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A fewof your friends youwish

you could have takenwith you.

You can.

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

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

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

12” Model P 32

outdoor viewing. And thanks to the instant sound
& vision switch, there’s no warming-up period. So
no one’s kept waiting. All controls, especially the
ultrafine tuning knob, are effortless, but extremely
effective.

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

All your problems have been anticipated —
except the choice of set. Whether you go for the
14", 12" or 9" tubed model, you know it’s the
perfect portable. That’s why it’s Britain’s
best-selling portable.

Pick one up and take your friends with you.

Hitachi Sales (UK) Ltd. New Century House,
Coronation Road, London NW10

@ HITACHI The world at your fingertips
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porsitive
feedback

with a life expectancy of only a month, once it has been
published we hope that that is not the end of the matter.

We get our copies just before they appear on the bookstands and
we study them eagerly....certainly we have seen the individual pages
several times before it is printed but there is nothing like seeing
the finished issue. After our initial examination we get round to
wondering what reaction you, the reader, will have.

After a few days we begin to know when your letters start
cominyg in. Cynics often believe that we sort these into two; the
nice ones are set aside for Input Gate, the nasty ones being con-
signed to the wastepaper basket. In fact we take note of every
comment; that is not to say that we automatically assume that one
reaction is typical and that an individual letter will reshape our
policy but, in conjunction with others, it may well do. We welcome
criticism, especially if it is constructive, and about the only way
for us to know what you like (or don't like) is if you tell us. If we
receive no comment about a feature there could be two reasons:
it might be so boring that no one has bothered to read it or it may
be so informative and so complete that no queries arise from it.

Our readership survey which was published in last September’s
issue has provided us with plenty of useful information (thanks
to all of you who filled it in) but we still need to know what you
feel about individual features.

Letters from the readers are the essential feedback that we need
to keep ourselves on the right course so,do us a favour, keep ‘em
coming. HWM. e

ALTHOUGH a magazine is a highly perishable commodity,
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tadystone Radio

EC958

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

Professional high-stability receiver series for a wide variety

Simplicity
of applications. The standard version can be used as a
Reliability self-contained F.S.K.terminal, orasadual-diversity terminal
with common oscillator control. Variants are available for
Economy Lincompex terminal use, for specialized network moni-

toring surveillance and for marine applications.

Please send for an illustrated brochure to:

Eddystone Radio Limited

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

A imember of Marconi Communication Systems Limited.
LTD/ED%9
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NIPPING THE NIPS !

Pressure is growing in many European
countries to curb the import of
Japanese electronic goods.

The Dutch have temporarily stopped
issuing new import licences to Japan
for goods including radios, TV sets,
tape recorders and calculators. West
German manufacturers have also
expressed concern over the imports
from the far east which have risen by
leaps and bounds in the past two years.

in Britain similar pressure is growing,
for although the domestic electronics
industry is riding on the crest of a
wave with sales of virtually all elec-
tronic goods at record levels, the
Japanese have gained a very large share
of the market. They have a virtual
monopoly of the small screen TV
market, both colour and black and
white and sales of radios cassette tape
recorders and pocket calculators are
also substantial. The recent revaluation
of the Yen may do something to stem
the flow, but only temporarily.

The Japanese themselves enjoy a
highly protected domestic market and
place massive tariffs on imports but
this doesn’t stop them fretting when
other countries operate a bit of protec-
tionism.

Most European countries are
disturbed by the flow even while
their economies are doing well; when
a trade recession occurs (and judging
by recent history it can’t be long) this
protest will rise to a scream.

Jap equipment is usually good and
very cheap but we must not assume
that it will be available ‘ad infinitum’,

I.C. DESIGNEO FOR ELECTRONIC
IGNITION IN CARS

Emihus Microcomponents have been
investigating the use of MOS integ-
rated circuits in automobile equipment,
and as a first result they have designed
an efectronic ignition system,

One of the chief aims of this device
is to reduce the poliution output from
the engine by effecting closer control
of the engine timing. It is also expec-
ted that the electronic ignition system
will help reduce engine wear and will
eliminate the need for current mainten-
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ance such as points adjustments and
lubrication of balance weights.

The major feature is that it enables
the timing function to be adjusted to
a quarter of a degree of accuracy at
engine speed increments as small as
100 revs per minute, with the added
advantage that the negative advance
can be introduced at any point in the
positivley advancing timing function.

Another likely effect produced by
this electronic ignition system is an
improvement in fuel consumption.

GETTING REAQOY FOR
COMMERCIAL RADIO

Commercial radio is on its way;
anyone doubting this should tune
around the medium wave band where
tests transmissions are already being
conducted. Contracts for the supply of
the transmitters and the aerials have
been placed with EMI, the value of the
order is put at £160,000.

The new stations will broadcast on
both VHF and the medium waves. The
former will use circular polarisation,
as yet untried in the UK though
widely used in the USA where it is
claimed to give much better reception
on simple transistor radios and in cars.
A number of the BBC local stations
have been using slant polarisation to
overcome this same problem.

ELECTRONICS YESTERDAY

No, this is not an early version of the electric chair {despite the unhappy
expression on the chap's face I) but one of the worlds first electrocardiographs.
An instrument very similar to this is featured in an exhibition to celebrate the
850th anniversary of London’s St Bartholomews Hospital (Bart’s). This
horrifying device was installed in the hospital at the turn of the century by the
Cambridge Instrument Company who are still in the field and whose modern
equipment is used in the hospital today.
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ELASTOMERIC KEYBOARDS

A new concept in keyboard switches
comes from Guest International with
their range of ‘Flex Key’ flexible
membrane switches. These are claimed
to have a life of 100 million cycles.
The membrane switch structure is a
simple, three-level composition. In
operation, a conductive silicon
elastomer is deformed through an
aperture in a Mylar insutating sheet
and bridges two sets of gold-plated
contact pads. This design, together
with the inherent semiconducting
properties of the carbon-silicon
elastomer, reduces the possibility of
contact bounce to a minimum and
even removes the necessity for anti-
bounce circuitry. All ‘Flex Key’
keyboards are claimed to be impervious
to dust, moisture, or even direct con-
tact with liquid. They are suijtable for
use in the most rugged of conditions
and mechanical wear and contact
degradation are almost non-existent.
The elastomer-to-gold interface elim-
inates the inherent problems of
mechanical switches and switch

~
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Examples of the elastomeric ‘Flex Key’
keyboard switches from Guest International

actuation is achieved by flexing the
elastomer just 0.005in.

The obvious use is in electronic calc-
ulators, but keyboards can be used in
almost any application requiring
sequential switching.

PEKING EXHIBITION

A small chink appeared in the bamboo
curtain (forgive the pun) earlier this
month when the British Industrial
Technology Exhibition was staged in
Peking. 347 British exhibitors took
part and the electronic and electrical
industries were well represented.
British exports to red China run at
about £30 million per year at present

8

but it is hoped that this exhibition will
boost these sales.

Despite the thaw in diplomatic
refations very little is know about the
Chinese electronics industry but ETI
are planning to bring you a special
feature next month giving details of
the state-of-the-art in China.

METAL LOCATOR KIT

Treasure hunting is one of the fastest
growing hobbies in Britain with sales
of metal locators running at 20,000 a
year. To cater for those who wish to
build their own, Minikits Electronics
have just announced a complete metal
focator kit for £8.90 plus 30p postage.
This comes with a preconstructed
search head which the makers say
requires special engineering skills in
manufacture and is not suitable for
the home constructor.

The Treasure Tracer Mk {1, as the
model is known, operates using the
BFO principle but it incorporates a
unique tuning principle which is claim-
ed to overcome the disadvantages of
this system. The BFO principle makes
use of two r.f. oscillators operating
very close together in frequency
(nominally 130kHz) and one of these
uses a coil which is panned over the
ground. When a metal object is brought
into the vicinity of the coil the r.f.
frequency changes very slightly altering
the difference in frequency between

| the two r.f. oscillators. This difference

appears as an a.f. note which is fed to
a loudspeaker.

Until now the problem with this
design has been in obtaining a thor-
oughly stable circuit and this has been
hindered by the use of a variable

The Treasure Tracer Mk 11l metal locator
from Minikits Electronics

capacitor which contributes to
instability. The Treasure Tracer Mk 11
however has varicap tuning,
overcoming this problem. The kit
comes absolutely complete, even down
to solder and battery and uses a fibre-
glass p.c. board with the component
siting printed on the reverse.

A ready built version is also available
for £12.50. MINIKITS ELECTRONICS
35 Langley Drive, Wanstead, London
E11.

NEW R AND D CONTROLLER
FOR SINCLAIR

Sinclair Radionics has appointed Mike
Pye, 29 as Research and Development
Controller. He takes responsibility for
all new design projects including the
development of a 2in screen, portable
television set, a range of digital wrist-
watches and an expansion of the
Sinclair calculator range. Original
work is also taking place on computers
and integrated circuit design.

The company are placing increasing
emphasis on research at their St. Ives,
Hunts headquarters — in the next 12
months the research team will be
expanded by more than 30%.

NEW TRANSISTORISED IGNITION
SYSTEM FROM DOLPHIN DESIGNS

Transistorised ignition systems offer
considerable advantages when fitted

to almost any car; starting is much
easier, the performance improves
noticeably and petrol consumption is
reduced. The advantages are so marked
that several car makers are planning to
fit this system within a few years.

The problems of electronic reliability
which plagued earlier designs have now
been solved and most of the units now
available are electrically sound but, in
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operation near the engine, troubles
still occur due to ‘skimping’ on the
housing and connections.

A recently announced Transistorised
lgnition System from DOLPHIN
DESIGNS overcomes these problems;
reliability and ruggedness, both
electrically and mechanically, are
claimed to be quite exceptional. The
circuit (an improvement of the design
by R.M. Marston) produces the
performance expected from a high
quality unit but in addition the
mechanical design incorporates several
attractive features.

An indicator light, viewed through an
epoxy seal, shows instantly when the
unit is operating correctly.

The circuit will work on all 12V cars,
either positive or negative chassis.
Although supplied for the system
requested, changing from one to the
other is a simple operation enabling the
unit to be transferred from one car to
another.

A dash-mounted changeover switch,
supplied as standard, will instantly
revert the car to conventional ignition,
whilst driving, either for comparison or
in the unlikely event of failure {after
all, even THAT car has a starting
handle 1} 3

The Transistorised lgnition is priced at
£12.95 plus 30p postage and is
available from DOLPHIN DESIGNS,
59, Leighton Avenue, Leigh-on-Sea,
Essex.

NEW TV STATIONS

The expansion of the UHF TV net-
work continues and the IBA have just
begun transmissions from another four
relay stations, As with many of the
relay stations, the signals are vertically
polarised, unlike the main stations
which use horizontal polarisation; this
reduces possible interference between
stations on the same channel.

The new stations are: Nottingham,
Channel 24 carrying ATV programmes,
Bacup, Lancs, Channel 43 carrying
Granada programmes, Lethanhill,
Ayrshire, Channe! 60 with STV and

Rhymney, South Wales, also on
Channel 60 carrying HTV. [n all these
stations will improve the reception,
or bring colour programmes for the
first time to about 50,000 people.

OPTO-ELECTRONICS FOR PETROL
PUMPS

Improvements to self-service petrol
pumps {notably increased delivery
rates) and in many instances the poor
performance of the means of trans-
mitting quantity and price to the cash
desk, has prompted the oil companies |
and petrol delivery equipment man- ‘
ufacturers to look for more accurate
and reliable ways of transmitting this
information. The current method of
relaying this data is by rotating electro-
mechanical devices opening and
closing electrical contacts. Although
accepted by the various authorities,
these devices are prone to wear and are
unreliable, causing inaccuracies and
necessitating frequent servicing. There-
fore, the oil companies and pump
manufacturers are faced with the 1
problem of either improving the
existing electro-mechanical devices or
tooking for a radically different tech-
nique. Ferranti Ltd claim to have the
solution in their new type-24R low-
cost opto-electronic transmitter.
Recently, when Ferranti were con-
ducting a European sales survey into
low-cost optical shaft encoders, a well-
known Swedish manufacturer of self-
service petrol equipment was found
looking into alternative ways of
transmitting data from the pumps to
the cash desk. On hearing of the new
low-cost transmitter and after technical
discussions, the manufacturer placed a
pilot order for 250 units. Although
marginally more expensive than
existing electro-mechanical methods,
the type-24R is more accurate — by
some ten times — and is less prone to
wear because of the non-frictional
sensing element., Moreover,
the intrinsic safety requirements
demanded by the Petrofeum Inspec-
torate are met because of the trans-
mitters’s non-frictional sensing and ,
solid-state light source. ]
According to a NEDO report
published in October 1970, only
around 24% of the UK's retail petrol
outlets have self-service pumps; yet
these account for over half of the total
petrol sales. Therefore, there is a
sizeable market for new self-service
installations and an even greater
demand for replacing electro-mech-
anical transmitters with a more
accurate and reliable device like
the type-24R. Currently some self-
service equipment manufacturers are
slowly replacing their pump’s mech-
anical counters with electronic
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displays. Here Ferranti consider their
optical transmitter the ideal solution:
for it can be mounted onto the shaft
of the flowmeter and is accurate
enough to measure flow directly with-
out the need for reduction gearboxes
and other interface equipment.

COLOUR TV CAMERA

Although it looks more like an 8mm
movie camera, the photograph is
actually of a complete colour TV
camera made by Akai. At £1450 it
may not seem all that cheap but this is
only half the cost of comparable equip-
ment now available.

The camera provides a signal output
directly compatible with PAL standard
video recorders and monitors irrespec-
tive of tape size and with an approp-
riate r.f. converter shows a colour
image on a domestic colour TV set.

The model, known as the CCS 150
is fitted with a 6:1 ratio f2 zoom lens
with a monochrome viewfinder. A
highly directional microphone is built
into the camera.

The Akai CCS 150 is marketed in the
UK by Rank Audio Visual, P.O. Box
70, Brentford, Middlesex.

CQ, LAOIES

Electronics is often regarded as an all-
male preserve and it must be admitted
that we know of very few ladies in the
field.

The British Amateur Electronics
Club have not a single female amongst
their 250 members and Cyril Bogod,
Chairman and Editor of their magazine
wants to do something about it. He
says, ‘| hope you will agree that in
these days of Women's Lib that this
will not do; we would love to hear
from any ladies interested in electron-
ics and if they wish we shall even
address them as Ms!’, So, how about it
girls, if you are interested write for
details of the club to C. Bogod,
‘Dickens’, 26 Forrest Road, Penarth,
Glamorgan. Come to think of it, at
ETI we are also keen on hearing from
any lady readers. ®
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Meanwhile,
let’s tell you about Rotel.

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

And we intend to keep it that way.

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

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

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

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

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

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

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

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

I_E To: Rotel, Rank Audio Products,P.O. Box 70, —I
| Great West Road, Brentford, Middlesex TW8 9HR. [
| Name g |
|
|

Address

Rotel equipment is made in Japan and Taiwan by Roland Electronics Lid., and is distributed and serviced in the UK exclusively by Rank AudioProducts,
P.O. Box 70 Great West Road, Brentford, Middlesex TW8 9HR. Telephone: 01-568 9222
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BEOGRAM

4000

TURNTABLE

Fig. 1. Simplified drawing of f
Beogram 4000 shows how tone

arm is free to pivot in hori-

zontal plane. Photocells detect
angular displacement and servo
mechanism then drives /
complete arm assembly longit- ' [/
udinally to maintain the arm {
tangentially to record groove. | -4
{For simplicity the sensing arm |
and assembly guide rails have
been deleted).

h 4
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Electronically controlled turn-
table from Bang and Olufsen
combines ingenious engineering
with elegant appearance.

DEVELOPMENT of most audio
equipment is done on a ‘vertical’ basis
— each step being predicated on the
rightness or otherwise of what went
before. This is a very common
engineering approach and leads to
competent if sometimes dull results.

It is rare for any organisation to

take a ‘horizontal” approach, starting
as it were with a fresh sheet of paper
and not too many preconceived ideas
of how things should be.

But this is what Danish hi-fi
manufacturers Bang and Olufsen have

done, and their new Beogram 4000
turntable is the result.

The unit virtually bristles with new
solutions to old problems — from the
use  of a powered and tangentially
moving arm — to an automatic system
that senses record size and selects the
correct playing speed.

The most obvious difference
between this and other turntables is
the tangential arm which ensures that
the pick-up cartridge moves in a
straight line across the full playing
width of the record. The purpose of
this is to ensure that the cartridge
tracks the record groove at the same
angle as that of the original recording
stylus.

This does not happen with-
conventional turntables — and in
theory at least — distortion s
introduced due to the stylus tracking
the groove at a continually changing
angle.

Manufacturers of conventional tone
arms attempt to reduce this so-called
tracking error by bending the arm at
an angle. Although this reduces
tracking errors, it does so at the

This interior shot of the Beogram 4000 tu:n-
table shows the two guide rails and drive
shaft of the sliding arm assembly.
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expense of introducing a force which

causes the stylus to be pressed against

the inner face of the record groove.
This force — commonly known as

‘skating” is counteracted in good
quality turntables by some form of
mechanical or magnetic compensation,
although in practice it is virtually
impossible- to provide precisely the
right amount of ‘anti-skating’ bias
across the full width of the record.

Bang and Olufsen’s solution to the
problem is ingenious and elegant. The
tone arm, plus a second ‘sensing’ arm
is cantilevered out from a rectangular
slide which in turn is positively located
— but free to move longitudinally —
along a pair of ‘rails’. The complete
slide assembly is driven through worm
gearing by a small servomotor.

Apart from the ‘sensing arm’ the
function of which will be described
later, the tone arm also carries a
sensing system the purpose of which is
to provide the servomotor with
positional information.

The tone arm is pivoted in both
vertical and horizontal planes, and the
horizontal movement is monitored by
a small lamp and shutter assembly in
conjunction with a pair of photocells.
These photocells sense any deviation
of the arm away from a true tangential
position, and by producing outputs
proportional to the deviation, cause

the servo motor driving the arm
assembly to take up the ’‘correct’
position. The system is remarkably
sensitive — to the extent that tracking
angle error is contained to within
0.04°.

The servo mechanism can cope with
both eccentric and warped records. A
very eccentric record may on occasion
cause the servomotor to go into
reverse — but the mechanism will
ensure that tracking error is kept to a
minimum. Warped records will simply:
cause the pick-up arm to rise and fall as
with a conventional arm.

Figure 1 shows a simplified version
of the system. A block schematic
diagram of the servo-control system is
shown in Fig. 2.

Circuitry associated with the servo
mechanism is used to sense when the
stylus reaches the ‘run-out’ grooves at
the end of the record. Figure 3 shows
how this part of the circuit operates.
As the stylus approaches the last
grooves of the record, a mechanical
contact (SW)} is closed by the moving
side. This contact connects the
servomotor to the base-emitter circuit
of transistor Q11. As soon as the
stylus actually runs onto the run-out
grooves, the increased lateral velocity
the tone arm causes a sudden increase
in voltage to the servomotor. This
suddenly increased voltage is sensed
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and amplified by Q11 which in turn
causes Q10 to conduct. Transistor Q10
switching to conduction causes Q9 to
conduct — and point A (which was
previously at +6V) falls to virtually
zero potential. This latter action is
used to operate the ‘tone-arm raise’
mechanism and subsequently, to
initiate a fast return and and
switch-off sequence.

A further logic system, operating
via Q12, enables the user to override
the automatic mechanism.

The purpose of the main sensing
arm briefly described at the beginning
of this article, is to detect the presence
or absence of a record on the turntable
platter, and then to ensure that the
stylus is lowered onto the edge of the
record — no matter what size record is
used. It also automatically switches
the main drive from 33-1/3 rpm to 45°
rpm whenever a seven inch record is
sensed.

As with practically every part of
this turntable, the mechanism and
circuitry used for the sensing functions
are ingenious in the extreme.

The turntable platter has a
reflective metal surface onto which are
mounted a number of radial black
plastic ‘spokes’.

A small lamp and photocell housed
in the tip of the sensing arm detect the
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There's no such
hing as the perfect
I-fisystem.

That's why we made the 810.

There is no one Hi-fi system
which is perfect for everybody.

Rooms, like wallets, are
different sizes. And musical ¢

reproduction requirementsvary. &

So we've made the ultra-
flexible, supremely compatible,
highest quality turntable.

The BSR McDonald 810.

For the man who wants to choose
separate amplifier and speakers to
build up his own perfect Hi-fi system.

_Itcosts £44-25. 1t's a transcription
unit weighing 16% Ibs. The diecast
turntable alone is 62 Ibs. - solid
and dynamically balanced.

A pitch contro! gives accurate
turntable speed, using stroboscopic
centre plate.

The low mass aluminium pick-up
arm is gimballed for virtually friction
free movement in all planes.

It has a slide-in cartridge holder,
minimum tracking pressure of
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3 gramme and decoupled one piece
counter-balance.

Its 4-pole dynamically balanced
synchronous motor compensates for
any fluctuation in mains voltage or
record load.

There’s hydraulically actuated
viscous cueing on manual and auto-
matic, and a unique anti-skate device.

The 810 is a two-speed player, 45
or 33% - all that's needed on a modern
turntable.

It operates by featherweight push-
button for start/stop and selection of
record size.

Arigid smoke-tinted styrene
dust cover and a polished wooden
. plinth are available as extras.
For a preview just return
the coupon, or ask to see
and hear the deck at your
local dealer.
BSR Limited, McDonald
Division, Monarch Works,
Cradley Heath, Warley, Worcs.
Tel: Cradley Heath 69272,

brochures of the complete range of |
turntables.

Name.

Address LD inty ¢ e il
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BEOGRAM
4000
TURNTABLE

S e

SERVO /

m—

SERVO-MOTOR

Flg. 2. Block schematic
drawing of servo system used
to sense angular errors in
tone arm.

presence or otherwise of a record on
the revolving platter.

If a record is on the platter the
light reflected back to the photocell
from the lamp will be fairly steady —
hence a constant dc level indicates the
presence of a record. But if the matter
is uncovered, the reflected light from
the polished metal turntable will be
regularly interrupted by the radial
black strips, and a chopped dc voltage
will be produced by the photocell.

When the turntable is switched on
and the record playing sequence
initiated, the sensing arm and the tone
arm move steadily along their track
until the sensing arm detects the edge
of a record. At this point the tracking
servomotor is de-energized and the
tone arm automaticaily lowered.

The sensing arm’s photocell is
sensitive to the strobe effect when the
turntable is in motion, Hence if the
sensing’ arm reaches the point where
the edge of a 12" record should be,
and still de ects the signal from the
moving ribs, it deduces that there is no
12" record on the platter. Similarly if
it passes the 10"’ point and still detects
rib movement it knows that there is no
10" record there either, It then
continues inward seeking the possible
presence of a 7"’ record. If it finds one,
the turntable speed, which always
starts off at 33-1/3 rpm, is
automatically switched to 45 rpm. The

WV

Fig. 3. This logic circuit
detects the voltage increase

as the tone arm drive motor
compensates for the increased
lateral velocity of the stylus
running onto the run-out
grooves at the end of a record.
This sudden increase in
voltage is used to actuate the
arm return and ‘switch off*
mechanism.

0——.
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pick-up is then lowered and the record
played in the normal way.

If there is no record on the platter
at all, then the sensor detects the
moving ribs untit the centre of the
record is reached. At that point the
arm is returned -automatically to the
rest position.

Although manual  overrriding
controls are provided to enable the
user to lower the tone arm onto any
required part of a record, these manual
controls are interlocked with the rib
sensing circuitry — thus ensuring that
the arm can only be lowered if a disc is
on the turntable platter.

Additional logic circuitry is used to
monitor continuity of the lamp
filament in the sensing system. If this
lamp becomes open circuit, the
control logic prevents the arm being
lowered.

ELECTRONIC SPEED CONTROL

In common with an increasing
number of high  performance
turntables, the main drive motor is
powered by a stabilised oscillator and
power amplifier. Thus turntable speed
is virtually independent of mains
supply voltage and frequency. Fine
speed adjustment is provided -—
independently for both 33-1/3 rpm
and 45 rpm — by varying oscillator
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frequency. No provision has been
made for operation at 78 rpm.

NEW CARTRIDGE

A totally new cartridge has been
developed by Bang and Olufsen for the
Beogram 4000 unit.  Although
basically conventional in design, the
stylus fitted to the new SP 15
cartridge is an integral part of the unit.
The whole cartridge is manufactured
as a sealed unit and is not repairable.
In the event of damage Bang and
Olufsen supply a new replacement
cartridge for half the cost of the
original.  Recommended tracking
weight is a mere 0.8 gram.

Although the Beogram 4000 was first
shown in this country at last October’s
Audio Fair, few of these units have
found their way onto the market.

At the time of going to press the price
for the teak plinth version is £160.50,
the rosewood version is £1 dearer.
These prices will change shortly, the
floating pound signals an increase but
VAT will bring about a small reduction
— with luck these should cancel each
other out.

Electronics Today International hope
to run a complete review of this
unusual unit in the near future, it is
not an inexpensive turntable but the
features may well herald a new app-
roach by ail the manufacturers. ®
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hi-ti stereo amplifier GA~202

Join the procession There's a new world of high fidelity in a Teleton sound

N _ system, with the GA 202 amplifier at its heart to bring you new
in A|da, standards of purity, new heights of quality in the faithful
. reproduction of the world's greatest music.
Sme" 1 81 2 gunSI‘nOke. The Teleton GA 202 combines all the latest advances in
Shiver hi-fi technology—calibrated slider controls for bass, treble
and channe! volume, hi-cut filter, loudness contour, head-

on Bare Mountain_ phone socket, tape and auxiliary inputs, to give you 16 watts

per channel (RMS) at under one per cent distortion, 30-

Awaken tO the 30,000 Hz-—the soaring choruses and the whispers of a
cathedral inside an elegant wainut and brushed aluminium
sound of Teleton. &< g '

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

PR —— Teleton Electro (U.K.) Co. Ltd.,
El@n Teleton House, Waterhouse Lane,
- Chelmsford CM1 3DW.

Sound Sens Tel: Chelmsford 62442.

ELECTRONICS TODAY INTERNATIONAL — MAY 1973




(3] " » ™ n !:
siw o s® W WM W w,

< - L LI AV SRR )
S shunnuBe w W W,

response 20-20,000 Ry - b ; bty
harmonic distortion Less 1han 0.5% (or of (7 va ienals Jp W . S o
5 wolts output and al/ trequencies throughout the sudsra 2%, Saasf " o

haeroin, iy

istortion at 1 kHz a2 15 watls output tnto B ohms istyprcaky 1% Crosvinik Balim than Log
40dB a1 any frequency and at any levet of output. Hun and nafike Wm»ﬁ s culoul,
tter than — 70 dB on tape playbuck. ~ 60 d8 onradia ang — 55 4B LB, . Rumble
1er. Trehle filter, Loudness contzol. Tape monitor. FM TUNER g {ge
-109 mMz, Sensitivity Mono 3 8 uV, 5tcre0 5 .V, Limviting Full hanting 0Ssurs 31 6 WV, IF
1dwidth 220 Hz 4t 6 OB down, IF rejection 90 45, Quieiening control. AM TUNC®
seroge Medium and Long wavebands, Sensitivity 5 .V tor 20dB, IF bandwidth

12 1 6 ¢B down, if iejection 8048,

WHAT'S AWATT?

terminology has arisen. It is bad

! must offer some criticism of the different ways of expressing the power

article entitled “How Many Watts?”
(Electronics Today —April 1972 issue).

It is directed at the section headed
“What's a Watrt?” The explanation
given in the first two paragraphs of the
section fs quite misleading. The
definition of the rms value of a
sinewave fs correct but only applies to
voltage or current, and not to power.

For test purposes an audio amplifier
would be connected to a pure
resistance as a load, so that voltage and
current would be in phase. If they are
sipusoidal and of frequency f Hz, then
the power in the load also fluctuates
sinusoidally at 2f Hz. The product of
V and | (both rms values) gives the
average or mean value of the power
which is half of the peak power.

The rms value of the power
waveform can be calculated but it has
no significance. To any electrical
engineer, or to an engineering student,
the word “power” is always taken to
mean the average value. With
non-sinusoidal  waveforms, “peak
power” and “average power” retain
their significance and are useful terms,
although the factor of one half
mentioned above no longer applies.

I realise that the term “rms power” is
widely used nowadays to describe the
output of an audio amplifier when, in
fact, “‘average power” is intended,

I cannot understand why this error in

enough when used in manufacturers’

advertisements and [/ feel that it has no

place at all in an article which purports
to be technical.

Yours sincerely,

T. Brownlee, C. Eng.

Head of School of Engineering,

Caulfield Institute of Technology.

The above letter arrived on our desk
some time ago — and for a short time
it created quite a stir.

Our correspondent is quite correct.
His point is true by definition. The
rms value of a power wave-form has
no significance.

As our correspondent points out, the
only term that has any real validity is
‘average’ power. For those who are
interested the relevant mathematics
are set out in the accompanying panei.

Technically we are in the wrong —
but we are in very good company —
for almost without exception,
technical journals, testing consultants
and audio equipment manufacturers
the world over — also use this term.

So why do we do it?

We do it for the sake of clarity — as
we feel sure do most other journals.

Manufacturers do it for another
reason, perhaps mistakenly, but
nevertheless with good intentions.

The reason is that there are many
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output of an amplifier, and most of
these ways have some validity.

For example, the argument used to
justify instantaneous or ‘music’ power
ratings is that orchestral music has a
very wide dynamic range. The average
power may be quite low yet when
there is an orchestral crescendo the
instantaneous power requirement may
be very high.

Therefore, say the ‘instantaneous’
power protagonists, let us quote the
output in terms of what the unit can
produce for a short time, a
measurement in  fact -of the
‘instantaneous’ power output.

This can be quite a large number.
Just how large depends on how the
measurement is taken. For
‘instantaneous’ is not a very precise
term.

Is the measurement taken for a few
seconds, one second, or perhaps justa
few milliseconds?

And at what level of distortion? A
realistic 1% to 2% — or is it taken at
the current US figure of 5%. Or with
the power transformer on fire?

At the other extreme ‘pop’ music
tends to be more uniform, and
therefore the available average power
is a more relevant quantity.

NO RECOGNISED STANDARD

There is no internationally
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recognized standard for amplifier
power ratings, and until a decade or
two ago average power was the figure
implied when power output was
quoted. If a specification read ‘Output
Power — 20 Watts’ you knew exactly
what it meant.

At least you did if you were in
Europe or were looking at a European
amplifier,

The Americans on the other hand
used a system that enabled a 10 Watt
European stereo amplifier to be
marketed in the US at 40 to 60 Watts.

{Rolls Royce ran up against a similar
problem with horse-power ratings of
their cars. But rather than accept a
phony measurement they described
their power output as ‘adequate’. Not
that it did them much good.)

The US rating is converted into the
European rating as follows:-
{1} divide by two to obtain the
output per channel.

{2) divide by one and a half to
obtain  an approximate conversion
from short duration signals in one
channel to continuous signals in both
channels,

{3) divide by two to convert from
peak to average power,

In other words divide the quoted
figure by between four and six and
this will approximate the average
power per channel,

BUT WHY RMS?

The argument is that thHe buying
public must have some basis for
comparison and that whilst an rms
figure is technically incorrect, it has
‘the implication of the method of
measurement. This implication is not
carried by average or continuous
power.

The term rms Watts is in fact a
pseudonym for average power, or in
another context, continuous power,
and, technically correct or not, it has
become a generally accepted
expression. As we found out when we
rang the design engineers at two of
Britain's leading manufacturers,

Their reaction was a surprised “what’s

wrong with Watts rms?”’.

Our correspondent is, as we have
said, perfectly correct and we also
deprecate terms that have precise
meanings being used in such loose
fashion'.

But does it really matter all that
much? After all, there are no inter-
nationally accepted methods of either
measuring or quoting amplifier power
output. At least we all know what is
implied by Watts RMS, even if the
term is technically doubtful. Those
who consider that it does matter must
read this to mean average watts.

As Chaucer sayde — "'Forgetting not
uniforme and goodly laws of propre
tonge, the ways of manne and his
collogue shul shew doutles how it is to
be sayde’’.
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Fig. 1 — Relationship between voltage, current and power curves in a resistor.

for resistive loads and sinusoidal
inputs. V and | as functions of
time are: —

V=V, cos2nft
I = lm cos 2 ft

where V, is the max. instan-
taneous voltage

and |, is the max. instan-
taneous current.

The resistive load R, the applied
voltage V, and the resulting current |.

Then V and | as functions of
time are respectively:—

Vi =V, cos 2 wft

1; =1m cos 2 7 ft

Where V., is the maximum
instantaneous voltage and |, is the
maximum instantaneous current.

The instantaneous power is
givenby V x 1 =P.
Thus power is given by:—

P=Vnim cos 227 ft.

This quantity is plotted in Fig 1.
As can be seen, the power varies
between 0 and V, I, in a sinusoidal
manner and the average power is
Vi tm/2. Using Ohm's law this is
equivalent to Vip2R/2 or |,oR/2
Thus we define the effective voltage
and current so that the average power
is given by P = V|, and the relations
between the rms and peak value are

V=VnA/2and | = I,A/2.
{b)  Asimilar argument (although
more complex) for non-sinusoidal

signals produce the equivalent
voltages and currents as

VVave (V,2) and | =+/ave (1,2}

hence the term ‘root mean square’
which is a way of expressing the
operation of squaring the voltage (or
current}, taking the average or mean,
and then taking the square root of
the result.

Whilst this may seem compli-
cated, the meters which we (and most
other laboratories) use for measuring
voltage or current perform this
operation automatically.

Thus as we see from the above,
the rms voltage is defined through the
average power and nowhere is rms
power defined.

Congratulations are due to Alex Mellon, Advertising Manager of ET1, and his navigator,
Trevor Robertson, for coming second in the Press Section of the Mobil Economy Run.
Alex is a veteran rally enthusiast with plenty of trophies on the shelf and he is at present
testing for ET1 a special project designed for the motorist. Plans must remain secret at the
moment but we have a real winner under our belts and, all being well, we shall be making

an announcement in the near future,
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Thatwas our missior. diaphragm. Givingyou

The same superb quality pure stereo sound

of performance as atthe revolutionary
electrostatic priceof £19.95*
headphones. Plus.
Butforlessthan Lightweight

half the price. comfort. And
Andby good looks.

goingto the Complete with

.. moonwe've this elegant
= - accomplishedit. i foam-lined
3 . Becauseoneof [ container with
”o%-._ thethings thattook transparentlid.

Y SN mantothemoon was Itdlook good beside
7, & % auniquepolyimide yourdeck. And let you
OQ? N Por. film Andwe'veturned storethephones
DN % neatlyand dustfree

. itintoaunique

Fi Isodynamic

Headphones.

(Isodynamic,adj. Of or pertaining to equal {magnetic)force).

Mission Accomplished:
electrostatic quality for less than half the price.

Unique Diaphragm Rubber Magnets
In the NASA space capsules Another Wharfedale Hi-Fi
polyimide film has to exclusixﬁ:é.ﬂ Which giwi you
withstand great anequal magneticforce
temperature fromlightweight
fluctuations. magnets. And so
Aslowas-269°C 840089 avoid the heavyiron
or high as 400°C. [ "‘339 magnets used in
Anditalso has Z.goﬁ more conventional
to withstand 4 gg‘g,??.f headphones.
tremendous A Weightless Capsule
vibrations. RUOBET jpgry  Unique Oralmost. Forthewhole lot
Soithastobe P fae Daphm o eighs amere 130zs of sheer
flexible. But without lightweight strength. Soyoucan
destroyingtheprinted wearthe phones foras longas you
circuitry. Whichisbonded like. And if you'd like the full inside
intothe polyimide film. story then fillin the coupon.

*Manufacturer's recommended retail price at time of printing,

UK and Forcign Patents exist. Further Patents applicd for.
UK Registered Design No, 956537. Other Design Registrations Pending,
Made in England.

Wharledale Hi Fi, Idle, Bradford, Yorkshire




Fig. 1. Electro- VIEWFINDER WINDOW

mechanical system of SHUTTER RELEASE
aperture control. \
Meter controis \ stRRUP BAR

diaphragm setting by
means of a mechani-
cal linkage.

Fig. 2. The Yashica
Electro 8 LD6 cine
camera has servo
motors for aperture
control and zooming OIAPHRAGM
functions, The zoom
motor can be seen at
bottom-left of camera
body.

FILM SPEED SETTING

Latest cameras
incorporate electronic
systems to provide

CAMERAS

previously unmatched
operational features —
Brian Chapman reports.

Fig. 3. Typical electronic control system for Compur type
shutter uses electromagnet and transistor timing circuit to
programme the shutter.



AROUND 10 years ago the first
cameras incorporating electronic
systems were introduced to the market
by companies such as Minolta and
Yashica. Unfortunately the use of such
terms as ’Electronic Brain” and
“Computerized Shutter” did not go
down well with the public. The buyer
felt that all these electronic additions
were of dubious value and liable to be
expensive to repair. In fact Minolta
was forced to withdraw its first
electronic model because of sales
resistance. When they did re-enter the
market, it was with a changed
advertising image which played down
the electronic features and
concentrated on the functional
advantages of the new cameras.

Nowadays there is a proliferation of
cameras in the $50 to $150 bracket
which. feature electronic control of
shutter, diaphragm or both.

Fully automatic exposure control has
been incorporated on cheaper cameras
allowing ’‘point and shoot’
photography, but until recently,
although cameras in the medium to
high price brackets have been fitted
with electronic shutters and TTL
{through the lens) metering, they have
retained semi-automatic operation.
This again has been because of buyer
resistance amongst advanced amateurs
and professionals who, quite rightly,
insist on having over-riding control.

Now the last vestiges of such buyer
resistance seem to be crumbling and,
in the top price bracket, fully
automatic cameras with overriding
manual control are coming onto the
market. Typical amongst these are the
Pentax ES and the Yashica Electro
AX.

PRACTICAL SYSTEMS

The age of automation in cameras
really began when light meters were
first built into camera bodies. From
this first step it was only logical to
develop a method of controlling
aperture directly by means of the
internal metering system. This method
of automation was in fact the subject
of patent applications as early as 1802
but a practical system was not
developed untit the advent of the
photo-voltaic cell in 1930, and another
30 years were to elapse before the
technique became commercially
feasible.

One of the earliest
electro-mechanical systems is
illustrated in Fig. 1. Here the
film-speed setting dial adjusts the
position of a stop ratchet and the
photocell produces a meter needle
deflection which is indicated on a scale
visible in the viewfinder. When the
shutter release is pressed a stirrup bar
closes down until a scanner, driven by
the closing diaphragm, hits the meter
needle thus stopping the diaphragm

from closing further. This action
automatically determines the correct
aperture to be used for the exposure.

Automatic control of the diaphragm
is performed in conjunction with
selected film speed and shutter speeds.
The shutter speed setting is usually
coupled to a potentiometer in series
with the photocell circuit, or, to a
mechanical means of varying the light
entering the photocell, alternatively,
the sensitivity of the meter may be
varied by a magnetic shunt,

The electromechanical systems as
described above, although quite
reliable under normal circumstances,
are mechanically complex and
delicate. One of the most common
causes of trouble in such cameras has
been failure of the metering system.
Unless the camera has manual override
such failure makes the camera
unusable. Additionally repairs of such
systems are invariably quite expensive.

With photo-conductive cells more
versatile systems may be used. The cell
may be placed in a bridge circuit and,
when the bridge is unbalanced, a
servo-motor is used to open or close
the lens aperture until bridge balance
is achieved. Such systems as this are
seldom used in still cameras, but are
very popular in electronically con-
trolled cine-cameras.  The Yashica
Electro 8 LD6 is typical of such
better  quality  cine-cameras and
includes servo-motors for aperture
control and zoom functions (see Fig.
2).

ELECTRONIC SHUTTERS

Aperture control was the easiest to
implement in the past but now most
new cameras are using electronically
controlled shutters to provide
automatic exposure. The beauty of
using an electronic shutter is that the
whole of the aperture setting
mechanism is eliminated as well as the
light meter of earlier control systems.

A typical electronic shutter control is
as shown in Fig. 3. and an actual
shutter mechanism from a Yashica
Electro 35 is shown in Fig. 4. This
Compur type shutter is exactly the
same as that used in a manual camera
except that the escarpment controlling
the exposure time is replaced by an
electromagnet. The shutter is held
open for a period determined by the
associated electronic circuit in the
following manner.

When the shutter release is pressed
S1 closes and transistor Q2 conducts
energizing the solenoid. The armature
Is attracted to the solenoid, the shutter
blades open ({one only shown for
convenience) and are held open as.the
pawl, linked to the armature, blocks
the movement of the rotating member
N. This situation persists as long as the
solenoid is energized. |nitially
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Fig. 4. Shutter assembly of the
Yashica Ejectro 35, The electro-
magnet can be clearly seen bottom
left.

transistor Q1 is not conducting and
capacitor C charges via R. The resistor
R is wusually a photo cell whose
resistance is high with low light levels
{hence longer charging time for C) and
low for high light levels. When C has
charged sufficiently, Q1 conducts
shorting out the base/emitter of Q2
which turns off, de-energizing the
solenoid and closing the shutter.

A further advantage of shutter
control over aperture control is that
shutter times may be extended to 30
seconds or more -electronically,
providing excellent low-light level
performance, whereas reliable
mechanical shutters with exposure
times longer than about 2 seconds
cannot be made. Hence low light level
performance with aperture control is
limited by the maximum aperture
available,

The first widely accepted camera to
use electronic shutter control was
introduced by Polaroid in 1963. The
shutter was designed for them by
Yashica and is elegantly simple
mechanically. Basically the same
electronic control circuit as for
Compur type shutters is used, a typical
configuration being as shown in Fig.
6a and 6b. The mechanical
construction of the shutter is shown in
Fig. 7a and 7b.

Operation of the circuit is as follows.
When the shutter release is pressed
TR2 conducts and the solenoid is
energized. Both the opening and
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AUTOMATIC
CAMERAS

“

AUTOWMATIC
350

closing blades are mechanically
released but the closing blade is
restrained by the solenoid. Light
passes from the lens through the
aperture wheel and the hole in the
opening blade to the negative. At the
end of the timing period (as explained
before) TR1 conducts, TR2 cuts off,
the solenoid releases the closing blade
which snaps over, thus terminating the
exposure.

In order to control shutter speed
over the full range there are several
different timing capacitors selected by
a switch on the aperture wheel.

Shortly after the release of Polaroid’s
camera, Yashica introduced their own
electronic camera with
between-the-lens shutter as shown in
Fig. 4. Shutter speeds available are
from 1/500sec to a full 30 seconds
making photography possible under
the most adverse lighting conditions.
Unique warning arrows are visible in
the finder, ’Yellow’ signals a slow
shutter speed, and ‘Red’ warns against
over-exposure., The aperture is
adjusted until both arrows are
extinguished.

ELECTRONIC FOCAL PLANE
SHUTTERS

Electronic control may be applied to
focal plane shutters as well as
between-the-fens shutters and a typical
example of - this is the Yashica TL
Electro-X.

A diagram of the shutter control
system is shown in Fig. 8 from which
the control circuitry can be seen to be
the same as that discussed previously.
Adjusting the speed dial varies
capacitor charging time as does
illumination changes on the cadmium
sulphide (CdS) photocell. Thus the
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metal focal
controlled for speeds from 1/1000 sec
to 2 seconds. One can preselect either
aperture or speed and then vary the

plane is electronically

other to obtain correct exposure
indication by the viewfinder arrows.

The above semi-automatic operation
has proved to be very popular and
there are many cameras in the
middle-price bracket which feature
this system. The Canon range has been
particularly successful with the QL
series. Now that public acceptance of
electronic control has increased,
several manufacturers are introducing
{or already have) fully automatic
control on the higher priced cameras
in their range. Cameras typical of this
trend are, as mentioned before, Pentax
ES and the Yashica Electro AX. These
cameras have the essential feature of
automatic or manual shutter selection
which is demanded by serious
amateurs and professionals. The
Pentax has an interesting feature in a
special dial to compensate for problem
lighting conditions. It allows preset
modification of exposure from half to
four times normal whilst still retaining
the automatic action.

Both the Pentax ES and the Yashica
AX offer an automatic shutter speed
range of 8 seconds to 1/1000 seconds,
a valuable range previously
unobtainable with mechanical systems.

It seems that this is the way all better
quality cameras will go. The automatic
shutter offers speeds unobtainable by
conventional methods and the
incorporation of electronics allows a
host of other features to be built in at
relatively small cost. Facilities such as
automatic flash, when fitted, make
these cameras ideal for universal,
calculation-free, photography, The

Fig. 5. Topping the line of the new
“300 series” of Polaroid Colour Pack
Carneras, the Model 350 Land Camera
features a transistorised electronic
shutter and an electronic development
umer.

The electronic timer is built into the
back of the camera, After loading a film
pack into the camera, the user simply
dials the recommended development
time (60 seconds for colour, 15 seconds
for black-and-white) into the timer,
which then becomes fully automatic. As
the user pulls an exposed film pack
from the camers, the timer lights up
and begins a silent “countdown”’, When
the picture is fully developed, the timer
light goes out and a distinct **beep”
signals that the picture is ready.

Minolta Hi-matic F is a typical
medium priced camera that features
automatic flash exposure control in
addition to normal automatic
operation, Fig. 10.

INSTANT PHOTOGRAPHY

Ever since the days when they
struggled with massive cameras and
took shots in broad daylight with the
aid of one second exposures and half a
pound of magnesium powder,
photographers have dreamed of a fully
automatic camera where one merely
had to press a button and a fully
developed perfectly exposed colour
photograph emerges from the camera.

Now Polaroid have done just that —
they have introduced a new camera,
the SX70, which automatically ejects a
self developing colour print 1.3
seconds after the exposure button is
pressed.

As a young student at Harvard
University Edwin H. Land became
extremely interested in experiments
on polarizing light. He became so
involved in these experiments that he
abandoned his degree course in order
to devote his full time to them. In
1928 at the age of 18 he succeeded in
polarizing light with acetate sheet and
certain forms of iodine. After a further
9 years spent developing the polarizing
process he founded the Polaroid Land
company which during the second
world war made considerable profit
from the sale of antiglare goggles to
the armed forces, and subsequently,
polaroid sunglasses to the general
public.

Then in 1943 Land conceived the
“Instant photography” process and
subsequently introduced the first
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Fig. 6a. The Polaroid Land shutter just prior to release. The Fig. 6b. The Polaroid land shutter after release. The opening blade now
opening blade prevents light from reaching the film. allows light to reach the film via the lens and aperture wheel. At the end

of the timing period the closing blade will be released by the electromagnet
and terminate the exposure.

Fig. 7a. The Polaroid Land shutter from the front. The transistor Fig. 7b. Rear view of the Polaroid shutter, The electromagnet can
timer is on the right. be seen at middle right.

Polaroid-Land model 95 camera in
1947. In this camera the negative is
first exposed, and then brought into y
contact with a positive. Both sheets / L MAGNET .’
are drawn through a pair of rollers f / 1‘
which rupture a pod attached to the / \
positive and squeeze the jelly-like SHUBIERIDIA ' ‘
substance from it across the sheet. Eo 1 )
After 10 seconds development, the
sheets are separated, the negative l
discarded, and the fully developed LIGHT
print treated with a fixing chemical.
Although many improvements have g
been made to both camera and film in ﬁ
the ensuing years, the basic process

BATTERY SWITCH SEGMENT REAR SECTOR

¥ |

=T

Temains the same for all cameras in the e kT i
range till now. Polaroid has marketed 4 & ! __J
some 26 million cameras and it is %) 3 ;‘
claimed that they sell more cameras in RIGGER b
. SWITCH
the $50 and over class than all other X . e SHUTTER
companies in the world combined. X - ' e CIOR A
{ bs f
THE $X70 CAMERA o ) Hoox
And now another breakthrough — a Sy j \
revolutionary new camera and fitm / ;‘&1‘?@55 HOOK
have been introduced by Polaroid. The
new system produces a developing /
CAM SWITCH LEVER

picture, hard, dry and sheathed in |
unscratchabte plastic, just 1.3 seconds !
after the user touches the red electric > - ; f
shutter button. The pictures develop Fig. 8. The metal focal-plane shutter and electronic control of the Yashica TL Electro X.

outside the camera even in the

brightest sunlight. They are of much
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Fig. 8. The Yashica Electro AX is a fully automatic SL R with manual
override. The camera has a flexible printed circuit wiring harness which can
be seen at top.

Fig. 11. The Polaroid SX 70 camera in use showing how the film is automatically ejected
from the camera.

Fig. 10, The Minolta Hi-Matic F is a
medium priced automatic with electronic
flash control.

better quality than offered by the
older Polacolor film, have better
colour saturation and no perceptible
grain structure.

The camera retails for $US180 and is
a unique folding single lens reflex
which when closed, measures 7 x 4 x 1
inches. It weighs only 24 ounces, less
than the lens alone on many
conventional 35mm single lens reflex
cameras, It is opened to its operating
position by simply pulling the
viewfinder housing upward (Fig. 12).
When opened, the camera’s profile is
roughly triangular, with the viewfinder
a smaller triangle above.

The film pack, costing about
$US6.90 for 10 colour shots, is
inserted from the front of the camera
{Fig. 14). When the pack is inserted
the camera automatically ejects the
top dark-slide cover of the film pack
which is then ready for the first
exposure.

The lens of the SX70 camera is
capable of an extremely broad range
of focus. It will in fact focus down to
10.2 inches to give a 1:2
magnification. This is achieved by
moving only the front element of the
lens, which travels less than
one-quarter of an inch. The lens is
therefore so compact that even with
the front element fully extended for
close ups, the camera may be folded
shut.

The reflex view system employs a
mirror-folded light path through the
camera, rather than the bulky
penta-prism of a conventional single
lens reflex. For many vyears the
usefulness of folding the light path
between lens and film has been
recognised but not considered
practical.
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Ealdi
rolding
viewfinder
cap

Magnifying
eyepiece

Fresnel mirror
Aspheric. mirror
.'Taking' mirror

raised for exposure

Picture counter
(not visible)

L/D control

Silicon photocell

4-element lens

Shutter
button

ﬂiiﬁ@l% L

Exposed film
(g £ u{nil;lready
10.exposure *N 3 | starting to develop
fim pack ; —nle, P B .
Printed l%%
Precision circuit .
Fig. 13. Eear train 6-volt Elecionic
i micro-circultry
chips Processing
rollers
A mirror permits a longer focal Fig. 12. The Polaroid SX 70 camera shown here in both open and closed positions, snaps
length lens for a given film size, and a open when the viewfinder housing is lifted. ¢

more compact camera. There are two

principle objections to using such a v
mirror. Firstly it provides a reversed
image, and secondly, using
conventional lens, shutter and control
mechanisms a compact camera could
not be built. The first of thes:
objections was invalidated by the
requirement of the new film pack for a
reversed image. The second objection
was overcome by designing special
lens, shutter diaphragm, control
mechanism and solid-state electronic
control for the new camera.

N

Fig. 13. Cutaway drawing shows location
of principle components of the Polaroid
SX 70 land camera.

Fig. 14. The camera is loaded by inserting
the film pack from the front. Film-pack
dark slide is automatically ejected.

Fig. 15. The solid state module and the
printed circuit card shown in the relative
positions they occupy in the camera.
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CAMERA OPERATION

Light enters the camera through a
four-element glass lens (refer to Fig.
16a) at (A) strikes a permanent
viewing mirror of aluminized glass (B)
and reflects down onto a special,
plastic, 200 groove per inch Fresnell
mirror {(C), the surface of which is
roughened to provide a ground glass
screen effect. The mirror gathers all
light, incident on it, into an off-centre
beam and projects it out of the camera
through a one-tenth inch diameter
exit-hole. The emergent light beam
strikes a concave, aluminized, aspheric
{not spherical) mirror (E). As the light
rays strike this mirror from below its
centre line, a special shape is required
to correct image distortion. The actual
shape.is a section of an ellipsoid and
its design is said to have consumed a
full 2% years of computer time. The
aerial image formed by this mirror at
(G) is viewed by means of a
magnifying aspheric eyepiece at (F)
and comes to focus again just behind
the pupil of the viewer’s eye. The
scene is presented right side up and
correctly positioned teft to right.
Focus is easily achieved as the image is
very bright despite the maximum
aperture available of 8.

To make an exposure, the
photographer simply touches a red
electric shutter button whence the
following sequence is initiated (refer
Fig. 16b). The shutter closes and an
electric motor drives the Fresnel
mirror {C) up against the back of the
camera bringing a trapezoidal ‘taking’
mirror on its under surface into the
light path.

This mirror reverses the image into
the correct left-to-right orientation as
it reflects it down onto the now
uncovered negative (I} in the film

26

Fig. 16a.

Fig. 16a. Camera in the
viewing mode.

Fig. 16b. Arrangement
at instant of film
exposure.

Frg. 16c. Operation
after exposure.

Fig. 16c.

pack. A small rubber flap {J}, attached
to the pivoting carrier which holds the
Fresnel mirror and ‘taking’ mirror,
seals the exit hole at the top of the
camera to prevent a light leak during
exposure. The required exposure is
determined by a sensitive siticon photo
cell the output of which controls, by
means of logic circuitry, the
combination of shutter speed and
aperture to be used. The aperture is
variable from F8 to FS0 and the
shutter from 1/100th of a second to
about 20 seconds. A total of five
integrated  circuits containing 260
transistor functions are used to control
exposure and the sequential camera
operations.

Operation of the SX70 shutter is
basically similar to that of earlier
models. The same blade type shutter
blades are mounted between the 3rd
and 4th elements of the lens. The new
shutter incorporates wider speed range
than previous models and integrated,
rather than discrete, control circuitry.

After exposure the film unit (I, Fig.
16¢c), is automatically driven through
two small rollers {K) which rupture a

e o Ny

{

pod of reagent and spread it between
the film unit’s positive and negative
sheets to begin the developing process.
Simultaneously, the pivoting Fresnel
and ‘taking’ mirror assembly swings
down to cover the film pack and the
camera returns to the viewing mode
for the next picture.

It takes a mere 1.3 seconds from
pressing the red electric button till the
emergence of the turquoise-green
exposed film from the front of the
camera. Power for the camera logic
circuits and drive motor is derived
from a battery built into the film
pack. Thus the photographer need
never be concerned about flat
batteries, the battery is renewed each
time a new film pack is inserted and
has sufficient reserve power to handle
150 shots even though there are only
10 per pack.

THE FILM

Aithough the camera itself is
remarkable and revolutionary, the film
is even more so and represents a daring
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and costly gamble on the part of Dr.
Land — for the film and camera were
seven years and 250 million dollars in
the making. Pollution conscious Land
was determined to reduce the garbage
and sticky fixing chemicals associated
with previous fifm and the only way
around the problem seemed to be to
have the film self-developing outside
the camera in ordinary lighting.

Land is never one to think small and
he merely ordered his chemists to
come up with an opacifier which
would block out light rays until the
development process was complete. A
team of 25 chemists worked for 4
years before a successful opacifier was
developed.

Well now how does this chemical
marvel operate? The film card contains
no less than 17 chemical fayers. The
negative, a mere three-hundredth of an
inch thick, contains eight such layers,
some of them are only as thick as a
red-light wavelength, i.e. one
fifty-thousandth of an inch. These
layers are covered by a tough
transparent-mylar film on front and an
opaque, acetate backing-card.

After exposure the film card is fed
automatically to processing rollers
which rupture a pod containing three
separate chemicals which are spread
between the positive and negative
layers as the film card is ejected from
the camera. Most of the chemical
contained in the pod is titanium
dioxide (about 50%), an intensely
white pigment, which forms a
background for the cotour dyes which
would otherwise form a transparency
under the clear mylar film.

The -characteristically turquoise
colour of the freshly ejected print is
due to the presence of an alkaline
opacifier which together with the
titanium dioxide, shields the
development process now under way.
it in fact shields the negative from
light millions of times brighter than
that required to expose it. The third
constituent of the pod is a developing
agent which oxidizes light-exposed dye
layers. Unoxidized dyes diffuse
upward towards the positive film layer
and the colour image starts forming
almost immediately. Development is
complete in about 10 minutes, but a
useful image is visible after only one or
two minutes.

Whilst development and dye
migration is in progress the alkaline
opacifier gradually dissolves a plastic
layer between itself and another acidic
layer. When the two encounter, the
opacifier immediately becomes

Fig. 17. A print from the SX 70 as it appears
during the development phase which takes
10 minutes.

transparent and the full colour image
is revealed. At this stage development
is also complete and we now have a
very colour-stable print which requires
no further treatment and is impervious
to rough handling — even during the
development process. Film speed is
approximately 100 ASA and the
resolution approximately 40 lines.
There is in fact no perceptible grain
structure.

FLASH PHOTOS

General Electric in co-operation with
Polaroid, have developed a special
plug-in fiash bulb unit for the SX70.
The unit is called the Flashbar 10 and
has 10 bulbs in all, five on each side.
Flashbar operation is controlied by
part of the camera logic circuitry
which selects the next good bulb and
skips over bad or previously exposed
bulbs. Operation is also inhibited when

the camera is empty or being loaded.

The Flashbar 10 clips into the top of
the camera’s shutter mechanism and
automatically engages the follow-focus
mechanism, thus there is no need to
calculate enposure with distance.

The new SX70 provides far better
colour prints than the old Polaroid
system but they are more expensive
than those produced by conventional
colour photography. It is still difficult
to duplicate prints and to make
enlargements, and further, the new
Polaroid film does not have the
exposure latitude of Kodacolor.
However, no-one can deny that the
new camera/film technology goes a
long way towards answering
photographers dreams.

One sad note — the camera is as yet
on limited sale in the US and will not
be available in this country in any
quantities for sometime. ®

The Polaroid SX70 is not yet available in Britain but when it arrives we guess it will be a

real winner,

On the left is shown a second before triggering; on the right a second after with the film

already appearing.

ELECTRONICS TODAY INTERNATIONAL — MAY 1973

27






unbespielit unrecorded

tMade in Gerwany

The 10p difference.

We admit it — BASF cassettes are more
expensive than ordinary cassettes.

About 10p more expensive, or if you
prefer, 209, more expensive.

But there are several good reasons why
we ask a little more.

With ordinary cassettes, tape running
from one reel to another can often finish up
more like a ball of string than a neat reel
of tape.

There’s nothing to guide the tape
accurately on to the reel. So the wind
" goesa little out of true, or a loop may
come outof the reel, which can leave
you with a damaged or torn tape -
even a completely jammed cassette.
There are two reasons why this
doesn’t happen with BASF cassettes.
They’re called Special Mechanics. Two
little plastic tusks which guide the tape
accurately round the spools so that there
are no jerks, no jamming, no frustration.
And all BASF SM cassettes have an
unconditional no-holds-barred free
replacement guarantee.
If they go wrong that is.

But they very rarely do. That’s the 10p
difference.

Send the coupon and 40p for Heinz
Ritter’s 126 page book called ‘Tape
Questions — Tape Answers’. It tells you
everything you’ll ever want to know about
tape recording.

You can’t spare 40p? Then send the
coupon back for the complete BASF price
list and full technical data.

BASF—the best tape, the best cassettes in
the world.

(J Here's 40p. Please send me Heinz &
Ritter’s book. Quickly.

"1 Don’t send me the book, but do send
me price lists and technical data.
Just as quickly.

BASF United Kingdom Limited,
I *Knightsbridge House,
197 Knightsbridge,
| London SW7 1SA
i Tel: 01-584 5080

=Registered Office. Regd in England No. 867980
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ETI MASTER

MIXER

Part 2 of the series gives constructional details and circuit
descriptions of the preamplifiers and mixer/equalizer boards.

IN OUR introductory article to this
project last month the design
philosophy and overall circuit
description of the 8-channel
master-mixer were provided. This
month we commence construction of
the preamplifiers and the
mixer/equalizer boards.

There are four preamplifier boards

each having two channels. Assemble
the components to each board in
accordance with the circuit diagram
and component overlay provided.
Take care not to damage the 1Cs with
excessive heat (use a lightweight iron,
and solder quickly) and pay particular
attention to the orientation of the
TAG tantalum capacitors.

Printed circuit boards will be
available from kitset suppliers.
However for those who prefer to etch
their own boards, a full size pattern is
provided. Details of the connections
between the preamplifier boards and
their associated controls are given in
Fig 1. it is suggested that leads of
adequate length are connected to the
boards first, The boards may then be
fixed in position and the leads routed
to their respective controls.

After the preamplifier boards are
assembled, we can assemble the main
mixer — equalizer boards of which
there are two. The winding data for
the inductors associated with this
section is given in Table 1.

The coils must be layer wound with
care. Jumble winding will almost
certainly prevent the full number of
turns fitting on the bobbin.

The only remaining printed circuit
board accommodates the power
supply — echo mixer, overload and
meter circuitry, The construction of
this board will be covered next month,
together with full details of the wood
and metalwork required.

As indicated last month, there are
nine inputs to each main mixer 1C.
This IC is connected in an inverting
amplifier configuration, with the gain
controlled by varying the negative
feedback. This gives a control range
from zero output to about 30dB

The output from the main mixer is
direct coupled to the input of the
equalizer stage. This stage is a little
unusual, since the equalizing
networks are arranged to vary the
negative feedback. If we consider one
section with the others disconnected,
at the resonant frequency of the
series LCR combination the
impedance of the entire network will
be equal to 680 ohms. Either side of
resonance the impedance of the
network will increase (with a slope
dependent on the Q of the network),
due to uncancelled inductive
reactance above resonance and
uncancelled capacitive reactance
below resonance. We can therefore
represent the equalizer stage with
equivalent circuits as reproduced
below. These circuits consider only
one network is in circuit, the input
signal frequency is the resonant
frequency of the network, and the
resistance of the inductor is
negligible.

With the slider of the potentiometer
at the top end (Fig. 2a) we have 680
ohms to the zero volt line from pin 2
of IC2, and a 1k ohm between pin 3
and pin 2. The IC will act due to the
feedback to keep the potential
between pins 2 and 3 virtually zero,
thus there is zero current through

HOW IT WORKS MAIN MIXERS — EQUALIZERS

Fig, 2a — Equivalent circuit of the
equalizer with potentiometer set
for maximum boost at the reson-
ant frequency of the network.

RV2. The voltage on pin 3 (IC2) is
therefore equal to the output of the
mixer since there is virtually no
current through and no voltage drop
across R13.

The output of IC2 in this case is
approximately the input signal times
(R15 + 680)/680 ohms, indicating a

Fig. 2b — Equivalent circuit of the
equalizer with the potentiometer
set for maximum cut at the
resonant frequency of the network,

gain of about 15dB. If the slider is at
the other end of the potentiometer
(Fig 2b) the signal appearing at pin 3
and thus also at pin 2 1is about 0.2 of
the output of the previous stage due
to the voltage division of R13 and
the 6805 There is still zero current
through RV2 and also zero current
through R15 since there is no path,
The output voltage is therefore the
same as that at pin 2, which happens
to be about 0.2 times the output of
the previous stage. The gain is
therefore 0.2 or ~13dB.

With all networks in circuit, the
maximum boost and cut will be

Fig 2c — Equivalent circuit of the
equalizer with the potentiometer
set for unity gain regardiess of
frequency.

reduced, but a range of +10dB is still
available. With the wiper of the
potentiometers set midway — Fig 2c,
the gain will be unity regardless of
frequency, due to the symmetry of
the entire network.
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RV1

c3
L1 I + A VOLUME INCREASING ANTCLOCKWISE TErs
21
9 R1 100k AT 22 @
Oo—NMA {i- ANV .
2 R2100k 1 AL ATAG CAPACITOR
O—NVVA—¢  WiF Y SHOWING POLARITY
3 R3 100k 13
R20 R21
R4 100k 5 & AAAA—y +"-7*‘F 3.3k 1k
TO THE QUTPUTS 6——’\/\/\/‘—4 ;13:,4< e
OF THE 8 PRE- :
AMPS FOR ONE i 0ok TN OUTPUT TO
CHANNEL, MAIN AMPLIFIER
6 R6 100k Vee ¢
o—MNNV— 10 10k ==
1 . = TOOTHER
1 R7 100k fggk 12¢ OV CHANNEL
O— " MWAV—1 + +
A8 100k a0 o c4 i
8 100k 4.7uF 4.7uF
O— A\ —4 8 ! B L LIN.
T EoRG N B e s
HO INPUT 3 A AAA
(REAR PANEL} , _L =M
ov
NOTES.

PIN7 IC1 AND IC2 IS +Vec
PIN4 IC1 AND IC2 IS OV

The circuit diagram of the main mixer and equalizer boards.

: + >
i ; cs c6 c7 co cio

THIS LIST CONTAINS ALL THE PARTS FOR T 6.8uF T uf T 0.22uF | 0.047uF "1™ 0.022uF
ONE MIXER-EQUALIZER, v
(TWO SETS REQUIRED} SCRlE 240H2 = e
R1 resistor 100 k 5% % watt ov
R2 o 100 k v 3 )
R3 7 100 k & +
R4 ” 100 k ”n ” .21 of
RS S 100 K - 4 2o
Rs ” 100 k o ”
R7 ” 100 k " ”
R8 s 100 k " b
RS9 : 33k % 5 o O | vumeTer| O
R10 K 100 k v v »
R11 = 1S ¥ * PRE-AMPS
R12 100 k g -
R13 > 33k a2 g ad
R14 £ 680 ohm & y ~ INPUT RV26=12
R156 = 3.3k £ d RV26- 13
R16 o 680 ohg % = 10 - +Vee
R17 % 680 oh & 3 12
RIE  ”  680ohm - oy B It
R19 4 680 ohm : i
R20 " 3'3 ,k ” ” = y 18
R21 ” 1 k x " ” 14 sz
1 capacitor 1uF 35V TAG tantaium |- 20 - QUTPUT
c2 2 4JuF 3BV " u ‘
c3 % 1uF 3BV g3
c4 " 47uF 3BV " " M
c5 = 6.8uF 25v 3
c6 v 14F 38V " “ 15-RV3 ;l;
c7 % 0.22uF polyester
c8 & 4.7uF 35V TAG tantatum
c9 i 0.047F polyester
c1 ~ 0.022uF polyester o
L1 audio choke 1H {see winding data table 1) S5l Il
L2 ” ” 3w mH ”»
s - “ 300 mH s )4
L4 " ” 40 mH "
s - “ 10 mH " b
IC1 integrated circuit uA741.LM307 (metal can

or minj dip only)
1C2 3 * uA741,1L.LM307 {metal can

or mini dip only) "“
*RV1 potentiometer 500 k ohm LOG dual 18- RVS s
Rv2 & 1k LIN

“RV3 3 1k LIN i o
RV4 3 1k LIN - P '
RVS 2 1k LIN Comionenr overlay for main mixer and '
RV6 3t 1k LIN equalizer.
*RV7 - 10k LiN g
X This diagram shows the connections
SEFTONLY REQUIRED FOR COMPLETE to the potentiometers associated e ]
with the equalizers, The numbers

PC Board ET1 4148 correspond one-to-one, to those on
5 knobs the main mixer — equalizer circuit
41" spacers and overlay diagrams.
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—

o ETi 414b of| =
o0

TABLE, 1:— WINDING DETAILS EQUALIZER COILS
1000 Turns 34 SWG enamelled copper wire.Core Siemens 26 x 16 mm.
Type number B 66671 - L 0000 - R 030

Former Type B 66672 - A 0000 - M 001

650 Turns 34 SWG. Core and Former as for L1

300 Turms 34 SWG. Core Siemens 18 x 14 mm.

Type number B 65561 - A 0000 - R 030

Former Type B 66562 - A 0000 - M 001
L4 205 Turns 34 SWG. Core and Former as for L3

The main mixer and equaliser
printed circuit board pattern —
shown full size.
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[5
o
-y - oo L5 100 Turns 34 SWG. Core and Former as for L3
- - The Siemens Cores mentioned above and the integrated circuits LM 307 and LM 381
o0 i are available from ELECTROKIT, 12 LAUDERDALE ROAD, LONDON W.
o0 The LM 307 is 49p and the LM 381 is £2.46
69 .
o0 o)
s o0 ;% z Iry 33 2 3> -845
e 23555 555 ¢&°
wa = coB8R N Be 3
I T T I 1
o
1 - 29 LEFT
3 : = 30 RIGHT
33
.
S 2
e (@
25 2 9 2
= - ! 27 ov
s L -
=112 R24+
= —27 LEFT
- 28 RIGHT
5]
! I -
Lo BBl ] o RN
A <) : eNOAIU® 5 To %
zr I 33 2 T3 om 8
22 § DEGERRE - Ss Fosiay
z3 &
et
= Preamplifier component averiay

HOW IT WORKS — PREAMPLIFIERS

Considering channel 1 of the board
only, ICI is wired as an inverting
amplifier. The gain of this amplifier is
varied by RV1 — the volume control,
and set at high, medium or low by
SW1 — the sensitivity switch. These
controls vary the gain of the
amplifier by adjusting the negative
feedback. More feedback, less gain ,
and vice-versa.

SW1 changes the range of RV1 for
maximum gains of 20dB, 40dB and
55dB when the low impedance input
is employed. With the sensitivity
switch at low the minimum output of
this stage is virtually zero, while a
minimum gain of 6dB is realised
when the sensitivity is set at either
medium or high. Gains when the high
impedance input is employed are all

20dB lower than those given above.

The input impedance to the IC is
virtually zero, when used as an
inverting amplifier. Therefore the
input impedance to the preamplifier
is determined by R3 for the high
impedance input, and by Rl in
parallel with R4 for the low
impedance input. R9 and R7 set the
bias of the IC. The tone control stage
is a conventional feedback type.

Note that where different input
impedances from those specified are
required, the values of R1 (or R2)
required may be calculated by the
following formula

R = (4700 x Zin)/(4700 — Zin)
where Zin is the desired input
impedance.
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PIN 1 1S TO LEFT OF TAG, NUMBERS
INCREASING ANTICLOCKWISE

e ¢

A TAG CAPACITOR
1.C. VIEWED SHOWING POLARITY

FROM ABOVE

HIGH 47k
OMPEDANCEW =

INPUT

R4
s M
IMPEDANCE -
INPUT 1w

® SEE TEXT SENSITIVITY
g SWITCH R13
SW1

RS
HIGH 47k
IMPEDANCE(%—M/\A—‘
INPUT

Ré
LOW 4 47
IMPEDANCE
INPUT

SENSITIVITY
SWITCH
Sw2

THIS LIST CONTAINS ALL PARTS EXCEPT
METAL WORK, FOR A COMPLETE PREAMP-
LIFIER AND TONE CONTROLS, FOR AN 8
CHANNEL MIXER FOUR SETS OF COMPONENTS
ARE REQUIRED

PARTS LIST (PREAMP)

R1* RESISTOR
Rz. ”
R3
R4
R5
R6
R7
R8
RS
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21

200 ohm 5%
200 ohm "
47k 2
4.7k v
47k 2
4,7k Z
390k %
390k =
4,7M S
4.7M &%
10k 4
1k

100ohm
10k

1k

100ohm
2.2k

15k

2.2k

15k

47k

47k

2.2k

15k

2.2k

15k

10k

10k

10k

10k

100k

100k

10k

10k

ELECTRONICS TODAY INTERNATIONAL — MAY 1973

| RV4
100k
LIN

BASS

19 TREBLE

RV6
100k
LIN

BASS

R16
1002 The circuit diagram of one of four identical preamplifier

boards. 1.C. 1/1 and 1.C. 1/2 are in the same package.

1uF
1uF
1uF
1uF
4.7uF
4.7uF
4,7uF
4.7uF
0.0047uF
0.0047uF
0.01uF
0.01uF
0.01uF
0.01uF
0.0047uF
0,0047uF
4.7uF
4.7uF
4,7uF
4. 7uF

CAPACITOR

C13
Ci4
C15
Ci6
C17
ci8
C19
C20

RV1 potentiometer 50 k LOG
RV2 g 50 k LOG
RV3 ’ 25k LIN
RV4 ¥ 100 k LIN
RV5 2h 25k LIN
RV6 4 100 k LIN
RV7 L 10k LOG
RVS8 10k LOG
RVS 50 k LIN
RV10 k) 50 k LIN

IC1 integrated circuit LM381
'02 ”

ECHO SEND

- NOTES.

POWER SUPPLIES OF
LCs ARE NOT SHOWN
PINIC1 1S +Vee

PIN 4 IC11SQV

PIN 7 1C2 AND IC3 IS Vee
PIN41C2 AND IC3 ISOV

35V TAG
35V %
35V
35V
35V
35V
35V
35V

35V TAG tantalum
35V ” ”
/Y '
3BY 0

slider pot

*  uA741, LM307 {metal can or

min

|C3 " "

i dip only}

uA741, LM307 (metal can or

mini dip only)

PC board ETI 414A

8 knobs for rotary potentiometers
2 knobs for slide potentiometers
2 3P-3T slide switches

3 1" spacers

4 6.5 mm phone sockets

* see text.
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MIXER
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The printed circuit board pattern for the pre- Fig. 1. This disgram shows connections to 'r’ ".ij
amplifier sections — shown full size. the potentiometers and sensitivity switches ==

associated with the preamplifier boards. The

numbers corresponds to those on the pre-

amplifier circuit and overlay diagrams, \

THIS FEATURE WILL CONTINUE NEXT MONTH

THE FREE HEATHRKIT
@ CATALOGUE

features

"NEW 1214 SERIES STEREO HI-FI | NEW MULTI-SPEAKER KIT

© Ideal for use for quadraphonic sound. Features Four KEF] Hi-fi Drive Units. Offers

" the HOW AND WHY OF monitor quality at lowest cost.
KIT BUILDING NEW AM/FM STEREO
Electronics is fun the HEATHKIT way. ggglVEan g_.lg

i 1 ircuitry, two IC's, t

BUILD YOURSELF A PAR ceramic Ailters, “Black magic highting.
in an evening-enjoy Stereo sound. EEN‘}’XVLI‘){QSE%LE ENGINE
GET THE BEST IN HI-F1 Versatile automotive testifiy and trouble-
Enjoy worthwhile kit savings. shooting.
SOMETHING FOR ALL LOW-PRICED TESTERS AND
THE FAMILY INSTRUMENTS
even a battery charger for dad. for the hobbyist and technician.
LOW COST STEREO RECORD PLUS
PLAYER all the models you have read about in
amazing sound value. international publications.

o mm————————

lease send me the FREE Heathkit catalogue

ﬁg : Name

Address I
| I
I Heath (Gloucester) Limited = I
_ | Department ETT/.5(73;
Post the coupon NOW for a FREE copy gl?uc;alster (()3Lz %IgE Schiumberger
Heath (Gloucester) Limited, Gloucester GL2 GEE.l_eiE 28_4‘2. .ﬁ.l S S e e eSS e e e
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on

nearly identical to the AU 101

that we reviewed in the 1971
May issue. However power output of
this new unit {at rated input level), is
23 watts whilst that of the AU 101 is
15 watts,

The only external difference is the
addition of three level-switches and
the changing of the rotary power “ON
OFF” switch to a combined
power/speaker selection switch.

The external appeatance is
traditionally Sansui, with a black front

At first appearances the AU 505 is

AMPLIFIER
AU 505

panel framed at each end by a
chromed strip, and veneered timber
side panels.

The top row of controls consists of
four small chromed knobs and two
large chromed knobs. These knobs
provide the following facilities, from
left to right:—

a} Mains ""ON OFF" speaker select
switch with five positions — mains
OFF, speaker system A, speaker
system B, speaker system A & B
and speakers OFF.

b} Continuously variable bass control,

ELECTRONICS TODAY INTERNATIONAL — MAY 1973

electronics

TODAY
INTERNATIONAL

product test

A medium-priced
amplifier from Sansui
producing 23W per channel

with marked 2dB steps from -10dB
to +10dB.

¢) Continuously variable  treble
control, with marked 2dB steps
from -10db to +10dB.

d} Balance control.

e) Volume control  continuously
variable, and marked from 0 to 10.

f) Source selection control with three
positions: microphone, phono and
auxiliary,

This arrangement of controls follows
the general trend of some of the better
quality amplifier manufacturers in that




the two most used switches, the power
“"ON OFF" speaker selection switch,
and the source select switch, are
located in the top left hand and right
hand corners respectively, The
amplifier therefore was very easy to
adapt to and operation was straight
forward.

The bottom row of controis are as
follows from feft to right:

a) Ring tip and sleeve socket for
headphones.

b) Black aluminium lever switch for
low frequency cut off.

c) Black aluminium lever switch for
high frequency cut off.

d} Small mains ON bezel,

e) Black aluminium fever switch for
loudness control.

f) Black aluminium lever switch for
stereo or mono mode selection.

g) Black aluminium lever switch for
tape monitoring — source of
playback.

h) Five pin DIN socket for
combination tape-recorder, record
playback DIN patch cord.

j} Tip and sleeve socket for
microphone input to right channel
only,

k) Black aluminium lever switch for
tuner input select.

All other input and output facilities
are located on the rear panel and
consist of the following:

36

SANSUI AMPLIFIER AU505

MODEL AU 505 SERIAL NO. 022051203

Power Output

(For rated input of 200 mV into 8 ohms)

Both channels driven
One channel driven
Frequency Response

Channel Separation
Auxiliary input

Phono input
Hum and Noise

{Unweighted with respect to rated power of 23W)

Auxiliary
Phono

Input Sensitiyities

(For rated power — 23W)
Phono input
Auxiliary input
Tuner

Total Harmonic Distortion

(At rated output — 23W)

Tone Controls
Bass
Trebie

Loudness Control

Filters
High
Low
Dimensions
Weight

20W
25W

20Hz to 20kHz + 1dB

100Hz TkHz
50dB 45dB
47dB 45dB

84dB
64dB

2.9 mV
205 mV
205 mV

100Hz -0.39%
1kHz -0.55%
6.3kHz-1.2%

12db Boost at 50Hz
15dB Cut at 50Hz
10dB Boost at 10kHz
12dB Cut at 10kHz

8dB Boost at bOHz
7dB Boost at 10kHz

9dB Cut at 10kHz
10dB Cut at 50Hz

115mm x 407mm x 278mm
8.0kg.
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Five pairs of RCA sockets for — arrangement. So often one needs to each transistor. The power transformer
connect someone eifse’s tape-recorder is fully shielded and at the opposite

a) Phono input.

b) Auxiliary input.

¢} Tuner input.

d) Tape recorder output.

into one’s own system and as a result end to the inputs and preamplifiers.

has quite a problem making all the
necessary  interconnections. The  MEASURED PERFORMANCE

W difficulty is often compounded by the The measured performance was very

e) Tape recorder monitor input. amplifier being located in a dark good with most parameters meeting

Spring loaded terminals are used for e o space. the manufacturer’s specification. Hum

Fhe speaker outputs. Other features Sansui’s use of a front-mounted DIN and noise was unusually low — being

included on the back Ppanel are one socket is therefore very worthwhile. -64dB on the Phono input and -84dB \

switched and one unswitched two-pin Had it been possible to switch select on the Auxiliary input. I’
mains output sockets for powering  inouts from either the front DIN The loudness control becomes ,
auxiliary equipment, and a large socket and the rear DCA sockets the effective below approximately two t
ground terminal. arrangement would be of even greater watts output. This is an ideal setting i i

Three fuse holders are also_ locz;ted value. for the average domestic speaker/room

on the back. A 1.5A fuse is wired into The internal layout is extremely neat combination. It is however rather

the mains' input and 2.5A quick acFing and uncluttered and provides easy abrupt in operation — going from a
fuses are inserted in each supply rail to access to all components. The printed flat response to full treble and bass

the power amplifier stages. circuit boards are clearly marked with boost within 7dB.
A five pin DIN socket located on the component numbers and eyelets Although within the manufacturer’s
front panel is a very practical labelled emitter, base and collector for specification, harmonic distortion was !
(Turn to page 41) ¥

e ———————
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The largest selection

BRAND NEW FULLY GUARANTEED DEVICES

ACl07 020 ADI62 083  BCl4s 010 BDI37 04 BPISS 040 OCl®  v3b 016  2N2219 020  ONSO54 048  ZN4059 0-10 | 223V, 400mV_ (DO-7
AC113 020  ADI6le BCl4p 012 BDIMB 080 BPI%4 012 0CH0 068 012 2N2230 022  2N3055 050  2Ne080 0-18 | Case) 13p ex. 1jW (Top-
ACI15 023 ADI&2 (MP) BC150 - ¢-18 BD13» 055 BPI1%5 012 0C23 038 017 282321 020  2N3991 014 2N4081  g-12 | Hat) 18p ea. 10W (80-10
ACI17K  0-20 085 BCISl1 ¢ BD140 060 BFI9% 014 OCI3 042 017 282222 020  ©N339lA 018  2N4062 0-19 | Stud) Z5p es. AN fully
AC122 012  ADT140 030 BCIS2 017  BDISS o080 BPI97 ol4  0C24 088 030  2N2368 0-17  2N3392 o014  3N4284 017 Jtested 5% tol. and
AC125 017 AFll« 024 BCIS3 028 BDI75 060 BP200 048 OC25 038 016  3N2369 014  2N3393 014  3N4283  0-17f marked. State voltage
AC128 017 API1S 024 BClS4 030 BDI76 060 BF222 095 OC24 025 016  2N2389A 0-14  3N3¥D4 014  2N4285  0-17 | required.
AC127 17 APIlé 024 BCI57 018  BDI77 065  BF257 04 0C28 080 018 2N3411 024 2N3308 017  2N4287 017
AC128 AF117 024 BCIS& o112 BD178 06 BP2S8 060  0C29 080 030  aN24l2 026  2N3i02 o021  aNe2s8 017] L4 POTTED
AC132 APlI8 035 BCI5% 012  BDI79 070 BP259 085  0C3 042 206414 030  2N2648  0-47  2N3403 021  ON428D 017 amp
ACl3$4 AFI24 030 BCI60 045 BDI80 070 BF262 088 OC%S 05  2G417 025 32N2711 021  2NS40e 028  aN+290 0171 BRIDGE RECTIFIER
ACL37 AF125 025 BCIAL 0-50 BDI8S 085 BFu3 05§ OC4l 020  2N38s 035  2N2712 O-21  ON3405 042  IN4ZOl 017
ACl4l 014  AFL 028 BCIS7 o012 BDIS6 o045 BRI 03 0CI2 024 2N 055  2N2714 021  2NS4l4 015 QN4202 017 5n heat sink.
ACI4K 017  AP197 o028 BCl88 018 BD187 070 BF2 030 OC4 018  2NO4 020 04 017  2N3415 015  2N4208 017
AClér~ 014  AFI39 030 DBCI69 02 BDISS 070  BF272 030 OCD 02  2N04A 085  9NZ04A 021  3NS«lc 028  2Nsi7z 0ae] 100PIV. 80p each
ACI2K 017 AFI78 050 BCli0 Q31 BDIe» 078 BFII3 085 OCI0 010  2NS24 042 2008 021 N34T 088 ZN5EST  0-32
AC1) 018 AF179 050 BCITI 014 BDIS0 035 BF274 0-33 OC71I 016  3gNS27 040  2N2006A 021  2N3525 0-76  ONJBS 032} ypw LINE
AC154 020 AFI80 050 BCl72 014 BDles 085 BPWI0 080 OC73 014  2N6S8 042  9N2006 016  2N3846 0090  SN5459 0400y o py ted
ACI186 020 AFI8]l 048 BC173 024 BDI®6 085 BFX29 027 OC74 014  ON699 045  2NZ90GA 0-18  32N3702 010 95301  O-50 f AT 3
AC18¢ 020 APla¢ 048 BC174 014 BD197 0950 BPXi4 022  OCs 018 N696  0-12  2N2007 020  9N3703 010  28502a o042 fRAME ol
AC157 024 AP 0%  BCI75 o2 BDIgS 090 BPX85 030 OCi6 018  2IN6T 018 2NIWOTA 022 3704 011 28302 o4sf OV b4
ACI65 0-20  ALlo2 06  BCl77 019 D199 095 BPXa6 022 OC77 025 2N698 Q24  aN29as o014  2N37os 010 28303 O-s8§ M oul  Gob U
AC186 0-20  ALLOS 0685  BOI178 019 BD200 095 BPXS7 024 OCKl 015  2N66O 035  3N2024 O-14. 2N3706 Q00 28304  OTOBL. o o 6 mm.
O A O B O R BN DB O O NIt D05 Nivse(o) . NGB 007  hson 0.s | meemmm—mm——
A ‘ ABY27 0 - - - - » J : g -
AC159- 014 ABY28 085  BCIS1  0-24 BD207 085  BrYsl 020 0C82D 016  2N708  0-12 012 0-09 28307  0-84 TNLITNCTION
ACI76 020  ASY28 025 BClS2 010 BD208 095 BPYs? 020 0CS83 020 38711 030  2N2936 (Y) 009 28521  0-86] UY4O. Eqvt. IN2646.
AC177 0-24  A8Y30 025 BCIs2L 010 BDY20 100 BPY33 017 OC84 020  2N717 035 o N3711 009 28322 0-A2 ] Eqvt. TIB43. BENSOOO
AC178 028  ABY51 025 183 010 BPI1S 024 BPX35 085  OCIS) 020  a2N718  0-24  2N2926 (0) oN3819 028 28324 od2f2vp ., 25.09 28p
AC179 028  ASY52 ¢-25  BClasL 010 LPI}7 045 BSXI? €15 OCl0 020 N718A  0-50 0-10  2N3820 080 28323  0-58 | 100 UP 20y.
Cl80 017 ASYs+ 025  BC184 012 BPII8 070 BaX20 015 OCI69 025  2N726 028  IN292¢ (B) 2NSA21 035 2832 070 | ee——
ACIROK 0-20  ASYS5 025 BCIS4L 012 BP9 070 B8Y2:s 015  OCI70 025  2N727 028 Bt 2N38Ys 028 28325 070
ACI81 017  ABY>s 025  BCL 028  BFI21 045 ¥26 018 OCI71 025 7 026 2N2928 (B) oNasos 028 28338 o720 | CADMIUM CELLS
ACINIK 020 ASY57 025 BCI87 028 BPI23 050  BSY27 018 OC200 025  aN744 020 010  2NI90+ 0-30 28327  0-70 it
‘187 028  ASYSS 028  BC207 011  BPI23 045  B8Y2s 01§ OCol 028  2NOl4 0O-14  2N3010 070  INSP05 028 28701 042 BOtORT Ot Ao eaat)
ACIS7K 020  ABZ21 040  BC208 011  BP127 050  BSY39 018 3 0-28 0-30  aN30l1 o1 NS08 027 40381  0-40 | ORPAO, 40p e
ACI88 022 BC107 009 BC209 012 BF152 086 Y 0-18 0C208 028 021 2N30S4 017 2N4058  0-12 4036211 /0 45/R Semmmm——
ACISSE 020 BCl0S8 009  BC2I2L 011  BF153 045  BSY3D 018  0C204 026 021 GENBRAL PURPOSE
ACY17 025 BClg9 010 BC21sL 011  BPIS4 045  BSY«w 028  0C205 03 020 NPN SILICON SWITCH.
i 82 b cu o ony o sk oM 0m oom on s Diopes 41D secrorzns B om0
ACYi2 o 4 015  BC22 O 5 Q- . . /8. BEY-
AG¥2c 0s0 BOIlS 015 BC6 035 BPIST 055  BSY#SA 01 P37 0-42 014 19 008 BY133 021  0A10 035 f£7/25/00A. AL1 usable
ACY21 020 BCilé 018 BCY30 024 BF138 0-55  Bulgs  2:00 1 043 017 AAT20 008 BY16d 050  OA47  0-07 | devices no open or abort
ACY®2 018 BCi17 o018  BCYSl 028 BPI3s 080 CLIIE 050 ORP12 043 01?7 20 008  BYX3A/30 0A70 007 | clrouits. ALBO AVAIL-
ACY27 018  BCIIB 010 BCY32 030 BPISO 040 €400 0:30  ORPSO  0-40 021  AAYA 009 042 OA79 007 | ABLE in PNI 8im. to
ACY28 019 BCil9 030 BCY33 022 BP162 040  C#07 025  ORPEl 040 021  AAZIS 010  BYZIC 035  OARl  0-07 f 3NI906, BCY70. When
ACY20 035 BCI20 050 BCY34 025  BFI63 040 Ci24 020  BTI40 012 028  ®Al00 010 BYZIl 030 O 0-09 fordering  please  state
ACY30 028  BCl2s 012 BCYi0 014 BFIsd 040  Ci23 050  8TIal 017 028 BAll8 021 BYZI2 030 QA%  0-08 | preference NPN or PNP.
ACY31 028 BCI26 018 BCYn 048 BRI 040  Ca2¢ 035  TIS43 030 020 BAl26 022  BYZi3 025  OA9l 008 #p
ACY34 021 BC132 012 BCY2 014  BFIg7 022  Ci28 020 UT4 027 020 BAIMS ()& BYZIé 040 OAw  oo7] 20 Por 050
ACYSs 021  BCI34 018  BCZ10 020 BPIT3 022  Cé4l 030  2G301 009 8  BAls¢ 012  BYZ17 035 0A200 go08] 50 Por 1-00
ACY36 028 BCIsH 012  BCZIl 025  BPIT8 035  Ca42 0-80 26302 019 0:45 BAIS5 014 BYZIS8 (0-35  OA202  0Q07] 100 Por 175
ACY40 (<17 BCI36 015 BCZI2 025 BFl 035 Cd¢ 035 26303 019 0-37 BAlS6 013 BYZ19 028  8D10  0-05] 800 rYor 780
ACY4l 018 BCis7 015 DD12] 080  BKIT8 030  Ci50 0-22 20304 024 072 BYioo 01§ coez 8D19 005 § 1000 Por  13-00
AQY4i 035 BC139 040 BDI23 065  BFI7T9 030  MATION 010 26108  0-40 057 BYlol 012  (EQ) OASl INSE 007 | ee——
AD130 038 BCl40 030 BDI2« 060 BFI80 030  MATIOl 020 320308 038 0-60  BY105 017 0§ IN34A 007§ a7 G.P. DIODES &p
AD1 048 BCl4l 030 BDI3l 080  BFISL  0-30  MATI2 019 26309 035 03 BYl: 012  cossl INOLs 006 o T T ey
ADl42 048 BRCl42 030 BDI3Z 080 gl;lgz g-ﬁ MATI2L 020 'zgaag‘ gfg 038 ggzs g—i: %B:_ggouoaw G TiMing 100, .1-30
43 038 BCMS 030 BDly3 065 183 w2 o 2633 . . 7 - A )
ABMS 030 DBo1e 045 DI o045 BPIS 085  MEPloa 087 2034 018  4NJ3l7 098  BYIas (18  OAs 035  Isoa  odoffSubMin 500804
ADI15] (-33 KCl47 010 BDI6 040 BFISS 030  MPPIOS 0-37 20845 016 2Nu218 020  BY)30 016  OASSL 021 18881 008 ;5 o0 ol Builders.
O —————— S ——
KING OF THE PAKS  Unequatled Value and Quality ::‘:’“ Aol S it ey NEW LOW PRICE TESTED S.C.R.s i Taucs
o. PIV 1A 9A B5A 6A 74 10a 16a soAa [|VBOM2
Y I TO84 TO4 048 T0-1 TO-66 TO-88
SUPEH pAK NEW BI-PAK UNTESTED Q1 20 Red spot translatora PNP...... ... vieee OBOF £g E% °0:: 1;,0;8: 0-35 1‘00‘118 0-50 n.;: 1;.). & 1p 2
SEMICONDUCTORS Q3 18 White spot R.P. transistors PN . 0500100 025 033 047 047 050 0358 06 140 Jloo 80 50 76
Q3 4 OC 77 type transistors veee... 0-504200 035 037 049 049 057 08 075 160 200 50 60 %0
Batistaction OUABANTEED in Every Pk, or money hack. Q4 6 Matched (runsistors OCA4/45/81 /81D . . . . os0]400 043 047 0568 088 067 075 083 176 400 20 B 110
. ' X % o ——————
AT Detclites Price Q5 4 0CTS tranaetos. ... . ool 08 BN TR 0B OR TR 1 ew
U 1 120 Glass Sub-Min. General Purpose Germanium Diodes 0-500Q6 8 OC 72 translstors. . . S 0-50 POR %IBAR WITH
U 2 60 Mixed Ocrmanium Transistors AF/RF - 0501 Q7 4 AC 128 transistors PNP high gain 0-50 SIL. SECTS TESTED TRIACS
T 3 75 Gonpanium Gold Bonied Sub-Min. like OAG, OA47 050§Q8 4 AO128 transistors PNP. ....... 0-50 . o4/ ’ BB100 (D33) $7p =ach
U 4 40 Germaniam Transistors like OCA81, ACI28 . ... T50§Q9 7 OC 81 type tranaistom . ... 0-50 Pfﬂ‘; m?gA 7%?3;1\ o‘ﬁa 10_60-71 o:!i‘c ‘l’% 30:0
T 5 60 200mA Bub-Win, Bilicon Diodes T .......... 0B80JQi0 7 0071 typs tranaistors....... e BT 004 008 005 013 0-16 023 076 FREE
U 6 30 Wil Planar Trans, NP like BHY95A. 2N706 050 g;; ';ig:':;’:“ C"mpim‘ﬂw&' pairs PNP/NPN g:g 0 068 0% gg g-g g!’g 8-? fgg ] A
= = T = 7 - ype trangistors ... oo 400 0-08 0-X i 2 3 . A
U7 16 3 Rertiflers TOPNAT 750mA VLTG. RANGE up to 1000 0:50 AR (T s ] oso 800 007 016 010 023 034 045 186 fown choice tree with
U 8 50 Sil. Planar Diodes DO-7 Olass 250mA like 0A200/,202 . 050 QL4 3 OC 171 ELF. type transistors o-sof| 800 010 017 011 025 0-37 0-55 200 [ orders valued 84 or over.
U9 Mixcd Voltakes, 1 Watt Zener Diodes 7. 050 B R [ § " _xa | 1000 ol 25 014 030 048 063 $50 | ew—————
Q18 7 aN2926 8it. Epoxy trwnsistors mixed colours 0-50§ .7 & — o088 7 07 —
BAYS0 chage Dicdes DO-7 Glas 0-30 Q16 2 GETB80 low nouise Germanlum transistors.. 0-50 i2e0 = 033, u BRAND NEW TEXAS
U1l__25 PNP 8ii. Planar Trans. T0-5 like 2N1132, 2N2904 . .. 0'60 i GERM. TRANILTORS
x = = Q17 5 NPN2 x BT.141 &3 x 8T.140 .......... 050 PDWER TRANS BONANZA1 Coded and guaraateed
U12__12 silicon Rectifiers Epoxy 500mA up to 500 PIV. ... 0B0QI8 « MADT'S 2 x MAT 100 & 2 x MAT 120.... 0-50 oot e
1330 PNP-NPN 81l Tranaiators OC200 & 28 104 050JQ19 8 MADTH2 x MAT 10l & 1 x MAT 121 0-50 GENERAL PURPOSE GERM. FNP RO BE Sy e
U14 150 Mixed 9ili Coded GP100. BRAND NEW TO-3 CASE. POSSIBLE 4
xed Silicon and Diodes.......c......... 0'50Q20 4 OC 44 Germ:nium transistors A.F. 50) R EPLACE: -0C25-98-29-50-35-96. NKT 401-103-404- | T2 8 D1374 0C75
Uf5__ 25 NPN SIL._Planar Trane. TO-5 likc BPYS1, 2N697 .. .. 050§Q21 4 AC 127 NPN Oermanium transistors 06 400430451 452453, TI2027-9028, IN250A 2N376A- | T3 8 DI216  OCEID
TU16__10 S Amp Silicon Rectifiera Stud Type up to L0GOPIV. 050 | Q22 20 NKT transistors A.F. B.F. coded .. 457A-438A, 2N511 A & B, 20220-222, ETC. YCBO 60V ;; g gggg;,r g;
Ul7_ 30 Germanium PNP AF Transistors TO-5 ke ACY 17-22___ 0-50 | 923 10 OA 202 Silican diodes sub-min. ;glligsbov IC 104 P‘l'.l ".2(: WATTS -B,’Sg 30-170. Toosp T6 5203448 OGH
U188 6 Amp Bificon Rectifiers BYZ13 Type up o 800 PIV .. 080 g: 1: ?:::1 g::;d" et e Tt A peach  appeacn  Mpesch |T7 820058 0CH
U159 25 Silicon NPN Transistor like BC10S . T ] P con diodes 75 PIV 3 pbAe
©20 12 1 Amp Silicon Rectifiers Top Hat up to 1000 PIV . . 0.60] 920 8 OA95 Germanium diodes sub-min. IN69 ... 030§ gpy 1cox High Voltage 250V RPN To 530t “Apite
U1 90 AF. Gerr - = Q27 2 10A P1V 8illcon rectifiery 18423R ... SRt TO-3 case. O.P. Switching & Amplifier
. Gertanlum Alloy Transistors 20300 Serics & OCT1.  0-50f 5 ng All 50p each pak.
—— Q28 2 Silicon power rectifiera BYZ 13 ...... .. 0:50 | Applications. Brand new Coded B 2400
U238 30 MADT's llke MHz Berten PNP Transistors . . ... . . 0450 Q29 4 Bilicon transistors 2 X 2N626, 1 x 2N697, VCBO 260/VCEO 100/IC 8A/30 Watts. e A
U220 @ T Amp Rectiflers GJM Series up to 300 FIV__0-50 1 X aN89s.... .0 050 HPE type 204T SMHZ 115 WATT a1 | £X2060 NP¥ BIL. DUAL
U25 25 300 MHz NPN Rilicon Trangiators 2N708, B3Y27 . . .. 0:30§ Q30 7 Bilicon ewitch tm 050 OUR PRICE EAC’;;W Mo POWER NPN 3:“.«'5 gg’DE . Dlgr
U26 S0 Faat Switching Billcon Diodew like IN914 Micro-Min. 0-50§ Q31 8 8llicon awitch transiatora 2N708 NPN...... 050 ‘;o‘p 55 +0p P § 50p EACH .m’.‘ = prics 239
T27_ 12 NPN Gennaniam AF Transistors TO-1 llke AC127 .. . 0-50§ Q32 3 PNP Sillcon transiston 3 X 281131, 1 x .
U29 10 1 Amp RCR' T0-5 can, up to 600 PIV CRS1/25-600 7.00 2N e g S aiQuengdtin -+ 0804 5i11c0N 50 WATTS MATCHED NPN/PNP 120 VCR MIXTE DRIVER
3015 Plastic Miicon Planar Trans, NPS 282926 .. ... ... 08043 3 :“:“’“ ’";‘ transistors “12""“11 . .. 0B BIP 19 NPN 10-3 [l;l(;‘uc' BIP 20 P”iogl?tm vex. | TRANBISTOR. Sl
— & : s %4 7 Slllcon NPN transistors 2N2369, 500MHz VCBO 100/VCEO 30/IC 10A. type SmHZ. 21 & C407. 2>
U SIS 2 AlllconIFlan G Ein s TENENG i SR A o O 0 70,50 b teade PYOT) . .. wiveierie..... 0-50JOUB PRICE PER PAIR: FULLV TESTED AND
U32 25 Zener Divdes 400mW DO+7 case 3-18 voltamixed . . 0-300 Q33 3 Bilicon PNP TO- 1-24 pre. 80p 25-99 prs. 35p 100 pre. 50p § CODED ND 120, 1-24 &
USS__ 15 Plastic Case ! Amp Slilcon Rectificrs 1N 3000 Scrien 050 INZO03Z 14 b s o Tans TS SR E 17p each. TO.5 NPN
T3¢ 30 Silicon PNP Alloy Trans. TO-5 BOY26 28302/4 . . . .. D50 Q38 7 2N3AIF TO-18 plastic 300 MHz NPN, HIAD161/162 pxp | JUMBO compoNgxt |25 op 165 each.
U35__ 25 Silicon Flanar Ti PNP TO-1H 9N2006 ... 050§ Q97 ¥ 2N3033 NPN Sllicon transators ... 0500 y/p COMP GRHM TRANR. PAKS 8l). trans. sultable for
736 95 dlticon Planar NPN Transistors TU-> BPYS0/51/52. . ... 050 Q38 7 NPN toansistors 4 x 2N3703, 3 x 2N 0-30JOUR LOWEST PRICE OF MIXED P.E. Organ. Metal TO-18
U37 30 Silicon Alloy Transistors HO-2 PNP 01200, 29723 . 550 53p PER PAIR , Eavt. ZTX300 Bp each.
ELECTROXNIC
U39 20 Past Switchiug Silicon Trans. NPN M Hz 2N5011 Ty O e STCONSEROTO/R ANSTOR coxPoNENTs |ARFQY
U89 30 RF. (:erm. PNP Transistors 2N1303/5 TO-5 . . B ECTR SLIDE-BULE D ns N L B e
C10__10 Dual Transistors 6 lead TU5 SNS060 . ™ g,:g The MK Blide Rule, drsigned to aimpilty Etectronic cal-§ BF X "';m"'d“‘zl-‘fdnﬁa E sorptionally good vatue | NEW EDITION
Uil 25 RF Genmsniom T T0-5, OCib, NKT3Z . ... 030 thefiinllowing dacal S aConberbn, ¥ Yipuily, teed, i e 1971
- = - Prey ¥ and Wavelength. Calculation of L, C and fo at 24 95.99 100 v Resiators, pacitors, "
Td2__10 VAP Gernaniun PNP Transistor TO-1 NKTG07, AFI17_0:30 ) of Tuned Circuits. Resctance and Beli-Inductance, Atea of |Qt7: 134 35 P J oo, electrolytics and | TRANGISTOR EQUIVA-
U4 % . Trina. Plastic TO-18 A P. BCI14/114 050 Circles. Volume of Cylinders. Resistance of Conductors. f SLSCS 'y LENTS BOOK. A com
Tis 70 5L, Truw, Plastic TO5 BCII5/NPN Weight of Cond Declbel Caloul ngle Func . enils ples many other§ plete crom reference and
o —TSAeC - ,." ¢ 10-5TECI /N BN 9508 tiona. Natural Logs and "¢* Punctions. Multiplication and F.E-T.'S ueful Remnv. Approsis | equivalents book 10;
U 7 3A BCR. TURG up to 6ONPIV 100§ Division. Squaring. Cubing and Bquare Boots, Conversion §aN3818  35p  2N3438 50p f nely 3iba in weight, | EUropean, American an
S0’ = of kW and Hp. A must for cvery electronic enginesr and f2N3820 650p ONB459 40p Price incl. P. & P. £1-50 Japanese Tnmlnarl:(.
Code No's. mentioned above ere given as » guide to the type of device in f enthusiast, Bize: 2 em. X 4 em. Complete with caac and |2N3821 35p BFWI10 40p R 0 e Exclusive to BI-PA
the pak. The deviees thenuelven are normally unmarked. lnstructions. Price each: #3-35 [2N3828 30p  MPF103 40p§ only. 80p cach.
A LARGE RANGE OF TECENICAL BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 18 BALDOCK STREET (A10), WARE, HERTS.

AND DATA BOOKS ARE NOW

AVAILABLE EX. STOCK.
SEND FOR FREE LIST.

RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT

COMPETITIVE PRICES—

TEL. {(STD 0920) 6593,

OPEN MON.-SAT. 9.15 am. to 6§ p.m.. FRIDAY UNTIL 8 p.x.
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-the lowest prices!

24 Seri L 1.C'S The AL50 HI-FI AUDIO AMPL
eries T.T.L. I. .
]
BI-PAK STILL. LOWEST IN FRICE FULL §PECIFICATION p w
GUARANTEED. ALL FANOUS MANUFACTURERS !
B-1% OISTORTION! HI-FI AUDID AMPLIFIER
400 olu (ﬁl 1%0?2 BN7480 018 ) "‘o’e BN74128 nlao wa ll‘.'eo; s h,.d_mmy S s
7 : ; . A Y ; 01 N e y ‘ = ey s
BNT401 o018 014 018 | 8N74SL 015 014 038 | ANT44L 067 o064 088 2 EREISTI0 ghuna. . & Surplyfraltacil S vols
BN7402 015 014 012 | BN7:3Y 015 014 012 | BN74l45 £1.50 M40 2130 © Distortion—better thau 0-1% &t lkHz.
T R e
SN7403 015 014 038 | BN7470 o o8t oM | sNUlSs A% @10 o4 & Overllnie ¢3mm X 105 mm X 13 mm.
BN7406 03 031 028 | BN74T2 029 026 02A 8N74154 2180 2170 2180 Tallor made to the most stringent specificationa using top quality
ANT407 03 03X 028 SN7478 87 035 032 8N74155 2140 2130 M- componenta and Incorporating the Jatast solld state clrenitry conceived
aN7405 018 017 016 | BN7474 037 035 032 | 8N74156 4140 4180 120 $0 811 the Deed for all your AP. amplification needs.
ANT409 018 017 016 | BN7473 0-45 043 02 8NT4157 £1-90 4180 2170 PULLY BUILT—TESTED—OUARANTEED.
B sk oM ni)muk sk tx ok | L £8 Ma ha
. - " ‘ . ; BN741 . g - 4

SNAID  om ol o | st mm aD sl | eNue % B4 s | BRITISH MADE. only £3:25 each

BN7413 029 038 024 | 8N7 087 056 OA8 | BN74163 8400 £3-78 4350

IN7418 048 040 038 | SN7488 #1110 2105 085 | BN74164  £220 #2115 £2.10

aNT417 043 040 038 | BNT434 00 095 000 | BNTHIE8 #2025 8220 £218

aN7420 018 014 012 | BNTMS $380 23-50 2340 | SNT168  3-50 2825 £3.00 s -

8N7422 050 048 045 | BN7486 032 091 030 | SN74174  £2:30 £2-20 #2.10 Y

8N7423 050 048 045 | 8N7489 €550 8525 500 | BN74175 M150 $1:80 8140 ;N

S8 fmoin ) mm on TR MR fmis ok of 08 '

8N7427 : . 91 - 96 090 | BN74177 2280 42 -30

SNTA%A O o085 o0 | SNte 047 oek 088 | ANTi4  £300 4180 A1.40 ®! MODULE SPM80 £2-95
SN7430 016 014 018 | 8N7493 067 064 058 | BN74181  £5:50 #5:00 8475 >

8N7432 045 042 040 BNT494 077 074 088 ANT4152 2200 #2180 #£180 APSU s cnpecially dealgned to power 2 of the ALB0 Amplifiers, up to 15 wstt
g!;z:f! 8:2 gg g"g g:;:ﬁ gg ga 8: ;g;ﬁ% 50 gﬁ g: {r.m.e) per channel siniuitanecusly, This module cmbodice the latest com-

NTI8T : . . \ ] p :

N7 064 068 060 | BN7i00 185 1160 8185 | SNZ$19) 90 8185 4180 B o S L e e Sy Dl
8N7440 015 014 012 | BN74104 097 o094 08 | BN74102 -85 21-90 M-85 ;

8N7441 067 064 088 | BN74105 097 04 085 | BN74193 4200 #1830 #4176 e G D L O I B L i e g 0
gz;u-z ‘gg .gg .g g syn:ig‘:) 040 8“ 0-88 BN74194 1270 #£2.80 42-50 units enable you to build Audio SByetems of the highest quality at a ML;&];‘O
INT443 g g ¢ BNT: 0-55 58 080 BN74185 £2:00 2190 £1-80 unobtainable price. Also ideal for many other spplications incivdizy:— Disco
SNTi44 -3 2125 8120 BN74111 2128 2115 110 BN74196 21-8¢ £1-70 #1-80 Bystems, Poblic Address, Intercom Units, ete. Handbook available, 10p.
SNTds 0w 'os '088 | SNTfs 138 a1 sife | BNHIT Ml 4170 @i

SNTH7 #4100 097 086 | BNT4131  0-40 037 O34 | SNTALGR 8550 4500 $4-80 TRANSFORMER BMT80 £1:95 p. & p. 25p
BN7448 £1:00 097 085 | 8N74122 2140 £1-30 M-10 | SN74190 550 4500 480

NUMERICAL INDICATOR TUBES|STEREO PRE-AMPLIFIER TYPE PA1 00

MODEL CcDas GB118 3018F Built to & specification and NOT a price, ana yet stll) the greatest valuc on the market,
Minitron the PA1000 atereo pre-ampilfier has beem conceived from the latest clrcuit techniques. I
3 =3 Deaigned for use with the ALSO power amplifiers m, this qualily rnade unit incorporates
Anode voltage (Vae) 170min 175min s ST aight aiticon phnr el ..o'l'fm.. e npc:lnlly A T
Catbode Curvent (mA} 23 14 ] All Indicators § NEN deviocs for usc fu the Input stages.
08 + Decimal § Caree swliched stereo Inputs, and rumble and scrmtch fiters are featuren of the PA10O,
Numerical Helght (mm) 18 13 $ point. All aide § which also hias a STEREQO/MONO awitch, volume, balance and continuously variable

kg viewing. Full | nage and treble controls.

Tube Height (mm) I 2 22 data for sl
types SPECIFICATION:
pubs Dismeterimm) 12 ig 13wide | onrequest. | prognency response 20Hz—v0kHz +14B  Basa control 1048 ot 201
L Ty B Harmonic distortion betier than 0-1% Treble control £15d8 at 20kHx
i S D B | Sor e L Inputa: 1. Tape head T SV mbe 0KO Plitere: Rumble (high pass) 100 Hx
1 Ll - b a7 Z Radio, Tunar  SomV into 60KE) S ow o B2
3 i » o0 | 3. Magnetle P.U.  1:5mV into 80KQ gnal/noise matlo retter than
ERICEREACH 170 155 s W All input voltagea are for an output of 250mV., Input overload ~264B
Tape and P.U. inputs equalised to RIAA carve Sowoly 35 volte at 30m4
§ D 4 xXB2x
s s S =
Manutacturers “Pall Outa” which Inclue Punetional and Part-Punctional Unita. Th lassed as ‘onteof: C8 .
spec’ trom the maker's very rigid specificationa. buut are-Ideat for learning about 1.8 and experimental work, | | SPMB0, | BMT80 & | PAI00 ONLY £23.00 FREE p.&p only £11-95

Pak No. Conients Prios Pak No. Coatents Price Pak No. Contests Price
UIC00 = 12+ 1400 050 VICH6 =5 x 7448 0-80 V1088 ~5x 7486 0-50
VICO1 =12 1401 050 UICAT =B x 7447 0-50 UICH0 5 x 7490 0-80
TIC0?2 - 12 7402 0-80 VICAB =5 x T448 050 UICI1 =5 X 7491 050 e
Vicoimiax7ios 080 | Ulmieiiniinn 0% | Wionixiem o0
- 51 =19 \ =5 %749 0-80 ol
Poutisi® ok | peiwow  aw | Sl iR e e
e ] = - =B 74 80
= o —12 . A This compact unlt comes complets with onloff ewltch, volume
g}g;-fﬁfﬂ{o 3 ﬁ l%ggon=§.x‘ 3;3" g e o aeoaite 0.“ mn:ml, bp:l‘mcc, base and treble controls. Atiractively pﬂnled
TIC15=8x 7413 050 UICT2=a% 7472 % St TA00 0% front panet and matehing control knobr. The “Bterco 20° has
mgg:g;;ﬁg gﬁ gllgn_gx']:n 0-50 080 been designed t& fit ioto moe;rw.rmable :Ill;'mli:mﬂ‘mlng
“12x 74 =8 7474 050 G151 =8 x 74151 0-60 et . y
£4 = . k te cabinet.
bkl fi | Glemoan ok b T Gutput power 20w pesk  Laput 1 (Cor) J00mY inte 1
=5 7442 1680 — 5 = ] Preq. res. R g 3
gc;3=5x7«3 0 :2 81522=;:;:§? 8:8 ACLPY S X THEH 050 Harmanic dm:ruon Baas contro! +12dB at 60Hz
TICH~5 %7433 080 UIC82— 5% 7452 0-80 VICX1 25 Amorted 74's 150 bypically,0:26 8 st oratt . STreble cony 144 st34kHz
UICIB =5 x 7445 050 UICHS -5 x 7433 080
Packs cannot be split. but 25 sssorted pie ces (our mix) is availablc ss PAK UIC X1. £12-25 free p. &p.
NEW COMPONENT PAK BARGAINS LINEAR ICiFULL SPEC. | OV TEM 12
Pack Type No. 1-3¢  25-99 100 up
No. Qty. Desoription Prive § BP 201C—81.201C 83p 53p 45p
B xiciainued vafuesagios. soiae b weseit op [BENICSLIIC @5 sy i STEREO
€ 2 200 Capacitors mixed valuea sppmx. count by welght ] £ <. 0500 5P 70272702 58; ﬁ’ :'g: . a
C3 50 Precigon Resistors 1%, mixed valuss . e 7T S J ,. 080 | BP 708—72709 a5 34y a0y [E&ch Kit contains two ,
€ 4§ i3 ith W Realator mixed preferred values 0-80 § BP 709P—uA700C  38p 34p 30p | Amplifier Modules, 3 a
€8 5 Pleces amorted Ferrite Ruds 080 g;;}%"ﬂ# ::» gn lg: watts RMS, two IOUd' HM
€6 2 Tuning Oange. MW/LW/VHF .. .. .. .. R e . P p & A 4 245
€7 1 Pack Wire 50 metees nasorted colours DA R N 1 W ) gf,ggg:ﬁgg,c #» v % ]speskers, 156 ohms, the
f:: 1;' :f;z:tlg?- - - . 050 200 &0y S5 | pre-amplifier, transformer, power supply
A e e M : g::: TAA n3— ;g: )}:: I;g module, front pane! and other accessories,
Cll 5 Jack Bocketa 3 X 3-3tmm 2 X Btandard Bwitch Types .. P J 0% 1‘05 WN’MEN as well as an illustrated stage-by-stage instruc-
gll: 20 ;Itper !f;n::mn vr:;;:ed types mixed valves .. . o ol | 8 g: ROCK BOTTOM PRICES tion booklet designed ONLY
€14 1 Pack aworted Hardware——Nuta/Bolis. Grommets eto. .. .. .. ] oS ICIDELe DS claallC n theibaginners ey, £16-95
€15 4 Mains Toggle Bwitches, 2 Amp D/P * 0-50 | o, 1-2¢ 25-3% 100up | FUrther details avail-
C16 20 Assorted Tag Strips & Panels 0:80 § BP930 1 11 103 fable on request. FREE p. & p
€17 10 Amorted Coutrol Knobs : 0-50 || BP9S2 13p » s .
Ci18 4 Rotary Ware Change Bwitches ] 0-g0 § BFS33 3; g: {}: AN arices quoled in vew pence  Giro No. 588-7006
C13 3 Relayn 6—24V Operating .. . 0-50 § Rposs 13p 1% Piease send o0t orders direct to warehouse and despatch department
€20 4 Bhcets Copper Laminate apptox. 10° X 7° 0:50 § BPO44 13p 2p 1ip
Please add 10p poet and packing on all component packs. plm s lmuer ll)p on nuk ‘lou. C1.§ BPS45 £5p 24p
€2. C19, C20. g;g:g gp iy ;207
24
RYL MICROLOGIC CIRCUTTS DUAL-IN-LINE  1C'. TWO  Ranges§ BPS51 85 0y 55 /2
e PROFESBIONAL & NEW LOW COST. | BPee: 12p 1p 10p
R i PHROF. TYPE No- 1-24 25-09 100 up. | BPU0S) 40p 8ap 38p
Spnry TO-5 case uL0O P ;gg }: pin type %‘? ’é’p 9’?’ :;.’?:‘1 m ggv gg) -
ey » »
R O T i LI - M B P.0. BOX 5, WARE - HERTS
L9238 JK flp-flop 50y 47 45> | BPR14 18p 18 11p {quantity prce. Larger quantlty prices Postage and packing 3dd 10p. Deersess add eatrs for armad
Deta and Clrcuite Booklet for 10's Price 7p. BPB 18 16p 14p 12y on application (DTL 080 Beries only). Mintmum order 50p. Cash with or der please

Guaranteed Satisfaction or Money Back
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THE NEW HP-80
weighing only nine ounces, has a
solid-state memory similar to that used

Calculator,

in computers. Thus, its capability
extends far beyond simple addition,
substraction, multiplication and
division.

With the HP-80, virtualty all financial
calculations involving the relationship
between money and time can be done
quickly and easily, according to John
A. Warmington, of Hewlett-Packard.

For example, in less than a minute,
the user can determine the bond yield
between any two dates. There is no
need to consult cumbersome financial
tables, since the necessary data,
including a 200-year calendar, are
already stored in the calculator’s
memory.

Similar problem-solving capability is
provided in such areas as compound
interest, sinking fund, loan repayment,
depreciation and amortisation,
truth-in-lending calculations  and
investment analysis.

For most problems, the actual time
of calculation by the user is less than
10 seconds. In more complex
calculations, such as determining
discoynted cash flow, the HP-80 can
save the user as much as 10 minutes.
Although its calculating speed rivals
that of a computer, the user need
know nothing about computers to
operate the machine effectively, A
handy reference guide enables him
quickly to put the machine to work.

The new calculator, with its 10-digit
display, is accurate to within acent in
a million dollar transaction. Like
larger, more expensive machines, it
also has the capability to handle
numbers as large as a 1 followed by 99
zeroes.

Although Hewlett-Packard is known
widely as a manufacturer of electronic

test equipmem, in recent years the

40

Computer in

your pocket?

An electronic calculator, smail enough to fit into
a shirt pocket, yet capable of performing the most
complex business and financial calculations, has been
introduced by Hewlett Packard.

company has diversified into the
computer and caiculator fields.

Just a vyear ago, the company
introduced its first pocket-sized
calculator. Known as the HP-35, it is a
machine designed for engineers and
scientists.

While the HP-35 was designed to
solve equations commonly used by
engineers and scientists, the new
HP-80 is aimed at providing the same
problem-solving service for the
financial community. It is an entirely
new approach to handling financial
calculations.

Among the unique features of the
HP-80 is the 200-year calendar stored
in the machine’s memory. This is
particularly valuable in projecting cost,
interest, future value and other
financial data. By pressing appropriate
keys, the user can determine quickly
the number of days between any two
dates from January 1st, 1900 to
December 31st, 2099. Or, given a date
and a number of days, he can
determine a past or future date.

HOW IT WORKS

The HP-80 is a pocket-sized business
calculator. It differs from the HP-35
{Hewlett-Packard'’s original pocket-size
scientific calculator) in its built-in
programming. The HP-35 solves
functions with a single keystroke: The
HP-80 solves egquations with a single
keystroke. Typical of the functions
solved by the HP-35 with one
keystroke are: Log, Ln, SIN, COS,
TAN and XY. Some of these functions
are * hard-wired into the HP-80 as
subroutines  within  the single
keystroke programs. In other words,
the HP-35 has one level of
programming, while the HP-80 has two
levels, The most important equations
used in banking, finance, accounting

and real estate have been programmed
into the HP-80. Data is entered, then a
key is pressed for the unknown. The
HP-80 executes the appropriate
program, calling upon all the required
functions, each of which is wired into
the calculator as a subroutine. Thus,
the HP-80 executes the entire program
needed to solve an equation, including
the necessary subroutines, all with one
keystroke.

In a way, the operation of the HP-80
can be compared to that of a
computer. A computer program stored
on magnetic tape, discs, etc., is called
by the operator when it is to be
executed. But in the HP-80 each
program is part of the hardware built
into the calculator and called with one
key press.

Four temporary memory registers
used in the HP-80 are arranged in a
stack, in the same way as in the HP-35
scientific calculator. Like the HP-35,
the HP-80 also uses reverse Polish
notation as the most efficient way
known to computer science for
evaluating mathematical expressions.
This scheme helps achieve the goal of
packing a great deal of calculator
power into a very small space.

The operational stack consists of
four registers, X, Y, Z and t. The stack
stores intermediate results and the
calculator automatically recalls them
from the stack when required for
further processing. This eliminates the
need for manual intermediate notes or
re-entry of intermediate answers. Only
the contents of the X register is
displayed on the solid-state display.

Numbers are entered into the stack
from the bottom on a first in, last out
basis. When a number is keyed in, it
goes into the X register and is
displayed. When “SAVE" is pressed,
the number is repeated in the Y
register. At the same time, any number
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in Y moves up to Z, any number in 2
moves up to t, and t is lost. When an
operation is performed on data in the
X and Y registers, the answer
automatically appears on the display,
and the entire stack drops.

Both the HP-80 and the HP-35 use
specially-designed MOS/LSI circuits
using a low-power, high performance
ION-implantation process. The HP-80
uses seven read-only-memories versus
three for the HP-35. The four
additional ROMS handle logic needed
to solve these complex equations,

Answers appear on a 15-character
solid-state display. Each digit of the
light-emitting diode (LED) display is
of passivated monolithic construction
made up of seven segments. The
inherent ruggedness and long life of
these monolithic solid-state devices
contribute to the reliability of the
HP-80. Use of one digit for the
decimal point results in excellent
legibility.

An unusual feature of the calculator
is the ’golden key”. This key,
immediately above the exchange X
and Y key, operates like the shift key
of a typewriter and allows eleven of
the keys to perform a dual function.
For example, pressing it before
pressing the “%” key allows instant
computation of the percentage
difference between two numbers.

COMPLETE LIST OF THE HP-80'S CAPABILITIES

Beyond the basic four functions (+ —
X ), the HP-80 is pre-programmed
with 36 separate financial
capabilities.

Constant storage

Selective round-off

Percentage calculation

Percent difference

Square root

Powers {exponentiation)

Running total (summation)

Mean (arithmetic average)

Standard deviation

Number of days between two dates
Future date given number of days

Future value of an amount
compounded
Present value of an amount
compounded
Effective rate of return for

compounded amounts

Number of periods for an amount
compounded

Future value of an annuity

Present value of an annuity

Effective rete of a sinking fund
Effective rate of a mortgage
Instaliment of en annuity given
future valus

Each key has a touch similar to the
action of an electric typewriter., A
vapour barrier used between the keys
and their contacts reduces
environmental effects on the machine.

Rechargeable nicket-cadmium
batteries with about five hours of
operating time and an ac
adapter-recharger are provided.

Installment of an
present value
Number of periods for a sinking fund
Number of periods for a mortgage
Add-on to effective ennual rate
conversion

True equivalent annual rate

Linear regression {trend line) analysis
Sum-of-the-years'-digits depreciation
emortization

annuity given

Rule of 78's finance charge
amortization

Discounted cash flow analysis
Accumulated  mortgage  interest

calculation

Remaining principal on a mortgage
Accrued interest {360 and 365-day
year) :

Discounted notes (360 and 365-day
year)

Discounted note yields (360 and
365-day year)

Bond price*

Yield-to-maturity of a bond*

*Corresponds exactly to standard
bond yield tables used in investment
industry.

We were extremely impressed with
the HP-35 when it came out 12
months ago and at that time thought
that it was just about the ultimate in
pocket calculators. We were wrong —
it seems that with ingenuity such as
that used in the design of this
calculator, we soon will be able to
carry a computer in our pocket.
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higher than expected — exceeding 1%
at 6.3kHz at rated output (23W with
both channels driven),

As with all Sansui equipment, a large
plasticized operations . card was
supplied. Details of all the front panel
control functions are shown on one
side of the card and the other side
shows how all the rear panel
connections should be made, including
making up patch cords with the
R.C.A. plugs supplied with the

amplifier. Also included with the card
is a ten page “Operating Instructions
and Service Manual’’, a Warranty card
and a cloth for polishing the timber
cabinet. The manual devotes most of
its pages to wiring diagrams and
component layouts on the printed
circuit boards. Photographs in the
manual are used to show the location
of all the major components on the
>amplifier chassis.

The AU 505 amplifier is another

example of the ability of the Sansui
Electric Co. Ltd. of Japan to produce
a top quality amplifier at a sensible
price for the domestic market. It
combines a pleasing external
appearance which would match most
decors with an adequate set of
functions for various sources and
mode$ of operation. ®

Recommended Retail Price
£81.42 + VAT
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STANTON 681T

PHONO-

CARTRIDGE

Calibration-series cartridge has exceptionally linear response.

INCE Stanton Magnetics Inc.
Sstarted manufacturing cartridges

in 1965, their products have been
primarily designed for the professional
market and in particular for recording
and broadcast studios.

The company has placed especial
emphasis on linearity of frequency
response. This is particularly so with
the 681 range, in fact Stanton classify

42

them as their Calibration Standard
Series.
Stanton also produce a 500 serie

which is intended for wuse in
broadcasting studios.
This latter series is particularly

interesting because of its wunusual
stylus bar shape which allows the
cartridge to be backcued without
damage or jumping of tracks.

The 681T reviewed in this article is
a 681 cartridge available with either a
spherical stylus {as type 681A) or an
elliptical stylus (as type 681EE); the
stylus type numbers incidentally are
6807A and 6800EE respectively.

The cartridge is supplied with a
calibration chart (as are all Stanton
cartridges) which gives the following
performance data: —

A. Frequency response.

B. Sensitivity.

C. Channel- separation at 1,000 Hz.

D. Dc resistance

E. Inductance.

The external appearance of the
Stanton 681T is similar to many other
moving magnet type cartridges — with
the exception of the small hair brush
fitted to the stylus assembly. This
brush tracks some two grooves ahead
of the stylus. :

Because of the pivoting arrangement
of this brush a 1 gram force is
necessary to compensate for the
upward lift produced by it. This has a
number of advantages and
disadvantages.

The advantages are that: [t very
effectively removes lint and dust from
the record grooves. (This s
particularly evident by the amount of
built up on the end of the bristles).

Apart from this it appears
(subjectively) to very marginally
improve the trackability of the
cartridge on truly fiat records. This is
partly due to the anti-skating forces
produced by the bristles.

Against this, the brush causes
mistracking on slightly warped records
due to the brush lifting the stylus out
of the groove. Clearly it is unfair to
fault a cartridge for a record
manufacturer’s problems, but
regrettably, warped records are
becoming ever more common.

Another minor problem is that on
automatic record players with slow lift
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and rise movements, the brush causes
the stylus to traverse across the record
possibly causing damage. However this
is also a rather unfair criticism since
the 681T is designed for a tracking
force of 3/4 grams to 1% grams and
most automati¢c changers are only
suitable for cartridges with tracking

forces in excess of 1% grams.
LISTENING TESTS

The subjective assessment of a
cartridge is necessary to determine its
overall performance. Laboratory
measurements of its frequency

response, channel separation, etc. do
not indicate its performance on ‘real’
record material, neither do
measurements of static and dynamic
compliance and stylus mass give an

accurate indication of trackability.
(However measurements of
trackability reveal a lot more
information than do distortion

measurements at selected frequencies
and fixed velocities).
For the trackability test we used the
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Top graph shows Stanton 6817 cartridge with a 6807A spharical stylus, lower graph shows
tha sama cartridge, but this time with a 6800EF alliptical stylus.
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second side of the first record in ""The
Tchaikovsky Ballet Album number
32BR 220302. Some  slight
mistracking occurred at the highest
tracking velocities with bells, cymbols,
triangles and piccolo, and resulted in a
slight loss of the sharp attack
characteristic of these instruments,
This was particularly noticable in the
climax in the Dance of the Mirlitons.
The xylophone in the Dance of the

681EE £41.35
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Sugar Plum Fairy was extremely good
— in fact it was possible to hear a
squeak in the pedal mechanism! The
bass drum, particularly at the end of
the Dance of the Sugar Plum Fairy,
and during the Final Waltz and
Apotheosis from Act |l, sounded
rather blurred indicating some slight
mistracking. On the other hand the
kettle drums which are particularly
predominant towards the end of the
"Pas de Deux’’ were extremely good.

As expected the mistrackings
observed with the elliptical stylus,
were slightly more pronounced with
the spherical stylus, particularly on the
inner track,

The measured performance of the
Stanton cartridge was very good. The
frequency response is the flattest we
have ever measured and agreed exactly
with the calibrated performance.

Channel separation was the only
parameter which did not agree with
the calibration data supplied. It was
8dB less than the figure quoted.

The Stanton 681T cartridge is one of
the best cartridges we have ever tested.
Although a number of isolated
mistrackings were heard they were of
quite minor importance, and for the
major part of the listening period was
exemplary. [ ]
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AUDIO
COMPETITION

YOUR SECOND CHANCE TO WIN AUDIO EQUIPMENT WITH A TOTAL VALUE OF OVER £250

o reader can afford to miss this competition. We not

only offer a first prize of a Linton system but also

have three runner-up prizes: a pair of speakers, an
audio amplifier and Cr0 cassette tapes.

All you have to do is to place, in a descending order of
preference, the characteristics of a hi-fi speaker, tell usin a
few words why you placed them in your chosen order — and
fill in the entry coupon. There are no entry fees. More
information about your entry form is given below.

THE PRIZES

The main prize winner will receive a Linton audio system,
donated by Rank Radio International and worth around
£150. it consists of a Linton turntable, a Linton amplifier
and a pair of ‘Linton 2’ loudspeakers. The plint-mounted
turntable is fitted with a Shure M44-7 cartridge. The
amplifier is equipped with switchable radio input facilities
and two unswitched power outlets, one for energising the
turntable and the other for a tuner if required. The speakers
each have an 8’ bass unit and a 2’ treble unit, with infinite
baffle bass loading and a maximum continuous power
rating of 25W (20W nominal according to DIN 45-500).
The four items are not only pleasing looking and excellent
performers in their own right but, as a total system, they
are beautifully matched in appearance as well as perfor-
mance.

The first runner-up wins a pair of the new Keletron
KS20 speaker systems donated by K & K Electronics Ltd.
Each item (RRP £35.80) is a three-speaker system built on
the infinite baffle principle, fully padded to damp out any
panel resonance and housed in handsome slim-line cabinets,
ideal for shelf or wall mounting; power handling rating is
20W rms.

The second runner-up wins a Teleton GA202 amplifier
{RRP: £50) featuring push-button and slider controls and
rated to deliver 2 x 16W rms. The stereo amplifier, finished
in a smart wood cabinet, has four inputs {magnetic and
crystal pickups, tape and an auxiliary input), high-cut, loud-
ness and mono controls, tape output, and phone sockets.

The third and last runner-up wins £15 worth {retail value)
of CrO2 tape cassettes donated by BASF (UK) Ltd. The
cassettes, known for their increased dynamic range, lower
background noise, reduced head wear and longer tape life,
come in three sizes, C60, C90 and C120 — all fitted with
BASF’s ‘Special Mechanics’ {SM) for anti-tangle and slip-
free operation. The winner can mix his cassettes from the
range or take all cassettes of the same type.
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YOUR ENTRY

Choosing a loudspeaker is never an easy task as so many
considerations have to be taken into account. It is to some
extent a matter of individual taste as to what is required
from a loudspeaker and what is believed to be the salient
points of any one speaker system.

There are certain characteristics which every speaker
system must possess, But the decision as to whether the
point of prime importance is the appearance, the size or the
frequency response is often a matter of the individual
buyer’s personal requirements.

The purpose of this competition is to find a sequence of
priorities to act as a guide when buying a speaker system.
We would like you to mark down the features we have
listed in order of preference and then to write in thirty
words or less why you have placed them in that order.

Wharfedale Linton system
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Contest

Al entries must be accompanied by the coupon from
Electronics Today International. There is no entrance
fee, but any entry not accompanied by a coupon will be
deemed invalid by the judges.

The winners will be decided by a panel of judges
appointed by the Editor of Electronics Today
international. The judges’ decision will be final and no
correspondence will be entered into concerning the
outcome of the contest.

Conditions

All entries should be addressed to: Audio Competition,
Electronics Today International, Whitehall Press Ltd.,
Wrotham Place, Wrotham, Sevenoaks, Kent.

Ensure that your name and address is printed clearly on
your entry coupon.

Closing date for the competition is May 31st, 1973.
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Kelatron KS20 system

Teleton GA202 Amplifier

o)

BASF Cassettes

Chromdioxid

G120
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Mark your order of preference in the boxes, i.e.
7 for first choice, 2 for second choice, etc.

High-efficiency

Low distortion

Wide frequency response
Smooth frequency response
Wide polar response
Attractive appearance
Reasonable size

High power handling capacity
Parts and labour warranty
Moderate price

Superior transient response

o) [ojaE) o} mia) @l @ chaio

Explain in thirty words or less the reasons for
your order of preference.

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

ENTRY COUPON - 2

ELECTRONICS TODAY INTERNATIONAL
AUDIO COMPETITION

Herewith, ptease. find my entry for your Audio
Competition. | have read the rules of the contest and agree to
abide by the judges’ decision.

SIGNED .. ..

ESsunassneiglscnatanionesefoanaunnsuanapnanninanflosssncntnéicnnfinasnofifosncdansyiolbounas h--.--i-‘--------.-.I.‘n'llﬁ-‘..nl-...w

B IVERSS SRR R WA 0. .ciimer il BT s L A IS o B
H
L ]
................................................ é
A separate coupon must accompany each entry. .
Closing date for the Audio Competition is May 31st, 1973, E
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Vortexion

30/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 5-WAY MIXER USING F.E.T.s

THIS is a high fidelity amplifier with bass cut controls on
cach of the three low impedance balanced line microphone
stages and a high impedance (1-5 meg.) gram stage with
bass and treble controls, plus the usual line or tape input.
All the input stages are protected against overload by back
to back low self capacity diodes and all use F.E.T.s for low
noise, low intermodulation distortion and freedom from
radio breakthrough.

A voltage stabilised supply is used for the pre-amplifiers

making it independent of mains supply fluctuations and
another stabilised supply for the driver stages is arranged to
cut off when the output is overloaded or over temperature.
The output is 759 efficient and 100V balanced line or
8-16 ohms output are selected by means of a rear panel
switch which has a locking plate indicating the output
impedance selected. The mixer section has an additional
emitter follower output for driving a slave amplifier, phones
or tape recorder, output 3V out on 600 ohms upwards.

50/70 WATT ALL SILICON AMPLIFIER WITH BUILT-
IN 4-WAY MIXER

(0:3% intermodulation distortion) using the circuit of our 100%
reliabie 100 Watt Amplifier with its elaborate protection against
short and overload, etc. To this is allied our latest development
of F.ET. Mixer Amplifier, again fully protected against over-
load and completely free from radio breakthrough. The mixer is
arranged for 2-30/60Q balanced line microphones, 1-HiZ gram
input and i-auxiliary input followed by bass and treble controls.
100 volt balanced line output or 5/15Q and 100 volt line.

100 WATT ALL SILICON AMPLIFIER

A high quality amplifier with 8 ohms-15 ohms or 100 volt line
output for A.C. Mains. Protection is given for short and open
circuit output over driving and over temperature. Input 04V
on 100K ohms. .

THE 100 WATT MIXER AMPLIFIER

with specification as above is here combined with a 4-channel
F.E.T. mixer, 2-30/60Q balanced microphone inputs, 1-HiZ
gram input and 1-auxiliary input with tone controls and mounted
in a standard robust stove enamelled steel case. A stabilised
voltage supply feeds the tone controls and pre amps, compen-
sating for a mains voltage drop of over 25% and the output
transistor biasing compensates for a wide range of voltage and
temperature. Also available in rackpanel form.

20/30 WATT MIXER AMPLIFIER

High fidelity all silicon model with F.E.T. input stages to reduce
intermodulation distortion to a fraction of normal transistor
input circuits. The response is level 20 to 20,000 cps within 2dB
and over 30 times damping factor. At 20 watts output there is
less than 0-29% intermodulation even over the microphone stage
at full gain with the treble and bass controls set level. Standard
model I-low mic. balanced input and HiZ gram. Outputs
available 8/15 ohms OR 100 volt line.

CP50 AMPLIFIER

An all silicon transistor 50 watt amplifier for mains and 12 volt
battery operation, charging its own battery and automatically
going to battery if mains fail. Protected inputs, and overload and
short circuit protected outputs for 8 ohms—15 ohms and 100
volt line. Bass and treble controls fitted. Models available with
I gram and 2 low mic. inputs, | gram and 3 low mic. inputs or
4 low mic. inputs.

200 WATT AMPLIFIER

Can deliver its full audio power at any frequency in the range of
30 c/s — 20 Kcfs + 1 dB. Less than 0-2% distortion at 1 Kcfs.
Can be used to drive mechanical devices for which power is over
120 watt on continuous sine wave. Input 1 mW 600 ohms. Output
100-120V or 200-240V. Additional matching transformers for
other impedances are available.

F.E.T. MIXERS AND PPMs

Various types of mixers available. 3, 4, 6 and 8 channel with
Peak Programme Meter. 4, 6, 8 and 10 Way Mixers. Twin
3, 4 and 5 channel Stereo, also twin 4 and 5 channel Stereo with
2 PPM’s.

VORTEXION LIMITED

46

257-263 The Broadway, Wimbledon, SW19 1SF
Telephone: 01-542 2814 and 01-542 6242/3/4

Telegrams: “Vortexion, London SW19”’
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TERMS Retail mail order subject to £1-00 minimum order.
Cash with order only. Trade and educational establishments
M/AC on application {(minimum £5-00).

Postage 10p inland, 25p, Europe.

GUARANTEE: All goods carry full manufacturer's

warranty. Get in touch today for a complete SCS COMPONENTS, P.0O. Box 26,
run-down of devices available from SCS (include SAE). Wembley, Middlesex HAQ 1YY
The 'Professional’ Amateur Supplier

i compatible device
device of the month ZN414 P MFC4000

=" 580:0259 The Ferranti ZN414 is a complete a.m.

S I 475° 0158 radio circuit which operates The Motorola

) 4-Watt Audio
483 from 1.1to 1.8 volts and requires Amplifier is

=051 designed for the
only batte'ry, earphqnes and antenna PR =05
plus a tuning capacitor and two battery powered

o ; portable radios.
decoupling capamtors. The ZN414 % 250 mW of Audio Output Power
features: medium and long waveband, * Low Standby Current— 3:5 mA typical

A * Low Harmonic Distortion
gOOFi Stablllty L. a,ssemb]y’ ne * Reduces Component Count in
setting up of IF coils, plus Portable Radios by Two Transformers
much more. and Two Transistors
* Eliminates Costly Component
Matching Requirements

motorola 1/4 watt
audio amplifier
MFC4000

GRAMPIAN REPBODII(:“"S LTD
. . HANWORTH TRADING ESTA.
FELTHAM, MIDDLESCX.

mzmug! 01-894 J141.
. EAMP FELTHAM

AW/K 175
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THE PHONOGRAPH

IN 1877, Thomas Edison was

i 2 working on a telegraph repeater
\(/?t/ 4)4,44/ % .?,0/‘%/{}///“ when the idea occurred to him that it
g '%{/ 7 ' ~7 ﬂ(‘ (‘J : might be feasible to record, not only
¢ (s Ve R dots and dashes of the Morse Code,

but the actual sound of a human voice.

During previous experiments with
the telegraph headphones he had
observed, that when in operation, the
receiver diaphram vibrated with
sufficient energy to be felt quite easily
with the finger tips. He reasoned that
if a sharp point was attached to the
center of a voice actuated diaphram
and allowed to emboss a moving
surface it would create a varying
pattern which would be, in fact, a
record of the original sounds.

The material eventually chosen for a
recording surface was a sheet of tin
foil. Edison had his chief mechanic
make up a machine which consisted of
a brass drum, 3% inches in diameter
mounted on a threaded axle, with a
hand crank to revoive it. Each turn of
the crank caused the drum to revolve,
and move laterally one tenth of an
inch. A recorder, consisting of a
diaphram mounted in a mouthpiece
with a stylus attached to the center of
the diaphram was on one side of the

drum. Opposite was the playback
Edison’s first sketch of the Phonograph, recently discovered. Another “first roducer, similar to the recorder but
sketch” incorrectly dated “August 1877 has since been found to be a copy, re.rt)h o e diaehr
drawn from memory by Edison in 1894. witn a more Tlexible diapnram.

Edison listening to his wax-cylinder phonograph after a marathon effort to
improve its mechanism.

Famous opera singer recording on a tin foil Phonograph, 1878,
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— a short history by Charles Slater

The world's first sound recording was
produced on Dec. 6th 1877 when
Edison wrapped a sheet of tin foil
around the drum of this strange little
machine, turned the handle and
recited 'Mary had a little lamb’. The
playback  reproducer was then
substituted  for  the recording
mouthpiece and the machine cranked
again. To the amazement of everybody
present — including Edison himself — a
recognisable reproduction of his voice
spluttered forth.

The pame Edison gave to this
invention was ‘The Phonograph’.
(Those who know their Greek
derivations will easily see why, the
word means ‘sound writer’.)

The Phonograph caused a sensation
wherever it was demonstrated. it is
difficult for us today, living as we do
in a world of television, piped music
and quadraphonic sound to imagine
the impact that a ‘talking machine’
had on 19th century ears. Many at
first thought it some kind of
ventriloquist trick or a device of the
devil, but before long it was being
unanimously acclaimed as the ‘wonder
of the age’. To hear a machine
reproducing the human voice, even
very poorly, seemed nothing short of a
miracle. The device however, was
rather imperfect and its primary role
was that of an amusing novelty.
Hundreds were manufactured for use
by showmen who were able to make a
good living out of them during the
early months of 1878,

As the novelty wore off, the crowds
of spectators grew less and less and the
tin foil phonograph gradually went
into retirement eventually to become
little but a scientific toy. In retrospect
the reasons are obvious. Firstly, the
quality was extremely poor, so much
so that, unless one was present when a
record was made, it was often
impossible to recognise exactly what
was being played back. Playing time
was barely half a minute and each
recording could only be played about
five times before wearing out. Of what
practical use could such an instrument
be? Before long the phonograph went
into  eclipse, abandoned by ail
including its inventor, who by this
time was busy perfecting the electric
lamp.

No further phonographic progress
was made for almost a decade. Then,
in 1889, a new talking machine was
exhibited before the public.

It was developed by two men,
Chichester Bell — a cousin of the
famous telephone pioneer — and an
associate, Charles Tainter. Together
they produced a machine which had
far better performance than the
Edison design. The new machine
recorded on wax coated cardboard
cylinders instead of tin foil, had an
improved stylus arrangement, and
could be operated by either electric
motor or a foot treadle — instead of
being hand cranked. Bell and Tainter
named their instrument the
Graphophone.

Upon hearing of the success of Bell
and Tainter's efforts, Edison decided it
was time to have another look at what
he later called his favourite invention.
In typical fashion he immersed himself
in the project until, after a five day
stint, he was able to announce his
‘Improved Phonograph’,

The new machine was indeed an
improvement over the Graphophone,
using solid wax cylinders which couid
be shaved for re-use; a precision
battery powered motor plus a more
efficient recorder and reproducer.

At this stage a complex legal battle
between the Graphophone and the
Phonograph interests flared up over
patent rights. Eventually the two
factions decided to pool their patents
and started to sell their products.
Their initial idea was to install them in
offices as dictating machines but it was
soon discovered, that there was more
profit in setting up the machines as

coin-in-the-slot entertainment devices,
So it was that 1890 saw the birth of
the first juke boxes. By inserting a
nickel, and donning stethoscope type
ear tubes, it was possible for people to
hear a popular song, a brass band
selection or a humourous anecdote
reproduced from a beeswax cylinder
which played a little over two minutes,
But the demand for recorded
entertainment became so persistent
that it soon appeared obvious that the
most viable role for the Phonograph
was not at the office but in the home
and so domestic machines were
developed employing a cheap and
reliable spring motor to eliminate the
cumbersome and messy batteries used
in the dictating machines. By 1886
one could purchase either a
Phonograph or Graphophone, suitable
for home use, for about $50; still
rather expensive but only a third of
the price of the cheapest model of
1893. By this time the Graphophone
was owned by the Columbia
Phonograph Co. whose genealogy can
be traced to the modern CBS
Corporation. The infant record
industry began to boom, and as sales
improved, prices became lower. Just
when the Phonograph and the
Graphophone looked like becoming
firmly established as the number one
household  entertainer, a third
competitor appeared which was
destined to relegate the cylinder to
obscurity; this was the Gramophone.
Developed by Emile Berliner, a

Edison original tinfoil phonograph, the first recorder of sound.
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young inventor who had emigrated to
the U.S.A. from Hanover, the
Gramophone struck right at the
Achilles heef of the Phonograph. This
was its inability to mass produce
recordings cheaply, for at that time
each Phonograph cylinder sold was an
originall If an artist wanted to sell a
thousand recordings of a song, he had
to sing it that many times. Brass bands
were slightly more fortunate as, due to
their greater volume, a dozen or so
cylinders could be cut at once, but it
still made for a slow and costly
recording procedure,

Berliner’s Gramophone utilised a flat
disc instead of a cylinder, and a
method was evolved whereby these
discs could be stamped out in almost
unlimited numbers. Although Berliner
first began experiments in 1887 it was
not until 1894 that he had sufficient
knowhow and financial backing to
produce a commercially viable
product.

The very first disc records appeared
around November of that year pressed
in hard rubber, they were seven inches
in diameter and single-sided, with the
title scratched in the centre {no paper
label). They played for two minutes
and were recorded at 70 r.p.m.

Another major difference was the use
of laterally modulated grooves, that is
the stylus vibrated from side to side
while playing, as opposed to the hill
and dale {or vertical modulation)
movement employed for cylinders.
Another significant improvement was
that whilst with the Phonograph a
feedscrew was required to enable the
reproducer to reliably traverse the
shallower grooves of the cylinder the
soundbox of the Gramophone was
propelled across the disc solely by the
grooves in the record. Hence a
machine to play disc records could be
made more simply and cheaply than
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Earliest model “Gramaphone” manu-
factured for Emile Berliner as a rival to
the cylinder Phonograph. This mode!
played children’s nursery rhymes on five
inch hard rubber discs. These were the
first mass produced recordings.

its cylinder counterpart. At this time
most people could afford a ‘talking
machine’, for the simplest
Gramophone, admittedly hand
cranked, sold for about $12. This was
far lower than any cylinder machine,
while records could be bought for 50
cents.

The Gramophone could not be used
to make home recordings, (as was
possible with the Phonograph) but this
proved to be only a minor drawback as
the public had already shown a
preference for professionally
‘pre-recorded cylinders’, rather than
their own inconsistent efforts.

More important was the fact that
Gramophones. were hand cranked and
this invariably produced erratic speed.
This drawback prejudiced the progress
of the disc player for a while until a
mechanical engineer, Eldridge
Johnston, was given the task of
designing a suitable spring motor to
drive it.

Johnston not only succeeded with
this project but soon found himseif
improving the fledgeling machine.

By 1897 he developed the ‘Improved
Gramophone’ with a stronger motor
and a revised soundbox. This model
was to become the most famous
talking machine in history. It is the
one being listened to by Nipper the
fox terrier in the well known °‘His
Masters Voice' trademark. it is
interesting to note that the artist, an
Englishman named Francis Barraud,
originally painted a dog listening to
‘his masters voice’ at the horn of an
Edison cylinder machine. A few years
later a visitor noticed the painting and
suggested it might look better if he
painted a gleaming brass horn as used
with the Ilatest machines. Barraud
approached the manager of the
recently formed Gramophone Co.,
William Owen, for a loan of such a

Edison “Standard” Phonograph, one of the most popular
record players of early times. This 1909 model featured a
turnover stylus for playing either normal two minute or the
finer grooved “Amberol”” 4 minute cylinders.

horn as a model. Upon seeing the
painting Owen offered to buy it if the
original phonograph was painted out
and an ‘Improved Gramophone’
substituted. This was agreed to and
before long Nipper replaced the ‘Angel
with a quill’ trademark hitherto
employed. In America he appeared on
records produced by the Victor Co.
which was formed as a breakaway
from the Berliner group by Eldridge
Johnston in 1901.

By now the disc record was providing
healthy competition for the cylinder

manufacturers who decided that
something had to be done to improve
their product. After much

experimenting a method was evolved
whereby cylinders could be mass
moulded. A microscopic layer of gold
was deposited on the master cylinder
to make it electrically conductive. The
record was next copper plated and
then melted out, leaving a copper
mould, the counterpart of the negative
stamper used for disc pressings. Molten
wax was then. poured into the mould
to create the copy which was kept
hollow by means of a tapered
cylindrical form inserted inside the
mould. Upon cooling, the wax would
harden and contract sufficiently to be
withdrawn from the mould. It was
then ready for use. The correct speed
for cylinders was standardised at 160
rpm (it was previously around 120 to
144 rpm}, thereby improving the
sound quality — but limiting the
playing time to a maximum of two
minutes. The first of these improved
‘Gold Moulded’ cylinders appeared in
1901, but it was then aiready too late
to win the battle against the disc
manufacturers.

By the following year (1902), Enrico
Caruso had recorded ten discs for the
Gramophone Co. of England and these
created something of a sensation
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The “'Graphophone' cylinder
player made by Columbia Co.
around 1899,

among music lovers the world over.
The Columbia Co, seeing the writing
on the wall, also began the
manufacture of discs although the
company continued to market
cylinders until 1912. A further blow
descended on the cylinder trade in

1904 when somebody realized that a
disc had two sides. It seems
extraordinary that this had not
occurred sooner, but until then all
discs were recorded on one side only,
the other being blank or inscribed with
trademarks, patent dates etc.

By 1908 most discs were double
sided which implied that the average
10" record could provide up to six
minutes of program material, whilst a
similarly priced cylinder was still
limited to two minutes only;
moreoever the cylinder was more
fragile and harder to store. All these
facts resulted in a swing by the
record-buying public to the disc
system. (If this hadn't occurred,
instead of radio disc jockeys ‘spinning’
a record, we would bhave perhaps
cylinder jockeys ‘revolving’ them. If
nothing else this would have made a
request ‘to play the flip side’ rather
difficult}.

But despite this, Edison was still
convinced that the cylinder was
technically superior and, up to a point,
he was correct. When playing a disc,
the circumference of the grooves
becomes progressively smatler as the
pickup moves toward the label and the
effective surface speed decreases
accordingly. This causes a restriction
of the available treble response
towards the end of a disc.

Cylinder recordings do not have this
limitation as the stylus tracks the
groove at a speed that remains
constant throughout the record.

Cylinder records also had the
advantage of being played with an

accurately ground elliptical sapphire,
which caused
surface noise than the expendable steel
needles used for discs. Moreover the
‘hill and dale’, or vertical modulation
method, referred to earlier, was in
many ways more suitabie for the
acoustic recording - methods then
employed.

It was with these facts in mind that
Edison decided to have another try at
converting the wayward record buyer
back to his beloved cylinder. A new
four minute wax cylinder was
introduced in November 1908 which
Edison called the Amberol. The extra
playing time was achieved by doubling
the groove pitch from 100 to 200 per
inch — about the same as the average
microgroove LP of today.

A special phonograph called the
Amberola was produced to play these
new cylinders. |t was equipped with a
suitable feedscrew and finer stylus.
The Amberola was the first Edison
machine to be fitted with an internal
horn, rather than the flamboyant
external type which had often
predjuced its appearance in the well
furnished home,

To keep faith with past customers,
ingenious  conversion  kits were
supplied at low cost to owners of
two-minute machines to allow them to
play both standard and four-minute
types. New machines were also
supplied with a gear change to alter
the feed screw speed to suit either

type, and a turn-over stylus
arrangement similar to that wused
nowadays for 78's and LP’s, was
featured.

An  unbreakable celluioid four
minute cylinder was ' marketed in
1912. This was known as the Blue
Amberol but, although acoustically
superior to its competitors, it failed to
influence to any extent the buying
habits of the average record collector.

In the same year that the Blue

Amberol was introduced, Edison
conceded t0 public taste and
marketed his first disc records.

However both Edison’s records, and
the diamond disc machines produced
to play them, were completely
incompatible with the standard
gramophone type discs. For Edison
had retained the ‘hill and dale’
modulation and shallow groove
concept as used with his cylinders.

To overcome tracking probiems, the
players were fitted with a feedscrew
device to guide the soundbox over the
record, while the records themselves
were made a quarter of an inch thick
in order to minimise any warpage
which might tend to throw the stylus
out of the groove. These records were
finely grooved — 150 to the inch —
giving a playing time of up to four
minutes per 10’ side. The stylus itself
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less wear and lower *

was diamond tipped hence the
designation ‘Diamond Disc Records.’

This was not the first attempt to
produce a ‘hill and dale’ cut disc. Six
years earlier the French Pathe Co.
began marketing discs using vertical
modulation with very broad grooves
and meant to  be played with a
sapphire ‘ball’ stylus of some 13 mils
radius. To minimise treble losses due
to this large stylus, discs were recorded
at about 95 rpm. These Pathe discs
were manufactured up until 1932,
while the production of Edison
Diamond Discs and Blue Amberol
cylinders ceased in 1929, two years
before the inventor’s death.

Before leaving the Diamond Disc it is
worth noting that in 1927 a long
playing version of this system was
marketed. The record played at the
normal {80 rpm), but the groove
density was increased to an amazing
450 grooves per inch enabling a 12"
record to play 20 minutes per side.
Unfortunately the public were not yet
ready for LP records and the venture
was a commercial failure.

Probably the greatest breakthrough
in recording history came in 1925
when a system of electrical recording,
using microphones and valve amplifiers
instead of tin horns, was perfected.
Until then singers and musicians had
to record ‘double forte’ in order to
register on the insensitive diaphrams.
There was no room for subtleties, and
some voices and instruments would
not record at all.

Suddeniy thanks to research at the
Bell laboratories, a new sonic world
was available to the record industry.
Surprisingly enough the public was
slow to appreciate the new electrical
techniques — many disclaiming it
openly — for by capturing a greater
range of tones, they were hearing
sounds to  which they were
unaccustomed. They were rather like
someone who, having been short
sighted all his life, tries wearing
spectacles and claims that everything
looks strange,

Similar sentiments were later to be
expressed by many upon the arrival of
the microgroove LP, the stereo disc
and more recently, quadraphonic
sound.

Nevertheless, eventually, most people
began to appreciate the advantages of
electrical recording and reproduction.

By 1927 the system was being put to
use by the movie industry. The
soundtrack used for early talkies
consisted of a 16" disc record
revolving at 33-1/3 rpm and
mechanically coupled to the film
projector. However an attempt in
1931 by RCA Victor to market a 12
33-1/3 rpm record failed, just as
Edison’s earlier LP venture had., The
78 rpm record had become standard
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The Multiplex Graphophone
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ABOVE: A three-channel cylinder
machine exhibited by Columbia in 1899,

Above right: Quadraphonic sound, 1904
style.

RIGHT: Large, demonstration tin foil
Phonograph built by British engineer
William Preece in 1878. {From a
contemporary newspaper account).

and remained so until 1948 when
Columbia first introduced  its
microgroove system. RCA countered
with the 7 45 rpm disc and for a

while the two systems battled it out
for supremacy. Finally they settled
down to a peaceful co-existence, and
by 1955 the 78 rpm shellac record was

extinct.

In tracing the fortunes of Thomas
Edisons brainchild it is interesting to
note how many ‘modern’ inhovations
had distant ancestors. For example we
have the elliptical stylus developed for
cylinder machines and the LP fine
groove records of the 20's. A three
channel cylinder machine  was
exhibited by Columbia around 1900
and although it wasn't labelled
stereophonic its makers termed it the
‘Multiplex’ Graphophone Grand.

The straightline tracking arm was in
commercial use in over 65 years ago,
and eight years before this an alternate
method of recording was being
demonstrated, using reels of steel wire
and electro-magnetic recording heads.
The ‘tape’ recorder was first developed
in 1900, although its inventor, a
Danish telephone mechanic by the
name of Vladmir Poulson, was
hampered by the lack of a suitable
amplifier to make his invention
practicable. The first stereo disc using
the same 45/45 modulation method
employed today was produced in 1933
by A.D. Blumlein, an engineer working
for EMI in England. It was 24 years
before its time. Perhaps a look back
through the history of the
gramophone record might enable us to
foretell developments in the audio
world that are still yet to come, [ J
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A powerful combination providing the best in
photon emitting and detecting devices. Centronic, now .
sole U.K. Agents for OK| Electric Industry Co Ltd, of Japan,
introduce a new and very competitive range which includes

Solid state numeric displays

% 1mm to 6-8mm character size

% Numerals 0-9 and decimal point
¥ Bright red displays

* Low current consumption

* Flat-pack mounting in sticks of 8 and 12 digits
* Dual in-line pack 1 or 4 digits

% Circuit board mounting option

Write now for full details on these newcomers.
You'll be impressed ! %

ENTURY ELECTRONICS LTD King Henry's Drive, New Addington
Croydon, England. Telephone Lodge Hill 2121.

Light Emitting Diodes

% Red, green and | R. emitters

% 100,000 hours life

* Small lightweight and rugged construtition

% Low voltage and current operation
transistor and TTL compatible

% High light output efficiency

% Pulse operation facility giving
greater apparent brightness.

Telex 896474
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AUDIO

This useful audio attenuator
project for the experimenter
provides 0-59dB attenuation
in one dB steps.

ATTENUATOR

SPECIFICATION

Max attenuation
Resolution
Accuracy
Frequency range

Input impedance

Output impedance
Max input voltage

Internal switched termination resistor for use with high

59dB
1dB
40.3dB
dc to 100kHz
600 £ nominal

10k switched (+30dB attenuation)

600 §2 nominal
15 volt

9

NPUT pUT
: w 3 OUTRU
1.
a 50
A
\, T
DECADE
a0 *®  arTenvaton 98

COMMON

1
N 4
2o &—

impedance loads.

ACCURATE attenuators are required
in a multitude of design, service,
testing and measuring situations. These
units are designed with varying degrees
of accuracy and as many steps of
attenuation as the designer feels
necessary. They may be balanced or
unbalanced and have whatever input
and output or impedances the designer
requires.

ZARTH

ouT

A

e

There are three common types of
attenuator configuration, Pi, T or L.
The latter is mainly employed where
the output impedance is not required
to be constant.

THE CIRCUIT

We have chosen Pi type sections for
our unit. We could have connected the

E x>~ prouect 112

various sections in tandem to form a
ladder attenuator, but this would have
made more complex rotary switches
necessary. Instead, we chose to
employ a separate section for each
step of attenuation, making only
simple rotary switches necessary.

NOTE.
FOR CLARITY THE TWO
SECTIONS OF SW2 ANO
SIMILARLY SW3 ARE SHOWIN
WITH OPPOSITE ROTATIONS.
TAKE CARE WHEN WIRING TO
FOLLOW CONTACT-NUMBERING

COMMON
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Fig. 1. Circuit diagram of the attenuator.

53




S e 22

BT =R
o |t @— i— «éh 3 ,
§[ PR Ak s O:mm'. o
£ Y -Q é——- O ermnes s ol
(® 2v0tes - s,

Fig. 2, Drilling details for the die cast box.

Fig. 3. Lettering and front
panel artwork — full size.

PARTS LIST ETi 112
R1 Resistor 10k 2% YaW
R2 . ” szoﬂ " on
R3 (13 san " ”
R‘ ” 1°k ” ””
RS 2y 2.2k e
RG ” 1509 ” "
R7 ” S-Sk ” ”
Ra ” 2209 ” ”
Rg ” 3 6k ”n ”
R10 n 2709 L
R ‘ 1 ” z 7 " ”n
R12 . 36 oSy
R ‘ 3 " Z.ZK ” "
R'4 ” ‘309 ” ”
R‘s ” ‘ ak ” "
R16 " 56002 » =
R'7 " ‘ Gk " "
Ri18 " 62082 » v
R‘ 9 ” 22k ” "
R20 L1{ 1.5k by 0
R21 " 75082 - »
R22 10 1.3k TR
R23 ” 1°k ”" "
R24 L 5.6k oA
R25 LR 3.6k RN
R26 o 2.7k LA
R27 A 2.2k V3%
R28 ! 1.8k Rt
st ” 1.sk [T T
R30 iy 22k W
Rs‘ ” 1.5k ” ”
R32 20 1.3k Lagya
R33 2 s20{) » v
R:‘ ” l ‘k " ”
R:s ”» 3“ ” : ”
R36 2] 750§ o o»
R37 ” zok ” ”
R:s " ‘Bk 11 ,"
R39 > 1k 28 T
Ra0 s 1.8k by T
R41 3o 30k S 2 L2,
R42 L1 szon L e 1]
R43 % 100 S ERAY
R“ ” 620 ] ,“ ”
R4s ” 1.‘ n ”
Ra46 = 75084 e Nt
R47 " 'k ” ”
R48 " 1.8k " oo
R49 8 620 AL
Rso ” 620 " ”
RSI " 62 ” l.'
-SW1 Single pole change over
minature toggle switch ’
SW2 2pole 11 posmon rotary swllch
SW3 2 pole 11 position rotary switch
SW4 single pole change over -
minature tosgle switch !
Diecast box 4% x
4 Terminals type ussans or sirnila\'
2 Knobs
| = e A e ]
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INPUT 4\ : SGNIOCHE 20 70 OUTPUT
10 \

W\ s N P

2~ 1 0~ O ~50

17 o

0/ \9 DECADE dB

6009 ATTENUATOR

0dB IN
e en e

TERM.
10k ouT
30dB EARTH

As the photograph shows, the resistors are wired

directly onto the wafers

The input and output resistances of
the unit remain relatively constant at
600 ohms over the full attenuation
range. The input impedance can be
changed to 10k by SW1 but an
additional 30dB of attenuation is
added. The output can also be
terminated internally by SW4 when
using a high impedance load such as a
meter.

The maximum attenuation when the
input and output resistances are set at
600 ohms is 53dB, There are ten 1dB
steps from 0dB to 9dB, via a 10
position rotary switch, and a further
six 10dB steps from 0dB to 50dB via
a six position rotary switch, giving a
total of 60 steps from OdB to 59dB.
This range of attenuation is adequate
for most purposes. Although further
sections could be added, noise

becomes a limiting factor in a simple
attenuator such as this,

CONSTRUCTION

It is advisable to employ separate
wafers for each switch pole. If the
type of switch that has two poles on
one wafer is employed, there may be
problems at the high frequency end
due to stray capacitance. This would
be evident as spikes on thé leading
edges of high frequency square waves.

The common rait for each switch is a
length of 18 gauge tinned copper wire
formed into a ring to allow
termination of the shunt resistors (R4,
R23, R7 and so on). The series
resistors are connected directly
between the relevant switch contacts.
Layout of the unit may be séen by the
accompanying photographs. ®
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Project

SANGUINE

Submarine communications link will operate at

45Hz! Collyn Rivers reports,

THE US Dept. of Navy is actively
planning an uitra-low-frequency
commynications system for transmitt-
ing command and contro! messages t0
submerged submarines.

Code-named ‘Project Sanguine’ the
system will provide world-wide
coverage from a single transmitting
location in the United States.

The system has been designed to
operate at the ultra-low frequency of
45 Hz (although an alternative
frequency of 75 Hz is also under

consideration). The reason for
choosing such a low frequency is
simply. that in sea water the

attenuation of radio waves is related to
the frequency used. For example at 2
MHz the attenuation is 15 dB/ft, at 40
kHz it has fallen to 2.2 dB/ft and at 10
kHz it is a mere 1.1 dB/ft. Down at 75
Hz the attentuation has fallen to fess
than 0.1 dB/ft. No figures are available
for 45 Hz but it is certain that the
attenuation will be even lower than at
75 Hz,

The choice of such a low frequency
has complicated antenna design — for
to achieve reasonable efficiency — the
antenna used must be a small muktiple
of one wavelength. When one
wavelength is over six and a half
thousand kilometres (6666 km to be
reasonably precise), clearly there are
geographic limitations to the length of
antenna used!

Information about the actual length
chosen is classified and cannot
therefore be published, but unofficial
reports say that a length of 22.5km
will almost certainly be used. As a
result, the antenna system will be
extremely inefficient and nearly all the
energy input will be dissipated as heat
into the surrounding earth.

A very small portion will be radiated
into the ‘duct’ between the earth’s
surface and the ionosphere, and, due
to the wave ‘tilt’ of the propagated
energy at the surface of the earth,
some of this energy will penetrate
beneath the earth’s surface and be
attenuated in accordance with the
normal exponential laws of decay.
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Unlike conventional radio
transmission techniques, the Project
Sanguine antenna cannot be regarded
as radiating directly. At 45 Hz the
distance between the earth’s surface
and the ionosphere is a mere 1/80th of
the wavelength and because of this the
ionosphere above the transmitter acts
as a conductor that is coupled
inductively to the antenna in the same
way that the secondary winding of a
transformer is coupled to the primary
winding.

A GIGANTIC TRANSFORMER

In fact the whole Project Sanguine
antenna and the space above it can be
seen as a gigantic transformer in which
the transformation ratio becomes an
essential feature in coupling the 45 Hz
power generator to the
earth-ionosphere duct. In other words
the antenna, together with the return
circuit through the earth, is simply the
primary winding of a matching
transformer which induces current in
the ionosphere above the antenna site,
and it is this current that in effect
launches the energy wave in the
earth/ionosphere duct.

Information concerning the level of
power to be transmitted has not been
released, but some indication can be
obtained from experiments
undertaken at the US Navy's Project
Sanguine test facility sited in the
Chequamegon National Forest in
Northern Wisconsin,

In this installation an antenna input
power level of 600 kW is used to
generate a current of 300 A into an
orthogonal antenna  {oriented
North-South and East-West) mounted
on poles 10 m above the ground. Each
antenna arm is 22.5 km long and has
extensive earthing arrangements at the
ends.

Received power measurements were
taken from this transmitter at field
sites at Utah, Hawaii and Alberta.
These sites are approximately two
Mm, 65 Mm and 15 Mm
(respectively) from the transmitter
location in Northern Wisconsin.

Official reports state that the signal
level received was extremely low and
from this it is reasonable to assume
that very much higher power levels
will be used. Figures as high as 30 MW
are being spoken of — if one authority
is correct it could be as high as 3000
Mw!

There is some controversy as to
whether burying the transmitting
antenna will attenuate the signal to
any marked degree — the concensus of
informed opinion is that it will not.
However, one well known authority,
Dr. C. W. Harrison Jr. in his ‘Note
relating to Project Sanguine Antenna
for Communication with Submarines
at Operational Depth’ questions this
and suggests that the power input to a
buried antenna might have to be 100
times that of an above ground
antenna.

At frequencies as low as those to be
used, the dominant source of noise for
a fixed antenna at surface level is
atmospheric. Hence a receiver aboard a

- submarine will receive the atmospheric

noise as wel! as the Sanguine signal.

The sea is a conducting medium and
therefore has an attenuation for any
given frequency that is exponential
with the product of antenna depth and
the square root of the frequency. Thus
the sea above the antenna acts as a
low-pass filter attenuating and linearly
distorting both the Sanguine signal and
the atmospheric noise.

Apart from the selectively attenuated
Sanguine signal plus atmospheric
noise, there will also be noise
associated with the flow of the sea
water over the antenna electrodes plus
a noise component caused by the
variability of motion of the antenna
through the earth’s magnetic field. On
top of all this there will be internal
noise generated by the receiver itself.

Thus the relative levels and
characteristics of the Project Sanguine
signal and the inevitable noise will
determine the quality of reception,
and ultimately it will be the speed and
depth of operation of the submarine
(or at least the sunmarine’s antenna)
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that will determine whether a signal
can or cannot be usefully received.
From the facts currentty available it

is obvious that the received
signal/noise ratio will be
extraordinarily low — far less than

unity — and because of this a very
complex message coding and decoding
technique will be employed.

THE CODING TECHNIQUES

The technique to be used requires
that the receiver knows the exact
phase of the transmitter at all times —
whether a signal can be received or
not. This will be done by using a stable
crystal controlled oscillator {or

possibly an atomic clock). Using such
techniques, any limitations on timing
are principally due to keeping track of
the changing propagation delay due to
day/night transition and of course
changes in geographical position of the
submarine. These delays are
predictable from the navigation system
of the submarine — or can be
measured from the  Sanguine
transmissions,  using very long
integration times,

Thus by using these methods it will
be possible to ‘lock’ the receiver in
phase with the transmitted signal even
though the signal is deeply burried in
noise or not receivable at all. To
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decrease the risk of an enemy
decoding the signals it is probably that
the phase of the signal will be changed
at predetermined times).

The transmitted 45 Hz carrier wave
will be amplitude modulated, and at
the receiving end, complex signal
correlation techniques will be used to
extract the signal from the
accompanying noise. This recently
developed coding/decoding technique
enables the signal power needed to
convey a message {with low
probability of error} to be
substantially reduced.

Data to be transmitted by Project
Sanguine will be of a digital (binary)
nature. The delivery times will be very
long by normal communications
standards due to the need for very
long integration times per bit. n fact
estimates of the time required to
transmit one bit of information vary
from one bit per second (Ad Hoc
Panel on Sanguine — National
Research Council 1972) to 1000
seconds per bit (McClintock et al, A
Report on the Technical Feasibility of '
Project Sanguine).

Whilst these transmission times may
seem very long it should be borne in
mind that the messages will be in
cipher form, hence complex messages
can be sent using relatively few bits,

Like any other communications
system, Project Sanguine is designed to
operate in a specified maximum noise
level and may fail if natural noise, or
accidental or deliberate interference,
raises the noise level substantialy.
Consequently, the Sanguine system
can be overpowered by brute force
noise, and the design of an effective
communication system to resist enemy
countermeasures will be aimed at
forcing the interfering power to be
widely dispersed. In this way only a
very small fraction of the total
interfering power can be effective in
disturbing the communications
system.

However the characteristics of the
Sanguine system are such that for
most forms of jamming to be effective,
the radiated power of the jammer
must be considerably more than ten
times that of the radiated Sanguine
signal in order to raise the effective
noise level by a significant amount.
Thus the effectiveness of the jamming
transmitter depends largely on the
resources devoted to it, and whilst
practically any communications
system can be jammed by a
sufficiently determined enemy, the
Project Sanguine system is not an easy
mark.

One big question remains — and this
is worrying quite a lot of Americans:—
What are the ecological effects of
dissipating such enormous quantities
of electromagnetic energy into the
earth? @

57




Thefacts when building

1. Youcantell nothing abg
stereo equipment fron

2. Promises of “the natui
pure; soundarejustno
3. Good equipmentis exp
4. You only need speaker
turntable to start-buil

5. Don’t make the commg
mostimportant factor
buying stereo equipme
sounds toyou.

6. You still want value fori




Istereo system.

ut the performance of
1 glossy photographs.

-al,’ “the perfect)’“the
ton.

lensive.

s,anamplifieranda
1fromthere.

n mistake of ignoring the
'when
int-howit

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT



PART 10

TRANSDUCERS IN
MEASUREMENT

AND CONTROL

Dr. Sydenham of New England’s University’s Dept. of Geophysics
describes various techniques used to measure flow.

density gases, through liquids to

slurries, pulps and particulate
substances such as wheat or sand, And
they often require to be monitored to
provide information on the rate at
which a volume of fluid is passing a
given area, or the rate at which a
volume of fluid is passing a given area,
or the rate at which the mass of the
fluid is moving, or to monitor the total
amount that has passed in a given
time-interval. Examples are: pulp flow
in paper making, blood flow in
medicine, power station cooling-water
rate, air speeds in weather forecasting,
the flow rate of highly reactive liquid

Fluids in motion range from low

delivery of exactly metered quantities
of a substance.

As with all sensors, no universally
applicable device or principle suffices
for ail the various needs. Many
principles are invoked, in a variety of
ways, in order to provide a satisfactory
measurement from both performance
and cost points of view.

FLOW CHARACTERISTICS

In general, most fluids needing
measurement are conveyed in enclosed
pipes, although in some instances open
channels are used. It is, therefore,
useful to know something about fluid
transmission in pipes. Assuming the

flow rate is a measure of the volume
{volumetric flow rate}, or mass
{(gravimetric flow rate) passing a point
in a given time, depending on which is
of interest. The greater the velocity,
the greater the volume dor mass)
passing. However, a strict
correspondence does not exist, and the
relationship depends upon how the
flow takes place in the conduit, which
leads us to the two main types of flow
that can exist in a pipe.

If the particles of the fluid flow in a
smooth streamline manner — imagine
the flow as numerous ultra thin layers
slipping over each other with greatest
velocity in the centre — then this is

sodium in nuclear reactors. Flow rate fiuid is incompressible — water and oil jaminar flow, Empirical observation
measurement is also often required for come close to the ideai — then the plus dimensional analysis of the
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relevant equations of fluid mechanics
have vyielded a very valuable
characteristic number that depends
upon the pipe diameter, fluid density
and viscosity, and the flow rate. This
Reynold’s number (after O. Reynolds,
1883) will be around 2500 or less if
the flow is laminar. We shall see later
that correct flow measurement often
requires that the fiow through the
transducer is laminar, so a section of
pipe or straighteners are added to
steady the flow before it enters the
transducer.

If the flow is laminar, the velocity of
the fluid particles will vary across the
pipe section, the layer being stationary
near the pipe-wall and fastest at the
centre of the pipe section. The
velocity gradient depends on the fluid
and the pipe, so the average flow rate
could be quite different from that
indicated by a flow meter.

The other distinct flow type is called
turbulent because the velocity at any
point in the flow is random and no
streamline flow exists. A Reynold’s
number greater than 4000 usually
indicates turbulent flow. In between
the two numbers, the flow depends
upon the pipe-work system used.
Obviously, rough edges, surfaces and
steps in the pipe will cause turbulence
for some distance down stream. Flow
meters are therefore usually installed
away from elbows, joints and valves.

To add to the problems, flows are
often pulsating due, perhaps, to the
use of a gear or piston pump. In recent
years considerable research effort has
been devoted to the study of pulsating
flows. If possible, the rule is to
circumvent pulsation problems by
smoothing the flow with a storage
tank, {which acts as an integrator), or
by mounting the meter some distance

Fig. 3. Solid-state mass flow and density
computer for use with differential
pressure devices,

P.high

FLOW
—

d 777777777 7 77 77 7777777774 %

AILEOLIOLIIIIIIIIILELEREss FHS LTI EIIPITIIIIIIIONIIIRISIIIES
FLOW —> I

P.high  P.low
b
P.high P.low
(122024770008 80 19, LRI UEEIEII (PIIITIIEI 1049041170000
s ]
FL OW —- O o
d

Fig. 2. Arrangements for producing
differential pressure in closed pipes.
{a) venturi (b) orifice plate {c) pivot
tube (d) nozzle {e) elbow (f) smooth
pipe.
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away from the source of pulsation.
Some flow meters operate without

significant  errors  in  pulsating
conditions, but not all.
Flow, therefore, is a challenging

variable to measure. Extreme care is
needed in the selection of the method,

and its application. A  good
understanding of basic fluid mechanics
is essential.

Other factors that must be

considered are that the components of
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the transducer will not be corroded by
errosive chemical or cavitation forces.
They must aiso be able to withstand
the temperatures involved.

The majority of flow meters are
designed to operate with a specified
flow direction only, their principle will
not work correctly the other way.

CALIBRATION AND TESTING

In theory, flow (being mass or
volume passing a given area in a given
time) can be defined in terms of the
fundamental mass, length and time
units. The only satisfactory basic
standard procedure is to pass steady
flow through the device, collecting the
fluid in a suitable weighing or voiume
measuring enclosure and measuring the
time of flow. Schematics of
gravimetric and volumetric test setups
are shown in Fig. 1. Flowmeters so
calibrated may then be used as
substandards (the absolute methods
are time consuming) to calibrate other
flow meters in continuously flowing
closed-circuits. An essential
requirement with absolute methods is
that the pressures to and from the
transducer are maintained constant to
ensure an even flow rate.
Closed-circuit systems are used but
pressure controf is also needed. It is
not always necessary to measure the
entire flow in the pipe — shunts are
often used to bypass a known
percentage of the main flow through a
parallel mounted, smaller, flow-meter
circuit.
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TRANSDUCERS IN
MEASUREMENT
AND CONTROL

Having dealt with this background,
we can now examine specific designs.

DIFFERENTIAL PRESSURE (d.p.)
SENSING OF FLOW

In the middle 1700’s, Bernouil:
studied the ideal case for steay flow of
an incompressible fluid in a frictionless
pipe. He was able to relate the
variables of a flow between two points
— viz, pressure difference between the
two points, velocity of flow and
difference in pressure head — using a
general energy-balance equation that
now bears his name. If flow is
restricted by narrowing down a short
section of pipe, it can be shown from
this equation, and from consideration
of continuity of flow, (the mass
leaving the restriction eguals that
entering it) that there will be a
pressure difference between a point
upstream and a point in the
restriction. A cross-section of such a
venturi device is shown in Fig. 2a.
(Carburettors and spray guns use this
principle to draw vapour into the air
flow passing through the venturi).

Flow rate, therefore, can be
transduced into an intermediate
secondary variable, pressure

difference, which can be monitored
with pressure transducers. Flow,
however, is proportional to the square
root of this pressure difference and
linearization is needed. Pulsating flows
are not indicated correctly, due to this
non-linearity.

A simple way to invoke the same
situation is to insert a plate, having a
small hole in the centre, in the flow
stream. These are called orifice plates
(Fig. 2b). Again flow velocity is
dependant (pressure difference) 1/2.
The actual relationship depends
critically upon the hole diameter, its
profile and the fluid constants of
ViScosity and density. Every
combination has a stightly different
discharge coefficient. Standards have
been established to ensure accurately
related flows with the measured
pressure differences. Orifice plates are
available commercially. Other devices
using the same concept in different
ways are the Pitot tube and nozzles
{shown in Fig. 2c and 2d).

A  pressure difference is also
produced between the outside and
inside of a bend in the pipe work, (Fig.
2e), due to centrifugal force, and this
is often used as a metering method.
Again certain criteria must be adhered
to, especially the use of a ‘calming
section’ preceding the bend. Individual
calibration is necessary.

Yet another pressure difference
device makes use of the pressure drop
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rotameter.

Fig. 4. Cross-section of a simple variable-area
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Fig. 5. Schematic of a drag-plate flow-meter
having fast response, made at the National
Engineering Laboratory.

developed along an even-bore pipe by
fluid friction effects (Fig. 2f).
Although providing a smooth bore to
flow, the resistance needed to develop
enough pressure difference may be a
disadvantage. To shorten the length
whilst retaining smooth flow, one
manutacturer offers a pipe filled with
glass spheres for the same purpose.

The basic low cost, reasonable
retiability and installation ease, made
d.p. methods popular. Many
instrument companies offer equipment
that linearizes the d.p. signal to
indicate flow or mass on a {inear scale.
An electro-mechanical system was
described in the July, 1972 issue of
Electronics Today International. A
solid-state equipment is shown in Fig.
gr

Pipe sizes from hair size to many
metres in diameter  can be
instrumented this way.

Obvious disadvantages of such
methods are the need to maintain the
restricted area free of debris and solid
contaminants. The method is not used
for highly viscous or particulate
substances,

DISPLACEMENT DEVICES

An object placed in the fluid stream
experiences a force attempting to
move it along. Many devices make use
of this fact to provide an intermediate
stage by which a linear or rotary
displacement sensor is actuated.

The simplest meter uses a
spring-loaded horizontal or vertically
suspended object in a tube such that
movement of the object alters the area
through which the fluid is restricted.
These variable area meters, in fact,

produce a varying size orifice which
maintains a constant pressure drop —
in contrast to the constant area of the
differential pressure methods.
Inexpensive units visually indicate
flow as the position of the float
against an engraved scale (as shown in
Fig. 4). By suitable design, the
movement can be made linear with
flow rate. They also cover a wider
range of flows (10:1 is possible) than

differential pressure methods. To
obtain an electrical signal, the
movement is measured with

displacement transducers such as the
inductive sensors or potentiometers.

Another displacement type is the
turbine meter, If accurate metering of
valuable fluids is needed, the blades
are designed with seals that slide to
ensure minimum bypass of fluid past
the blades. (Often the pump is
designed to act as the flow meter. The
disadvantage then s the need to
provide energy to move the rotor, and
this resistance to flow may be
intolerable).

Where flow is established and
reasonably steady, the blades need not
be close fitting as some slip is allowed.
The essential features of a turbine flow
meter is a freely spinning turbine that
couples closely to the flow, a flow
straightener preceding it to avoid
errors due to already rotating flows,
and a non-contacting sensor to detect
turbine rotation. Most flow meters use
magnetic detection. A small magnet is
inserted in the blade and the external
sensing coil produces a pulse for each
pole of the magnet passing it. Other
sensors utilize capacitance/resistance
changes; several designs also operate an
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Fig. 6. Principle components of a cross-
correlator thermal flow-meter,

indicating meter with a mechanical
link.

Turbines can provide a linear output
but because the indicated flow
depends upon the (diameter)2 they are
made as a complete unit calibrated for
the bore used. The output is a
frequency variable pulse signal. This
aids reliability and ensures
compatibility with digital equipment.
Such devices have been developed to
measure liquids and gases, covering a
range of flows of 15:1. Using different
size turbines, gas flows from 1m3/hr
to 50,000m3/hr can be measured.

In a good design, the mechanical
(rotational) inertia is made small and
the resistance to rotation (damping)
negligible. This fact, associated with
close coupling in most fluids, enables
turbine meters to follow rapidly
changing flows. Responses are of
millisecond order so that transients
and low frequency pulsating flows can
be followed faithfully.

In air speed measurement, the
rotating-cup anemometer (this term is
usually reserved for air flow meters)
works on the same principle. Shaft
rotation provides signals via magnetic
sensing. A recent version uses a
magneto-resistor to sense the
movement, as this has greater
sensitivity. It has already been stressed
that flow is difficult to measure
accurately and tests of anemometers
and more advanced instruments
indicate that the rapidly changing
nature of wind <can lead to
considerable errors in the former.

Drag-plate flow meters use a plate
suspended in_ the stream. This is
constrained by springing, for example
by means of a torsion hinge, cantilever
or spring-loaded lever. Its movement is
monitored by a displacement
transducer. A recent unit made in the
National Engineering Laboratory in
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Britain is shown in Fig. 5. If the spring
system is stiff, movements will be
small but response high. The unit
shown moves only 100um and can
follow pulsating flows to 100 Hz.
There are other ways to make use of
the momentum of the fluid. One
intriguing device uses it to alter the
precession torque of a gyroscope. The
liquid is piped through a loop made in
a plane perpendicular to the axis of
flow (that is, the fluid moves in a
circle where the flywheel would
normally be). The flow through the
loop acts as the flywheel, producing
angular momentum in the same way as
a flywheel. If the loop is rotated, the
gyro torque output is a measure of
flow rate so the developed instrument
nods the loop about a mean position
to develop the torque as an ac signal
which is then converted to dc form,

Another device uses two turbine
blades of differing pitch that are
joined together on common bearings
by a torque spring coupling. They
rotate in unison in the flow but as
each experiences a different torque
because of the blade pitches, they take
up a relative angular position different
to that at zero flow. Sensors at both
blade positions deliver two trains of
pulses, Their phase difference is a
measure of mass flow,

TIMING SYSTEMS

When only a single measurement of
flow rate is needed, the simplest way is
to drop an identifiable marker in the
stream. A ship’s log is used at sea in
this way to measure relative speed.
Similarly, in channels or pipes a tracer
can be injected. Common salt is often
used in clean rivers. in polluted waters
lithium salts may work. The gulp
method dumps the tracer into the
flow. Downstream samples are
collected at known time intervals and

analysed for salt concentration.
Plotting values against time shows
when a maximum is reached and this
plot is related to flow rate. Suitable
tracers are chemicals, dyes or isotopes,
the latter having limited use due to
health hazards.

When continuous measurement is
needed, such tracers are usually
impracticable, but the concept can still
be used with heat or motion bursts
that are generated in the fluid.
Although the principle is simple, the
signal levels are small and they exist in
the presence of severe noise signals of
the same form. The wuse of
cross-correlation techniques has been
proven capable of measuring the time
delay for heat perturbations to pass
between two points despite poor
signal/noise ratios. As an example of
this very recent method, a thermal
flow meter is now explained.

Fig. 6 shows a schematic of a
cross-correlator thermal flow-meter
showing the major fluid and electronic
components. At a convenient point in
the flow is a small heater which is
energized by a signal generator
providing - a pseudo-random noise
signal. This imparts to the fluid
relatively small quantities of heat in a
time sequence resembling random
heating. {In practice this generator is
binary in nature providing only two
levels of signal to the heater but in a
continuing random time sequence — it
is termed a pseudo-random binary
sequence, P.R.B.S. generator). Down
stream are two, fast-response,
temperature sensors a metre or So
apart, so that each receives the same
thermal fluctuations but at different
times. Merely examining the
temperature sensor signals would
reveal little more than a noise signal
with no clear definition of the original
input to the heater., Therefore a
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process of correlation is used - to
recover the buried signals,
Correlation can be visualized by

considering two identical complicated

optical patterns formed on film
transparencies. When the two are
exactly overlaid, the maximum

amount of light transmission occurs. If
we now misalign the patterns, the
transmission attenuates rapidly as the
degree of misalignment is increased. In
the correlation of electrical signals the
signals are time variables rather than
space variables. In essence, the two
signals are multiplied together and the
multiplicand signal then averaged. This
is repeated many times with different
time delays. At a processing time-delay
equal to that of the time taken for the
fluctuations to travel from one probe
to the next, the correlation output will
peak quite sharply. In Fig. 6, m(t) and
n(t) are the two temperature signals.
The multiplier unit produces m{t- }
.n{t) which is integrated to produce
the output signal. The time-delay unit
provides delay increments. In
continuous signal monitoring, the
delay unit is tracked to keep the
cross-correlation output maximized.

Commercial correlators are available,
but being general purpose instruments,
they are.- usually expensive. Less
expensive units {such as that shown in
Fig. 7) can be made to suit specific
cases such as this example.

Any signal that can be_ made to
perturb the existing state of the fluid
and then be detected may be used, the
essential factor being that the
pseudo-random signai marking the
flow must retain its spatial form
between the markers. In slurries and
gaseous suspensions there is often no
need to add a signal since the medium
has inbuilt patterns due to voids or
denser particles. In these cases, it is
only necessary to sense the effect at
two places using capacitive sensors for

MAGNET F(PE -

DUTPUT ELECTRODES
MOUNTED IN

CONTACT WiTH
FLOw

Fig. 8. Principle of the electromagnetic
flow meter (an iron circuit is not always
used).

Fig. 7. Multi-purpose correlator unit
{Hewlett Packard 3720A).

example. {Surface velocity is similar to
flow measurement, surface
irregularities providing the signal. For
example, in aerial photography the
aircraft ground speed is needed. One
solution is to cross-correlate the
appearance of the ground seen by two
sensors viewing at different places
along the flight path). A decade ago
correlation methods were novel and in
the experimental stages. Today they
are used extensively as a routine
procedure.

ELECTROMAGNETIC FLOW
METERS

To understand the operation of
electromagnetic, E.M. for short, flow
meters, it is necessary to look at the
findings of the 19th century scientist
— Faraday. The Faraday principle
states that an electrical conductor
cutting a magnetic field experiences a
force acting upon it that s
proportional to the rate at which lines
are cut. In E.M, flow transducers, use
is made of the voltage generated when
a field is cut by a current carrying
conductor. Referring to Fig. 8, the coil
magnetizes the pole piece and the
liquid (the conductor} moves through
the field produced in the air gap of the
iron. Some E.M. flow meters use two
coils laid on the pipe walls. Electrodes
are placed at the positions shown for
that is where the generated voltage
appears. Regardless of the state of the
flow, the method indicates accurately
for it relies on the bulk electrical and
magnetic properties of the fluid in a
given volume.

When electrolysis problems might
occur, the field is excited with ac,
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either from mains excitation using a
transformer, or from an inbuilt signal
source as shown in the schematic of a
flow meter in Fig. 8.

E.M. meters have found use in the
measurement of the flow of liquid
sodium, saline solutions, seawater,
blood, mercury, eiectrolytes such as
plating solutions and, of course, water.
A general guide is that the
conductivity of the fluid must be
greater than 107mho/cm3  for
satisfactory signal generation. Tap
water has a conductivity of about 2
10-4mho/cm?3

The design of the coil and electrode
shape is important. The field produced
should be at least three pipe diameters
in length so that the electrical shunting
conductivity of the fluid just outside
the field boundaries is made
insignificant. The pipe of the meter
must be non-magnetic — and have
insulated readout electrodes (plastic is
an obvious choice). If possible, the
pipes either side of the meter should
be non-magnetic and insulating for a
short distance each way. In precision
installations, the meter should be
calibrated. Signal levels are small
{order of millivolts) but the use of ac
achieves good signal/noise ratios as the
thermoelectric and electro-chemical
potentials are not amplified in the
detection equipment.

EM. flow meters have been
commercially available since 1950.
Ranges available cover 3mm to
2000mm diameter pipes. The smooth
bore design makes them suitable for
slurries, pastes and liquids having
solids in suspension.
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ENERGY BALANCE
DEVICES

Hot wire or hot film anemometers
consist of a fine resistance element
suspended so as to make good contact
with the gas flow. The element is
heated and its resistance measured in a
Wheatstone bridge circuit. Convective
losses from the element, due to the gas
flowing over it, depend on the velocity
of the flow so the temperature of the
element will stabilize at a value where
the energy lost to the flow equals that
supplied to the sensor.

Three basic forms are in use —
constant current through the element,
constant temperature of the element
or, less common, constant resistance
ratio between two elements. In the
first, a constant current is fed to the
elements (see Fig. 9a), so the element
temperature drops as the flow
increases. Flow is measured indirectly
as the resistance of the element which
depends upon its temperature. The
second method alters the current so as
to maintain the element of a constant
temperature (as shown schematically
in Fig. 9b), and the current is a
measure of the flow rate.

If the flow does not have a steady
temperature, but fluctuates, the above

methods will not be accurate since
energy loss depends on gas
temperature, The constant

resistance-ratio method is a way to
reduce temperature errors. It has two
elements, each fed with a different
current. Their voltage ratio s
maintained constant with a feedback
system where voltage is taken as a
measure of the flow rate.

The elements must be small to obtain

UPSTREAM RESISTANCE
THERMOMETER MEASURES TEMP
INSIOE BOUNDARY LAYER AT (2)

ELEM

CONSTANT CURRENT

ENT WITH

&

ouTeuT
|

CONSTANT CURNENT
SUPPLY

Fig. 9(a). Constant current hot-wire
anemometer bridge. (b) Constant
temperature operation requires feed-
back to hold the element temperature
constant.

a fast response; an example is tungsten
wire, 40um in diameter. Deposited
films are also used. In turbulence
studies, the system response needs to
be as high as 50 kHz. Hot-wire
anemometers have been developed
that easily cover the need — having
response times of 10us. Obviously,
such delicate probes can only be used
where the flow is clear of particles and
contaminants that may alter the
convective film coefficient and it is
necessary to calibrate these devices
in-situ.

The boundary-layer flow meter also
makes use of heat transfer and energy
balance but in a very robust way — no
delicate probes are used but the gain is
at the expense of response. A heating
coil is wound around a thin heating
pipe as shown in Fig. 10. This
produces a temperature profile across
the cross-section of fluid in the pipe.
Fluid near the wall is the hottest
because this, the boundary layer, is

HEATER PRDVIDES TEMP. DROP
ACROSS BOUNDARY LAYER
OOWNSTREAM

DOWNSTREAM RESISTANCE
THERMOMETER MEASURES TEMP
AT THE BOUNDARY LAYER

V SUPPLY

R
———AMN—

R.

% V Ll—f BOUF;JDARY

LAYER

OUTPUT TO

—O CoNTROL UNIT

MAINTAINING
T - CONSTANT

Fig. 10. Cross-section through a boundary-
layer flow meter.
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not moving. The temperature drop
across the layer is related to its
thermal conductance which, in turn,
depends upon the {mass flow rate)0.8.
One probe, therefore, measures the
wall temperature, the other the fluid
temperature on the other side of the
layer. It is not necessary to place a
probe in the stream for the centre
temperature can be measured
up-stream before the heater. In use,
the heater is adjusted to keep the
temperature drop constant. In this
mode, heater power level is a
reasonably linear measure of mass flow
rate.

DOPPLER FLOW METERS

Energy radiated through a fluid in
motion will reach a given point
elsewhere at a later time depending
upon the rate of energy propagation
and the velocity of the fluid in the
same direction. Another significant
phenomena is that the frequency of
the received signal will be altered from
that of the sending source due to the
doppler effect. This can provide
greater resolution than straight
transit-time measurement. Ultrasonic,
radar and laser radiation are employed

but the hardware differs in each
system due to the different
wavelengths.

ULTRASONICS

Piezo-electric crystals, one for

transmission and one for reception, are
positioned in the wall of the
flow-meter aligned in direction of fiuid
flow. These provide radiation and
detection of the acoustic pressure
waves that are launched into the fluid
(as shown in Fig. 11a). When the fluid
is liquid, there is no problem in
obtaining an efficient energy coupling,
but for gases, it is a more formidable
problem.

In the simplest arrangement (Fig,
11a), the upstream crystal transmits a
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burst of high frequency (at typically LI—- St W > ( Y
10 MHz) that is received down-stream. , R { = !
The transit-time will vary in relation to —— — = i
fluid velocity but this measurement e A e > iy I l
also depends upon the ({acoustic = AMPLIFIER ~ l
velocity)2 so variations in the speed of o) e

sound greatly affect the accuracy.
Furthermore, the delay time can be
very small, making it hard to obtain
resolution. Usually a more complex
arrangement is used which has two
systems acting in opposite senses, as
shown in Fig. 11b. Each loop
resonates because the received signal is

THANSMITTING‘ RECEIVING
y

IRNE
ACOUSTIC COUPLING GEL =
BETWEEN CRYSTAL ANO SKIN [ ¢

o Y T

used to send the next pulse burst G IATION ® Back.scaTTERED
{called the sing-around technique). = RSN
When the fluid is stationary, the € e —nn e P
frequencies will be the same but with o VesseL

flow movement one frequency goes NN =

down, the other up. The beat
frequency formed by comparing one
with the other is a direct measure of
flow velocity.

More recently developed methods
make use of the frequency shift due to
the doppler effect. Energy received
elsewhere (or sent back) to the source
will be of different frequency to the
source, so frequency comparison
similar to the above gives flow rate. A
blood velocity ultrasonic doppler
meter s shown in Fig. 11c; note the
gel used acoustically to couple the
crystals to the artery wall.

Before leaving ultrasonics, it is worth
mentioning that ultrasonics can be
used to detect leaks in pipes. Gas
passing very small orifices tends to
resonate in the range 30-40 kHz.
Ultrasonic detectors will detect this,
often at a considerable distance.

RADAR
The doppler principle has also been
applied with radar sources in order to

Fig. 11(al. Simple ultrasonic transit-time
variation method of determing flow rate.
b} Double resonant-loop method re-
duces errors, (c) Ultrasonic doppler used
to monitor blood flow.

provide a frequency variable signal
related to flow. The availability of
miniature self-contained C.W. radar
sets (such as the Royal Radar
Establishment unit which is camera
size and runs from batteries) has made
radar doppler a reality in industry. The
unit is arranged to look at the flow at
a slight angle (sand, water, films,
granules, liquids with air bubbles
water drop sprays and surfaces of
sheet material have been measured).
The same antenna acts as a radiator
and receiver detecting back-scattered
energy which is compared with the
source frequency. The signal does not
have constant amplitude nor does it
exist continuously, hence reasonably
sophisticated electronic equipment s

needed to determine the frequency
difference. Fig. 12 shows a schematic
of the instrument in use — along with
typical waveforms from various
materials as published by the Institute
of Measurement and Control. Filtering
is used to improve the signal/noise
ratio but it has been found that the
best results are achieved by using a
plastic 20ne plate (a disk having
annular rings turned in it) between the
instrument and the surface, rather
than using electronic filters after the
detector.

LASER VELOCIMETERS
One of the applications of faser
sources is for measuring velocity with
great accuracy and large dynamic
{Turn to page 70}

Fig. 12. Doppler radar unit compares reflected signal and source frequency to provide frequency variable signal related to flow rate. Waveforms

from a number of materials are shown.
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Justwhenyou've
spent a fortune

guess

Itisn't planned obsolescence, it’s
progress.

With four speaker hi-fi you get stereo
wherever yousitinaroom.

Did we say “stereq"? The very word is
out of date.So is the sound.

The new word, and the new sound, is
gquadrasonic.

Instead of giving youtwo channels of
sound it gives you four channels.

So you get the reflected andrever-
berated sound of alive performance through
the tworear speakers.

Unfortunately, younot only need four

on a two speaker hi-i,

what:

speakers, youneed a four channel amplifier,
as well.

This is what you see in the picture.
The National SA6800X.

It comes with an FM/AM tuner and a
little joystick that lets you balance the
four speakers from your armchair.

And its recommended retail price
is £330.

We’'d be happy to send you abrochure
with a full specification. Meanwhile, these
few details may whet your appetite.

Amplifier Section: 300 Wattsat 4ohms

IHF music Power: 200 Watts at 8ohms

RMSPower 4x30 Wattsinto 4ohms
4x25 Wattsinto 8ohms

Harmonic Distortion: 0.5%

(at1kHz and rated output):

Input Sensitivity and Impedance:

Phono 3mV/50kohms

Aux 200mV/50kohms

Tape Monitorl, 2, 3, 200mV/50kohms

Mic 2mV/50kohms

Frequency Response 20-50,000 Hz-3dB.

Residual Hum and Noise: 1.5mV

Signal to Noise Ratio at

rated output:

Phono 73dBIHF60dB DIN

Aux 85dBIHF 80dB DIN

FM Tuner Section

Usable Sensitivity (IHF) 1.8uV.

AM Tuner Section:

Usable Sensitivity (IHF) 1.BuV.

Imagerejection @98 ktiz 85dB

IFrejection A 85dB

Captureratio 1.5dB

"Just slightly ahead of our time"
NATIONAL PANASONIC

NATIONAL AND PANASONIC ARE THE BRAND MAMES OF MATSUSHITA ELECTRIC, JAPAN

FULL SPECIFICATION SND DETAILS OF QUR RANGE OF PRODUCTS IS AVNLABLE FROM NATIONAL PANASONIC{UK) LTD, DEPT ETI/1.107-109 WHITBY ROAD, SLOUGH, BUCKS TEL SLOUGH 34522
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How serious are you about Stereo?

If you're serious at all, ') :
I cut out this coupon and send /
! it off to Akai.In return,
i we'll send you lots of

I information on how to enjoy
I all that's best in hi-fi

1 stereo—without having

t to muzzle the dog to doit.

r
|
1
]

- -
-~

Address

\
Please send lots of information *\
on Akai hi-fi stereo equipment.
To: Akai,Rank Audio Products,
P.O.Box 70, Great West Road,
Brentford, Middlesex TW8 9HR. ('}

- —— T — - — - - — o ——— —— i —— ————— -

e o v o e e e e e o Y 4 .

Akai equipment is made in Japan by Akai Electric Co.Ltd., -

and is distributed and serviced in the }

UK exclusively by Rank Audio Products. F i
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Fig. 13. Laser velocimeter. The laser beam is split to provide two coherent sources that
interfere optically at point where velocity measurement is required.

range. {In principte, it_is possible to
monitor a range of 107:1). Since the
early 1960’'s, the technique has been
improved and is now commercially
available (E.T.l. August, 1972). The
laser beam is split {see Fig. 13), to
provide two coherent sources that
interfere optically at the point where
velocity is to be measured. (It is
necessary to make an optical com-
parison since interference is not
possible electronically, and we do not,
as yet, have detectors for such high
frequencies). A sensor viewing this
point sees a small circular fringe
pattern that varies in amplitude as
scattering changes. |f the medium is
moving across the field of view, the
sensor detects passing fringes and
produces short bursts of signal. The
period of the cycles in a burst is a
measure of the velocity. Extensive
electronic processing is needed to

produce accurate flow measurements
on such vague signals. The main
advantage of laser flow meters is that
the velocity of a volume of fluid only
103mm3 is viewed. The method is
most useful in turbulence and profile
studies. It is essential that some, but
not many, scattering particles exist to
provide a signal for the detector. Often
air bubbles or a colioidal solid are
injected to enhance the signal strength.

MISCELLANEQUS METHODS

In a cryogenic flow meter, the gas is
made to flow through a thin flexible
mesh held across the stream and
parallel to an insulated electrode. As
the mass flow velocity increases, the
mesh is pushed closer to the electrode,
changing the capacitance between the
two. This is used to alter the
frequency of an oscillator providing a
frequency output form of signal.

LINEAR TRANDUCER MEASURING
HEAD ABQVE PLATE

END VIEW

Fig. 14. This technique may be used to measure large volume flow

In open channels.
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When large volumes of liquid move in
open channels, flow can be monitored
by lowering a flow meter into the
stream, but there is a simpler way to
permanent installations, Theoretical
considerations of the shape of flow
across plates or weirs leads to
equations that relate flow rate to the
shape of obstruction, fluid constants
and height of water above the plate.
This is the same concept as orifice
plates, etc. but the obstruction is a
continuous circle. The relationship is
not linear (quantity depends on height
3/2) and shape is vital. Standards are
available so that channels buiit to
specification (one is shown in Fig. 14),
can be made that give a known
calibration. A float is arranged to
operate a linear or rotary displacement
transducer. Plates and weirs can also
provide differential pressures.

The oscillating-fluid flow meter is the
last to be discussed. If fluid passes
through a cavity of the correct design,
it will oscillate at a frequency related
to velocity f{and temperature -
remember the fluidic temperature
sensor). Oscillation is induced into the
stream entering the flowmeter by
passing the fluid through vanes
arranged to impart a swirl inside the
cavity.  Oscillation  frequency s
detected by monitoring the fluid
temperature at a point in one
commercial unit. This method has a
fast response — 1000 Hz is claimed
and is linear to about 1% of chosen
full-scale range. It operates both with
gases and liquids providing they are
homogenous and the cavity is designed
tosuit the fluid to be used. °®

FURTHER READING:

""Handbook of transducers for
electronic measuring systems’, H. N,
Norton, Prentice-Hall, 1969.

"Measurement systems: application
and  design”’, E. O. Doeblin,
McGraw-Hill, 1966.

""Symposium on the measurement of
puisating flows’’, April 1970, Institute
of Measurement and Control, London.
~ Extensive bibliography (to May,
1972) of blood flow measurements
available from Parks Electronics
Laboratory, Beaverton, Oregon,
US.A.

“Fluid mechanics”, V. L. Streeter,
McGraw-Hill, 1958. (Background text
for basics of fluid flow).

“Symposium on measurement and
process identification by correlation
and special techniques” January 1973,
Institute of Measurement and Controt,
London.

Part Il will deal with measurements
of force, weight, pressures and torque.
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CONFUSED?

Why not call into

LEWISHAM STEREO

and listen to some of the best Hi-Fi equipment on the market today in the commfort of our new

demonstration studio.

Our qualified staff will help you to discuss and will demonstrate Hi-Fi equipmeént to meet YOUR

particular Hi-Fi requirements.

NO SNATCH AND CARRY

BUT KEEN COMPETITIVE PRICES

WITH FULL SERVICE FACILITIES

OUR NEW STUDIO GIVES US A UNIQUE
OPPORTUNITY TO DEMONSTRATE SOME OF
THE FINEST AND MOST RECENT STEREO AND
HI-FI EQUIPMENT ON TODAY’S MARKET.

INCLUDED IN OUR COMPREHENSIVE RANGE ARE
SUCH NAMES AS:

ACOUSTIC RESEARCH, CAMBRIDGE AUDIO,
CELESTION, DYNACO, DESIGN WISE, GOODMANS,
IMF Full range, JVC, KOSS, KEF Fult range, LUX,
NIKKO, PIONEER, QUAD (B/C), REYOX, ROGERS Full
range inc. BBC MONITOR, SPENDOR BC| MONITOR,
SONAB Full range, SANSUI, SME, SANYO, TANNOY
12in, 15in, HIZ CHATSWORTH, THORENS, TRIO,
TRANSCRIPTORS.

PLUS OTHER POPULAR MAKES AND A WIDE
RANGE OF ACCESSORIES.

@ AT LEWISHAM STEREO WE DO NOT BELIEVE IN
HIGH-POWER S$SELLING.

@ OUR TIME IS YOUR TIME IN SELECTING THE
BEST EQUIPMENT TO SUIT YOUR BUDGET.

@ THE NEW DEMONSTRATION STUDIO ENABLES
YOU TO EXPERIENCE TOP EQUIPMENT AT FULL
PERFORMANCE.

@ EVENING DEMONSTRATIONS ON REQUEST

@ CUSTOMERS ARE OFFERED COMPETITIVE PRICES,
PERSONAL INSTALLATION AND AN EFFICIENT
AFTER-SALES SERVICE.

@ WE WELCOME AUDIO ENTHUSIASTS TO CALL
IN AND DISCUSS TECHNICAL PROBLEMS.

H.P. AND PERSONAL LOAN SCHEME (949 P.A))
NO DEPOSIT OVER £150.

Opening Hours 9.45-6.15 Mon, Tue, Wed, Fri, Sat. Closed all day Thursday

LEWISHAM STEREC

52 and 57 LEE HIGH ROAD, LEWISHAM, SE13
(Only 150 yds. from Lewisham Clock Tower — Parking, shopping)
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BOOK REVIEWS

ELECTRONIC DESIGN

DATA BOOK By Rudolf

F. Graf. Published by Van
Nostrand Reinhold Company
Ltd 1971. Review copy supplied
supplied by publisher. Hard
cover, 312 pages 11" x 8%". °
Price £9.00

In the world of electronic circuitry thc amount of data, formulae
and tables required by the practising designer is truly staggering.
Indeed it is no longer a question of the designer knowing all the
relevant data and formulae — but of his knowing where to find
them. ;

Mr. Graf, in his dual role as distinguished engincer and writer, has
seen the need for a collation of available design data in the form of
nomograms, tables etc and has produced this book as a result.

Unquestionably the author’s aim has been achieved and the work
surpasses anything previously available for similar purposes.
Naturally individuals will find things missing that should be
included, and things included which in their opinion should be left
out. But no-one could say that it is not an extremely useful book.

To assist the reader find the data he seeks, the book has been
divided into six functional sections which are organized and indexcd
in such a fashion that any specific information required is quickly
located. The sections are:—

" 1. Frequency data
2. Communications
3. Passive components and circuits
4. Active components and circuits
S. Mathematical data, formulae, symbols
6. Physical data.

As an example of the treatment, the section on high pass filter
design begins with a brief sumnmary of factors affecting choice of
type and methods of reading the nomograms. Diagrams of the
various filter types are given together with their relevant design
equations and four pages of nomograms cover all possible
requirements.

An essential purchase for designers whether amateur or
professional. — B.C.

TRANSISTOR ArléDl% A(l:\ID
RADIO CIRCUITS — SECOND
A" EDITION, Published by
Mullard Limited 1972,
Review copy supplied by the
publisher. Hard covers, 285

o= pages 8” x 5%™.
Sacone Price £1.80
Mutiard

The first edition of this book was very popular amongst amateur
constructors and this new edition will certainly be no less so.
It is a manual of established and practical circuits for a wide

72

range of audio equipment and includes portable radios, fm tuners,
audio amplifiers from one watt to SO watts, loud speaker systems
and test cquipment plus a useful amount of theory, charts and
nomograms. Many new circuits have been added for which full
details and parts lists are supplied. No details are given of actual
construction so the book would not be suitable in this respect for
beginners wishing to obtain a source of projects. They would,
however, definitely find the book & good source of knowledge about
audio circuits.
Excellent value for the home constructor. — B.C.

HAM RADIO - A
BEGINNER'S GUIDE.

By R.H. Waring. Published
by Lutterworth Press 1972.
Review copy supplied by
publishers. Hard cover, 152
pages 8" x 5%".

Price £1.60

Any book intended for beginners in electronics should be
checked and proof read until it is certain that all errors,
inconsistences and misleading phrascology have been eliminated as
far as reasonably possible. This does not appear to have been applied
at all in the production of this book — although Mr. Warring would
certainly seem to know what he is talking about, he does not seem
to have done much checking. -

For example we quote (in slightly paraphrased form):— “The
primary requirements (for good Morse transmission) remain: —

1. Accuracy

2. A steady and uniform ratc of sending
3. Even spacing

4. Poor technique in use of codes

Even the expericnced operator can be guilty of one or more of
these faults ...”. Just what arc we talking about — faults or

requircments?

Again — “Thus sensitivity (of a radio receiver) can be expressed
directly in terms of signal-to-noise ratio. the higher this ratio the
better the selectivity possible.” — Selectivity?

Errors such as those above are coupled with numerous incidences
of poor phraseology which could only lead a beginner into the
utmost confusion. In addition there are errors such as that on page
53, where in three separate instances we have the micro symbol, g,
in place of the mega symbol, M.

Thus we have this pear!:

“When used in conjunction with a gencral coverage recciver,
al00uHz crystal is usually adequate for checking frequencies up to
4Hz.” Some crystal - it would vibrate at one cyclc every 12hrs
and at a wavelength excceding 10 miles! Perhaps he means a 4MHz
crystal can be used up to 100Mliz

One wonders whether we should review a book such as this at all
as any review, good or bad, seems to encourage salcs. We can only
hope that those seeking to learn amateur radio theory will choose
some other source. - B.C. ®
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An invaluable coloured chart giving semi-
conductor parameters and base connections.
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Automatic
Anchor Light

Great for boat owners! This
anchor light turns itself on at dusk
and off at dawn —thus saving
battery power.
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An article describing a suggested stock of components A simple, easily
and tools that will enable the constructor to set up connected two way
a useful workshop. Useful testgear is also detailed. intercom.
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EQUIPMENT NEWS

PRINTER FOR COUNTERS

AMF Venner have just announced the
introduction of Digital Printer Model 765, a
low-cost unit which is fully compatible in
its standard form with Venner’s “77° series
electronic counters. Alternative versions are
also available for use with outer counters or
for specialized applications.

Capable of printing up to eight characters
per line in standard form, Model 765 has a
maximum printing speed of 3 lines per scc-
ond. Its printout is on 3%in wide roll or fan-

fold paper with a line spacing of five lines -

per inch. The printing mechanism is based
on a continuously-rotating character drum
with on-thefly actuators to ensure high
standards of legibility afid reliability. Inking
is via a readily available half-inch red/black
typewriter ribbon.

The standard model accepts the four-line
serial BCD signals from the Venner ‘77’ series
counters equipped with ‘Option Y' Data Out-
put. With counters so equipped, the numer-
ical data output is in 1-2-4-8 code on a single
four-wire data highway, the digits being
scanned sequentially, beginning with the
least significant. Additional wires carry a
sequence-start signal, a clock pulse signal,
and a printcommand signal respectively,
The logic circuits in the printer for entering

the serial coded signal into the printer’s store
are all carried on a single printed circuit
board which can be interchanged at the
factory with an alternative board camrying
circuits which accept parallel BCD coded
signals on four wires per digit.

Venner, AMF International Ltd, Kingston
By-Pass, New Malden, Surrey.

NEW LF CHARGE AMPLIFIER

B & K Laboratories Ltd. have announced a
new low frequency Charge Amplifier for use
with piezoelectric force and vibration trans-
ducers. Known as the Type 2628, it is part-
icularly suitable for handling very low fre-
quency and quasi-static signals, and depend-
ing on its gain setting, it has time constants
of up to 100,000 seconds. This corresponds
to a low frequency limit of 2uHz, the
upper frequency limit being 100 kHz.

These frequency limits are adjustable by
step controls of HP and LP filters, the
active LP filter being incorporated so that
unwanted higher frequency signals can be
suppressed.

A 3-digit variable sensitivity conditioner
is provided in dial form and can be used to
adjust the Charge Amplifier to the exact
sensitivity of the transducer being used. The

SOLID-STATE RECEIVER

Details of the second in its 1770 series of
advanced all solid-state receivers have just
been announced by Racal Communications
Ltd. A new synthesized HF communications
receiver for professional use in the low,
medium and high frequency bands, the
RA. 1772 features an unique ‘free-tuning’
synthesizer for frequency selection. This
Racal development enables rapid tuning
across each 1MHz band in 10Hz steps with
allthe ‘feel’ and smoothness of a conven-
tional VFO yet retaining the accuracy and
stability of the chosen frequency standard.
Facilities are available to electronically
select either of two tuning speeds or a ‘lock’
position whilst the tuned frequency is dis-
played on a flicker-free digital readout.
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These features provide the RA. 1772, which
is suited to all modes of reception, with
unbroken search capability over the equip-
ment’s wide frequency range of 15kHz —
30MHz. A choice of high-stability frequency
standards is available to user’s requirements.

The latest circuit techniques are employed
throughout giving this new receiver what is
said to be an unsurpassed signal path perfor-
mance, intermodulation products being typ-
ically better than 90dB. The RA. 1772
includes provision for the ready incorp-
oration of such optional facilitics as ISB,
FSK and AFC and can also be supplied as
free-stan