws : A.(B.C) = (A.B).
A+(B+ C) =

Distributive laws : A.(B +C) =

This is as for linear algebra but with
extra cases. —

A+BC={A+B).(A+C)
and (A +B) . (A+C).

Absorption laws : A + (A.B) =
A (A+B)=A

Double negation : not A = A
Universe class laws : A+ 1=1

Al=A
MNull class laws : A+ 0 =A
AO0=0
Complementation laws : A+ A =1
AA=0
Tautology laws : A+ A=A
A A=A
Expansion laws : (A + B} . (A + B)=A+B
(A.B)+{AB)=

66

expressions,’
Possible reasons for this may be thata

an
expression is needed, or that a large-

B+AC
AC+AD+BC+BD

(A+D)=A+B.CD

MINIMIZATION
To save components the network

* first realised by inspection from a valid

truth table may well not be in its
simplest or so-called minimal form, In
simpler cases, application of the above
Boolean algebra laws by a well-
practiced person can often come up
with simplifications.

Beware, however, of applying linear
algebra rules of factoring. It is quite
wrong to cancel or subtract equal
terms in both sides of a Boolean
equation.

Unfortunately, no direct way is

.known with which to arrive at a

minimal network by a routinely
declared simple procedure. The nearest
we can get to this is by means of a
Karnaugh mapping procedure which
we do not discuss in this course as few
readers will be required to be expert in
this facet of digital electronics.

An example will show how a simple
system can be minimized
inspection. Consider the expression Z
={A+B).(A+C).{(A+D) Thisis
readily seen to be the logic network
given in Fig. 16a. From the
‘distributive laws given above this can

be rewritten as Z = A + B.C.D which

‘represents the logic 'configuration of
Fig. 16b. This minimal form requires
two less gates (provided a three input
AND gate is available).

THE VENN DIAGRAM

In the early days of logical algebra
development, John Venn developed a
system of overlapping circle diagrams
as an alternative way with which to
express the concepts contained in the
truth table. Venn's diagrams consist of
overlapping circles contained in a
rectangular box. Each circle represents
one of the required number of
independent input variables — A, B, C,
etc. If the output variable Z is a 1
(assuming that is the convention
‘chosen) the appropriate area of the
circles is shaded. The rules are that
inside a complete circle its variable is
not negated, outside it is negated.
Overlapping area of common circles
represents their AND . combination,,
The examples given in Fig. 17
illustrate -the use of Venn diagrams in
various simpte logic situations. The
concept extends to as many circles,
that is, inputs as are needed.,

by

LIMITS OF BOOLEAN

There are a number of limits to the
use of Boolean algebra. In the logic
combination we have considered so
far, there has been no mention of time

INPUTS QUTPUTS
A B CARRY |RECORD
0 0 0 0
{a) TRUTH TABLE OF
0. 1 0 1 HALF-ADDER
1 1] 0 1
1 1 1 [
.C 3
+C=A+B+C AND CONDITION EXCLUSIVE-OR-CONDITION
. Fig. 4fa). Truth table for half-adder logic.
{(A+B).(D+D)
CARRY
{b) IMPLEMENTATION OF
HALF-ADDER
A —d .
RECORD
B
Fig. 4fb). One form of half-adder logic network.
A

Fig, 4fc).

The half adder using NAND gates only.

A,

BT
D3
=
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(@)

Z = (A+B). (A+C). (A+D)

(b)

Z=A+8.CD ]
Fig. 5. Logic network realising Z = (A + B).
{4 +ClfA+D)

fb) Simplitied network.

or of any feedback around the circuit.
In practical systems, time delays always’
occur and, further, other elements
such as counters, multivibrators and
memory devices are generally present
whose state depends, not only on the
logical inputs at any given time but, on’
what has happened previously!
Boolean algebra is unable to deal with
such situations.

In addition, if a function is
minimized by means of Boolean it
does not follow that the derived
circuit is the cheapest possible. The
minimized circuit may call for 3-input

Z=A®8

Fig. 8. Venn diagrams represent logic states]

. /n tapelagicai form. Some people find these

@asier to use than truth-tables.

AND gates, say, but it could well be
cheaper to use the more readily
available NAND gates — even if more
gates are required to achieve the same
function.

Thus it can be seen that Boolean
algebra is far from an infallible means
of arriving at the cheapest possible
solution. In fact it may not give any
solution at alll Engineering skill and
ingenuity are still the most important

'FURTHER READING

Most books on digital computer
design include a chapter on Boolean
algebra and binary arithmetic.

"Electronic Computers — Made
Simple”, H. Jacobowitz and L.
Basford, W.H. Ailen, London,
1967.

“’Electronic Instrumentation Funda-
mentals’” A.P. Malvino — McGraw-
Hiil, 1967,

“"Numbers” R. Froom, Electronics
Today International, Oct. 1973; p.
62--65

For the historical development of
computers and other data processing
egquipment see

“A Computer Perspective” C and R
Eames, Harvard University Press,
Massachusetts, 1973.

factors in efficient logic design. It is of
value however, and does give a good
insight intc the function of
straightforward gate circuits. '

In the next part we will look at
practical circuitry of logic gates and
introduce several other basic digital
circuit building blocks. We will then be
ready to discuss digital systems in
some degree of depth. L ]
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FEED IT FORWARD

Ma(N
AMPLIFIER
l , —| mer
DIRECTIONAL
UPLER
ATTENUATOR
EY
—= = oA
LINE
AUXILIARY
AMPLIFIER

IN 1924, Black, working at Bell Telephone Labora-
torie:, discovered the principle of feedforward. In
1929, he discovered feedback, which was destined to
become one of the many developments of that most
remarkable research institute to sweep the electronics
world. The ‘sweeping’ took some time; probably no
more than a handful of professionals had heard of the
principles of feedback in the thirties, and it was the
intensive development of electronics during the war
which spread the news around a bit. It did, however,
becorme the hotiest property in amplifier design in the
early 1950s, and appears in aH but the humbtest of
books on electronics.

Feedforward was rather less fortunate, and but for
the work of Seidal, also at Bell Telephone, in the late
sixties, would have become as obscure as the “'talking
flame’" method of modulating a spark transmitter. As soO
often happens, however, old ideas take on a new
significance when new requirements appear, and
feedforward may very well be due for a rather belated
appearance in everyday electronics.

A LOOK BACK AT FEEDBACK

Let's refresh our memories about feedback. In a

feedback circuit, a fraction of the output of an amplifier -

is fed back to the input and compared with the input
signal at the input. The difference between input signai

and the feedback signal is then passed through the

amplifier again in such a phase as to act as a correcting
signal, if the feedback is negative. Since positive
feedback is seldom used in amplifiers deliberately, we
shall stay with negative feedback. For example, if a
positive going spike appears in the output, and is not
present in the input, negative feedback will ensure that
this is fed to the input in a polarity which will cause a
negative going spike at the output, thus cancelling out
the distortion of the signal. The amount of cancellation
would be complete only if the amplifier had infinitely
large gain, but can be made great enough for very
satisfactory results.
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INVENTED BEFORE- FEEDBACK, THE
PRINCIPLE OF FEEDFORWARD CORRECTION
HAS MUCH TO OFFER MODERN DESIGNERS.

Negative feedback of this kind has some advantages
but also some disadvantages. On the pius side there is a
very considerable reduction in distortion caused inside
the amplifier, coupled with a reduction in gain and an
increase in bandwidth. Any changes in the characteris-
tics of the transistors or other devices used cause very
small changes in the characteristics of the amplifier.
The amplifier, however, may suffer from stability
problems, caused by the phase of the feedback varying
with frequency. The problem region may be outside the
normal bandwidth of the amplifier, so that an amplifier
has to be designed for 2 much greater bandwidth than
is used. In addition, the amplifier, which is stable with a
resistive or inductive load may be unstable with a
capacitive load.

A SEPARATE AMPLIFIER

Feedforward. by contrast, samples a fraction of the
signal at the output and compares it with a sample of
the signat fed forward from the input. The difference is
then amplified in a separate amplifier, and added to the
output in such a phase as to correct for errors. The
separate amplifier is the clue to the long time this
technique has been ignored; in the days of valve or
transistor amplifiers this made the technique unecono-
mic. The use of ICs puts rather a different complexion
on it, since two amplifiers can be put on one chip
atmost as cheaply as one.

Oddly enough, the technique was not revived
because of the easy availability of ICs, but because of
distortion and noise in microwave amplifiers using
travelling-wave tubes.

In any microwave tube amplifying a signal which
may be in the region of 10GHz {10000MHz), the delay

"time of the signal — the time which it takes to pass from

the input of the amplifier to the output — is several
cycles, perhaps about 50. In such amplifiers, feedback
cannot be used because it is not possible to make the
feedback appear 50Hz ear/fer than the signal which
causes it! Feedforward can, however, be used by taking
the input signal and splitting it so that one part goes
into an amplifier and another part is delayed and
compared to the output. The difference is then
amplified in another microwave amplifier and added in
antiphase to the output. Figure 1 shows the type of
circuit used. The coupling methods used must permit
signal flow in one direction only, and some allowance
must be made for the time delay caused by each

‘coupling, amplifying, or mixing stage.

For such an amplifier, this is the only possible
method of distortion reduction, and it has several other
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advantages over negative feedback.

There is, for example, no reduction in gain. apart
from that caused by the couplings and mixers, yet an
increase in bandwidth is possible if the auxiliary
amplifier has a greater bandwidth than the main
amplifier. This is because the reduction of gain at the
edge of the band acts as a distortion of signal and is
compensated by the auxiliary amplifier just as any other
distortion is compensated, assuming the auxiliary
amplifier is able to cope. The delay in the amplifier is
easily compensated for by time delays in the coupling
to the auxiliary amplifier, and the distortion of the main
amplifier may be reduced to as low a factor as desired
by making the auxiliary amplifier better. The whole
arrangement is stable under all conditions, and at ah
frequencies, and there is no need to worry about what
the amplifiers are doing outside the band of interest.

DRAWBACKS

All of these advantages make this a circuit technigue
well worth looking at for other applications . . . . there
has to be a snag somewhere! tt lies in the auxiliary
amplifier, which decides how good the main amplifier
will be. Unlike the case of negative feedback, this is not
a closed loop circuit, and changes in the auxiliary
amplifier are not compensated for in the circuit, unless
the auxiliary amplifier is itself a feedback amplifier. If
the gain of the main amplifier is to be controlled to
within 3db or so over a given bandwidth, then the gain
of the auxiliary amplifier has to be controlled to a small
fraction of this, the fraction being roughly the stepdown
ratio at the output which enables us to compare it with

AREAS OF APPLICATION

Having established these principles, however, we
are left with a fascinating field for experiments, a
challenge for those who say that there is nothing left for
the amateur to discover. Lets toss around some ideas.

For one, we can easily make voitage amplifiers of
high gain, good linearity, stability, and low noise. We
can, if we like use feedback in their construction. We
can also make rather cheap and nasty power amplifiers
churning out many watts at high gain. Combine the two
in a feedforward circuit, and we could have a good high
power, high gain amplifier, stable under all conditions
in which the auxiliary amplifier was stable. The output
of the auxiliary amplifier need not be very high, since it
exists only to correct the distortion of the main
amplifier. Might this technique enable us to say
goodbye to crossover distortion at low power levels?

Taking ancther field altogether, consider timebases.
It is easy to generate a linear sawtooth of a few valts,
more difficult to generate ane of amplitude close to the
amplitude of the power supply available, or 10 preserve
the linearity in an inductive load. Why not generate a
small amplitude linear timebase and use it as the
reference in a feedforward amplifier to correct another
timebase?

QOn another trail now, the distortion of an amplifier to
which feedforward is applied is easily measured, it is
simply the correction signal at the output of the
feed-forward stage. All in all, there seem 1o be
possibilities for this old idea now in the field of
wideband amplifiers, transmitter modulation, crosstalk

the input. It is this requirement for the auxiliary reduction, control of signal strength and goodness
amplifier which has kept feedforward from becomnng knows what else. We may be seeing some feedforward
better known. circuits in ET| before long! @®
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There is a saying that goes some-
thing like ‘It all comes to he who
waits,” well, the waiting is over at
last, a chip manufacturer has come’
out with the true electronic -time
switch. The AY-5-1230 from Gen-
eral Instruments is a four digit clock

chip based on the successful
AY-5-1200 series with the addition
features of having an alarm output
which can be programmed to switch
on at a given time and also switch
off at another given time. The
outputs from the chip will drive a
multiplexed fluorescent display,
such as the Futaba 5-LT-01, or LEDs
via interface circuitry or a TV display

chip if the optional BCD outputs are

used in place of the seven segment
outputs. The chip was designed to
drive the AY-5-8300 series of TV
display chips and is intended to
allow automatic turn-on and turn-off
of the TV at predetermined times. If
no off-time has been set then the
switch output will automatically
turn off 10 minutes after turning on;
this is a safety aspect 10 ensure that
the TV set is not automatically
turned on and left on.

Apant from the application it was
designed for, this chip has
numerous other obvious applica-
tions such as central heating
controller, tape recorder switching,
anti-burglar lights eic. The turn-on/

turn-off sequence can be optional”

ly operated once or cycled to repeat
in each 24 hour period; the output
can be altered by a simple push-
button or the timing can be
cancelled for a complete period with
another switch — all without the
necessity of altering the time of day
or the two alarm times. There are
three outputs from the chip for
controlling switching, the first is the
switch output, which is intended to
drive a relay or SCR (sinks 30mA]},
the other two outputs are intended
to act as status indicators to show
that an on time and/or off time has
been set and will thus become

70

ELECTRONICS
TOMORROW

by John Miller-Kirkpatrick

active at the appropriate time.

A very well designed little chip
with tons of applications, you could
parallel wo or even more chips if
you wanted to switch the same or
different circuits several times
during a 24-hour period, as the
display outputs can be wired in
parallel and individually switched
on you could wire up several chips
to operate the same display.

AND NOW AND/OR

Some months ago {and also above )
| mentioned the AY-5-8300 series
of TV display chips and commented
that they are possibly the most
versatile of the range of TV display
chips now on the market. They will
accept time input from chips other
than the AY-5-1200 series, eg the
CT7002 {or HCM7002 as it is now'
known). Gl have now announced
the 8320 chip which gives the

v s 161 118Y

option of time and/or channel
number display; whereas the 8300
is channel only and the 8310 is
time or channel. As the channel
number system is not used in the
UK the multiplexed inputs from
which the channel number is
generated could display tempera-
ture, humidity, etc, or could be used
in TV studio systems to identify the
source of the video displayed on
each monitor. | have only one
comment to make to Gl and that
concerns the number of digits
displayed in the time mode. GI anly
produce four-digit clock chips and
thus have not considered it neces-
sary to provide for six-digit display
on the 8300 series, National make
six-digit clock chips but have
designed their MM5841 to accept
input only from their MM5318
chip. | know that GI, Mostek and
National are competitors but
wouldn't it make more sense to
design a chip that can interface with
your own or your competitors chips?
Can we hope to see an AY-5-8330
or MMS5842 which will accept
-multiplexed input from most of the
chips on the market. possibly also
with optional input of seven seg-
ment or BCD inputs?

ITSCHEAPERTOGO THE OTHER
WAY

Having just mentioned optional
input of seven-segment or BCD it
occurred to me that the immortal
7447 decoder has been with us for
some time now at prices of about
£1.00 each; several decoders to
work the other way have been
produced but not very well publi-
cised, thus making them expensive
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Fig. 1. The AY-5-8320 interfaces with the 1203 or 1230 clock chips.
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and making them difficult to obtain.
In applications where cost is a more
important factor than space and
power you might be interested in
the circuit below for converting
seven-segment 1o BCD. it works
with numbers 0-9 including tailed
sixes and nines but not tailed sevens
or representations of numbers
greater than 9. The inputs required
are those produced by 744 7s; some
clock chips and the 7448 decoder
have inverted signals and these
would require a set of invert gates
before the seven-segment to BCD
decoder circuit. As CT7002s were
not available for about a year |
designed this circuit to work from
7001s where a BCD input was
required. it is in fact cheaper than a
7447 decoder. If anybody has any
similar circuits that use fewer chips
or which will accept tailed sevens
and/or the characters produced by
7447s for numbers above nine then
| would be interested to hear from
them.

MORE NEW CHIPS AND WHAT
TO DO WITH THEM

The MK50396 and MK50397 from
the Mostek stable are now availa-
ble. If you remember these are the
hours/minutes / seconds and
Minutes/Seconds/ .99 versions of
the MK50295 multi-purpose coun-
ter chip. This family has the features
of six decades of count and display
with presetting of counter and
comparator registers, display latch,
equal and zero outputs, BCD inputs
and BCD and seven-segment out-
puts. Recently | have used these
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TRUTH TABLE

chips in several applications which
have been very varied and have
come up with some fascinating
tricks that they will do. If you do not
want 10 use BCD switches or TTL to
load the counter or cognparator then
you can use the chip itself. One
application uses the MK50396 as
an up/down counter of minutes
and seconds; the counter is always
started from zero and counts up
until an external action takes place.
This action causes the counter to
latch the display and also to
transfer the BCD output into the
comparator register. the display is
then de-latched (the counter has
been going aill of the time} until a
second action causes the counter to
stop. A second seguence is then
timed from zerc and compared to
the first by simply comparing the
first signal from the sequence with
the comparator equal output from
the chip. If the first sequence was
faster than the second then the
equal will occur before the outside
signal and vice-versa. If the second
sequence was faster than the first
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ithen this could cause the compara-

‘tor to load a new time for compa-

rison. After a sequence of these-
events the comparator would con-

tain the fastest time for the group as

any that were slower would not

affect the comparator and any that
were faster would have recalibrated

the comparator. This system could

be used as a stopwatch in race
meetings where competitors would
know if they had beaten the record
by finishing before hearing a bell. In
the original application no digital
readout was needed as we only
need to know the fastest sequence
and not the actual time of that
sequence, the cost of the system
was less than £20, if a digital
readout was required then it would
add about £10 to the cost.

Another application required
time of day to be loaded into the
MK503896 at regular intervals and
this to be used in conjunction with
the comparator this time with
another external time. The applica-
tion was to check the accuracy of
quartz and mains clocks by regular-
ly checking the variance from a
known good source — a quartz-dri-
ven MMGE318. Approximately once
per hour a button was pushed by
the operator; this caused the time to
be loaded from the master 5318
and all of the 53 18s under test into
the 50396 and 50397 comparator
registers. All of the 50397s now
started counting at 100Hz until the
counter was equal to the compara-
tor. This caused the equal signal to
change state and this in turn
stopped the count and held the data
in the counter. Any counter which
had not stopped within one minute
was assumed to have been counting
in the wrong direction {ie clock was
gaining not losing) and a flip-flop
was reset to cause down counting at
the next test. The whole system was
then checked manually at leisure
and the fast or slow difference of
each clock under test was read out
and the clock adjusted accordingly
— it hasn't been built yet but it
proves that you can do a lot more
with some of these LSI chips when
you start putting them piggy-back
style. Look into the 50395 series
they are almost up 10 micropro-
cessor standard in complexity and
ability.

Data:

Gl chips: General Instrument Mi-
croelectronics, 57-61 Mortimer St,
London WIN 7TD.

Mostek: Mostek (UK) Lid, 240
Upper 5t, London N 1.

Gl and Mostek chips are available
from Bywood Electronics, 68 Eb-
berns Rd, Hemel Hempstead. 9
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tech-tips

A HIGH IMPEDANCE BUFFER
AMPLIFIER

This circuit has a voltage gain of just
less than' unity, but its power gain is
very large indeed. It makes an ideal
preamplifier for a high impedance
source signal. The input impedance is
about BOOk with the FET specified,
but if a FET without a built in gate
protection diode is used, the input
impedance will be largely controlled
by the gate resistor. The circuit has a
smallsignal output impedance of about
10 ohms and is capable of delivering
about 7mA p-p into a capacitively-
coupled 25 ohm load. The low-
frequency breakpoint is about 240Hz,
the upper breakpoint is in excess of
1MHz.

The

principle of operation is

ML101B

simple. The circuit employs a FET
front end to obtain the high input
impedance, but the transconductance

of the FET is too low to be useful on
its own, and so it is boosted by the
output transistor, the BC182L.

COURTESY LIGHT EXTENDER
AND HEADLAMP REMINDER (+VE
EARTH)

With the ignition switched off, an
earth from the passenger or drivers
door causes C to discharge, the relay
to operate and the courtesy lamp to

HEAPLIGHT HEAD

SWITCH

BUZZER
D2

DRIVERS
DOOR

SWITCH l

l

PASSENGE
¥ DOOR =
SWITCH

light. The relay is operated through
transistor T2 which is biased onby T1.
T1 and T2 remain on once the door is
shut until C is recharged, hence giving
approximately 15 seconds delay
before the courtesy lamp extinguishes.
Operation of the ignition inhibits the
delay switch by biasing T1 off. i.e.
courtesy lamp only alight when
door open. D2 and D3 must be

1GIN
eSWITCH

oy

v

LAMP

4
v

al

capable of carrying full courtesy lamp
current,

The headlight reminder operates
only when the headlights are left on
and the drivers door is operated,
thereby allowing departure of pass-
engers without disturbance.

For —ve earth diode polarities and
capacitor C should be reversed and
transistor types changed.

COURTESY
LAMP
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BARGAIN SALE

Ideal for students, mathematicians and scientists

Poccwron ) AGGURON ACGURON 861

{Pocket size)
Main Features

AGGURON 877
{Desk Top)
Main Features

897

sclentl'lc @3 digits. green display .BI digits, green &is-
®Basic Anthmeuc play
Functons .Eastc Arithmetic
+ x fus unctions 7
("- and V ? (+/—/X/~)plus
o+ change sign .EEY -
@ Automanc constant “g\: power consumg

@Free floaung decimal
point

@Chain calculations

@CE cancel |ast entry key

®0verflow indication

@ Automatic constant
®four keys memory
®Chain caleulations

@ 0verflow indicalion

Main Features

@8 digits. LED display PRICE:

®Basic Anthmetic Funcuons {+ x/ +) plu

V. 1/x
®Tng and mverse  tnig  functions aller el o et e
{Sin/Cos/Tan/Sin'’Cos Tar - I enclese my cheque tor £

®Loganthms (LN/LOG re* /")

@Change sign key (CHS)

®Free floating decimal porm

@Battery saving device

@®Degree/Radian selection PRICE:
@Feverse polish notation g
@®Error indication

@ Independent memory

@®Cancel iast memary

to cover the cost of my

(J897 [j861 []B77 calculawr
{please tck)

Name

Address

Include 50p P&P

1 YEAR GUARANTEE ON YOUR  icascoiow 14 gays
‘ACCURON’ CALCULATOR fogdelively

ORDENDALE LTD. Tel: 01-723 0243
367 Edgware Road, London, W21BS

Pulsar shows the {ime 0.7in high on bright
Planar Gas Discharge displays (there is a
brightness control on the back). The dot on
the left of the display shows AM/PM, and

’ . the flashing (1Hz) colon shows that the
alarm and clock are working.

A bleeper alarm sounds until the clock is

WE ARE REPEATING QUR SPECIAL OFFER ON THIS DIGITAL tipped fonmands Jihen thetien goze fifaci ity

ALARM CLOCK. WHEN WE RAN IT LAST YEAR IT PROVED TO BE fie e ppaEaae b b

ONE OF QUR MOST SUCCESSFUL OFFERS EVER! OUR PRICE minutes, etc, until you switch the alarm off.

INCLUDES VAT AND POST & PACKING The clock also features a mains-failure
indicator.

We have a large number of units in stock for
this offer but please allow 28 days for
delivery.

PULSAR OFFER
ETI MAGAZINE

36 Ebury Street,
London SWIW DLW,

I anclose chaque/P:0. for £13.95 {pay-
able to ETI} for a Pulsar Alarm Clock.

Those not wishing to cut thair magazine
. . ‘ may order on their own notepaper.
Full size = 5in across and 3%in deep.



TAPE HISS REOUCTION CIRCUIT

The circuit in Fig. 1. is used to either
boost or cut frequencies. When making
a recording, point X is wired to point
R so that treble signals are boosted by
10dB, and then during playback, point
X is wired to point P so that the signal
from the tape, including the hiss,
has the treble cut by an equivalent
amount. The circuit values are such

that the overall frequency response,
from record through playback, is flat
over the range 20Hz—20kHz. Thus the
output signal after
identical with the input signal before
recording, but the hiss is cut by 10dB.

RV1 sets the gain of the circuit to
be unity at low frequencies (<b00HZ);
RV?2 is adjusted so that the collector
voltage of Q3 is half the positive
raib voltage. When this is set, the
circuit will function without apparent

|

%3.3\(

|
|
|
|

!
L

1500pF

33u _{ l__]

WA

ptayback is

distortion with an input voltage of
up to 1.5V rm.s.

If monitoring during record is not
required, the same circuit may be used
for record and playback, with X
switched between P and R as
necessary. |f monitoring during record
is required, two circuits are needed,
one with X wired to R and the other
with X wired to P.

For stereo,
required.

two circuits are

6BuF OQUTPUT

PRESET

LOUOSPEAKER PROTECTION
unNIT

The following circuit will protect
loudspeakers against overload if the
correct components are used.
Operation of the circuit is quite
simple, Diode D1 rectifies the signal
-across the speaker, which developes
a fluctuating DC voltage across C1.
When this voltage exceeds a certain
level, the relay contacts open, which
disconnects the lodspeaker and if
required puts a resistor across the
signal. In the case of valve amplifiers
it is usually necessary to Keep a load
on the output when there is an input
signal present, therefore RZ will have
to be included in the design. With
most types of transistor amplifiers
today, the resistor R2 may be omitted.

—

>

INPUT SIGNAL
TO SPEAKER

PROTECTED
LOUDSPEAKER
RELAY 18502
{Contacts normally ciossd)

‘R1 is adjusted to give adequate
protection at whatever power is being
used. Resistor R1 value should be
selected according to the power at
which the speaker will need to. be

limited and of course the impedance
of the speaker. In my case the resistor
R1 was made 220R but this may be
too low for very high power applic-
ations.
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INTRODUGTORY
PRICES

In addition to National, Mostek and Caltex clock chips, we are now selling a range of

General Instruments chips.

Until 30th April, 1976, we are pleased to offer the following special prices

AY-5-1202 4+ Futaba 5LTO01
The AY-5-1202 chip interfaces directly with the
5LTO1 to provide the basis for a very simple electronic
clock. The hours and minutes can be in 12 or 24-hour
format and 50 or 60 Hz can be used as the timing
source. The rest of the circuitry is very simple and low
in current requirements — a 100mA transformer with
a 20v winding will be adequate

Special price £9.50

COME AND SEE US AT SEMINEX
March 22nd-26th. Stand 11. Imperial Gollege, SW7

Please send SAE for free ticket and new catalogue.

MISTRAL CLOCK KIT
Uses AY-5-1202 + Futuba 5LTO01. Complete kit
including case £11.58

PRICE LIST

CLOCK CHIPS

NATIONAL 1-9
MM53089 7 seg + BCD with resel 5.69
MM5311 7 seg + BCD 5.69
MM5312 7 seg + BCD 4 digit only 4.88
MM5313 ? seg + BCD 5.69
MM5314 ? segment 4.88
MM5316 ? seg + BCD with reset 5.69
MMB5316 Non-mpx alarm clock 10.17
MM5318 7 seq + BCD (exiernal digil select) 3.36
MM5371 Alarm clock 50Hz 8.14
MMBE377 Car clock, crystal conirolled, LCD 7.4
MMS5378 Car clock, crystal controlled, LED 6.73
MM5EI 79 Car clock, crystal controdled. Gas discharge 6.73
MOSTEK
MK50250 Alarm clock (12Hr+60Hz/ 24Hr+ 50H2) 5.60
MK50253 Alarm clock (12Hr+50Hz/ 24Hr+50Hz) 580
MKBD204 Siopwatch/ Calculator 1118
MK50395 UP/DOWN Counter—6 Decade 14,50
MK50396 UP/DOWN Counter—HHMMSS 14,50
MK50397 UP/DOWN Counler—MMSS.99 14.50
CALTEX
CT7001 Alarm /calender. 7 segment 7.30
CT7002 Alarm /calender BCD 7.30
CT7003 Alarm /calender 7 seg. Gas discharge 7 30
CT7004 Alarm/calender 7 seg 7.30
CT6002 LCD/CMOS. Clock /watch chip 15.00
MHI CLOCK KITS
1-9 MHI.50396 19,50
MHI-5309 ?.35 MHI-50397 19.50
MHI-5311 7.35 MHI-7001 10.00
m::'gg:g g gg MH| CASE Pleasa include 25p post
- : king) 2.95
MHI 5378 16,10  * packng
MHI-50250 8.35 SOCKETS
MHI-50253 B8.35 18 pin 060
MHI-50204 140D 24, 28 or 40 pin 1.00
MHI-50395 19.50 Soldercon sirip sockels 0.30

ALL PRICES EXCLUDE vAT AT 8%
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AY-5-1230 + Futuba 5LTO1
Basically this chip s similar to the 1202 but has many
additional features. Mainly it has an ON/OFF
programmable alarm which can be used in seven
segment mode to drive the 5LT01 or in BCD mode to
drive logic or TV display chips
Special price £10.00
MK50253 + Futuba 5LTO1
12 or 24-hour 6-digit alarm chip. Snooze facility
Special price £10.50

CHEVIOT ALARM CLOCK
24-hour 4-digit alarm clock, 0.5 green display, tiit to

snooze. Finished clock — not kit £21.85
DISPLAYS
1-9  FUTABA PHOSPHOR DIODES
LITRONIX 5LT01 5.80
DL707, 704, 701 148  5LT03 5.80
DL727. 728, 724 375
DL747. 746, 750 2.45 FILAMENTARY DISPLAYS
Miniiron 3017F 2.00
ltoka 2.5 8.00
LITRONIX CLASS 11 PRODUCTS  ltoka 5 24.80
DL707E, 704E 0.70
DL727E. 728E 180  LIQUID CRYSTAL
DL?47E, 750F 1.50 Swarovski 3% digit walch disp10.00

MHI DISPLAY KITS

1-9

MHI-707/4 {digiyy 0.3" .60 MHN727/6 0.5:: 12.00
MHI-707 /6 0.3 9.50 MH!-747/4 0.6 980
MHI-727/4 0 5 850 MH!1-747/6 0 6" 14.70

PAYMENT TERMS

Cash with order, Access, Barctaycard {simply quote your number and sign)
Credit facilties 10 accredited account hotders. Pro-forma Invoices can be issued
1ssueg.

Please send 20p lor post and packing

ALL-PRICES EXCLUDE VAT AT B%

b
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tech-tips

TQUCH FLIPFLOP

CMOS IC’s have many advantages
over TTL, one being the high input
impedances. In Fig. 1, two NOR gates
are cross coupled to form a flipflop.
If plate S is touched ambient noise
casuses an alternating voltage to
appear at G1 input. During the first
positive cycle G1 output goes negative
setting the flipflop and turning RLA1
on. It remains on until the R plate

Tech-Tips is an ideas forum and is not aimed at the beginner.

SWIW OLW.

is touched. R1 and R2 must not be
omitted since they discharge any
potentials remaining on the plates
after they have been touched, thus
allowing the flipflop to have its state
changed rapidly. R1 and R2 also
prevent any static charges building up,
thud damaging the IC, while the
supply is disconnected. 22Mohm
resistors are difficult to get so two
10Mohm resistors in series may be

We re_?ul we cannot answer queries on these items.

€Tt is prepared to consider circuits or ideas submitted by
readers for this page. All items used will be paid for. Draw-
ings should be as clear as possible and the text should prefer-
ably be typed.
jtems for consideration should be sentio ETI TECH. TIPS
Etectronics Today International, 36 Ebury 5treet, London

Circuits must not be subject to copyright.

used.

The unit may be |eft on continually
as a milliameter indicates no current
flow at all in the off position, If RLA1
is omitted TR1 collectof becomes a
TTL output with a high fan cut
Connect the inputs of G3 and G4 to
ground if they are not to be used. The
touch plates can be placed several feet
from the |C provided screened cable is
used for them.

+Vee (5-12V}

CD4001AE

y

AL

TOUCH PLATES

=

RLA1 3'
=000 '

CcMOS

"~ _] HOUSE EARTH

IC TAPE-HEAD PRE-AMP

This circuit is suitable for a tape
speed of 3.75 inches/sec. and provides.
a rising gain at low frequencies {about
40 dB below 100 Hz) a minimum gain
of about 15 dB around 2-3 kHz and a
6 dB boost (to about 21 dB} above 10
kHz for reasonable compensation. A
low noise op-amp is used.

o1

0.047ufF

ELECTRONICS TODAY INTERNATIONAL—APRIL 1976

7




' Complete the couponand
wellsend you
our complete,new catalogue.

i« epehate.

By

oM E -

atiera

3
The new Heathkil catalogue Including our full range of 1est
is now oul. Full as ever with exciting, cguipment, amateur radio gear, hi-11
new muodels, To make building a cquipment and many general
Heathkit even more interesting and interest kits,
satisfying. So.when vou receive vour
And. naturaily. heing Heathkit every kit isabsolutely catalognie you should have hours of pleasant reading.
complete, Right down to the Jast nut and bolt. So youwon't And.ifyouhappen to bein London or Gloucester, call
find yourself embarrassingly short of a vital component inand see us. The London Heathkit Centre is at 233
on a Saturday evening-when the shops are shut. Tottenham Court Road. The Gloucester showroom is next
You'llalso get avery casy lo understand instruction toour factory in Bristol Road,
manual that takes you step by step through the assembly. Ateitherone youll be ableto see for vourself the

Clip the coupon now lenclosing a 10p stamp for postage)  vnething the catalogue can't show you,
and we'll send you your copy to browse through. Namely how well acompleted Heathkit performs.

With the worlds largest range of electronic Kits to Heath (Gloucester) Limited. Dept. ET1- 36 Bristol Road.,
choose from. there really is something for everyone, Gloucester, GL2 GEE. Tel: Gloucester (0452) 26451,
Digital IC tester. : Digital electroric stop watch. Heathkit Modultus. A new era in Hi- Fi.

———-—-——————————————————————————-—-——-—————1

T he new Heathkit catalogue.Out now. FRE

SOLDERING IRON\ To: Heath (Gloucester) Limited, Dept. ET1-46, Gloucester. G L2 6EE. -

Please send me my Heathkit catalogue. [ enclose a 10p stamp for postage.
Name. Address

TPosteode
i ——— 111 e tails in the catalogue. Offer available for limited perad only.

with allorders over £30

ELECTRONICS TODAY INTERNATIONAL—APRIL 1876 +7
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SCIENTIFIC ANALYSIS ON THE
POCKET CALCULATOR
by Jon M. Smith, Wiley-Interscience

Virtually all of our readers own pocket
calculators and many of them are
professional engineers and scientists.
It is for these readers that we have
introduced this book to ETI| Book
Service. It is aimed at the engineer/
scientists who has to perform sophist-
icated numerical analysis on any
calculator from the Novus 650 to an
HP-65. The author in fact stresses
how much analysis can be performed
on a simple, 4 function machine,
and gives routines for calculating
sin %, cos x etc. (Personally, | think it's
easier to ook up the tables, but if
can’t find them it's nice to know
you're not completely stuck.) The
book scores a big plus on the following
points: |t is authoritative, compre-
hensive, and forces the reader to
think about what he is doing. The
contents range from elementary
tabularanalysis of data, through such
topics as Bessel Functions, Fresnel
Integrals, Fourier Analysis, Numerical
Integration methods, Linear Systems
Simulation, Approximation by
Chebysher and Rational Polynomials
and Statistics, with a very good final
section on the Programmable Calcul-
ator. As can be seen, this is not a book
for the mathematical novice, nor is it
light reading. Equally well. it is

| perhaps a little awkward to use for
quick reference. Overall, however, this
is THE book for calculator users who
would like a bit of intellectual exercise
which will pay off in giving them an
order of magnitude increase in value
of their machines.

MINI-FETS

The Siliconix J401/406 and J410/412
series of monolithic n-channel dual-
JFETs are presented in 8-pin Mini
DIP package. The J410/J412 are for
general applications while the J401 to

J4a06 offer a high performance for
Op Amp front ends. The J401 features
CMRR >95dB; offset 5mV (max} and
drift 10pV/O9C (max): Details from
Siliconix Ltd, 30A High Street,
Thatcham, Newbury, Berks RG13
4JG

news digest

SWEEPING RADAR
DEVELOPMENT

Ferranti have designed and built a
radar system which fits inside the
rotor blades of a helicopter, and
utilises these as the aerial. This enables
a very narrow beam to be produced,
giving a very high resolution picture.
This means, amongst other things,
that the helicopters will be safer to
fly in poor visibility conditions, and
survivors in heavy seas can be detected
with vitual certaintly. Flight trials
begin early this year.

HP CALCULATOR BONUS

HP-45 OWNERS who are feeling a bit
peeved following the introduction of
the HP.25 calculator by Hewlett
Packard can take heart from the fact
that the HP-45 can be used as a stop-
watch and 12 hour clock.

1t’s a little bit tricky, but becomes
easy with practice. To trigger the beast
into ‘stopwatch mode’ you press RCL
and then simultaneously press the
keys R}, STO and CHS. The display
will then appear as four pairs of zeros
representing hours, minutes, seconds
and hundredths {from left to right}.

Pressing CHS will stop and start the
timer, EEX will blank out the hund-
redths, and CL X will reset the display.
The unit can he switched back to
‘calculator mode’ in two ways:
pressing ENTER 4 clears the display,
while pressing the decimal point key
will reformat_ the display to
H.MMSS To5 Teg in either FIX4 or
FIX6 (depending on whether hund-
redths were displays}.

Time splits may be stored by
pressing the desired register number
while the timer is running; pressing
these keys while it is stopped will
recall a time to the display. Pressing O
accesses the LASTx register and recalls
the time at which the timer was
stopped. Times may be entered as
above and the calculator switched to
‘stopwatch mode’ to use the times as
starting values.

Now here’s the catch: it's wildly
inaccurate, since the clock rate is not
crystal controlled However,
as the chip is the same {we believe!}
as in the HP-55 this problem could be
overcome by the few daring people
who may be willing to rummage
around inside it. We apologise to HP
for ever having mentioned this, as we
understand that they prefer not to
know about it!

Continued from page 8

KEEP AN EYE ON THE PUPILS

After almost 10 years of work
Honeywell scientists have produced
a device that promises to become
an important teaching tool.

The development — called a remote
Cculometer — focusses a heam of
infra-red light on a subject’s eyes, and
a special TV camera records the
minute changes made by the eyes’
movements. This information is fed to
a signal processor, which calculates the
eye movements and makes it possible
to produce a television picture on
which a black dot shows the exact
movements the subject’s eyes make
while logking at a scene.

1t is believed that the Qculometer
can play a major role in the field of
learning disabilities. Scientists are
working to enable a paralysed person
to use his eye movements to activate
typewriter keys.

FREEHAND WITH COMPUTERS

A device called CHIT (CHeap Input
Terminall, invented by National
Physics Laboratory, makes it easier
and cheaper to have computing com-
plexes recognise handwriting. When
linked to character recognition system,
it is possible to doodle into computers,
and have them understand it! This
means that ordinary penciis/pens can
be used, and places like banks and
shops can now have a viable signature
verification system.

Chit operates from two resistive
strips at right angles, spaced by a small
air gap. As a pen moves across the
tablet, the pressure causes the two
strips to meet. A current is passed
through them, and the voltage
developed is an analogue representat-
ion of the pen position. Switching
between strips, to sample the voltage
developed, gives x and y outputs.
This is done very rapidly, and the
output fed to the computer in binary
form.

Mational Research Development
Corporation, Kingsgate House, 66—74
Victoria Street, London SW1E 6SL.
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Fully branded devices by Texas. RCA p
34 SANDHURST ROAD, LONDON, NWS

Molorola. Natonal, Mullard etc

SC60 ADVANGED
SCIENTIFIC

The SCBD i1s the most advanced
scientific and statistical calculator in
ils price range

[T 3 memores

[ 50 functians

[J 66 keyboard commands

SC44 SCIENTIFIC

{7} Operating fealures of the symem
includge

® Number eniry n Poating point or
scientific notaton

@ Automatic selecton of correct nota-
tion tor result display {scientbic or

F L features

Oparating Festures

A Algebra.c mode entry @ Two nested
pareniheses ieve's @ Number aniry in
flcaung pownt o scentific notation @
Auviomaiie selecnon of eurrent noranon
for resuhl display (scientilic or floarting
cont} @ 10 digit mannsse; 2 digit

of the system include:
Basic arithmate + -}
Trig funcnons {sin cos, tan
laverse Tng functions (sin —, cos =1, tan—
Logarithms (10, log) @ [Ant-logs je X 10 o]
Exponentiaton (y?
Combinatonal lunciions {1 {1}, tn)i
Normal Qisinbutien funciion [Prix))
Gamma tuncuion (I{x)}

n of sum of squares. norm

Group operstions (Xx,0 i L1
Groupcontrols (kf Wi . X7 ¥ |  CLcAp
Conveniencs funetions {t/a, k2 /x __ )
Flexible mamary eanirel (STO, RCL, XM

Facige revarsal (XY

Degres /Radan selectign (Trg or Inverse Trig)
Automaic eror detection and displa

Saparate Clear operations (CE, CL. CLF. CLGAP

MEMDRY: three sadressxila memeriod which can alse hs uge

ACCESSORIES s tor SL44 STENTFIC

Armbmetc mean. slandard devianan, vanance sq

po) ® Sgn and drsplay
{mannssa and exponent) @ Full chan
calculation with sy funclion seguenca @
Thiee user addressable memores @
‘Protected  memory group ncludes, —
Sum memery — Sum-gl-squaras memary
- Index memory.

)

' I i wilh qum I

REROCY, BiM OF $qearet momery and sz memory plus ndex rogisier. I

$C60.10 MEMORY

Al avalable T the SCEQ. IR -~ which nas 10 aperaler accost
mclutes sum mamory, sum of 5588t 23 mEmery, 0Ad o

1big mamortas wilh pro1ecied growp mamory which

wmnl £54 95 inc. VAT p.&p.
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Hoanng poanty

® Aigebraic problem oniry
Two parenthesss leveks

® Bdige mannssa 2 digi exponent

@ Sign selecron and display {fmaniissa
and exponent).

@ Full chan calculation wih any
function sequence

1 YEAR WARRANTY
ACCESSORIES INCLUDE

Nicol mchiargeable batteries, &/C adapior, charger
leatheretia carty case, instructions, 1 year guirantee,

weight 330 grams

We repair most makes of caleolators, send S.a e for

quotatoh

Please send me
or SC60.10 - £64.95 in. VAT, p.&p
‘o SC44 -£34.56 inc. VAT p.&p.
NAME

ADORESS
CQrders to:

SCB0 - £54 inc. VAT, p.Ep

KRAMER & CO., 9 October Placs, Holders Hill Road,
London NW4 1EJ. Tel 01-203 2473 Telex BB8941 auention KRAMER
Registered No. 1797716 Export arders invited
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FOR DETAILS ON ADVERTISING IN
[ ] MINIADS, OR ELSEWHERE IN ETI,
CONTACT BOB EVANS, 01-730 8282
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SD. FOK-BZKUJAW Residers TSP M4DDD SOV 1A 6p RANGE: I WENSIONS | 1 o
. 50, 100K 200 4W Reslxiers 75p  IN40D2 100Y 14 n WALVE _ (mm)f PmC':H:- T e + = ’i
Epor Pt m, IX-ZM2 . 15p  INADDE 0O 14 13 KT R e L L - s
Bridge hac1 SN %A ;. 19p  Mi4143 Signal Oiode oazuF 33 1§ a4pl|TiouF sp S
bp o P i 8p
1 Sriage hocs 50V 24 m. Sip  MJEXGSS WPk 70p ‘0.25.F 31 L8 sip |'2.2,4F wwp p Up
and M HAC Radio. ;. £1.36  MJE2955 WP 99p .n.i?;r I | 309‘ i4.TuF £Lgr B3 Hp
mmewmom o, G Hnm T TRE O H MY 2% b A
. TECHNICAL DATA AND ASSISTANCE FOR YOUR om" 00 19 crod |I5E oz e2n fa
PROJECTS 200 G0.8 234 Clad_| B2eF wp o e
MONEY BACK GUARANTEE — SAE for LISTS TANTALUM BEAD CAPACITORS — Values availsble 01,
Alred ; 022,047, 10 32, 48, BdnF at 15V 15V or 15V: 104F at |6V/20V
AN{LIMITEO[(DERUIET) or TV, Z204F o 8V or 15: J804F a1 6V o 10V, 470
. . . P.D. Box 18, Camberley, Surray 00 OuF a1 ¥ L0F/asEV|o-ll0Y AT OuF RU3V (o7
Readily available supplies of Construc- - v Oi;slﬂmiv;_ntln 19p euch. 10 for #5p. 50 for 4
tors' hardware, Aluminium .sheer and ACIZE up|lc"ncuamm-up TR 1279
sections, Printed circuit boards, top | CMOS: Gates 4001, 4011 17p. Counters s L e eEes e
quality for individual designs. B 4017 83p: 4040 86p. B.pin DIL ICs 741 AFL78 g | BDILIN g-: -;r;-z;z;v ::i
: . - 24p; 555 44p. TRIACS (Plastic) TAG250 S AN B 088
» BFIT3 24 2 30p
Popular €.\ boards always in sock. | 4oDu/10A 67p G+ 64p). DIAC 1p: Mint | L, 2| BE B R
ervice. Mains, ;gA1N2:‘s;’I=(;F;MEg:S o1 E?T; Ts-ob!sv s i3 | Bristnse T | e =
Send 15p for catalogue. pi el p. uT) 30p: BCImAs up g T ] Teas @
AR 2N3055 36p; 1NA0D4 6p; 13xBC148 '%[ﬁ/llﬂ i ~§gma—ﬂﬁ$ Tirass ﬁ’.‘;_
R R CONSTRUCTOR 80p"; 10xBC158 80p’. P&P 15p ADD 8% ECIEE e e | VI
g *BCIBA/184L 12 BEXS/B6/B8 NESSS slp
VAT ('25%). T.K. ELECTRONICS, 106 -pcaz e we'
SERVICES Studlsy Grange Road, LONDON, W7 e ::$ i, DD Somnann
o BCI87 . ip.] OCH/OCS 1 [
5 HP:#SONS ROAD SEX '?ﬁgmglau‘;wfu:ﬁ.sr;rui.'zz.rlsfar;p;lmllngp.:
TRATFORD-ON-AVON B o e e o D
for TTp. 12 for 48p; 14001 S'ap: 002 8p; DOJ P 004 Tp: 006 Bp;
WARWICHKS. g
e T (e B Buct s poner oy 2
I v L Adv, . . IV, LBV, .68V
COMPO NENTS for ;;.'c;':a‘év_l.l\;h‘s,o\'.nuvf v, 13y, 133V, 18, |sv_;uvtmv‘
CABINET FITTINGS E.T.I. PROJECTS e T S e il
tor Stegs Loudspeskars and Ampiilier Cabe. P.C.B'» f ﬁ'ﬂ&“fﬁf‘é‘&"ﬂ:ﬂﬁﬂﬂ’ﬁm"{m? :Ii ::
Fratckoths, Coverings, Recess Handles, Strap Handles, Active Crossover ETI 433A 86p 1p each, g Tor LD of any one value, 79p for 100 of any ane value.
Foot. Castors. Locks and Hinges. Cornars. Trim, P (L 5 o ETI 433B 86p %EC!ALP«\CK. 10 of each value 2.20] te Z.2M 0 (730 resiacors)t
Spaas;mu; ;u;' ;_uc . Logic Probe . . = ETI120 35p SILICON PLASTIC RECTIFIERS—1.5 amp. brand new wire
b e (om Pomer . Emiz 3me || plsme R ROl
ADAM HALL (E.T. SUPPLIES) Logic Tester . .. ...... ETI 1%% £1.85 -suam%uag \;:;}ﬂg&;:hzsz:r'_le-mg °aiﬂ'ﬁ"a”f:i
Unh @, Starline Worka, Grainger Rosd 50+ 50W Power Module  ETI 4 £3.00 59 each; 500 1004). 22007, 4700, 8800) 1K) 220, 4 THEL 6.8,
Soum:nd—on-stn. En-q: ° Simple CMOS Tester . . ETI 123a 70p %gt'c‘ihlss’kﬂ% 20k, ATk(), 6Bk(), 1000), 250k (). 680k0, 1MD).
Simple CMOS Tester .. ETI 123b 78p PLEASE ADD 159 POST AND PACKING ON ALL ORDERS
Tone eun1 Generalor . ETI 124 ssp SIEA]?_W £5 ALL EXPORT ORDERS ADD COST OF SEA7AIR
TREASURE HUNTING! Amateurs and Exposure Meter . .. ETI 851 3sp- mEADDI\VATlu;‘l'I:;mm-:?\EQp(lhunmlrked with *
. - - . i ‘wi are
Professionals world-wide enjoy success with Audio '-’I"" WS EL? vilr} :;' 438 7?» omesaL o ,m,o,.;dmmm_s;m e
C. Scope Metal Detectors. Simple to operate, New projects available at 1.25p per sq. cm for - olesale price lists avaliable o bons fide companies
lightweight, ulira-sensitive. Prices from sigg:f s-dedzgr V:5eiperksqicmiiforkdouble MARCO TRADING
£26.24 Tel. Ashford 29141 now for full s (ot pg (Dept. D3)
) - . _ - L UJ 2.
details. _ ‘E:““:':g':: 6; = per The Old S6hoot, Edstasion. Nr. Wem, Shropshire’
ETI 121 £2.30 Ey Egaf‘es’ .| 'Tel. Whixail [Shropshire) (STD 894872) 454/5,
o . = —— o SvE =Ty
ETI 123 £4.88 ET1 122 £17.00 % 1 s romMinin T iadng Lid) L=
The Proprietors of British Patent No. 1043741, £TI 124 £8.87 ETI 438 £8.60 : 5
for "Method and apparatus for producing small o LOW-COST 1.C. MOUNTING for any size DIL
electrical components™ desire 1o negotiate for § Prices inc. VAT and postege package. 100 Soldercon sockets 60p. 7 and
the sale of the patent. or for the grant of Send s.a.e. for full list of boards and B hole plastic supports Sp pair. Quantit
licences thereunder. Particulars from Marks & componants available. " SAE detail d '|: Tri {
Cierk, 57-60 Lincoin's lan Fields, London Mail ordara, pleass, 10: D.B.M. Products raoes. p tails and sample. Trial pac
WC24 3LS. Unit 14, Southem Road, Ayleshury, 60p. (P.&P. 10p/order). P.K.G. ELEC-
Bucks. TRONICS, Onk Lodge, Tenslay, Derby-
shire DE4 5FE,
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Greenbank Electronics

FREE!
Data and suggested circuils for AY-5-1 324 and MK 50253 clock chips.
details of PCB's and component kits for AY-5-1224, data sheets for
LED 0.3" and 0.6 displays.

Capacitor ,
=« Discharge

#IGNITION

AEMAXIMUM PERFORMANCE
EMAXIMUM ECONOMY
WEASY COLD START

NEW! o i

PCB TO SWLIT AY-5-1224 clock ¢chip . . . ..... ... ... Bt L]
&4 DIGIT KITS

Kit includes: PCB, AY.5-1224 chip, 4 LED dlgits, transistors, diodes,

resistors, capacitors, solder pins (Success guaranteed), with 0.3" digits

£0.95 (0.6 high digit version also available). SYSTEM |
CLOCK CHIPS Protewional photostectr i ignition using L.E.D. hight source and reflective dise. This
AY-5.1224 4 digin 32/24 hour . ... Lo R £3.66 machined aluminium dis gives & TMing acCut acy a7 syparior to other methods and
MK 50253 4/6 digit alarm clock. . ... ... .E5 50 2 ssimple 10 i1, Uniy housed in diecast box 4%™ x 3% x 2%" Pnice £18.80 IKir £16 BO}
e " LED DISPLAYS (ECONOMY TYPES) tate car/model/measurement across cam fobes.
DL-704E 0.3" commen cathode . .. .. . e B - e . 8bp
DL-747E 0.6' common anode .. ... .. o S B ) SYSTEM Ib
. 2 Contact breakes madel g5 above less sensor, Price £12.80 (Kit £10,80) M/C Twi i
Add 8% VAT 1o all prices, post, etc. 10p + VAT per order Price E1B.00. S.A . for dercriptive lemiet - ALL UNITS IN STOCK. Mail aeating
GREENBANK ELECTRONICS (Dept. T12E) € Elecironic Systaes Ltd, 275 Vale Rosd, Ash Vale, Aldershor, Hants.
94 New Chester Road, New Farry BDemansiratian/Catiers to Hillnde Molory, 292 Carshalion Road, Carshalten. Surrey
Wirral, Mersayside L82 5AG telephone 01.642 9973,

Tel: 051.845 3391
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LED s 0125 02 T INFRA REDT START YOUR OWN BUSINESS REWINDING i
S50 1 ELECTRIC MOTORS
RED 1% 19 { Aualiead 49p This uniqué instruction manull shows step by slap how THE SCIENT'F'C WIRE cu'
G . G/Y | a%p 3p .;..?&wﬂj;‘,’ to revand motors, working gar- ar full-time. without c Nicke! Ch Eureka - M .
P e 2% 3p 1 oARL2  Sp previous experience Everything you necd 1o know GPReriEicke ’OWn?fe; LrexagLvianganin
; easily explained, including whets 10 oblain materjals, y . .
.f:r‘o;auugi:l o | S, g ey oo huw o get alf the work you need e ete Enamelled - Silk - Gotton - Tinned Coverings
b o Mz £2.25 Toesas (2358 558 80 A goidnwne ol :ntgrmation and knowiedge Dnly £3.68 . -
4350 72°6kv BMiz TRECTOS 28 400v 805 + 28p PAP kom Magnum Publ.canons, Depr. £TH ] No minimum charges or quantities
. Dita trea with all OFTQ g Brinksway Trading Esiate Brnksway, Slockpart. SK3 Trade and Exporc enguities welcome
AC125/6/7/815p | 2n2028(G1 tzp | VOLYAGE AEGS. OBZ Overseas D-sinbotors wanled S.AE. Brings List
atrr 6% goe D ansoss™ wse | v sos pane P.0. BOX 30, LONDON, 2 9BW
Ld 2N30Sq 45 12V 7812 1 A AN , 5
aFi24/806/7 | an3oss atp | isvrais e GLASS FIBRE P.C.B.s. Send 1:1 master
P o ki 50
ots107rarg 9o | In302:3:4:2p | 1By iE18 ns:p and gOp pT-r bgard plus 7p per sq inch
BCI09C 12p (o = = nal tinned or plus 8p per sq. inch driled and I 7 i o
BC147/8/9 10 | 5 b 107 10p 184002 ap LEDS Wiclip. 0.125
B e g | nes Send forquomon ondowiewed | E B WEE R RETT
:g:g;cm:u iiE zmg:;'.; 25 | 2a 100V 36p boards. Discount for quantity TIPIOS5 48p  1NAQO7 6 MVS2TA Groat 22p
BCiirigey 17p | INHA 3% 4 7a700y e PROTO DESIGN, 4 Highcliffe Way, MEPELS B LRI s " MVSI74 (Yetow]  22p
scieziadatie [ omiGooe 20 | "} yigewserd, Essex, SS11 SLA. a0 .  mpoEs o
BCI8E/T  30p g4 3p TENERS BZv88 ’ Faps e} lsn 144200V 26p  1Omid/12V  1G220p
STy | g o | 273w m L Man e LR P oy O
L P e [] - s T’y
BE104/5  12p | INAOCA/5  Tp | ypepew [ ';’:g?is “2: 41 8on  25p 22"':“‘_""" o \(1]3 A
222311' ::: :::?eg” :: NESSE  £1.10 Wi 4p (SERTME 8% ph gy 6150
LM3go £1.00 VAT INC PBP 20p
BFRZY 300 | Oaar o0
BFXBA 20p | oar0oars mp | 2010 “,‘,: DETEGTBH PHODUGTS i 2 UDI0-0PTICS, 13 MIDDLEWAY, CHINNOR, OXON
?:’;‘19,20 ::;‘ g:g: g;g ;" f th lar "'Sol Tel. Kingston Bloun1 52683
2NTO06 10p | 0A200 s: D.1L. SGEKETS Manufacturers of the popular b
281711 20p | OA202 kS f—f'ﬂ ﬁ' Invictus’" Metal Detectors. Sup-
282219 20 - — 1ol u R
aimiai/sisr. | om amis g st BiRtey tETitiss tTDNIRUTIIND SUPERB INSTRUMENT CASES by Ba
16p | z5, i td i o
2N2004/ 5 /6A1Bp 741;-nm za: ] B‘AFPU 5" United Kingdam and o8 zell), manufactiured kom heavy duty PVC
[Lana0g6ien__dpr |izea0y daeag) ONclanL, 700 ] o faced sieel Hundreds of people and
PRICES INCLUSIVE + 15p P 8P {1st clzss § Trade and Retail Enquiries industrial users are choosing the cases they
1 Welcomad. require from our vast range. competlitive
ISLARD DEVICES. P.0. Box 11. Margzle. Kenl Or call at our showrooms at ‘phces start a1 a low 75p. Over 400 Maodels
58a KING ST.. BLACKBURN to choose from.  Prompt despaich. Free
A = LANCS inerature (stamp would be appreciated)
TURN YOUR SUR capacitors, transistors, f Bazelt, -Department No. 27, St Wilfreds
etc.. into cash. Contact COLES-HARDING & Tel. 62561 or 54105 . P )

€O’ PO Box 5. Frome Somereet. lmmediate Foundry Lane Halton, Lancaster, LA2 GLT

settlement.

I J Tl t CJCLTD. P.O.BOX 34.CANTERBURY.CTHIVT

ALL PRICES INCLUDE PAP AND VAT m[s[
ANTEX SOLDERING IRONS [ 573 Stands-for al|l models £1.19

(with stice on & oft bits) SOLDER in B'b dispeneer  £0.45
15W ' mmniatuce irons E2.30 | WIRE STRIPPERZ CUTTER £0.85 @
3/32'0 476" 3/16%ils-each  £0.45 | HAND DRILLS Laytool precision,
'C' Elaments £1.10 | compacl ,5/168" chuck E3.99
1BW ‘G’ miniature irons  £2.50 | AERIALS Extond 15-120crm £1.50
3/3271/8",3/16"bits-each E0.45 | CASSETTE 'Head Qemagnetisers’

'G' Elerments £1.35 | Snaped pole-saves time £3.65
I5W' CCNLow seakage irons E2.70 | EARPHONES Siothoscope £1,25

3/32", 9/87,3/16 "bits-each  €£0.45 | MICROPHONES Dyrarmic  £2.15

'CCN' Efements £1.50 | PRINTED CIRCUIT KITS-A11

25WX 25 Low leakage lrons £2.30 | items for producing p.c's  £3.99

3/321/8.3/16 bits-each  £0.47 | SIGMAL INJECTOR-Audio through

'K25¢ Elaments £1.15 | video signals, self comtained £4,25 - e

L 5K, 'SK2 SoiderngKits £3.85 [ SPEAKERS -75mm die. 8a €1.00

PLEASE MENTION ETI
WHEN REPLYING TO
ADVERTISEMENTS

The easiest, fastest way of
constructing yaur electronic
circuits, 01" x 0.1 or 0.15" x

0.15" Matrix, 15 sizes.

INDEX TO ADVERTISERS

Henry's Radio. . .
Imtech Products
Elactronics island Devices . Miniads
B.H. Components o Kinnie Components p.44
BIET - R Kramer & Co .. .. p.79
Lynx Electronics . . p.16
Maplin Electronics p.84
Marco Trading . Miniads
Camhridge Learning p. 50 Marshall’s. . . .op.21
C.D.1. Metac. . ... - p.37
Chilunead 3 Minikits . . . . .. p13
Chromasonics. . . . . Ramar. . . . .. Miniads
R.F. Equipment
Sabtronics
1 Sinclair. . . . pp.24 & 25
Exetron. . . Sintel ... . ...... p.d1
Fordendale . Technomatic. .. .. p.79
Greenbank . . .. Miniads Vero......... Miniads
Heathkit i Wilmsiow Audlo . p.64

" 9 'y
r v 2 e 0 » u s
) 2 e R

VERD: 1100

New catalogue available (price T0p + S.AE_ at least 7' x 9")
Vero Electronics Limited, Retail Dept.,
Industrial Estate, Chandler’'s Ford, Hants., SO5 3ZR
Telephone: Chandler's Ford 2956 (STD 04125)
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Now there's a better way
to keep your ETI copies

glectronics today

yntemnationa

reader sewices

We reckon ETI| is worth keeping:-and our surveys indicate 1hat a
staggering 97% of readers keep their copies for at least three
months Now we can offer you a binder which bolds 12 issues
whose quatity befits the magazine: excellent. Send £2.00 (which
includes VAT and postage) to

ETI BINDERS. 36 EBURY STREET, LONDON SWIW "OLW.

Epoxy-Glass PCB:s
Typical prices INCLUSIVE of VAT & post

Audio Level Meter __ ETI 438 marn'76____100p

CMOS Tester___ET1 123A Fen.'76. .90p
CMOS Tester__ ET1 1238 Fer.'76_____90p
50+50W Power Module _ ETI 422 Jan. 76 270p
Active Crossover 2 Way ET1 433A Oec. 75— 90p
Active Crossover 3 Way _ET1 4338 0ec ‘75 90p
| 100w Guitar Amplitier—__ ET1 413 Top Proj.?___140p
Logic Probe_  ETT 120 Dec.’? e 60p
Logic Putser. __ET1 121  0ec.'75 60p
togic Tester —— ET1 122 Jan ‘761505

| International 23 ETIInu25 DOcr. ‘75 375,
Send 10p for tull lists of PCBs and Kits for all ET) and many
other published project PLUS low cost COMPONENTS

NEW BurcLAR ataRM aur compiete with CASE and 5

Sensors KIT Price_ £16.00 Assembled_ £20.00
T.TL

7710 A S [ S 7/ 7 _ 25
7401 11p 7483 31
74149 1y

7416 20p LINEARS
7420 1lp  ca3046_ - 50,
7430 1ls  yp58S 50,
1431 1 741 27,
7440 - 11p  {c107,108,108 9,

SPECIAL OFFERS

Miniature glass encapsulated REED SWITCHES__10 for 50p

Solid TANTALUM BEAG Capacitors 2 2uf & 47uF only 8p
Glass Tin Oxide 2w Resistors 22K JIK J9K _2p
Bulk Difer JIK only §50—75¢ t00-—120p

Mail Order Only. C.W.0. P& P 15p Prices VAT inclusive

RFEQUIPMENT spares Ltd
J.Lacy Close, WIMBORNE. Dorset

82

SUBSCRIPTIONS

The annual subscription to ETI tor UK readers is £5.00. The currenl rate
1or readers overseas |s £5.50. Canadlan subscription rate i3 $10 per year.
Send orders 1o ETI SUBS Dept.

BACK ISSUES

The cos! ol a back issue 13 40p. Poslage and paching cosis an
addtional 15p lor the 1ies1 and 10p lor each subsequentcopy. Send orders
10 ETi BACK ISSUES Cepl ... we cannol supply certain back issues [April,
May. June. July, Movember and December 1972; January, February and
November 1973; March, Seplember and Navember 1974: January, June,
Augusl. Seplember and November 1975).

SPECIAL ISSUES

At presenl we have three Special Issues avallable; Top Projects 2,
Eectronics It's Easy [Parts | lo 13| and Inlernational 4600 Synihesiser
(published by Mapiin). The prices are 75p. £1.20 and £1.50 respeclivety:
postage and paching is an addstional 15p per issue. Top Projects jisnow
sold out. Send orders to ET! SPECIALS Qept.

EINDERS

8inders, lor up lo 13 issues, are available lor £2.00 including VAT and
carttage. Send Ordars to ETI BINDERS DEPT

T-SHIRTS

ETi T-shirts are available in Large, Medium, or Small sizes. They are
yeilow cotton with blach printing and ¢ost £1.50 each. Send orders o ETt
T-SHIRTS Oept

PCBs
PCAs are available tor our propects lrom companies advestising in the
magazine, such as Ramar and Croflan. who do an excellent service.

EDITORIAL QUERIES

Written queries can only be answered when accompanied by an SAE, and
the reply can take up |0 |hree weehs. These musi telate 1o recem arlicles
and not involve ET1 slat tn any research, Mark your letter ETI QUERY . .
Telephone queries can only be answered when technical stalf are lree,
and never betore 4 pm.

NON-FUNGTIONING PROJEGTS

We canngt solve the problems (aced by individual readers building our
projects uniess they are concerning Interpretation of our arlicles. When
we hnow ol any error we print a correction as s0on as possible al the end
ol Wews Digest. Any useful addenda to a project will be simlilarly dealt
with. We cannpol advise readers on modilications to our projects.

BOOKS

ETI Bock Service sells books to our readers by mail order. The prices
adveriised in the magazine include postage and packing. Send arders to
ETI Booh Service, 25 Court Close, Bray, Maidenhead. Berks.

MINI-ADS & CLASSIFIERS
Thisisa pre-payment service — rates on application 10 ADVERTISING
Dept.. or phone Bok Evans on Gf-730-7315.

ADDRESS FOR ETI DEPARTMENTS-

36 EBURY ST, LONDON Swiw OLW
PLEASE MARK REVERSE OF EACH CHEQUE

WITH NAME & ADDRESS AND ITEMS
REQUIRED.

ALLOW 10 TO 14 DAYS FOR DELIVERY

66 PAGES OMPF
+ 3000 ITEMS ) 0)
600 PICTURES OUCHERS
YOUR
" LOMPLETE
ELELIROMIC
STORES
L
OROER D C
. w0
SHoP

200 DEPEND AE

BHCOMPONENT FACTORS LTD.

LEIGHTON ELECTRONICS CENTRE, 59 NORTH 5T.
LEIGHTON BUZZARD, BEDS. LU7 7EG. Tel. {05253} 2316.
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_
@ Stl rling Sou na Droducts

BECAUSE OF DEMAND AND RE-ORGANISED

PRODUGTION, THE SUPERB
HI-FIDELITY
$3.125 POWER AMP

NOW COSTS £6.23 inc. Postage & VAT

oyTPUT

25 walls RMS. into B} using 50V
22 watls R.M.S. mlo 452 using 33
[Law imp. mat Iess than 4

DISTDATION Not only is this Stirling Sound’s best audio amplifier yet;
Less han 0.05% at all power levels it rightfully qualifies as one of the best of its kind yet
(from 10Kz 1o 10KHz| made available to constructors. Intended above all for:
FREQUENCY RESPONSE high-fidelity, the characteristics of the 55.125 are such

= 1dB 15 Hr 1o 30 KHz (40} that it can be used in many other applications where
+ 18 10Kz lo 30 Kz (8 dependability is the prime consideration. The 5$5.125
HIGH Z INPUT integrates well with other 5.5 units as waell as those of
100 Kohms [40a8 gain/100x) other manufacturers. Incorporates new circuitry using a

'gr:f‘g;"::? 1 complementary long-tailed pair input and full comple-
su: SIRSIWL0Jou mentary output Circuits to give standards of parformance.

ling. heat-sink lype mounling Designed and made for constructors who appreciate
pallorm) 4% x 3= x 's* high (120  qualkity and value!
1 76 1 22 mm|
.. And
5 NEW STIRLING
SOUNDS PDWER
SUPPLY UNITS

M OR E ST I R LI N G s o U N D MODU LES ARobustly designed units in each of which s a stabihsed

‘ ' i take-off point 10 provide for tuner. pre-amp and control
e T stages gae 5% x 37 x 2%' high {P/P add 50p

FM TUNER UNITS anslmiodel
$5.201 Tuner front end. Ganged. geared variable tuning 58312 12V/TA 23.75'.
88-108MHz. A F C faciliy £5.00 55 318 18v/1A £4.15

£5.202 (.F amp A meter and/or A F C can be conrected 55 324 24\”’”\ E:-BZ%'
(size 3" x 2') £E2.65 55 334 34V /24 ES. §

58 345 45/ 4A £6.25

$85.203 Stereo decoder for use with §5 201 and 202 or
any good FM twner A LED beacon may be
attached (3" x 2'") " E3.8S

55.105 5 watt ampiitier to run from 12V (3% x 2" x %'} £2.2%

$8.11¢ Similar to 5§ 105 but more powerful giving 1 OW
mte 4dohms E2.75

$5.120 20 wan module when used with 34 volts inio 4 £3.00

Transtormers lor 55334 and 55345 are supplied with
ransformers sepasate from PCBs Add 50p for P/P any made!

A new Stirling Sound C.D.1. Unit for your car.
Super Shark Mk, 2

Even batter than the onginal version, thousands of which are in
use saving motorisrs appreciable tme and maoney for petal Vety
easy 10 w13l The Siwling Sewund model incgrporales swiich lor
Instant change 10 convenlbonal igmilon. instant adapuon tg pos
o neq earth return. anfi burglar smmobibsing switCh pre-set
conital tar rev hmitanon There are no esposed paris. the uni,

58.140 Oelivers 40 watts RM S into 4 ohms using a
45V / 2A supply such as our §5 345 rthe power and

quality of this unit are superb lwo n bridge on pch beméylh?]uud w strong enclosed meial box Wih
instructions and leads

Iormal‘n‘on w:ll gwve BO watts RM. S inio Bohms AlGE: Swe 7% 0 4% x 2%’ ex swiches (193 x 117 x S4mem) (P /P
Size 4 x 37 x £3.7 a0g 50p) BUILT &

$5.100 Acuve tone conlral, stereo. + 15dB cut and boost KIT £7.95
with suitable network £1.60 3 TESTED £10.50

8S5.101 Pre-amp for ceramic p.u  radio & lape with passive A NEW X-HATCH GENERATOR
tone control details £1.60 - Operates at R F lavel

For colour and mono TV Plugs into aenial socket of se1 Operates
without need for ransmissions, 4 push-butian opeiation Runs
on 4 selt contained penhle type battesies Will Fit onto a large
pocker Stony plasuc case BUILT £27.50° KIT E25"

A USEFUL CATALOGUE — FREE

$5.102 Sterec pre amp with R { A A, equalisanon. mag
P u . 1ape and radip In £2.28

55.300 Power Supply Stabiliser. Add this 1o youl
unstabihised suppty 10 obtan a steady working
voltage from 12 1o 50V for your audio system

workbench etc. Money saving and very reliable £3.25%° Send T; ;laraz iA E with l'Up slbamp and w: wll\\dsend you l'her
latest Bi Pre Pack catalogue tree by return acked with ysefu
TERMS OF BUS'NESS: lings s 3 reai money saver

VAT at 25% must be sdded 1o 1otel velus of order an ept for itemy marked ~ or {BY:}, when

VAT is to be soded ot 8% . No VAT on oversess orders. POST & PACKING add 22p for UK ___—-_—____——-_._— I
orders uniees marked otherwise. Minimum meil order scceptebls — £1. Overases ordars, add 10 STIRLNG SOUND (BI-PRE-PAK] LTD. 222 WEST ROAL. WESTCLIFF ON

£1 tor postage. Any ditferecice will be credited or cherged. PRICES subject 1o alterstioh ' SEA ESSEX S50 0OF

wathout notice. AVAILABILITY All itame sveilabis st time of golng o press whan avery sffort
is made to ensure correctnass of information.

Order your Stirling Sound products from

BI-PRE-PAK LTD

Co Reg No B20919 NAME
222°224 WEST ROAD. WESTCLIFF-ON-SEA. ESSEX 350 9DF. I ADDRESS
PHONE : SOUTHEND (0702) 46344
FACTORY — SHOEBURYNESS ESSEX

l Please send

l for which | enclose £

Ingc VAT

I_ _ (ETI.4)



More than
just a catalogue!

PROJECTS FOR YOU TO BUILD

4-digit clock, G-aigit clock, 10W high quality power
amp., High quality stereo pre-amp., Stereo Tuner,
F .M. Stereo decoder, etc., etc.

CIRCUITS . . . Frequency Doubiers, Oscillators, Timers,
Voltmeters, Power Supplies, Amplifiers, Capacitance
Multiplier, etc., etc.

Full details and pictures of our wide range of components, o= : & \s_x :
e.g. capacitors, cases, knobs, veroboards, edye connectors, . “ ¥ N \&*
plugs and sockets, lamps and lampholders, audio leads, -~ .ﬂ’:{;‘; s ';,. .
adaptor plugs, rotary and slide potentiometers, presets, ;ﬂ,. o e
elays, resistors (even 1% types! ), switches, mteriocking T .g‘ 3 .
pushbutton switches, pot cores, transtormers, cable and ‘g" ‘.‘i-;‘ x

wire, panel meters, nuts and bolts, 100ls, organ components, e "2l . s :

keyboards, |..E.D.'s, 7-segment displays, heatsinks, o f,’

transistors, diodes, integrated circuits, eic., etc., etc.

Really good value for money at just 40p.

The 3600 SYNTHESISER

The 3600 synthessser ingludes the most popular teatures ol ihe
4600 model, but s simpler Fasier 10 opesate, 11 has a swilch
patching system rather than the matrnix paichboard of the larger
unit and Is
partigutarly
suitable for live
performanc 2
and portabte
use

The 4600
SYNTHESISER

We stock all the parts for this brilhantly designed synthesises
including all the PCBs, metalwork and a drilled and primed front
panel, giving a superb professional fimsh Opinions of authorty
agree the ET| Internat:onal Synthesiser 1s technically supefior tn
most of today’s models Complete construction details in our
booklet available now, price E1 50, or § AE please for
specification

ELECTRONIC ORGAN

Build ywourseH an exciting Electronic
Organ. Qur leallet MESHL, price 15p,
deals with the basic theory of etectronic
organs and describes the construction of
a simple 49-note instrument with a single
keyboard and a imited number of stops.
Leaflet MESR2, price 15p, describes the
extension of the organ 1o 1wo keyboards
each with five voiges and ihe extension
by an octave of the organ’s range. =
Solid-state switching and new footaues along with a pedal board
and a further extension of the @rgan’s range are shown in

leafter MES53 priced at 35p {pre-publication price 15p )

Please send
S AE for
out price
st

A teatly superior
high quality stereo
graphic equaliser
as described in
Jan_ 1875 issue

of ETI. We stock
all parts {except:
woodwaor k]
ncluding alfl the
metal work
drilted anct printed as requined

to sult our components and PCB's
S AE tor price ist o1 compiete reprint of article

price 15p.

NO MORE DOUBTS ABOUT PRICES

Now our prices are GUARANTEED {changes in VAT exciuded) for two month periods We'll 1ell you about price changes :n advance for
just 30p a year (refunded on purchases). If you already have our cataiogue send us an s.a.e and we’'ll send you our latest hist of
GUARANTEED prices. Send us 30p and we'll put you on our mailing st — you'll receve immediately our latest price list then gvery
wo months from the starting date shown on that List you'll receive details of our prices for the next GUARANTEED pernod before the
prices are implemented! — plus detaits of any new lines, special offers, interesting projects — and coupons 1o spend on components (o

repay vour 30p
-------------.---ﬁ.ﬂ.

NOTE. The price Iist is based on the Order Cades shown 1n our ‘.

catalogue $O an sNVESTIMENT IN DU SUPEr Catalogue is an essential . | enclose Cheque/P O. value .

first step. Faor copy/copies of your Catalogue ]

Call i a1 pur shop, 284 London Road, Westwichft on-Sea, £ssex .

Please address all mail 10 ™ Name T : .
MAPLIN ELECTRONIC Address . N

SUPPLIES [ |
P.C. Box 3 Ray'eigh Essex SS6 8LR

MAPLIN ELECTRONIC SUPPLIES E,‘i’e?"s’sé’;‘i*f;‘_"g"'
EEENEEAEsTEEEEENEaED



