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Guaranteed _
performance that will

meet or exceed
written specifications...

EEGRA 725 (lllus)
n22 i RMS
Harmoni®§l&tortion less than 0.1
.M. distortid than 0.05
Hum and noise bW than 75dB (phjino
Phono overload 200

WQDEL 733
34w/34w RN ~

uble at most leading Hi-Fi d&hd Department Sggs. In caﬁ difficulty contact sole UK Distributors:
ir & Co {London) Ltd, DepRET! 2, Parkar House, 1 Beresford A\il'hue, Wembley HAO 1Y X, Middlesex.
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PROCESSORS, PROGRAMS AND PERIPHERALS

An introduction to computers

EXPLORATION ARCHAEOLOGY

Electronics in the search for the past

USING A RESISTIVITY METER

Simplified method of interpreting earth resistivity data
THE AMAZING MAZE

Transmission line speakers are in the news — special report
GET A FOURTH TV CHANNEL NOW
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ELECTRICITY FROM WINDMILLS

Interest in windmills is reawakening
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ET) COIN COLLECTOR

A simple but sensitive metal locator

EARTH RESISTIVITY METER

How to explore deep under the earth’s surface
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Afew of your friends youwish
you could have takenwithyou.

Wodel TU 75A

You can.

With Hitachi, Britain’s best-selling black &
white portable, they’ll follow wherever you go. And
for once you can see them all in their true
perspective.

Hitachi TV’s are small enough to be genuinely
portable but large enough to see without strain.
Your friends after all should be a sight for sore eyes.
Hitachi are also the first to develop fully the latest
in solid state circuitry. Whether you’re operating
the set from AC mains or 12 volt battery, you can
be sure of a rock-steady picture and crystal clear
reception.

If you want to bring your friends into the
open, there’s an anti-glare panel especially for

9” Model | 894

outdoor viewing. And thanks to the instant sound
& vision switch, there’s no warming-up period. So

-no one’s kept waiting. All controls, especially the

ultrafine tuning knob; are effortless, but extremely
effective.

Sets come complete with mains/battery leads,
personal earphone and loop aerial at no extra cost.

All your problems have been anticipated -
except the choice of set. Whether you go for the
14"y 12" or 9” tubed model, you know 1t’s the
perfect portable. That’s why it’s Britain’s
best-selling portable.

Pick one up and take your friends with you.

Hitachi Sales (UK) Ltd. New Century House,
Coronation Road, London NWio

@ HITACHI The world at your fingertips
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EWSPAPERS and magazines have one serious drawback in
Nthe way that they present information; a development that

happens overnight tends to get a massive splash whilst a far
more important change that develops over months or years hardly
gets mentioned. If a hundred people are killed in an air crash we
are concerned (quite rightly) but during the period that this crash
is still news a similar number of people are killed on our roads and
this rarely gets mentioned.

The big development at the moment is just such a one, but it has
developed slowly and lacks the immediate impact necessary to
make it a major story in the conventional sense. |f it had happened
literally overnight we would be talking about it for ages. We are
referring to the massive recovery and expansion of the British
economy. It is too early to claim that we are undergoing an ‘econ-
omic miracle’ but it is significant that last year our growth rate was
higher than almost all of the industrialised countries including
Japan, West Germany and the United States. We are reinvesting in
our industries, unemployment is falling and the omens are excellent.

For our electronics industry the portents are even better. Even
during the slow growth rate of the last decade, this has performed
far better than the average and now tha: things are moving it looks
as though we can expect it to do very well. While there was little
money about, one of the first departments to feel the pinch was
research and development (R&D) but now that things are buoyant
money is again flowing in this direction.

It would not be fair to say that the British electronics industry
has ever been in the doldrums. One of the main causes for the
healthy state of this industry has been colour TV which has made.
the wheels turn fast. In itself this is of little importance but it has
provided the industry as a whole with the money needed for ex-
pansion. In recent years most of the interesting developments in
electronics have taken place overseas, especially in the United
States and Japan. We can now look forward to more major devel-
opments originating in Britain. —H.W.M. 8



Eddystone Radio

EC958

series of receivers
10kHz to 30IVIHz
In world-wide use

Simplicity Professional high-stability receiver series for a wide variety
of applications. The standard version can be used as a

Reliability self-contained F.S.K.terminal, orasadual-diversity terminal
) with common oscillator control. Variants are available for
Economy Lincompex terminal use, for specialized network moni-

toring surveillance and for marine applications.

Please send for an illustrated brochure to:

Eddystone Radio Limited

Alvechurch Road, Birmingham B31 3PP Telephone: 021-475 2231 Telex: 337081

A member of Marconi Communication Systems Limited.
LTD/ED9%
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81G ORDER FOR C.D.I.
INTEGRATED CIRCUITS

Deliveries began recently against an
order worth over £90,000 for C.D.I.
integrated circuits. The order placed
by Electrical Remote Control
Company Limited with the Electric
Components Division of Ferranti
Limited is for the custom-designed
LR171E integrated circuit timer. The
device, manufactured by the Collector
Diffusion lIsolation process, will be
used in a wide range of timing
controllers for a variety of industrial,
processing and manufacturing
operations.

Long, precise, time delays demanded
by Elremco Limited could only be
produced by using Ferranti C.D.I.
technology with its specific capability
to combine high performance linear
and digital functions side by side on
the same chip.

Accuracy is achieved by using an on
the chip precision oscillator whose
frequency can be selected by the use
of an external resistor and capacitor.
The output of the oscillator is divided
by a 12 stage digital counter which
allows delays of up to several days to
be produced. Digital outputs are also
provided at several stages in the
counter to give multiple fractions of
total time-out.

The LR171E integrated circuit
contains several unique facilities. A
shunt voltage regulator and very low

2000000000
ssossesse

total current consumption enable the
timer to be operated directly from a.c.
mains via a resistor and rectifier or
over a wide range of d.c. voltages. The
chip also contains an oscillator and
power output stage for direct
thyristor and Triac drive. Another
feature is a digital to analogue
converter which allows the read out of
elapsed time by a simple meter. A
Schmitt trigger and monostable, which

The timer chip has a vast number of uses.
The photograph shows a prototype control
panel for controlling various functions

in a car.

enable the timing sequence to be
initiated by the use of a simple switch
or the application of the supply
voltage, are also contained in the chip.
All these facilities are contained on a
single chip only 90 by 70 thousandths
of an inch, encapsulated in a 14 lead
dual-in-line package.

The LR171E integrated circuit timer
will be incorporated into Elremco’s
own range of timers and will be
available from them as a standard
product.

One chip looks much like another except to an expert but the LR171E is a

device we are likely to hear more of.

DRAWING MICROWAVE
PRINTED CIRCUIT MASKS
BY COMPUTER

The layout of printed microwave
circuits and the presentation of
drawings for the masks can take
considerable time and effort; to speed
the process used at the Mullard
Research Laboratories, Mr. D.H. Paul
has developed a method of drawing
such masks by computer.

In general microwave circuits are
composed of transmission lines of
specified lenghts and widths which
may be either straight lines or arcs of
circles. These, together with a method
of forming T-junctions, enable any
microwave pattern to be specified.

The designer prepares a data list
which specifies the pattern in terms of
a starting point followed by basic
drawing elements having the lengths
and widths he requires. The computer
attaches these to the starting point in
order, builds up the pattern and then
produces a scale drawing which can be
checked. If necessary the data can be
modified until the required pattern is
obtained.

A paper tape is then prepared by the
computer and fed to a numerically
controlled drawing machine which cuts
the mask in cut-and-strip material for
subsequent photographic processing.

When building up a complete assembly
from known component parts these can
be copied into specified positions
either as plain or mirror copies. Having
assembled several patterns into a
composite layout an automatic join
facility calculates the strip and arc to
make the required interconnection in a
smooth manner.

The system is now in general use in
the Mullard Research Laboratories.

25 PER CENT INCREASE IN
U.S. SEMI-CONDUCTOR SALES
IN 1973

Total sales volume of U.S. semicon-
ductor manufacturers in 1973 should
reach a record high, exceeding last
year by approximately 25 per cent,
according to Dr. C. Lester Hogan,
President and Chief Executive Officer
of Fairchild Camera and Instrument
Corporation.

““Our earlier projection of a 17 per
cent increase now appears too
conservative, and we expect U.S.
factory sales to increase 25 per cent
over 1972, to a record total of nearly
& 1.83 billion (£425m),” Dr. Hogan
told shareholders at the annual
meeting. The worldwide consumption
of semiconductors is expected to
increase about 23 per cent to nearly
8 3.3 billion (£1% billion), also a
record.



Awcken to the soL

hi-ti sterec amplifier Ga-202

Join the procession

in Aida.

Smell 1812 gunsmoke.
Shiver

on Bare Mountain.
Awaken to the

sound of Teleton.

> Teleton

Sound Sense
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There's a new worid of high fideiity in a Teleton sound
system, with the GA 202 amplifier at its heart to bring you new
standards of purity, new heights of quality in the faithfui
reproduction of the world’s greatest music.

The Teleton GA 202 combines all the latest advances in
hi-fi technology—calibrated slider controls for bass, treble
and channel voiume, hi-cut filter, loudness contour, head-
phone socket, tape and auxiliary inputs, to give you 16 watts
per channel (RMS) at under one per cent distortion, 30-
30,000 Hz —the soaring choruses and the whispers of a
cathedral inside an elegant wainut and brushed aluminium
cabinet.

Listen to the Teleton GA 202—your ears have been
asleep. Price £50 recommended retail.

Teleton Electro (U.K.) Co. Ltd.,
Teleton House, Waterhouse Lane,
Chelmsford CM1 3DW.

Tel : Chelmsford 62442.
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POCKET-SIZE TWO-WAY RADIO

RCA has announced a pocket-size, two
two-way radio that incorporates a
direct application of space technology
to portable commercial communi-
cations.

The 180z radio is the first
commercial transmitter-receiver to use
the same type of small, highly-reliable
1.C. employed in the advanced satellite
and missile control systems. It is
designed for police departments,
industrial firms and other applications
requiring high quality, portable
communications.

The radio resulted from a major
engineering effort which has success-
fully adapted space technology at a
cost suited to the commercial comm-
unications market, according to
Harold A. Jones, Division Vice Presi-
dent, RCA Commercial Communicat-
ions Systems.

The new RCA product uses ‘beam-
lead’ integrated circuits that have no
wire connections to break and cause
failures. This circuit type is used in the
newest space and defence control
systems to assure high reliability.

One circuit in the new radio is no
larger than a pencil point but contains
the equivalent of 42 transistors, 41
resistors and 10 diodes — 93 compon-
ents in all — the RCA official said.
They are assembled on a substrate
base and their welded interconnections
made by employees using microscopes
and special machines.

Mr Jones said RCA’s continuing
engineering efforts will yield other
advanced communications products as
more new and cost-effective ways are
found to adapt space and military
electronics to the commercial market.

'This new product opens the way to
truly personal two-way communi-
cations where the radio is designed for
use by the individual, wherever he
needs to communicate, rather than
accommodated solely to a vehicle or
fixed station requirement.

‘As one example of its versatility, the
new portable can be inserted into a
battery charger in the vehicle dash-
board and, during the re-charge cycle,
operated much like a larger mobile
radio. This is made possible by equip-
ping the charger with a separate micro-
phone and speaker, and connecting it
to the roof-top antenna.

‘When the driver leaves the vehicle,
the radio is easily disconnected and
slipped into his pocket or mounted on
his belt so that communications

contact with home base is never
broken’.

The one to six frequency radios are
designed for operation in two power
ranges in the UHF and VHF bands set
aside for land mobile radio service.
They will be available with a variety of
accessories: battery chargers, multiple
tone, external speaker/microphones
and antennae, among others.

The weight of 18 ounces is for a
single-frequency radio with two watts
output and powered by a 250-miil-
ampere hour battery.

This model, in a standard case also
holding the battery is approximately

6in tall, 1%in deep and 2%in wide, a size |

size which easily fits a shirt or coat
pocket.

DIGITAL WATCH

The latest addition to Omega’s range
of electronic timepieces is a com-
pletely solid state electronic digital
watch with no moving parts.

Called the Time Computer, it is
accurate within five seconds a month
—0or a minute a year—and has several
advantages over existing digital
watches.

The Omega Time Computer,

Firstly, because the time is shown by
light-emitting diodes in red figures, it
can be read in any light. This is an
improvement over digital systems using
liquid crystal displays which are
difficult to read in poor light and
impossible in darkness.

Time is shown “on demand’’ by
pushing a command button which
illuminates the light emitting diodes
covered by a synthetic ruby face,
chosen for its hardness and filtering
qualities. When the command button
is pressed the time in hours and
minutes is shown for 1.25 seconds and
is then replaced by the seconds for as
long as the button remains depressed.
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Inside the Time Computer

Another advance in this timepiece is
its unique system for resetting time
that allows hours or minutes to be

 changed independently. Time is

changed by inserting a tiny magnetic
“key’’ into one of the two timeset
recesses in the back of the watch, one
linked to the minute digits, the other
to the hours. To change the hour only,
the magnet is placed into the hour
recess, when the face lights up to show
the hour digits moving forward.

The Time Computer has 1,238 tran-
sistors in a surface area of only
3.8 x 3.8mm. Its brain is an electron-
ically operated quartz crystal vibrating
at 32,768 Hz.

The oscillations are counted and the
results are fed to the driver decoder
circuit, which activates the time
display on demand. The watch is
powered by two tiny batteries.

Because the watch has no moving
parts there is no need for the oiling
and cleaning advised for conventional
movements. It cannot be damaged by
exposure to normal magnetic fields
and has been tested at an impact equal
to 2500 times the force of gravity to
ensure greater shock resistant charac-
teristics. In addition, the computer
circuitry is hermetically sealed so that
neither dirt nor water can penetrate it,
causing damage.

The Omega Time Computer will be
available in the shops within a few
months at around £300.

UHF TV STATIONS

Five new IBA UHF stations have
begun regular transmissions in the last
few weeks. The largest is at Carmel in
South Wales, Channel 60, which brings
colour TV to 130,000 more people.
The other main station is B/aen Plwyf,
Cardiganshire, Channel 24, serving
about 50,000 people.

Three relay stations have also started:
Blaenavon, Monmouthshire, Channel
60, Whitby, Yorks, Channel 59 and
Maestag, Glamorganshire, Channel 25.



Your Complete
Audio=Electronic Stores

(As featured in ""Practical Wireless'"
May to Augus! 1972)

BUILD

THE 1lﬂlg}lL‘lJNI

20 -+ 20 WATT INTEGRATED
I.C. STEREO AMPLIFIER
% FREE TEAK CABINET Xisom;

plete kits!
FEATURES. New silm design with 6 - IC's, IC
Sockets, 10 sllicon transistors, 4 rectifiers, 2 zeners.
Special Gardeners low fieid slim line transformer.
Fibre glass PC panel. Complete chasslis work.

HIGH QUALITY & STABILITY ARE PREDOMINATE FEATURES

—DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE,
RELIABILITY AND EASE OF CONSTRUCTION. PW Tricolour
FACILITIES. Onjoft switch Indicator, headphone socket,

as per April/May/June

separate treble, bass, volume and balance controls, scratch and DESIG&k\an

rumble_filters, mono/stereo switch, Input selector; Mag. P. 1973. Parts list on SILVER TRIM
Radlo Tuner, Aux. Can be altered for Mic, Tape, Tape-head, etc. request (52A) o " hV b '
(Parts list Retf. 20 on request). Con-lrucllonnl delalls (ref no 21) 30p. q b 14 *""! G"C ;'!2". l‘;:

SPECIAL KIT PRICE £28-50 P & P 45p COMPLETE WITH FREE TEAK CABINET

Designer approved kits distributed by Henry's Radlo Lid.

Send to this address—HENRY’S RADIO LTD. (Dept W
3 ALBEMARLE WAY, LONDON, E.C.1. ot c(al:lggucvlg
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IN ELECTRONICS? LATEST EDITION!
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NHENRY'’S
+{{RADIO LTD.

X

information. 10,000 Stock
lines at Special Low Prices
and Fully Guaranteed.

PRICE 55p pard

Paid
(40p FOR CALLERS)

PLUS!
FIVE 10p
VOUCHERS

For use with purchases
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1-402 4891 FIIEREL L WIRE ENDED
01- GNP-7, GNP-8 0-9 side view Complete with 8 page Data
with decimal polnts and data, Typ:'.?"l.l\.llc1 N F;%klaat .;:’ds'cucuu. £1-50. Any‘:’n:'ty;;a.
> Sust 5p. . oar erec $0p; Heat a d
TEST EQUIPMENT  sojcction 3oI|st1 o0 £2 each, £7 per 4 :Nw """"'“’9 Sink 14p). b, l'uI f;"d'
B Pocket Pencil Signal injector £1-9¢ | with da efal Cage
gnw Pg:k:l P::ell Sl:nal Teacer £1-50 [ 12 and 24 hour clock circuits. ::% ;gg ;9 Also  Sinclalr 1C12 £180. All voltages
THL33D Robust 2K/Volit £4-5S. Ref. No. 31 15p. NG04 400 .9 THO013P—20 watt Power Amp
With case £4- INdooS 600 "D Module £4-57.
TE15 Grid Dip Meter 440 KH2-280 mHz T%LATNRS‘DSUOC"!'I‘!:S Hap i e lI: TH9014P-IC  Preamp £1-56.
£43-45
5 SOV Multimeter £9-28 Operate at 4dkcs up to 100 f§ IN40O7 1000 155 lf Dota/Circuits for sbove 5 F .
With leather case £10-50 ydi Ideal remote lwnchlng 15 iniat 9. P. Any one type, ECTIFI RS
200H 20 KIV Multlmeler £4:20. and signalling. Complete wit AL LI TS N414 Radio IC _£1.20. 2 Walt 5% Type Voits Price
With case data and circuits. PL400Z 100 ® Plastic PAY. 111
AF105 50 Kiv Mulllmalev £858. PRICE PER PAIR £590. Post 200 P 2EZ Range
e ‘(::a" ey 1 Ith istor G;ls-:iell&ns
th transisto 8
sa ltfl’e?. St:‘e‘:lgrlea etr“w“ ! QUALITY SLIDER 3. Watt Plastic
TE200 RF.Generutor 120KHz-500M Mz £15-95 CONTROLS Wire Ends 5%
60mm stroke singles and 3EZ Range
TE22D Gpenernlor 20H2-200KHz £17-5¢ [l ganged. Complete with knobs. Gﬁusgn\,gﬁ;
r. 35p g olts.
[of B 3' Pulle Scope, 10Hz-10mHz £39-00 38p each.
(T 2 €170 00k 02, 250k82, Log and i LRIt
E6S I Voltmeter anges g ounting
i (\;a " o mete rene 3 Lin ganged. 88p each. (olp AMPS) All W"“”'
aALL NOMB EX MODELS IN STOCI 6.8-100 Volts.
—— Y AR T ACK Mong 03 iopEs O aEe Jopicach: SEVER AMP (TOW
Nn:ggg:“:n" ma/}-v;u;gmif aon2f 2 TRACK STEREO BRIDGES. scn'- ZENERS AVOMETE“ CRS 7/100 100
MW/LW radio 17" High {mpedance  £2 00 MOVEMENTS

This advert contllnl just a

small selection of the thou-

sands of devices kept In stock.

Send for Stock List Today!

Qunnmy prices Phone:
01-402 4891

Model 8/8 meter’
movements with
scale Ideal base for
test gear,
Fullgd; uaranteed.

(post 15p)

/400
SCR 16/600 eoo £198

A//stores within 200 yards — call in and see for yourself
404-406 Electronic Componentsand Equipment 01-402 8381
354-356 High Fidelity and Tape Equipment 01-402 5854

-309 PA-Disco-Lighting High Power Sound 01-723 6963

303 Special offers and bargains store
Allmailto 303 Edgware Road, London W2 1BW

Open:-9am-6pm
6 days a week
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DATA TRANSMISSION SYSTEM

A new low-cost data transmission
system developed in conjunction with

the Devon River Authority, which uses -

the normal public telephone network
to provide continuous monitoring of
river pollution or give early flood
warnings, is now available from Delta
Controls Ltd. of Kingston-on-Thames.

Known as the Deltrol TeleGen
system, the compact solid-state equip-
ment — mains or battery operated—
has achieved a price breakthrough.
The basic two-channel unit, which can
be used to monitor rainfall and river
levels, costs only £250. It has been
designed to provide functional
simplicity with an adequate, but basic,
storage memory, which continually
up-dates itself.

By using the normal Post Office
telephone system, rented tie lines or
other costly transmission and storage

i

methods have been eliminated. Apart
from the initial cost of the equipment,
the only other expenditure required is
a low rental charge for a telephone at
each of the remote stations to be
monitored and, of course, the normal
rainfall, level and pollution sensing
devices.

To gain access to the continuously
monitored data, all a member of a
River Authority, or Water Under-
taking, need do is dial the appropriate
telephone number. After a ‘number
unobtainable’ tone to deter uninten-
tional callers, the system transmits the
latest readings — rainfall, river levels,
oxygen counts etc. in the form of
easily noted pulse tones. Count these,
record the figures transmitted and you
have an up-to-the-minute situation
report. Each channel in use is
dedicated to a function and scanned
and transmitted in order. If a reading
needs to be double-checked, it is only
necessary to replace the receiver and
dial the number again. The memory is
not reset if interrogated by accident
and because it is continually up-dated,
the risk of outside inteference is

A girl records readings over the ‘phone from a remote TeleGen station. One of the
units produced by Delta Controls can be seen on the right.

ELECTRONICS TODAY INTERNATIONAL — JULY 1973

eliminated.

Devon River Authority is able to
keep a continuous watch over its
catchment area at a fraction of the
cost of more conventional methods by
using this system. Merely by dialling
the telephone numbers of its stations
at regular intervals, it is possible to
calculate variations in levels, rainfall
or any other parameters being
monitored.

COOL CONCORDE ON CLOSED
CIRCUIT

A television system, operating in
worse than Arctic conditions, is
helping BAC instrumentation
engineers to prove the efficiency of
the Concorde de-icing installation.
The system, from Marconi-Elliott
Avionic Systems Limited. is installed
on Concorde 002 for ‘worst case’
high-altitude icing trials. This will
provide not only overall viewing of
the ice build up but also detailed
close-up shots and data, synchronised
for precise laboratory analysis.

The system has been put together by
the Company’s Electro-Optical Systems
Division, at BAC's instigation, as an
accurate and flexible scientific
measuring instrument, and is capable
of measuring ice thickness on wings
and air intakes to within 0.5 inches at
distances greater than 20 feet from
the camera.

Two cameras are used in the installa-
tion, one in a fairing in the wing root,
and the other in a pressurised-zone
within the aircraft. The wing-root
camera, which views the underside of
the wing looking forward, was
repackaged into a special short form
for the task, and has been sealed and
pressurised to operate at altitude. The
camera within the aircraft is fitted
with a 10:1 zoom lens, and views the
wing leading edge and air intake via a
mirror.

THAT’S SERVICE FOR YOU!

The Australian edition of ET/ of
course has its own advertisements and
many of these are a real eye-opener to
the British reader. Generally
components—especially transistors—
are rather dearer than in Britain; on
the other hand we are not used to the
service that some retailers offer,

One of the major component
retailers open their head office seven
days a week and advertise that free
technical advice is available. In
addition they offer “a free cup of
superiative percolated coffee to every
customer”, Think about this when you
next have to queue to reach the
counter of your local components
shop! ) o
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BRAND NEW FULLY GUARANTEED DEVICES T
ZENER DIODES
VOLTAGE RANGE
AC107 020  AD162 0-33 BCI48 010 BDI37 045 BFISS 040 OCI9 35 20371 018  2N2219 0-20  2N3054 0-46  2N4059 020 223V, 400mV (DO-7
AQCl13 020  ADIfl & BCl49  0-12  BDI38 0-50 BF194 012  0C20 068  20371B 012  2N2220 0-22  2N3085 0-50  2N4060 0-12 || Case) 13p ea. 1}W (Top-
AC115 028 ADI62 (MP) BC150 018 BDI3 055 BF193 012 OC22 038 326373 017  2N2221 0 2N3391 014  2N4061 0-12 § Hat) 18p ea. 10W (80-10
ACILTK  0-20 0-55  BC151 020 BDl40 060 BFI96 014 0C23 042  2G374 017  2N2222 0-20  GN3391A 0-16  2N4062 0-12 | Stud) 28p ea. All fully
AC122 012 ADTI40 0-50  BC162 019 BDIS5 080 BF197 014 OC24 088  2G377 0-30  2N2368 017  9N3392 O34  2N4284 0-17 ftested 5% tol. and
AC125 017  AFI1l4 024  BCIS3 028  BD175 0-80 BF200 045 OC25 038  2Ga78 016  2N2360 014  2N3393 014  2N4285 017 | marked. State voltage
AC126 017  AF115 0:24  BCI54 030 BD176 080 BF222 095 OC26 025 20381 016  2N2369A 0-14  2N3394 014  2N4280  0-17 | required.
AC127 017  AF118 024  BC187 018 BDI77 065 BF?57 045 OC28 050 20382 016  2N2411 0-24  2N3395 017  2N4287 017
ACi28 017  AF117 024 BCI58 012 BDI7B 065 BF258 060 OC20 050 26401  0-30  2N2412 0-24  2N3402 0-21  2N4288  0-17 0 TED
ACl32 014  AFLI8 035  BCI59 012 BDI79 070  BF259 085 OC35 042 20414 080  2N2646 047  2N3403 0-21  oNa2ss o017 10 amp POTT
ACIM 014 AF12¢ 030  BC160 045  BD1S 070 BF262 085  OC38 080  2G417 0-25  2N2711 021  2N3404 028  9N4200 0170 RRIDGE RECTIFIER
AClyz 014  AFI125 025  BCISl 050 BDIS5 085 BF263 08  0C4l  0-20 O9N388 035  2N2712 0-21  2NS405 042  2N4291 0-17
ACl41 014  AF126 028  BC167 012 BDIS6 065  BF270 035 0C42 024  2N388A 0-66  2N2714 0-21  2NS414 0-15  2N4292 0-17 on heat sink.
ACMIK 017  AF127 028  BCl6s 012 BD18s7 07 BF271 030 0Cai 015  2N404 020  3N2904 017  2N3418 015  2N4293 0-17
ACl42 014  AFI39 030 BCl6s 012 BDISS 070 BF272 080 OC4 012  3N404A 0-28  3N2904A 0-21  2N3416 028  2N5172 o2 100PIV. 80p esch
ACI42K 0-17  AF176 050  BC170 012 BD189 075 BF273 035 OC70 010  2N524 042  2N2005 - 0-21  2N3417 0-98  2NBA57  0-32 | eome—
AC151 016 AF179 080  BC17I 014 BDIS0 076 BF274 035, OC7l 010  2N527 049  2N2005A 021  2N3525 075  2N5488 032 | ygw LINE
ACI4 020 AFIS0 080  BCI7Z 014  BDI95 085  BFWI0 060  OC73  01¢  2N598  0-42  2N2906 015  ONBR46 0-09  2N5450 040 | pi v Bmeaseaiated
Acss  0-20  AFISL 045  BC173 014  BDI1% 085  BFX239 07  OC74 016  2N5S) 045  2N2006A 018  3N3702 020 28301  0-go f P'attc Enospmimed
ACIS8  0-20  AF188 045  BCI74 014  BDio7T 090 BFX84 022  OCI5 015  2N69% 012 2N2007 0-20  3N3703 0J0 283024 0-42 ff 2, Amp. BRIDGE RECTS,
AC187 024  AF39 037  BOl7s 022 BDI9% 090  BEX85 030  O0C76 016  2N697 013  IN20TA 022  oN3704 o1 28302 o4z, SOVEMI 3
ACI85 080  ALL2 08  BCl77 019  BD1% 095  BFXS6 08¢  OC77 025  2N698 0-24  2N2023 014  2N3705 010 28308 s [ 100V EMB 47 .
AC186 020  ALLO3 065  BCI78 019  BD200 095  BFX87 024  OCAl 015  2N6%9  0-35  2N2024 0-14  2N3706 009 28304 070 | 30OV RMS - 4Gy .
ACI67 020  ABY26 0-25  BC179 019 BD205 0-80 BFX88 032  OC81D 0-15  2N706 0-08  2N2925 014  3N3707 011 28305  0-84 |
AC168  0-24 A8Y27  0-30 BCISO  0-24 BD206  0-80 BPY50  0-20 0C82 0-15 2N706A 0-09 2N2926 (G) 2N8708  0-07 28308 0 BA R TI  —
ACI69- 014 A8Y28  0-25 BC1SL  0-24 BD207  0-95 BFY51 020 0082D 015 2N708 912 ! 2N3709  0-09 28307 084 UN1JUNCTION
AC176 020  ASY20 0-25  BC1S3 010 BD208 095 BFYS2Z 02  OCS3 020 2N711 030  2N2926 (Y) 2N3710  0-08 28321  0-56 fUT4S. Eqvt. 2N2645,
AC177 024  ABYS0 02  BCIs2L 010 BDY20 100 BFY53 017 OC8¢ 02  2N717 035 - aN3711  0-09 28322 0-42 | Eqvt. TI843. BEN3000
AC178  0-28  ASYS] 025  BCIS3 010 BF115 024 BPX25 085 OCI30 02  2N718 024  ZN2926 (O) 2N3819  0-28 8:22A 042 F27p each, 26-99 28p
AC179 0-28  ABYS2 0256 BCISSL 010 BF117 045 BSX1S C15 OCl40 0-20  2NTISA 0-50 - 2N3820  0-80 28323  0-58 | 100 UP 20p.
ACIS0 017  ASY54 025 BCls4 012 BPI18 070 BSX20 018 OCI69 0-25  2N726 028  2N292€ (R) 2N3821 0-35 28324 070
ACISOK 0-20  ASYS5 025  BCIS84L 012 BFL19 0-90  BSY25 015  OC170 0:25  2N727 028 ] . 2Ny8e3  0-28 28325 070
ACI81 017  ASYB6 025  BCl 028  BFI121 045 B8Y26 015 OCI71 0:26  9N743 020  2N2§26 (B) 2N3s03 o-28 28326 o-70 | CADMIUM CELLS
ACIBIK 020  ABY57 028 BCIS7 028 BPI23 050 B8Y27 015 0C200 0-25  2N744  0-20 0-10  2N3904 0-30 28327  0-30 ——
AC1e7 028 ASYSS 025 BC207 041 BFI3 045 BSY28 016 O0C201 028  2NGM4 0.l  2N3010 070  2N30s o028 28701 ol o ORPI24%
ACISTK 020  ASZ21 040  BC208 011  BF127 050 BSY29 015  0C202 028  2NO18  0-30  2N3011 0-14  2N3906 0-27 40351  O-40 | ORPSO. OR. D eac
ACIS8  0-22  BClO7 009  BC209 012  BF152 0-85 BBYIS 018  0C2083 025  2N9290 0-21  9N3053 017  2N4OS8 012 40362  0-45 | ee—————
ACIS8K 020  BCIOS 009 BC212L 011 BF153 045  B8Y39 018  OC204 02  2N§30  0-21 GENERAL PURPOSE
ACY17 025 BC109 010 BC213L 011  BFI54 045  B3Y40 028 0C205 035  2N1131 0-20 NPN SILICON SWITCH:
ACY18 020 BCI13 010 BC214L 014 BF155 070 BSY4l 02  0C309 040  2Ni1132 0-58 DIODES AND RECTIFIERS ING TRANS. TO-18
ACY19 020 BCll4 0158 BC225 025 BFI56 048  B8Y9S 012  Pye6A 020 32N1302 014 1 SIM. TO 2N706/8. BSY-
ACY20 020 BCI16 015  BC226 035  BFIS7 055  BSY®3A 012  P397 0-42  2N1303 0-14  AA119 008  BYI133 021  OA10  0-35 | 27/28/85A. A.LT usable
ACY21 020  BCil6é 015  BCY30 024 BFIS8 0-55  Bulod 2:00 OCP71 043  2N1304 017  AA120 008 BYI64 050  OA47  0-07 | devices no open or short
ACY32 018  BCI17 015 BCY31 026 BF159 080 CILIIE 050 ORP1Z 043  2N1305 017  AAI29 008  BYX38/30 0A70 007 | circults. ALBO AVAIL-
ACY27 018 BCHI8 010 BCY32 030 BF160 040 0-30  ORP60 040  2N1306 021  AAY30 0-09 042 OA79 007 | ABLE in PNP 8im. to
ACY28 019  BCli® 030 BCY33 022 BFI62 040  C#07 0-25  ORP61 040  2N1307 021  AAZ13 010  BYZI0 035 OASL  0-07 | 2N2906, BCY70. When
ACY29 0-35 BCI20 080 BCY3¢ 025 BFI63 040  Ci2e 020  8T140 012  2N1308 023  BA100 010  BYZIl 0-30  OA83  0-08 | ordeting please state
ACY30 028 BCI25 012 BCY70 014 BFI64 040  Ci35 0-50  BT141 017  2N1309 023  BAl 0-21  BYZI2 030  OAS  0-06 f preference NPN or PNP.
ACYSl 0-28  BCI26 018  BCY71 018  BFI656 040  Ci26 0-35  TIS43 030  2N1613 020 BAlz6 022  BYZ13 025  OA91  0-06 p
34 021  BCI32 012 BCY72 014 BFI67 022  C428 020  UT46  0-27  2NI1711 020 BAI48 014 BYZIE 040 OAss 007] 20 For 0-50
ACY36 021 BC1M4 018 BCZIO 020 BFI78 022  C#1 030 26301 (-0  2N1889 032  BAl54 012 BYZ17 035  OA200 0-08f 50 For 1-00
ACY36 0-28  BC135 012  BCZI1 025 BFI78 035  C#42 030 26302 019  2N1880 045  BAI55 014 BYZI8 035  OA202 0-07f 100 For 175
ACY40 017 BCI36 015  BCZ12 025  BFI77 035  Cii4 0-35 26303 019  2N1893 037 BAIS6 013 BYZIS 0.8 8Dl0  0-05f 500 For 750
ACY41l 018  BC137 016 BDI2) 060 BFI78 030  Ci50 0-22 20304 024  2N2147 0728 BYl00 015  CG62 8D1s 005 f 1000 For  13-00
ACY44 035  BC139 040 BDI125 085 BFI79 030  MATIO0 019  2G306 040  2N2148 057 BYl0l 012  (Eg) OA91 INBA 007 | cme—
AD130 0-38  BC1i0 030 BDI24 060 BFIS0 030  MATI0l 0-20 32G308 035  2N2160 060  BY10s 0-17 o5  IN34A 007 g g2 mom:s »
AD140 048  BC4L 030 BDI31 050 BFISl 030  MATI20 0-19  2G309 035  2¥2192 035 BYIl4 012  CG631 INOL 008 0w 6 50
AD142 048  BCI41 030 BDII2 060 BFIS2 040  MATIZ1 0-20 2G339 020  2N2183 035  BYI26 014 {Eq) OA70: INo16 o008 | SN, wo
AD143 038  BCI43 030 BDI33 085 BFIS3 040 MPFl02 042  2G339A 016 2N2194 035  BY127 0-16 008 INGI4B 0-08 | SOPLY(Min, o
ADI4® 050  BCl48 045 BDI35 040 BFIS4 025  MPP104 037  2G344 018  2N2217 0-22  BY128 015 Ao 035 18021 oo pubhin o
ADI61 033  BCl47 010 BDI36 040 BFI85 030 MPFI05 037 26315 016  2N2218 020 BY130 016  OAISL 0-21 18951  0-08 a
; 1deal for Organ Bullders.
- il el
KING OF THE PAKS Unequalled Value and Quality | QVALITY TZ8TAD §£MICORDUCTORS NEW LOW PRICE TESTED S.C.R.'s TRIACS
Pak No. Pricelplv 1A 34 5A 5A 7A 10A 16A 30A | VBOM2A 6A 10A
NEW BI-PAK UNTESTED < TO3 TOSS TOGS TOG4 TOS TOi8 TO8 TOIB TO-1 TO-66 TO-88
Q1 20 Red spot transistors PNP o050l 50 o023 0-35 085 047 050 053 115 iy
SEMICONDUCTORS Q2 16 White spot R.F. translstors PNP osofi00 025 0 u 047 047 0-50 0-58 063 140 §100 30 50 78
Q3 4 OC 77 type translators . ....... o-s0f200 o35 048 049 057 061 075 160 200 50 80 0
Satlsfaction GUARANTEED in Every Pak. or money back. Q4 6 Matched transistors OCA44/45/81/ o-s0fa00 o043 o G ot 0% o6 076 093 175 400 70 75 110
Pak No, Description PricelQs 4 OC 75 transistors, 0-50[600 083 0-57 0:68 0:68 077 097 125 —
U 1 120 Glass Bub-Min. General Purpose Diodes .... 0-50§Qs & OC 72 transistors. . O, [ OGS O JOCDE Ged el THED 0@ DIACS
U 2 A0 Mized Ocrmanium Transistors AFIRF . 0500 Q7 4 AC 128 transistors PNP high gain 0-50 SECTS. TESTE ;gﬁm A g BT
U 375 Germanium Gold Bonded Sub-Min, [ike OAB, OA47 .. 080]Q8 4 AC 126 transistors BNP 0-50 SIL. - D ! BR100 (D32) 37p each
U 440 Germanlum Transistors llke OCBI. AC128 . 0850JQ9 7 OC B1 type transistors . - Y i TS S L, B | ————
U 5 60 200mA Bub-Min. Silicon Diodes ... 0-:50J Q10 7 OC 71 type transistors . 0- 100 004 008 006 013 0-16 0-23 0-75 FREE
U630 BII. Planar Trans, NPN like BSY85A. IN706 0-50 g" 2 A‘l{ :’:;13'38 Complementary pair PNP/NEN °'5° 200 05 009 006 014 020 024 1-00 .
U 716 Bil. Rectiiers TOP-HAT 750mA VLTO. RANGE up to 1000 0-50] Q12 3 A ype transistors .. 0-500 400 008 013 007 020 027 0-37 1-25 |Ome 30p Pak of your
Q13 3 AF 117 type tranelstors .. 600 007 018 010 023 034 045 188 Jown choice free with
U 8 50 Bil. Planar Diodes DO-7 Giass 250mA like OA200/202 . 0-60 Qi 30017 H"}’: i g e i 500 010 017 011 035 037 0-55 2-00 [ orders valued 24 or over.
U 9 20 Mixed Voltages, 1 Watt Zener Diodes . . ...... 9808015 7 2N2926 Bll. Epoxy transiators mixed colourn 0-50§1000 011 0-25 014 0-30 048 063 280
U10 20 BAY50 charge storage Diodes DO-7_Glass - 0-50 Lttt 501200 : 033 — 038 087 075 — JRRAND NFW TEX
Q16 2 GET880 low noise Germanium transistors.. 0-50
U115 PNP 8iI. Planar Trans, TO-5 like 2N1132, 2N2001 0808017 5 NPN2 x ST.041 & 3 x BT.240 | . GERM. TRANSIBTORS
U12__12 Bilicon Rectifiers Epoxy 500mA up to 800 PIV. . ... 0500018 4 MADT'S 2 x MAT 100 & 2 x MAT 120, POWER TRANS BONANZA] gm'l:dv and nu;‘l:;';
Ul3 30 PNP-NPN Sil. T 0C200 & 28 104 ... 0500 Q19 3 MADTB 2 x MAT 101 & 1 x MAT 121 GENERAL PURPOSE GERM. PNP RcE
i T 263713  OCT1
U1¢_160 Mixed Bilicon and 080 | Q20 4 OC 44 Germanlum transistors A.F. o A nir i s T sis ool
Ui5 96 NPN SII. Planar Trans. TO-5 like BFYS1, 2N697 .. .. 050Q21 4 AC 127 NPN Germanium transistors. 405-406-430—451-452- 483, T13027-3028, 2N250A 2N406A~ § T3 8 D1216  OCSID
Ul8 10 3 Amp Silicon Rectifiers 8tud Type up to 1000P1V_. . 050 § Q22 30 NKT transistors A.F. R.F. coded .. 457A-458A, 2NOI1 A & B. 2G220-222, ETC. VCBO 80V f T4 8 2G381 ocst
Ti7 30 ¢ PNP AF T TO6 like ACY 1722 0.50 ] Q23 10 OA 202 Silicon dlodes sub-min. VCEO 50V 10 10A PT. :0 WATTS Hfe 30-170. T6 8 2G382T  OC82
Q24 8 OA 81 diod PRICE 1-24 25-99 100 up T6 B 2G344B  0Ci4
Ul8 8 6 Amp Bilicon Rectifiers BYZ13 Type up to 600 PIV .. 050 tDpecaoaooggacacody 43p each  40p each 38peach [ T7 B 2G345B OC45
U19__ 25 Sillcon NPN Transistors llke BC108 . 0-50 | Q26 15 1N914 Silicon diodes 75 PIV 75mA . T8 B 2G378 0078
02012 1:5 Amp Bilicon Rectifiers Top Bat up o 1000 PIV ... 0.60 Ny b a i P o min NS, SILICON High Voltage 250V NPN e e
02130 AF. Ocrmanium Alloy Transistors 26300 Bertes & 0C71.0.50 | 427 3 10A PIV Silicon rectifiers IB425R . TO-3 casc. G.P. Switching & Amplifier All 50p each pak.
U235 30 MADT s like MHz Beries PNP Transisto, o Q28 2 Sillcon power rectiffiers BYZ 13 ............ Applications. Brand new Coded R 2400 ?
N0 s, 500 Q20 4 Bilicon transistore 2 x 2N696, 1 X 2N697, VCBO 250/VCEO 100/10 6A/30 Watts. ——
U24__20 Germanlum 1 Amp Rectiners GJM Series up to 300 PIV_ 050 1 x 2N698 0-50 | HFE type 20/T sMHZ 115 WATT 8II | 2N2060 NPX SIL. DUAL
U25__ 25 300 MHz NPN Bilicon Tr: 2N708, BBY27 . 0501Q30 7 Bllicon switch transistors 2N708 NPN. -50 | OUR PRICE EACH: POWER NPN | TRANS. CODE D1699
2630 Faat Bwitehing Silicon Diodes like INO14 Micro Min, 0350 Q31 6 Silicon switch transistors 2N708 NPN...... osof 1% o 1G0pT | 500 BACH. | TEXAS. Our price 25p
U27 12 NPN Germanium AF Transistors TO-1 like AC127 .... O0G50[Q32 3 P“P Elen transistors 2 x 2N1131, 1 x .
U20__10 1 Amp BCR'a TO- can, up to 600 P1V CRB1/25-600 Toof 0L SILICON §0 WATTS MATCHED NPN/PNP 120 VCR MIXTE DRIVER
03015 Plastic Rilicon Planar Trans, NPN 2N2926 . . .. ] I s"'°°“ ’"’" transistors ZN1711 . 0-60 10 NPN TO-3 Plutic, BIP 20 PNP: Brand new. | TRANSISTOR. Sim.
U310 Bilicon Planar Plastic NPN Trana.Tow Notse Amp 2N707_080 | ¥4 7 filicon (BN translators 282369 300z 0-50 gf,‘;%;"l'gg’cfga R e typel 10D S R R T
U32 25 Zener Diodes 400mW DO-7 case 3-18 voits mixed . ... 0.50 Q33 3 Silicon PNP TO-5, 2 x 2N2904 & 1 x 1-24 prs. 60p 25-99 prs. 56p 100 prs. 50p | CODED ND 120, 1-24
U33 15 Plastic Case 1 Amp Bilicon Rectifiers IN4000 Series ... 0-50 ORI 3 0 0000000800005080680060060066000 0-50 17p each. TO.5 NPN
U310 Silicon PNF Alioy Trans. TO-5 BCY26 2830274 . . 0501 Q36 7 2N3646 TO-18 plastic S00 MHz NPX...... 050l AD161/162 pyp § JUMBO COMPONENT [ 20 up 16p each.
U35 25 Silicon Planar Transistors PNP TO-18 2N2906 ... .. ... 050 | Q37 ¥ 2N3053 NPN Sillcon transistors - 08500 3/p COMP GERM TRANS. PAKS T e—]
U36__25 Silicon Planar NPN Transistors TO-5 BEY50/51/52, . .. 050 Q38 7 NPN transistors 4 x 2N3703, 3 X 2N#702.. 050 QUR LOWEST PRICE OF MIXED T b, s
U37__30 Silicon Alloy Transistors SO-2 NP 0C200, 28627 050 | ASSPUERIFL PAILE, ELECTRONIC Eqvt. ZTX300 5p each.
U38__ 20 Fast Bwitching Bilicon Trans, NPN MHz 2N3011 ... ... 0:50 SILICON PHOTO TRANSISTOR AT Any Qty.
U39__30 RF. Gierm, PNP Transistors 2N1303/5 TO5 . 0-50 | ELECTRONIC SLIDE-RULE TO-18 Lens end NPNBB‘HL '3 Rk
4010 Dunl Transistors 6 lead TO-5 2N2060 050 | The MK Sllde Rule, designed to simplity Electronic cal-| B X 25 and P21. BRAND ¥ g piisnally good vatue | NEW EDITION
04125 _RF Germanium Transistors T0-5, 0C45, NKT72 ... 0.50 L g WO I _(;f‘{""é";:: o Pully gusranteed. Resintars,  capacitors, 1971
U42__10 VHF Germanium PNP T TO-1 NKT667, AF117__0-50 [ of Tuned Circuits. Reactar and Belf. Area of | Q7. 124 2099 100up | " lectrolytics and | TRANSISTOR EQUIVA-
Ua3__25 Bil. Trans, Plastic TO.18 A.F. BCII3ATS, 0:50 [ Circles. Volume of Cylind of C Fricecach dlp. | d0p T - ~ other | LENTS BOOK. A com-
U 20 8il. Traun. Plastic TO-5 3C1 13/NPN 050 Weight of Conductors. Decibel Calculations. Angle Fune- F.ET.'S enils plus many other ¥ plete crosa reference and
045 T M 5 —_ tions. Natural Logs and ‘e’ Functions. Multiplication and ol=o o usefu! fteins. Approxl- | equivalents book for
7 3A BCK. TO66 up to 604PIV .. e 1.00 Squaring, Cubing and Square Roota. Conversion [2N3819 355 2N3458  50pd 4iety 31be fn weight. | European. American and
of kW and Hp. A must for every electronic engineer and | 2N3820 50p  2N5439 40p P g1.50 | Japsnese Transistors,
Code No's. mentioned above sre given as a guide to the type of device in f enthusiast. Size: 2 cm. X 4 cm. Complete with case and | 2N3821 35p BFWI10 40p ] Price Incl. P. & P. Exclusive to BI-PAK
the pak. The devices themselves are normally unmarked, instructions. Price each: #3-35 | 2N3823  30p MPF105 40p § only. 80p each.
A LARGE RANGE OF TECHNICAL BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 18 BALDOCK STREET (A10), WARE, HERTS.

AND

DATA BOOKS ARE NOW
AVAILABLE EX. STOCK.
SEND FOR FREE LIST.

RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT

COMPETITIVE PRICES—

TEL, (STD 0920) 61593.

OPEN MON.-8AT. 9.15 a.m. {0 6 p.m., FRIDAY UNTIL 8 p.m,
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-the lowest prices!

74 Series T.T.L. 1.C’S

BI-PAK STILL.LOWEST IN PRICE FULL BPECIFICATION
GUARANTEED. ALL PAMOUS MANUFACTURERS

The AL50 HI-FI AUDIO AMPL
50W pk 25w (RMS)

0-1% DISTORTION! HI-FI AUDIO AMPLIFIER

INTEGRATED CIRCUIT PAKS

Manutacturers “*Fall Outs”™ which Inclue Functional and Part-Functional Units. The

are classed a8 ‘out-of-

spec’ from the maker’'s very rigid specifications. but are-ideal for learning about I.C’s and experimental work.

Pak No. Contents Price Pak No. Contents Prioce
UIC00=124 7400 050 VIC4E =8 X 7446 0-50
UICO1 =12 X 7401 0-50 UIC4T =5 x 7447 0-50
UVIC02 =12 x 7402 050 UIC48="5 x 7448 0-50
UIC03 = 12 X 7403 0-80 UICH0=12 x 7450 0-50
UIC04 =12 %7404 0-50 UI351 =12 x 7451 0-50
UICO5 =12 x 7403 0-50 UICE3=12 x 7453 0-50
UIC06 = 8 x 7406 0-50 UIC54=12 X 7454 0-50
UIC07+=8x 7407 0-50 'U'ICGO-I? X 7460 0:50
VIC10= 12 x 7410 050 UIC70 0-50
UIC138=8x 7413 0-30 0-50
UIC20=12 X 7420 0-50 0-50
UIC30 =212 X 7430 0:50 0-50
UIC40=12 X 7440 0:50 0-80
VICH1 =5 x 7441 950 0-5¢
UIC42 =0 x 7442 0-80 0-50
UIC43=5 x 7443 0-50 0-50
UICH4 =5 x T444 050 0-50
UIC43 =0 x 7445 0-80 UIC83 =5 x 7483 0-50

Pak No. Coantents Price
UICHE =5 x 7488 0-50
UICH0 =5 x 7450 0-50
UICO1 = 5 x 7491 0-50
VICH2 =5 x 7492 0-50
VICH3 =5 x 7493 0-50
UICH =5 X 7494 0-50
UICHS =5 x 7495 080
VICHE =8 x 7496 0-50
UIC100:= 5 x 74100 0:50
UIC121 =8 x 74121 0-50
UIC141 =5 x 74141 0-50
UIC151 = 5 x 74151 0-50
UIC154 =5 x 74154 0-50
UIC193 =5 x 74193 080
UIC198 =3 x 74199 -50

UICX1:-25 Assorted 74's 1:50

Packa cannot be split, but 28 assorted pleces (ourmix) ls avallable aa PAK UIC X1.

1 25 1004 1 25 100+ 1 25 100+ @ Frequency Response 15Hz to 100,000—1dB.
SN7400 016 014 0-12 | SN7450 0-15 014 012 | SN74123  £2-80 2270 $2:60 & Load—3, 4, B or 16 chims.  ® Bupply voltage 10-35 Volts.
BN7401 0-16 014 012 [ 8N7451 015 014 012 | BN74l41 087 064 088 ® Distorti “ b:,u .,:. 0-1% c‘;ipny e °
BN7402 015 014 012 8N7453 018 014 012 8N74145 21-50 40 #1:30 Dl Fprabis ot b
8N7403 015 014 012 | 8N7 . g-i: g-{: 0-12 smugo ﬁ-& zg-;g l:-& @ Signal to noise ratio 50dB.
BNT7404 015 084 012 | 8N7460 - - 0-12 | 8N74181 g -
BNT405 018 034 012 | SN7470 029 086 024 | SN74183  £1-20 8110 098 Q Gl (2 o €3 e S 1w,
SN7406 0-35 081 028 8N7472 028 026 024 8N74154 £1-80 #1:70 2160 Tailor made to the most stringent specifications using top quallty
BN7407 936 031 028 BN7473 0-37 085 0382 8N74165 #140 £1-30 $1-20 componenta and incorporating the lateat soild state circuitry concelved
#N7408 0-18 017 018 BN7474 0-37 035 0-32 8N74156 4140 £1-30 £1-20 to fill the need for all your A.F. amplification needs.
8N7400 %;18 017 016 | BN7478 045 043 042 | 8N7415% 4£1-90 4180 4170 FULLY BUILT-—TESTED—GUARANTEED
BN7410 ‘18 gé: 012 8N7476 gg 0022 g-ss SN;HOO li-BO :i';g :{:g
8N7411 0-g5 0 0-28 | 8N7480 g - -8 | 8N74161  £1-80 4#1 £3 j 8
BN7412 085 031 028 | 8N7481 8120 £1:16 8110 | 8N74162 8400 $3.75 23-50 BRITISH MADE. only 5 each
8N7413 029 0-28  0-24 | 8N7483 0-87 088 0-85 | 8N74163 8400 £3-75 £3-50
8N7416 043 040 0-38 | S8N7 81110 8106 095 | 8N74164 2220 4215 £2-10
BN7417 043 040 038 | 8N7484 21-00 096 090 | SN74165  22-25 £2-20 £2-18
8N7420 015 014 012 | 8N7485 £3-60 £3-50 2340 | 8N74166  43-50 £3-25 £3-00
#N7422 0-50 048 045 | BN7486 032 031 030 | SN74174  £2-30 £2:20 #£2-10
AN7423 050 048 045 | 8N7489 8650 45-26 85-00 | BN74176  £1-60 £1:50 £1-40
BUm ot oo | e es ew | san o B ER LY
ANT427 P . -40 N - - 090 { BN7417 -5 - -
8N7428 070 065 060 | BN7492 0@ 0-84 088 | SN74180  £2.00 £1.60 £1-60 MODULE SPM80 £3:25
BN7430 015 014 0-12 | BN7488 067 064 088 | BN74181  25-50 #5800 8476
BN7432 04 042 040 BN7494 077 074 068 8N74182 £2-00 21-80 81-60 APB80 is especially designed to power 2 of the AL30 Amplifiers, up to 15 watt
8N7433 080 076 070 | BN7495 077 074 088 | SN74184 2350 23-25 £3-00 (r.m.) per channel simultaneously, This module embodiee the latest com-
BNTAST s iplee) lojsoliianvists - Rom i esd] Mol (snrd1sd) a1ias ReLEORATED ponents and clreult techniques incorporating complete short eircuit protection.
3 ! h 4 } 1 . ¥ .
8N7440 018 014 012 | SN74104¢ 097 094 088 | SN74192  £1.95 £1-90 8185 ol R Gl sl 0 0 S Frovide
BN7441 0-67 0-84 058 | BN74105 097 094 088 | 8N74193  £2-00 $1-80 £1-76 Latputsiofup e YOI xc: Sajrm X B b e 10D
AN7442 0-62 064 088 8N74107 0-40 038 0-38 BN74194 £2-70 £2-60 4£2-50 unita enable you to build Audio Bystems of the highiest quality at a hitherto
BN7443 £1-30 £1-25 42120 8N74110 0-56 0-53 0-50 BN74195 2200 2190 #1-80 unobtainable price. Also Ideal for many other applications including:— Disco
BN7444 21-30 41125 £1-20 | SN74111 4125 #1168 8110 | guzsi08  £1-80 £1-70 41-60 Systems, Public Address, Intercom Units, etc. Handbook available, 10p.
AN7ddn 0w ‘oo 0as | SN7ulo  #165 #1s #1j0 | SN S1&0 £170 g1
N7446 f L ! 3 d . .
SN7447 8100 097 095 | SN74121 040 0-37 024 | SN74108  $5:50 5-00 8460 TRANSFORMER BMT80 £2°'15 p. & p. 25p
BN7448 £100 097 095 | 8N74122 140 $1:30 #1-10 | 8SN74199  25-50 $5-00 $4-50
MODEL CDes GR116 8015F Bullt to & specification and NOT a price, ana yet still the greatest value on the market,
Minitron the PA1006 stereo pre-amplifier has been conceived from the latest circuit techniques.
Desigaed for use with the AL50 power amplifier system, this quaiity made unit Incorporates
A (V) il o s a7 lass than eight silicon plansr transistors, two of these are specially selected low nolse
Cathode Current (mA) 28 14 8 Al indicators | NPN devices for use In the input stages.
0'9 + Decimal ] Taree switched stereo Inputs, and ramble and scratch filiers are features of the PAJOO,
Numerical Height (mm) 16 13 ] point. All eide §l which also has & BTEREO/MONO switch, volume, balance and contlnuously variable
viewing. Pullfl 1,355 and treble controls.
Tube Helght (mm) 47 s2 22 data for all
> types availab SPECIFICATION:
i e () ad i3 12 e [ onlzsanzats Frequency response 20Hz—20kHz 41dB Basa control 41048 at 20H
Harmonie¢ dlstortion better than 0-1% Treble control +15dB at 20kHz
ECHDILEREc BESUL [EBEIr BELT Inputs: 1. Tape head 1-25mV into 50K Filters: Rumble (high pass) 100 Hz
4 2. Radio, Tuner  35mV inta 50K} o Sorately (low pass)  SKHa g
3. Magopetic P.U. 1-3mV into 50K gnal/noise ratio tter than + 65d.
PRICE EACH $1-70 $1:85 £2-09 All Input voltagen are for an output of 350mV. Input overload +26dB
Tape and P.U. inputs equalised to RIAA curve Supply +35 volts at 20mA

within $1dB from 20Hz to 20kHz. Dimensions

292 x 82 x 35 mm
SPECIAL COMPLETE KIT COMPRISING 2 ALS0’s, .
1SPM80, | BMT80& | PA100 ONLY £23.00 FREE p.l.p' only £1 3 1 5

The STEREO 20

The ‘Btereo 30’ amplifier ia mounted, ready wired and tested
on & one-piece chaasle measuring 20 cm X 14 cm X 5-5 cm
This compact unit comes complete with onfofl switch, volume
control, balance, hass and treble controls. Attractively printed
tront panel and matching control knohs. The ‘Bterec 20° haa
been designed to At ioto most turntable plinths without
interfering with the mechanism or, alternatively, into & sep-

arate cablnet.

Output power 20w peak Input 1 (Cer.) 300mV Iinto 1M

Freq. res. 26Hz-25kHz Input 2 (Aux.) 4mV Into 30K
control +-12dB at 80Hz

Harmonic distortion Bass
typlcally 0:25°% at 1 watt Treble con. £14dB at 14kHz

£12:25 freep. & p.

NEW COMPONENT PAK BARGAINS T e e ISVSTEN 12
Pack Type No. 1-24 2599 100 up
No. Qty. Desoriphon Price | BP 201C—8L201C  63p B53p  45p
C 1 250 Resistors mixed values approx. count by welght 0-50 g; ;g:lcc:g{‘;g%g &0 &0 - S TER E O
€ 2 200 Capacitors mixed values approx. count by weight 0-50 I 5P 703—72702 g: m :46): . o
€3 80 Preclasion Reslstors 1%, mixed values 0-50 | BP 70872709 ses 34 a0 § Each Kit contains two
C4 75 §th W Resistorn mixed preferred values 0-50 | BP 709P—uLAT709C 36p 34p  30p Amplifier Modules
C5 5 Pleces assorted Ferrite Rods 0-50 | BP 710—72710 44p 42 40y P . 3
C8 2 Tuning Gangs, MW/LW/VHF - 0-50 | BE 711—uA711 a5p 43p a0y [ watts RMS, two loud-
€7 1 Pack Wire 50 metres assorted colours o086 | BRI 1 S ¢ |speakers, 15 ohms, the
g g lg ﬁred Ssv:'(;:u - . 0-50 ;ﬂ ng— 700 60p 6p pre-amplifier, transformer, power supply
Y cro e . 0-50 93— 90p  Vp i
C10 156 Assorted Pots & Pre-Sets . N 0-50 170 158p lwn module, fror!t panel and other accessories,
€11 5 Jack Bockets 3 X 3-5mm 2 X Standard Switch Types .. 0-50 £.0.5. EAL000 £2.83 as well as an illustrated stage-by-stage instruc-
Ga] ool e i R vRlan 930l RocK BOTTOM PRICES tion booklet designed ONLY
2 20 Rl Tl : o 050} | OGIC DTL 930 Series 1.C's for the beginner.
Cl4 1 Pack assorted Nute/Bolts, ete. 050 8 yoe Prics . £1 6. 9 5
C15 4 Maina Toggle Switches, 2 Amp D/P 0-50 | No. 124 25-9 100up | FUrther details avail-
C18 20 Assorted Tag Btrips & Panels 050 | BP930 120 1p 100 Yable on request. F h .
€17 10 Assorted Control Knobs .. Be 0-50 | BP932 3p 12p 1y g REE g S p
C18 4 Rotary Wave Change Bwitches 0-50 g;ggg }gg ig: }}: Aff prices quoted in new gence Giro No. 388-7006
€19 3 Relaya 6—24V Operating 050 § gpoac Bp  12p 1p Please send atl orders direct Lo warehouse and despatch degartment
c20 4 Bheets Copper Laminate approx. 10 x 7' 0-50 § BP944 13p 12p 11p -
Please add 10p post and packing on all component packs, pIuA a i\uther lop on pnck Voa Cl. || BP943 25p 24p 22p
€2, 019, C20. BP946 12 1lp 10
BP94S o5p  24p 2%
RTL MICROLOGIC CIRCUTTS DUAL-IN-LINE  IC’». TWO  Ranges ] BP951 esp  80p  Bbp [/
;gg;xgrs‘l'gnu & NEW LOW COST. | BPo62 12 1lp 10
No. 1-24 25-99 1oo L3} BP9093 88p  35p
Epoxy TOS5 case uL900 108" B 20000 180 14 pln type zp o fBreoss P
> b BP097 40p 38p  35p
Buiter 35p 33 2p : v BFo0sS 0
D 38p 35p -
wiiwanme B B B Lo 0 - M P.0. BOX 5, WARE - HERTS
g » 4 BPS 14 Bp 13 1lp quantity price. larger quantity prices Postage and paching add #0p. Overseas add extra for airmal.
Data and Circuits Booklet for 1C’a Price 7p. BP8S 16 16p 14p 12 on application. (DTL 930 Serics only). Minimum order 500. Cash with o1 der please
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PROCESORS,
PROGRAMS AND
PERIPHERALS

Many readers, who may
understand quite a lot about
electronics, still find the world
of computers highly baffling.
In this two part feature, Jon
Talbot gives an introduction
to this field.

The keyboard of an ASR 33 teletype-
writer, probably the most widely used
computer input/output device. The paper
tape on the left hand side is shown
emerging from the punch and entering
the reader. Each line of up to eight holes
across the width is a coded version of a
keyboard character.

{Photo courtesy of Data Dynamics Ltd.)

14

IGITAL computers have always

had a poor press. They are well-

known to the general public as
dispensers of thousand-pound gas bills
and it is widely reported that these
disingenuous machines, communicating
with one another via data links, will
soon be swapping secrets culled from
our income-tax returns, census forms,
hire-purchase agreements and bank ac-
counts and assembling them into one
damning dossier. The use of the com-
puter as a scientific tool is rarely pub-
lished, except in the glamorous context
of space shots and supersonic flight, so
that the huge field of application of
these machines is not widely apprec-
iated.

The advent of the ‘mini’ computer in
the early 1960’s has meant that scien-
tific computing facilities have become
available to organisations that could
not possibly have afforded a full-scale
machine. Some computers are manu-
factured by methods approaching those
of mass production and as sales have
increased so prices have fallen. Now,
the £1000 computer has arrived.

The minicomputer is just what its
otherwise rather unsatisfactory name
implies. It is a digital data processor

that offers capabilities similar to those
of a large installation, but on a smaller
scale. Operating speeds are generally
lower; core stores are smaller; the range
of peripheral devices available, such as
cathode ray tube displays and page
printers, may be more limited; soft-
ware (the generic name for the pro-
grams that make the hardware ‘go’) is
simpler _and less flexible. However,
these restrictions do not imply that
the small computer is in any way a toy.
The smallest machine, when standing
alone, is a valuable working tool in any
laboratory or plant. When expanded by
the addition of extra storage and con-
ected via an interface unit to an ex-
periment or industrial process, so that
it monitors or participates in the run-
ning of that experiment or process, the
small computer can assume an import-
ant or even vital role.

A computer may be used in any one
of several basic modes. The most easily
understood is what might be described
as the static mode, in which the mach-
ine replaces the pencil and notebook
and carries out one calculation at a
time upon demand. Its operation is
then comparable with that of an office
calculator, but with the important dif-
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ference that the computer has a stored
program, the act of depressing a certain
key or combination of keys on the
teletypewriter keyboard calls up a
specific sequence of events which reg-
uires the operator to do no more than
supply the basic data for the cal-
culation.

EXAMPLES

To take a simple example, if the
operator typed V,280,332,450 then
the computer would recognise that
what was demanded was the volume of
a box whose height, width and depth
were represented by the numbers given.
It would immediately print the answer
on the typed record. |f the operator
typed W,280,332,450 then this might
produce a figure for the weight of the
box when made from a standard mat-
erial. We can save the user a little more
time and trouble (which is what com-
puters are mostly all about) if a small
refinement is added: if he wants to
know both the volume and weight of
the box, let him type VW,280,332,450.
{This has also eliminated a possible
source of error, since he has to type the
numbers once only). It is important to
understand that, whereas the above
operations would have called for a good
deal of button-pushing had a desk cal-
culator been employed, the computer
has decided what should be done sim-
ply by examining the first character(s)
in the message from the keyboard.

Note that the decision was taken,
strictly speaking, by the computer
program rather than by the computer
itself. This is because a computer that
is working in the box-making business
might very well have hardware (trans-
istors, capacitors, nuts and bolts) iden-
tical with that of a machine working in
air traffic control, but the two pro-
grams would undoubtedly be different.
It is not inconceivable that the latter
machine would interpret 'V’ as a re-
quest for estimated time of arrival,
given air speed, latitude and longitude.
If our man from the box factory, while
visiting the airport, happened to see a
computer just like his old faithful at
home and felt the urge to do a few
box caiculations he would either get
some very foolish answers or no ans-
wers at all!

We will call the other principal mode
of computer usage the dynamic mode,
in which the functioning of the mach-
ine is modified continuously in the
light of current events. Computers may
be operated ‘on line’ with data com-
ing in not only from human sources
but also from measuring instruments
such as pressure guages and electronic
thermometers. For instance, a mach-
ine may receive signals representing the
torque of an engine and its speed in
revolutions per minute and from this

Interface Unit:

Binary Code:

Accumulator:

Source Program:

Teletypewriter:

GLOSSARY OF TERMS

Core Store:

core unmagnetised.
Peripheral Device:

installation.
Hardware:

anical devices.
Software:

A matrix of small magnetic rings or cores upon
which electrical pulses may be stored. The pres-
ence of a pulse in a train is recorded by magnet-
ising a core, the absence of a pulse by leaving a

Any instrument or machine which enables a com-
puter to communicate with the outside world or
which otherwise aids the operation of the computer,
but which does not form part of the basic -

The computer and associated electronic and mech-

The lists of instructions which, when converted into
electrical signals, dictate the operations carried
out by the computer.

A.device which translates incoming signals that

are incompatible with the electrical characteristics
of the computer without changing the information
content. Also translates outgoing signals for the
benefit of associated equipment that is designed to
different’electrical standards.

A method of representing numbers in a scale of

two {on or off, high level, or low level, one or zero,
presence or absence of a signal) rather than the
more familiar scale of ten used in normal arithmetic.
Electronic circuits designed to work in two defined
states are much simpler and more reliable than those
working in ten such states.

The ’scratch pad’ section of the computer, in which
arithmetic operations are carried out.

The original program, as written by the programmer,
from which a working program system is derived.

(Also known as a teleprinter) A keyboard machine,
similar to those used for the G.P.O. Telex service,
which can transmit and receive alphabetical, num-
erical and certain control {non-printing) characters
as a train of pulses on two wires. Attachments can be
fitted for punching paper tape and printing on a roll
of paper at the same time, also for reading tape and

printing the message that is read.

information it could calculate and print
out at regular intervals the shaft horse-
power (which cannot be measured
directly). It might also monitor bearing
temperatures, lubricating oil pressure
and the rate of consumption of fuel
oil, printing these figures for record
purposes at, say, ten minute intervals.
At, perhaps, ten second intervals it
could test the validity of the results by
comparing them with preset limits. A
sudden rise in temperature, fall in pres-
sure or increase in consumption would
suggest that a defect was developing
and it would not be difficult to arrange
that the program branched away from
its normal routing and instead printed

ELECTRONICS TODAY INTERNATIONAL — JULY 1973

all measurements at ten second inter-
vals while sounding an alarm. If no
action was taken within a specified
period then the computer could ener-
gise a control valve in the fuel line and
stop the engine.

It can be seen that the computer can
undertake many boring and repetitive
industrial jobs and if it is used properly

‘it can dramatically reduce danger to

personnel, wastage of materials and
pollution of air and water.

The first step in putting a computer
into service is to analyse the work to
be done and to try to estimate the scale
of future expansion of the system.
These and many other factors dictate
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PROCESORS,
PROGRAMS AND
PERIPHERMLS

the choice of machine, not merely the
price: performance ratio. As will be
explained later, the cost of the mach-
ine is dramatically affected by the
methods that are to be employed for
storing data. This means that a good
estimate of the magnitude of the pro-
gram must be obtained before the
programming actually starts. This is not
easy: many are the projects that have
been converted from profit to loss by
lack of attention to this matter. It is
helpful to prepare a flow chart detail-
ing all of the required program steps
(Figure 1 shows a simple flow diagram
for the box-designing operations des-
cribed earlier). It is also easier if a com-
plicated flow chart can be drawn as a
number of smaller diagrams with only
a few interconnections between diag-
rams. The writing of the program can
be subdivided in a similar manner and
will follow the chart step by step,

THE PROGRAM IS ALL
IMPORTANT

The success of a digital computer in
pursuing its allotted task is critically
dependant upon its program. However,
just as a new-born baby cannot under-
stand language so the new-born com-
puter cannot interpret the teleprinter
signals and punched paper tape that are
its normal means of communication
with its user. The machine is inert and
useless. Before it can be set to work
the rudiments of language must be
implanted into its memory and this is
achieved by use of an initial {or ‘boot-
strap’) loader.

This series of 15-20 instructions is
entered into store directly be means
of hand-operated switches or from a
read-only memory (ROM), a small sec-
tion of the computer circuitry that is
reserved for this purpose alone. It will
only be necessary to repeat this oper-
ation later in the life of the computer
if the loader is destroyed (erased) or
accidently corrupted.

A computer program is a list of instr-
uctions which tell the machine what to
do and when to do it. The most
efficient programs are written in ‘mach-
ine language’, in which the work to be
undertaken has to be reduced to the
simplest possible terms. If the so-called
electronic ‘brain’ must be considered
in human terms then its most significant
characteristic is stupidity, for the most
advanced computer requires its diet of
information to be spoon-fed according
to a strict set of rules. It is only able to
decide between two courses of action
at any one time and then only under
the direction of the programmer.
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START

YES

READ AND STORE
INPUT DATA

IS
FIRST

CALCULATE
VOLUME (D)

PRINT D

IS
SECOND

CHARACTER
v?

CHARACTER
w?

KEY

C

INPUT OR OUTPUT
OPERATION

)

INTERNAL
OPERATION

O JUNCTION

CALCULATE
WEIGHT (E)

PRINT E

NOTE:

A, B, C=HEIGHT, WIDTH, DEPTH

D=VOLUME OFBOX=A xBxC

E = WEIGHT OF BOX = 4F (A +B +C},
WHERE F = WEIGHT PER UNIT AREA,

Fig. 1. A simple flow diagram or flow chart
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The store of the computer can be
likened to a huge snakes and ladders
game, in which there is (hopefully!)
only one player. The programmer starts
at square number one and places his
first instruction within that square. He
proceeds through the squares in se-
guence, placing successive instructions.
If a piece of information has to be
‘remembered’ temporarily then he must
leave a vacant square somewhere on the
board. This stored information is re-
introduced as necessary by directing
the program to that square by means
of astrategically placed snake or ladder.
It is possible that a number of instruc-
tions that are essential for one oper-
ation are unnecessary in another (omit-
ting redundant zeroes in a numerical
answer, for example); a ladder can be
provided to bypass them. It may be
necessary to repeat another series of
instructions; the programmer need not
waste squares by rewriting them the
requisite number of times but instead
can install a suitable snake. When the
program arrives at a snake or ladder a
decision is taken between two altern-
atives; whether, for example, one num-
ber is bigger or smaller than another.
Depending upon the conclusion the
program either proceeds to the next
square or else climbs or slithers to some
other unrelated, but specified, location.

The game of snakes and ladders is
generally restricted to 100 squares, but
the: programmer rarely has less than
1024 squares to play with, while most
small computers have storage for at
least 4096 words or bytes (this curious
word derives from the name for the
smallest division of a byte, the bit,
which is itself a contraction of Blnary
digiT). Obviously, the complexity of
the program can become very great and
considerable concentration is needed
in order to maintain a firm grip on the
problem. Returning to our snakes and
ladders analogy, it is only too easy to
provide a ladder leading to an empty
square or to erase, by overwriting a
‘remembering’ square, so that when
the program arrives at that point the
information it seeks is either missing or
corrupted.

The ‘native’ language of the computer
is the language of numbers and a
program written in machine code com-
prises, typically, two columns of four
digit numbers. The left-hand column
contains the number of the location,
or address, in the computer’s store,
while the corresponding number in
the right-hand column tells the com-
puter what to do and where in the
machine to do it.

TYPES OF INSTRUCTION

There are three basic types of instruc-
tion: (1) Memory Reference instruct-
ions, in which the right-hand column

includes the address to which the pro-
gram is to refer, (2) Input/Output
instructions, which organise the recep-
tion and transmission of data passing
between the computer and external
devices and (3) Operation Instructions,
which specify operations to be carried
out on the data in the machine’s
external registers. The instructions can
often be microprogrammed: subtle
changes can be made in the action of
the machine by altering one or more
bits of the 8, 12 or 16 bit word. A
block of numbers is allocated to each
type of instruction so that the machine
can differentiate between the various
types by testing certain bits, which act
as labels, to see whether they are binary
‘1" or binary ‘O’; see Figure 2. (A dis-
cussion on binary arithmetic would
demand an article on its own and the
reader requiring an explanation of this
subject is referred to his public library).

Programming in machine language is
generally very slow and tedious and
is hampered further by the difficulty

in remembering the numbers that con-
stitute the instructions. The progra-
mmer must constantly refer to his
instruction list. An alternative pro-
gramming method, called assembly lan-
guage, replaces the numerical instruc-
tions by mnemonics: groups of three
or four letters which are chosen as an
aid to memory (for example, DCA;
Deposit and Clear Accumulator). The
computer cannot understand these
without translation, which is under-
taken by a special-purpose program
called an assembler. This program must
be written in wholly numerical form
and is usually provided as part of the
standard software ‘package’ that acc-
ompanies the computer when it is
purchased. The mnemonic program-
ming system still retains close control
over the placing of data in store:

there is a one-to-one correspondence
between the mnemonics and numerical
instructions, so that the programmer
dedicates sach store location individ-
ually.

-

An engineer checks the paper tape output from a data logging system that
operates in confunction with a small computer. This particular 'type of
installation can handle up to 1000 input signals, representing temperatures,
pressures, flow rates, mechanical strain, liquid level, acceleration, etc.
{Photo courtesy Solartron Electronic Group Limited)
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PROCESORS,
PROGRAMS AND
PERIPHERALS

When the programmer has completed
his work his source program has to be
fed into the computer. This may be
done either by entering the location
numbers and mnemonics directly via
the keyboard of a teletypewriter or
electric typewriter connected ‘on line’
to the computer or, alternatively, by
preparing a punched paper tape con-
taining the program ‘off-line’ — on
machinery operating independently of
the computer. This tape can be read by
a high-speed tape reader, operating at
speeds of 500 characters per second or
more, when computer time is available.
Whichever course is adopted the ass-
embler program must be in the store
first or the computer simply will not
function.

HIGH-LEVEL PROGRAMMING
IS EASIER

Programmingin low-level languages —
those that correspond to machine code
— is largely a specialist task. Few pot-
ential users of small computers will
have experienced programmers avail-
able and few will be prepared to expend
much time and effort in acquiring a
skill that is completely divorced from
their normal full-time activities. During
the last 25 years a number of high-level
languages has been developed to help
overcome this obstacle, These make less
efficient use of computer storage and
are generally slower in execution than
their low-leve! counterparts, but they
possess the great advantage that the
statements that form a program are
comprised mainly of familiar English
words interspersed with symbols and
numbers that resemble normal mathe-
matical notation.

For the ‘once in a while’ programmer
the most useful language is BASIC.
The fundamentals of BASIC can be
learned in a day or so and it possesses
the important advantage that it is a
conversational language. This means
that a program can be typed out on a
keyboard and replies obtained as the
program proceeds. Again, the program
as written must be reduced to machine
level in order that the computer can act
upon it. This is achieved by a self-con-
tained interpreter program which is
provided with the computer and which
handles all editing (remaval of redun-
dant spaces, etc.), translating and exec-
uting processes without additional soft-
ware.

Other high-level languages such as
FORTRAN and ALGOL offer some -
what better flexibility, speed and effic-
iency in use ofsstorage and are not un-
duly difficult to learn. Translation into
machine code is undertaken by a spec-
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Bt ———»| O 1 2 3 4 6 7 8 9 10 "
number
Instruction code Address bits

Logical *1" = address on current page
Logical ‘0" = address on common page

Logical ‘1’ = indirect address i.e. the computer goes to the
address indicated by bits 4-11 in order to discover the address
of the data upon which it is to operate next.

Logical ‘0’ = direct address i.e. the computer operates upon
the data in the address indicated by bits 4-11.

Fig. 2 Indicates the build-up of a memory reference instruction for a mini-computer

ARCTURUS

The Arcturus A18D, an improved version of a similar earlier machine, the 18C.
This British machine is unusual in that peripherals are allowed direct access to
the memory without the need to synchronise with the main program.

{Photo courtesy Arcturus Electronics Limited)

ial compiler program which on a large-
scale computer requires only one pass,
or reading, of the source program tape,
However, a small computer with, typ-
ically, 4096 or 8192 words of storage
cannot handle work of this type with-
out considerable intervention by the
operator.

A number of paper tapes must be
read in the correct sequence and placed
in selected positions in the machine’s
core store by manipulation of switches
on the controtl panel. The method of
translation from high to low level.is
very indirect and the programmer is
only able to detect a limited number
of errors in course of translation. Cert-
ain errors may not become apparent
until an attempt is made to run the
program and then the only course open
is to correct the source program and
repeat the entire translation process.

The virtual impossibility of relating
high-level statements to their corres-
ponding low-level instructions arises
from the fact that the high-level pro-
grammer is relieved of the chore of
handling storage on a word-by-word
basis. True, he can reserve a number of
locations if he wishes to insert a block

of informatiori in tabular form. How-
ever, the use of storage (and choice of
instructions) is governed mainly by the
interpretation placed upon the source
statements by the compiler program.
The developers of ‘the language, striv-
ing for simplicity and breadth of app-
lication, are compelled to restrict the
number of available statements and to
dispense with much of the subtlety of
machine code.

The compiler for a mini-computer
usually converts the user’s program
(the source program) into an inter-
mediate-level fanguage, which is desc-
ribed as re/ocatable. This means that its
final placement in the computer’s store
has not yet been decided and can be
changed in accordance with the require-
ments of the translation process. The
compiler also has the ability to prod-
uce page linkages and to call external
sub-routines (separate small programs
which may be incorporated as a pro-
gramming aid) without direction by
the operator.

THE SECOND PART OF THIS ARTICLE
WILL BE IN NEXT MONTH'S ETI.
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How serious are you about Stereo?

If you're serious at all,

I cut out this coupon and 'send /
|t off to Akai.In return,

' we'll send you lots of

' information on how to enjoy

l all that’s best in hi-fi

| stereo—without having

1 to muzzle thedogtodoit.

———

e —————
ey

...............................

\
lease send lots of information
n Akai hi-fi stereo equipment.
To: Akai, Rank Audio Products,
0O.Box 70 Great West Road,
rentford, Mlddlesex TW8 9HR

© T

P
B

and is distributed and serviced in the

Akai equipment is made in Japan by Akai Electric Co.Ltd., @
UK exclusively by Rank Audio Products.
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REA!URE hunthg k nn‘ of
Britalh's tastest growing hob-
bies and a large number of

commergial units are now available.

What makas this hobby so popular is

that it worksl! It is not only possible to

find lost objects - it is aimost impos-
sible not to tind something.
Why do we call it the Coin Collect*

Although you can find almost any

reasonably sized metal object, coins

are the most interesting items you are
likely to find. The face value may be
low but older toins are often worth
considerably more than this. The size

20

- 3 '-‘J.- l-‘"-a' 4 - -

.

- ..-_

el

- of search cohﬁa@‘m{or abiEcn Jth‘ea.-r HL-&'E'P"dyne #e(?hmcﬁ Ihe en
alt i wﬂ'l,ptek up-
“.usearch coil"gives good protection frqmd___hﬂ_

size of coins
larger and smaller items.

The presence of metal is indicated by
a change in frequency of an audio note
and a light headset or ear-piece can be
used.

The electronic circuitry is contained
in the same cover as the 5%in. diameter
search coil, and operation can be ad-
justed over a band around 100kHz,
which falls within the legal frequencies
for such equipment. There are two

external controls - the on/off switch,,

S1, and the knob for adjusting the

N
b .

osedd

construq_!on and use-.of~a, shiclded

troublesome external effects such as
changes in frequency from rain showers
or stray capacitive effects influencing
the coil.

DETECTOR CIRCUIT

Figure 1 shows the circuit and L1 is
the shielded search coil. Such a shield
is known as a Faraday screen and is not
usually provided on metal locators of
the cheaper type. it is arranged in such
a way that inductive coupling changes
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COLLECTOR

the coil frequency, while the coil is

screened against capacitive effects from
wet sand or soil, etc. Trimmer TC1 al-
lows for some adjustment to the coil
frequency.

Q2 is the reference oscillator. L2 isa
470kHz i.f. transformer, loaded by the
capacitor C6 so that oscillation can be
adjusted over a narrow band around
100kHz. Cx is the capacitor normally
fitted in the IFT and is ignored. The
manual control VC1 allows a small
change in frequency, so that operation
can be immediately adjusted, as neces-
sary, at any time.

L2 must be screened and the usual
can provided is connected to the
negative line. The component listed is
for mixer and IF coupling in transistor
receivers. It is quite probably that
other 465kHz or 470kHz single-tuned
transistor receiver |IFT’s will give simi-
lar results here. However, pin con-
nections will have to be changed to
suit, and the value of C6 may also have
to be modified.

Two diodes, D1 and D2, are used
for mixing and demodulation, and this
method avoids the pulling of one
oscillator by the other. Q3 and Q4 are
audio amplifiers and boost the weak
audio tone resulting from the difference
in frequency of oscillators Q1 and Q2.
The audio output is sufficient for
normal listening in conditions of wind

R1
R2
R3
R4
R5
R6

C1
Cc2
c3
C4
C5
C6
c7
c8
c9
C10
cn

TC1
VC1

Q1
Q2
Q3
Q4
D1
D2

L1
L2

Resistor

o

BC107
BC107
BC108
BC108

« PARTS LIST
390k 5% %W
2.7k

, g

390k ,, o

™ " -

33k v

™ £ o
0.047uF Mylar etc

2700pF 5%, Polystyrene or Silver Mica
22pF Polystyrene or ceramic
0.0471. F Mylar ete

330pF  Polystyrene

5000pF 5%, Polystyrene or Silver Mica
470pF Polystyrene

22pF Polystyrene or ceramic
2200pF Polystyrene

0.047uF Mylar etc

50uF 10V min. Electrolytic

500pF  Compression Trimmer (R.S. Components)

200--300pF solid dielectric variable capacitor

OA81 or 0A91
OAB81 or OA91

Search coil, 26s.w.g. — see text.
I.F. transformer — see text. Denco Type IFT 13 used.in prototype

Plain Veroboard, 0.15in matrix about 4.9 x 2.8in; Veropins; Battery
connectors; control knob; on-off slide switch; 3.5mm jack socket; 6in disc
of 1/16in paxolin; Plastic case, flower pot stand; Aluminium cooking
foil; Drawer handle; Aluminium tubing, %in outside diameter; Plastic
plumbing tube, %in diameter; Bicycle hand grip; Medium impedance
headphones or earpiece.

or other reasonable level of external
noise.

R2
2.7k
AMAN S
R1 R3
c2 390k 390k JACK
SHIELD | 2700pF C5 330pF
P -
& R5 O
L 5.9 R I
Vel
c4 =
==047| %05 7] |
TC1 uF 0 £ | 0
| e ORI | D "
- PP4 "
! ov
c3 ‘ :
1 Q4 e
1 BC108 :
22pF
o1 Q2 ce |03 +] o
BC107 BC107 T22pF BC108 =Soue
—_ R NI c9
e A
-047uF
T 8 ' \Qm_m Tf’
S
& ¢ g ) - o\—'

Fig. 1 The complete circuit of the ETI Coin Collector. L1 is the screened search coil and L2 the

modified i.f. transformer acting as the reference oscillator.

ELECTRONICS TODAY INTERNATIONAL — JULY 1973

21



gicom
COLLECTOR

THE CASE

This will be found in many shops and
popular stores which include gardening
items, and is brown plastic 6%in. in
diameter and 1%in. deep (‘‘flowerpot
saucer or bowl”). The inside diameter
of the open top is 6in. and a disc of
1/16in. paxolin is cut to fit this.
Perspex or similar material can also be
used. A 4%in or similar drawer handle,
also plastic, is bolted to the bow| which
is used inverted.

Details of the long handle are shown
in Fig. 2. This is a 3ft. length (longer or
shorter depending on your height) of
plastic piping with an |n5|de diameter
of %in. This is available from most
plumbing shops at low cost. Both
polypropylene and PVC piping is avail-
able and, while both can be used, the
latter is best as it is rather more rigid.

A bicycle handlebar grip will fit nicely
onto the outsjde top of this.

The bottom of the handle is con-
nected to the main casing by means of
a bracket made from a length of %in.
outside diameter aluminium tubing.
One end of this is squeezed flat in a
vnce and the flat part is bent at about
45° Two holes should be drilled in
this and on the case and secured by
4BA nuts and bolts.

An extension lead is necessary for the
headphones or earphone. This can be
done by adding wire to the existing
lead but a neater job is achieved by
having a separate wire running inside the
tube.A hole should be drilled about 5in.
from the bottom of the handle (this is
to prevent it being fouled by the
bracket) and the extension feeds
through this; a 3.bmm jack plug
should be fitted to this.

The 3.5mm jack socket at the top is
more difficult to fit as it should be
about 4in. from the top. A %in. hole
should be drilled to take this. The
wire should be soldered to the socket
outside the tube and a knitting needle
jammed gently into the switching sec-
tion. This can then be fed down the
tube and the thread passed through
the %in. hole. It is not easy, but it can
be done.

Note that the aluminium bracket has

an effect on the search coil and if the
Coin Collector js converted to the hand
held version (or vice versa) realignment
is necessary.

The locator is built as a working unit
on the 6in. paxolin disc. The cover or
casing, with handle, is afterwards at-
tached with two 6BA bolts. The on-off
switch and headphone jack are on short
flexible flying leads and they can be
permanently mounted on the cover.
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BICYCLE
HANDLEBAR ™
GRIP

3-5mm JACK
SOCKET

3t LENGTH OF
3/4DIA. PLASTIC
OVERFLOW PIPE

RUNS INSIDE
HANDLE

PLUG

3/, O/DIA.
TUBE

Fig. 2 Details of the long handle and bracket

To change the battery it is necessary
to remove the control knob and two
6BA nuts, but the battery has a long
working life in this circuit and should
only have to be renewed occasionally.

CIRCUIT BOARD

This is cut as in Fig. 3, and the
placement of components can then be

The length of the handle should be cut to
suit the user’s height

exactly as shown. The polarity of D1,
D2 and C11 must be as marked. '

First locate the circuit board correctly
on the 6in. paxolin disc and drill the
three holes A"’ completely through
both. Run ' 1%in. countersunk 6BA
bolts up through the paxolin, locking
them with nuts. Put an extra nut on
each bolt, so that the circuit board will
be raised about lin. from the paxolin
(to clear the components in Fig 3).
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SWITCH PHONE JACK

Fig. 3 The component layout — a piece of drilled s.r.b.p. board 4.9 x 2.8 ins with two corners trimmed as shown, The dotted lines

represent wiring on the. reverse side.

When wiring is completed, the board
is fixed in this position by three
further nuts.

Drill two holes for the %in. bolts “'B”’
which secure the cover. Each of these
bolts has two nuts, plus a further nut
each to hold the cover when it is on.

VC1t1 is located as shown, with a
clearance hole in the cover to match.
TC1 is mounted with bolts and spacers
or extra nuts, with a hole so that its
adjusting screw can be reached from the
upper side of the board. A hole allows

the core of L2 to be adjusted from
this side also.

Wiring need not run exactly as shown
in Fig. 3, provided connections are
correct. Where the ends of resistors
and capacitorsare not long enough, use
26swg or similar wire for connecting
purposes, with insulated sleeving where
necessary to avoid short circuits.

Three Veropins, numbered 1, 2 and
3 are inserted for the leads from L |I.
A thin flexible lead from positiveat C11
is fitted with a positive battery clip. A

..

sy By 5 Y

The prototype circuit board wired to the search coil
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lead from negative of C11 runs to the
on-off switch. A lead with a negative
battery clip is soldered to the second
switch stage. Flexible leads from Q4
collector and the positive line are taken
to the output jack. Both the switch and
jack are left free, and only fixed to
the cover when construction’ is other-
wise completed.

SEARCH COIL

This consists of 50 turns, centre-tapped
of 26swg enamelled wire,-with a mean
diameter of 5%in. An object about
5 1/8in. in diameter is most suitable as
a temporary former for winding. A
tapering object (such as a plant-pot)
may be used by measuring it and
marking the winding position.

Wind 25 turns in a compact pile, and
secure with adhesive tape to prevent the
turns becoming loose. Form a short
loop for the centre-tap, and wind a
further 25 turns in the same direction.
The coil is then removed and bound in
several places as in the photograph to
hold the turns together.

Solder a lead to the centre-tap 2, and
place insulated sleeving on ends 1 and 3.

Another photograph shows the 6in.
paxolin disc with three 6BA bolts and
the coil before the shielding is: done.

Cut a ring of aluminium foil 7in. in
diameter and lin. wide and place the
coil on this. Completely cut away a
narrow piece from the foil, opposite
the centre tap of the coil.
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The- foil ‘is folded over the winding,

~“from.inside-and outside, to enclose it.

e

Regular folding of the inner edge out-

- wards will be eased by snipping about

3/8in: into the foil at %in. intervals
from the inside. Leave a foil projection
near the centre tap, Secure a thin
fiexible lead to this with a short 8BA
bolt and washers and solder this con-
nection to the same lead as is used for
the centre tap.

~Bind the coil with thread or with
. adhesive tape. Tape the flying leads,
and also the gap in the foil, taking care
that the ends of the foil do not touch
each other-here.

o+ 5 o b

The coil is smeared liberally with
adhesive,and is placed onto the paxolin
disc. After checking its position, place
a few small weights on it to hold it
until the adhesive sets. The leads should
come near the Veropins to which they
will be connected.

BATTERY HOLDER

This is made of a small piece of wood,
about 2% x 1 x 3/8in. A channel is cut
for a PP4 or similar battery. Two saw-
cuts are made across the wood on its
other side. Elastic bands are placed in
the cuts round the wood, which is
cemented in place. When the cement is
dry the battery can then be secured by
the bands.

FINISHING ASSEMBLY

Place the circuit board in position and

=

also be seen

fix it with the three nuts. Cut the leads
from L1 to suit the pins 1, 2 and 3.
These are long enough to allow the
board to be turned over.

Other photographs show the finished
construction before the cover is fitted.

ALIGNMENT

Temporarily fit a knob to VC1 and
set this capacitor about half closed.
Screw TC1 about half down. With the
phones plugged in and the detector
switched on, rotate the core of L2
until a loud audio tone is heard. Set the
core for about the ““zero beat ' position.

In these conditions, turning the core
either way will cause a tone, which
rises in pitch the farther the core is
turned. A similar effect arises with VC1:
the control knob has a central or zero
beat position and turning it either way
from this will cause an audio tone

The coil should be laid on the aluminium foil as shown. Note
the gap opposite the wire ends.

A general view of the prototype out of the case showing the
cjreuit board in position. The extending nuts to the cover can

ELECTRONICS TODAY INTERNATIONAL — JULY 1973



which rises in frequency with further
rotation of the control knob.

At this time the frequency can be
set to whatever may be required,
within the range of TC1 and L2. The
second harmonic of the oscillators can
be picked up by a radio receiver having
long wave coverage, and placed near
the detector. A frequency a little
removed from 100kHz can be chosen,
so that possible interference to nearby
reception of the 200kHz LW broadcasts
does not arise.

The switch and output jack can then
be fitted permanently to. the cover,
which is secured by nuts on the pro-
jecting bolts.

LOCATOR USE

Unseen metal is located by a change in
the audio tone heard. Initially rotate
VC1 so that a steady audio tone is
heard. The approach of metal into the
vicinity of the search coil will then
cause a change in pitch. Most metals

The main assembly without the case. The wires to the switch and earphone socket

should be left reasonably long

The completed prototype. Either headphones or an

individual earpiece can be used.

vary the tone one way, but certain
metals will cause the shift in frequency
to be in the other direction. The way
in which a particular metal causes a
change in frequency can be adjusted by
setting VC1 for the wanted effect.

Nearby, or farge pieces of metal will
cause a very pronounced shift in fre-
guency. For maximum range, a very
low frequency audio beat is most
suitable, with VC1 adjusted so that
this fallsin frequency when the coil ap-
proaches metal. The limit of detection
range is reached when it is no longer
possible to observe any change in fre-
quency at all.

It is always difficult to give a binding
“maximum range’’ specification for an
instrument of this kind, as this depends
so much on individual circumstances
of use,such as the size and shape of the
metal objects, kind of soil, and even the
skill of the user. The actual range

achieved s of course the same as that
of other heterodyne locators with a
search coil of similar size — this could
be a matter of a very few inches for
the detection of a small item such as a
coin, but up to a foot or more for a
large metal object.

HEADSET

Best of all will be a light pair of phones
with muffs, such as those listed. These
help exclude external noise, and can be
carried in a pocket. Headphones of
similar type will usually be of about
500 to 2,000 ohms.

A single earpiece is most suitable
when there is little outside noise, and
the usua! medium impedance type can
be used.

Great fun can be had with the Coin
Collector but it will take you a little
while to get used to it and achieve
optimum performance.
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The hand held version is ideal for a close investigation
of a small area.

Resist the temptation of scanning a
large area of ground quickly - you will
only be wasting your time. |If you con-
centrate on a small area - say 100 square
feet - If the area has been frequented by
people over the years, even your back
garden, the chances are pretty good of
finding something - even if it is of no
value.

We cannot promise you anything of
course and your chances of striking it
rich are remote but just bear in mind
that there are people who make a good
living using a metal locator - think
about it!

A licence is required to use a metal
locator; this costs 75p for five years.
Application forms (it is called a Pipe
Finder Licence) are available from the
Ministry of Posts and Telecommuni-
cations, Waterloo Bridge House, Water-
loo Road, London, S.E.1. @
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EXPLORATION
ARCHAEOLOGY

—searching for the past

by John M. Stanley
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THE ARCHAEOLOGICAL methods
used in various parts of the world differ
due to the nature of the various civil-
izations.

European communities produced
lasting hardware of baked clay or
metals. They built cities of permanent
materials with considerable use of
stone and bricks, and they often
fortressed these with substantial walls.
Although their civilizations have
decayed, they left many remnants now
submerged beneath windswept sands
or buried by alluvial flood plains. Yet
others have been built over by later
communities. In common, these folk

ARRIVAL TIME

SLOPE = /v

considerably altered the landscape
where they built their cities. They left
permanent relics of their handcraft
and they frequently left written
evidence of their existence.

The scene in some countries is very
different. For instance the Australian
aborigines rarely altered their habitat
with permanent constructions, and rar-
ely if ever, made use of bricks or metals.
Consequently, the only lasting remains
of their campsites are fireplaces, shell
concentrations and humus-rich
deposits where wandering tribes made
seasonal camps when food was
abundant. These “middens’’, as they

Fig. 1. Paths taken
1 by the direct point
S to detector D in
two layered earth.

€
R

are generally termed, do however
contain small items, usually of chipped
stone, which are of interest to natural
historians.

These differences require new
exploration procedures. In the pursuit
for remains of a highly developed
community, it is logical firstly to
search historic writings for clues as to
where a township may have been
situated. Aerial photography may then
disclose surface formations not
normally visible from the ground.

In the past it has been necessary to
follow these activities with tedious
drilling and trenching, but a great deal
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SHOT POINT — DETECTOR DISTANCE ‘X"

Fig. 2. Plot of first and second arrival times at a detector a distance
X from the shot point, Xc corresponds to the point where the

refracted wave overtakes the direct wave.

Fig. 3. Experimental refraction plot over a trench filled with silt.
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of this laborious work may now be

replaced by the refined use of
geophysical methods, and the final
excavations commenced with greater
confidence of success.

The aborigines left no writings or
photographable surface features
indicating the whereabouts of their
campsites. Fortunately for the
archaeologist, much of the countryside
in Australia has not changed very
much since aboriginal occupation and
it is logical that middens be associated
with features providing a regular
source of food, Lakes, river estuaries,
rocky shorelines, natural springs and
waterholes are clues to past occupation.
They are virtually the only means avail-
able of confining the area of search. In
fact excavations have only been made
in Australia in places where surface evi-
dence of middens has been observed.
But if geophysics can be employed
successfully, then much older middens
may be located buried at greater
depths. The author is at present
concerned with this possibility.

GEOPHYSICAL METHODS IN
PRESENT USE

There are three principle geophysical
methods which have been applied to
archaeological studies. They are:
seismology, resistivity and magnetics.
Their use depends upon the nature of
the particular environment, the
amount of finance available for
equipment, and upon the experience
of the operating crew.

Earth Resistivity meter in use

Combining technology with the classical arts, today’s archaeologist
is a refined crossbreed of historian and geophysicist.

SEISMOLOGY

The principle of seismology is that
shock waves travel at particular and
well-defined velocities through
material of different types. The denser
the material, the faster the speed that
shock waves will travel through it. The
velocities vary from as low as
600 ft/sec in light and dry top soil, to
20 000 ft/sec in unseamed granite.

If the speed of the shock wave is
measured, then the type, hardness and
depth qf the various strata can
accurately be determined. This is
relatively easy to do, for when a shock
wave strikes an interface between two
different types of materia! it will be
refracted along that interface.

With the simplest types of
seismographs the shock wave s
initiated by striking the ground with a
hammer. Figure 1 shows how the
shock wave thus generated (at point
‘S’), travels out in hemispherical
wavefronts. If a detecting instrument
is at point ‘D’ — a distance of "X’ feet
from 'S’ then the shock wave travelling
horizontally through the top material
(the ‘direct wave’) will reach the
receiving instrument before any other
wave — as long as ‘X’ is small. For
longer distances, the wave travelling
along the lower strata- (which has a
higher. characteristic velocity) will
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arrive at the receiver before the direct
wave.

Angle Ic is the ‘critical angle’ at
which the shock wave is refracted
along the interface. It is in fact the
angle where Sine is V5/V, .

The most convenient way to
represent this data is to measure and
plot the arrival time of the first
refracted wave vs the short distance
‘X'. For example with two layered
stratum (Fig. 1) we would have the
plot shown in Fig. 2. From the
gradient of the first arrival segments
we can deduce the velocities V and
V1 and hence calculate the depth to
the interface. Figure 3 shows the
experimental data plotted over a
trench buried under a layer of sift.

In the far more complex situation of

identifying echos from irregular
archaeological objects, interpretation
becomes a job for the expert.

However, there are many cases when
seismology is quite practical to use.
These include buried tombs and
building sites containing walls or
similar large structures. Seismology has
been successfully used to locate
underground passages and tomb
cavities within the Egyptian pyramids,
and is ideal for sounding the depth of
deposits in caves and rock shelters.
Portable instrumentation has
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become commercially
but at a cost of about
£1,500! Quite prohibitive for the
amateur treasure seeker! Such a
signal enhancement seismograph’’ is
battery operated, weighs only 17 Ibs
and is exceeding accurate and easy to
use. The seismic disturbance is made
by simply hitting the ground with a
10 Ib hammer.

recently
available,

RESISTIVITY

Another characteristic of differing
strata is electrical resistivity — in fact
the range of electrical resistivities is
enormous. It extends from 101 ohm/
metre to 1012 ohms/metre. It follows
that if we can measure vertical and
horizontal resistivity profiles of the
ground, we must be able to detect
changes in composition, and hence
deduce the existence of buried objects.
There are many ways of doing this,
some involving ac measurements and
others using dc. Generally, the resist-
ivity is far from uniform and so the
measurement used is one of “apparent
resistivity’” — in effect it is a mean
value depending on the distribution of
rocks and their individual resistivities.

One of the most common electrode
arrangements for measuring apparent
resistivity is that known as the Wenner
Array (illustrated in Fig. 4). Using a
Wenner Array (with electrode
separation ‘@’) on the surface of a
semi-infinite  solid with uniform
resistivity p, then p = 2ma V/| = 2maR
(where R is the resistance between the
inner electrodes).

There are two applications of this
formula. We may perform “electrical
drilling’’ or "electrical trenching”. In
the former, a vertical profile of the
resistivity may be measured by
plotting p as the separation of
electrodes @’ is varied. The depth at
which p is measured is approximately
0.6 a. Apparent resistivity profile
curves may be generated by a
computing for different models of
ground structure. Volumes of standard
curves qf this type have been
published and these facilitate the

TABLE 1
Material Magnetic Susceptibility  Resistivity Seismic Compressional Velocity
106 emu Ohm. M. M. Sec™!

Air 0 infinite 330
Water (fresh) 0 50 1450
Sand (dry)  -1.2 >1010 300 — 800
Limestone 5 120 — 400 3,500 — 6,500
Granite 500 5,000 — 108 4,600 — 7,000
Clay Variable 1-120 1,000 — 3,000
Sandstone 10 35 — 4,000 1,500 — 4,500
Marble —-0.75 >1012 -
Basalt 2,000 - 5,000 — 6,500
Alluvium 2,000 Variable 500 — 600

Approximate values of magnetic susceptibility, electrical resistivity and seismic vélocity
for archaeologically relevant materials. All values tend to be highly variable depending on
moisture content and mineral composition.

interpretation of resistivity drilling.

Electrical trenching is achieved by
selecting an electrode separation
corresponding approximately to the
depth of interest, and moving the
whole array along the traverse line.
Fig. 5 shows a typical set of results
plotted over a buried wall.

Resistivity methods are applicable to
similar situations as the seismic
method. The field skills and
interpretation complexity are
comparable to those required for
seismology but the cost of equipment
is very much less. A quite effective ac
resistivity meter may be purchased for
less than £250 — .and a dc operated
meter such as that described
immediately following this article —
may be home assembled for very much
less.

MAGNETICS

The Earth’s natural magnetic field is
perturbed by the magnetic properties
of materials within its influence. If the
Earth’s field may be measured to an
accuracy of the order of 1 part per
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dimension, location and composition
of the perturbing body may be
extracted from carefully compiled
maps of anomalies in the magnetic
field.

During the mid 1950’s, a team at
Cambridge University developed a
magnetometer, having a sensitivity of
1 part per 100,000, specifically for
archaeological work. This instrument
measured the frequency of protons in
an “organic fluid as they precessed
about the Earth’s field. The precession
frequency was linearly related to the
intensity of the magnetic field. The
proton precession’’ magnetometer is
available now at a cost of about £250.
More recently an instrument has been

developed which measures the
electron-nuclear spin of atoms jn an
alkali metal vapour. This spin

frequency is also linearly related to the
magnetic field, but yields an accuracy
of 1 partin 1 million. At present these
instruments are expensive — in excess
of £500 but as refining developments
progress, this cost may be expected to
decrease substantially.

The magnetic field on the Earth’s

1,000 this perturbation can be surface is almost engi'rely (95%) due to
detected. Information concerning stable sources within the core. The
Lo
o/ ] e S
oL [~
: o /
TI7777 77777 g \ 7
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Fig. 4. The Wenner configuration of electrodes used in both
“electrical drilling” and “electrical trenching”’. The electrode
spacing used in resistivity calculations is the distance ‘a’,

Fig, 5. A typical resistivity traverse over a

sandstone wall
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Fig. 6. This is a magnetic contour map over
a corner of a stone wall buried at a depth of
five metres. The plot was made using a
differential magnetomer pair during the
search for the lost city of Sybaris in
southern Italy.

remaining 5% originates from variable
causes, and may be divided into

“temporal”  (timé) or “spacial”
(position) variations. The temporal
changes result principally from

solar-induced currents in the Earth’s
crust, and magnetic pulsations in the
magnetosphere. They range in
frequency from a fraction of a second
to diurnal. The amplitude of such
variations is typicaily a few gammas
but under severe conditions magnetic
storms of several hundred gammas
may be encountered.

Spacial variations arise principally
from the degree of magnetism induced
in materials of the Earth’s crust.
Different rocks and minerals exhibit a
range of susceptibilities to
‘magnetization in the Earth’s field and
this magnetization can readily be
detected with modern instruments. A
second very significant cause of spacial

anomalies results from ‘“remnant”
magnetism  exhibited by objects
containing  ferromagnetic minerals

which have been heated strongly at
some time. Within the crystals of the
mineral are small, randomly orientated
regions of uniform magnetizations,
called domains, which become mobile
above the Curie temperature of about
600°C. During cooling, many of the
domains align themselves parallel to
the Earth’s magnetic field and are thus
frozen in this alignment. Since they

are parallel to the Earth’s field they
are also parallel to each other, thus
creating a net magnetic effect. Pottery,
kilns, hearths and baked rocks will
frequently exhibit a measureable
remnant magnetism.

If the archaeologist is to distinguish
between temporal and spacial
anomalies it is usual to use two
magnetometers. Both will respond to
temporal changes simultaneously so if
the difference in field value between
the two is measured while one
instrument is kept stationary, then
only the spacial changes will be
recorded. Since the development of
the extremely high resolution “‘Alkali
vapour magnetometers’’ it has been
possible to use such two instruments
as a “gradiometer”’. Both field sensors
are mounted with a fixed separation
on a vertical staff. Again, both respond
simultaneously to temporal changes
and so the field value difference
between the sensors yields the vertical
spacial field gradient.

This data is of particular value to the
archaeologist who is usually looking
for objects buried under a quite
shallow layer of sediments. This is
because it effectively filters out
background magnetic anomalies that
originate in the deeper underlying
geologic strata. It does this because the
magnetic field of a dipole is inversely
proportional to the cube of the

distance from it. The significance of

the inverse cube factor is apparent if
we compare the anomalous intensities,
at each of two sensors, from a buried
wall overlying a geologic magnetic
disturbance. Let us suppose that the
two sensors are directly above the wall
at distances of one and two metres,
and that the wall overlies the geologic
source at a distance of 10 metres.
Then, if the geologic anomaly were
even as large as the wall anomaly at
the site of the lower sensor, the
differential anomaly of the wall would
be almost four times that of the
geologic strata.

The interpretation of magnetic field
and gradient data is certainly a task for
the expert if full value is to be
extracted from the data. The nature of
the anomaty will depend upon a large
number of factors such as size, shape,
depth, magnetic susceptibility of the
object, and its orientation relative to
the Earth’s field. Mineral and oil
exploration research has developed
computing prowess in this field and it
is now possible to achieve exciting
successful results if the right skills are
applied to the data. Figure 6 shows an
actual magnetic contour map over a
corner of a stone wall buried at a
depth of bm. This data was measured
with a differential magnetometer pair
during the search for the lost city of
Sybaris in southern ltaly.
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TREASURE
TRACER
MK I

METAL
LOCATOR

@ Incorporates varicap tuning for extra
stability

@ Weighs only 220z and has perfect
balance

@ Loudspeaker or earphone operation
{both included)

@ Handie knocks down to only 16in
for transport

@ Ministry approved design
@ Exéelient sensitivity and stability

@ Kit can be built using only soldering
iron, screwdriver, pliers and wire snips

@ Drilled; tinned, fibreglass p.c. board
with component siting printed on

@ Incorporates Fardday screen

Send for s.a.e. for leaflet

Complete kit £9. 80

::'a‘rhd“";;‘i’l“"t Plus 35p Post
‘ {inc. VAT)

£13.75

Plus 35p Post
{inc. VAT}

Built, tested
and

Guaranteed

MINIKITS ELECTRONICS,

35d Langley Drive, Wanstead,
LONDON E11 2LN

(Mail order o_nly)
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EARTH

RESISTIVITY

METER

From gold to archaeological remains — this simply constructed
instrument will assist your prospecting.

AS John Stanley’s article explains
an earth resistivity meter can be used to
identify the composition of various
earth strata — and the depth at which
each strata occurs — and by detecting
changes in earth composition, to point
to the existence of buried objects.

An earth resistivity meter may be
used to locate archaeological objects —
to assist in finding conditions
favourable for alluvial gold or
gestones, or even for such prosaic
duties as determing where to locate a

septic tank! )
These instruments are not expensive
compared with most electronic

instrumentation. Nevertheless at £250
or so they are way above the budget of
most amateur archaeologists or
rock-hounds.

But for such people all is not lost —
it is possible to construct a simple dc
operated resistivity meter for a mere
fraction of the price of commercial

units.

For this to be possible we have to
accept a few operating limitations —
primarily of operating depth — for
whereas a commercial unit may be
used to depths of several hundred feet
our unit is limited to fifty feet or so.
But unless you are hoping to locate oil
bearing deposits in your garden the
limitation on operating depth should
not be a problem.

The basic instrument is extremely
simple — four equally spaced
electrodes are placed in line in the
earth. An accurately known current is
caused to flow from one outer
electrode to the other — and a
measurement is taken of the voltage
between the two inner electrodes.

Having measured both voltage and
current, a simple formula (explained
on page 32) is used to establish depth
and composition of the strata.

Professional earth resistivity meters
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Fig. 1, Circuit diagram of resistivity meter,
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use alternating current across the earth
electrodes in order to eliminate the
effects of the small galvanic voltages
caused by the earth.

This effect cannot be totally
eliminated with dc instruments but it
can be minimized by switching the
battery across the electrodes in
alternate polarities — a centre position
of the switch (SW2) meanwhile
short-circuits the tvro centre electrodes
between readings to discharge the
galvanic potential.

Figure 1 shows the circuit diagram of
the instrument.

We have not provided any
mechanical assembly drawings, for this
will depend almost entirely upon the
meters used. A pair of cheap
multimeters are ideal — but if these are
not available then a voltmeter and a
milliameter with switchable ranges
should be wused. The milliameter
should be capable of measuring from
microamps to a maximum of 100
milliamps or so, the voltmeter should
cover a range from approximately 100
microvolts to three volts or so and
should have a sensitivity of about
20,000 ohms per volt.

Switch SW2 is a three-pole four-way
wafer switch. All switching contacts
are located on one wafer. Each of the
four segments shown in the circuit
diagram (ie. SW1 SW2 etc) consists of
a wiping contact and three fixed
contacts — the connections will be
readily apparent when the circuit
diagram is compared with the switch.

The ground probes should ideally be
made of copper coated steel or brass —
however electrodes made from %' to
1" steel tubing or rod will work quite
well as long as they are kept clean. It is
of course essential that they make the
best possible contact with the
surrounding earth. Electrode cable
connections must be securely made
using proper terminals — remember
that you are looking for fairly minor
changes in earth resistance.

Operating voltage is not critical — a
six or twelve volt dry cell is adequate
for most applications. L
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Not just a pretty face.

The Advance mini Executive is a beautiful
hand-held calculator.

Some, almost as good looking, are as fragile as a
butterfly’s wings. Ours isn’t.

Some are so small you keep mis-punching and
get the wrong answers. Ours isn’t.

Some aren’t made by specialists in electronics but
merely imported from goodness knows where.
Ours is made right here in Britain by Advance
Electronics Limited.

Finally, if you think it’s about time you had your
very own pocket calculator, ours costs only £52.50.

It’s guaranteed for a year.

Has a battery life of 15 hours.

And to remind you, it’s called the mini Executive
The coupon will get you literature.

Go on, spoil yourself.

Because at £52.50 (plus VAT ) it’s the A
finest pocket calculator in the world.

l Name

I Address

| Advance Calculators,
Raynham Road, Bishops Stortford, Herts.
Telephone 0279 55155. Telex: 81510.




Using a
resistivi

meter

JOHN STANLEY EXPLAINS

MEASURING EARTH

RESISTIVITY

THERE are several methods of
measuring soil resistivities, mostly
variations of the original method

devised by Wenner. This consists of
driving four metal spikes (commonly
called electrodes), into the ground, at
equal intervals along a straight line as
shown in Fig. 1.

A current is passed through the outer
electrodes C1 and C; and the resulting
voltage drop across the earth resistance
is measured across the inner pair p,
and ps.

If the ground has a
resistivity p then

uniform

p=2maV/| = 2maR

where ‘R’ is the apparent resistance
measured between the inner potential
electrodes.

Generally the current will flow in an
arc between the electrodes and hence
the depth penetrated will increase as
the electrode separation is increased.
The effective depth at which R is
measured is usually taken as 0.6 times
the separation ‘a’.

For the greatest accuracy in
determining the ratio V/I it is desirable
that the current flow | be maximized
and hence in dry surface conditions it
is common to ‘moisten the soil about
the electrodes to reduce the contact
resistance. The depth to which the
electrodes are inserted must not
exceed 1/20th of their separation. This
is important if standard curves are to
be used for the interpretation of the
experimental data.

Having inserted the four -electrodes

an average value for both V and | must
be determined for both polarities of
the battery. Reversing the polarity
removes the possibility that the earth
may have its own potential due to
galvanic reactions underground. From
these measurements the resistivity p
can be calculated.

RESISTIVITY DEPTH
SOUNDING

Consider for example the problem of
measuring the depth beneath the
ground of the water table or perhaps
the thickness of soil overlying the
bedrock. This type of situation is by
far the most common — where a layer
of resistivity pq and thickness ‘d’ is
overlying a layer of different resistivity
P9.

We can determine the depth ‘d” with
the aid of ‘standard curves’. The
procedure is to measure the resistivity
of the ground each time the electrode
separation ‘a’ is increased about a
central point. To use the standard
curves provided it is necessary to plot
the measured resistivity (p) on the
vertical axis, against the electrode
separation distance on log/log graph
paper.

The standard curves provided (Fig.
2), are also constructed on log/log
graph paper i.e. graph paper that is
ruled in both directions at logarithmic
intervals. Each major division on the
paper corresponds to a power of 10
and is therefore called a decade. We
suggest that for plotting your data you
purchase semi-transparent paper that
has three decades on either axis and a

|
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Fig. 1. The electrodes are driven into the ground at equal intervals and in a straight line.
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decade separation of 2% inches. The
2% inch decade separation is most
important as paper having other
decade separations will not allow your
plotted results to be overlayed on the
standard curves. This paper should be
readily available from major. stationary
suppliers.

Figure 3 shows a typical plot of field
data .overlayed onto the standard
curve.

To do this, place your plotted curve
over the standard curve and slide it
horizontally until you find the
standard curve that best matches your
plotted curve.

When the best matching curve has
been found, note where the vertical
axis of the standard curve intersects
the ‘ab’ curve of your plotted data.
This line extended vertically
downwards to intersect the ‘electrode
separation’ axis of your plotted data
will show the depth of the first layer —
in our example this is 4.25 metres.

We know from our plotted data that
the resistivity p, is about 1000
ohms/metre and the standard curve
that is a best match shows a pa/pg
ratio of one tenth, that is pp equals
0.1 P1.

Thus po is approximately 100
ohms/metre. Relating these figures to
Table Il we see that the most likely
strata formation is two layers of
sandstone of different densities — or a
top layer of sandstone and a lower
layer of limestone.

From the section bc it is possible to
calculate the resistivity and depth of
the second layer but this requires the
use of a second set of auxiliary
standard curves. These are very
complex and beyond the scope of this
article. Similarly section cd provides
data on the third layer and so on.
There are a number of standard texts
on such measurement and the
interested experimenter should refer
to these for further information.

RESISTIVITY TRENCHING

Another common application of the
resistivity meter is in searching for
buried objects such as large water
mains, buried stream beds or
underground sewerage tunnels. The
method used is simply to decide
approximately at what depth the
object is likely to be found, and divide
the distance by 0.6 to give a suitable
electrode separation. Maintaining this
same separation, the array of all 4
electrodes should be progressively
moved in a line over the ground being
explored. Readings of resistivity
should be made at each point and the
value plotted against distance moved.
(See Fig. 6 page 29) The distance
between each reading point should be
no greater than half the dimension of
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Earth electrodes should not be insert-
ed into the ground to a depth greater
than 1/20th of the probe separation.
Because of this, poor electrode/ground
contact may result at close spacings.
This problem can be reduced by using
porous pots filled with copper sulph-
ate solution. Electrodes specifically
intended for such work are available
from geophysical supply houses.

d = 4.25 metres

the object to be located; in fact the
closer the readings are taken, the
greater will be the resolution.

If it is desired to follow the depth of
bedrock beneath the surface, it is best
to first carry out a vertical depth
sounding to locate the bedrock. Then
divide this depth by 0.6 to give the
most suitable electrode separation.
The depth sound will also tell you
whether the bedrock has a higher or
lower resistivity ({(from the ratio
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ELECTRDDE SEPARATION ‘a* METRES (FIELD DATA)

p2/pt). If py is greater than p; then
an increase in  your
resistivity will  tell
basement is getting shallower and vice:
versa. Alternatively, if po is Jess-than,
p1 an increase in resistivity  witl

indicate that the basement is-becoming

measured . ..
you that: -the.’

-
“.
.

deeper. This method is. most suitable

for looking for alluvial gold or heavy-
gemstones which “tend to -
concentrated in the hollows of the
bedrock along alluvial creekbeds.
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Meanwhile,
let’s tell you about Rotel.

In the past couple of years, the name Rotel has come
to mean the best value-for-money hi-fi equipment available.

And we intend to keep it that way.

So we’ve made the range bigger and better than ever.

There are two new amplifiers — the RA 810 (40W per
channel at 8 ohms)and the RA 1210 (60W per channel at 8
ohms). Two new receivers — the RX 600A (30W per channel at
8 ohms) and the RX 800 (40W.: per channel at 8 ohms). And,
for the first time, a 4 channel FM/AM receiver, the RX-154A,
that will perform any 4 channel activity.

What’s more, all the other models in the range have
been brought right up to date.

So now Rotel offer you an outstanding range of
amplifiers, tuners, receivers and headphones to suit every
hi-fi need.

And every model is designed to give you the finest
balance of quality and value.

To show that we mean what we say about value, let’s
just tell you that a well-known hi-fi writer took us to task last
year about the value offered by one of our machines. We
checked the facts. He was right. We improved our model.

That’s how serious we are about keeping our reputa-
tion for value.

The whole of the Rotel range is spelled out in détail in
a leafiet that’s yours in return for this coupon. Send off for it
now. And don’t forget that you can hear Rotel right now at
your Rotel dealer.

rk& To: Rotel, Rank Audio Products, P.O. Box 70, —I
| Great West Road, Brentford, Middlesex TWE 9HR.

Name § . |
| Address ___ . I
| = ~ 1
| | |
LPlease sendme the Rotel range leaﬂet.' ,, ETa_]

Rotel equipment is made in Japan and Taiwan by Roland Electronics Ltd., and is distributed and serviced in the UK exclusively by Rank AudioProducts,
P.O. Box 70 Great West Road, Brentford, Middlesex TW89HR. Telephone: 01-568 9222
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Transmission line speakers

are in the news

— this report by David B. Weems

ON MAY 4, 1936, at a meeting of the
Acoustical Society of America in
Chicago, audio expert Benjamin Olney
described a new speaker enclosure. He
said that it eliminated the cavity
resonance of open-back cabinets,
extended low-frequency response, and
increased the acoustic damping on the
speaker. The enclosure consisted of a
mazelike tunnel which Olney and his
employer, Stromberg-Carlson, called
an ‘‘acoustical labyrinth."’
Stromberg-Carlson  produced the
labyrinth for several years until it was
eclipsed by other, less expensive

This sketch shows the original labyrinth
designed by Olney in 1936. It was produced
commercially by Stromberg Carlson for
some years. The labyrinth behind the speaker
damped its resonance and the auxiliary port
near the bottom of the unit augmented its
bass output.
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enclosures. The labyrinth became a
textbook curiosity.

Now labyrinth-derived speaker
systems are coming back with a
vengeance. The revival started in
this country in the mid-sixties and,
following the lead of the British made
IMF speakers, is now gaining followers
around the world. For instance, the
US companies, Electrostatic Sound
Systems and Infinity Systems, are the
most recent converts to labyrinths
with the ESS Trans-Static | and
Translinear |l and the Infinity models
Holosonic Monitor, Holosonic |,
2000A, 101, and POS-1. Other British
models include the Radford Studio the
Cambridge Lab Monitor, and the
Bower and Wilkins DM2,

These speakers look ‘'different.”
Typically, they are floor-standing
models, relatively tall and somewhat
graceful. Internally they resemble
labyrinths, but they are called
transmission lines.

If we add to these models another
half dozen or more speaker systems
which retain the labyrinth idea, the
extent of its comeback is even more
apparent. Why has this type of
enclosure, after lying dormant for
many years, suddenly exploded onto
the high fidelity scene? And why now,
when it must rise against the tide of
small quadraphonic systems? Has the
labyrinth been vastly underrated until
now? Or is its current revival just
another example of contemporary
nostalgia?

To answer these questions one must
look at the history of the labyrinth
and its place in the evolution of hi-fi

loudspeaker systems. The original
labyrinth — more accurately termed a
‘’quarter-wave labyrinth” — was an

open-ended tube that curled back and

forth in the cabinet behind the
speaker. It offered a high impedance
to the speaker at a quarter-wavelength
of the speaker’s resonant frequency.
This technique — borrowed from
antenna and electrical transmission
line theory — served to dampen the
objectionable bass resonance of the
stiff-coned speakers of the 1930’s, The
labyrinth terminated in an opening
(“port”) that enhanced the bass
response of the cone down to about
40 Hz. This was a clear improvément
over the boomy but shallow bass of
the open-back console radios of that
time. The internal walls of the
labyrinth were lined with
sound-absorbent material to dampen
any internal resonances and help
smooth the midrange sound.
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Labyrinth systems met their first

competition from the bass reflex
cabinet which was simpler, lower in
cost, and vyet offered the same
resonance control as the labyrinth.
The bass reflex typicailly was a box
with a port whose area was roughly
that of the speaker installed in it. The
air in- such a box (also known as a
“vented baffle’”” or a ‘“Helmholtz
resonator’’) acted like a huge spring
which was compressed and relaxed
between the piston effect of the

speaker cone and the piston effect of-

thes port air. When properly ‘‘tuned”
(i.e., precise port dimensions for a
specific speaker) the air acted in
opposition to the cone at the speaker’s
resonant frequency, controlling its
tendency to move excessively. Again,
port radiation supplemented cone

radiation over. a selected band of low
frequencies,

There were, of course, at least two
other ‘‘classic’’ systems for bass
loading. One was the large horn — very
efficient, but even more complex and
expensive to produce than the
labyrinth, The other was simply a
totally closed large box. The closed
box (also known as the “infinite
baffle’’) raised the resonant frequency
of the speaker, and also suppressed its
back wave entirely. To sound good,
therefore, this type of enclosure
required low-resonant woofers of
rugged construction that could handle
relatively high amplifier power.

Then came the revolution known as
“acoustic (or air) suspension.’”’ During
the 1950's the low-resonance woofer
arrived, a speaker with a cone of such
high compliance that it was useless in
the conventional large box. But in a
small sealed box the cone’s lack of
mechanical restoring force was
replaced by that of the air in the box.
The subsonic resonance of the speaker
was brought up to a predetermined
point in the audio band, and speaker
parameters were adjusted for linear
output in the little “pressure box.’
Since then the acoustic-suspension
speaker system has largely dominated
the marketplace. Its opponents say
that the small size (vis-a-vis the older
types) is all that recommends the
air-suspension speaker; its proponents
insist that size notwithstanding, the
air-suspension speaker is a more linear,
lower-distorting sound reproducer
than the older types.

Throughout these developments and
the controversies surrounding them,
some audio workers — mostly
amateurs but including some engineers
in England — continued to play with
the labyrinth. American manufacturers
ignored it on the grounds that its
potential advantages in bass range were
too slight to justify its cost. But some
experimenters didn't stop at juggling
tube dimensions; they began to stuff
the tube with various kinds of
damping material and the transmission
line was born. The labyrinth, a
potentially resonant pipe, became one
of the least resonant enclosures
known. The men who build
transmission lines today talk as much
about the quality of their bass as its
range.

Arthur Radford is one. He began
building lines around 1950, but he
marketed his first model, the Radford
Studio loudspeaker, in 1964. A.R.
Bailey, of the Bradford Institute of
Technology, called general attention
to the new work on labyrinths in a
1965 issue of Wireless World. Bailey
filled his labyrinth with iong-fibre
wool that damped the tube resonances
and reflections more effectively than
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This interior design view of the three-way
IMF system shows how a transmission line
speaker works. Except for the lowest
frequencies, the sound from the back of the
woofer is lost in the filtering and bends of
the tapered tube. The tapered plug at the
end of the midrange line helps to break up
the sound from the back and increases the
effectiveness of the stuffing.

An enclosure of the 1950s, which in some
ways resembled today’s transmission lines,
was the Hartley “Boffle.” Its designer, H. A.
Hartley, was opposed to reflex or other
“resonant’’ systems. The boffle acted as a
low-pass filter. Hartley considered the
possibility of bringing the rear bass into
phase with that from the front of the
speaker but never did so.

37



THE
AMAZING
MAZE

Oiney’s lined walls of thirty years
before. Bailey compared his stuffed
labyrinth to the ideal electrical
transmission line, which is also free of
signal reflections, and he showed test
results that indicated smooth,
extended low frequencies and superior
impulse (or transient) response.

Commerical transmission lines
development commenced in the U.S.
when Irving M. Fried (IMF Products)
demonstrated one at the 1965 New
York Hi-Fi Show. Fried, who earlier
had espoused full-range electrostatic
speakers, was won over to transmission
lines in the early 1960‘s after Arthur
Haddy and ‘K.S. Spenser of Decca
recommended a bass line to match the
frequency and dynamic range of their
new recordings. Fried followed up the
1965 demonstration with his
well-known IMF Monitor and Studio
models, speakers that were viewed by
the makers of conventional systems as
noncommercial, novelty items; until
recently that is.

Looking over this history, one is
tempted to seek a single compelling
reason for the labyrinth’s resurgence.
In fact the manufacturers of
transmission lines do offer a single
factor, a partisan one.

‘“We use the transmission line
principle for one reason,’ says Victor
Comerchero, President of ESS. “It is
the most faithful bass propagation
method available.” To be specific, he
mentions superior transient response
and high definition. Transmission line
zealots say that most high fidelity
sound is “boxy.” They claim that box
speakers produce muddy bass,
particularly at the lower end of the
audio range, due to resonances. Here,
they say, is where the transmission line
is supreme because its resonance may
be put below the audio band. And the
port output of a properly designed line
will cross over with the output from
the front of the cone to maintain a flat
response well below that of the
speaker alone.

This. proficiency of the labyrinth in
the low bass may be a factor in the
timing of the enclosure’s comeback.

As the frequency and dynamic range
of recordings improved, better
speakers were needed to realize that

improvement. The fact that
representatives of a recording
company were recommending

transmission lines in the early 60's,
before their current vogue, may be
significant. '

Another plausible explahation for
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Cambridge Audio R 50
Monltor speakers

the revival is the development of
drivers that complement the
labyrinth’s characteristics. Today's

transmission line manufacturers stress
the importance of good drivers in a
nonresonant system because, they say,
while poor drivers will sound bad in
any kind of enclosure, the colourations
of poor drivers are mercilessly exposed
in the transmission line system.
Looking again at hi-fi history, there
seems to be a parallel between the
final triumph of compact speaker
systems and the emergence of the
transmission line. On the surface this
appears to be a coincidence. A causal
relationship between the two
apparently opposite types doesn’t
make much sense, but under the skin
they have one trait in common. Both
are inefficient. One factor that enabled
the compact sealed box to conquer the
large bass reflex was the development
of high-powered amplifiers at
reasonable prices. In fact the power
demands of the compacts helped to
stimulate the development of low-cost

electrical power for music
reproduction. Now the transmission
line people, have seized the

opportunity given them to produce a
speaker system  that seems to be,

Professor

philosophically anyway, an
anachronism since it is both large and
inefficient.

Finally, there may be more
well-heeled audiophiles today who can
pay the kind of costs incurred in the
manufacture of transmission lines.
This brings up a related question. If we
admit the claimed bass superiority of
transmission lines, and both tests and
careful listening prove that they are
good (if you listen for true
fundamental bass rather than the
fuller-sounding prominent mid-bass of
some systems), how much is this kind
of bass worth in terms of money.

However one answers that question,
the. advocates of transmission lines
insist that it's not just a matter of
improved bass; the transmission line is
better for midrange too.

“The ear,”” says Irving Fried, "will
forgive many more distortions at the
bottom and at the top of the musical
scale than it will in the midrange
where the critical ear hears distortions
that are frankly unmeasurable by
ordinary laboratory techniques

Indeed, the IMF speakers, as well as
the ESS and the Cambridge models,
use two transmission lines — one for
bass and another behind the midrange
driver. Radford wuses a separate
compartment fcr its midrange driver
that operates as a closed-end acoustic
line. These midrange lines, like the
bass lines, are stuffed with absorbent
material to kill reflections. Makers of
line systems see reduction of
reflections as one of the significant
advantages of line enclosures over
simple enclosures. They say that the
stuffing in a shallow box (one without
a transmission line) produces
reflections at certain frequencies,
particularly if the stuffing is a roll
material with a flat surface exposed
toward the driver.

One of the points of diversity

between different makes of
transmission lines is in the kind of
stuffing employed. Radford and

Cambridge use the same long-fibre
wool that was recommended by
Bailey. IMF installs
fibre-glass and end-suspended filters
and English hemp. ESS and Infinity
add Dacron to their mix of materials.

Both IMF and ESS employ
variable-density filtering which
requires careful adjustment. This

variable damping in the tapered tube
attenuates the sound from the back of
the driver in steps until only the.
lowest frequencies emerge from the
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port. Some companies, Bowers and
Wilkins for one, substitute heavy
damping for tube length. The amount
of damping material used must be
correlated to the cross-sectional area
of the pipe so that the line is not
*choked.’”” Fried says that the proper
combination of pipe area and damping
material provides what he calls
“free-flow filtering’”’ for the IMF lines.
The filtering critically damps three
resonances, those of the air in the top
chamber, the tube, and the driver
itself.

Although most designers aim at using
port radiation to augment cone output
at low freguencies, Infinity Systems
pursues a different goal. The Infinity
lines are stuffed with Dacron, in
increasing density toward the port, so
that they operate without reflections
but also without radiation. This
method of loading results in some loss
of energy (lower efficiency) which
Infinity apparently accepts as the cost
of obtaining the kind of results it
wants.

Another difference between
competing lines is in the driver
systems. IMF uses a four-way system
of cone drivers. The cones are made of
chemically derived material and
include a rectangular woofer in the
Monitor models. Cambridge also uses a
four-way system of cone drivers.
Radford has recently changed from a
four-way system to three-way, but the
three-way system is made up of ten
drivers. Two 12-inch woofers drive a
single bass line and are crossed over to
four 4-inch midrange and four 1-inch
soft dome tweeters. The midrange and
tweeter units are arranged as a pair per
side of the enclosure for 360-degree
sound (270-degree against a wall}. ESS
mixes dynamic speakers with
electrostatic tweeters. . The bass is
handled by a rectangular flat
plastic-coned woofer, the midrange by
a b-inch plastic cone, and the highs by
three electrostatic tweeters. Infinity
also makes use of electrostatic
tweeters in its Model 2000A, in
addition to the 12-inch mass-loaded
woofer and 4-inch midrange cone
drivers, but the tweeters radiate both
front and rear.

In most transmission line systems the
drivers are located near the top of the
enclosure while the maze itseif
exhausts into the room at floor level.
Orne ESS model, the Trans-Static |,

Bowers and Wilkins Model DM?2 speaker
enclosure uses transmission line loading.

ESS Trans-Static speaker with
grille cloth removed.
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terminates its line with slots on all
four sides of the enclosure, rather than
the usual single front port. Victor
Comerchero says that the difference
between the two types of loading is
clearly audible. If you move in close to
a line speaker and put your ear to the
port, you would hear nothing but the
rumble of the lowest frequencies. In
the case of the large Cambridge.
system, you would hear the Tumble at
the top, for the port is above the
tweeters.

VWhether the high quality of these
systems is due to their use of the
transmission line may be debatable,
but the makers of conventional
systems can no longer pretend that the
transmission line doesn’t exist. And it
doesn’'t seem to be going away.

.Perhaps the labyrinth will eventually

be adopted by some of the large
manufacturers.

One straw in the wind is the recent
development of the Aquarius 4 by
James B. Lansing Sound, Inc. While
not strictly a transmission line system
(JBL does not recognize the term as a
valid name for a loading technique),
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the design of the Aquarius 4 shows
similarities to some transmission line

techniques. The bass range s
reproduced by an upward-facing
8-inch woofer front loaded for
360-degree dispersion. Behind, or

rather below in this case, the woofer is
a damped pipe. The pipe terminates in
an acoustic filter in a second chamber
which in turn vents out of a ducted
port. JBL classifies the Aquarius 4 as a
modified reflex enclosure, but allows
that it could be considered a variation
of a highly damped labyrinth. One
definition of transmission line, as
accepted by people who use the term,
is “damped labyrinth.”

The Aquarius 4 was developed when
the firm’s marketing staff requested a

high-fashion speaker system that
would be flexible in its room
placement requirements. JBL's

engineering department designed the
system for omnidirectional sound and
minimum floor space requirements; as
such it could fit readily into
quadraphonic installations.

Fairfax is now producing a large but
shallow (52 by 30 by 6%-inch)
labyrinth system. This model, the
‘Wall of Sound,” is a four-way system
using six 8-inch woofers, two 5-inch
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Cutaway drawing shows the
construction of the Akai SW 35 unit.

The Akai SW 35 is a miniature
labyrinth driven by a single 5%
diameter speaker.

midrange, two 3%-inch midhigh and
two ultrahigh frequency dome
tweeters. Fairfax calls the enclosure an
integrated labyrinth. It is subd