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A new era of
magnificent
high fidelity

tape cassette
sound

This new SONY stereo Cassette tape deck
brings you sparkling 4-track stereo/2-track mono
recording/playback to satisty even ‘reel to reel”
men.

FEATURES - Limiter circuit (on-off) to control
input level for distortion-free recording, even if
input volume is unexpectedly large  Manual
Control stereo recording . . . sliding type record-
ing volume controls for each channel, dual VU
meters ¢ Precision engineered solid-state ampli-
tier for superb hi-fi sound quality ¢ Compact,
attractive design in good looking woodgrain
cabinet.

SONY.

Distributed by:

JACOEBY ©
MilTCHELL

SYDNEY—26 2651 ¢« MELBOURNE—30 2491/2 « ADELAIDE—53 6117 o
BRISBANE—2 6467 o PERTH—28 8102 » LAUNCESTON—2 5322 « Agents:
CANBERRA—47 9010 « N'CLE—61 4991 « PORT KEMBLA—4 2071.

tnpe cassette

SPECIFICATIONS

Stereo

Recording system: 4-track stereo/2-track mono
recording and playback « Tape: SONY cassette
C-60, C-90, C-120 or equivalent Tape speed:
1% ips ¢ Frequency response: 30-12,000 Hz e
Signal-to-noise ratio: 48 dB « Flutter and wow:
0.2% + Harmonic distortion: 2.5% ¢ Recording
time: 1 hour with C-60, 1¥2 hours with C-90 e
Fast forward and rewind times: 2 minutes with
C-60 ¢ Inputs: Microphone input, sensitivity:
—72 dB (0.2 mV), mic impedance: low. Auxiliary
input, sensitivity: —27dB (0.035mV), input imped-
ance: 560k ohms. Rec/PB connector, sensitivity:
—40dB, input impedance: 3.9k ohms ¢ Outputs:
Line out, output level: 0dB (0.775V), load imped-
ance: 100k ohms. Headphone out, load imped-
ance: 8 ohms. Rec/PB connector, output level:
0dB, output impedance: 8.2k ohms e« Power
requirements: 240V, 50Hz « Dimensions: 1534w x
37%h x 8%d ¢ Weight: 10 Ib 9 oz.

To: Jacoby, Mitchell & Co. Pty. Ltd., 467-475 Kent Street,
Sydney, 2000.
Please send me information on the Sony TC-127.

NAME S ———
ADDRESS

POSTCODE.... JMS/15-T0EA/
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What's

iInside the cassette
matters too

It's one thing to have a
lichtweight cassette and
container to save you mailing
costs. And to give you address
labels and index cards, free.
But when it comes to recording
or playing-back, that's when it
matters what's inside the cassette.
The BASF tape inside this
cassette is the world's finest
quality tape. It has been
acknowledged as such since

Australian Distributors:

Maurice Chapman & Company Pty. Ltd.
276 Castlereagh St., Sydney. Phone: 61 9881
146 Burwood Rd., Hawthorn, Vic. Phone: 81 0574

tapes were invented. And since
the BASF introduction of truly
“low noise” levels into the tape
field, you can now get BASF
cassettes which give you a
much wider dynamic range with
much lower basic noise level.

Also BASF cassette tapes will
help your tape recorder to last
longer. Because the tape surface
is smoother, you get less wear
on the head of your recorder.

And, at all times, a better sound.
The playing times:

C 60 = 2 x 30 mins. = 60 mins.

C 90 = 2 x 45 mins. = 90 mins.

BASF Compact Cassettes hvailable
everywhere in your choice of
either “Trans” or “Plastic Pack.”

BA1108B
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solving
kit parts
problems

ONSTRUCTIONAL projects have no value to readers unless

the components required to build them are readily available.

And despite the fact that we do our best to specify standard

components, many of our readers tell us they have considerable

difficulty in buying them. They also tell us our magazine is not the
only one affected — the problem is general, in fact world-wide.

We have discussed this with a number of kit set and component

suppliers and they are, naturally, as concerned as we are about the

Collyn Rivers, Editor problem.

o ) As a result of our discussions we shall — as from next month —
Editorial Assistant: include in each issue of ELECTRONICS TODAY a list of suppliers
Roger Harrison (VK3ZRY) from whom the necessary components may be obtained. In
Engineering Manager: exchange for free listing, each approved supplier will do his very

best to maintain reasonable stocks.

ilki . ; . .
Barry Wilkinson This may not be a perfect solution, but with co-operation from

Projects Adviser: all concerned there should be a vast improvement in the

Kim Ryrie availability of project components.

Review Editor: COMMENTING on our product reviews, a reader asks, ‘‘how

John Clare can we be so sure that we are right when our measurements
sometimes differ from the manufacturer’s specifications?”’

Art Director: The answer is simply that we use more accurate equipment.

Clive Davis All our product tests are carried out by professionally qualified

engineers working in a laboratory that is registered by the National

. Association of Testing Authorities.

Howard Jenkins, As a condition of membership of NATA, all equipment is

Advertising Manager checked regularly against National Standards and so has a proven

Melbourne Manager: order of accuracy. : . N

Clarrie Levy Our testing procedures and equipment will almost invariably be
more accurate than those a manufacturer can perform himself. In

Representative (Sydney): one case recently, when our test of a speaker differed considerably

Terry Marsden from a r:anufacturer’s previously published results, our findings

were accepted by that manufacturer as correct.

Our experience has shown, however, that the majority of
specifications published by reputable manufacturers are not
exaggerated, and it is not uncommon for us to find that the
measured results exceed the maker's claims.

Production Manager:
John Oxenford

ELECTRONICS TODAY — SEPTEMBER 1971 5
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Manufa,,ture_sms__s,wm INDUCED SLEEP TALKING TO COMPUTERS
392 Centre Road, Bentleigh, Vic., For the past 22 years, Soviet scientists
3204. Tel.: 97 4832. A.H. 97 5539 have been experimenting with a
technique that uses low current elec-
NEW trical energy to reduce anxiety and

tension, and so induce sleep in insom-
SD TAPE | -

Recent American work has confirmed
FOR STANDARD RECORDERS the validity of the Russian experiments
— and in fact — a New York company
called Electrosone Corporation is
manufacturing an ‘electro-steep’ instru-
ment under licence to the USSR.
Despite extensive research in the
USSR and at the University of Texas
Medical School in San Antonio, USA,
no one knows how the technique works
One theory is that it changes ‘fields’
in the brain and is in fact a very mild
form of shock therapy.

In recent carefully controlled experi- A new telephone set recently develo-
ment eight out of eleven anxious, ped by Germany’s Siemens Industries
depressed insomniacs were almost can also double as a data terminal.

totally cured after the treatment, which With this set, alsoa Siemgns
development, a dialogue with a

they described as ‘painless, even enjoy- computer is possible — by means of a

CA s s ETT E s able’. push-button keyboard. Answers from

the com r ar
FOR ALL CASSETTE RECORDERS |  KEEPING TRACK e e
The geographical location of a police A built-in plastic-card reader checks
car, ambulance, or fire engine can now whether the operator is entitled to
be reported to base merely by the computer access. The set can be
action of the driver touching a pressure- connected to a display for checking
sensitive map. the information punched out on the

This action sends a coded digital signal,  keyboard.
representing the co-ordinates of the
vehicle’s position, to the base station.

There a computer converts the signal COMPUTER BOOY DESIGN
back into a map reference, the position
of which is indicated on a large scale
map.

Video screens are installed both in
the vehicles and the base station to
display messages, that are also trans-
Alsa Sony super low foise Waster mitted digitally, in either direction.

Designers and engineers at the Turin
design centre of Pininfarina make
extensive use of computers from the
earliest design stage onwards.

Numerical data relating to the body-

| Mast work, outlined in first-stage drawings
E:f:srf"gsasgg? Ar;abztggtana; by8 oy ;} and models is collected automatically

lory of Canada only $1.70—15c post. PR A R T ROT 8 e a0 R by two and three-dimensional digiti-

Cleaning Cartridge for 8 track mach-

inea with Beep Signal only $3.95—15¢ WRONG NUMBERS PAY OFF zers. In two dimensional drawings, a

post. direct reading optical system follows
Blank 8 track st rtridge su ] i
longth 4001t (80 minutes) "ogfy 3595 According to our New York the lines of the drawing point by point.
—15¢ post, office a local telephone subscriber Three-dimensional data collection is
EXCLUSIVE IN AUSTRALIA hzs successtully sfued ;he tf'e’ ; achieved by a stylus mounted on a
Blank '4" track cartridges American phone company for the value o swinging arm th ) ;
Made Oynapak type for your early time wasted in obtaining . LG LT
model car stereo, $3.95—15c post. o of the car body model.

SPECIAL STYLUS TIMER Thee:ut:)scriber claimed that he The data collected is transmitted via a
Mag{\etlgallgy opegategoso .250 hrs. with had lost over 60 hours during teletype terminal to a Honeywell time-
rese — 15¢ i : Ry R
All parts used In ELECTRONICS TODAY the first six months of this year. sharing computer service, which inte-
Projects are available.

TR T T AN TR S RS (Turn to page 11)
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AU-101
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ItIs.

SANSU| DISTRIBUTORS: Australla, excepting W.A.: Simon Gray Pty. Ltd. Head Office: 28 Elizabeth Street, Melbourne.
3000. Tel. 63 8101*. Telex: 31904. Sydney Office: 53 Victorla Avenue, Chatswood, N.S.W. 2067, Tel. 40 4522*. Canberra
Office: 25 Molonglo Mall, Fyshwick, A.C.T. 2609. Tel. 95 6526. Adelalde Office: 301 South Terrace, S.A. 5000.

o
ng@m @’j‘?@ Tel. 23 6219. N.T.: Pfitzner’s Music House, Smith Street, Darwin. 5790. Tel. 3801. Qid.: Sydney G. Hughes, 154-158
Arthur Street, New Farm, Brisbane. 4005. Tel. 58 1422. Tas.: K. W. McCulloch Pty. Ltd., 57 George Street, Launceston,
7250. Tel. 2 5322. W.A, Distributors: Carlyle & Co. Pty. Ltd., 1-9 Milligan Street, Perth. 6000. Tel. 22 0191, Sansul
gq, @ . equlpment |s manulactured by: Sansul Electric Co. Ltd., 14-1, 2-chome, Izuml, Suginami-ku, Tokyo, Japan.
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IF you thought you could never go
further than the speakers you own.
or have ever heard. then eat your
ears out.

Here before you. the JBL Century L100.
There just is not another loudspeaker
system that can be approached for

its compact combination of versa-

tility, performance. quality and sheer
rich beauty of both sound and
appearance.

Of course you'll need to be a little
rich, or at least determined to own
the ultimate. The JBL Century L100is
’ expensive.

But hear it at a JBL dealer’s. and it
won't sound like a cent too much.
JBL is for when you're there.

AURIEMA (A/ASIA) PTY.LTD,,
549 Pittwater Road,

Brookvale 2100

Phone 939-1833

JBL,




O e A Selling sound to Australia
> o s | — and selling for less! |
5

- Here’s positive proof that |
‘ Douglas Trading gives you |
extra purchase power... |
AKAI X-160 D

FINAL RELEASE!

Following sensatiorfal

& sell-out, further 80
- released from bond!
World patented cross
" field heads, etc.
— FULL PRICE
GLORIOUSLY STYLED SANYO 3 speed, 4 track, stereo tape $229
deck. Piano key operation, timber case, HI-Fi performance.

Fantastic value! QNLY *139 Rush your order today!

AUSTRALIA-WIDE EXCLUSIVE! A scoop purchase of 500 of Amazing deal on this NATIONAL AUTO-REVERSE 4 head. 4 track,
these stupendous SONY 3 head, 4 track, stereo decks brings 3 speed, twin capstan Professional Tape Deck!
the price plummeting down to only $199. Don't wait for a leafset Hurry — limited stocks!

post your cheque! ONLY $199 FULL PRICE *199

= - . —E ot

Douglas Trading does it again — 2 colossal bargains!

PIONEER |

HI-FI Don't miss this one! PE 4 speed HI-FI Gramo Unit, anti-
STEREO reverb suspension, turnover ceramic cartridge/pick up lif:,
teak and plexi-cover. Ideal for comnection to tape recorders.

TUNER | Full price — a sensational $29 COMPLETE.
AMPL"?ER Here's more colossal value in a good quality pick up arm
ONLY *139 B — standard plug-in head shell, twin gimbal bearings, ant -

skate. ONLY $14 FULL PRICE.
(X S 1 RGN . SN XL . -

Model AX330. Bass/treble/loudness control, tape monitor, AM
tuner with tuned RF stage, black light dial, 12 watts RMS.
Brand new in sealed cartons. Full warranty. Rush these!

Don’t hesitate to write for further information.
Post your order and cheque direct. ..

CITY HI-FI CENTRE
191 BOURKE ST.
MELBOURNE
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grates and processes it by means of
special interpolation programs written
by Pininfarina engineers.

The processed data is returned to the
same teletype in the design centre, and
drives a graph plotter which draws a
design of the car, or specific section
details, in different planes and scales.

Should alterations in design be required,

the new parameters are fed to the
computer, which immediately re-
processes the whole design to incorpor-
ate the alterations.

In the near future, the service will
also be used to guide numerically-con-
trolled milling machines in the auto-
matic production of silhouettes of
three-dimensional models.

The service that Pininfarina use in
Italy is identical to the service operated
by Honeywell Information Systems
Division from two computer time-
sharing centres in Australia.

NEW MEDICAL TECHNIQUE

Ultrasonics and holography have been
combined in a new medical diagnostic
technique under development at New
York's State University.

The technique has been devised to
obtain three-dimensional images of
internal organs that clearly show the
presence of necrotic tissue and some
soft tissue tumors.

A broad-band ultrasonic signal is used
to permeate an entire organ, the result-
ant echo waves are impressed onto
micro-thickness plastic membranes.

A holographic technique is then used
to produce a precisely detailed three-
dimensional representation of the
original.

‘MAGNETIC SUSPENSION’
VEHICLES

Magnetic levitation may replace the
traditional suspension layout of springs
and shock absorbers in Ford vehicles
of the distant future.

American Ford engineers are already
investigating the concept’s feasibility
for use in high-speed train-like vehicles,
following the award of a Federal Rail-
ways research contract.

“The contract emphasises the fact that
Ford is in the transportation business as
well as the automotive business,” said
Mr. Foster L. Weldon, Ford’s Trans-
portation Research and Planning
Director.

He said that the study programme
could lead to a system of vehicles glid-
ing on a cushion of electromagnetic
force at speeds of up to 300 mph. Such
vehicles, he said, might be propelled
along a road by linear-induction motors,
jet engines or turbine-driven propeller
systems,

‘"We are trying to take an accepted
physical principle — such as the fact
that magnets repel — and harness it to
do useful work,” Mr Weldon said.

By installing powerful electromagnets
on the vehicles, currents can be induced
in the roadway. The currents act as an
opposing magnetic force, producing an
invisible — but very real — cushion of
magnetic energy. The vehicles would
then be propelled along on this
cushion.

A DIFFERENT SKY AT NIGHT?

Sunsets could undergo a marked
change in the near future once super-
sonic jet transports, such as the Con-
corde, come into service. This is the
opinion of senior research scientist
at the CSIRO, Dr. Keith Bigg.

Because the planes will fly at
extremely high altitudes, the water
vapour contained in their exhaust gases
could cause a physical change in
minute particles found in the upper
atmosphere.

At sunset the particles diffuse the
sun’s rays to produce a purplish glow
20 to 30 minutes after the sun has
set . . . if the particles undergo a
chemical change we could see more
colourful sunsets, and possibly a differ-
ent colour sky during the day. These
particles have recently come under
intense study by Dr. Bigg in conjunct-
ion with Dr. Cedric Shorey of the
electron microscope unit at Sydney
University.

Using a Philips EM300 electron micro-
scope, Dr. Bigg and Dr. Shorey have
been able to study these minute (as
small as 1/50,000 of an inch) particles.
The particles are collected by equip-
ment attached to very large balloons
released at Mildura, Victoria. The equip-
ment collects specimens from between
60,000 and 150,000 feet before
returning to earth.

{Continued on page 12)
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Peter Clark says
| guarantee that

-
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Lthese arethe...
Five best stereo
fape recorders

in Sydney

-

1. National RS 760 $199

"*Space Age'' 4-track stereo tape recorder!
Oumandlng performance is built into the
National RS 760. Full, rich, stereo sound from
its own Speakers — 12 months’' guarantee

2. Sharp RD 716 $219

Solid state 14 transistor tape recorder compact,
size ideal for a flat or unit. Large VU meters
— 2 separate volume controls on each
channel. Sound with sound recording, auto-
matic shut-otf at end of tape, 2 powerful
loud speakers, 3 speeds, 4 tracks, luxurious
finishes — 12 months' guarantee — $23
deposit — up to 2 years to pay.

3. Philips N 4407

Professional performance

designed to provide all the stereo tape
functions for the serious music listener! —
Parallel play, multiplay/sound on sound,
duoplay, separate bass and treble. '‘Servo"
brakes. Teak cabinet, 2 large inbuilt speak-
ers. 12 months’' guarantee — up to 2 years

4. TEAC A.2060 $349

Completely Bidirectional
back in both tape directions by automatic
reverse. No more interchanging reels, three
“TEAC'' TECHNO-BUILT precision heads
and built-in hlgh fidelity amplifiers, 20 watts
music power, large “TEAC' loudspeakers,
3 speeds automatic shut-off. Rated in U.S.A
as one of the world's finest tape recorders.
Save over $100 on this shipment, $35 deposit,
up to 2 years to pay — 12 months' exclusive

5. Akai X2000 SD 6%

A dream come true! — Cartridge, cassette,
reel-to-reel, recording and play-back within
a single tape recorder. Cartridge 8 track,
Cassette 4 track. Reel-to-reel 4 track, stereo
or mono with cross field head. Transter reel
to cartridge or reel to cassette. 24 watts
:nuslc power — 12 months' guarantee, 2 years
o pay.

Listen to Peter Clark's Tape and
HI-F1 Information Service on 2GB

every Tuesday evening at 5.30 p.m.,
Wednesday 5 p.m.

E 5 INDUSTRIES
387 GEORGE STREET, CITY 29-3371
One door from Kodak
20 MACQUARIE ST, PARRAMATTA
(Next to 0.P.S.M.J 635-0830

gl
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COMPONENT
SPECIALS

e BC108 Transistors, 10 for
$3.50.
e BC1l09 Transistors, 10 for

$3.80.
e EM401 Diodes, 10 for $2.20.
® EM404 Diodes, 10 for $2.30.
® Min. D.P.D.T. Slide Switches,
20c ea.
Insulated Alligator Clips, 10c¢
each.
® Goldring C60 Cassettes, $1.35.
e Standard Pots, single types,
38c.
OA91 diodes, 17c.
Ceramic Caps. 1pF-820pF, 5¢.
109% discount on electro-caps
for this month only.
9V Battery clip (216), 9c.
3.5mm plug/jack, 38c.
1 doz. Rubber Feet, 40c.
10 lug tag strip, 9c¢.

NEW CATALOGUE

Now available — see below

POWER SUPPLY KIT

Transformer can supply following
voltages: 6.3V, 7.5V, 8.5V, 9.5V,
12.6V & 15V. Bridge rectifier and
2200uF/25V  electro-cap sup-
plied. Full instructions. $6.35,
post 50c.

E.T. AUDIO SIG GENERATOR

COMPLETE kit inc. case. $27.95
— Post $1.00.

MICROPHONE

DM17 type: Dynamic for cas-
sette & tape recorders, etc. Has
remote switch & wander leads.
$3.95 — post 75c.

MULTIMETER
Type 200H: (20,000 opv) has
excellent ranges for the hobby-
ist. $11.25 — post 75c.

PART-PACKS

Resistors: Contains 3 resistors of
57 different values from 10
ohms to 1M — a total of 171
resistors — all 59% tol.

W types: $4.75 iW types: $4.95
Polyester  Capacitors: (1o0v
types) contains 3 capacitors
each of the 45 values between
3.3pF and 0.47uF. A total of 135
capacitors (3.3pF-820pF in cera-
mic type). Excellent value at
$8.30.
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DESPATCH: All orders are received at 9
a.m, at the P.O. and despatched to meet
the 1 p.m. clearance the same day. This
gives you a 4-hour service.

POSTAGE: Add 15 pack-post fee to all
orders, unless stated otherwise.

QUALITY: All our parts are new and fully
guaranteed. No surplus or rejects.

CATALOGUE: Now available. Send SAE

for same. Many new parts. Please send 9 x
4 envelope with 9c stamp,

R R R R R TR PRI ER TR TR IR R PP O TPPTT TR R s s s e e e

MAIL ORDER DEPT, *

80X 176, P.O., DEE WHY, N.S.W. 2099 :
SALES DEPT. *

Suite 2, No. 21 Osks Ave, Dee Why
(50 yards from Dee Why P.0.) »*
Phone 982-5571 *

»
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The method of collection is to impact
particles on electron microscope screens
mounted on a slowly rotating turntable,
so that changes with altitude can be
observed. Before examination under
the micr@scope, the screens are placed
in a vacuum chamber and coated with
a thin layer of gold-palladium alloy by
evaporation of these atoms from a hot
wire. The atoms strike the specimen at
an angle of 30 degrees; particles which
are raised above the surface then leave
"’shadows’’ due to the extra transpar-
ency to electrons of regions screened
by the particles. The shadows appear
white and electron-dense regions, black
in the usual photographic presentation.

Dr. Bigg's and Dr. Shorey’s research
has also shown that high flying air-
craft could affect weather worldwide
as the particles in the upper atmos-
phere are thought to have a bearing on
rainfall.

UNDERWATER LIGHT

This new, low-cost quartz-halogen
lamp, made by Britain’s Electronic
control and Surveillance Ltd, is a
revolutionary development in under-
water equipment. Its unique construc-
tion does away with bulky protective
equipment and electrical insulation,
while its low voltage requirements —*
only 24 volts — eliminates the possi-
bility of electric shock.

The lamp has a recommended working
depth of 10,000 ft (3048 m), though
tests have shown that it can work quite
well at greater depths.

PLESSEY ENGINEER OVERSEAS

Mr. Graham G. Hall, sales manager,
professional components department,
Plessey Ducon Pty. Limited, is leaving

Sydney on August 22 to visit the
United States, Britain, Japan and Hong
Kong.

During his seven-week tour he will
attend the Wescon Convention of the
Institute of Electrical and Electronics
Engineers in San Francisco and will
visit Plessey establishments in the
United Kingdom before returning to
Australia via Japan and Hong Kong.

BIOGALVANIC BATTERY

Scientists at ESB Incorp. in the USA
are working on a biogalvanic battery
which uses metals and the body’s own
oxygen and fluids to generate power
electro-chemically. The batteries,
which are intended for heart pacer
use, have been successfully implanted
in animals, but not so far in a human
being.

MICRO-ADS

A classified advertisement section will
be included in Electronics Today
starting with the next issue. Details
are on page 117.

HOVERTRAIN — STOP PRESS

As Britain’s first hovertrain gets
underway, the French are wasting no
time in cashing in on their experimental
projects.

Le Moteur Lineaire, a subsidiary of
Merlin Gerin, a major equipment
manufacturer based near Grenoble, has
won a significant contract to design
the electrical propulsion system for
tracked air cushion vehicles in the US.

The contract was placed by the Rohr
Corporation of California which is
designing a 60 passenger vehicle cap-
able of speeds of 150 mph, under
contract to the US Department of
Transportation’s Urban Mass Trans-
port administration. LML will carry
out engineering design and develop-
ment work on the Rohr project involv-
ing the linear induction motor and the
power collection and transforming
equipment required by the linear motor.

LML has one of its motors installed
in an air cushion tracked vehicle for
suburban use which has operated at
115 mph on a track near Paris.

It is also providing the linear motors
to Krauss-Maffei of West Germany
which is developing a vehicle that *
‘floats’ on a magnetic repulsion prin-
ciple. Both these linear motors are the
dual sided affairs, unlike the British
AEI-GEC design which is a unique
single sided linear motor.
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) PIONEER adds the
4 dimension=—
Quadraphonic Sound

Pioneer QA 800 the first completely integrated pre-main 4-channel amplifier with
‘quadralizer’ circuitry. Far more than just a synthesiser, the QA 800 can be
driven by any 2 channel or 4 channel stereo source including: Pioneer

QT 6600 4 channel open reel tape deck or QT 2100 4 channel, 8 track

stereo tape cartridge deck.

ADDITIONAL PIONEER '
QUADRAPHONIC SOUND EQUIPMENT.

QL 600, ‘quadralizer’ with 2 channel stereo amplifier. Added to
existing stereo systems it needs only 2 more speakers to make,
a full quadraphonic sound system.

QC 800 4 channel pre-amplifier with ‘quadralizer’.
QM 800 4 channel power amplifier.

QX 8000 quadraphonic receiver/amplifie
which combines all possible
combinations from source
to quadraphonic output.

r:pe MONITOR QUADRALIZER MUTING
2 MATRIX

1A
%
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DICK SMITH

THE
ELECTRONIC
NUT

Why stand for hours at the
counter waiting? — Try the
‘nut’ (quick-Dick) for ser-

Realistic communication receiver—

$234 or $3 a week., Nova Tech
‘Action'—VHF & FM Hi-lo Band
receiver $2 per week!

SPECIALS:

7 x 5 speakers ... $4.50
OA91 Diodes 23 cents
BC 107 transistors 45 cents
Cassette head cleaner $1.49

4.drawer cabinet $1.60
Bgl;i(r;g Lee Hi-band mobile aerials

Muitimeters $16.68

Walkie Talkies (PMG approved)
just $29.25 each.

M402 Diodes 34 cents
2N3055 Transistors $1.66
2N3646 Transistors 64 cents
Car aerials $2.27
Stereo headphones $6.75

Matrix and Zephyr board, scope
irons, nibling tools, coax connec-
tors, P.C. board, Sato parts, tapes,
tag-strips, nuts, screws, washers
and bolts, Radio Parts Catalogues
3 each.
Sinclair Project 60 available on
terms . . .
So you had better rush out to the
nut before he comes to his senses!

DICK SMITH
WHOLESALE PTY. LTD.

10 Atchison Street,
St. Leonards 2065
Phone 43 1414

W B e o
‘\' \ \g -
g Q\%* B )

/"':A\I ‘\\\\}\@ \/.\\\\\ X&
/(\1 r \ \\ Ui Y \\

Open Saturday morning.
Angle parking at rear.
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NO NEW COMPUTERS?

Soon users will take over leadership of
the computer industry from manu-
facturers.

This is predicted in a report published
by Infotech, the British-based computer

information and education organisation.

The report says the computer industry
has reached the state of investment
where total replacement of one com-
plete generation of machines by
another is no longer practical.

And so the “revolutionary progress'’
which has characterised the industry in
the past, will be replaced over the next
seven years by a series of significant
advances being achieved on current
machines.

*During this period of comparative
stabilisation, the major advances will
be made by the user,”” forecast the
experts contributing to the report.

"With a resuiting new-found ability to
exploit current systems to their limits,
the user will find his role dramatically
reversed and himself in a position to
lead the industry for the first time
since its inception.”

This welcome pause in the launching
of ever more advanced generations of
computer has been largely caused by
world manufacturers being hit by a
cash-flow problem. They are faced
with very high development costs
before they can earn any income from
sales. Thus new developments will in
future have to be spread over a longer
period in order to smooth out the cash
flow.

This will give the user badly needed
time to catch up with the ability of his
computer. At the moment computer
technology has outstripped the
operator’s expertise in programming and
and exploiting the latest machine.

Mr. 1.M. Barron, managing director of
Britain’s Computer Technology, says
new computers will emerge from time
to time over the next few years but
these will be to replace machines that
have been taken to their limits.

At the end of the period of pause, the
user should have obtained experience
in working particular machines over a
long period. In the course of this he
should have achieved progressively
better performance at lower cost.

By then the user would be in a
position to take the lead and dictate
the pattern of future developments
based on his increased expertise.

OMEGA TRANSMITTERS

Litton Industries has delivered to the
US Navy the first of eight OMEGA
radio transmitters.

These very low frequency transmitters
are being produced by the company’s
Litcom division in Melville, N.Y.

The first OMEGA transmitter will be
installed by the US Navy at LaMoure,
N.D. Litton state that additional
stations using these transmitters will
be established in Hawaii, Trinidad,
Norway, Japan, Australia, Argentina
and the Reunion — a French island
possession off the East Coast of
Madagascar.

The US Government will provide the
electronic equipment for all OMEGA
stations. The stations will be operated
by the governments in the countries
in which they are installed.

Litton is producing two 150 kilowatt
transmitters for each of the eight
stations along with the associated
OMEGA timing and control devices
that closely control the very low
frequency radio signals. The Company’s
Litcom division has also developed
the only fully automatic, synchronized
OMEGA (ORN-101) receiver for ships
which will automatically receive and
process the synchronized navigational
radio signals. In addition, the ORN-101
also features a highly accurate time
standard not found in other OMEGA
receivers.

NOISE DETECTOR

A new portable, transistorized vhf
interference and noise measuring set,
has been engineered by Britain's Eddy-
stone Radio.

The set detects and locates interference
caused by electric motors, microwave
and radio frequency equipment etc.
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If you like our sounds

We've just packed up
our tapes and cassettes
in brand new wrappers.

Easier to see.
Easier to index.

SIXTY YEARS IN THE SOUND BUSINESS

\

\

Goldring magnetic recording tape.
Every length from 150 feet to 4800 feet.
In 37, 5” and 7 widths. Acetate, polyester,
and polyester tensilised.

Goldring compact cassettes. Plastic dust-sealed hard
packs with index card easily readable through
transparent lid. 60 or 90 minutes running time.

Available at all Radio Electrical and Hi-Fi Stores.

Distributed by

GOLDRING Engineering (A’asia) Pty Ltd

Canberra 19 Molonglo Mall Fyshwick ACT 2604 Telephone 95 8248
New South Wales 26 Ricketty Street Mascot 2020 Telephone 67 6088
Victoria 162 Pelham Street Carlton 3053 Telephone 347 5177
Quesnsland 415 Adelaide Street Brisbane 4000 Telephone 2 3247
South Australia 207 Flinders Street Adelaide 5000 Telephone 23 3488
West Australia 32 Northwood Street Leederville 6007 Telephone 8 4988
GE.P564®
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The experimental tracked air cushion vehicle,
which Tracked Hovercraft Limited aims to have
under full-scale test this year is shown cut-away
to indicate the amidships positioning of the
6,500 /b thrust single-sided linear motor used
for propulsion, and the hoverpads used for
support and guidance. The vehicle is designed to
reach 300 mph, towards the end of 1972, when
the test track at Earith, in England is ex tended
to eight miles in length.

PROPULSION & BRAKING




PROPULSION
HOVERTRAIN

The linear induction
motor has been combined
with the hovercraft to
produce a 300 mph train.
Harold Dvoretsky reports
from London.

IR traffic  congestion s
Abecoming an  increasingly

serious problem — especially in
the USA and Britain where inter-city
flights are the greater part of the
traffic.

Yet a train capable of 200 mph can
provide a faster service from one city
centre to another in less time than a
600 mph plane — if the centres are less
than 300 miles apart. If the train can
achieve 300 mph, then it has the
advantage over distances up to 600
miles.

And a surprisingly large number of
the world’s busiest inter-city transport
routes are between 300 and 600 miles
in length.

Hence the increasingly growing
interest in high speed rail transport.

British  Railways have already
developed an advanced passenger train
capable of 155 mph on existing track,
and probably a lot more if the curves
and bumps were taken out of Britain’s
antiquated lines.

But it doesn't need a computer to
calculate the gigantic forces involved
in a 250 mph railway accident. At that
sort of speed the MV? becomes quite
something.

And the realisation of this is causing
railway engineers to think very hard
indeed about more positive methods
of propelling and guiding high speed
tracked vehicles.

The tracked hovertrain is one result.

In this system the train, which
straddles a box section beam, is
supported by an air cushion, and is
propelled by a linear induction motor.
Deep flanges projecting down from the

o Y~

Professor Eric Laithwaite (left}, Professor of Heavy Electrical Engineering at Imperial

College — who is consultant to Tracked Hovercraft Limited on the design of linear
induction motors — inspecting the single-sided motor test rig and track at the company'’s

scientific headquarters in Cambridge.

train — on either side of the beam —
ensures that derailment s most
unlikely.

TESTING STARTS SOON

One of the world’s first tracked
hovertrains built by Britain’s Tracked
Hovercraft Ltd., is expected to start
full-scale testing late in August.

The fuselage (for it has been built in
an airframe factory on aircraft
principles) was delivered to the Earith,
Hunts. testing site a few weeks ago.
There the single sided 6500 Ibs thrust
AEI/GEC linear induction motor of
special design was installed ready for

ELECTRONICS TODAY — SEPTEMBER 1971

estimated speed tests of 150 mph.

This first test vehicle, known as RTV
31, has a design potential of 300 mph.
But for a start the 72% ft long 13% ft
wide and 12% ft high vehicle will be
restricted to only three miles of the
eight miles of box sectioned concrete
test track that has yet to be
completed.

In early trials the vehicle will be
remotely controlled — instrumentation
taking the place of driver or
passengers. But later, scientists may
convert this vehicle to carry one or
two passengers for demonstration
purposes.
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LINEAR
PROPULSION
HOVERTRAIN

More than a mile of the initial three miles of
full-scale test track has been completed by
Tracked Hovercraft Limited at the

British Company’s test facility site at Earith,
Hunts, north of Cambridge. It is expected
that the first full-size research tracked air
cushion vehicles will start initial track tests
early in 1971. One of the test track
reinforced concrete ‘box’ beam sections,
being lowered into position, showing the
completed track stretching away into the
distance. The recess seen in the track surface
is to accommodate the linear motor reaction
rail.

While the British effort lags behind
the French by about a year (as far as
prototype testing is concerned)
Tracked Hovercraft Ltd. are still
believed to be world leaders in the
greatly secret linear induction motor,
the hoverpads and in particular, the
box section ‘line’.

This beam track is not only
considered cheaper than the inverted
Tee shape track used by the French,
and the channel section used in the
USA, but it is also regarded as far safer
from an operational point of view.

A recent report.commissioned by the
United States Department  of
Transportation compared the three
different types of track and indicated
that the box sectioned British design is
the most economical of the three. And
since the track cost is a major factor in
the overall economics of a hovertrain
system, the conclusion is significant.

THE LINEAR INDUCTION MOTOR

The single sided linear motor, the
brainchild of Professor Eric Laithwaite
of Imperial College, London, who is
design consultant to  Tracked
Hovercraft Ltd., is also expected to be
ahead of its competition.

Professor Laithwaite has been testing
the first of the three test vehicles —
the RTV 41 — which was designed to
test out a model linear motor system
on a 300 ft special track alongside the
company headquarters at Fen Ditton
near Cambridge since early in the year.

The second test vehicle, the RTV 22,
now under construction at Rubery
Owen Ltd., will be used for full power
operation and control of the single
aided linear motor.

Tracked Hovercraft Ltd. decided on
the single sided linear motor, rather
than the ‘conventional’ double sided
unit, because it offered easier and safer
track construction and operation.
Retraction of a double sided motor, in
the event of failure, would be difficult.

The single sided motor requires only
a one element track (see insert for
technical description of how a linear
motor works) and this presents no
problems for switching, or when the
train is negotiating curves at high
speed,

The motor operates with a reaction
plate set flush with the track surface,
but most other linear systems
currently under development use a
vertical reaction plate made of
aluminium.

Early theories of linear motor
operation suggested that a high
frequency power supply would be
necessary (and in fact this form of
supply is being used by rival systems)
but Professor Laithwaite’s testing has
shown that speeds of at least 150 mph
can be obtained with a 50 Hz supply —
and it is believed that even higher
speeds will be possible using the same

frequency.
Another fear was that one-sided
linear motors might induce high

attraction forces and thus negate the
air support system. But this fear too,
seems to have been exaggerated, and it
is only at synchronous speeds that

there is any problem. Even this does
not present any severe limitations at
operational speeds.

The linear induction motor that
powers this first full sized prototype
has been designed to develop a thrust
of between 6000 and 6500 Ibs — and
weighs only two tons. It is in fact
smaller than a jet engine of equivalent
thrust,

The motor draws 6.6 kV three-phase
power from three trackside rails using
a shoe contact system, (power factor is
expected to be as high as 0.6).

The power for the hoverpad lifting
fans will be fed from a trackside 1500
V dc supply.

The linear motor itself is
independently floated using a servo
hydraulic system. This enables the gap
between the motor and the rail
reaction pad to be kept as small as
possible, somewhere between half an
inch to one inch. This is necessary for
efficient operation.

BUILT LIKE AN AIRCRAFT

The prototype vehicle has been built
to extremely close tolerances and is
designed to withstand the high stresses
more normally associated with
aircraft. To meet these stresses the
hovertrain is built up from a series of
steel frames at 40 inch intervals. These
frames are then covered by aluminium
sheets to form a stressed outer skin.
The inner skin, or tunnel, which will
straddle the concrete beam track, is
formed from steel sheet.

Both RTV 22 and RTV 31 will be
fitted with highly sophisticated
instrumentation that forms part of the
advanced data handling system being
built by the Electronics and Space
Division of British  Aircraft
Corporation.

The system is much the same as that
used in the SST Concorde
development programme.

The streams of digital information
will be transmitted from the research
vehicle to base, at Earith, on a narrow
beam UHF radio link at a rate
approaching one million bits a second.
This data will be fed into a computer
for processing.

Cut-away model of a 100 passenger, 300 mph hovertrain.



By using these methods the design
engineers hope to get the results of
trial runs almost immediately, thus
cutting development time
considerably.

A major facility in the development
programme is a full size dynamic
‘heave’ table that simulates all the
relative movements of track to vehicle.
This can be raised and lowered under
computer control to simulate
variations in the track. Pressure
transducers attached to the stationery
part of the rig measure the reaction on
the pad and in this way the stresses
that would occur in a real vehicle can
be predicted.

In the beginning the hovertrain will
float on air cushions produced by
simple peripheral curtain jets of classic
Cockerell design. Secondary
suspension will be provided by a
mechanical spring system working in
conjunction with air cushions.

The design assumption behind the
prototypes is for a 100 passenger
vehicle operating at 250 mph on an
elevated guideway and capable of
operating in crosswiinds of 45 mph
and 60 mph. The hovertrain has been
designed to operate in either direction
of travel.

The eight mile test track at Earith
ranges from ten feet to thirty three
feet above ground. The box beams are
six feet four inches deep, four feet six
inches wide and seventy five feet in
length. Each weighs 52 tons.

Only highway shipment limits the
lengths of the sections, and by the
time that the first operational track is
built, sections double this length are
envisaged.

THE ECONOMICS INVOLVED

A recent report concludes that the
breakeven costs per passenger mile on
a route in the USA carrying five
million passengers, a year would be 8.7
cents, 7.1 cents, and 6.1 cents for the
channel, inverted Tee and the British
box design respectively. In Britain the
cost is calculated to be only 5.2 cents
per passenger mile.

Tracked Hovercraft point out
however that these costs are based on
suspension power  requirements
calculated on the simplest form of
peripheral jet system. Developments
during the next year or two should
substantially reduce the figures given.

Hovertrain protagonists see this new
transport development as part of a
future integrated system in which
roads cater for short journeys,
hovertrains. System cater for routes
between 50 and 600 miles, and aircraft
are used primarily for long distance
flights.

But whatever the prospects are for
the hovertrain principle, there must
surely be international agreement on
the best engineering configuration for
both vehicle and track systems.

The RTV 31 hover-
train on its way to the
testing site in Hunts.

HOW THE LINEAR INDUCTION MOTOR WORKS

The action of an induction motor is like artificial gravity. We manage to
cause one object to produce a force on another which is completely sepa-
rated from it. A ring of coils, for example, as shown in fig. 1, can be fed with
electric current in such a way that the copper cylinder in the centre is
rotated, as if it were being dragged around by some swirling fluid. We call
this imaginary fluid a “'rotating magnetic field’’. A linear induction motor
is effectively this same machine which has been cut open and unrolled, as
shown in fig. 2. The rotating magnetic field now becomes a field which
travels along with it. (Fig. 3). Each coil is fed with alternating current and
thzwhole array will propel a piece of aluminium sheet placed over the coil
ends.

Fig. 2. Imaginary process of unrolling a conventional motor to obtain
a linear induction motor.
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.Fig. 3. A primitive form of linear motor — a single row of coils under an
aluminium strip.




POWE,

This series of articles by B.
Doherty outlines the operation,
performance, limitations and
design aspects of the

modern dc power supply.

THE usual first stage in a dc
power supply is the transformer
which converts the ac at mains
voltage to the (usually) lower voltage
required for semi-conductor circuits.
The transformer also isolates the
circuit from the ac mains (Fig. 1).

The output of the transformer is still
ac, so a rectifier is required to convert
this to dc. (Fig. 2).

The dc output is, however, a
fluctuating direct current, so -a
smoothing, or filter, circuit is required.
(Fig. 3).
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This provides an almost steady dc,
there remaining only the problem of
being sure that the supply maintains a
steady flow of power and does not
allow fluctuations. For this, a control
circuit is added to counteract
fluctuations in supply or load.

MODEL 200y

This low cost supply is continuously adjustable from 0-20 volts.

The block schematic of a complete
power supply is shown in Fig. 4.

Power supplies may be required to
supply either constant voltage or
constant current.

A constant voltage power supply acts
to maintain its output voltage
constant, in spite of changes in load,
line, temperature, etc. Thus for a
change in load resistance, the output
voltage of this type of supply remains
constant while the output current
changes by whatever amount is
necessary to accomplish this.

A constant current power supply on
the other hand, acts to maintain its
output current constant in spite of
changes in load, line and temperature.
And thus for a change in load
resistance, the output current remains
constant while the output voltage
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changes by whatever amount is

necessary to accomplish this.

The differences between the two
types of power unit are shown
graphically in Figs. 5 and 6.
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The internal resistance of an ideal
voltage source will be zero, so that
there is no voltage drop across the
internal resistance, and the internal
resistance of an ideal current generator
will be infinite, so that there is no
current lost internally. This is perhaps
clearer if we look at the circuit of

practical voltage and  current
generators (Figs. 7 and 8).
In both cases the actual source

consists of an ideal source (Fig. 7)
with an internal resistor connected so
as to introduce an imperfection before
the terminals (Fig. 8).

THE TRANSFORMER

The transformer (Fig. 9) operates by
creating a magnetic flux (¢)in the iron
core by passing a current into the
primary, then the passage of the
magnegtic flux through the secondary
generates a voltage in the secondary
(Faraday’s law).

Note that the coupling between the
primary and the secondary is magnetic
only — there is no electrical coupling.

The ratio of primary and secondary
quantities is determined by the turns
ratio. Thus

Vi N1
In N2

Theoretically there is no power loss
in the transformer, so the principle of
conservation of energy, requires that
the input power is equal to the output
power

so P1 =P2
ie.Vili =Vel2

It is from this product of V112(=V2I1)
that the volts/amps of a transformer
is derived.

In practice of course, there are losses
in the transformer which mean that
the power in the secondary is less than
the power in the primary.

The relation between primary
current and magnetic flux is as shown
in Fig. 10.

Ny TURNS

FIG.9

Note that the relation is linear from
0 to A, but after A no matter how
much the current is increased the flux
remains approximately the same. This
phenomenon is called saturation (of
the iron core) and occurs when the
great majority of the magnetic dipoles
in the iron have been aligned with the
flux.
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The segment AB is called the

saturation region.

If the primary current is derived
from the ac mains it will have a
sinusoidal waveform. If the peak of
the sinusoid is less than I 5, the flux
produced will be an exact replica of
the input current, because as current
goes up, flux goes up and vice versa.

The secondary voltage will be
approximately proportional to the

flux, and will therefore also be
sinusoidal.
There is however a renewal of

interest in the type of transformer
where the peak of the primary current
moves well into the saturation region.
In this type of transformer the peak
primary current is Ig. The flux varies
directly with primary current until A
is reached, then it remains
approximately constant over AB as the
sinusoid rises to a peak then falls.

This regulated power supply, designed end Ma in Australia, provides outputs adjustable

from 9 to 16 volts at currents of up to 15 amps.
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POWER
SUPPLIES

When the primary current falls below
A, the flux once again varies directly
with primary current. The flux
waveform is then as shown in Fig. 11,
and since the secondary voltage is
roughly proportional to the flux, the
secondary voltage is as illustrated in
Fig. 12.

(Note that transformers must be
specially designed to operate in this
mode.)

DIODES

The voltage/current graph for a
typical diode is shown in Fig. 13.
When a positive voltage is applied, the
current is high and the forward voitage
drop is less than 1 volt. When a
negative voltage is applied, a negligible
current flows.

The diode is eminently suitable for
use as a rectifier because of its ability
to pass current only in one direction.
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BASIC RECTIFIER CIRCUITS

The simplest possible rectifier circuit
is shown in Fig. 14.

The diode will pass only the positive
half cycle of the secondary ac voltage,
so the voltage across the load is as
shown in Fig. 15. The output is a

fluctuating direct current (since it
moves always in the positive
direction).

The circuit shown in Fig. 14 is a
half-wave rectifier. As a source of
direct current it is not very effective
because of the large voltage
fluctuations. The full-wave rectifier is
a substantial improvement.

The two most common types of
full-wave rectifier are the centre
tapped (Fig. 16) and the bridge (Fig.
18) configurations.

The full-wave centre  tapped
secondary configuration is shown in
Figs. 16 and 16a. On the positive
half-cycle A is at +V, B at OV, and C is
at -V. Thus A is more positive than B,
and diode D1 conducts via the load in
the direction shown. Diode D2 has a
negative voltage across it and does not

conduct. .
On the negative half-cycle, A is at -V,

B is at OV, and C at +V. Thus C is
more positive than B, so diode D2
conducts via the load in the direction
shown. Note that it conducts in the
same direction as did D,. Diode D,
now has a negative voltage across it
and does not conduct.

The voltage applied to the load is
therefore as shown in Fig. 17. The
fluctuation is much less with this
waveform. (Half as much as with the
half-wave configuration.)

THE BRIDGE RECTIFIER

The second common type of rectifier
is the bridge rectifier. (Fig. 18).

During the positive half-cycle,
current flows from A to B through D1,
through the load, and through D3.
During the negative half-cycle, current
flows from B to A through D2,
through the load in the same direction
as before and through D4.

The voltage applied to the load is,
therefore, the same as in the
centre-tapped circuit shown in Fig. 16
above.

VOLTAGE DOUBLERS

Another type of rectifier-filter
commonly wused in low power
applications where the load s
relatively constant is the voltage

doubler (Fig. 19).

When A is at +V and B is at OV,
diode D1 conducts and charges C1 up
to the peak of the ac voltage. Diode
D2 has a negative voltage across it and
does not conduct. When A is at -V and
B is at OV, diode D2 conducts and

charges C2 to -V peak. Diode D1 has °

negative voltage across it and does not
conduct.
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Since capacitors C1 and C2 are in
series, the voltage across them (off
toad) is twice the total peak ac voltage,
hence the term voltage doubler,

When a load is applied to the voltage
doubler circuit, the output voltage will
be less than twice the peak voltage.
The actual voltage will depend on the
value of the capacitor and the load
current drawn from the circuit.

VOLTAGE MULTIPLIERS

The voltage multiplier shown in Fig.
20 produces high voltage at lower
power levels.

Off load, the output voltage of this
configuration is twice the peak ac
voltage multiplied by the number of
stages used. Both diodes and
capacitors must be rated as twice the
peak ac input voltage.

DIOOE SELECTION

The important factors in selecting
suitable diodes are the current they
must carry, both peak and average,

ONE SECTION

OUTPUT VOLTS = NO OF SECTIONS
X TWICE PEAK A.C. VOLTS

i J
oo
e
]
R g
o
o (S
o
e

FIG.20 VOLTAGE MULTIPLIER

and the negative voltage which will
appear across them when they are
non-conducting. If the permissible
maximum currents (as determined
from the "manufacturers’
specifications) are exceeded for even a
short time the diode will be destroyed,
and if the negative voltage exceeds the
Peak Inverse Voitage (P.I.V. — once
again found from manufacturers’
specifications) the diode will probably
be destroyed by avalanche breakdown.

In the half-wave circuit the single
diode must carry the full current and
the full secondary voltage (the peak,
not the rms which is normally
specified at the secondary). For a
sinusoid, the peak voltage = rms
voltage x +/2. If capacitors are used to
filter the output, the diodes must be
rated at twice peak voltage.

In the centre-tapped secondary or
circuit, the voltage of the transformer
is usually quoted as half the total
voltage — 0 — half the total voltage;

thus if the total output voitage is
650V, the transformer specification
will be 825-0-325 volts.

The diodes must be rated for the
peak of the tota/ output voltage, and
half the output current.

In the bridge rectifier the diodes are
rated for the peak of the ac voltage
and half of the full amount.

FILTER CIRCUITS FOR POWER
SUPPLIES

A fuil-wave rectifier output may be
shown to be equal to a constant
voltage pl/us an alternating voltage, by
the use of a Fourier series. Thus the
output voltage is expressed by

Vo=2VM, 8 owt+
m 3m  * negligible terms

where vo is the rectifier output
voltage

Vm is the peak rectifier output
voltage

w = 2nf = 27 x 50 Hz is the supply
frequency in radian/sec.

The purpose of the filter circuit is to
remove the ac component of the
rectifier output but allow the dc
component to pass through. The ac
component is termed ‘‘ripple’’ (and in
audio work “hum”’, from the 100 Hz
signal produced in the speakers by the
ripple voltage).

The ripple will be an important
factor in deciding the performance of
a power supply, so we must establish
an accurate means of measuring and
recording it. For this purpose we
introduce the "ripple factor”’, which is
defined by —

ripple factor, r equals .

rms value of alternating components of output

dc value of output

For a good power supply the
alternating component is small in
relation to the dc component, so the
ripple factor will be small.

The dc and ac components may be
measured quite readily using a dc
reading meter for the dc component,
and an rms reading meter (with a
capacitor in series) for the ac
component.

With a sinusoidal input, the ripple
factor of a half-wave rectifier is 1.21,
and for a full wave rectifier it is 0.482,
In other words for a half-wave circuit
the ac component is larger than the dc
component by about 20%,. while for a
full-wave circuit the ac component is
less than half the dc component. Thus
full wave rectification clearly provides
a substantial improvement in ripple
factor, and hence it is almost always
used where the quality of the dc
supply is in any way important.

The simplest filter circyit is a choke
or inductance connected in series with
the output. The reactance of the
choke is 2nfL, where f is frequency (in
Hz), and L the inductance of the

ELECTRONICS TODAY — SEPTEMBER 1971

choke (in Henrys). The ac component
of the waveform sees this as a high
impedance, but the dc component,
having zero frequency, sees no
impedance. Thus a high impedance is
inserted for the ac component, but has
no effect on the dc component. (in
practice there will be a small dc
resistance due to the copper wire used
to wind the choke).

A typical circuit arrangement is
shown in Fig. 21,

The ripple factor with a choke filter
is approximately

= , BRu
51\75- 2nfL

Thus ripple is increased as the load
increases and as the current falls
(Ohm’s Law), i.e., low ripple at high
currents.

A substantial improvement s
obtained with the capacitor filter (Fig.
22). The capacitor value must be large

CHOKE

L (HENRY)

UNFILTERED
DCIN

O
FIG. 21

to provide as low an impedance path
around the load as is possible for the
ac components. Of course, no dc
passes through the capacitor.

The capacitor charges up to the peak
of the unfiltered dc output, and when
the output voltage falls, the capacitor
discharges through the load, thus

o—

UNFILTERED o LOAD

DC VOLTAGE =

|1
(o]
D
5

o—
FIG. 22

tending to keep the voltage across the
load up to its peak value.

The major drawback of the capacitor
filter is that with each peak it recovers
the lost energy, and this results in a
high current inrush as the capacitor
starts charging (Fig. 23). Because of
the voltage stored on the capacitor the
diode has only a positive voltage across
i2t3for the time periods shown in Fig.

The peak diode current is

I'peak =vmy/(2nf)2 C2+ 1__

RL2
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POWER
SUPPLIES

DIODE CURRENT

DC VOLTAGE
QUTPUT

FIG. 23

This is the peak current which the
diode will conduct on each
fluctuation, The diode peak current
rating must, therefore, be in excess of
the value which is calculated from the
above.

For a single capacitor filter the ripple
factor is given by

= Ipc _ 1
4&31CVDC 4/3fCRL
A substantial improvement s

obtained with one of the more
commonly used circuits, the pi-section
filter (Fig. 24).

The ripple factor for this circuit is

=Yz Xe X
Ru XLt

it is possible to replace the inductor
with a low value resistor (with a
sufficiently high wattage to aliow it to
carry the full load current).

The ripple factor is then
r=v2 Xc Xl
Ru R

The use of the resistor in place of the
choke is-quite common because of the
expense, weight, and bulk of the
choke.

VOLTAGE STABILIZATION

There are three main factors which
may cause the output voltage to vary.
The ac supply may fluctuate by up to
+ 10%, the load current may range
from zero to the full load current, and
the temperature may have a further
effect, particularly with
semi-conductor devices.

The main source of variation in
output voltage is the variation with
load current. This is because the
resistance of the copper wire used in
the transformer, the forward resistance
of the diode, filter resistance, and the
like, cause a voltage drop which is
proportional to the load current.

It is possible to represent a voltage
source by an ideal voltage source in
series with the internal resistance
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(indicated above) as shown in Fig. 25.
The voltage appearing across the load
is then the voltage of the ideal voltage
source /ess the voltage drop across the
internal resistance.
i.e.V=E —IRi
So as | increases, V falls.

The measure of the stability of the
output voltage is the regulation,
defined as
per cent regulation =

no load voltage — full load voltage
no load voltage x 100

Devices which stabilize the output
voltage are, therefore, frequently
called regulators.

Regulators fall into two categories.
These are the shunt regulator (Fig. 26)
and the series regulator (Fig. 27).

Both type utilize the fact that Vo =
Vi = V{. If Vi alters and Vf can be
made to alter by an equal amount,
then their difference (i.e. Vo) will be
unchanged.

With the shunt regulator the output
voltage is compared with a fixed
reference voltage Vg, and a greater or
lesser current is drawn by the regulator
in proportion to the difference.

This either increases or decreases V¢
depending on whether Vo has
increased or decreased.

The series regulator has V¢ dropped
over the regulator itself and the
voltage-drop over the regulator is made
inversely proportional to current by
comparison of Vo and VR.

The second part of this article which
will  be published next month
considers actual regulator circuits,
protection, transients, saturating core
transformers, control of power flow,
output voltage control, and cooling. @
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Latest development in auto-
mobile research enables one
hundred hours of laboratory
testing to equal 25,000
miles on the road.
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ehicle proving grounds are great
Vfor publicity. Standard sedans
and trucks thrashing around a
quarter mile loop of simulated Belgian

cobblestones rarely fail to impress
especially if one is inside them.

But proving grounds have a tendency
to breed vehicles that can thrash
around on Belgian cobblestones
(simulated or otherwise) until wheels
go out of fashion, yet fali to bits on
African or Australian dirt roads within
a year.

Given enough road surfaces and
conditions, and experienced test
drivers willing to go nowhere at an
almost continuous 2 to 3G, proving
ground evaluation has some merit.

But its drawbacks are only too well
known to the automotive research
engineer,

An alternative and possibly better
method is to recreate actual road
‘patterns’ at each wheel of a stationary
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Detail view of electro-hydraulic actuator,
hydraulically operated floor is raised when
car is driven onto the simulator, then
Jowered to allow access to all parts of the
car during test.
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vehicle. In effect tape recording a road
and then playing it back to the vehicle.

Apart from the saving in operating
and c¢apital cost, the in-plant testing
facility can be constructed to provide
accessibility to all parts of the vehicle
while the test is running., Better
control and repeatability of input
conditions are possible with this
method.

The method can be used to test
either complete vehicles, or merely
sub-assemblies — such as the complete
front or rear suspension.

Nevertheless the reproduction of
dynamic conditions to which the
vehicle is normally subjected is still
quite an engineering challenge.

SUSPENSION LOADS

The front suspension members for
example are subjected to a large
number of different situations, leading
to an enormous variety of
relationships among all external forces
acting upon them.

These external forces vary not only
in  magnitude but have different
directions depending upon their origin.
Therefore the magnitude and direction
of the vector sum of the forces will
vary accordingly.

The main force components acting
on a load carrying ball joint are shown
in Fig.1. These forces act at the points
where the tyres make contact with the
road:—

1. Dynamic force (P) acts in the
vertical direction due to the
combination of vehicle speed and road
surfaces.

2. Centrifugal force (C) acts in the
transverse direction due to the
combination of vehicle speed and
turning.

3 Deceleration force (B) acts in the
longitudinal direction due to braking.

Each of these forces will produce at
least two force components at any of
the front-end members because of the
geometry of the suspension system.

For example, on a load carrying ball
joint, the vertical dynamic force (P)
will produce vertical and transverse
force components; the transverse
centrifugal force (C) will produce
transverse and  vertical force
components; and the longitudinal
deceleration force (B) will produce
longitudinal and  vertical force
components.

And as the forces involved are
multi-directional, the road simulator
must be able to create adequate forces
simultaneously in three directions.

These required forces are generated
either electrically or
electro-hydraulically.

In the purely electrical system, the
actuator looks like the world’s biggest
loudspeaker, with the exception that a
longitudinal thrust rod replaces the
loudspeaker cone. When a voltage is
applied to the ‘voice coil’ — the rod
preduces the mechanical analogue of
the input voltage.

The power required to drive these
vibrators is large and inputs of up to
100 kW are common.

The electrical vibrator has a relatively
fast response time, and by using
suitable transducers, overall motional
feedback can be applied around the
complete loop.

ELECTRO-HYDRAULIC
ACTUATORS

The electro-hydraulic actuators, on
the other hand, consist of linear
hydraulic rams controlled by
servo-valves governed by an electrical
signal. The forces generated by such
actuators are so accurately controlled,
that within their designed working
load, they can provide a waveform
deviation of less than 0.001 inch from
a true sinusoidall input. Yet the
maximum force obtainable may
exceed 1,000,000 pounds.

Closed-loop control can also be
obtained with electro-hydraulic
systems. A  transducer mounted
directly on the specimen, measures
actual forces or displacements on the
specimen, and outputs an electronic
feedback signal that represents actual
forces or displacements. The servo
controller compares the feedback
signal with the programme input
signal. Any difference between the
two signals automatically boosts or
reduces the signal to the servo valve,
thus changing the forces on the
specimen, until both signals are
substantially equal.

The necessary road condition data is
obtained by equipping a representative
test vehicle with transducers that
monitor and translate speed, torque,
tyre deflection, axle displacement,
body acceleration, cornering force,
diagonal strain etc.
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The vehicle is then driven, with
various loadings, over terrain similar to
that for which the vehicle was
designed.

The data from the wvarious
transducers is recorded onto magnetic
tape by wusing an FM recording
technique similar to that described on
page 32 of this issue.

The taped signals, after suitable
editing, are then reproduced to
programme the  test. Further
transducers fitted to the vehicle under
test, produce a second set of data that
is compared with the original data to
check the accuracy of the overall loop.

RESULTS OBTAINED

The results so far have been very
worthwhile, especially for
sub-assembly testing. An excellent
correlation of wear patterns has been
obtained between assemblies tested on
a simulator, and those tested under
actual road conditions.

In addition to accuracy, the
laboratory system has proved to be
less costly and time consuming. For
comparison, 100 hours of simulated
running is the proving ground
equivalent of 5,000 miles which in
turn represents at least 25,000 miles of
‘normal use’,

But let us hope that the concept will
be applied to making vehicles last
longer — rather than as one fears —
ensuring that no one component goes
on for more than 25,000 miles! O

r. Smith’s microscope uses two
Dexciting developments of recent

years, the laser and the hologram.
The laser produces an extremely
intense beam of light on a single
wavelength. The hologram is really a
remarkable kind of photograph which,
when illuminated with light from a
laser, provides the human eye with a
perfect three-dimensional image of the
subject of the photograph.

The microscope works like this. The
object under examination is mounted
on a slide and positioned on the
microscope stage in the usual way. But
in place of the usual mirror beneath
the microscope, normally put there to
reflect light up through the obiject,

P = DYNAMIC FORCE

C = CENTRIFUGAL FORCE

8 = DECELERATION FORCE (BRAKING)
THESE FORCES ACT AT THE TIRE.

V= TOTAL VERTICAL FORCE

L = TOTAL LONGITUDINAL FORCE

T = TOTAL TRANSVERSE FORCE

H = TOTAL HORIZONTAL FORCE

R = RESULTANT FORCE

Py Py = VERTICAL AND TRANSVERSE COMPONENTS OF THE DYNAMIC FORCE
Cv. Ce= VERTICAL AND TRANSVERSE COMPONENTS OF THE CENTRIFUGAL FORCE
B8+, B1. 8) = VERTICAL. LONGITUDINAL, AND TRANSVERSE COMPONENTS

OF THE BRAKING FORCE

THESE FORCES ACT UPON THE LOAD CARRYING BALL JOINTS.

Fig. 1. Force components produced on a load-carrying

ball joint.

THE 3-D LASER MICROSCOPE

A British physicist, Dr Robin Smith of Imperial College, London, has
built a remarkable optical microscope based on a new principle which
can provide completely undistorted three-dimensional viewing and
recording of such vital events as the way in which human blood cells
devour bacteria, or what happens when living cells divide.

there is a photographic plate. Instead
of being illuminated from below the
slide is illuminated from above, by a
laser which shines its beam down the
barrel of the microscope.

When the laser is switched on it takes
a photograph of the object on the
photographic plate. This photograph is
a hologram. When the slide with the
object under examination is removed
and replaced by an empty slide, with
the photographic plate still in position
beneath, then if the observer looks
down the barrel of the microscope it
will appear as though the object is still
there. It is an uncanny experience to
see a perfect three-dimensional replica
of the object materialise upon the
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empty slide. If the photographic plate
is replaced by a moving film then this
can provide a complete
three-dimensional reconstruction of a
complete event like cell division.

Perhaps the cleverest thing about this
ingenious invention is that there is
absolutely no distortion in the
three-dimensional image created. This
is because any distortions which are
caused while the laser beam is taking a
photograph are cancelled out when the
beam is used again to illuminate the
hologram and create the image.

The microscope is the first of its kind
in the world and biologists and
metallurgists are particularly interested
in seeing it developed commercially. It
IS too early yet to say what a
production model will cost but it |
should be within the reach of most |

laboratories since the only expensive |

item is the cost of the cheapest form
of laser — perhaps two or three
hundred pounds. O




ATILT IN

THE KILT

by Professor R.V. Jones,

Dept. of Natural Philosophy, Aberdeen University.

The whole Eastern region of Scotland tilts by one part in a
million at high tide. Detection of small movements such as
this is fundamental to many forms of physical measurement,
and for this reason scientists are studying ways in which

small movements can be magnified.

agnification by itself, however, is

not enough — as anyone will

know who has tried to use
high-powered fieldglasses; the
magnification can only be used
effectively if the glasses can be rested
against a firm support. In developing
sensitive instruments it is therefore
necessary to make sure that they are
well supported and especially to
ensure that their various components
are maintained in the desired
geometrical relationship to one
another.

The methods of magnification which
we have developed at Aberdeen have
been principally the optical lever and
the capacitance micrometer. In the
former, the rotation of a small mirror
is made to turn a light beam reflected
from its surface and the movement of
the beam is then detected by
photocells. With its aid we have
performed such experiments as
operating galvanometers at the limit of
sensitivity imposed by the Brownian
movement generated as the
galvanometer coil jumps about under
the bombardment of the molecules in
the air that surrounds it, and as
observing the change of momentum
when a light beam enters an optically
denser medium. Currently we are using
a rather similar technique to observe
the effect predicted by Fresnel in
1818, but never before directly
observed, of the transverse movement
of a light beam when it passes through
4 denser medium, such as glass, that is
in motion at right angles to the
direction of the beam.

The foregoing optical techniques are
very good for observing small
movements (in the range of 101!
centimetres upwards) when these
movements occur relatively quickly,
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say within a few seconds. But they are
not so good if the movements are
slow, because sources of light such as
tungsten filaments are insufficiently
stable.

We have therefore turned to
capacitance micrometry for work
involving long-term stability, because
this method depends on measuring
small displacements of one plate of an
electrical capacitance relative to
another, and all the components are
simple and fairly stable — at least
they do not deteriorate as does a
lamp filament, nor do they heat and
distort one another.
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Fig. 1. Principle of the capacitance
micrometer.

CAPACITANCE MICROMETRY

The first suggestion for a capacitance
micrometer seems to have been made
by Villey in 1910. His system
consisted of a parallel plate condenser
with one plate connected to earth and
the other insulated from earth and
connected to a gold leaf electroscope.
If the plates are widely separated (Fig.
1A) and a positive charge is given to
the insulated plate, two things occur.
First, some of the positive charge
flows to the electroscope and makes
its leaves diverge. Secondly, the charge
that is left on the plate induces a
charge of opposite sign (negative) on
the earthed plate. A state of
equilibrium is reached where the
positive charges on the electroscope
are repelled by those on the insulated
plate but where this repulsion is to
some extent offset by the attraction of
the negative charges on the earthed
plate, |f the latter is now brought
closer to the insulated plate (Fig. 1B),
its negative charges are able to exert a
greater attraction on the positive
charges on the electroscope and so
some of these charges are pulled out of
the electroscope towards the plate;
these in turn draw up further negative
charges onto the earthed plate. A new
state of equilibrium is reached in
which the electroscope leaves diverge
less than they did before. It is possible
to devise such a system in which the
movement of the leaves is greater than
that of the earthed plate which caused
the change in equilibrium.

Villey reported that he had achieved
a magnification of more than a million
and that his sensitivity surpassed that
which could be attained even by
optical interferometry. In 1920
Professor R. Whiddington showed that
the device could be converted into a
practical instrument by using
thermionic valve technology in place
of the electroscope; and in the last ten
years my colleague Dr. J. C. S,
Richards has developed solid state
circuitry of high stability and
reliability, so that the limitation on
the method is now much more often
set by the mechanical stability of the
capacitance rather than by the
electronics. In our most usual
arrangement, two capacitances are
constructed as similarly as possible and
connected into a transformer ratio
bridge operating at 16 kHz. If possible,
the body whose displacement is to be
measured, is mechanically connected
to the capacitances so that the
displacement increases one of these
capacitances and decreases the other,
by the movement of their plates.

SOURCES OF INSTABILITY

Before the system is used in practical
instruments, it has been necessary to
study many of the ways in which the
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10 ¢m

Fig 2. Gravimeter, in which suspended weight W is held by cantilever springs S and S, which

deflect vertically by about 5Smm because of the gravitational pull on W. Small changes in the
position of W, due to changes in ‘g’ are recorded by the disturbance of the bridge formed by
]

W, Py, and Py,

value of the capacitances may change,
as it were, spontaneously. A change in
temperature, for example, will cause
the physical dimensions of the
capacitance to change; so will a
variation in atmospheric pressure, if
the capacitance is not kept in a sealed
box. At the sensitivity that we have
available it would be possible to detect
the expansion and contraction of the
brass capacitance plates as they are
subjected to the pressure fluctuations
due to quite small gusts of wind
outside the building. Another source
of variation is the change in
dimensions of both metal components
and insulators as they ‘age’””. It is
difficult, for example, to make even as
simple a component as a gauge block
that will maintain its dimensions to
better than one part in ten million per
annum, because of the internal atomic
rearrangements that may take place
continually if the material of the gauge
is in a state of strain. Obviously, some
of the causes of trouble, such as
temperature and pressure fluctuations,
can be much reduced by taking
suitable precautions; but other
troubles, particularly those resulting
from strain in some of the
components, are difficult to counter.

Almost every method of holding
components together, such as screws
or adhesives, automatically involve
strain, and the best method of joining
components is that which results in
the inevitable strain having a minimum
effect.

Taking the best precautions we can,
we find that it is not easy to maintain
a stability of much better than one
part in a 1000 million per day, so that
with components of the order of one
centimetre in size, it is difficult to be
sure of a measurement that involves a
change of less than 10° centimetres
per day. Useful short-term sensitivity
can, of course, be considerably higher,
Here the main sources of disturbances
are ‘noise’’ in the electronic system
and (more usually) mechanicial
vibration. A movement of 10!
centimetres is detectable; and, with
due precautions, an equivalent “noise”
of better than 107'2 centimetres can
be achieved for a bandwidth of 1 Hz.

TILTMETERS

The first instrument to which we
applied capacitance micrometry was a
microbarograph  for investigating
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pressure waves of small amplitude in
the atmosphere. It has proved useful in
the detection of disturbances such as
those due to meteorite impacts,
nuclear explosions, and (occasionally)
the launching of large rockets. We also
developed a tiltmeter for observing
small local changes in the tilt of the
Earth’s surface. The instrument is
effectively an electronic plumb line,
where the ‘bob’’ is a small slab of
metal about 30 millimetres long, and
capacitance plates are situated on
either side of it; if the instrument is
placed on an initially level surface, the
bob hangs equidistant from either
plate and the electronic bridge is
balanced. If the surface of the Earth
below the instrument then tilts, one
plate is now nearer to the bob than the
other and .the amount of tilt is
recorded by the amount that the
balance of the bridge has been altered.
Such an instrument will detect changes
in tilt of one part in 1000 mitlion, but
it cannot be used at this sensitivity
because the Earth’s surface is
continually in motion owing to
microseismic waves that are generated
on the beds of the ocean by standing
waves excited by atmospheric storms.

Even at considerably lower
sensitivities, there are obvious effects
due to the change in local tilt of
Aberdeen, for example, caused by the
extra weight of water in the North Sea
at high tide. The sea-bed compresses
elastically under the extra weight, and
draws downwards with it the eastern
part of Scotland, so that this region
tilts eastwards by an angle of about
one part in one million at high tide.
There is also a long-term increasing tilt
eastwards over the whole of Great
Britain which is thought to be due to
the eastward drift of the whole area
caused by the flow of the solid
ocean-bed eastwards from the
mid-Atiantic ridge. The evidence for
this, however, does not come from our
instruments but from observations of
the change in shore levels of the
British coasts over the last thousand
years or so. In other parts of the world
these tilting effects are more
pronounced, and can result in the
build-up of such stresses that they can
be released only by the violent
movements of earthquakes; and it is
possible that tiltmeters may be of
some use in predicting earthquakes by
observing the build-up of strains that
show themselves by local changes in
tilt.

EARTH TIDES

Our most recent instrument using
capacitance micrometry is a
gravimeter. Basically, this measures
small changes in the pull of gravity by
suspending a mass on a spring; any
change in gravity causes a
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Portugal on 28.2.69. The
trace starts at 02.00h

0400 GMT
Fig. 3. Gravimeter record,
showing variation of ‘g’
over a period of ten days.
Arrow at left indicates
10.00 GM.T

1600 GMT
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2200 GMT

1.8.70

|
W AN e ,'.w','-,v.v .‘IVYV Lo S AN LAY S AN

GMT, each section is

6h long. The wave
trains from number 2
onwards are due to
Rayleigh waves that
have successively circled

0400 GMT 2.8.70

the Earth.

hours, the sensitivity being doubled from 10.00h 1.8.70 onwards.

ATILT IN
THE KILT

-

corresponding change in the weight of
the mass and this in turn causes the
spring to be deflected to a greater or
lesser extent. Gravimeters have been
intensively developed because they
have been useful in detecting changes
in gravity from one place to another
on the Earth’s surface and especially
those changes in the local pull of
gravity that are due to denser or
lighter minerals under the surface.
Gravimeters have thus been important
tools in geophysical prospecting for
such mineral resources as oil. At the
same time, if they can be made
sensitive enough, they can provide
useful data on the physics of the Earth
itself. This possibility arises partly
from the fact that the solid Earth does
not maintain its shape with infinite
rigidity, but has to give way elastically
to the tidal forces created by the Sun
and Moon. We are,’ of course, well
accustomed to tides in the oceans, and
the same forces that raise these latter
tides also raise tides, of a lower
amplitude, in the solid Earth.
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Typically in medium latitudes, the
maximum amplitude of Earth tide is
about 40 centimetres.

A gravimeter will observe Earth tides
partly because the rising and falling of
the Earth’s surface will move the
gravimeter away from or closer to the
gravitational centre of the Earth, and
this will give a small change in the
local pull of gravity, which s
proportional to the inverse square of
the distance of the gravimeter from
the gravitational centre. In addition,
the mass in the gravimeter will itself be
subject to the same pulls of Sun and
Moon that are causing the tides in the
Earth , and so it will respond to the
resultant pull of Sun, Moon and Earth
taken together. This effect probably
accounts for about four-fifths of the
total variation in pull observed by the
gravimeter, the remaining fifth being
due to the change of distance of the
gravimeter from the Earth’s centre.
The total change is, of course, very
small: the maximum difference
between “high’’ and "low’’ Earth tides
is about two parts in ten million.

GRAVIMETERS

One type of gravimeter that we have
built at Aberdeen is shown in Fig. 2.

10.00 GM.T

A AN A, o

The weight W is cantilevered by two
pre-stressed parallel springs S; and S,,
so that under the deflection (about 5
millimetres) due to the weight they
become horizontal. W is made the
moving electrode between two others
P, and P, so- constituting two
capacitances that together form the
capacitance micrometer bridge.

The tidal changes in the pull of
gravity will cause the weight W to rise
and fall during the day by about one
millionth of a millimetre. If we are to
detect his movement reliably, the
instrument must remain stable to
about one hundred millionth of a
millimetre (less than an atomic
diameter) over a period of days. The
principal difficulty is that of finding a
material for the springs that has an
elasticity that is sufficiently
independent of temperature, and
which does not gradually give way (or
"creep’’) under the control force
exerted by the weight. It is an
appreciable defect if the springs sag at
a weight of one thousandth of an inch
per thousand vyears. When the
difficulties have been sufficiently
overcome, the pattern of the Earth
tides can be seen. Fig. 3 shows how
they vary over a period of ten days.

{Continued on page 118)
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proved to be of immense value

in modern life. From the early
beginning in 1898, when the Danish
scientist and inventor Valdemar
Poulsen demonstrated his first
telegraphone’’, and up to modern
instrumentation  tape  devices, a
tremendous amount of scientific effort
and ingenuity has been laid down in
modifying and improving the magnetic
-recording and reproducing technique.

MAGNETlC tape recording has

Even though there are many limiting
factors in modern tape recording the
ability of such systems to store
information for later analysis, to
expand and compress time scales, and

by multichannel recording technique
to preserve time coincidence between
events, has made the magnetic tape
recorder a key instrument in today’s
instrumentation systems.

The continuous improvement of
magnetic recording technique over the
last decade has resulted in the
development of various recording
principles, such as direct recording,
frequency modulation, pulse coding,
pulse width modulation, amplitude
modulation, etc.

All of these types of recording
techniques have their advantages and
disadvantages, but the most
widespread recording principles used
for general purposes and analogue

Precision laboratory
tape recorder from
Denmark has
frequency response
from dc to 20k Ha.

A full report by
Murray Wood,

BE, BSc, ME.

and Louis Challis BE.

THE BRUEL AND
KJAERTYPE
001FM
TAPE RECORDER

measurements today seem to be direct
recording {with high frequency bias)
and frequency modulation. If the
recorded (analogue) data are to be
stored for later spectrum analysis of
single samples the direct recording
technique is the simplest and most
economical way of data preservation.

On the other hand, if very high
amplitude stability is required, or if
the stored data are very low frequency
vibrations or contain necessary dc
(static) information, the frequency
modulation technique is far superior
to direct recording.

The ability of FM recording to
record highly stable analogue signals
has resulted in several high quality FM
recorders being released in recent
years. These machines are finding their
way into most fields of scientific
research, particularly those where
analogue processing of the signals is
required at a later date. Typical
applications for this type of recorder
would be to record vibration
measurements from bridges, aircraft,
oil refinery stacks, etc.

The Bruel & Kjaer company — who
manufacturer the Model 7001 recorder
which is the subject of this review —
produce more precision acoustical and
audio frequency measurement
equipment than nearly all the other
manufacturers of similar equipment
combined.

Their Model 7001 recorder is
basically a two-channel FM four-speed
machine which also has a third channel
for speech and control purposes.

tn view of the wide range of
potential users and applications this
test examines both the practical and
theoretical aspects of the machine.

FM RECORDING — THE THEORY

Almost any practical ac signal can be
Interpreted as a sum of simple
sinusoidal and cosinusoidal waves. For
a basic understanding of, for instance,
a modulation process, it is thus often
sufficient . to consider just one
cosinusoidal signal.



a= A, cosp m

of the signal and ¢ is a continuously
varying, generalized angle. For a
constant frequency signal of frequency
f ,¢ can be written

where A, is the maximum amplitude
o1l l I ’ ‘
!
-4

o= 2nfdt=2nft+P=wt+d

-24f
where w = 2 n f angular frequency. If

f

[l

-

the signal frequency is not constant it
is useful to define an instantaneous
angular frequency

-28f—

g(—;%=21rf=w 2)

In frequency modulated systems the
amplitude factor A, in equation (1) is
kept constant while the instantaneous
frequency is varied according to some
function determined by the
modulating signal. Using a simple
cosine representation of the L L I I

af 25f
:
1

——— P pf

modulating signal the instantaneous

T
frequency is given by -|2Af -Af

|

f=f, +Afcos (w t) (3) - _ -2af.
Here f, is the carrier frequency around

which the modulating signal varies with

a frequency f, =_—‘;—ﬂ‘- and a maximum

frequency deviation of Af.

Multiplying equation (3) by 27 and
utilizing equation (2) the angle ¢ in
equation (1) can be determined:

Af

42 — -l

¢=f [2nf;+ 27 A f cos (w,t)] dt I

Dw .
=wot +—w91 sin (wt) + &y (4) -2pf -af

where ¢, is a constant, time
independent angle (phase angle). An P —— I Y
expression for the complete frequency

modulated signal is thus:

a=Ag X cos (wot +fA—1f sin (w4 t) + )
(5)

It can be shown if ¢, is assumed to
be O the expression given by equation
(5) can be mathematically transformed
into the following formula:
. |

a= Ay lJe (B) cos (wot)
+J,(8) cos (wg + wy)t-dq(B) cos (wy-wi)t

T |

-4uf -25f

0 |
+J5(B) cos (wqo *+ 2w, )t J2 (B) cos (we-2w It |

fo

1

' , 28f
+ J3(B) cos (we + 3w, )t- J3(B) cos (ws-3w, )t !
+ e ] (6) —~—
where J,, (B) is the Bessel function of
the first kind with argument 8 and

: of, Fig. 1. F lati
H n r.3= is 1g9. 1. Frequency Modu ation spectra
order n, n being an integer. 3 fa a for different modulation indices.

kind of modulation “index’’ and
depends, as can be seen, not only upon
the maximum frequency deviation
frequency “swing’”’, Af, but also upon
the frequency of the modulating signal
itself, f,. This is due to the depend-

ency of the actual modulating phase g = %% B %
angle upon the instantaneous frequency
see equation (2). n e 1 n

-8af -anf af 8af
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The ratio A f/f, max. is commonly
called deviation ratio and in wide-band
FM magnetic recording is in the order
of 1:2 or greater.

Equation (6) describes the frequency
modulated signal in terms of sidebands
with frequencies wo W1, Wot 2w;;
wet 3wy etc.

It is necessary to establish the
number of sidebands that must be
correctly handled by the measurement
system to reproduce the original
modulating signal with negligibly small
errors.

Fig. 1 shows modulation spectra of a
frequency modulated signal of the
kind discussed above for various values
of the modulation index. It is seen
that as long as Af/f, is great then a

great number of sidebands are
necessary for a complete description.
However, most of the important

sidebands are found within the limits
+2Af, the spacing between the
sidebands being f,.

On the other hand if Af/fy is small
only one (or two) sidebands are
present and a general bandwidth
requirement for FM-systems would
thus be 4Af or 8 f; (whichever is the
greater), a requirement which is
practically always fulfilled in FM
magnetic tape recording.

in practical FM magnetic tape
recording systems the input signal
frequency modulates a carrier
frequency oscillator of frequency fq to
a maximum frequency deviation, Af,
(frequency “swing”) of +40% of the
carrier. Furthermore, to obtain a
reasonably large dynamic range, even
at the highest modulating frequency
fmax this is normally chosen to be
approximately % of the total
frequency deviation (i.e. 20% of the
carrier). All the sidebands necessary
for a faithful reproduction of the
input signal will then be recorded.

The actual carrier frequency chosen,
-depends basically upon the tape speed
and the characteristics of the magnetic
head. In the Tape Recorder Type 7001
the highest carrier frequency used is
108 kHz and consequently the highest
input signal frequency component that

" Hinged front panel provides easy access to all major comoonents.

can be recorded with full dynamic
range is approximately 20 kHz.

A maximum tape speed of 60 inches
per second is used. The choice of
carrier frequency, tape speed and
input signal frequency range might be
regarded as the basic factors in the
design of an FM magnetic tape
recorder. These factors, and a careful
development of the tape transport
mechanism as well as the circuitry
used in the recording and reproducing
electronics, determines the optimum
achieveable dynamic range.

The upper limit of this range is set by
the so-called deviation ratio and the
phase non-linearity in the circuitry,
while the lower limit is normally
determined by the wow and flutter of
the tape transport, as well as spurious

(random) noises inherent in the
recorder.

The ¢haracteristics of the
reproducing process cause the

amplitude to vary considerably with
frequency. This would be disastrous in
direct recording/reproducing systems
but in the case of frequency
modulation systems, it is of practically
no importance because the amplitude
is limited (clipped) before detection of
the modulating signal takes place and
the recording tape can’be magnetically
saturated.

The amplitude vs. frequency
non-linearity produced by the tape
itself due to demagnetizing effects of
neighbouring magnetic areas is
unimportant in FM systems for the
same reason. But as stated above,
phase non-linearities are very
important and great care must be
taken to minimize and/or compensate
for their existence.

In single track recording systems, the
lower limit of the dynamic range is
normally determined by wow, flutter
and spurious noises.

In multi-track recording systems, on
the other hand, crosstalk between
channels, and a further effect
commonly’ called skew or yaw also
enters the picture.

Wow and flutter are caused by many
factors. These include small

eccentricities in the capstan or pinch
rollers, tension variations in the tape,
variations in power supply frequency
and phase, mechanical vibrations in
the recorder, friction effects, and tape
roughness. g

Some of these factors cause periodic
flutter components while other factors
are of a more random nature. If the
flutter is completely random and no
resonance effects are present in the
tape system, a more or less white,
inherent noise would be expected. The
output voltage caused by such a noise
would increase with the square root of
the measurement bandwidth.

Crosstalk between channels is mainly

deterinined by the shielding and
separation distance between the
sections of the magnetic heads

belonging to different channels. As the
crosstalk process is basically different
for FM and direct recording systems,
the two FM channels in the Tape
Recorder Type 7001 have been
separated on the tape by a direct
recording track. The direct recording

* channel is, however, only meant as a

voice channel for marking and
identification of special parts of the
tape when desired, and is not intended
to be used for measurement purposes.

MECHANICAL CONSTRUCTION

The mechanical side of the Bruel and
Kjaer recorder is particularly well
made and quite complex in its
operation. There are four speeds
available. These are 1%, 6, 15 and 60
inches per second. These are obtained
by using a 4:1 speed ratio from the
capstan motor by pole changing and a
10:1 speed ratio from a gear box. The
motor is converted from a two-pole
synchronous motor to an eight-pole
synchronous motor by electrical
switching. On a 50 Hz power supply,
this would provide motor speeds of
3000 rpm and 750 rpm. But-being a
synchronous motor, the speed is only
as accurate as the frequency of the
electrical supply driving the motor,
and so for high precision use the
capstan motor can be driven from a
special regulated frequency supply.
Normally, however, the mains supply

The concentrically mounted tape reels swing apart for easy tape loading.

AT
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would be adequate. The selection of
the gear box reduction is performed
by a solenoid operated clutch and the
speed control is therefore entirely
governed by electrical switching.

One of the problems associated with
high speed tape transport systems is
the physical difficulty of accelerating
the reels and tape to the required
speed. The method used by Bruel and
Kjaer is very ingenious and while it
would not be satisfactory for
frequent stopping and starting, it is
adequate for the type of usage
envisaged by the designers of the
machine.

The spool motors are controlled by
servo amplifiers which derive a signal
related to tape tension
photo-electrically. When the play
button is pushed, the tape is moved
only by the spools until the speed (as
measured by a photo cell on a serrated
wheel) is close to the desired operating
speed.

ELECTRONICS TODAY — SEPTEMBER

When the speed is approached, a
solenoid releases the pinch wheels
which then press the tape against the
capstan both on the feed side and take
up side of the heads. This ensures that
tension is never high enough to stretch
the tape.

At 60 inches per second it takes
about two seconds to engage the tape,
while at 1%’ per second engagement is
virtually instantaneous. There are two
additional photo-sensors. One is used
in conjunction with the controls when
changing between fast forward or
rewind, or play or record. It insures
that the tape is stationary before
changing function and thus further
protects the tape from high stresses.
The other stops the drive motors if the
tape breaks at any time.

The actual deck arrangement is
unusual in that the supply and take up
spools are concentrically positioned so
that whilst the recorder takes 10 inch

1971

diameter spools the deck is only 15 ' x
13".
ELECTRONIC CIRCUITRY

The record and playback circuitry of
the 7001 Recorder is rather
complicated. It consists of two
frequency modulators, two frequency
demodulators and conventional record
amplifier, and a playback amplifier
and erase circuit on the voice channel.
A full block schematic diagram is
shown in Figure 2.

OPERATION

The input signal is fed via an
attenuator into a dc amplifier which
provides an impedance conversion and
a gain of approximately 10 dB. If the
output voltage is greater than a preset
level, it is clipped thus ensuring that
the signal which eventually passes on
to tape is within the prescribed limits.

The output from the amplifier is fed
into a low pass filter which ensures
that the frequency of the signal is
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within the frequency range for the
selected tape speed.

From the low pass filter, the signal
then passes into the FM modulator.
This is the stage at which, unless great

care is taken to perform the
transformation to frequency
modulation, the greatest errors are

likely to be introduced.

The system used in this recorder
consists of a voltage controlled
oscillator. Although different carrier
frequencies are used for each tape
speed, to provide maximum stability,
the oscillator frequency is kept at a
constant 216kHz. To maintain
linearity of the modulator a feedback
network is used and this is a
demodulator similar to that used in
the replay mode. The complex
feedback loop compensates for
errors both in the modulator and
demodulator.

The output from the modulator is
fed into a flip-flop type divider chain

which divides by 2, 8, 20 or 80
depending upon the choice of tape
speed.

The output of the divider is then fed

into the glass-bonded ferrite record
heads. The level of signal used is far
higher than would be used for normal
recording since amplitude linearity is
not important and it is desirable to
saturate the tape.

On replay, the signal from the play
back head passes into an amplifier
which has a very high gain at low
signal levels and unity gain above a
preset threshold; this produces a signal
which is very severely clipped and
almost a perfect square wave. The
square wave is used to trigger a
monostable multivibrator. This

multivibrator is designed so that its
output pulse has a constant height and
width. When this signal is fed into a

very stable low-pass filter, the number
of these pulses per second determine
the output of the filter.

The output of this filter is fed into
one input of a differential dc
amplifier, the other input being fed by
a constant dc signal which is equal to
the output when the filter is fed with
the carrier frequency alone.

The degree of sophistication required
to produce a good FM tape recorder is
far greater than that required for the
best of the conventional recorders.

This can only be justified if the results
are equally spectacular without undue
complication in using the machine. In
the past, we have used FM recorders

Schematic diagram of the signal converter and amplifier sections.

zero deflection

which although they gave particularly
good results were extremely complex
to handle, and hard to calibrate and
understand.

However, ergonomic aspects of the
Bruel and Kjaer 7001 Recorder seem
to be particularly good.

A fairly complex adjustment
procedure has been reduced to an
almost automatic procedure in which a
switch is rotated through four test

positions and corresponding
screw-driver-adjusted potentiometers
set to give meter readings of either

or 0dB. In the
four-week period during which we
tested the machine these adjustments

only needed to be performed once. If
the tape recorder is only going to be
used for ac recording (above 4 Hz},

these adjustments probably won’t
need to be performed more than once
ayear.

One of the more valuable uses of an
FM recorder is frequency translation
and whilst this can be done in a

limited way using an AM tape
recorder, there is usually not much
advantage to be gained.

However, by using an FM recorder an
exact frequency translation can be
obtained from dc up to the maximum
frequency on record or playback.

Thus by increasing the frequency it
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is possible to look at low frequency
phenomena with conventional equip-
ment, while by decreasing the speed,
rapidly  changing signals can be
followed by pen recorders rather than
by using ultraviolet recorders or
oscilloscopes.

Conventional audio frequency
analysing equipment usually covers the
frequency range from 20 Hz to 20
kHz. Using the Bruel and Kjaer FM
tape recorder, it is possible to extend
this range to 0.3 Hz to 20 kHz (or
with the newer filters available, down
to 0.03 Hz). This frequency range
enables the examination of such
phenomena as the movement of tall
buildings under wind excitation and
other effects in larger structures, with
conventional analogue equipment.
Without the use of such equipment, it
is usually necessary to use digital
techniques and computer analysis to
obtain the same information.

One useful feature is the provision
for control and synchronising signals
on the tape. These signals may be used
with other Bruel and Kjaer analysis
equipment to provide automatic
starting and stopping of analysis and
automatic switching of stepped filters.

This feature is particularly useful for
the analysis of single events and does,
in fact, enable many of the functions
normally performed by real time
analyers to be performed on
conventional analysis equipment.
Using this technique it is possible to
examine the spectral content of the
noise produced by an accelerating car,
the response of a bridge or similar
structure to a single impact, and other
such phenomena.

For many years, we have used a
precision, battery operated
conventional tape recorder for storage
of data in difficult locations. These
locations may be hazardous because of
the presence of explosive gases,
confined spaces or the difficulty in
moving heavy equipment into them. In
all these spaces it is desirable to be
able to have the minimum of
equipment which is preferably battery
operated and easy to carry.
Unfortunately we feel that the 7001’s
weight of 85 Ibs and its 240 volt 50
Hz power requirement preclude the
unit from fulfilling this role.

The only real advantage of the Bruel
and Kjaer tape recorder in field
measurements is that it provides us
with the ability to be able to collect
data and subsequently decide which is
the best way to process it. Because of
its precision, the data is stored with
sufficient accuracy for most purposes.

As far as we are concerned, the ideal
tape recorder has yet to be developed

but the Bruel and Kajer 7001 is a giarg

step towards it.
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SUMMARY OF SPECIFICATIONS FOR BRUEL &
KJAER 7001 TAPERECORDER
(Obtained using 3M Scotch 991 %'’ instrumentation tape)

ELECTRICAL
Cross Talk:
Distortion:
Input Level:

Record Modes:

Input Attenuator:
Input Impedance:
Output Level:
Output Impedance
Heads:
Built-in-Reference.
Generator

Voice Channel:

Tape Speed
Accuracy:
Braking:

Automatic Stop:

Tape Tension:

Tape Counter:

Remote Control:

Capstan Motor:

Reel Motors:
Power Supply:

Better than signal to noise ratio

Less than 1.5% with 1 volt RMS output
+ 1.4 volts peak, with attenuator in most
sensitive position.

AC or dc (The lower limiting frequency of
the ac input is 4Hz (-3dB)

0-28dB in 2dB steps + 0.2dB

20k ohm in parallel with 100 pF.

1.4 volts peak with no load

Less than 150 ohm

Plug-in ferrite heads

1 volt £ 1%, 440Hz * 1% sinewave

For marking and identification of the tape.
The frequency response is flat to within

* 3dB from 300 Hz to 3kHz and the channel
is equipped with AVC.

+ 0.25% + accuracy of power line frequency
Dynamically during motion. Mechanically
while stopping and when stopped.

Actuated by photoelectric sensor which stops
the tape transport at the end of the tape

or in case of tape breakage.

100 * 10 grammie force during record and
playback. Automatically controlled from
servo amplifiers.

4 digit reset counter counts length in feet.
Accuracy better than 0.1% during record

and playback.

Control box removable. Extra lengths of
cable can be inserted.

Two speed synchronous hysteresis motor

AC torque motors

100 — 115 — 127 — 150 — 220 or 240 volts ac.
100-180W frequency 50 or 60 Hz. Built-in
switch allows the capstan motor to be driven
from an external precision generator.

Tape Speeds

. | 15 | 60

Frequency Ranges
+0.5dB

S/N Ratio

Carrier Frequency

0-05 | 0-2
>44 >48
2.7 10.8




IMPROVING

ROOM

ACOUSTICS

The acoustics of your living room can be
dramatically improved, this article by
acoustical expert Louis Challis tells how.

Lined woollen curtains can dramatically improve room acoustics.

OME vyears ago a well-known
SSydney club asked me to cure a

severe acoustical problem caused
by excessive reverberation. After
assessing the problem and making
initial proposals, | was asked why |
had not considered using a number of
wires stretched across the room above
head height. Such wires were cheap,
whilst what | was proposing would, by
comparison, cost a great deal of
money.

All | had to do, the club secretary
explained, was to be a good fellow and
tell him where to buy these wires. He
added that a member of the
committee, a doctor, had
recommended their use as 'they are
the cheapest form of acoustical
treatment available”.

Realising that | couldn’t offer the
club what they wanted — | tactfully
suggested that we were both wasting
our time — and left.

Two years later | discovered the basis
for the doctor’s advice. The practice
was initiated in the USA about a
hundred years ago, when somebody —
applying unusual scientific acumen
suggested that ‘if the stretched string
of a violin, harp or piano can transmit
acoustical energy to a sounding board,
then the same stretched string should
be capable of absorbing acoustical
energy from the air!

Apparently the suggestion was taken
seriously and installations were made
all over the USA, some using over five
miles of stretched wire. In a few cases
it is clear that simultaneous changes,
of form or occupancy, accompanied
the installations, and when these
occurred, the occasional improvements
in acoustics were — erroneously
attributed to the wires.

Thirty years passed before the theory
was shown to be false and the practice
abandoned.

The study of architectural acoustics
goes back many centuries — to
Vitruvius in fact — but a few of the
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early students had more than a slight
understanding of the subject and most
early examples of good architectural
acoustics were accidents for which
neither architects nor builders could
take much credit.

In fact some of the early concepts
put forward for theatre or concert hall
design varied from the extensive use of
wooden panelling, to the use of large
numbers of empty bottles placed
under the stage!

SCIENTIFIC METHOD

In 1895, Clement Walter Sabine,
then Professor of Mathematics and
Natural Philosophy at Harvard, was
asked to ‘do something’ about the
poor acoustics of the new Fogg art
museum,

Sabine went beyond the request to
‘do something’. He initiated a basic
study of room acoustics. This, in
effect, started a new science, and

;

. s
S < v
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Average intensity

Scientist uses Negretti and Zambra hygrometer whilst testing characteristics of curtain material,
Symphony Hall, Sabine applied the
theoretical knowledge that he had
designed theatre in the world. When

the hall was opened (in 1900) it was

— earned for him the title of ‘Father of

Modern Acoustics’.
Professor Sabine produced a clear
and concise appraisal of room
, reverberation (the time taken for
R echoes to die away). To do this, he
developed a remarkably accurate
~ measurement  system based on
electro-pneumatic  valve  operated
organ pipes, a stop watch (later
replaced with a chronograph) and his

own ears.
When later asked to undertake the
acquired during the previous three
acclaimed by musicians and critics
M

acoustical design for the new Boston
years, to initiate the first scientifically
alike, and for symphony music at
least, it is still one of the best auditoria
ir the world today.

Sabine’s initial work was quaint by
modern standards, for his initial
investigations were concerned with the
evaluation of how the introduction of
cushions, curtains, drapes and carpets
affected the reverberation time of just
one room.

And what he found was appreciated
by very few people in his day, and by
not so very many more today.

He  provided qualitative and
quantitative information on many

; materials, and proceeded further to
> develop a mathematical relationship,

~ that with minor improvements, is still
// = used today.
- - #F
— 510 1 = 1 HOW SOUND BEHAVES

100 ' 150

Intensity of centre of small wall

Intensity of centre of room

=
100 0 50 100
v v So that we may understand some of
Fig. 1. Response curves for a room 15° by 30° by 10°, with reverberation time of 1 second. the problems of room acoustics let us
Note that in the centre of the room there are quite wide frequency bands — below 100Hz
— in which the sound intensity is zero.

0
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REVERBERATION ROOM SOUNO—ABSORPTION COEFFICIENTS
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TEST FREQUENCIES

Oouble fuliness close weave with double thickness calico lining

Oouble fullness close weave wool

Moderate weight wool fabric without backing
Al samples hung 6" from the wall surface

look briefly at how sound behaves in a
room.

When a sound is created in a room,
the sound waves are reflected back and
forth between every pair of parallel
walls, undergoing a diminuation of
intensity at each reflection. They also
travel in oblique paths that
incorporate any or all groupings of
walls, floor and ceiling.

If the room has an irregular shape,
the sound waves may take every
conceivable path and set up highly
complex patterns called room modes.
These modes are not harmonically
related as such, but are dependent
only on the frequency and the room
dimensions.

40

Such modes are a common problem
in the average family living room, and
may be of such dominance that music
played in them suffers a colouration
whereby certain  frequencies are
selectively favoured.

A far more serious problem is that of
highly reflective parallel walls bereft of
curtains, furniture or other devices to
change the direction of sound waves or
to absorb them.

1f you clap your hands between such
walls, you will notice a ringing effect
in which the sound waves diminish in
cyclical steps. You may have noticed
this in unfurnished houses or flats, or
even occasionally in occupied rooms.

Technically the phenomena is called

flutter echo and results from certain
frequencies {related to the dimensions
of the room) setting up a decay
process that is prolonged by the
parallel walls.

ACOUSTIC MATERIALS

Soft, porous fabrics and furnishings
absorb a considerable proportion of
the sound waves that impinge on
them. This they do by converting the
sound energy into heat.

Practically all building materials
absorb sound to some extent, and the
efficiency of this conversion is a
measure of whether they may be
correctly given the term ‘acoustical
material’ or not. Some materials are
effective at all frequencies, but most
are effective over a small frequency
range only.

HOW DIMENSIONS AFFECT
SOUND

Rooms are classified as ‘live’ when
they have little furniture and
furnishings, and ‘dead’ when they have
too much furnishings, carpets and
drapes.

A ‘live’ room favours church music,
choral works, and the playing of
orchestral music. The sound in such a
room is composed of two parts, the
direct sound, and the reverberant (or
reflected) sound. A listener hears the
direct sound first, and the first
reflections of the reverberant sound a
short fraction of a second later. If the
rooms is too live, this reverberant
sound may continue for upwards of
five or six seconds.

Five centuries ago the average
cathedral had a reverberation time of
less than five seconds and music of the
day was composed to make use of the
fullness of sound that such a
reverberation produced.

Today a reverberation time of 1% to
2% seconds is considered the optimum
for an orchestral concert hall, and
between 0.4 and 0.7 seconds for the
average living room.

The effect of room geometry and
room volume upon the quality of
sound is quite marked, but it is very
difficult to define without the use of
high powered mathematics. These
effects are due to the relationship
between the wavelength of the
particular sound wave and the room
dimensions and geometry. These
relationships are particularly complex,
but there are a few simple guides.

The wavelength of sound at a given
frequency can be approximated by
remembering that a frequency of 1
kHz has a wavelength of 1 foot and
that wavelength is inversely
proportional to frequency. Thus 500
Hz corresponds to 2 feet, 100 Hz to
10 feet, and 50 Hz to 20 feet.

The principle room dimensions of
interest, particularly in a rectangular
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room, is the longest diagonal. This is
the distance between a corner of the
room at floor level, and the diagonally
opposite corner of the room at ceiling

level. This will be the longest straight

line in the room; and for a room 15’ x
30’ x 10’ is roughly 33 feet.

. For good room acoustics this
measurement needs to be at least three
to four times greater than the
wavelength of the lowest frequency.
Thus for the room that has dimensions
of 15 x 30° x 10°, the maximum
wavelength for acceptable acoustics is
roughly 10 feet and this corresponds
to a frequency of about 100 Hz.

This room will have marked
resonances and dips below 100 Hz and
sounds below this frequency cannot be
faithfully reproduced; apart from this,
the response at various positions in the
room will be vastly different.

And no matter what hi-fi enthusiasts
and salesmen may believe to the
contrary, there is no way that you can
faithfully reproduce sounds below this
lower limit. You will hear sounds
certainly, but they will not be, even
remotely, a facsimile of the original.
The effect is shown in Fig. 1.

ABSORPTION CHARACTERISTICS

For live music, reverberation times of
more than one second are required. A
professional  recording will have
reverberant sound lasting at least this
long, already incorporated in it, either
artificially or naturally.

The ideal listening room has a
reverberation time that is short by
comparison with that which has been
recorded. Such a short reverberation
time is difficult to obtain, not because
of technical difficulties, but because of
the lack of decorative appeal of most
acoustical materials. Usually it is
necessary to rely on the acoustical
properties of the normally used
building and furnishing materials to
obtain a compromise between
appearance and acoustics.

A plaster~board wall, for instance,
offers some low frequency absorption,
and similarly, timber floors and plaster
board ceilings provide some absorption
in this region.

And as this is the method of
construction commonly used in single
dwellings, a suitable reverberation time
is often achieved at the low end of the
frequency spectrum.

But on the other hand home units
and flats present a real problem (to
obtain low frequency reverberation
time). They are usually constructed
with brick walls and concrete floors
and ceilings, and these have virtually
no low frequency absorption at all.

Low frequency absorption may be
provided only by the windows.

Absorption in the mid-frequency
range may be provided by soft

furnishings. Old fashioned armchairs,
sofas and carpets are very useful
acoustical materials. But modern vinyt
covered seats — unless they have
padded arms and backs, provide very
limited absorption, while the use of
parquetry floors often leads to
undesirable acoustical properties.

Significant  absorption in  the
mid-frequency range is also provided
by people — four people may make a
significant  improvement to the
acoustics of a living room. This may
help those who wish to demonstrate
their hi-fi to visitors. |f the room
acoustics are bad — just ask more
people!

Absorption in the higher frequency
range is provided by soft pile carpet,
drapes, and other materials that
contain fine, lossely packed fibres.

HOW TO MODIFY YOUR ROOM

The average living room is usually
poorly planned for listening to music,
and is much too ‘live’. The speaker
enclosure are usually poorly located
on either side of the windows, a
fireplace or a sideboard. Almost
without exception they face a
reflective wall and the first problem is
created. They are usually fixed flat
against a wall ‘for appearances’ sake’
and all too often they are not placed
far enough apart.

For optimum sound the speakers
should be spaced between six and
twelve feet apart, opposite a wall that
has an extensive area of curtains and
drapes lined with additional layers of
backing cloth to increase the
absorption.

Until recently there was little or no
data available for the intending user
(or expert) to assist in the evaluation
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