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TTL 7400 SERIES DON'T FORGET THE £1
INTEGRATED GIRGUITS VOUCH ER ON PAGE 8 |

MIX PRICES ,
¥ FULLY GUARANTEED |[DAYSTROM| VOW AVAILABLE
% LARGE QUANTITY Schlumberger FROM SEMICONDUCTOR SUPPLIES

PRICES ON REQUEST ‘Drop-Proofed’ VOMs

MODEL 660 SPECIFICATIONS MODEL 860 FEATURES
= Completely drop-proofed

Type No. 1-24 25-99100Plus Type No. 1-24  25-99100 Plus
SN 7400 .18 .16 .14 SN 7491 1.00 95 .90

SN7T401 .18 46 44 SN2 75 .10 .65 AcCuracy g:;: rerelonsoiualangs] « Custom ruggedized self-shielded
SN 7402 18 16 .14 SN 7493 15 .70 .65 taut-band mechanism
SN 7403 .18 .16 14 SN 7494 .80 .75 .70 Sensitivity 20,000 ohms/volt DC. o Temperature compensated
SN 7404 .18 46 14 SNT485 .80 5 .70 5,000 ohms/volt AC o Diode-protected meter movement
SN 7405 .18 .16 14 SN 7436  1.00 97 .95 Dimensions 7"HX5"WX 2% "D « Palarity reversal switch
; % preci i inall ¢.ftica

SN 7406 -80 27 25 SN 7497  6.25 5.50  5.00 Weight . Less than 2 Ibs. (Batteries included) Pl p.’ECISI?" fesistorsiusediinaliicatic
SN 7407 .30 27 .25 SN 74100 2.50 2.30 2.00 o Special calibrated scales for dB measur
SN 7408 .20 A9 8 SN 74104 145 1.35 1.20 Ranges o Externally replaceable fuse
SN 7408 .45 42 .35 SNT405 1.45 1.5 1.20 DCMliolis  10:250 « Single range switch

a ‘ " ’ - ; DC Voits 0-2.5/0-10/0-50/0--250/0-500/0-1000/ EiNlangoleoverans
SN7410 .18 A6 14 SN 74107 50 45 .40 0-5000 . g g
SN 7411 .23 .22 .20 SN 74110 .80 .70 .60 AC Volts 0-2.5/0-10/0-50/0-250/0-500/0-1000/
SN 7412 .42 40 .35 SN 74111 145  1.35 1.20 0-5000

VAC Output 0-2.5/0-10/0-50/0-250

DC Microamps 0-50

DC Milliamps ~ 0-1/0-10/0-100/3-500

DC Amps 0-10

Ohms RX1(0-2K)200center /AX10{0-20K) 2000
center/RX100(0-200K)20000center/
AX1000{0-2Meg)20Kncenter/RX10K
{0-20Megq) 200Kqcenter

dB Scales (1 mw on 600 ohm line) - .
—1010 +10/+210 +22/+16 10 +36/ P"ce only £29-85

+30 to +50/+36t0 +56

SN 7418 .30 27 .25 SN 74118 1.00 .95 .90
SN 7416 .30 27 .25 SN 74119 1.90 1.78 1.65
SN 7417 .30 | .27 .25 SN 7412t .60 .55 .50
SN 7420 .20 18 .16 SN 74132 1.35 125 110
SN 7422 .48 44 .40 SN 74123 2.70 2,55 247
SN 7423 .48 44 40 SN 74141 1.00 .95 90
SN 7425 .48 .40 .35 SN 74145 1.50 1.40 130
SN 7427 .42 .39 .35 SN 74150 3.35 295 215
SN 7428 .50 .45 .42 SN 74151 1.0 .95 .80
SN 7430 .20 18 .16 SN 74153 1.35 127 1.20
SN 7432 42 - .39 .35 SN 74154  2.00 1.75 1.5
SN 7433 .70 61 44 SN 74155 1.55 147 1.3

SN7437 65 .60 50 SN 74156 1.55 1.47 135 | Use both vouchers for one order on this item
SN 7438 .65 60 .50 SN 74157 1.80 170 1.50

SN 7440 A8 16 14 SN 74160 2.60 2.40 2.25 u -

SN 7441 .75 72 70 SN.74161 2.60 2.40 2.25 1 ey =

SN7442 .75 72 .70 SN74162 360 3.40 8.25 See '[he Apr|| [ssue Of

SN 7443  1.00 .85 .80 SN 74163 3.60 3.40 3.25
SN 7444 1.75 160 145 SN 74164 2:75 230 210
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SN 7447 1.75 1.60 1.45 SN 74167 6.25 5.60 5.10

SN7448 175 160 145 SN74170 410 355 3.0 f . . df
SN74d9 100 .95 .90 SN7474 200 175 1.3 or transi ice en
SN7450 18 46 .14  SNTAMT5 1.35 127 115 r transistor prices or s or
SN7451 18 46 .14  SNTH76 160 1.35 .1.20 | . .
SN7463 18 6 4 SNTAITT 160 135 1.20 our Catalog ue as instructions below.
SNT454 18 16 .14  SNT4I80 1.55 1.30 120 |
SNT60 18 46 .14 SN 74181 7.00 6.00 5.50 ] T
SN7470 .30 27 .25 SNT4182 200 1.0 1.60 TRIACS DIACS F.E.T. DEVICES
SN7472 30 27 .25 SNT4184 2.40 200 1.80
SNT478 40 .37 .35  SN74185A240 2.00 1.80 2Amp  400v  -75p BR100 — 36p Ié‘;;":"“ “:; 25‘2?9 L ’:‘"
SN7474 .40 .37 .35  SNT4190 295 285 275 6 Amp 400v - 95p SRS e i pi2
SNT475 55 52 50  SN74191 295 285 275 0 P 2N 3823E 40 k7 26
SN 7476 .45 42 3 SN74192 200 1.90 1.80 10 Amp Ov ~ £1-25 2N 4302 45 -38 -30
2N ad16 88 21 B4
SNT480 .80 .75 .67 SN 74193 200 1.90 1.80
SN 7481 125 145 1.0 SN 74194 250 225 1.90 LINEAR INTEGRATED CIRCUITS ZENER DIODES
SNT82 .87 80 .70 SN 74195 1.85 170 1.60 TypeNo.  1-—24 2599 100 Plus
SN7483 1.00 .90 .85 SNT4196 1.50 140 1.30 709C 42 36 30 BZYES SERIES (400 mW)
SN7484 .90 .85 .80 SN 74197 1.50 140 1.30 1if] ] 48 4 3.3 volts to 30 volts
SNT7485 350 330 3.00 SN74198 4.60 370 3.35 e = e S o
SN7486 .45 41 .38 SNT4199 460 370 8.35 723C T 65 56 Prices: '::“ 25_1:’ foo ';“s
SN740 .75 .70 65 SN 74200 21.00 18.60 13.40 Please state T099 or D.LL. 4 E i
SMALL SIGNAL DIODES i PLASTIC RECTIFIERS
— . 1 5 WATT I C ;X?(e No.  1—24 2598 100 Plus
Dual-in-Line sockets ons P FAMELREGRIFIERE
gerylium oalo - a2 k- TypeNo.  1-24 2599 100 Plus
opper 3 b -
Contacts  1—24 25909 100 Plus AU D I 0 AM PLI F I E R R £ o4 hos m :%12‘ 8105 gg gg gg -
8 pin 26 25 20 SAss s o & IN4003/SD2 07 % .
T . R ce £3.95 =2 B i i 3 NeL 2 =
oin 30 . . 10p FOR J : S . ]
24 pin .50 70 .60 PRI . BODOKLET I 0 | e iN AOOS;SD 8 .10 09 |
40 pin 1115 95 88 iNétdo ] b & IN4007/SD 10 12 Kt 10

SEND 5p FOR FREE!! CATALOGUE

TRADE ENQUIRIES

Semiconductor Supplies WELCOME

CASH and CARRY
COUNTER OPEN
9.30 - 5.30
MON - FRI

55, Whitehorse Road, Croydon, Surrey. CRO 2JG
Tel. 01:689 0676/7 DEPT. E.T.1/1




electronics

TODAY

MAY | Vol. 1 No. 2
main features

ELECTRONIC PAIN KILLER ......... I cewenen 11
Latest breakthrough could mean relief for victims of chronic pain

PRINTED CIRCUIT MOTORS.................. L~y e 14
We explain the theory and applications of this new type of motor
ELECTRONICS IN THE ANTARCTIC.........ccoiiiierann. 20
Unmanned meteorological station operates in sub zero temperatures
ELECTRONIC POCKET CALCULATOR......oiiiii i 33
New broad range calculator is so small it fits into a shirt pocket

ELECTRONIC ANTI-SKID BRAKING..... TEEEEE - GO e 37
Electronic braking ensures optimum deceleration regardless of surface

SPACE SPECTACULAR ... ... I 50

NASA are seriously studying a manned Mars landing-fyll report
TRANSDUCERS IN MEASUREMENT AND CONTROL—1....52

Practical ways to obtain electrical signals from physical variables

THREE IN HAND........................... N A N )
New digital multimefer has readout combined with probe

PRACTICAL GUIDE TO TRIACS—PART 2....... Y ....64
Second article in the series explains how phase control works

NEW SCANNING SYSTEM. ...t 69
Scanner uses pre-heated strain gauges for drift-free scanning
projects

TWGO BATTERY-SAVERS ..............ccciiiiiien:..30
Run your battery operated appliances from the mains or car supply
SOUND-QOPERATED FLASH ............ccoiiiiiiiann. ...A44
Can be triggered by anything from a dropping pin to a thunderclap

SLAVE FLASH ... .. i it .48

This simple slave flash unit uses only five basic components

product tests
ZERO TRACKING ERROR .. ... i e 26

Garrard’s new automatic turntable features linear tracking

HARMON-KARDON CAD5 CASSETTE RECORDER..........34
New Dolby recorder from USA’s Harmon-Kardon is built in Japan

DRAKE'S PROGRESS . ... . s e can e 40

We test the Drake R4B and SPR4 communication receivers

SCHLUMBERGER MODEL 666 MULTIMETER......... ceo...60
This high impedance VOM is accurate — and practically unbreakable
reviews

'RECORDINGS — CLASSICAL, 78; RECORDINGS — JAZZ, 79; RECORD-
INGS — POP, 80; BOOK REVIEWS, 81.

news & information

NEWS DIGEST, 6; EQUIPMENT NEWS, 75; COMPONENT NEWS, 77;
SUPPLIERS GUIDE, 85; TECH TIPS, 83.

COVER: With bulb’s glass envelope shot away, light filament is exposed
to atmosphere, flares brilliantly for a few milliseconds before burning
up. Action was stopped with sound-operated flash described this month.

JUNE ISSUE OF ETI ON SALE MAY 19TH 1972

ELECTRONICS TODAY INTERNATIONAL — MAY 1972

ELECTRONICS TODAY INTERNATIONAL,
107 Fleet Street, London EC4. Phone 01-353 1040.
Published by WHITEHALL PRESS LIMITED,
29 Palace Street, London SW1. Phone

01-834 0423/4. Australia: Modern Magazines
(Holdings) Ltd, 21-23 Bathurst Street, Sydney
2000. Phones 26-2296, 26-6129. USA: A.C.P.,
Room 401, 1501 Broadway, New York. Japan:
Bancho Media Service, Shinanomachi,
Shinjuku-ku, Tokyo. Distributed by Argus

Press Ltd. Printed in England by Alabaster
Passmore & Sons Ltd, London and Maidstone,

| ©Copyright Worldwide.




SR
i 1\['.

i 5 4
1 A

'Intemation‘al Instruments, Electronics, Automation Exhibition
Olympia London 812 May 1972

Keeping up with developments in this
fast moving industry can be difficult.
That's why the [EA Exhibition was born
and why you should seize this opportunity
to visit the only international show this
year to cover the field.

25% of the exhibitors come from 18
overseas countries and for the first time
there will be special sections : one for
process control instrumentation and one
for electronic components.

Equipment and techniques need to be
examined carefully, especially when they
change radically and relentlessly.

The Intelsat project is a classic

example. This project is big business — it
costs $30,000,000 per match to blue
touchpaper. 82 countries are involved and
U.K.is the second largest contributor. The
IEA Exhibition means business.

See you there.

The IEA Exhibition is sponsored by
the b trade associations of the industry.
Tickets available only from exhibitors or at
30p atthe door.

Open: 10.00-18.00 daily (except
Wed. and Thurs. open until 20.00)

For further information please return this

9 Argyll Street, London WIV ZHA.

® Pleasesend me catalogues 50p. each
including p & p (published 3 weeks before
| opening day).

/')
couponto: Industrial Exhibitions Limited, XEE/?

Name
Company

Address

Travel and Accommodation Arrangements

Official exhibition travel agents have been appoin-
ted. They can provide acomplete travel service from
the London office or through their representatives .
around the world: inclusive or individual rates for
booking air, raif and sea journeys, vehicle hire,
guides, accommodation and other services from

their comprehensive range.

Please indicate the number of persons in your party

and whether you wish to deal with London office
oralocal agent.

Numberofpersons . .=~ = .
London office/local agent.
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latest menace:

electronic
pollution!

The word pollution already looms large in human affairs —
and it will loom larger still as this twentieth century swings
into its final quarter.

Scientists all over the world are raising the alarm; a typical
comment — from biologist Barry Commoner — warns that “‘we are
destroying this planet as a suitable place for human habitation.”

With pesticides and herbicides filtering into our food, glass and

~ plastic containers littering our countrysides and industrial detritus

poisoning our rivers and oceans, we have more than sufficient
cause for alarm.

And now, electro-magnetic spectrum is causing ever-increasing
concern. There is a proliferation of equipment generating spurious
radio frequency emission — diathermy units, induction heaters,
plastic welders, and a wide range of high-powered equipment using
phase control techniques. '

In addition, early-warning tactical radar systems use
ever-increasing average powers, and these are becoming a real
hazard.

As witness to this, the Ministry of Defence warned recently that
‘over the horizon’ radar systems could cause sailors off Orford
Ness to experience slight shock, accompanied by sparking from
metal rigging or structures. It also warned that radio sets may be
damaged, and some electrically-triggered devices might be
accidentally energized. As if this were not enough, warning has
been given that people intercepting the radar beam for any length
of time may suffer injury.

Surely the time has come when we must seriously consider
international control of rfi-causing equipment.

aving got this off our chest, we want to thank you, one and

HaH, for the great reception accorded the first issue of
ELECTRONICS TODAY INTERNATIONAL — as indicated by
sales reports from our distributors, and by numerous letters and
phone calls of appreciation from readers.

It is all most encouraging — and reinforces our belief that there is
a place for a magazine such as ETI, which covers the whole
spectrum of electronics rather than concentrating on specialized
areas.
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EARTH’S MAGNETIC FIELD
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This recent drawing from NASA
shows the observed magnetac field of
the earth.

The solar wind ‘blows’ the magnetlc
lines towards the back side of the
earth, thus forming the magnetosheath
and the geomagnetic cavity. The
geomagnetic cavity extends to at least
100 earth radii. In this drawing the
Earth and Moon are not to scale.

TIME FLIES

Time dilation — the special part of
Einstein’s relativity theory that
predicts more time will pass for stay-
at-homes than for fast-moving space
travellers returning to earth — under-
went a new test recently; also tested
by the experiment was the interaction

6

of gravity and time, a part of the

General Theory. It was the first known
experimental demonstration of these
effects using actual time-recording
clocks. The preliminary results seem to
support Einstein.

Professor Joseph C. Hafele of
Washington University, St. Lou:s Mo.,
and Richard Keating of the U.S. Naval
Observatory, Washington, D.C., flew a
set of four Hewlett-Packard precision
atomic clocks around the world. They
flew the route once eastward and once
westward, measuring how much time
the clocks recorded during their trips,
relative to the time observed on earth
by the ensemble of Hewlett-Packard
atomic clocks at the Naval Observatory
which are the United States’ official
timekeeper. The experiment was
funded by the Observatory. Prelimin-
ary, uncorrected results for the
experiment indicate a slight loss for

Professor Hafele, L. Walker of Hewlett-
Packard, and Richard Keating of the U.S.
Naval Observatory, with atomic clocks
flown round the world to test & key part
of Einstein’s theory of relativity.

1

the eastward trip and a definite gain
for the westward trip, as Einstein’s
theory would predict for paths
similarly flown.

To test the theory, the results of the
experiment must be compared with
the results the theory would predict,
To predict the results, two aspects of
relativity theory must be considered.
One of these treats the interaction of
velocity and time, the other the inter-
action of gravity and time. Both must
be considered in predicting the results
of the Hafele-Keating experiment, The
expected results depend on the actual
paths, velocities, and altttudes during
the flights. For a total flight. timg of

about 38 hours at 650 miles_ an hour
at an altitude of 35,000 feet around
the equator, the predicted restiits are
a loss for the eastward flight of about
110 nanoseconds relative to.the clocks
on earth, and a gain of about 300 nano-
seconds for the westward flight: The
only quantity man can measure with
anything like this precision s,
fortunately, time,

The experiment was made possmle
by the availability at the Naval - )
Observatory of compact, extremely
precise cesium beam atomic clocks and
frequency standards (Model 5061A
manufactured by the Hewlett-Packard
Company in Santa Clara, California).
Portable versions of the same instru-
ments were carried around the world
on both trips. Time comparisons of
nanosecond precision were made
possibie with the Hewlett-Packard
Computing Counter (Model 5360A).
So far has the art of time measure-
ment advanced, not one of the
instruments used in the test was of
special laboratory construction. All
are standard and commercially

ELECTRONICS TODAY INTERNATIONAL — MAY 1872



available. Hundreds of the Hewlett-
Packard atomic clocks are in regular
use. They keep many nations’ official
time, and maintain their standards of
frequency. They are also widely used

in navigation, communication systems,

and the Apollo tracing network, A
miniature version has been developed
and is being tested now for the Air

Transport Association’s newly-approved

aircraft collision avoidance system.

AMPEX QUITS CONSUMER
MARKET

Possibly demonstrating the truth of
the old adage that those who make

money in any particular field are rarely

the pioneers — Ampex, the first com-
‘pany in the USA to make tape
recorders,-is to quit.the domestic
market.

The move has been forced onto the

company due to inadequate profitabil-
ity. Ampex has produced a broad range

of reel-to-reel and cassette recorders

and these will gradually be phased out.

The semi-professional AX300 unit
will remain in production and the
company will continue to supply both
prerecorded and blank tapes and will
honour warranties and supply parts
for all products.

Also remaining in production is
Ampex’s range of professional audio
and video recorders. Work will still
continue on the development of the
Instavideo cartridge-type colour TV
recorder

FUEL CELL LATEST

.In the.USA ‘the Lockheed Aircraft
Corporation are currently developing
a new type of fuel cell that they
expect will produce up to 100 times
more power than existing lead-acid
batteries.
The Lockheed cell is fueled by water
and an alkali metal such as sodium or
lithium. ;The company claim to have
developed methods of controlling the
‘violent reactions that are normally
produced when such materials are
-brought into contact, yet still extract-

ing large quantities of electrical energy.

The cell is claimed to be pollution
free, the only by-product being hydro-
gen which is collected, and used as a
secondary source of energy.

- GOODBYE MYSTERE CHIPS
Our Paris correspondent tells
us that following problems with
a recent batch of integrated cir-
cuits a well known French
aircraft manufacturer is looking
for another supplier.

APOLLO 16

z

Due to blast off {about one week
after the printing date of this issue) the
Apollo16 lunar spacecraft will land in
the Moon’s Descartes area(S in latitude
15.5°E and longitude 9.0°S

This map shows the landing sites of
all lunar probes from Apollo 11
through the projected Apolios 16 and
17. :

NEW COLOUR TUBE

In Japan, Toshiba has developed a

" new type of colour TV picture tube.

Unlike the conventional shadowmask
tube in which round holes are formed
through the shadowmask, the new
Toshiba tube has an array of rec-
tangular holes arranged in a vertical
pattern,

Three electron guns are used —
arranged horizontally in-line.

Advantages claimed for the new tube
include higher level of brightness,
better resolution and contrast, and_
freedom from convergence and
deflection adjustments.
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First commercial TV receiver to use
the new tube is the 9’ Sharp currently
available in the US at a list price of
$300.

PLESSEY ROLA MANAGER
OVERSEAS

Plessey Rola business manager, Mr.
Maurice Smith, has begun a world tour
during which he will visit other Plessey
operations in the U.S., U.K., Europe
and South Africa.

Although the trip was scheduled
before the announcement of the start-
ing date for colour television trans-
missions in Australia, its purpose is to
assess the latest developments in the
electronics components field particular-
ly in relation to colour television.

Whilst in New York, Mr. Smith wilil
attend the |EEE Exhibition where
Plessey Rola is to exhibit loudspeakers,
loudspeaker enclosures, professional
quality printed circuit boards and
magnetic materials.



BRITISH INSTRUMENT LANDING SYSTEM

The highest performance rating in the
world for an instrument landing
system (ILS) has so far been granted
only to Britain’s most advanced system,
the Plessey STAN 37/38. This is for
its performance in its role as the
ground guidance element for auto-
matic tanding systems planned to
operate in the near zero visibility
conditions classified as Category 111.
Early this year a STAN 37/38 instal-
lation at London’s Heathrow Airport
was the first to be officially promul-
gated as Category 111 and a second
promugation has just been made for a

i

similar installation at Dulles Internat-
ional Airport, Washington, DC,

The installations at Heathrow and
Dulles mark a further important step
forward in the programmes being
carried out in both Britain and
America 1o enable aircraft to land fully
automatically in all weathers. In the
past two months enqguiries for over 50
STAN 37/38 ILS systems have been
received by Plessey and the company
expects further interest to be shown in
it as a result of its recognition by both
the British and American governments,

ANTI-MATTER UNIVERSE?

Probably the most fundamental
premise of physics is that physical
laws are universally valid. But astrono-
mical discoveries made in recent
weeks are now causing many astro-
physicists quite seriously to doubt
even this.

Reason for their doubt is a number of
observations — based on red shift — of
objects that seem to be moving very
considerably faster than the speed of
light, meanwhile emitting energy at
greater levels than previously consid-
ered possible.

Speeds more than ten times the speed
of light have been reported.

Faced with this great kink in the curve
of previously accepted learning, some
very radical theories are now being
given serious attention. The most-
prominent — and most startling — of
these is the ‘black hole — white hole’

8

theory put forward by Dr. Robert M.
Hjellming of Green Bank, West
Virginia's National Radio Astronomy
Observatory.

Basic premise of the ‘black hole’
theory is that inward pressure of very
large masses of matter could produce
objects of enormous density — several
billion tons per inch — and with a gravi-
tational field so intense that even light
could not escape {(Hence the term
‘black hole’).

But Dr. Hjeliming goes beyond this
and postulates universes other than
our own, existing in other space-time
frames of reference.

He contends that matter existing
within our universe may be entering a
‘black hole’ to emerge — via a ‘white
hole’ — into another space-time
continuum, Matter could enter our

universe in the opposite fashion.

However close to science-fiction this
may appear, Dr. Hjellming's theories
accord with Sir Fred Hoyle's concept
of a steady-state universe. They may
explain how new matter can be
supplied 1o maintain Hoyle's concept
of a universe that is expanding but
internally unchanging.

The theory aiso resolves the
apparent ‘one-sided’ nature of our
universe, in which matter is more in
evidence than anti-matter. The concept
of ‘black hole — white hole’ links
between differing universes may resolve
this apparent physical contradiction.

Dr. Hjellming suggests Qur universe
may be considered as galaxies on the
outer surface of an expanding balloon
that represents the four-dimensional
curvature of space and time. Thus, as
the ‘balloon’ expands, the galaxies
become further apart. However, states
Dr. Hjeliming, on the inner surface of
this balloon there is another, matching
universe. The two are linked by ‘black

holes’ and ‘white holes’. Matter falling
into a ‘black hole’ in our universe will
reappear as antimatter which is entering
via a ‘white hole’ ina complementary
universe.

The complementary universe is pre-
dominantly of an antimatter nature —
thus balancing the converse state of
our own.

Dr. Hjeliming’s theories are by no
means accepted by all astro-physicists;
but if he is correct — as many
reputable scientists believe him to be —
he will put the science-fiction publishers
out of business once and for all.

NEW VIDEO RECORDER

Two of Europe’s leading manufac-
turers of television broadcasting
equipment, Philips and Fernseh, have
joined forces to develop a new pro-
fessional colour video tape recorder.

The first joint development — a heli-
calscan format video recorder —was
presented to European broadcasters
during the end of February in
Germany and Holland, One demon-
stration took place in Munich at the
German Institute of Broadcast
Engineering, and was attended by more
than 80 representatives of German
broadcasting organisations.

The second demonstration, at Hilver-
sum, was attended by members of the
European Broadcasting Union who
came from all parts of Europe.

The Philips-Fernseh recorder has an
omega-loop tape path and uses a single
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video head for recording and playback.
Two independent sound tracks are
provided. This will allow stereo
programmes to be broadcast in the
future, In addition to the control

track there is an auxiliary track
available for cue and address code
purposes.

Simplicity of operation and low capital

capital investment have been two
prime objectives of the new develop-
ment. The Philips-Fernseh colour
recorder is considerably less expensive
than today's quadruple-head recorders.
Tape consumption is reduced to about
one-third.

Design has been made relatively
simple by employing a single video
head and the recorder can be operated
after a minimum of training. The new
recorder is designed for production
and presentation purposes.

The first versicns will be available
for both PAL and SECAM systems.

MEASUREMENT
BREAKTHROUGH

Technicians at the Commerce
Department of the U.S. National Bureau
of Standards have successfully measured
the frequency of infra-red light, emitted
by a helium-neon laser, as
88,376,245,000,000 Hz.

This is the highest frequency
measurement ever made ; it is, in fact,
two orders of magnitude higher than
was previously possible four years ago.

As the wavelength of infra-red light
is already known to a high order of
accuracy, it will now be possible to
establish a very precise figure for the
speed of light. This will be of immense
value in fields such as space science,
astronomy, chemical analysis, etc., and
may well result in an interchangeable
method of measuring both length and
time.

SYSTEM STUDIES EARTH
RESOURCES FROM SPACE

" A sophisticated image processing
system developed by The Bendix
Corporation has been delivered to the
National Aeronautics and Space
Administration’s Goddard Space Flight
Centre, Greenbelt, Maryland.

The system will be used to process
thousands of electronic “photographs’
taken every week from the Earth
Resources Technology Satellites (ERTS).
The first Earth-orbiting spacecraft,
ERTS-A, is scheduled to be launched
this spring followed by ERTS-B in 1973.

The ERTS programme is concerned

with studies of the natural resources of
the Earth and man’s management of
them.

The Bendix image processing system
was developed under a $10 million
subcontract from the General Electric
Space Division, .NASA's prime contractor
for ERTS.

Now being installed into the Goddard
Space Flight Centre’s Data Processing
Facility for ERTS, the system converts
images of the Earth taken with high
resolution vidicon cameras and
multispectral scanners into film and
computer-compatible tapes useful to
scientific investigators in a wide variety
of disciplines. These include agriculture,
forestry, oceanology, geology,
hydrology and mapmaking.

Information relayed by the ERTS
satellites to ground receiving stations
will essentially consist of electronic
“photographs’ of 100-nautical-mile-
square patches of the Earth’s surface.
Each image will be recorded in digital
form on magnetic video tape.

Nearly 10,000 images, each containing
72 million bits of information, must be
processed each week to keep up with
satellite data transmission.

The Bendix image processing system
is composed of three subsystems: bulk,
precision, and special processing.

The bulk processing subsystem .
converts original magnetic video tape to
positive images on a 70-millimetre film
by means of an electron beam recorder.
Corrections to accommodate satellite
orientation and sensor calibration, as
well as any distortions produced by
communications and video recording
operations, are applied to the video data
simultaneously with image recording.
Selected images will then be enlarged,
printed, catalogued and distributed by
NASA to ERTS users. False colour
composite prints can be made from the
enlargements of the black-and-white
images produced by bulk processing.

The precision processing subsystem,
on request by ERTS users, is used to
apply further corrections to the 70 mm.
film produced by the bulk processing
subsystem. Precision location and

‘scaling of images relative to map

co-ordinates is also performed.

The special processing subsystem
converts digitized, user-selected scenes
to computer-compatible tape. This
enables all ERTS users who have access
to a general-purpose digital computer
and the capability of reading a standard
computer tape format to process and
experiment with digitized ERTS video
data. Another service provided by the
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special processing subsystem is
production of selected sections of the
original 100-square-mile images on
digital computer tape.

All latest images generated by either
bulk or precision processing are
developed in the initial photographic
processing element using stringent
material and process controls. Three
products — 70-millimetre, 94-inch
black-and-white and 94-inch colour
composites — are used as inputs to the
production photo processing element
for mass-production of the imagery and
subsequent distribution to the users.

SONEX ‘72 — BOOM IN

- OVERSEAS TRADE

Reports on the Sonex ‘72 Exhibition
show that buyer interest from overseas is
greater than ever before. Exhibitors
say they have been overwhelmed by the
response from visiting buyers and
those seeking agencies for British audio
and Hi-Fi equipment.

Reasons for this interest are, firstly, that
the quality and technological engineering
of British-made products in this field
are so high, and secondly, that Britain's
forthcoming membership of the Common
Market has sparked off an unusual
degree of flurry to secure agencies for
British products.

“We have had a host of visitors from
France, Belgium and Portugal,” said a
representative of Highgate Acoustics,
“and | think this is due to a large extent
to the fact that we are so competitive.”

From Richard Allan comes a similar
story: “60% of our production is already
exported and the percentage will increase
again this year. This is because of the
quality of our goods and because the
prices remain so acceptable. We are even
getting buyers from Japan for high-
quality equipment!”

“A bookful of enquiries for sound
installations” — that is the message from
Grampian Reproducers. “Now we will
have to follow these up and quote.”
Commenting on the flow of overseas
visitors, Grampian have had a steady
stream through their exhibition rooms,
“We are currently exporting 25% of our
production, and this figure will go up
into the thirties during 1972. The
whole calibre of enquiries this year is
better even than in 1971."



From the Garrard exhibition rooms
comes news of a “pretty hefty order for
our new modules. Zero 100S and the
AP76 are proving to be of keen interest
to all visitors. The acceptance level
has been very high indeed.”

First time at SONEX — Bang & Olufsen.
The story here is very much the same as
elsewhere: “"There has been a very
great interest from overseas buyers, but,
of course, we ourselves are importers,
so visitors from overseas are not of
particular importance to us. Home trade is
another matter. U.K. trade visitors have
flocked to see our equipment and they
have been more than impressed.

“What they look for in Bang & Olufsen
is quality and design. QOur sales were
up 97% in 1971 over the previous year
and the line of the graph is confidently
expected to continue in the same, steep
direction. Although we have been
looking more or less at the top 6% of
the market in this country, our research
statistics have come up with facts that
show a deep interest across a very
wide section. The show stopper has been
the new Beocenter 3500, and we expect
great things from this unit.”

BSR have had very good trade days at
SONEX, but the response from the
general public seemed to be quieter.
“We have had a mass of overseas buyers
through the exhibit, but we don’t really
go after overseas business. Already
some 92% of our production is exported
and sold through our existing network
of agents, so there isn’t much more room
for expansion.”

Decca “expected very big interest, and
we got it. We haven’t been disappointed
at all. We have had a lot of really
good orders from overseas buyers.”

BENDIX WINS CONTRACT
FOR EXPERIMENTS ON
" MARS

The Bendix Corporation’s Aerospace
Systems Division here has been awarded
a $5,206,755 contract to design and
produce three scientific experiment
packages which will be carried to the
planet Mars in 1975,

The contract was awarded by the
Martin Marietta Corporation, prime
contractor to the National Aeronautics
and Space Administration for the two
identical unmanned Viking spacecraft
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which will be soft-landed on the surface
of Mars.

The purpose of the Viking mission is to
study the physical characteristics of
Mars and to determine if life can exist on
the planet.

“The information from the scientific
investigations on Mars will greatly
increase our knowledge of the ‘Red
Planet’ and consequently lead to a better
understanding of the origins of the
Earth,” says Joseph F. Clayton, general
manager of the Bendix Aerospace
Systems Division.

The Division is also the prime contractor
to NASA for the Apollo lunar surface
experiment packages (ALSEP) set up on
the Moon during each Apollo mission.

The Bendix experiments for the Viking
programme are a seismometer, an upper
atmosphere mass spectrometer and a
retarding-potential analyser.

The seismometer will monitor seismic
activity on Mars to determine if there are
movements in the structure of the planet,
whether it has a crust and a core and if
its mantle is similar in composition to
that of the Earth.

The instrument will also relay to Earth
the rate at which meteorites strike Mars
and information on the mechanical
properties of the material near the Viking
lander vehicle.

The Viking seismometer is a miniature
device consisting of electromechanical .
inertial transducers and associated
electronics that condition the seismic
signals for presentation to the lander's
data system,

The upper atmosphere mass spectrometer,
operating while the lander vehicle is
passing through the upper atmosphere of
Mars on its descent to the surface, will
provide information on the composition
and abundance of gases such as carbon
dioxide, nitrogen, oxygen, argon and
helium,

The instrument is a double-focusing
electrostatic/magnetic mass spectrometer
that ionizes the atmosphere gases and
then determines the type and
concentration of the gas constituents.

The retarding potential analyser will
determine the concentration and energy
distribution of ions and electrons in the

Martian upper atmosphere during the
descent of Viking lander to the surface of
the planet.

Recent developments in the theory of
planetary atmospheres has increased
interest in information of this nature.

The instrument consists of a sensor head
and associated electronics. The sensor
head contains planar grids and a collector.
The collector is connected to an
automatic range-changing linear
electrometer.

In addition to the Bendix instruments,
each Viking lander will carry instruments
concerned with biology, meteorology
and soil analysis.

The experiments aboard the Viking
landers will be powered by nuclear
generators (SNAP 19) and information
will be relayed to Earth via the tracking
stations of NASA’s manned space flight
network.

The long, nine-month trip to Mars puts
critical limits on the Viking spacecraft’s
weight and power consumption.

Bendix will use such light-weight
materials as magnesium and berylium in
constructing the instruments as well

as the latest state-of-the-art in micro-
miniature electronic components,
including large-scale integrated circuits.

Two identical Viking spacecraft are
scheduled to be launched from the
Kennedy Space Center between mid-
August and mid-September, 1975. Nine
months later they will arrive in orbit
around Mars.

AS RIGBY SEES IT!

the OTH electronic pollution!”
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New electro-medical discovery
could mean relief
for victims of chronic pain

UNDREDS of thousands of
Hpeople suffer from pain so

intense that they can neither
work nor sleep. And whilst drugs
provide some temporary relief, the
amounts and side effects may be of
such magnitude that the palliative may
be little better than the pain.

But a recently developed electronic
stimulator may be able to control
chronic pain in patients for whom
other. measures have not been
effective. Whilst the technique is still
‘'under ' active development it has
proved very successful and over 60%
of several hundred experimental
patients found that chronic pain was
substantially reduced. Of the failures,
a - substantial  proportion  had
complicated psychiatric problems.

The  technique operates by
electrically stimulating the dorsal
surface of the spinal cord.

The;spinal cord consists of a bundle
of nerve tissues which carry messages
to and from the brain. Pairs of
peripheral nerves leave the spinal. cord
to be distributed throughout the body.
Messages travel along these nerves as
electrical impulses, and whilst the
original input to the nervous system
may have been mechanical, electrical,
thermal, chemical, osmotic . or
-whatever, the actual signal media will
always be electrical.

Nerve tissues consist of numerous

cells (called nerve cells) with
branching, thread-like extensions.
Every nerve cell is in contact with
others by means of these extensions.
The points where nerve cells make
contact are called synapses.

The long extension of a nerve cell is
called an axon, and it is by means of
the axons that the electrical signals are
transmitted. The conduction and
insulation efficiency of axons ‘is very
poor — about a million times worse
than copper wire of the same
cross-sectional area.

ELECTRONIC
PAIN KILLER

To compensate for this electrical
inefficiency, each axon acts as an
amplifier with approximately unity
gain, i.e., the signal leaves the axon at
about the same signal level at which it
entered the axon.

Axons will not transmit any signal
less than a certain minimum level.
Either the input signal is strong
enough to trigger off the axon's firing,
or it is not. It is in fact a digital, rather
than an analogue system.

More than this in fact, for the pulse
‘generated’ by an axon is always of
approximately the same length. Unlike
the Morse code the system can only
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transmit dots — there are no dashes.
The dots are all of the same length and
all of the same magnitude. The only
way in which the intensity of a
stimulus can be increased is by an
increase at which the frequency of the
axons fire. In human beings this upper
limit is somewhere around 100 pulses
a second.

The speed at which the electrical
impulses travel to the brain is, by
normal electrical practice, very slow
indeed — at the very highest it is less
than 300 feet a second — at the
slowest it may only be a few feet per
second. The speed of propagation is
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ELECTRONIC
PAIN KILLER

This -neuro-stimulator unit is
made by Medtronics Inc., in
Minneapolis USA. Unlike most
implanted medical devices, both
the Medtronics and the Avery
units use an external power
source — thus obviating further
operations for battery
replacement.

NEURO-

STIMULATOR

largely a function of the diameter of
the nerve fibre; the larger the fibre —
the quicker the speed. A higher
velocity is also produced by a myelin
(fatty) layer.

It has’ been discovered that if an
electrical. stimulus is applied to the
Jarge fast-conducting fibres, this will
block {or gate off) the transmission of
impulses from the slower fibres. And it

is these slower fibres that
predominantly carry pain-causing
impulses.
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INTENSITY
LONTROL -

FREQUENCY
CONYAOL

in the pain killing experiments the
fast-conducting fibres are stimulated
by injecting an electrical square wave
that is variable in voltage, frequency
and pulse width. The' action
connection to the nerve fibre is made
via a number of platinum discs bonded
to a layer of dacron mesh coated with
silastic (Fig. 1).

Wires from the electrodes are taken,
beneath the skin, to an RF receiver
implanted just below the rib cage. As
with a crystal radio set, power is

The receiver of the Avery unit
is encapsulated in epoxy resin.

Transmitter of neuro=stimulator
made by Avery Laboratories at
Farmingdale, New York. Power is
radiated to the implanted
receiver by the circular antenna.

supplied to the implanted RF receiver
by a small battery powered transmitter
carried in the patient’s jacket or shirt
pocket.

The patient can energise the
transmitter whenever he requires. He is
also able to adjust the voltage from
0.3V to 30V and the frequency from 9
to 550 Hz. The pulse width can be
altered, but only by the physician,
from 100 microseconds to 800
microseconds. |n use the patient
adjusts the controls to achieve
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optimum pain reduction. Usually this
is obtained with the voltage set
between 0.5 and 3V; frequency
between 15 and 100 Hz and a pulse
width of 200 microseconds. The
parameters vary from patient to
patient and also within the same
patient from day to day, depending
upon the degree of pain and the
efficiency of the battery used to
power the stimulator.

Patients differ widely in the amount
of stimulation required to obtain pain
relief. Some have excellent relief with
a constant stimulus during the waking
hours, others require intermittent
periods of stimulation lasting from
fifteen to sixty minutes with. pain
relief outlasting the stimulation from
one to five hours.

The sensation described by the
patient is wusually a very mild
continuous electric shock — many
describe this as a mild tingling feeling
— when the stimulator is being used at
therapeutic  levels. One patient
described the feeling as being similar
to that on the surface of a cat’s throat
when it purrs.

The technique does:-not completely
reduce pain, but for the 60 to 65% of
people for whom it has been proved to
work it does reduce it to a level at.
which the patient can live a normal
comfortable life. It is especially
effective for patients with spinal and
back problems.

At the present time the technique is
limited to fairly simple applications
but it is quite probable that cancer
victims may be helped within the near
future.

The system is however regarded as
experimental and whilst neurosurgeons
see the technique as 'the answer to
chronic: pain not responsive to other
known treatment’ it is seen as a last
resort rather than a routine practice.

TRANSMITTING ~
ANTENNA
ON SURFACE
OF SKIN

This sketch — by one of our staff artists — shows how the receiver and electrodes are
implanted. The patient is shown adjusting the transmitter — normally carried in the
patient’s coat or shirt pocket.
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THE PRINTED

CIRCUIT
MOTOR

HE printed circuit motor was

invented during the late 1950s.

It is generally attributed to J.
Henry-Baudot, employed at that time
by the Societe d’Electronique et
d‘Automatisme in Paris. The printed
circuit motor arrived on the industrial
scene at a time when printed circuit
techniques were. being generally
applied to a host of applications that
had previously used solid conductors.
Before the technique could be used for
an electric motor, a suitable form of
construction had to be found, and
here the inventor dug deep into
history to utilise the Faraday disc
principle discovered in 1831 and
which was the forerunner of all
electric machines.

PRINCIPLE OF OPERATION

One big drawback of the original
Faraday disc motor was that, because
in essence the armature consisted of a

1

single turn, it required the supply of
very high currents at low voltages. This
was unwieldly, consumed a lot of
power and required the brushes to pass
very heavy currents.

Although the principle of the
Faraday disc has recently been
resurrected for high current
generators, traction motors and
superconducting machines, it fell into
disuse for a long period, during which
the drum type machine as we know it
today was developed. The excitation
flux in a conventional dc machine is
usually produced by energising coils
located on the stator. The rotor has a
multiturn winding arrangement with
end connections brought out to a
commutator and this allows
considerable freedom of choice in
deciding rated values of current and
voltage. Because the excitation flux
would otherwise have to cross the
relatively large air gap presented by

ENERGISING
COIL (d.c.)

LINES
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Fig. 1. Basic Faraday disc motor.

Fig. 2. This drawing shows the basic principle of the printed
motor. The solid lines represent conductors on the front face of
the armature, broken lines represent conductors on the rear face.

The commutator is part of the armature.
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d.c. SUPPLY

This article, written exclusively for Electronics Today
International by R.M. Evans M.I.E.E., C. Eng. of the
National Research and Development Corporation,
explains the principles and operation of the printed
circuit motor. ETI| makes due acknowledgement to the
staff and management of Printed Motors Ltd., without
whose co-operation and assistance this article would

not have been possible, and to the National Research and
Development Corporation for permission to publish.

the bore of the machine it becomes
necessary to locate the armature or
rotor conductors in a magnetic core to
minimise the reluctance of the. flux
path. This increases the buik, cost and
inertia of the armature and magnifies
the commutation problems.

The essence of the printed motor is
that it combines the advantages of both
disc and drum type constructions
without the disadvantages of either.
By an ingenious design of armature
which allows the printed circuit motor
to be made in thin pancake form, the
flux air gap is reduced to a minimum.
and no iron is required in its construc-
tion. And by having a multipole
arrangement it becomes possible to
design for practical levels of rated
voltage, keeping current to manageabie
proportions. .

A simplified diagram showing -the.
basic principle at the printed motor is
shown in Fig. 2. As can be seen.by

COMMUTATOR
PART OF
ARMATURE
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Fig. 3. Exploded view of a printed circuit motor. The windings wrapped around the pole
pieces are used only for the initial magnetization. They are subsequently sealed off and left
in position to avoid disturbing the magnetic circuit.

alternating the polarity of adjacent
pairs of poles it becomes possible to
connect the conductors under each
pole in series, in a classical
wave-wound arrangement in which the
voltage rating V of the motor will
approximate to:—

2 e x 4
2
Where e = induced voltage per
conductor at rated speed
n = total number of conductors,

For simplicity only a small number
of conductors per pole have been
shown whereas in practice there will he
a far greater number — the end.
connections between conductors are
arranged geometrically to provide a
running surface for the brushes which
deliver the supply power to the motor
thus dispensing with the need for a
separate commutator,

CONSTRUCTION

The pole pieces which are made from
Alcomax 3 are generally cylindrical in
construction. They are located rigidly
to their respective end plates as shown
in Fig. 3 which gives an exploded view
of one type of motor.

To achieve the best magnetic
characteristics it is desirable to
magnetise the motor after it is
assembled into final form. The
magnetisation is carried out by
injecting the requisite dc current

through the winding shown wrapped
around the pole pieces. These windings
are then sealed off and left in position
as it would be impossible to remove
them without disturbing the magnetic
circuit.

When these motors first appeared on
the industrial scene the armatures were
formed using printed circuit
techniques, i.e. copper foil on an
insulation backing piece etched to give
the requisite conductor layout. This

was later superseded by a mechanical
system of punching and the armature

“shown in Fig. 3 has had the notches

between conductors produced by this
process. Although no longer truly
descriptive of the method of
construction, the term ‘printed circuit’
motor has remained.

The armature starts off as two, four
or six copper discs punched out in the
manner described. With alternate discs
reversed, they are then cemented
together 'in pancake form with a
circular wafer of insulation interposed
between them.

CONNECTION

Electrical  connection is made
between the ends of the conductors on
one face and the ends on the other so
that a wave winding is formed. The
‘chevron’ part of each conductor is the
“useful” portion which passes under
the poles — all the ‘forward’
conductors, (shown with heavy lines
in Fig. 2) are on one face whilst the
“return’”” conductors {dotted) form
the face on the reverse side.

The conductor contour of the
armature is computer designed for
optimum performance. The geometry
ensures that the end connections align
when placed back to back, and the
curved portion forms a track on which
the brushes run — the armature is thus
provided with its own inbuilt
commutator.

The remainder of the construction is
fairly straight-forward, the armature is
clamped to the main shaft which is
located in bearings in the end plates,
Brush housings are provided in one of
the end plates though which special
silver graphite brushes make contact
with the armature.

Fig. 4. Typical ‘general purpose” printed circuft motors with ratings from 12 to 350 Watts at
speeds of up to 4000 rpm. Rated voltage is from 12 to 47 volts.
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THE PRINTED
CIRCUIT
MOTOR

Fig. 5. These high power servo-motors
.are rated 1000 to 5000 Watts.

Because of its unique construction
the printed motor has several
advantages to offer over the more
conventional machine.

The armature contains no iron in its
magnetic circuit, therefore armature
reactance is negligible. This is a
particularly important feature
especially in regard to commutation,
as the high coil voltages induced in
conventional machines (due to the rate
of change of current during the
commutation cycle) are not present.
Commutation is thus virtually sparkless
and the motor will accept very high
current surges without damage. These
.characteristics are ideal for fast
accelerating duties — in fact by
suitable current injection a starting

torque five times normal may be
obtained.
Again, because of its negligible

armature reactance, the motor has a
virtually pure resistive input
impedance. Changes in supply voltages
almost instantaneously reflect a
current change in the windings, and
this, together with the low rotor

inertta, make the printed motor
eminently  suitable for  control
applications.

A printed circuit motor runs

smoothly at all speeds and being of a
slotless construction and having a
relatively large number of conductors
(and thus commutator segments),
cogging is eliminated. All armature
conductors are exposed to the cooling
medium  enabling  high  current
densities to be employed. Since the
only insulating medium is that of a
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simple disc between armature faces,
the cost of insulating for a higher
working temperature category is not
very great.

Table 1! shows a dimensional
comparison between conventional and
printed motors,

PERFORMANCE

Figs 4 and 5 show typical printed
circuit motors; those in Fig. 4 are
termed ‘General Purpose’ and are
available with outputs from 12 to 3560
watts at speeds up to 4000 rpm, rated
voltage varies between 12 and 47 volts
dc. The high power servo motors
shown in Fig. 5 are available in
powers from 1000 to 5000 watts at
speeds of 3000 rpm and rated voltage
varying between 90 and 150 volts dc.

The absence of magnetic material in
the armature also means that the
torque output is directly proportional
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Fig. 8. Torque/speed characteristics of 3000
and 5000 Watt printed circuit motors,

to the armature current and is not
limited by saturation. This allows a
pulse torque of up to five times the
normal full load figure to be
developed, but the motor must be
derated as shown in Fig. 6. ‘

A further important feature of the
printed circuit motor arising from the
linear relationship between current
and torque is the fact that there is no
degradation at high currents as a result
of magnetic saturation. And as
previously stated currents up to five
times the continuously rated level can
be handled, the only practical
limitations being the design of the
associated drive circuit. The armature,
which has a relatively small thermal
capacity, heats up quickly whereas the
rest of the motor has a much longer
time constant. The peak temperature
reached by the motor after a number
of current pulses is therefore the sum
of these two effects, one proportional
to the duty cycle and the other to the
pulse duration. This relationship . is
shown in Fig. 7. 4L

Typical torque speed characteristics
of the 3000 and 5000 watts printed
motor are shown in Fig. 8.

APPLICATIONS

Printed circuit motors first made an
impact on the industrial scene in
computer peripheral applications,
where their compactness, high current
capacity and low inertia made them
eminently suitable for tape drives.
There has since been a steady inroad
into the machine tool drive, graphic
art, tape transport and traction fields
and their introduction to the process
industry as part of a packaged
controller unit is imminent.

The high power/weight ratio of the
printed motor combined with its
compactness and high starting torque
and overload capability make it
eminently suitable for traction duties.
Some thousands have been sold for
electrically driven golf club carriers —
Figs. 9 and 10 show lawnmower and
tricycle applications. Fig. 10 brings
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home the ease with which the motor
may be adapted as the hub of a wheel
taking up very little extra space in
an application where space is at a
premium.

Printed motors have been applied to
the paper drive of U.V. recorders with
some success. To record transient
events which occur in  mass
spectrometry, it is necessary to use
very high paper speeds, and to avoid
wastage (the sensitised paper is costly)
the recording speed must be reached in
the shortest possible time. Utilising the
rapid response of a printed motor to a
pulsed supply, a roll of paper can be
accelerated up to five metres per
second in 0.3 seconds. The ease with
which the speed of the motor can be
controlled has also eliminated the
expensive gearbox (with its attendant
noise), making it possible to attain a
continuously variable range of paper
speeds of 5000:1.

Another major demand for printed
motors has been for servo applications,
i.e. where precise control of the
output shaft speed is required. This is
generally obtained by using a
feed-back loop so that any errors in
the speed are automatically
compensated for by adjusting the
supply feeding the motor.

Magnetic and paper tape capstan
drive servos are an ideal application
where the tape speed is required to be
held within closely defined limits so
that analogue signals are faithfully
recorded on and reproduced by the
tape. A most accurate control method
is the phase lock servo system
marketed by Printed Motors Ltd., the
block schematic of which is shown in
Fig. 12.

In this system a high precision
radially ruled optical disc is mounted
directly on the motor shaft. The
frequency of signal produced from the
pick-off unit is compared with the
reference frequency which represents
the desired speed of the machine. If
too slow, the dc amplifier increases the
voltage supply to the motor, and
reduces it if too fast, until the desired
speed setting is reached. By this
_method motor speeds may be
controlled to within an accuracy of
0.1%.

Length of motor
Continuous rated {(excluding length
output at 3000 rpm of shaft extn.}
{watts) (inches)

Printed

motor motor

230 2% 10
1000 a% 12
1600 4%* 15
3000 5% 18
5000 5%* 23

*'Force cooled

Conventl, Printed

Fig. 9. This electrically powered lawnmower
uses a printed circuit motor drive.

Fig. 10. The printed circuit motor of
this electrically powered tricycle forms
the hub of the front wheel.

Table 1 shows a dimensional comparison between conventional and printed motors.

Motor Weight
diameter

{inches) (ib.)

Printed
motor

Conventl.
motor

Conventl.

motor motor

7 6% 16 34
8% 7% 30 68
8%* 10 30* 150
12% 13 66 240
12%* 13 66* 290

An instrument tape transport system
using printed circuit motors would
have typical performance figures as
follows:—
Start Time
Stop Time
Tape Accuracy

4 sec at 1201i.p.s.
2secat 120i.p.s.
0.1% of nominal
speed

.25% at 120 i.p.s.
(Bandwidth .1Hz
to 10 kHz.

1.7% at %I.P.S.

1
(bandwidth 1Hz
to 200 Hz)

Although the servo capstan provides
the tape drive, the tape still has to be
wound and unwound onto the spools
and to avoid stretching or breaking it
is essential that the spool speeds be
compatible with that of the capstan.
This is accomplished by monitoring
the tension in the tape and feeding
back a proportional signal to the spool
drive to ensure constant tension is
maintained. Bue to the relatively large
inertia of its load, and the rapid

Cumulative Flutter
(peak to peak)

excursions in acceleration torque that
are required, the printed motor is
ideally suited to handle the spool drive
duty.

In data logging systems where the
input is in digital form, the capstan
drive speed requirements, (although in
some respects similar to those for
instrument tape transports), are not so
onerous, tolerances between * 4%
being generally acceptable. Where the
input is delivered in an intermittent
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Fig. 11. This Honeywell ultra-violet recorder uses a printed circuit motor for the

paper drive mechanism.
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Fig. 12. This phase-locked loop servo system provides precise control of motor speed.

fashion it is desirable to have the tape
driven discontinuously to save tape
and storage space. An incremental
mode of operation is therefore
adopted, so that just before the digital
information is required to be recorded,
a command signal sets off the capstan
drive. Obviously the speed of run up
of the capstan motor is of a prime
importance as this will determine the
repetition rate at which information
may be recorded. Typically the
capstan is required to advance the tape
in small discrete steps of about 0.001*
so that packing densities of 1,000 bits
per second may be achieved. An
illustration of an incremental tape
transport using printed motors is
shown in Fig. 13.

In an entirely different field is the
use -of printed motors for operating
large control valves where torques in
excess of 10 Ib.ft. are required. Fast
operating time is required and by using
a reduction gear in conjunction with a
screw and nut arrangement piston
speed travels in the region of 1" per
second have been achieved. This is
much faster than has been obtained
using a conventional motor. A typical
example is shown in Fig. 14. The
printed motor in this illustration has a
continuous rating of 25 oz. inches.
The motor may be supplied directly
from the process controller pulsed

18

output, and an added advantage is that

its high torque characteristics is
invaluable in overcoming the valve
stiction,

The virtually sparkless commutation
action of the printed motor has been
used to advantage in electron beam
welding, where a drive was required
for a work table which had to be fitted
within a vacuum chamber under
conditions of 104 mm Hg. Because of
its inaccessibility it was necessary for
the drive ‘motor to be maintenance
free for considerable periods. By
fitting special brushes’ maintenance
free life of up to 1,000 hours was
obtained.

CONCLUSIONS

Although first invented during the
'50s the printed motor has only gained
acceptance as a reliable piece of
electrical equipment over the past few
vears. But now the motor is making
inroads into applications which have
long been the preserve of conventional
motors and there seems no reason why
the high growth rate which has been
achieved over the past few vyears
should not be maintained, if not
accelerated, in the future.

REFERENCES
1. B. E. Hall: ‘Printed Motors in
Control’ [Instrument and Control

Engineering, December 1969..

Fig. 13. The printed circuit motors
used in the tape transport system of
this data logging recorder advance the
tape in 0.001° increments.

Fig. 14. This large control valve is
powered by a printed circuit motor
capable of sustaining 25 oz. in. torque.
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ELECTRONICS IN

Iceberg, near Davis, Antarctica.
{ANARE photograph by W. Dingle)

near Mawson (ANARE photograph

1
Field camp on the Antarct/c PIateau
by A. Williams)

The remoteness and environ-
mental severity of inland
Antarctica presents an
unusual challenge to the
engineering of scientific
instrumentation.

This article by lan Bird and
Alan Humphreys of the
Antarctic Division of
Australia’s Dept. of Supply
describes the problems
involved in constructing

a totally unmanned
observatory to operate at
temperatures as low as
-1000C. 20
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THE ANTARCTIC

ngineers at Australia’s Antarctic

Division of the Department of

upply have designed and
.onstmcted an automatic, unmanned
geophysical observatory about fifty
miles south of Casey Base, on the
¥ coast of Antarctica, about 2500 mlles
south of Perth W.A,

The installation, which is now in
service, has instruments for recording
aurorai displays, magnetic
micro pulsations ionospheric opacity
(nometer) wind direction, barometric
pressure and air temperature.

The equipment, designed to run
unattended for up to one vyear,
consumes only 1.5 watts average
power.

Data is recorded both on magnetlc
tape'and photographic film: operations
are, programmed from ‘a crystal
chronometer Data relating to
magnetlc micro-pulsations are ‘logged
continuously; other data such as
night-time auroral photographs are
taken at five minute intervals, whilst
meteoroioglcal observations are made
hourly .

"THE. 'PURPOSE  OF

L 1RL THE
INS'_I"AL'U-\TION
The: < observatory is  primarily
mtended for the study of solar

terrestrral physics, and for research
mto the upper atmosphere.

One of the effects currently being
studied by the observatory is the
interaction between the “’solar wind'’
and the earth’s magnetosphere.

The,sun corstantly ejects streams of
charged . particles into space. This
emission is termed the "solar wind"’
The earth’s magnetosphere (see Fig. 1)
captures these particles and guides
them towards the earth’s surface in the
polar regions surroundrng the
geomagnetic poles. The effects of the
interaction between the solar wind and
‘the upper atmosphere of the earth is
dramatically illustrated by magnetic
storms, ionospheric  disturbances
(causlng radio blackouts) and auroral
displays.

Study of these phenomena is of
importance to fundamental physics
and has great practical significance to
space travel. It has always been of
concern to HF radio communlcators as
the solar emissions cause sudden fades

SHOCK FRONT

SOLAR WIND
—_—

AURORAL ZONE

TRAPPING REGION

MAGNE TOSPHERE

MAGNE TOPAUSE

Configuration of the Earth’s magnetic field,
showing the distortion produced by the
solar ‘wind’.

and radic blackouts and many other
effects.

Knowledge of the meteorology and
gIactoIogy of Antarctica is intrinsically
important not only for itself but also
to the greater unde_zrstandlng of world
weather.

POWER CONSIDERATIONS

For inland Antarctlca conventional
remote-station power systems such as
wrnd-d_rryen generators, propane
thermoelectric generators or primary
cells are of dubious- reliability; radio
isotope  thermoelectric  generators

by lan G. Bird, AMIREE,
FRMT., and Alan Humphreys
AMIREE

provide a feasible power source but at
high cost. To provide even a few watts
can be difficult' and costly. !

A design criterion therefore, was to
limit power requirement by devising
low-power instrumentation capable of
operation at low temperatures, and it
was apparent at the outset that no
power could be provided specially for
thermal control of the instrument
shelter.

Precharged storage batteries provide
the bulk of the 1.5 watt requirement

“of the prototype observatory;
additional capacity is provided by
solar  and special wind-powered
generators.

LOW TEMPERATURE BATTERIES

Energy around 40 watt hours per
pound weight is commonly available
from primary cells at moderate
temperatures; however, as temperature
falls, so chemical reactivity is reduced,
and at —400C, almost no power may be
drawn ‘from primary cells (Figure 2).

Secondary batteries (lead-acid and
nickel-cadmium), have a known
performance to —30°C. For specific
fow ‘temperature application,
modifications to the electrolyte will
optimize performance. At the 50-hour
charge and discharge rate, a special
lead-acid battery showed 45 percent
charge — discharge cycle efficiency at

The des;gn and development phases of the .observatory were carried out in the Antarct/c

* Division’s Melbourne laboratory. (ANA RE photograph).




ELECTRONICS IN
THE ANTARCTIC

2

NALKALINE
i

ST

\ MERCURY

05 -

RELATIVE TERMINAL POTENTIAL

LECLANCHE

+20 . 20
TEMPERATURE — °C.
Fig. 2. This graph shows the terminal

potential of primary cells discharged at the
100 hour rate.

-60°C, and 20 percent at —65°C.

For lead-acid cells, excess electrolyte
and a fully charged specific gravity of
1.310 are used to maintain near
optimum -conditions: these procedures
allow for efficient operation to —60°C.
Nicad Cells are optimized at a specific
gravity of 1.230 which is constant
with state of charge; efficient
operation to —50°C results.

The prototype observatory uses both
lead-acid and Nicad batteries for
comparative assessment.

CHARGING TECHNIQUES
(i) Solar

For six months of the year, energy is
available from the Sun. For moderate

outlay a silicon solar cell array
provides worthwhile power in average
sunlight.
(i) Wind

Worthwhile energy can be obtained
at wind speeds around five metres

Fig. 3. This five Watt
turbine generator

INPUT

'S

oy = has been specially
g ; developed for rugged
conditions. (ANA RE
10k photograph).

OUTPUT

e O )

Vo= A Vln+2 4V

S——

= ~4 -0 Fig. 4. Micro-circuit
: biasing arrangement
LM103/2.4 for a single 5V

supply.

second with ability to survive gusts of

75 metres second. Antarctic
experience with propeller-driven
generators has shown moderate

reliability under these conditions in
coastal regions but the low inland
temperatures provide added problems:
Development is continuing in this area.
A variety of small generators has been
developed and during 1963 Antarctic
Division developed a five watt turbine.

generator for operation in rugged
conditions. This generator, (Fig. 3},
has petformed well at remote sites
south of Mawson station and could be
scaled to provide greater power. The
predominantly. constant  wind
direction allows fixed orientation.

(iii) Radio lsotopes

Light-weight isotope power
generators using the alpha emitter,
Plutonium 238, provide .about one
watt per pound weight of generator.
Cost is typically $150,000 for a five
watt  generator. A  five watt
strontium-90 powered generator costs
about $30,000 but requires feavy.
biological shleldlng Strontium 90
generators have been used reliably in
various remote station applications
including Antarctica.

One advantage of thermo- elec\tncr
conversion is that due to conversion
inefficiencies, heat is available for
elevating the temperature of batteries
and instruments. 1

MINIMIZING
REQUIREMENT

Power consumption, far lower than
ordinarily achieved with standard
components, was achieved as’ foIIows
Supply Voltage

A nominal six volt power system
regulated to five volts was chosen as
being the minimum generally to
operate solid state and other devices.
Operation at this voltage is the main
factor contributing to the efficiency of
the circuitry.

Logic Components

TTL logic consuming 2.5 milliwatts
per gate was used; standard 54 series
logic requires 10 milliwatts. Recently
released complementary-symmetry
metal-oxide semi-conductor
(COSMOS) logic is under evaluation;
its quiescent consumption of 50
rianowatts per gate shows the future
trend.

Linear Microcircuits

Amplifiers of the uA741 type were
used to give 90 dB gain at 25
milliwatts consumption (Figure 4).
Micropower circuits such as RM4132,
with a gain of 108 dB at 5 voits and
0.1  milliwatts consumptlon offer
future advantage.

Discrete Component Circuits

The high gain of some transistors at

microamp collector currents, opens a

THE POWER
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UNREGULATED INPUT

© BVOLT

Australia. The proposed automatic
stations offer a similar facility for the

Fig. 5. Basic circuit of

annual return of data for processing in

Fig. 8. Analogue multiplexer.
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(%{_m;nimum) s WA REGULATED low-loss regulator. Australia.
RUITY In the fong term, as complexity and
time resolution requirements increase,
) ] on-site recording capacity will prove
AMBLIBIERIAND inadequate and regular read-out will
need to be considered; this could be to
a satellite.
DATA SAMPLING RATES
At manned observatories, chart
_U-. speeds of 16 cm per hour are typical
CA3045 CcD2207 2N4250 AY8142 for the commo.n geoDhVSical
: - instruments (rlomete.r and
| AMPLIFIERS magnetometer), the resulting time
: , resolution being about fifteen seconds.
: S— Examination shows that data-scaling
AT . \ rarely exceeds one-minute intervals,
ol il SWEP QUAD except for magnetic micropulsations.
AN = | FeeE J OATE > 5 Hence a sampling rate of 40 per hour
/;‘T':E“P*;fg‘s was decided upon, with an auxiliary
MOTOR rate of one per hour for meteorology
and housekeepirig. This allows 9000
hours of operation to a single 2400 ft.
tape reel. Magngfic micropulsations are
monitored continuously and recorded
e ,2N4250 _ﬂ_ % on a separate analogue tape recorder.
MONOSTABLE Fig. 6. Stepping motor drive.
10 m SEC.
field - for . low-power design. This =
prmcnple was used for continuous Rl AT e, C— ————— o 4 I
‘loads, such as the Chronometer to st 5“‘ZJ } .
attein a power advantage of 1000 over o | |
conventional microcircuits. (Cosmos 4 ’ ‘
MSt will remove this advantage.)
Standby power is limited by low = e
(\q/ulliscen; cur:e’:\t‘mrcusts. & L i ot o] o

oltage Regufator s ,

The regulator. (Figure 5) differs from 2 ?‘g 19 2 SERET ST |
the usual arrangement by application = Jg? w o1 il
of a PNP series control transistor: this 1 [E’_E_ s [ 5
-allows regulation down to a series ANALOSUE DATA [T ] 1 - g
voltage drop just above collector = Fone jﬂ~ zered I, UL
saturation voltage. : |
MOtOrS TiME  WPUT GaFes T2 g ° {; <

Precision dc motors and stepping e — PATARES
motors are required to drive the tape Fig. 7. Digital data lagger. —
and film transport mechanisms; power
requirement is limited by
pulse-powering the tape capstan
stepping-motors  (Figure 6} and L
minimizing the duty cycle of the dc himpeeaid] |2
motors (1:300 for tape deck). T T
Thermal Control < «

Although the observatory { {
instrumentation has been specifically S
designed to operate at low ambient L C”A““E“"E”“""“EMAIT“'X [ ——ophe
temperatures — the chronometer R ! A1 _|_ e
quartz crystal reference requires a - . i
stable environment. Power to achieve STt Inmor ] | l
this has been limited to 100 miltiwatts. fromne]ewsrs T [im..m] res | kg
DATA ACQUISITION E

Station scientific data are recorded — POWER HONOSTABLE ﬂ' ‘{ SR - &
(currently) on paper chart, magnetic isseonn | 4
tape and film; some routine analysis is W 2
completed at the station but the bulk ] L T
is done by computer-aided processes in T 1om sec. % " e =3 >
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Fig. 9. These curves illustrate the sok

low temperature performance of
various components.

: Solid tantalum capacitor
: Polyester capacitor
: Silicon transistor {current gain)

: Polvcarbonate capacitor ol

¥ . \s

gain)
: Etched aluminium foil elec-
trolytic capacitor

m mMLO%d

: Germanium transistor (current R

: e e el e
TEMPERATURE °C .

RCA CD2200
LOGIC

LOGIC “HIGH”

NOISE MARGIN

LOGIC LEVEL — VOLTS

LOGIC “LOW"

o 0 g

T4 60 T80 160

TEMPERATURE — °C.
Fig. 10. Variation of logic level voltage with temperature.

RECORDING TECHNIQUES
Digital

To obtain high rellablllty Iow power
consumption, large data storage
capacity and ease of subsequent data
processing, magnetic tape was chosen
as the recording medium.

To record the primary data directly
in computer format is advantageous;
digital recording also makes optimum
use of the .tape. The data logger is
shown in Figure 7. Maximum input
rate is one measurement per second
recorded on 2 inch computer tape,
5566 bits per inch, 7 track NRZ1 logic
to include the various tape gaps and
spaces is provided. A stepping motor
drives the capstan,
power the tape tension control; a
pinch roller is avoided to minimize
tape skew.

" The input scan is provided by a shift
register of latching relays (Figure 8);

24

= reference oscillator.

and dc motors

programming is controlled by the
chronometer. The logger operates at
90 second intervals for 30 seconds,
average power consumption is 450

milliwatts and test operation is
satisfactory at - 70%.
Analogue

Direct slow speed analogue recording

on %' tape has been used widely in
magnetic micro-pulsation equipment.
For a tape speed of 2% in. per hour,
frequencies to 2Hz can be recorded,
however some data is lost to tape
"drop out”. The analogue tape deck
capstan is pulsed at five steps per
second, thus sampling the analogue
signal at the recording head. A fair
reproduction of signals to 1.5 Hz is
recorded. A single 2400 ft reel of tape
provides 12,000 hours of continuous
recording. Average power
consumption for contlnuous operation
is 50 milliwatts.

COMPONENTS AT LOW
TEMPERATURES

Most components show some
parameter change as temperature

varies; Military Standard Specification
202 rates components to —55°C. but
performance below this itemperature
is not usually stated by manufacturers.
Antarctic Division investigations to
"~100°C are illustrated in Figure 9,

This work shows the feasibility of
selecting resistors and capacitors for

stable operation at very low
temperatures;  high  gain  silieon
transistors have current gains’

around 100 at -80°C — adequate for
most requirements.

INTEGRATED CIRCUITS
Operational amplifier parameters;
gain, output voltage swing, and input
offset are all temperature dependent.
For amplifier uA741, using a single 5
volt supply, temperature variation
from 0°C to —80°C causes about 4 dB
reduction in open-loop gain, and
output voltage swing falls to about 60
percent of the 00 value — 2.5 volts;
these variations are not unduly
restrictive on design. However, effects
of the input offset drift, limit the
practical closed-loop gain; for a gain of
45 dB the output voltage drifts 10
percent for a temperature fall of 80°9C
and one percent for 25 dB closed-lcop
gain. For higher gains, low drift
amplifiers such as UA725 may be used.
Variation of logic levels with
temperature is also of concern (Flgure
10), at -80°C there obviously is
adequate margin for satisfactory

Fig. 11. Chronometer

la

50k

” LM 103733V ‘ 15k
: . - > 22k ¢
x 10771 o 10‘(%

T Zt‘ro%\f Q

'}
i

@
S.
=

x 107

FREQUENCY
ADJUSTMENT

1t

ELECTRONICS TODAY INTERNATIONAL — MAY 1972

of .
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I el

1N4142

LM103/2.4v

4.7%

Fig. 12. Basic circuit of oven

o temperature controller.

F—————— 2N2484 —e———>

| Fig. 13. Basic
_J__ binary circuit,

CRYSTAL OSCILLATOR
102.4kHz

Fig. 14. Block schematic diagram of chronometer.

operation; the increased noise
immunity is useful.

MECHANICAL COMPONENTS

For efficient mechanical design,
friction must be minimized; lubricants
play an important part in this. The
viscosity of conventional
low-temperatures lubricating oil
increases about 1000 times for a
temperature fall from +20°C to
—607-C; silicone oil viscosity increases
about 10 times, dry bonded lubricants
such as “Molykote 88" {molybdinum
disulphide in vinyl butyral resin) have
excellent low temperature
performance and are ideal for
lubricating ball races and small gear
reducers. Teflon coating also has been
used for reducing friction in
slow-moving gear trains and geneva
drives.

Springs increase in brittleness at low
temperatures and require careful
design. It has proved desirable for all
mechanical drives to be positive, that
is, not to rely on friction, and to avoid
rapid acceleration of mechanical
components.

ELECTRICAL CABLE

Commonly used flexible cables of
PVC are liable to fracture below 0°C;
polythene cables are moderately
flexible to —40°C; teflon cables are

. flexible at—10Q°C;silicone rubber also
has good low-temperature
performance. For the observatory,
requirement for flexibility was
eliminated. Polythene dielectric and
sheathed coaxial cables to antennae

w204 are fully protected; all equipment
wiring is teflon-insulated and fixed in
position.
- 2] 3 4
+5 g o \ ——0 0.1 8EC FILM AND TAPE
e
+10 5 Lo — O 1.0sEC Measurements of the mechanical
l - strength of photographic film shows
that, while the tensile strength may
% o = increase about 30 percent for a
g oy GATES
3 £ o '
i + 6 2 =8 Continued on page 71
, ) ) H H : Fig. 15. Riometer — block schematic drawing.
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ERO TRACKING
RROR

electronics

INTERNATIONAL

| product test |

HE CONCEPT of a pick-up that
will track a record in a linear
fashion is as old as disc
reproduction. The reason for wanting
it is to enable the playback system
exactly to reproduce the mechanical
characteristics of the record cutting
system.
Ideally, the pickup arm should track
the record on a radial line. The stylus
should be wedge shaped and be

Garrard Zero-100 Automatic T

connected to the cartridge by a bar at
18° to the plane of of the record. If
this can be arranged, the playback
system will exactly match the
characteristics of the recording system.

The wedged stylus shape has been
approximated by the elliptical stylus
to a satisfactory degree, and most
cartridges professing high fidelity have
the 159 rake angle.

ELECTRONICS TODAY INTERNATIONAL — MAY 1




The one remaining weakness is
non-linear tracking.

From time to time linear tracking
arrangements have been designed, but
mostly they suffer from one serious
weakness. This is friction caused by
- complex bearing arrangements.

There are two basic ways of
obtaining linear tracking. The first is
to have an arm which slides
horizontally across a bar located at the
rear of the turntable. This system,
whilst provided perfect tracking, has
bearings that introduce a lot of
friction. The second system is that

“used in the Garrard Zero — 100, This
consists of two parallel arms
connected to the headshell, each fixed
at two pivot points. With correct
geometry this system provides almost
totally accurate tracking. However,
this requires four bearings instead of
one and hence approximately four
times as much friction.

Errors in tracking angle introduce

.-second-harmonic distortion, and sirice

| “‘the best that one can hope for with a

- conventional pickup arm is perfect

. tracking only on two positions on the
.- ecord, it automatically follows that at
"~ évery other

point on the record,
.distortion will be introduced by the
tracking. error. This distortion is given

" .BY the equation.

" THD(2nd) = k

“where V is the velocity of
the groove modulation
v is the groove velocity
and ¢ is the tracking error
in degrees.
It will be seen, therefore, that the
possible methods of decreasing the
distortion are either:—
(i) to increase the grove velocity, (ie,
use 45 rpm or 78 rpm instead of
33-1/3 rpm),
(ii} decrease the groove modulation,
{iii) - reduce the tracking error
The first method has the obvious
disadvantage that there will be less
recording time per record. Some
special records are made like this, such
as our 12" diameter, 45 rpm Bruel and

Bruet & Kjoer
5

MEASURED PERFDRMANCE OF GARRARD ZERD- 100 :
SERIAL NQ. 75100/004

Turntable
- Wow- and . Flutter

Hum: & Rumble Equalized

But Unweighted Te:

=0.15%: rms

= 4448

TkHz at bem/sec ) :
* Speed-Variation =+3% L
Turntable Weight = 3%:lbs :
Pick Up Arm — Frlctron Measured at'theHead. % .
Transverse Friction - =200 mgs :
Vertical. Friction =30 mgs.

_ Cartridge Supplied — Shure type M71:6 ,
Tracking Force i = =.2'grams L
Frequency Response =20.t0 20kHz £1

: W ——ZdB
Channel Separation at 1kHZ " =.27dB
Channel difference at 1kHz =1dB
QOutput re 1TkHz & cm/sec. =4.4mV
o Cartridge Impedance =47k 2
Gl Cartridge Weight =6 grams:

Kjaer test records. The second method
would result in a degraded
signal-to-noise ratio, and this would
therefore be just as unacceptable as
the generation of second harmonic
distortion. The only remaining method
is the use of linear tracking arms.

Before considering in detail the
raison d'etre of the Garrard Zero-100
design, it is necessary to consider the
subjective effect of distortion.
Generally it can be said that the higher
the order of the harmonic the more
sensitive the ear is to- it. If it is
supposed to be there — then it will be
pleasing, and will add colour. If
harmonics are there unintentionaily,
such as from an overworked pocket
transistor radio they are very
unpleasant indeed. Thus even a fairly
critical ear will happily tolerate some
3% harmonic distortion, but only
about 1% third harmonic distortion.
Another important subjective effect is

Potentiomster Range: _.. 50_.dB Rectifier:. . RMS ___ Lowerle Freq: _20 _ Hz Wr Spaed 315 mm/sec Paper Speed: 3 __mm/sec,

o
Copenhogen Bl ol St B RNLBE S B L B

% T TEYTY
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R N
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- ‘that the average adult can hear little

above 16kHz, and since modulation

velocity is proportional to frequency

as well as amplitude, the most severe
distortion for given amplitude will
occur at high frequencies. However,
harmonic distortion at frequencies
above 8kHz will not be audibie as even
the second harmonic will be 16kHz,

MECHANICAL CONSTRUCTION

The Garrard Zero-100 player has an
appearance that could be described as
"professional’”’. The base plate is white
enamelled pressed steel and has a
raised section on the righthand side
containing the pick-up arm and its
controls. In the ~centre is an
escutcheon for viewing an illuminated
stroboscope image. On the left hand
side of the deck are a pair of
concentric aluminium knobs. The .
inner knob provides speeds of either
45 rpm or 33-1/3 rpm, and, for
automatic operation, sets the changer
mechanism for the correct record size.
The outer knob provides a variation of
3% of the nominal operating speed.
The pick-up control levers on the
righthand side of the deck provide for
automatic operation, manual on/off
and pick-up cueing, respectively.

These gold-anodized vertical control
levers are well spaced to allow easy
operation,

The cueing fever provides a very fast
lift, but is nevertheless positive and
free of lost motion to ensure that the
stylus can be lowered back into the
same groove. The lowering action is
slow and extremely smooth in both
the manual and automatic modes.

The main feature of the Zero-100, is
of course, the tone arm.
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ZERO TRACKING
ERROR

The Garrard Zero- 1008 is the non-
automatic version of the unit
tested.

The rather large main gymbal bearing
of this arm is enclosed in a clear
rectangular perspex frame.

The ‘universal’ bearing of the
secondary arm consists of a spherical
head resting in an indentation. This is
located in the perspex frame,
approximately one inch from the
centre line of the main bearing. It is
constrained against rough handling or
shipping, by a cage. This gives the
impression of looseness when the head
shell is moved. Nevertheless the
bearing is very positively located while
playing records. B

On the top of the main gymbal is a
small ceramic magnet; this is directly
beneath a similar magnet attached to
the perspex frame.  These magnets
provide the anti-skating force. The
strength of this force is adjusted by
sliding a piece of steel between the
two magnets, thereby decreasing their
mutual repulsion. The position of the
steel shield is visible through the
perspex frame and this has calibration
marks {in grams) corresponding to the
tracking weight of both conical and
elliptical stylii. )

The counter weight is made of
lacquered brass. It screws onto the arm
by means of a central plastic spider
and is locked by a nylon ratchet under
the main arm. This is designed
vibrationally to isolate the mass of the
counterweight from the tone arm, in
an attempt to reduce low frequency
excitation of the system consisting of
the tone arm mass and stylus
compliance. The ftracking force is
provided by a small brass weight under
the tone arm. This will provide
tracking weights of up to 3 grams.

It is at the head shell that one
appreciates the complexity of the
parallel tracking arrangement. The
head shell is pivoted to the main tone
arm and the secondary arm via ball
bearings. The main arm bearing is
designed to be loaded in either
direction, while the one on the
secondary arm is preloaded to remove
play.

These bearings are 'a very important
part of the Zero-100 unit, and to a
large extent determine its
performance. We found that there was
no measurable play in either bearing,

.using  an

but we felt there was probably more.
stiction  than was desirable.
Measurements showed that whilst the
vertical stiction was a very respectable
30 myg, the horizontal stiction was 200
mg. These figures clearly show the
increased stiction caused by using four
bearings for horizontal movement as
against two for vertical movement.

To find out the actual effect of this
sideways friction we set up the arm
Ortofon MIBE cartridge
tracking at 1 gram. We found that the
tracking over some of our audio -
obstacle course test records was
exemplary on the outer channel, but
slight mistracking occurred on the
inner channel and this was. largely due
to the arm’s friction. Using the Shure
M71-6 cartridge supplied to us with
the unit, we obtained excellent
performance at a tracking weight of 2
grams. This is the maximum
recommended for this " particular
cartridge.

While Garrard claim that much lower
tracking weights are possible, we do
not see any point in reducing second
harmonic distortion by reducing
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the error in the tracking angle, and
then replacing it by far more annoying
and objectionable third and higher
harmonics on high leve! transients. We
would therefore recommend that a
heavier tracking cartridge such as the
Shure M71-6 or Ortofon MF15 be
used.

While the arm is possibly “'state of
the art”’, the turntable drive system is
far from it, and is similar to that used
on some of the earliest turntables. It
consists of a pulley driving onto a
pressed steel rim. We found that
although the turntable rumble figures
are quite low, subjectively, they seem
to be higher,” due to the higher
frequency components that are caused
by the ringing of the steel rim.

Although the turntabie weighs 3%lb,
the drive rim is very light. A far better
performance would most probably be
obtained by eliminating the steel drive
rim and incorporating it in the main
aluminium diecasting.

The drive motor is a combination

True tangent tracking geometry.
The Zero 100 tone arm.

Turntable
center

N\

2" rad.

/Pivot between
& /, p.u. head
- 5 and articulating arm
/ / = y — o
SO /
iy

induction and synchronous motor
providing an operating speed as
accurate as the mains frequency, and
independent of voltage fluctuations.

Fine speed adjustment is obtained by
varying the height of an idler wheel on
a conical stepped pulley. The provision
of speed adjustment brings with it the
need for some form of speed
measurement, This is provided in the
form of a stroboscope on the
underside of the turntable. The
stroboscope is illuminated by a
neon-light mirror, enabling it to be
viewed from above.

A simple but well designed feature is
the spring loaded pick-up arm. This
enables the pick-up to rise against a
spring without straining the actuating
mechanism should the unit be
inadvertently started with the arm in
the locked position.

One point which arose during the
testing is the need for a good earth
between the turntable deck and the
amplifier. I this is not provided or

Pickup arm pivot — fixed

Articulating arm
\\ ] pivot — fixed

i
/Y /1[

P.U. arm

an

Arc of stylus
6” rad.
Pivot between p.u. arm and

p.u. head — must be directly
above stylus tip.

Center line of cartridge
tangential to record groove.

ELECTRONICS TODAY INTERNATIONAL — MAY 1972

inadequate, the signal-to-noise ratio
may not exceed 20 dB.

The handbooks supplied with the
Garrard Zero-100 provide detailed
information on the turntable’s
operating principles, construction,
installation and use.

The Zero-100 arm is extremely well
designed, but the same degree of
refinement has not been extended to
the rest of the turntable.

With a suitable cartridge, the
Zero-100 performs well. However,
despite the complexity of the arm
mechanism there is no measurable
difference in performance between the
Zero-100 arm and other top quality
conventional arms. Nor could we
detect any subjective improvement on
most programme material.

The Zero-100 wunit is well
constructed, and while it does not
achieve all the aims it strives for, it is
the best unit that we have seen that
will provide linear tracking without
severely compromising the other re-
quirements of a good pick-up arm. @&

Articulating arm
pivot — fixed

P.U. arm pivot — ﬁxed/
Pivot 1

Articulating
i arm

Pickup arm =~

Pickup head pivots in
this direction as arm
tracks across records.

- L
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TWO BATTERY-

Y- prosect
511

These simple ‘battery
savers’ will provide 9 volts
at up to 250 mA.

T

wé

The 12 volt unit — before
encapsulation.

Fig. 1. This shows a simple way of
constructing the 12 volt version.

ANY battery operated portable
Mappliances are provided with a

socket to enable them to ‘be
connected to a suitable external dc
power supply.

This article describes the
construction of two external power
supplies, or ‘battery savers’, that may
be used to energize many different
types of tape recorders, record players,
transistor radios, etc.

One unit is mains operated and is
intended for use in the home — the
second unit is intended for use in cars
or trucks and operates from the
vehicle’s electrical system,

Both wunits are very simple to
construct, provide adequate regulation
and have sufficient power handling
capacity to operate practically any
small domestic (normally battery
operated) appliance.

As the majority of battery operated
appliances use a nine volt supply, both
units described here have been
designed for a nominal nine volt
output. However for some purposes a
six volt or a four and a half volt
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, * POWER UNITS FOR
SAVERS i
APPLIANGES

iy

oy

-Ve Qutput

I!!!zsv

1 ‘ - T
4 x El\/léhm BZY88C10
U

U

~ +Ve Output

& "4 b = e

12.6 VAC ( e
FROM TRANSFORMER: e X )

d.
2N3055

Fig. 2. Layout of mains operated unit.

R2 100 5W
PARTS LIST S

Twelve volt version

transistor, 2N 3055

zener diode, BZY88C10

diode, EM 401

resistor, 10 ohm, 5 Watt, 10%

resistor, 220 ohm, ¥ Watt, 10%

capacitor, 10U4F, 25 volt electrolytic

— plastic box

Sundries, epoxy resin, cable, solder lug, plug.

{Note, components quoted above are for nine volt output. See Table 1
for alternative output voltages)

o

PR S St

+
TABLE 1 S 2B\ OUTPUT
— Ve
Output Volts ZD1 fR1 (12v) R1 (240V) -
ohms ohms =0
9 BZY88C10 220 ‘ 330 F;’gIé? Clircuir d/agZam_
75 BZY88C8V?2 330 470 ! o volt operated unit.
6 BZY88C6V8 | 470 680
45 BZY88C5V1 470 J 680
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TWO BATTERY-SAVERS

output may be required. This may be
readily achieved by replacing the
components ZD1 and R1 by those
shown in Table 1.

CONSTRUCTION

The 12 volt version has few
components and the simplest method
of construction is that shown in Fig. 1.
As can be clearly seen, all components
are soldered directly onto the power
transistor.

After checking that it operates
satisfactorily and that all joints are
properly soldered, the complete unit
may then be placed in a small plastic
box and encapsulated in epoxy resin.

A cigarette lighter adaptor is fitted to
the irput lead and an appropriate
power plug to the output.

The mains-operated version is larger
than the simple 12 volt operated unit.
This unit should be constructed using
tag strips or matrix board.

completed unit when finished, should
be mounted in a suitable box.

THE UNITS IN USE

Both units have been designed so
that they will not be damaged if the
output is accidentally short circuited.
Nevertheless a continual short circuit
must not be applied as this will cause
excessive heat to be generated within
the 10 ohm resistor.

If the appliance already has a socket
for an external power supply this will
almost certainly be of a type in which
the plug cannot be accidentally
shorted. If no socket is fitted then an
external power supply socket should
be installed. Standard plug/sockets for
this purpose are readily available from
most parts suppliers, but note that
plugs/sockets intended for nine volt
use are not interchangeable with those
intended for six volt use — the centre
pins are of different diameters.

The socket should be of the type
which has a contact for disconnecting

A layout showing tag strip the internal battery when the power
construction is shown in Fig 2. The supply is plugged in. ®
PARTS LIST

— transistor, 2N 3055
— zener diode, BZY88C10
diodes, EM 401

— transformer, 240 volt to 12.6 volts {100 mA minimum]

HOW THEY WORK

Twelve volt unit

Q1 is a ‘series pass’ transistor and
drops the supply voltage to the
required regulated output voltage.

The output of the transistor is
controlled by the Zener diode ZD1,
Resistor R1 supplies current for the
correct operation of ZD1 and also
provides base current for Q1.

The 10 ohm series resistor prevents
damage to the transistor if the output
of the unit is accidentally short
circuited.

The EM 401 diode prevents reverse
polarity of the supply voltage. If a
polarized plug is fitted to your
vehicle, this diode may be omitted.
Again if there is no possibility at all
of accidentally shorting the output —
the 10 ohm resistor may be replaced
by alink.

The 2N 3055 ‘series pass’ transistor
is much larger than requircd. We have
specified this device as it provides
very good overlead capability and is
readily available at low cost (under
£1.50 from many suppliers).

MAINS OPERATED UNIT

The mains operated version is
complicated only by the addition of
a power transformer, diode bridge,

— resistor, 10 ohm, 5 Watt, 10%

— resistor, 330 ohm % Watt, 10%

— capacitor, 10uF, 25 volt electrolytic

— capacitor, 220F, 25 volt, electrolytic

Sundries, plug, tag strips, cable, solder lug etc.

{Note, components quoted above are for nine volt output, See Table 1
for alternative output voltages)

and a smoothing capacitor. The EM
401 diode used to protect against
reverse polarity is obviously not
required. Operation is otherwise as
described above.

RSN N N SN
|

R2 10Q sw

R1
3308 %W

10V Q1

4x EM401 2N3055

D1
B2Y88C10

(o
240 VAC ”l
o— y )

+
Cc2
T 10uF 25V OuUTPUT
 —— O

EM401

~ 2N3055

Fig. 4. Circuit diagram of mains operated unit.
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powerful new electronic pocket
calculator, the HP-35, has been

introduced by the Hewlett-
Packard Company.

The new calculator is designed for a
broad range of applications in science,
engineering of all types, statistics,
mathematics, education, business and
finance. Customer deliveries are
expected to begin in July or August of
this year.

The calculator weighs only nine
ounces (complete with rechargable
nickel-cadmium battery} and fits into
a shirt pocket. The new
battery-powered unit can be likened to

a ''fast, extremely accurate electronic
slide rule, with a solid-state memory
similar to those used in computers’’,
says Hewlett-Packard.

The HP-35 bears little resemblance to
other pocket calculators, is said to
offer many features previously found
only on large desk-top machines
costing several times as much.

All trigonometric and logarithmic
functions, square root, addition,
subtraction, multiplication and
division, together with several other
mathematical operations, are
performed by the HP-35 in a fraction
of a second. Each of these operations

ELECTRONICS TODAY INTERNATIONAL — MAY 1872

This new broad-range calculator
can fit into a shirt pocket.

The HP-35 has especially designed
MOS/LSt (Metal-OxideSemi-
conductor / Large-Scale  Integration)
is carried out with a single stroke of
one of the unit’'s 35 keys.

The unit has an “operational stack”
of four registers, plus a data storage
register for constants. The stack holds
intermediate answers, and, at the-
appropriate time, automatically brings
them back for further use. This
eliminates the need for making notes
or re-entry of intermediate answers
when performing chains of
calculations such as sums of products
or products of sums.

HANDLING CAPABILITY FROM
10-99 TO 1099

Answers appear automatically on the
calculator’s bright red
light-emitting-diode display, which can
show numbers having up to 10 digits
plus two-digit exponents and
appropriate signs. The HP-35 features
automatic decimal point placement
and automatic scientific notation for
very large or very small numbers. Like
larger, more expensive calculators, the
HP-35, is accurate to 10 significant
digits, and has the ability to handle
numbers as small as 1 x 10-99 or as
farge as 9.999999999 x 1099 (that's
almost a 1 followed by a hundred
zeros). ‘

The size (approximately 3 x 6" x
1), convenience and power of this
cafculator should change present
patterns of calculator usage. With the
HP-35, intricate calculations that are
currently handled only with larger
calculators in the laboratory or office
will now be performed on the spot, in
the field, in meetings, at home or
whifst travelling, state
Hewlett-Packard.

LARGE-SCALE INTEGRATED
CIRCUITS (LS1)

The HP-35 has especially designed
MOS/LS! (Metal-Oxide-Sem-
iconductor/Large-Scale  Integration)
circuits using a new low-power,
high-performance ion-implant process.
These circuits are believed to be the
largest presently in volume production
in the world. Each is equivalent to
6,000 transistors — a total of 30,000.

The new calculator comes with a
sturdy travel case, a soft leather
personal carrying case, a battery pack,
an AC adaptor and battery recharger,
foil name tags and an instruction
manual. Additional battery packs are
available as optional accessories. The
calculator carries a 12-month
warranty. @
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Although Harmon-Kardon is
an American company, their
new Dolbyized cassette re-
corder is built in Japan.
Louis Challis reports . . .

34

E Harmon-Kardon  cassette
recorder is one of the smallest
stereo recorders we have seen to

date, and certainly the smallest of
those that incorporate the Dolby noise
reduction system.

The external appearance is attractive.
Imitation timber panelling is used on
the top and front of the recorder, both
side panels are timber with imitation
edge strips, and the splayed control
panel is finished in matt black. Al
controls are mounted on a splayed

panel at the front of the recorder, with
the exception of the two microphone
inputs. These are located on the front
panel. This panel has a rocker-type
stereo-mono mode select switch at the
left hand end adjacent to six small key
switches. These key switches provide
the following functions:—

a) record interlock

b) fast rewind

c) stop and cassette eject
d) play or record
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e) fast forward
d) pause

Four small bezel indicators are
mounted below the key switches.
These indicate: —

a) record mode

b} drive motor ‘on’

c) record level overfoad
d) Dolby ‘on’

These are inadequately Hluminated
for medium to bright room conditions,
with the exception of the overload
light which was extremely bright when
operative.

To the right of the key switches are
dual VU meters, two slide-type record
level potentionmeters, the Dolby “in”
rocker switch and the power "‘on”
rocker switch. The dual VU meter is
clearly marked and easily read from a
distance, although calibration s
slightly inaccurate.

The cassettes are drop loaded onto
the loading platform, which is raised
by operating the "stop-cassette eject”
key switch. The loading platform and
cassette may then be pressed into the
operating position without closing the
smoked perspex dust cover. However,
the manufacturers do recommend
closing the dust cover to guarantee
correct location of the cassette.

A small tape counter, which may be
used for cueing, is located just behind
the cassette well.

Four holes on the rear panel provide
access to tab potentiometers so that
the record and playback levels may be
correctly adjusted before making
Dolbyized tapes. The playback level
potentiometers are normally preset in
the factory and should not require
further adjustment. In fact, if one does
wish to check their setting it is
necessary to obtain a Dolby level
setting tape which is pre-recorded with
a Dolby test tone of standard
intensity. The record level
potentiometers should be adjusted to
provide optimum bias for each type or
brand of recording tape, and the
handbook explains how this should be
done. A “hold-on” pushbutton is
located on the back panel so that a
Dolby test tone may be recorded on
the desired brand of tape for adjusting
the record level potentiometers.
Adjacent to this pushbutton is a
second push button for bias selection
for chromium dioxide tape.

All inputs and outputs are effected
via three pairs of R.C.A. coaxial
sockets tocated on the rear panel. Two
pairs of sockets are for inputs, one pair
is for high level inputs (typically
600mV) and one pair is for low level
inputs (typically 200mV). The third
pair is for the output (950mV for
OVU output level).

For the subjective tests we recorded
some of our favourite records on
Advocate Crolyn CrO> and on BASF

Low Noise cassettes and compared the
recorded tapes with the original
recordings in an A-B type test.

With the chromium dioxide tape the
difference between it and the original
was impossible to detect, except for a
slight foss in the very high frequencies.
{On many recordings there is negligible
high frequency content above 12kHz
and no difference would be discernible
between an original and a recording on
chromium dioxide tape). The loss is
more apparent with the BASF Low
Noise tape which on this recorder,
rolls over at a frequency of
approximately 10kHz. However, as
many speaker systems roll over ahove
12kHz, the frequency response of the
BASF ‘tape will be more than adequate
for most domestic hi-fi installations.

The measured performance
confirmed our subjective appraisal.
The record to replay frequency
response extends to 13kHz with
chromium dioxide tape. During the
subjective and laboratory
measurements we found the force

required to operate the key switches
rather excessive, particularly the
record/repfay switch. Admittedly we
were continually changing from record
to rewind to playback modes, which
tended to accentuate the force
required.

On a machine described by the
makers as a professional stereo
cassette, we expected to find a tape
sensor of some form that would
release the pinch roller and stop the
drive motor when a tape fault
occurred, but were dismayed when we
realised that should a tape break,
particularly during a recording session,
the drive motor is kept operating and
the only visible indication that a fault
has occurred is that the feed hub has
stopped rotating.

PRINTED CIRCUIT BOARDS

The electronic circuitry is contained
on six printed-circuit boards. The main
board, located under the cassette
chamber, is fitted with three multipin
plugs to facilitate removal for repairs.

AHGH NOLTAGE WSIDE,

" UNIT HAS NG USER : BERVICEABL

5
BUTTOMICOVER SHOULD  BE. REMOVEDS S "QUALIFIO YECHNIGIAN OfeL)
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THE
HARMON-KARDON
CAD5 CASSETTE
RECORDER

An intriguing, but excellent feature
of the main printed circuit board is the
addition of pieces of insulated wire
approximately %" long soldered to the
various test points on the board. The
free end of these wires are bared and
looped so that alligator clips can be

fixed to them for testing and
adjustment purposes.
Another unusual feature of the

circuitry is the 6 volt dc drive motor
which eliminates the need to change
drive pulleys for 50Hz or 60Hz
operation and eliminates the high level
of hum associated with dc motors.

The take-up spool sensor consists of
a reed switch and a rotating magnet
located under the tape counter. The
mains transformer, which is mounted
in a large compartment at the right
hand end, is fitted with two primary
windings which may be wired in
parallel or series for 110V or 220V
operation respectively. It would
appear from the size of this
compartment, and the use of a 6V dc
motor, that the unit could be readily
modified for battery operation. This
would improve the signal to noise ratio
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" MEASURED PERFORMANCE OF HARMON KARDON MODEL

NO. CADS

CASSETTE RECORDER (WITH DOLBY) SERIAL NO. 088669

RECORD TO REPLAY FREQUENCY RESPONSE:
Record level OVU

BASF tow noise C60

40Hz to 5kHz *2dB

TDK C-60SD

40Hz to 4kHz *2dB

Advocate Crolyn C60 40Hz to 8kHz *dB

Record level -10VU

40Hz to 7kHz *2dB
40Hz to 6kHz *2dB
40Hz to 13kHz *1dB

TOTAL HARMONIC DISTORTION RE 1kHz SIGNAL AT

ovu
1.5%

INTERMODULATION DISTORTION

Combined with signals of ovu
1kHz & 960Hz 0.6%
CROSS TALK AT OVU
100Hz
TkHz
10kHz

-10vU
0.4%

-10vuU
0.4%

36dB
34dB
30dB

SIGNAL TO NOISE RATIO RE 1kHz SIGNAL AT OVU

Unweighted

=46dB

Without Dolby {A scale) welghted = 55dB

With Dolby (A scale) weighted
WOW AND FLUTTER 0.2% rms

= 58dB

SPEED ERROR, RECORD TO REPLAY Typically +0.4% to +0.8%

Dimensions 12‘/:" wide x 9 deep x 3%4"

36 Wepght

high

10lbs.

T

(with Dolby)} by as much as 10dB and
would make the unit fully portable. A
12V battery wired in after the rectifier

would appear to be the only
modification required.
The wunit was supplied with a

complete set of RCA patchcords for
record and replay. An 11" x 8%, 12
page Instruction Manual was also
included. This very adequately
describes the recorder’s operations,
but is inadequate in terms of
maintenance instructions for fault
finding. A circuit diagram is not
supplied.

This recorder again highlights the
advantages of incorporating the Dolby
‘B’ Noise Reduction system with a
cassette recorder capable of utilizing
the full capabilities of chromium
dioxide tape.

This test report, graphs and measured
specifications show that the Harmon
Kardon recorder is a well-made unit
with good performance. But it is a pity
that the manufacturers describe itas a
‘professional’ unit. ‘Professional’ is a
reasonably precise term and we feel
that gimmicks such as this are out of
keeping with the standards that we
expect from truly  professional
equipment. But intending purchasers
should appreciate that this is a
criticism of the promotion rather than
the unit itself, ]
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The black vehicle hés 'e/ectron/ca/ly controlled braking.

lectronic Al

Electronically controlled braking system

utomotive experts have been
Apredicting for some time that

an electronic anti-skid braking
system for motor vehicles would be in
production in the near future.

This has now happened, and a system
basically similar to early forecasts will
be available as an option on
Mercedes-Benz commercial vehicles,
buses, and their 350SL passenger car
as from April this year.

Despite the recent introduction
of twin hydraulic circuits, practically
fade-free disc brakes and anti-rear
wheel locking valves, Mercedes-Benz
felt that too much reliance was placed
on the driver to assess and remain
within the confines of the physical
laws of friction.

Locked wheels do not have
directional stability. Their braking
efficiency is also less than with wheels
braked to within a fraction of locking.

OPTIMUM BRAKING

The co-efficient of adhesion of a tyre
— which, when multiplied by the
wheel load gives the braking power —
is dependent on tyre slip. If the tyre
turns freely in relation to vehicle

ensures optimum deceleration
regardless of surface conditons.

speed, the slip is zero and the
transferable braking power is zero.

With a slip of 10 to 15% (that is to
say, when the wheel turns 10 to 15%
slower than the corresponding vehicle
speed), the coefficient of adhesion,
and therefore the braking power reach
a maximum.

If the slip is higher, the co-efficient
of adhesion decreases, and with 100%
slip, i.e. when the wheel is locked, it is
generally at a minimum.

Only on ice 1s the co-efficient of
adhesion curve generally horizontal.

With these facts in mind,
Mercedes-Benz considered that further
improvements in braking performance
could only be achieved through an
automatic system that ensured the
optimum application of braking effort
for all road and tyre conditions during
an emergency stop.

HOW THE SYSTEM WORKS

As soon as a wheel begins to lock up
as a result of excessive pressure on the
brake pedal, the automatic control
system reduces the braking force to
such an extent that the gripping
capacity of the tyre is not exceeded
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even if full brake pedal pressure is
applied.

The components of the system are
shown in Figs. 1 and 2.

Fig. 1 shows the arrangement of the
electronic sensing and control circuits.
The schematic diagram (Fig. 2) shows
the layout of the hydraulic part of the

system.

If a whee! tends to lock up as a result
of excessive pressure on the brake
pedal, its rotational speed decreases
very rapidly. A  digital signal,
proportional to wheel velocity, is sent
by a digital transducer in each wheel
to an electronic control unit. A

differentiating circuit within the
control unit converts this digital
(velocity) signal into a voltage

proportionate to deceleration.

This voltage is then compared with a
predetermined  highest permissible
value {roughly proportional to a whee/
deceleration of 1.3G). If this level of
deceleration is exceeded, a control
signal is instantly transmitted to an
electro-magnetic valve that in turn
reduces the pressure of the brake fluid
on the appropriate wheel.

As soon as this happens, the wheel,
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FIG. 1 HOW THE ELECTRONIC SENSING AND CONTROL SYSTEMS ARE INSTALLED

Front wheel sensor
Rear wheel sensor
Hydraulic unit
Pressure switch
Electronic unit
Warning light
Starter switch

NOOTA WK~
LI O I O T (N

Front wheel sensors
Hydraulic unit
Electronic unit
Rear wheel sensors
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now receiving less braking power,
accelerates again. This is registered by
the wheel’s sensor, and again the
contro! unit reacts and brake line
pressure is re-applied until speed drops
once again and the cycle begins anew.

To fully appreciate the operation of
this system it should be clearly
understood that the wheel sensors are
monitoring wheel deceleration and not
necessarily vehicle deceleration. At
low braking efforts the two levels of
deceleration will be virtually the same,
but the instant that the wheel begins
to lock, the wheel deceleration
becomes many times greater than the
vehicle deceleration and this s
registered instantly by the electronic
control unit. This technique ensures
that the optimum level of deceleration
will apply regardless of the co-efficient
of friction of the road surface.

THE
ACTION

With conventional brakes, a car can
be stopped from 60 mph within 160
feet. Using the Mercedes system the
same car on the same road can be
stopped within 138 feet. The
reduction by 24 feet corresponds to a
16% increase in braking efficiency.

But this does not tell the whole
story, for when braking, speed does
not decrease in a linear progression;
retardation increases towards the end
of theé stopping distance. At the point
where the car equipped with the
electronic system has stopped from 60
mph, the conventionally braked car
would still be doing 25 mph.

On wet roads, the differences in
stopping distances are even more
dramatic. For example, on wet
concrete a conventionally braked

CONTROL SYSTEM IN

FIG. 2 THE HYDRAULIC SYSTEM
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vehicle travelling at 90 mph recorded a
stopping distance of 543 feet, whereas
another vehicle, identical except for
electronic ‘braking control, stopped
within 336 feet. At the point where
the ‘controlled’ vehicle had stopped,
the ‘uncontrolled’ vehicle’s speed was
still 53 mph. :

More important still is' the fact that
with the automatic system the vehicle
remains steerable — this is dramatically
illustrated in our lead photographs
where vehicles with the electronic
system are seen maintaining their
cornering line despite heavy braking,
whilst conventionally braked vehicles
have left the track.

It is greatly to Mercedes-Benz’ credit
that  despite their very heavy
development costs they have agreed to
make the system available to other
motor manufacturers, ]

he hydraulic unit features the following components:
tandem master brake cylinder with brake booster

inlet valve, front wheel

outlet valve, front wheel
caliper, front wheel (disk brake)
valve set, rear wheel

caliper, rear wheel (disk brake)
brake fluid reservoir, front axle
brake fluid reservoir, rear axle
check valve

dual-circuit floating-piston eccentric pump, driven by electric motor

hydraulic unit
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We test ihe Drake R-4B
and SPR-4 communicati
receivers.

N AT T

[ ]
electronics
TODAY
INTERNATIONAL

product test

The largest and most energetic
fraternity of amateurs in the
world is that of the United
States.

There, amateurs enjoy greater
freedom than elsewhere and have the
ability to buy some of the best radio
equipment manufactured in the world.
Regretably, most of this equipment is
not readily available in this country as
by comparison the market is small,
and the prices are higher than locally
made receivers.

The little equipment that is imported
is usually sold on indent or before it is
even landed and so is seldom available
for testing. Fortunately, two Drake
communications  receivers became
available for review just before we

went to press and although we were .

short of time we decided that it was an
opportunity not to be wasted, for the
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R. L. Drake Company is well known
and respected and their reputation
stands high.

The two receivers tested were an
R-4B, a hybrid valve/transistor receiver
intended primarily for amateur use;
and the newer SPR4, a fully
transistorised receiver intended both
for communication and amateur use.

THE R-4B

The R-48 was the first receiver of the
two that we put through the hoops. It
is a compact double-conversion
receiver with a host of operational
features calculated to please the most
sophisticated amateur (or
professional).

The front panel is divided by a bold
two colour treatment into two areas,
the upper being light grey and the
lower dark grey.

The upper area contains a large
illuminated S meter, a function knob
for off/standby/on/external
mu te/noise blanker/calibrate, a
passband selector lever for 0.4, 1.2,
2.4 and 4.8 kHz bandwidths and a
concentric knob for upper and lower
sideband. A precision geared drive on
the right-hand side controls a 500 kHz

\\\\\\||'PI/II
000
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bandwidth tuner. This is calibrated in
1 kHz but divisions can be accurately
read to 250 Hz.

The lower section of the front panel
has controls for selecting any of five
crystal controlled amateur bands,
3.5-4, 7.0-7.56, 14.0-14.5, 21.0-21.5
and 28.5-29.0 MHz {for which crystals
are supplied), and a control for
selecting ten additional but optional
crystals for 500 kHz ranges between
1.5 and 30 MHz (except between 5.0
and 6.0 MHz).

Other controls are a preselector an
RF gain, variable notch filter, a mode
selector (for AVC off, fast AVC, slow
AVC, SSB/CW, and AM) an RF gain
control and AF gain control.

A control on the side of the receiver
enables fixed frequency crystal
operatlon to be selected. Also on the
side is an S meter zero adjustment, a
notch filter adjustment, and a phone
jack.

On the rear of the receiver, sockets
are provided for accessory power
output. There is also an injection
socket for transceiver operation, a
mute jack for transmitter controlled
operation, an Anti-Vox socket for use
with  transmitters whereby voice

ELECTRONICS TODAY INTERNATIGNAL — MAY 1872



PROGRESS

transmission can be inhibited, a
speaker output for impedances down
to 4 ohm, and an RCA coaxial type
antenna connector.

The internal circuitry of the R-4B is
both unusual and practical. The
receiver uses ten valves, ten transistors,
and seventeen diodes. There are also
two JK flip-flop integrated circuits in
the double binary division of the
frequency calibrator.

INPUT STAGE

The input stage consists of a
permeability-tuned transformer, tuned
pre-selector, and associated RF
amplifier. This is followed by a
transistorized permeability-tuned
V.F.O. (variable frequency oscillator)
a crystal controlled oscillator, and a
pre-mixer valve, _

The variable frequency oscillator is
tunable from 4955 kHz to 5455 kHz
whilst the crystal frequency is selected
so that the difference obtained by
heterodyning the output of the V.F.O.
will always be 5645 kHz higher in
frequency than the desired signal
frequency.

The first mixer is coupled through
the permeability-tuned  pre-mixer
output coils and is heterodyned with
the RF amplifier to provide the.
difference frequency of 5645 kHz
which is passed through a crystat filter
to the second mixer.

The second mixer control and screen
grids are connected as a Pierce type
oscillator which is crystal controlled: to
operate at 5595 kHz, the resulting
output is then the 50 kHz difference
frequency.

The 50 kHz output is fed via
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permeability-tuned T notch filter to
the first IF amplifier. The IF amplifier
has an IF tuner incorporating four
high Q, LC circuits which utilise
gauged permeability-tuning to obtain
four bandwidths of 0.4, 1.2, 2.4 and
4.8 kHz at the 6dB points.

The second’ IF amplifier is followed
by a fixed tuned transformer stage and
the detection circuits.

“When in either the SSB or CW
positions, the beat frequency oscillator

is activated. This produces a 50 kHz
signal which is applied to a product

detector and heterodynes with the ‘50
kHz signal from the second |F output
stage. ‘With the receiver in the AM
mode the beat frequency oscillator is
off and an AM detector and amplifier
is activated.

ABOVE:

Underside view of the
R-4B shows excellent
accessibility of all
components.

HOUMS

I
:

suiolaaep Su

LEFT:

Drake R-4B receiver
— the speaker to the
left of the receiver is
standard equipment.
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DRAKE'S PROGRESS

The * automatic volume control
system uses two transistors to provide
 a fast actuating circuit with a time
constant of  approximately 25
milliseconds and a slow actuating
circuit with a time constant of
approximately 750 milliseconds.

The output of the second mixer is
also coupled into an effective noise
blanker circuit which when actuated
by a noise pulse, significantly ‘above
the received signal level, shunts the
output of the first 1F amplifier to
ground whilst the level of the noise
pulse is maintained.

To provide accurate
calibration on each revolution of the
main dial the 100 kHz signal is divided
by the two micro- Ioglc 923 JK
flip-flops to provide a elean 25 kHz
square wave with harmonic output
suitable for calibrating to beyond 30
MHz. )

The audio output stage is a class A
amplifier valve arrangement with an
output transformer wound for a 4
ohm load.

The receiver comes complete with a
detailed 38 page handbook and
excellent circuit diagram and crystals
for the amateur bands. An added
feature is the inclusion of a set of
cable marking tags for attaching to
each end of the cables used in any
possible set up. 2

THE SPR-4 RECEIVER

The SPR-4 receiver has many
similarities to the R4-B including

42

frequency

permeability-tuning but has been
designed with a different end user in
mind.

Firstly, it is all solid-state from the
new dual gate MOS FETs (field effect
transistors) to the audio. output
transistors. Secondly, it has the ability
to tune from 150 kHz to 30 MHz
(depending on the crystals selected)
for marine, general purpose amateur or
communication work. Thirdly, it is
designed for mains or battery powered
operation and on 12VDC only needs 2
watts of power (when the dial lights
are switched off).

The two colour treatment on the
front panel of the SPR-4 is similar to
that of the R-4B.

The upper section of the front panel
contains the S meter, a frequency
preselector range switch for selecting
the crystals and which simultaneously
indicates the preselector position and
range switching, the main tunlng dial
and the preselector.

The lower section contains the range
switch for tuned circuit adjustment,
the concentric RF/AF control, the
mode selector and the conceéntric
function selector and the notch filter.

The circuitry is aimost the same as
that of the R-4B receiver including the
crystal filters and permeability-tuning.
Transistors are used for all operational
functions including those difficult
tasks of mixing where ordinarily
transistors seem to be at a
disadvantage. To compensate for this
normal deficiency, Drake have made
use of dual gate FETs (MFE 3007’s)

good and well

which they claim have improved cross
modulation, intermodulation, and
AGC performance. We found their
claim to be justified.

The circuitry makes clever use of
MOS FETs to duplicate the grid
control performance and impedances
of valves. Whilst a long tail pair is used
for the first mixer, the other mixers
and IF amplifiers are all dual gate
FETs.

The major difference between this
receiver and the R-4B is the audio
amplifier which uses 7 transistors in a
‘single ended’ push-pull circuit. The
main receiver uses 28 transistors and
21 diodes, an additional two
transistors and 2 diodes are used to

‘plug in 100 kHz calibrator and 14

transistors and 2 diodes in the plug-in
5-NB noise blanker.

The handbook supplied with the
SPR-4 is only 13 pages in length and is
too brief to be of real technical value.

The receivers drift when initially
switched on. This is to be expected
and despite the drift both the receivers
are immediately usable. The initial rate
of drift is typically at a rate of 100 Hz
per 15 minutes but this drops to 80 Hz
per hour for the R-4B after two hours
warm up and 75 Hz per hour for the
SPR-4 after one hour warm up. The
frequency stability of the SPR-4 is
slightly better for intermittent mobile
use and its total drift in the first hour
of operation was only 300 Hz. This is
particularly good.

The sensitivity of both receivers is
within the
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communication receiver class:
Receiver Signal to Noise Ratio on AM at 1LV

Frequency: R-4B SPR-4
3.750 MHz 8dB 14dB
7.075 " 7dB 13dB

14,100 7dB 14dB

21.250 8dB 14d8B

28.750 7.5dB 13dB

The SSB sensitivity of both receivers
provided better than 9dB signal to
noise ratio at all frequencies for
0.25 uV signal tevel.

The noise factor of both receivers is
better than most communications
receivers, being typically 4dB on AM
at 4.8 MHz for the SPR-4, and-5dB for
the R-4B.

The term WNoise Factor is often
misunderstood as it is a measure of the
added  noise provided by the internal
circuitry of the receiver. Most other
communications receivers which we
have tested have been unable to
provide an overall noise figure of less
than 4dB.

The |F selectivity is excellent-and
both receivers had the following basic

performance:

Nominal Actual bandwidths at the
bandwidths 6dB points & 60dB points
4,8kHz 4 8kHz 10kHz
2.4kHz 2.4kHz 7.2kHz
1.2kHz (R-4B) 1.2kH=z 4.9kHz
400Hz 400Hz 2.7kHz

The image rejection of both receivers
is 80dB for both the first IF and
second |F, whilst the handbook
conservatively claims ““over 60dB”’.

The S meters for both receivers were
checked out and whilst the SPR-4 was
in order the R-4B was not correctly
adjusted. The actual adjustment is not
complex but.we didn’t attempt to play
with it,

The sheet metal cover of the R-48B is easily removable.

Measured Results for DRAKE SPR-4 S/N 493 and R-4B S/N 10865 R

.Frequency Coverage
As supplied

Selectivity
6dB Bandwidths

Sensitivity AM
SSB

Spurious Rejection

Spurious Signal

Frequency drift

after 1 hour warm up
A.V.C.

Audio output at

A.V.C. threshold for

30% modulated signal
Power consumption 240V
Size and weight:

SPR-4 R-4B
150 — 500kHz 3.6 -4 MHz
5~ TMHz 70-75"
= Uda, =% 14.0 — 145 "
6—65 " 21.0-215
7-75 v 28.5-29.0 "
9.5—-10
ns6-12 -
17.6-18 *
21.6-22 ~

400Hz, 2.4kHz, 4.8kHz
0.54V for 8dB S/N

0.25uV for 1

Image Rejection 80dB

400Hz, 1.2kHz
2.4kHz & 4.8kHz
1V for >7dB S/N
0.25uV for >9dB S/N
Image Rejection 80dB

0dB S/N

Less than 0.25uV
equivalent signal on all’

ranges tested

for

both receivers.

less than 75Hz/hour

effective above 6LV

0.75 watts
19 watts
10.75" wide
x 12.5" deep
18 Ibs

less than 100Hz/hour

effective above SuUv

0.55 watts

58 watts

10.75" wide k 5.5’ High
12.5" deep

16 Ibs

x 5.5 H.

The S Meters sensitivities were as

follows:

SPR-4
S1 1uV
S2 B
S3 O . i
54 14
Sh 22 "
S6 Sz 1%
S7 50 "
S8 70 -
S9 100
+20dB 1mV
+40dB 22 mV
+60dB 120 mV

R-4B
1uVv

1.8"

2y

4

56"

10"
20 e
40"

70 "

The A.G.C. action on both receivers
was very good. For the SPR-4 it
commences at 6 uV and holds the
output within 3dB up to 100 mV and
to within 6dB up to 560 mV input.
For the R-4B the A.G.C. commences
at 5uV. It holds the output within
3dB up to 5 mV, and 8dB up to 500
mV.

Neither receivers has any vices in
tuning in SSB, AM or CW and in each
case the notch filter nulls out single
frequency carriers as if they didn't
exist.

During field trials out of Sydney
both receivers proved to have excellent
performance on both the. amateur
bands and the marine bands. There are
only a few features which we didn’t
like.

Firstly we do not feel that double
concentric controls are practical. The
early Collins 51J4 receivers featured a
lever control similar to that used by

Drake and this proved to be
troublesome.
Secondly the application of a

concentric audio/RF contro! as found
on the SPR-4 does not please most
users searching for a low level signal.

Thirdly when used at high levels the
internal speaker on the SPR-4 caused
microphonics in the permeability
tuners, so it was obvious that the use
of an external speaker, or phones is
essential.

There may be better receivers
around, but these receivers would
undoubtedly be two of the best
general purpose tuneable receivers that
we have yet seen for amateurs, coastal
radio or general purpose
communication work. o
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Fig. 1. Circuit diagram of complete unit.

PROJECT

Photograph a bursting balloon —
or shattering light globe — by
using this sound operated device.

3

HIS month’s dramatic front

cover picture — and the

photoegraph sequence
reproduced in these pages — were
taken using the sound operated flash
described in this article.

The wunit triggers any standard
electronic flash gun a predetermined
(and adjustable) time after any specific
sound. The sound level at which the
unit will trigger is adjustable by
potentiometer RV1.

The unit is intended to photograph
practically any fast (sound causing)
transient phenomena — a surprisingly
large number of uses can be found in
specialized photography, science, and
industry. The ability to delay the fiash
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Fig. 2. This is the foil pattern of the Vero-
board. The breaks shown in the copper tracks
should be made using a sharp-pointed drill.

from five milliseconds to 200
milliseconds _after the onset of the
event increases the unit's versatility
very considerably.

CONSTRUCTION

The unit is very simple to make —
and for this reason we decided to build
it onto Veroboard rather than go to
the expense of a special printed circuit
board. .

Figure 2 shows the foil pattern of the
Veroboard, Fig. 3 shows the
component layout.

Cut the Veroboard to size and use a
sharp pointed drill to break the copper
tracks as shown. Locate and solder the

ELECTRONICS TODAY INTERNATIONAL — MAY 1972

compgnents onto the board, paying
particular attention to the polarity of
capacitors and diodes, and to the pin
connections of. the integrated gircuit.

The unit is physically quite small and
may be housed within any suitable
box or plastic container.

Assembly should be completed to
the level shpwn in Fig. 4 and the unit
fully tested before final assembly into
the box.

OPERATION
The unit is designed for use with
electronic flash guns using the

capacitive discharge firing system.
To use, simply connect a high output
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SOUND-
OPERATED
FLASH

PARTS LIST ET1514
Rl — resistor 1k ohm ¥ Watt 10%

R2 — K = »
R3 - k] 100k ” 2 k]
RAi_ » 10k » » »
RS - ? 10k 2 2 "
R6 __ " 3.3k ”» ” khd
R7 s, 2 4‘7k k] 247 k]
R&— ” Kk » »
RV1 potentlometer 5M log

RV2 50k ”

C1 Capacitor 33 uF 10V electrolytic

C2 »”  0.0047 uF 100V
C3 > 10 uF 16V
C4 ”  0.1uF 100V

Q1 Transistor BC178 or similar

D], D2 diode 1N914 or similar

1CH Integrated circuit uA 741C
(metal can type only)

SCR1 C106D1 .

SW1 Switch single pole single throw

9V  battery

Plug for flash and or an extension cord

Microphone jack

Microphone — ngh output crystal

Veroboard (0.157)

ov TO RV1 +9Vv  TO SW1
\ /

TORV1
TO RV2

TO RV2

TO FLASH

Fig. 4,

These pictures show how the variable time delay facility can be used to capture the effect of a ball bouncing in a container of fluid. The pictures
were taken with the sound operated flash unit set at time delays between 50 milliseconds and 200 milliseconds.
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crystal microphone (these are cheap
and readily obtainable) into the mic.
input socket on the unit, and plug the
unit’s flash lead into the flash gun.

Switch on SW1 and adjust RV1 so
that the flash is not triggered by
ambient noise, but will be triggered by
the event to be recorded — i.e., a gun
firing, hands clapping, glass breaking,
etc.

in most circumstances the

stop-action photography must be done
in a dark room with the camera
‘shutter open, or if only black and
white film is used — using a red
photographic safe-light. Assume for
example, that we wish to photograph
a bottle at the instant of being broken
by a stone from a catapult. The
equipment, catapult and bottle are set
up initially in the light and tested to
confirm  correct  function and
sequence.

A test run is then performed, using
an arbitrary setting of the delay, in the
now darkened room. This is done by
opening the shutter, firing the catapult
and then closing the shutter before
turning on the lights. (Although
shooting a bottle in the dark may seem
very difficult — with a little practise it
is surprisingly easy — our front cover
picture was taken just this way. It is of
course potentially dangerous and it is
essential to wear eye protection.)

Subsequent development of the film
will show whether the chosen delay
was correct. If too short, the bottle
will be photographed before actually

breaking up — if too late the action
will have progressed further than
required. Further pictures should then
be taken varying the time delay to
‘bracket’ the actual delay that is now
estimated as correct. With a little
experience the user will be able to

i

TV AN

Basically the microphone triggers
the 1C monostable circuit which
subsequently triggers an SCR, and
hence the flash, after a time delay.
This delay is adjustable — by varying
a monostable on-time — from $§
milliseconds to 200 milliseconds.

Integrated circuit IC is an HA741C.
This is a dc differential amplifier with
a high gain — typically 25,000. The
output swing of the IC with a 9 volt
dc supply is of the order of 6 volts,
and this is obtained with an input
swing of only 240 microvolts. This
makes the IC ideally suited for use as
a comparator and is the mode of
operation utilised in our circuit.

Due to the very high gain and the
relatively large input signals normally
encountered, the IC is almost always
either fully cut off or fully saturated.
The linear region is very narrow and
is not utilized in this circuit.

The two inputs of the IC (pins 2
and 3) would be at the same
potential were it not for the bias
current supplied through RV1. This
raises the voltage at pin 2 of the IC
by 10mV or more above pin 3
depending on the setting of RV1.

ELECTRONICS TODAY INTERNATIONAL — MAY 1972
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HOW IT WORKS

estimate the required delay within
close limits.

 As the flash duration is typically of
the order of one or two thousandths
of a second, quite high-speed activity
can be trozen — as our own pictures
show. L

The IC will therefore normally be
fully saturated and the output
voltage will be low.

Transistor Q1 is normally held on
by the current through RV2, and its
collector is high, reverse biasing diode
D1.

When an audio signal from the
microphone produces at pin 3 a level
exceeding that set on pin 2 by RVI,
the IC will rapidly change state and
its output will go high.

The front edge of this transition %
turns off Q1 via C3. The collector of ;ﬁ
Q1 will fall, D1 becomes forward
biased and pulls down pin 2 to about
one volt — the IC output is
maintained in its high state

After a time — determined by the
time constant of C3 and RV2 — Q1
turns on again allowing the IC to
revert to its normal low output.

The output signal from Q1 is
differentiated by C4 and the negative
pulses (which occur first) are clipped
off by diode D2. The positive pulse
which occurs at the end of the delay
period, triggers the SCR and fires the
flash.
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This simple slave flash unit uses
only five basic components.

single photographic flash are
often harsh, with unnaturally
sharp shadows.

This problem may be overcome by
using a slave flash — triggered by the
light from the main flash — for filling
in and/or background illumination.
The unit described in this project is
very simple and easy to build, and will
provide vastly improved results for a
very moderate outlay.

Figure 1 shows the circuit of the
slave unit. Any phototransistor may be

PHOTOGRAPHS taken with a

HOW IT WORKS

Normally fhe phototransistor Q1
has high resistance — the actual value
depending upon the level of ambient
light. When the sudden light from the
main flash illuminates Ql, its
resistance suddenly falls and the
resultant positive going pulse is
impressed — via C1 — onto the gate
of the SCR. The SCR immediately
triggers thus setting off the flash.

used for Q1. We used a BPX25 — this-

is an npn device. If a pnp
phototransistor is chosen (such as an
OCP71), the device must be assembled
into the circuit with the emitter and
collector reversed, rather than as
shown in Figs. 1 and 2.

The unit is powered by a small nine
volt battery (such as Eveready type
216).

CONSTRUCTION

Our prototype was made on a small
piece of Veroboard — the component
overlay for this is shown in Fig. 2.
Note that one track of the Veroboard
must be cut beneath C1. If a battery
switch is required it should be
connected in series with the nine-volt
battery; otherwise the battery can
simply be unplugged when the unit is
not in use.

The containers of the unit may be
any small metal or plastic box large
enough to hold the components. We
found that a plastic SCOTCH sticky

tape dispenser was ideal. If a
transparent box is wused, the
phototransistor may be mounted

directly onto the Veroboard, if not it
must be mounted externally.

OPERATION

Usually there is no need to locate the
slave flash close to the master unit.
The lights of the main flash unit is
nearly always sufficient to trigger the
slave flash anywhere inside a room. If

N

-0 +9V

c
b Q1
e SCR1
g C1 Cc106D1
SEE 0.1uF TO FLASH
TEXT 1 1] 7t GUN
[} |
R1 R2
10k 33k

=0 OV

Fig. 1. Circuit diagram of slave flash unit.

the unit is used externally it may be
necessary to orientate the slave flash
so that the phototransistor is looking
into the light from the main unit.

Before an exposure is made, the
master flash unit should be set off
once or twice to ensure that enough
light is reaching the slave flash to
ensure réliable triggering.

Make sure that all flash units are
fully charged before taking
photographs.

Calculate the F stop required for the-
main flash and stop down the camera
accordingly. The slave flash must now
be positioned such that an adequate
exposure will be given to the
background with the previously
determined camera stop.

If the slave is used as fill, some
adjustment to the exposure may be
necessary and this is best found by
trial and error. ®

PARTS LIST ET1 515
R1 — resistor 10k %2 watt 5%
R2  — resistor 33k %2 watt 5%
Cl1 — capacitor 0.1uF 100 volt
polyester
SCR1 — thyrister type C106D1
Ql — phototransistor — any type
typical BPX25 NPN
OCP71 PNP
MEL12 NPN
-

Fig. 2. How the components are located
on the Veroboard; note that a break is
made in one track of the Veroboard
underneath C1.
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NATION WIDE SERVICE +
ATTRACTIVE DISCOUNTS

Everything brand new and to spec.
No surplus, ‘seconds’ or clearance lines

Minitron DIGITAL
INDICATOR 35

3015F

Seven segment indicator compatible with
standard logic modules and power supplies.
Figs 0-9 from combinations of well illuminated
. filament segments to give character height of
9mm plus decimal point. Power requirement
8mA from Sv d.c. per segment. A limited

number of alphabetical symbols
also available. In 16 lead dil case ‘2'00

2mm

Electronic

RIVLIN

ELECTROVALUE

Component

Specialists
RESISTORS—10%, 5%, 2%

i G SR e s T T e s [T
s 0 E OB OF JEE S L R h
WU | G e, B WP b
TOLERANCE ww 7w 3% i2a00ka  E2 9 y 8

%
: € = carbon film, high stability, low noise.

Suitable BCD decoder
driver type FLL121T

point

£1.45

Alternative type No. 3015G showing + or — and fig. 1 and dezizmal

Dil Socket;
16 lead

30p.

.00

Prices and details
on request.
Example—values
under 100K £1—2.

O = metal oxide, Electrosil TRS, ultra low noise.
w wire wound, Plessey.

Values:

El2 denotes series: 10,12, 15, 18, 22, 27, 33, 39, 47, 56,
68, 82 and their decades.-

E24 denotes series:as El2 plus 11, 13, 16, 20, 24, 30, 36,

43,51, 62,75, 91 and their decades.

Prices are in pence each for
quantities of the same ohmic
value and power rating. NOT
mixed volues. (Ignore frac-
tions on total value of cesistor
ordaer.)

SOLDERSTAT

Type HMS, 16 or 24 watt, AC
mains. We are appointed
distributors for the whole

range of these fine irons by Elremco-Wolf. Type HMS.

SOLDER
IRON

£1.70

MISCELLANEOUS ITEMS

30W BAILEY AMP. PARTS
Transistors and PCB fo

one channel od .. L6-46
Rs and Cs for one channel £1-95
Power Supply Kit (Unreg.)

MAIN LINE AMP. KITSS
70 watt power amp
module kit .. £12:60 nett
Power supply kit .. £6:00 nett
Matching pre-amp
kit . .. £3-30 nett
(Above prices for mono.)
Stereo Kit. 2 power amps,
pre-amp kit, power supply and
matched controls for building
into your own cabinet £38-40 nett

LIGHT DEPENDENT
RESISTORS

Cadmium Sulphide type TPMD
{equiv. CRP.12), 40p.

ENAMELLED COPPER
WIRE

Even No. SWG only: 2 oz. reels:

16-22 SWG 25p; 24-30 SWG 30p; |

32, 34 SWG 33p; 36-40 SWG 35p.
4 ozx. reels: 16-22 SWG only 4lp.

FROM OUR
CATALOGUE

S$-DeC  £1-44. Four pack £5-10.
DeCSTOR pack £2:88. T-Dec,
may be temperature-cycled (208
points), £2-88. puDecA, £3-18.
14DecB, £5-94. Also Lc. carriers.

THERMISTORS

VAI039,  VAIO40,  VAIOSS,
VAI066. VAL077, CZ-6, KISI-IK,
VALI00, I5p. R24, R53, £1-38.

HANDBOOK OF TRANSIS-
TOR EQUIVALENTS 40

HANDBOOK OF TESTE

TRANSISTOR CIRCUITS (H.
Nass) 40p
RADIO & ELECTRONICS.
Colour-codes and data wall
chart 15p
(Add 3p for each of above if
bought separately.)

INSULATED SCREW TER-

MINALS in range of seven
colours, each 12p
Matching plugs 2mm  each Sp

4mm each 7p

Plugs, sockets, hardware, Vero-
board, edge connectors, switches,
etc., in stock at keen prices.

CAPACITORS

SIEMENS 5% POLYCARBONATES
250V up to 0-ImF: 100V 0-ImF and abov

0-01, 0-012, 0-015, 0:018, 0022, 0-027 .. .. 5p
0:033, 0-039, 0-045; 0-056, 0-068, 0-082,
0-1,0-12,0-15,0-18, 022 .. o ép
0-27, Tp; 0-33, 0-39, 9p; 0-47, 10p; 0-56, I3p;
0-68, 15p.

MULLARD polyester C280 series

250V 20%: 0-01, 0-022, 0-033, 0-047 3p each;
0-068, 0-1, 4p each; 0-15, 4p; 0-22, 5p. 10%:
0-33, Tp; 0-47, 8p; 068, l1p; IpF, 14p; I-5uF,

21p; 2-2uF, 24p.

MULLARD SUB-MIN ELECTROLYTICS
C426 range, axial lead .. od .. bp each
Values (1LF/V): 0-64/64; 1/40;1-6/25; 2-5/16; 2-5/64;
4/10; 4/40; 5/64; 6-4/6-4; 6-4/25; 8/4; 8/40; 10/25;
10/16; 10/64; 12:-5/25; ‘16/10; 16/40; 20/16; 20/64;
25/6-4; 25/25; 32/4; 32/10; 32/40; 32/64; 40/16;
40/2-5; 50/6-4; 50/25; 50/40; 64/4; 64/10;i BO/2-5;
B0/16; 80/25; 100/6-4; 125/4; 125/10; 125/16;
160/2-5; 200/6-4; 200/10; 250/4; 320/2-5; 320/6-4;
400/4; 500/2-5.

LARGE CAPACITORS

High ripple current types: 1000/25, 28p; 1000/50,
4lp; 1000/100, 82p; 2000/25, 37p; 2000/50, 57p;
, £1-44; 2500/64, T7p; 2500/70, 98p;
5000/25, é2p; 5000/50, €1-10; 5000/100, £2-91.

APPOINTED DISTRIBUTORS FOR SIEMENS

FINE PRODUCTS

TTL INTEGRATED CIRCUITS, CAPACITORS,
THYRISTORS, RECTIFIERS, POT CORES, ETC,

SIEMENS POT CORES

In a range of types having air gaps from 1:0 mm.
to zero dt prices from I9p for comes and
14p for adjusting screw. Full details, see cur
catalogue.

CARBON ~TRACK POTENTIOMETERS,
long spindles. Double wipers

SINGLEGANG linear 1002t02-2M 0, 12p; Single
gang log, 47K 2 to 2:2M 1, 12p; Dual gang linear
47kt to 2-2MQ, 42p; Dual gang log, 4-7K 0 to
2-:2Mq, 42p; Log/antilog, 10K, 47K, tMn only 42p;
Dual antilog, 10K only, 42p. Any type with 2A
D.P. mains switch, 12p extra.

Only decades of 10, 22 & 47 available in ranges
quoted.

DUAL CONCENTRIC in any combination of
above values, 60p; with switch, 72p.

CARBON SKELETON PRE-SETS

‘Small high quality, type PR, linear only: 1000,
220Q), 47002, 1K, 2K2, 4K7, 10K, 22K, 47K, 100K,
220K, 470K, IM, 2M2, 5M, 10MQ. Vertical or
horizontal mounting, 5p each.

ZENER DIODES 5% full range E24 values:
400mWY: 2-7V to 36V, 15p each; | W: 6-8V. to 82V,
27p each; | -5W: 4.7V to 75V, 60p each.

Clip to increase |-5W rating to 3 watts (type
266F), 4p.

10W/15Q0 BAXANDALL SPEAKER

As originally designed by P, J. Baxandall and described
in Wireless World. 10 watt/l5 ohm loudspeaker
with i network k unit and specially
designed cabinet in kit form. Size when built, approx.
18~ x 12° x 107, Price, inc. carriage paid in“l’J.K.

90

COMPONENT DISCOUNTS
Not allowed on®nett price items
10°;, on orders for components for £5 or more.
18% on orders for components for £15 or more.
Prices subject to alteration without prior notice.

SPECIAL TRANSISTOR OFFER Z

SIEMENS 2N3055 POWER TYPE

with free insulating set. Tested and

to spec. Special price, only

50p.

THE ELECTROVALUE CATALOGUE

packed with bargains, information, diagrams, etc. Well

1972 Edition (No. é)—our biggest yet——over 80 pageslnp

printed and illustrated
Post free.

COMPONENT DISCOUNTS

Not allowed on nett price items

109, on. orders for components for £5 or more.
157, on orders for components for £15 or more.
Prices subject to alteration without prior notice.

POSTAGE AND PACKING

FREE on orders over £2. Please add 10p if orders under £2. Overseas
orders welcome: carriage and insurance charged at cost.

MERS

d t ELECTRO-

.S.A. C are r d o
VALUE AMERICA, P.O. Box 27, Swarthmore PA 19081,

_ELECT ROVALUE

SEMI-CONDUCTOR

Brand new, guaranteed to spec.
No seconds or surplus.

1B40K10  175p|2N2925 22p|2N5163 25piAD142 $0p BC149 10piBF167 18pINKT212 25p
1N914 5p|2N2826 11p[2N5172 18p{AD149 58p/BC153 18p|BF173 19p|NKT213 25p
1N316 10p(2N 3053 27p[2N5192 125p[A D150 50p|BC154 20p{BF177 25pINK T214 23p
IN1763A  24p[2N3054 60p{2N5195 147p|AD161 83p{BC157 12p{BFI78 31p[NKT217 50p
1N$754 20p 2N 3055 80p{2N 35457 49p/AD162 36p|BC158 11p/BF194 14p|NKT261 21p
1N5199 21p[2N 3825 53p|2N5459 49p|*AD161/182 60p(BC159 12p(BF195 15p|NKT271 18p
1N5402 28pi2N3405 80p|40250 71p|AF114 24p(BC167 11p(BF244 30pINKTR274 18p
IN5407 45p(2N 3663 £2p(40251 89p|AF115 24p BC168 10p|BF254 14pINKTR75 23p
1843 9p|2N 3702 13p/40361 85p/AP116 22p,BC169 11p|BF255 15p{N KT403 85p
18940 5pl2N3703 13p|40362 88p[AF117 28p(BC177 14p|BFX18 90pINKT404 8lp
2N696 17p|2N 3704 18p|40406 75p|AF118 82p|BC178 13p|BFX29 31p|NKT05 79p
2N697 18p/2N3705 18p(40408 70p{AF124 24p|BC178 14p/BF X8+ 25pINKT603F  30p
2N706 12p[2N 3706 13p(40412 87plAF125 24p|BC182L 11p/BF X85 32|NKTSI13F  30p
2N930 21p|2N3707 18p|40430 140p|AF126 22p|BC1838 10p{BFX87 20p[NKTHT4F  24p
2N1131 26p'2N 3708 10p|40432 185p|AF127 22pBC184L 11p|BFX 88 20pINKT677F  £2p
2N1132 £9p(2N 3709 11p/40512 188p|AF138 33p/BC18H 42p|BFX 50 23p[NKT713 30p
2N1302 19p(2N3710 13p|40602 62p|AF239 38p/BC212L 18p(BFY51 20p|NKT773 25p
2N1503 18p[2N3711 13p[40669 140p|AL102 77p|BC213L, 16p(BFY52 23p{0A47 8p
2N1304 28p[2N3731  -120p|AC107 48p|ASY26 27p(BC214L 16p[BFY 90 104p|0A 90 8p
2N1305 28p 2N3794 15p|AC126 20piABY27 88p|BC257 9p|BSX20 18p/0A9L 5p
2N1306 83p[2N3819 23p|AC127 20p|ASY28 27p|BC258 8p(BY164 45p(0A95 8p
2N1307 83p|2N 3820 53p|AC128 20p| ABY29 36p(BC259 op[BY238 18p/0A2060 9p
2N1308 38p|2N 3504 85p|ACI4IH 34piaUIL1 97p|BC267 17p|BY X 18-300  88p|0A202 10p°
2N1309 38p 2N 3906 33p ACI4IHK  37p|B30C250  24p|BC268 16p|BY X 38-300R 38p|0C19 50p
2N1596 102p|2N 4036 85p|AC142H 265p(B30C550/300 34p|BC269 17p{C407 17p{0C25 42%p
2N1598 122p|2N 4058 18p|AC142HK  £9p(B1812 868p|BC300 49p|C762 19p{0C28 70p
2N1613 23p 2N 4059 10pjAC153K 22p[{B5041 72p{BC301 87p(C1412 102p|0C29 76p
2N1711 282N 4060 11p/AC176 18p/BAL02 25p!BC303 80p|E2512 184p[0C35 60p
2N1883 -54p{2N4061 11p|AC176K 17p{BA130 22p|BCY30 80p(EA403 10p/0C36 85p
2N2147 95p(2N 4062 ACI87K 17p|BA145 27p|BCY3? 75p|EB383 10p|0C41 42p
2N2218 34p|2N4124 18p|AC188K 23p|BA155 15p(BCY70 18p|EC401 184/0C42 46p
2N2218A  44p[2N4126 27p°ACIBTK/188K |BA156 13p|BCY 71 33p|EC402 17p[OC44 42
2N2219 38p[2N4284 |  24p BAX13 p[BCY72 15p|ER 500 54p/0C45 38p
2N2219A  53p2N4286 15p' ACY17 31p/BB103/B  16p|BD121 105p|MC140 25p|0C70 21p
2N2270 82p[2N 4289 15p/ACY18 ' 19p|BB103/G  18p'BD123 105p|MJ 481 120p/0C71 38p
2N2369A  18p2N4261 15p|ACY 19 23p|BC107 12p/BD124 100p{MJ431 135p|0C72 38p
2N2483 365p2N 4262 15p|ACY20 20p|BC108 11p(BD130 50p/MJ371 108p[0C75 40p
2N2484 42p[2N4410 . 24p(ACY21 21p|BC109 12p(BD131 79p|MJE521 92p|0C81 25p
2N2646 47p|2N4443 111p|ACY22 21p|BC122 21p/BD132 86p[MIE2955  185p{OCHID 25p
2N2904 882N 4906 305p| ACY 39 83p[BC125 16p/BD135 38pMJE3055  82p{OCS3 25p
2N2004A  42pj2N4915 216p/ ACY40 17p|BC128 22p|BD136 44p/MPF102 37p|0CH4 £5p
2N2905 44p[2N4991 82p/ACY 41 18p[BCL40 30p(BD141 227pIMPS6531  35p|P346A 26p
2N2805A  47p[2N5062 61p|ACY44 31p[BC147 10p|BDY20 92p|MPS6534  30p|82CN1 10p
2N2024 20p[2N5088 38plA D140 83piBC148 9p|[BF115 23p|NKT211 25p{* Matched pair
b

DEPT. ETD.1, 28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY, TW20 OHB
Hours: 9-5.30, 1.0 p.m. Saturdays. Phone : Egham 5533 and 4757 (STD 0784-3) Telex 264475
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The US National Aeronautics
and Space Administration are
seriously investigating the
possnbnhty of landing men on
Mars — in 1985.

This report — based on a
NASA Technical Paper —
outlines the proposed mission.

solar system to be visited by man will
ibe the planet Mars, for possibly the
most intriguing question faced by man
today is the prospect of life on other
planets, and although recent data from
Mariners VI and VII discourage such
prospects on Mars, they do not rule
them out. Therefore, the search for life
has been given the highest priority,
followed by the desire to learn more
about the origin and evolution of the
solar system.

PROPOSED MISSION

Two planetary space vehicles, of
essentially the same design, will depart
Earth in the Spring of 1985 on a
heliocentric transfer to Mars. Each
space. vehicle will have two principal
components: a planetary mission
module (PMM) and a Mars excursion
module (MEM). After a Venus
swingby the space vehicles will arrive
at Mars where, after a brief orbital
period, one MEM from each space
vehicle will descend to the surface.
The planetary mission module will
remain in orbit. After a 40 to 60-day
surface stay-time, the ascent stage of
the MEM will rendezvous with the
planetary mission module for a direct
heliocentric -transfer to earth. The
approximate dates for the proposed
1986 mission are as follows:

Launch from Earth .. March 26, 1985

I’n all likelihood the next body in our

Arrive Venus ........ Sept. 12, 1985;
170 days

Arrive Mars .. ...... March 11, 1986;
350 days

(About 60 days at Mars, 40 days on

surface)

Leave Mars -. .. ... ... May 10, 1986;

410 days

TODAY INTERNATIONAL — MAY 1972



Arrive Earth ......... Oct. 7, 1986;

560 days.
Some of the important physical
features existing at Mars on arrival are
illustrated in Figures 1, 2, and 3.
Figure 1 presents the locations of Mars
in its orbit, Figure 2, the temperature
- as a function of latitude, and Figure 3,
the extent of the polar caps and wave
of darkening. ]
In accomplishing the experimental
objectives, the inherent and unique
abilities of man will bring a dimension
to scientific investigations heretofore
absent in the study of any planet other
than Earth. Man is the only reliable
instrument available that can rapidly
adjust observations over the many
orders of magnitude resoldtion needed
for some scientific investigations. His
judgment is unsurpassed in selecting

locations for instruments and for
gathering samples and examining
complex situations. His ability to

interpret experimental results and, if
necessary, redirect the investigations
will be very valuable. He can
manipulate and repair the instruments.
His - faculty for appraising and
correlating interdependent
measurements  (some  occurring
simultaneously) of many physical
properties and for improvising when
unexpected situations occur cannot be
overemphasized. '

Estimates of the instrumentation

state-of-the-art in the early 1980's can

be made by extrapolating the advances
that have occurred during the fast 10
to 15 years. Using these estimates as a

-moons and environment.

variations with latitude at
time of landing.

- guide it is envisioned that most of the
‘measurement

results will be
transmitted in near real-time to earth.
‘Earlier space missions will test for
the'presence of life, and if these tests
are -positive, scientists will attempt to
measure and characterize this life. If
any .indications of life are found, the
question of compatibility or possible
pathogenesis - and back

contamination must be resolved.

Therefore, an additional precursory
experiment that may be beneficial,
and even necessary, to the manned
mission is a lander system which
contains numerous earth-type life
samples, even possibly
human tissue cultures, that could be
exposed to the v
bio-environment and the results
monitored. Because of the highly
specific nature of pathogens, a positive
result may be a necessary but not
sufficient guarantee that man (or any
earth organisms) will be -safe, but at
least such an experiment would be a
partial answer,

Some biologists believe that it is
necessary to firmly establish before a
manned mission whether life exists on
Mars and if so, whether it is

‘pathogenic to Earth life. If this is to be

done, the number and ‘type of
unmanned probes needed, e.g., Viking,
and Soft Landers with
remote-controlled roving vehicles and
with soil samples return capability,
may be greater than is currently
planned-
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Figure 2. Martian temperature

including

Martian-

Figure 1. Position of Mars in orbit on arrival.

Preceding the proposed manned Mars space flight are a number of
unmanned journeys to the outer solar system.

Here a test model of a Pioneer spacecraft is seen mounted on a shaker
table to check its ability to withstand in-flight vibration.

Pioneer F js the first spacecraft designed to travel into the outer solar
system and operate effectively there, possibly for as long as seven years.
It will travel a distance of one and a half thousand million miles from the
Sun, and explore a curving strip of space 620 million miles long extending
from the Earth’s orbit to Jupiter.

The spacecraft’s primary objective will be to take the first close-up look
at Jupiter, It will return data on about 20 aspects of the planet, its

THE ORBITAL MISSION

Soon after arrival at Mars a landing
modulte (MEM) will separate from the
space vehicle and descend to the
surface, leaving in orbit the part
designated as the planetary mission
module.

The orbital part of the mission will
consist of experiments done on the
planetary  mission module and
experiments done on an unmanned
spacecraft. The unmanned spacecraft
mode is needed because of the orbital
characteristics required for in-situ
atmospheric measurements in the
transition zone. This zone, located at
about 80 to 120 km in the Earth's
atmosphere and probably below 100
km in the Martian atmosphere, divides
the uniformly chemically mixed region
and the diffusely separated region. A
100-km altitude would be
unacceptable for periapsis of the
planetary mission module because of
orbital lifetime, aerodynamic heating,
and other engineering considerations.

One unmanned spacecraft will be
launched from each space vehicle
{before MEM descent) and placed into

turn to page 74 51



A series of articles by Peter Sydenham M.E., Ph.D., M. Inst. MC.

TRANSDUCER, is a device
Athat converts (transduces) one

physical variable into another.
Transducers are. not restricted to
electrical signal conversion techniques,
but in the main these predominate as
electrical methods are universal, and
provide a common interconnecting
method for an engineering system ora
scientific experiment.

This series will describe the proven

practical methods (and this includes
economic sense, as cost is important)
now used to produce, in the main,
electrical signals from the original
physical effect to be measured.

Transducers provide convenient
signals for measuring a process, for
automatically recording these

v2

measurements when needed and,
finally, for providing a signal that can

‘be used to control. It is not possible to

control without measuring and so the
fundamental basis of automation is the
transducer. The transducer is also able
to provide gain by amplifying weak
original signals before they are used.
Application factors of. a million are
commonplace.

Often, more than one basic
transducer principle is used to produce
the required output. Units are
cascaded. Consider the fuel gauge of a
motor car, shown diagrammatically in
Fig. 1. The first stage is known as the
primary or input transducer, following
are the secondary or intermediate

stages and, finally, there is an output

transducer.

‘rotation.

In the fuel tank a float transduces
the fuel level to an equivalent rotary
motion. This drives a rotary
potentiometer which provides a
voltage proportional to the angle of
Sometimes there is a
calibration or adjustment stage in the
chain. At the dashboard the voltage is
turned back to a rotary displacement
in the fuel gauge meter movement.
The advantage of the electrical signal is
that it avoids the need for a
complicated mechanical linkage
between the fuel level and the gauge.
In a control application an electrical
measurement output signal also
enables in-line correction,

‘compensation and computation to be

made before the signal is used.
Recording is also made most easily
with electrical plotters.

In principle, a transducer is a simple
device. In practice, however, simple
schemes invariably suffer from defects
that limit the ability of the device to
provide repeatible and accurate values.
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They may suffer from wear as time
proceeds: environmental factors such
as temperature, pressure, humidity and
shock for instance, may be a
significant problem. Consequently, at
first sight, the developed transducer
system usually appears quite
complicated. But if treated
systematically, it can be broken up
into separate sub-systems that perform
distinctly different tasks, each being
joined to produce a satisfactonly
reliable and accurate device. MECHANIGAL
A list of all the different transducers . o py. SETATION

yet devised would be never ending, for Fig. 1. The stages of transduction in a fuei-fevel gauge. |

the basic physical effects that could be
used is beyond complete classification.
Each may be used for many different
purposes. For example, a light spot
moving across a photo-cell can be used
to measure position, alternatively, the
movement might be used to change

SECONDARY

PRIMARY ‘

CONNECTIONS QUTPUT

. ! .
ROTARY TO ELECTRICAL TO

ELECTRICAL

MECHANICAL LINEAR
TO ROTARY

SPEAKER COIL DRIVING INDUCTIVE
TRANSDUCER PRODUCING VOLTAGE
TO METER

T A POTENTIOMETER

(\ g am
A — ROTARY TO LINEAR
s = RACK AND PINION

t - is-man ears_-si s Jame
Il’attithougl?t gf using the: eeé

- indicator: of . an early steam 5
ngiﬂe automatically to-control
sta lpeed and’so producmg what
, pf'obably the- world’s first
: lnd»ustnalf feedback’:
tem.
‘W that. case,” a centrifue al
b governor was-used to change
- difficy)t-to-detact. shaft speed
pmto; s equivalent mechanical:,
, psphcement At was, in’fact,” .
L mhat. is now called 3 transducer 5.‘5-'

controh

Fig. 2. A circuitous solution to a problem,

: us?‘hm dcveloped

t.an:
i ;}q m‘”“" ';'riaf%cu'i't‘go-u';: the sound level of a radio receiver by Angutar Movement:  Angular
affectsinton:lterr?ative physh:ﬂ varying the voltage applied to the vibration, tilt, torgue, position are

receiver output stage.

Nevertheless some transducers have
emerged that are well developed for
specific tasks. Thus a brief list can be
made of primary devices, and those
quantities measureable by the use of
intermediate stages.

obtained with angular transducers.
Temperature: Flow, turbulence, heat
conductivity, remote sensing and
displacement can be obtained by use
of this basic measurement.
Ilumination: Length, force, strain,
torque, frequency, and light

forms bugrown ra; b
. Lotpé; r century,
i bmme availabie -to
fmdamy and._science. Then- the?
' .efectrenic discipline emerged. ;
i‘.uF.lectronlc‘ techniques, allied,
: 4 mechamca!
3 ,apt‘ical.:“ thérmal' and' acoustkw
in — theslist is” never-endm

i o embted a vast -amay
transducers: {0 be dcveioged to

uiilhuw ‘needs -of -sophisticated
F ‘"n'-nsurement and cbntrol

R —

o
AL

POTENTIOMETER

Fig. 3. Resistive displacement principles

Linear Movement: From this are also

derived thickness, velocity,
acceleration, force, wear, vibration,
hardness, stress, strain, pressure,
gravity, magnetic field, level and

position,
devices.

by the use of secondary

UNBONDED WIRE Q+D
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distribution have been measured using
illumination.

Time: Speed, counting, frequency
and position rely on time
measurement.

Force: Weight, density, stress, torque
and viscosity use force indirectly.

BONDED WIRE
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TRANSDUCERS IN
MEASUREMENT
AND CONTROL

e v e 2 il

e L EANYR

!5 werinl po

Fig. 4. A linear wire wound displacement transducer having 25um resolution.

This list is not complete but it does
illustrate the variety of possibilities
open to the designer. A problem can
be solved by circuitous means (Figure
2 is a fuel gauge arrangement with
redundant use of transducers) but
economic and reliability factors decide
which way is acceptable in reality.

Transducers may provide the
transduction in one of two basic ways.
It may, firstly, control the available
source of energy as a tap lets water
through or a variable resistance
controls the current flow from the
power source in a circuit. Secondly,
the transducer may actually convert
the original energy form into another
more appropriate form. An example is
the use of a photo-voltaic cell in which
light radiation energy generates
electrical energy. Transducers may also
provide mechanical energy from the
available electrical source as happens
in the moving coil loudspeaker.

An  interesting fact is that the
dynamic and static behaviour of
mechanical, acoustic and electrical

systems are each described by similar
mathematical equations. This analogy,
as it is called, enables the behaviour of
large machines to be simulated by
inexpensive electrical networks. For
example, the internal-combustion
engine can be simply represented by a
resistor and a capacitor at speeds
above idling. So for research purposes,
once the value of R and C are
determined, it is possible to study the
performance of that engine in a
computer.

Some transducer applications need
only a slow speed static response but
often the need is for rapid conversion.
The frequency response is, therefore,
of interest. Mechanical systems are
generally incapable of the same high
speeds obtainable in electrical devices.
For this reason there is a trend toward
total electronic technique if possible.
This is not always a prudent way to
solve the problem as many mechanical
devices have been extensively
developed to provide reliabilities of
years {or millions of operations}. A
simple example is the choice made
when several independent circuits have
to be switched together. A bank of
reed-relays is inexpensive, simple to
design ‘and capable of excessive

54

overloads. A solid-state equivalent
circuit is more expensive to develop
and more prone to overloads. Each

case should be considered on its
merits.
Several terms, commonly used in

measurement are often misunderstood
and misused. The first is the
repeatibility of measurement. If
repeated measurements are made of a
static process by an instrument with
sufficient sensitivity there will be a
scatter of the values around some
mean value. This scatter represents the
uncertainty of the measuring process
used. The most commonly used
method of expressing this scatter is by
what is known as the standard
deviation (o). This is found by a
simple statistical mathematical
formula. The important thing to
realise is that there is a 68% chance of
the true value lying between plus and
minus 1 o. For example, if a voltage is

measured 100 times and its mean value
found to be 100V with a standard
deviation of 2 volts this means that 68
times it will lie between 98 and 102

volts and 32 times it will be outside

these limits. In practice, one-o limits
are not tight enough. For £2¢ limits it
is 95 times out of 100 and for %30
limits 99.7 out of 100 times within.
Repeatibility is the first requirement
of a transducer for without it accuracy
has no meaning. (The standard
deviation of any transducer or
precision measuring instrument s
almost always quoted by the
manufacturer.)

The resolution of a measuring
instrument is the smallest quantity
that it can detect. But to have extreme
resolution does not imply that it will
repeat each time nor be accurate. A
screw-thread micrometer could have a
drum of enormous diameter enabling
extremely small” distances to be
gauged, but the screw friction and
error would produce scatter and
inaccuracy.

Precision is the term used to describe
how well the instrument measures and
gives a reliable value. The smallness of
the standard deviation, therefore, is a
measure of precision.

Accuracy is the most difficult factor
to obtain. An instrument may be
precise, always giving the same value,
but to be accurate, that value must be
true to the established standards. For
example, a voltmeter may indicate
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Fig. 6. A differential
arrangement using two
variable reluctance
transducers for monitor-
ing tube eccentricity.

10.1 volts repeatedly but if the pointer
is bent or the multiplier resistor
incorrect, the actual voltage may be
only 95. There is no way of
establishing accuracy without resorting
to another measurement device. Often,
accuracy is added to a precision
instrument by resorting to calibration.
In transducer application, this must
usually be automatic, or built in to the
device, as a human link is undesirable.

So much for a general basis of
transducer technology. The series now
continues by discussing various
measurements in turn. We start with
the methods used to transduce
displacements,

This initial article deals with small
displacement transducers ranging in
capability from a few millimetres
‘down to hundredths of the diameter
of atoms. These devices are
particularly useful in obtaining derived
quantities as well as direct
measurements {as will be seen later).
The second article in the series
discusses the industrial displacement
range, that is, from millimetres to
several metres, and then the surveying
range from hundreds of metres to the
size of the Earth and larger.

MICRODISPLACEMENT
TRANSDUCERS

Displacement is measured directly

with resistive, inductive and capactive
methods and, indirectly, by optical
means.

Resistive: The simplest way to
transduce movement into electrical
signals is mechanically to vary the
properties of a resistance. This can be
realised by direct mechanical
movement of the tapping point, as in a
potentiometer, or by straining the
resistance element, as in a strain gauge,
(Fig. 3).

Potentiometers, whether linear or
rotary, consist of a resistance track
upon which slides a contact wiper. The
earliest precision potentiometers used
fine resistance-wire wound around a
toroidal former. As the wiper moved
over the turns, the output changed
abruptly and this limited the
resolution. A modern type linear

e 3

potentiometer is shown in Fig. 4,
infinite resofution has been obtained
by using a continuous slider running
longitudinally along the wire (it may
also be obtained by the use of
composite-material track).
Repeatibility is limited by the
precision of the wiper contact position
and slight variations in electrical
contact. Due to relatively poor
repeatibility and reliability, and
because of the high operating force, it
is unusual for a resistance
potentiometer of this type to be used
for applications where high resolution
is required.

An unusual type of resistance
potentiometer is that whereby a
tightly - coiled tension spring is

stretched to open the coils and
increase the resistance. The required
displacement-output signal
characteristic is determined by the
method of hard-coiling the spring.

The sensitivity of resistive methods is
limited by the allowable self-heating of
the element, for temperature changes
alter the resistance value.

Strain gauges are resistances that are
strained bodily so as to aiter their
physical cross-section and length.
Resistive types are made as wire, or
stamped foils of thickness around
20um, and are arranged to obtain
multiple elongations connected in
series. Adhesives are used to attach the
gauge to the member to be measured.
This ensures faithful movement with
the parent. Typical resistance values
range from 10 to 10,000 ohms. Self
heating and temperature effects limit
the sensitivity of these devices but
absence of mechanical moving
contacts enables resolutions of better
than 1 microstrain to be obtained.

The ratio of strain to proportionate
resistance change is termed the gauge
factor. This is usually quoted by the
manufacturer. For linear resistance
gauges it is close to 2.0. Calibration is
necessary for precision work.

Wheatstone bridges, of simple and
advanced form, are used to measure
the resistance changes of both
potentiometers and strain gauges. To
compensate for temperature, a dummy
resistance is used in one arm of the
bridge.
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Differential parallel plate capacitance
transducer developed at the National
Standards Laboratory, Sydney.

The main advantage of resistive strain
gauges is their extremely small size,
ranging from 2mm upwards.
Frequency response exceeds S50MHz
for special, surface deposited types.

Solid-state strain gauges are also
available. If a semiconductor element
such as silicon is strained, it also shows
a change in resistance. Their gauge
factor is not constant but depends
upon instantaneous strain magnitude
and temperature. Gauge factors of 100
are typical.

The main disadvantage of resistive
strain gauges is their fragility, and this
requires them to be mounted on a
more substantial element. For fixed
applications, it is practicable to mount
the gauge between the two moving
members in what is known as an
unbonded arrangement.

Strain gauges are used extensively in
civil and mechanical engineering
testing. Gauges are glued to the
structure in many places. A data-logger
reads each in turn recording the strain
at that time. This data is then
processed to produce the required
information.

Inductive: Electromagnetic and
electrostatic fields can be utilised for
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displacement sensing, each having
practical advantages. Alternating
current excitation can be employed
and dissipative circuit elements are
kept to a minimum (factors which
enhance sensitivity and reduce drift).
Inductive methods use, in the main,
either the linear variable differential

transformer  (L.d.v.t.) principle, or
operate on a reluctance variation
concept.

The lv.d.t. consists of a spatially

centre-tapped solenoid in which moves
a magnetically-hard steel core, (Fig. 5).
The coil is energised either by a
separate primary coil or by direct
connection across the winding. As the
core moves relative to the winding the
flux-linkages cutting each half of the
winding vary, resulting in amplitude
unbalance between the halves. The
degree of unbalance is linearly related
to the core’s displacement from the
coil centre.

One method of sensing the unbalance
is to connect the sensing coils in
opposition and measure the output
voltage. It is necessary, however, in
this simple method, to determine the
phase relationship between the
excitation and output in order to
decide the sign of the displacement. A
superior technique wuses a
phase-sensitive detector, the output
then being a bi-polar dc voltage which
is linear with displacement.

Linear variable differential
transformers are used extensively in
industry in weighing machines,
pressure transducers and load cells;
and in science in earth strain-meters,
tilt meters and seismometers. A major
manufacturer offers over 2000
different models. In these applications
resolution required is rarely less than

5um.
The principle is also used in some
industrial dimensional metrology

gauging heads where 100nm is the best
resolution needed.

The core and winding are mounted
to avoid mechanical contact, but
perpendicular movement to the core’s
axis is not possible. Axial core travel
can be over very large distances and
the zero position can be set
electronically at any point along the

length of the winding. Humidity, even’

liquids, do not affect the operation.
Magnetic shielding is used to isolate
the winding from external fields.

The other main inductance technique
employed is known as the reluctance
transducer. If the airgap of a magnetic
circuit is varied, the magnetic circuit
reluctance changes. As the majority of
the circuit reluctance is produced
across the airgap the response is
reasonably linear. In practice the iron
circuit can be made from a pot-core as
shown in the tube gauge (Fig. 8). This
contains the sensing coil and a freely
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moving fimb which completes the
circuit, The device is directly energised
and may be sensed by similar methods
to l.d.v.t.’s. A differential arrangement
is often used to balance the effects of
temperature and stray fields.

Reluctance transducers have been
employed for measuring tube
eccentricity, as shown for measuring
dynamic lubricant film thicknesses,
and in pressure gauges. Current
research on a borehole tilt meter at the
Australian National University uses a
reluctance technique to sense the
pendulum movements. Sensitivities of
these small range inductive methods
can be as high as 200mV/um.
Frequency response is limited by the
excitation frequency used (10-10kHz)
and mechanical factors.

Capacitive: The most favoured
extreme precision sensing method is
known as capacitance micrometry. in
its simplest form it consists of

measuring the capacitance changes
resulting as the separation between
two plates of a capacitor is varied. As
capacitance is inversely proportional
to gap distance, the displace-
ment/output characteristic is a
non-linear hyperbolic. A guardring is
used to control fringing of the
electrostatic field existing between the
plates and to reduce the effect of lead
strays which shunt the small
variable-capacitance limiting the
attainable sensitivity. Linearization has
been achieved in one manufactured
gauge by placing the sensing
capacitance in- the feedback of an
operationat amplifier.

The magnitude of the sensing
capacitance is only a few pl(‘ofarads
Reactive bridges can sense to 10%" pF,
or a little better, using tap changing
inductive transformers. As the
capacitance value is proportional tc-
plate area and inversely to separation,
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Fig. 10. Testing the corrosion
thickness of a pipe with an
ultrasonic gauge.

highest sensitivities result for largest
plate sizes and smallest gaps.

Practical considerations of plate
flatness and degree of parallelity limit
the gap size to around 100nm or more.
Plate diameters in use range from
millimetres to centimetres. In most
applications the sensitivity of the
method to stray capacitance is reduced
by using a differential capacitance
mechanical layout. A central plate
moves between two fixed sensing
electrodes, the plate being earthed.
Any temperature effects and air
dielectric changes occur equally in
each arm of the arrangement. |f sensed
by a bridge circuit, these effects are
‘largely cancelled. A unit developed at
the National Standards Laboratory in
Sydney is shown in Figure 7.

Capagitance gauges have been used in
geoprrysical instruments such as
gravimeters, tilt meters and strain
meters. They are aiso used in industrial
gauging and machine tool control.

Optical: Mechanical displacements of
interest can be converted into
movements of a light beam which can
thep be sensed with a
position-sensitive optical detector.
Rotations can be magnified using an
optical-lever if space permits.

In simple arrangement, the radiation
beam is either split into halves, each
half feeding a separate photocell or
alternatively, the beam may impinge
directly onto a photo-device with
position-sensitive characteristics. In
each case a differential bridge
arrangement is usually incorporated
giving zero output if the beam is truly
centred. This null position can be
conveniently displaced by electrical
means.

In brief, static arrangements use
position-sensitive photo cells or passive
optico-mechanical arrangements (beam,
splitting mirrors, prisms) and dynamic
methods use optico-mechanical devices
(rotating prisms and wedges, vibrating
apertures) or electrodynamic devices

(image dissector tubes,
magneto-optical and wavefront
shearing)

Numerous possibilities exist, but for
simplicity and cheapness, solid-state

position-sensitive photo-cells will
usually be the first choice considered.
The simplest method uses two (or four
for 2 axis measurement) silicon solar
cells, about 10mm square, which are
mounted adjacent to each other. This
is illustrated in Figure 8. A rectangular
light spot is traversed across the
junction. If central, each produces an
equal signal which cancel if they are
differentially-connected; this is the
null position. Displacement from the
null gives a proportional output until
the spot moves entirely onto a single
cell whergz a saturated displacement
characteristic occurs.

in 1957 a lateral-effect
position-sensitive photocell was
reported in which the output is

logarithmically related to the spot
displacement as it moves between two
ohmic contacts made on the junction
surface. Extensive research was
concentrated on these cells for
tracking of military targets such as the
plume of a missile.

A third form of position sensitive cell
uses the light-spot as a contact ‘'wiper’.
Its effectivity shorts a low-impedance,
via a photo conductive strip, to a
position along a high-impedance
potentiometer track.

in most of these optical
position-sensing methods it s
paramount that the beam intensity
remains constant as output away from
the null {at the null point intensity is
less important) is proportional to the
luminous flux falling on the cells. This
in turn, is decided by the total beam
flux and its distribution.

Another way to detect position is to
have an array of photo-diodes,
interrogating them to find the position
of a spot or a pattern illuminating
them. Arrays containing 2500 diodes
have been made.

These optical methods can detect
movements perpendicular to the
beam’s axis. Interferometry can detect
movements along the axis to extreme
precision.
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If a coherent radiation source is split
into two paths, each being optically
mixed upon return from reflectors, the
position of the interference fringes
resulting is a direct measure of length
differences between the two arms, If
one arm is fixed as a reference length,
displacements in the other arm can be
measured by monitoring the fringe
movements. A unit developed in
Britain is shown in Figure 9. Suitable
radiation wavelengths range from
millimetres to micrometres, so in most
cases the monitoring task involves
whole fringe counting and then fringe
width subdivision or interpolation.
The shortest practical wavelength is
around 500nM, which in the simplest
interferometer accounts for 250nm
displacement of the measuring arm.

One well-used method of
interpolation is to produce two signals
from the fringes which are 90°
spatially separated. Digital operation
on these dc coupled signals will yield a
divide by 4 factor. This technique was
developed simultaneously in 1953 for
interpolation in an interferometer and
in Moire grating use for industrial
contro! by Ferranti. A number of
totally electric methods have been
devised to obtain improved resofution
from dc quadrature-phase signals.
These include mechanically activated
sine and cosine potentiometers driven
to balance, use of resistance networks
to produce a set of different phase
triangular signals which can be divided
by trigger levels and super-position of
the signals on to an ac carrier which
then enable phase-sensitive detection
to be used. At the best, however, only
1% precision can be retained.

Another way to interpolate the
fringes is to drive the return mirror so
as to maintain the fringe in a constant
position. This method has been used in
the University of Cambridge laser
earth strain meter. In all cases of fringe
monitoring, however, it is possible for
optical and electronic noise to displace
the fringe too rapidly for the system
to record, thus losing or gaining an
integral number of error counts,

Laser interferometers are used in
industry for the exacting calibration of
jig boring mills and the like. With the
industrial units, the effects of the air
(that is the change in temperature,
humidity and pressure) limit the
precision to around 1 part in a million.
This is improved by feeding back data
on the conditions using appropriate
transducers. In some applications,
notably earth strain interferometers,
the complete system is contained in an
evacuated tube to avoid these errors.
in such cases, precision of around 1
part in 10,000 million are realised if
the wavelength of the laser is
stabilised.

Concluded overleat
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Miscellaneous:

The above are the most popular
methods for sensing small
displacements. There are many other
ways to solve the problem and each
has its particular attributes which
make them suited to special
applications. Here are just a few.

Radiation Gauging — Here a source
of short wavelength radiation (a8 and
¥} is logated on one side of the (thin)
material to be measured. The degree of
absorption, measured by a radiation
counting detector on the other side, is
a measure of thickness. A number of
variations exist on this, for example,
shuttered absorbers are used to
measure axial displacement in turbines
and one-side gauges have application in
continuous -thin plastic-film

measurement. The measurement
precision depends upon radiation
count .ntegration so accuracy is

increased by averaging the count over
a longer period.

Ultrasonic Gauging — If the velocity
of propagation is known, the transit
time of an acoustic wave within a
material is a measure of thickness.
Sound waves trave! at about 300m/sec
in air, 1500 m/sec in water and

5000m/sec in metals. This principle
has been wused for smail distance
gauging. The slower velocity of
acoustic waves, compared with
electro-magnetic radiation, enables
finer resolution to be obtained for a
given technological limit on transit
time measurement. An extensive study
of an ultrasonic micrometer has been
made at the Atomic Energy Research
Establishment in Britain where they
have developed units that resolve to
2um. Ultrasonics have been
successfully employed for engineering
component thickness measurement,
corrosion thickness measurement in
pipes, (see Fig. 10), and for medical
applications in which foreign objects
are located, growths discovered and
probes guided.

Laser Beam Diffraction — Coherent
radiation diffracts around a small
object to produce an interference
pattern beyond it. This has been used
to gauge wire size diameters down to
10 m. The position of the chosen
diffraction fringe, (best produced by a
laser source) can be monitored by a
position sensitive photocell to enhance
the resolution. This method is capable
of size measurement at very high
speed.

Sub-millimetre Waves — In many
applications of interferometry the
wavelength of the source is too short
compared with the surface finish to be

gauged against, and a mirror must be
added. The National Physical
Laboratory in England have developed
an interferometer using submillimetre
waves of wavelength 50-1000um.
Their device has been called the
Teramet. It can measure to normal
tight engineering tolerances (2um) but
needs no specially-provided reflector
as in laser interferometry.

Other lesser known techniques
include vibrating-wire strain gauges in
which the tension of a continuously
vibrated wire is varied. (The resonance
frequency is then a measure of length
change causing the tension change);
piezo-electric crystals in which a force
(accompanied by very small
proportionate compression or
extension) produces an electric charge
flow which can be calibrated as
displacement; pressure sensitive paints
and semiconductors that exhibit
resistance changes as they are
deformed mechanically; and the use of
a television pick up tube (usually the
vidicon) to produce serial electrical
signals of an optical shape enabling
amplification to be achieved and an
electrical output to be obtained.

In the next article we shall deal with
methods for converting lengths from
several millimetres to celestial
distances into electrical signals for use,
in applications ranging from control in
the workshop to guidance in space. @
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electronics or electrical engineering,
there
accurate measurements
resistance and current.
But as circuit assemblies become ever
smaller, the need to locate a test probe
onto a component, (or a thin track on
a printed circuit board) whilst one
looks at a meter some distance away —
becomes increasingly tedious.
Keithley’s new digital multimeter —

|n practically every branch of

is a need to make quick,
of voltage,

designated type 167 Digital
Multimeter — has resolved this
problem by building a solid-state

readout right into the unit's hand-held
probe.

The unit measures dc voltage from:
tmV to 1000V and ac voltage from
1mV to 500 volts. As an ohmeter the
unit measures 1 ohm to 20 Megohms.
Current measurements can be made
with optional shunts.

To obtain a three digit readout small
enough to be built into a hand-held
probe, a custom designed, solid-state,
gallium arsenide phosphide display
module 0.4 x 0.2” x 0.75” long was
fabricated. Apart from three full,
seven segment digits it contains
decimal points, overrange 1", minus
sign, and function indicators.

Multiplexing the display has reduced
the number of wires in the cable
between the probe and battery pack.
To display all the digital information
would normally require 23 lines for
the three digits plus over-range “17,
with an additional four lines for
decimal point, one line for polarity,
four lines for function, and one
common return line, making a total of
33. Multiplexing reduces the number
of fines required to-12.

The multiplexing drives eight lines,
containing the data for a single
7-segment digit, plus the decimal point
associated with that digit. The
overrange ‘1" in the display as well as
the minus sign and four function

multimeter has the
readout in unit with
the probe.

indicators form another “7-segmént”
digit — although the digit s
dismembered. The cathode for this
dismembered digit, as well as those for
the other three whole digits, is also
controlled by the multiplexing
circuitry. Thus, the cathode lines
determine which digit will display the
information contained on the data
lines at any given instant.

The 167 has automatic ranging and
polarity sensing. The ranging circuit is
located on the LS| module (alorg with
the digital circuitry) except for five
discrete diodes which decode the
ranging signals from the module. The
use of FET type range switches
simplified the circuitry since the gates
of the FET’s can be turned on directly
by low-level signals from the LSI
module. ‘

An absolute-value amplifier on the
input determines polarity and also
reduces the number of components in
the A-D converter. The absolute-value
amplifier is an arrangement of op-amps
that provides a positive voltage output
— no matter what the polarity of the
input. Polarity sensing is obtained by
monitoring direction of conduction in
one of the op-amp feedback loops.
The amplifier also rectifies incoming
ac signals to provide the 167 with its
ac ranges.

Since the A-D converter only has to
handle a single polarity, the number of
components and the converter's
complexity are reduced. The A-D
converter consists of only one LS}
module and two IC's and thus
contributes to long battery life,

BATTERY OPERATION

By incorporating a highly efficient
power regulator, the total power
dissipated by the unit was kept small
enough for battery operation to be
used. Additionally, the unique power
regulator of the umt required no
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Keithley’s new digital

e
e

warmup — merely turn-on. Thus, a
“Push-to-Read”’ switch could be built
into the probe and a user could obtain
a meaningful measurement from a cold
start in less than two seconds ( that
includes turn-on, ranging time, and
settling time to rated accuracy on the
final range).

The power from the batteries is
transformed to +12, —b5 volts by a
highly efficient switching regulator.

The output of the regulator is
monitored to assure that sufficient
energy to run the unit is available.
When it is not — either because the
batteries are too weak or the supply
somehow gets shorted out — the
regulator {and thus the instrument)
turns off. Thus, excessive discharge of
batteries is prevented. This extends the
life of rechargeable batteries and
prevents potentially destructive
battery leakage.

LARGE SCALE INTEGRATION

Large scale integration is employed
to minimize the number of discrete
components and  their required
connections. A single LSl chip
contains the digital section of the A-D
converter, BCD counters, latches for
the display, multiplexing circuitry,
BCD to 7-segment converter, range
counter, function decoder, overrange
circuitry and timing circuitry. This one
package contains the complete digital
section of the instrument and replaces
55 TTL packages of MSI and SSI
complexity.

The number of discrete components
was minimized by use of thick film
resistor networks which had the added
advantage of providing excellent sta-
bility over wide temperature ranges. @
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Schlumberger clalm their 660 Series VOM to be drop-proof — we he firm of Weston Instruments
took them at their word — here’s how it performed o Inc. are weil known in the
electrical and electronics indus-

tries as manufacturers of precision

instrumentation. Weston were one of

the pioneers of the ‘basic D’Arsonval

moving coil meter movement and over

the vyears have continually improved

the design. One of their most recent

developments is the drop-proof taut-

band meter movement used in the

Schlumberger Mode! 666 V.0.M.

The Schiumberger 660 series meters

are available in five basic versions,

all housed in the same drop-proof,

blue-grey, polycarbonate case. This case ~
has a raised front panel edge to protett

the meter face and front panel controls,

The snap-oh range plate is reverse. .
engraved in black with a light grey
background. The range switch push

buttons and calibration potentiométer

knobs are made from white plastic.

These harmonise well with the blue-

grey housing, and light grey range®
plate. ’ ' :

THE