

























































































exception. Although microphones had already been con-
structed this time 100 years ago, it was on 9 May, 1878,
that Professor. David Edward Hughes read a paper to the
Royal Society in London that included proposals for a
carbon granule microphone. Arguably it was this disclosure
and demonstration that made the telephone as we know it
today a practical working possibility. Certainly the micro-
phone in the handset of a modern telephone is based on the
design which grew directly out of Hughes's 100-year-old
proposal. As with all invention histories it is important to
set the scene and establish the climate of technology at the
time. Only then does each individual breakthrough stand
out in perspective.

The telegraph, a means of coding word messages into
switched electrical signals for transmission along wires for
reception and decoding at a distant location, was almost
simultancously devised by Samuel Morse in America, and
Wheatstone and Cooke in England. The first demonstrations
of telegraphy were in 1836. But the first equipment was
primitive and the first Morse message was not sent until
1844. By 1850 there was a submarine cable between
England and France. Inevitably attention tured to the
possibility of transmitting messages in pure words, with-
out the need to code and decode. Alexander Graham Bell,
who left Edinburgh for Boston in the US, was the first to
succeed following his studies of the human eardrum and
its response to fluctuations in air pressure, ie sound waves.
This study led Bell to conclude that sounds could be trans-
mitted as a continuously fluctuating current, rather than
the rigid on/off pulses of a telegraph. Bell patented his
speaking: telegraph in 1876, but the transmitter and re-
ceiver, that is to say the microphone and earpiece, were
primitive electromagnetic devices that produced only very
low levels of sound. It is important to remember that all
this was many years before the invention of the thermionic
valve and the amplifier. There was no reliable means avail-
able of boosting low-level sounds in volume. Without such
a system of boost the telephone could only remain an
intriguing toy.

Inventors soon turned their attention to the possibility
of a telephone transmitter that modulated a supply of
power from a battery, rather than generated electricity by
converting sound waves direct into inevitably tiny elec-
trical currents. All manner of modulation ideas were tried.
Bell himself experimented with a liquid transmitter, the
vibrations of sound in air being used to move a diaphragm
and with it a small quantity of acidic water. The water was
in circuit with a battery. Acoustic vibration altered the area
of liquid contact and with it the resistance of the circuit.

Thomas Alva Edison, in 1877, patented a telephone
transmitter in which the sound waves vibrated a diaphragm
which modulated the extent of contact and with it, he
hoped, alsd the resistance between contacts covered with a
semi-conductive material. As a suitable material plumbago
{graphite) was suggested. The patent was the subject of
much legal wrangling; in the UK it was printed and re-
printed no less than four times over a five-year period. In
his laboratory Edison found most success with a “button”
of compressed lamp-black which varied in resistance under
pressure. Although an advance on Bell's microphones, the
Edison solid-carbon button was by no means perfect. It
was, for example, fairly insensitive.

In June 1877 Emile Berliner (later to be hailed as
inventor of the disc gramophone) filed an application for a

patent on his ideas for a microphone. Again the aim was
to modulate a steady DC current by arranging for the
sound waves to vary the pressure between contacts and
s0 modulate their electrical resistance and “valve” a cur-
rent flowing through the circuit. Berliner first used metal-
lic contacts but then moved onto carbon. Initially, at least,
the behavicur of the contacts was extremely erratic and
sensitivity was poor. Meanwhile in London, on 8 May, 1878,
the Royal Society received a paper by Professor Davi
Hughes “On the action of sonorous vibrations in varying

the force of an electric current”’.

Hughes was born in London in 1831 (he died in the
same city in 1900) but his family emigrated to the US when
he was seven years old and in 1850 he became professor of
music at St Joseph’s College, Bardstown, Kentucky. His
successful work with a type-printing telegraph won him
fame in Europe and in the 1870s Hughes turned his atten-
tion to telephony. Looking for an improved microphone he
deliberately worked only with very simple components. He
connected a telephone earpiece in series with a battery of
simple copper cells and tested a variety of different trans-
mitters or “microphones”. He was incidentally the first
worker to revive, and emphasise, word which had
originally been used by Wheatstone in a different context.

For one microphone experiment Hughes used a sound-
ing board with French nails laid side by side and separated
from each other by a small space, with similar nails lightly
held in the gaps. Vibration of the nails varied the gap
contact area and pressure which, according to Hughes,
modulated the DC and produced sound in the earpiece.
By using as many as 20 nails at a time, and coating the
contacts with a mixture of zinc and tin' powder, the inven-
tor, in his own words, “reached a perfection leaving nothing
o be desired".

But Hughes, it seems, was a man prepared to tamper
with perfection. He went on to describe a similar arrange-
ment which relied on artists’ willow charcoal as the contact
members. One advantage of charcoal, as he pointed out,
is that it does not oxidise. Hughes demonstrated to the
Royal Society audience a transmitter formed from a glass
tube two inches long, a quarter of an inch in diameter, and
packed with separate, loose, quarter-inch chunks of willow
charcoal. These served as loose contacts between connect-
ing terminals at each end, and the tube was mounted on
a resonant board. It proved to be a remarkably efficient
transducer of sound into electricity when connected in
series with a battery. Hughes expounded his theory on how
his loose contact carbon microphone worked. It was that

using a number of separate pieces of carbon, each in
loose contact with the next and thus electrically in series,
there is an overall variation in electrical resistance when
sound waves cause the carbon to vibrate and the number
of points of surface contact to vary. Essentially the hy-
pothesis still holds good today: As a considered decision
Hughes did not patent his carbon microphone and the basic
loose contact idea was developed and improved over the
subsequent years.

Although carbon microphones were used for both
recording and broadcasting it was inevitable that for such
applications they would eventually be replaced by moving
coil, condenser and other more modern types of higher
fidelity. (Although the moving coil microphone was patented
by Professor Oliver Lodge of Liverpool in 1898 its low out-




put meant widespread adoption had to wait for the advent
of electronic amplification.) Replacement of the carbon
microphone in studios was inevitable because it suffers
from various inherent disadvantages. Fidelity is relatively
low and the carbon granules tend to pack together if
supplied with 00 high a voltage. A similar effect can occur
naturally over a long period of time, the microphone
gradually becoming less sensitive and more noisy. The par-
ticles can be unpacked by tapping. Hence the need even
today occasionally to tap the headset of a telephone. For
although modern telephone systems of course incorporate
amplifiers they still employ the old carbon-microphone
principle. Carbon microphones are used because there is
still no more efficient way of simultaneously transducing
sound into electricity and amplifying the signals produced.

The granules of a modern carbon microphone are
formed from selected anthracite coal, treated by crushing,
sieving, washing and heating. Large coarse granules are used
where a large electrical output is required; finer grades give
a lower output but higher fidelity of reproduction. Failure
to sieve out the very finest grains, however, causes the
background noise known as “frying”. Some of the carbon
mikes used by the BBC in the 19205 are capable of sur-
prising quality when used with modern ancillary equip-
ment. Morganite supplies the anthracite granules used for
modern British Post Office telephone microphones. These
represent arguably the best possible compromise between
noise, fidelity and efficiency, delivering an output which
is, on average, about 50 milliamps.

Clearly to replace the carbon microphones of a modern
telephone system with moving-coil equivalents would re-
quire the introduction of much more powerful amplifiers
to boost the moving-coil. outputs up to a level equivalent
to that available from the variable resistance carbon insert.
Moreover, although the fidelity of telephone reproduction
would improve if moving-coil inserts were used, there is no
need for high-fidelity reproduction on a telephone. The
phone is designed and intended for one purpose only — to
convey speech with the maximm of clarity and intel
gibility. To replace the traditional carbon insert with a
fidelity equivalent would probably cause far more
complaints than congratulations. The addition of bass fre-
quencies not currently heard over the telephone would
reduce intelligibility. An attempt to transmit the high
frequencies available from a moving coil or condenser
transducer would offer little extra clarity or intelligibity
but would open the door to all manner of unwanted back-
ground noise.

On a purely psychological basis we are now accus-
tomed to the telephone sounding as it does. So any attempt
at upgrading performance by retiring the carbon micro-
phone, and its characteristic sound, in favour of a more
modern equivalent would almost certainly produce a
dramatically hostile reaction. Like the internal combustion
engine, the carbon microphone may not be perfect but it
does the job it was intended for better than anything else —
even though it is 100 years old.

Reprinted from New Scientist
11 May 1978

AIRCONDITIONERS AND THEIR NEIGHBOURS

the summer weather sets in, and fortunate people
retreat to comfort-cooled rooms, many aircondi-
tioner owners and their nei hbn rs are becoming aware
that a carelessly sited appliance can become a noise nui-
sance.

According to Dr. Don Gibson, if you mount a current
model room airconditioner on the side of your house,
close to the neighbouring house, it is more than likely that
its noise will offend your neighbours at night.

Regulations in all states lay down maximum sound
levels allowable at the boundary of a property. These
levels vary according to location and time of day. But at
present, the consumer has no way of forecasting whether
a particular airconditioner will upset his neightbours, with
its exterior noise, or even his own household, with its in-
terior noise.

No guidelines are available, because the noise problem
depends not only on the appliance itself, but also on local
ns. Shape and location of surrounding walls,
placement of fences, proximity of neighbouring buildings,
and the presence of other noise sources (traffic, factories)
help determine whether exterior noise will cause problems.
Room size and furnishings will affect interior noise.

During the last decade, the Division has used its ex-
perience in comfort cooling and noise control to study the
problem of noisy aircond on scientists have
been able to reduce interior noise substantially in some
commercial models by modifications to the aerodynamic
design. They have also designed a simple baffle that ab-
sorbs and redirects exterior noise that cannot be
nated.

However, to make conventional refrigerated aircondi
ners quiet enough to meet all noise limits in all situ-
ations would be prohibitively expensive. Therefore, the
Division is studying alterative airconditioner designs.

Reducing Fan Noise

Mr. Don Pescod began studying the noise problem in
1968 with a project sponsored by an airconditioner manu-
facturer. His brief was to reduce the airconditioner's
interior noise without significantly increasing the cost to
the consumer.

The most obvious noise sources were the two fans.
By changing the design of the fans and surroundings, he not
only reduced the noise but also improved the performance.
Production costs were kept down because parts were de-
signed to fit all models.

Attacking Compressor Noise

The improved airconditoner was a comrercial suc-
cess, and other companies subsequently developed their
own quieter models. Pescod says, “But the quieter we
made the fans, the more obvious the noise of the com-
pressor became. We've now gone about as far as we can to
reduce noise, using the conventional airconditioner design
and working within the cost constraints. Now we really
need to attack the compressor and look at other possible
arrangements and designs.” Pescod has now begun experi




mental work to see whether a completely new airconditioner
with a low sound emission could be developed.

Sound-absorbing Barrier

Working on a more immediate problem, Mr. lan
Shepherd recently studied noise sources in a bank of air-
conditioners that were installed near a boundary fence
and were drawing strong complaint from a neighbour. By
making minor adjustments to the fan position, and by
blocking part of a louvred opening, he obtained a more
uniform flow past the condenser fan with little reduction of
airflow. These modifications eliminated an_annoying tone

and reduced the noise level of the airconditioner by about
4 decibels.

Remaining noise was caused by turbulent airflow
through the fan and condenser coil. There is no simple
way of eliminating this noise. Instead, Shepherd designed
a simple clip-on barrier to absorb some of the noise, or
divert it sideways and upwards from the unit. The barrier
preferentially shields the neighbour opposite.

At present, this baffle is not manufactured commer-
cially, but it could be made simply and sold as a clip-on
unit for existing airconditioners.

Reprinted from CSIRO" Eng Events'".
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ACI Fibreglass has long been concerned
with the problems of noise control.

In fact, we have developed a number of
products to help block noise on all sides. On
walls, floors and ceilings.

A couple of examples:

Noise Stop Board. A high density

acoustic underlay. Designed for use in floors,
walls and partitions to reduce noise trans-
mission between outside and inside areas.

Acousnc ceiling panels Avery attractive,

noise system. o]
designed to absorb noise, they also provide
additional thermal insulation.

As you can see from just these two
products ACI Fibreglass has got all sides of
the noise reduction problem covered. Your
state ACI Fibreglass office would be most
pleased to give you more information.

Simply write or call.

Fibreglass

acarsar



Instrument for Sound.
Vibration and Data Analysis
-where ever confidence counts

ask for your copy of the new 1979 catalogue

ﬁ Briiel & Kjaer Australia PTY.LTD. "




NEW PRODUCTS

ULTRASONIC FLAW DETECTORS

The new portable Mark IV Ultrasonic Flaw Detector
has been designed and manufactured to rigid military speci-
fications to withstand the rigors of field handling wherever
ultrasonic flaw detection and thickness measurements are
required. Applications vary from the inspection of high
temperature steel pressure vessels to the location of minute
surface cracks in helicopter rotor blades.

The Mark IV, a new design from Sonic, can match the
performance of laboratory instruments in detecting defects
such as cracks, porosity and foreign inclusions in materials
such as bar and plate, tubing, castings, forgings and extru-
sions, and in welded assemblies. It is also capable of thick-
ness gaging to locate flaws or determine the physical thick-
ness of test objects. The unit maintains a readable resolution
of within 0.005 inches over a 1.0 inch range.

Easy, relizble field usage was kept uppermost in mind
throughout the design of the unit. It is packaged in strong,
lightweight, drip and dust-proof enclosures. Built:in batteries
provide sufficient power for 10 hours of continuous oper-
ation. The CRT displays on the Mark 1V measure 5.5 inches
and 3 inches. An operating temperature range of -200F
t0 +1600F permits the unit to be used in tough environment
and rugged field conditions.

For further information, please contact John Morris
Pty. Ltd., Sydney 407 0206; J. M. Scientific Pty. Ltd.,
Melbourne 873 2711; J. M. Scientific Pty. Ltd., Brisbane
52 4072; John Morris Pty. Ltd., Adelaide 42 5809.

BUMP RECORDER

A completely self-contained fully electronic instru-
ment that records the level and time of occurrence of
mechanical shocks is announced by Bruel & Kiaer.

The primary application of type 2503 is monitoring
goods items during transport where rough handling
methods often expose them to higher shock levels than
they are designed to. withstand. Shocks occurring in any
direction are picked up by a triaxial transducer and if they
exceed a chosen trigger level, their maximum velocity and
acceleration, together with the time of occurrence, is
printed on a 6 mm wide paper strip.

With an optional high sensitivity pickup the recorder
is ideal for monitoring ground vibrations due to heavy
traffic, explosive detonations, pile driving, etc.

Further details are available from Bruel & Kjaer
Australia Pty. Ltd. Telephones: Sydney — 736 1755,
Melbourne — 37 8169, Adelaide — 31 0271, Perth —
205 1658.



'ABSORPTION

SOUNDFOAM

Urethane foam developed specifically 1o ab-

Sorb maximum sound energy with minimum

weight and thickness. Used to absarb ai-
e noise in industal and EOP equip-

ment, machinery enclosures, over-
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SOUNDFOAM (Embossed)

~ DAMPING

—
GP-2 DAMPING SHEET
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simple curve

FOAM DAMPING SHEET
Consists of a thickness of embossed
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critical low and mid-frequency bands when

CABFOAM

An outstanding sound absorbent foam with a
tough, abrasive-resistant film Surface de-
signed_specifically for use where unpro-
tected foams won't hold up, and where 2p-
pearance is imporant, such as in over-he-
road and oft-highway vehicle cabs and
equipment enclasures,

SOUNDFOAM (Wit Films)
Highly effcient Soundfoam acoustical foams
are available with a surface of Tedlar, metal-
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e andesistance o varios chemicals an
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(With Perforated Vinyl)

Provides 2 tough handsame fiish for use in
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is important. Leather-odking surace
bonded 1 gy ehicentacoustic foam
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BARRIERS

SOUNDMAT LF
‘Soundmat LF is made up of a vibraton isola-
ton layer of foam, a lead Septum sound bar

attenvation.

SOUNDMAT FV

and bulkheads. Also used as pipe lagging.

SOUNDMAT FVP

Consists of a clossed cell, hyirolpcaly.
stabe foam isolaoe 210 3 lye g
Siuncioam i i 62 bape éseee

e
two. The surface is a tough, wear-resistant

mental conditions, including water, acid and
alkalis. Popular for marine and outdor ap-

plications.

GP-1 DAMPING DﬂMPuUllll

A non-toxic, non-flammable plastic which is

gl b rowe o sy, Cures quickly i

air or oven. A thin coaling on steel (172
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SOUNDMAT LGF
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oen two layers
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SOUNDMAT

(With porforated vinyl)
Has all the characteristics of Soundmat LF,
5l 3 tough, handsone exterior finih or
Use insid veice cabs o oher appicalons
Where good appearance. must acconpany
s cantol

The above noise-suppression materials are available from:

aY NYLEX CORPORATION LIMITED

NYLEX

For literature and samples contact your local Nvlex Sales Office:

MELBOURNE
93 0211

SYDNEY
632 0155

BRISBANE

277 5455 258 4000

ADELAIDE

PERTH
458 8911

HOBART
34 2311




BOOK REVIEWS

TRANSPORT AND THE ENVIRONMENT

By David C. Hothersall and Richard J. Salter, Published by
Crosby Lockwood Staples, London, 1977, 287 pp., ill.,
index. Price: $49.50

This is a useful book which puts the noise problem
of transportation in perspective and reviews the current
data on transportation noise, methods of assessment, and,
to a more limited extent, methods of overcoming trans-
portation noise problem:

The first chapter, on Impact Assessment for Trans-
portation Proposals, sets the scene, indicating the factors
involved (eg. aesthetics, culture, ecology). The Leopold
matrix method of environmental assessment is outlined and
public opinion surveys discussed. Visual intrusion and noise
impact are then dealt with in more detail.

Most of the book is devoted to road traffic noise.
There are three chapters on this aspect; Highway Traffic
e, Prediction of Highway Noise, and Road Traffic
N joise Control. The impression one is left with is that there,
is no theoretical method or basis for the prediction of road
raffic noise, only a mass of empirical data. This is not so
and it is a pity the authors did not try to cover the theory
(some attempt at covering the theory has been made in the
case of train noise). The empirical data presented, for road
traffic noise, is mamlv from Britain and North America.
Little indication ations and accuracy
of the empirical medlmon&,

The other three chapters in the book are on Aircraft
Noise, Train Noise, and Atmospheric Pollution; the latter
being a very superficial coverage and out of place in a book
that is dealing with noise. There are also three appendices
on Fundamental Acoustics, the Human Response to Noise,
and Insulation Against Noise. Overall the book is good and
a welcome review of the state of the art of traffic noise
prediction and control.

FERGUS FRICKE

ACOUSTIC DESIGN AND NOISE CONTROL,
VOL. 2, NOISE CONTROL

Michael Rettinger, Chemical Publishi mpany, New
York 1977. 393 pp., ill, index, hmhographv Price:
US$22.50.

This is an updated version of the ‘Noise Control’
section of the 1973 edition of ‘Acoustic Design and Noise
Control’ by the same author. Like the 1973 edition it has
an informal style, though not to the same extent as Volume
1 on ‘Acoustic Design’.

The book consists of three sections, the Physics of
Sound, Noise, and Noise Reduction. The main changes
from the previous edition are in the second and third
sections. In the second section a subsection has been added
on ‘Environmental Impact Statements'. In the third section
a subsection has been added on ‘Procedure for Determining
the Noise-Control Requirements in  Airconditioning
Systems for Buildings’.

The emphasis on certain topics seems out of propor-
tion to others, eg. 78 pages are devoted to aircraft and
airport noise while there are only 15 pages on road traffic
noise, two on rail traffic and four on household appliance
noise. Though the content of a book should largely be the
prerogative of the author, in a general text on noise control,
such as this, the emphasis given to various noise sources
should reflect the importance to the community of those
noise sources.

In the fly-leaf it is suggested that the book will be
equally useful to architects, builders, designers, planners,
engineers and environmentalists. (It is doubtful if any text
book could be of equal value to such a diverse group of
practitioners.) The book may also be of use to lawyers in
noise cunlrc\ cases brought to court.

Like the previous edition the book is a very readable
one. It is unfortunate though that the references have not
been updated and that the‘index and bibliography have not
been made more comprehensive.

FERGUS FRICKE

VIBRATIONS IN ROTATING MACHINERY
Mechanical Engineering Publications Ltd, P.O. Box 24,
Northgate Avenue, Bury St Edmunds, Suffolk IP32 68W,
1977.339 pp. SUS74.

a collection of 43 papers read at a Conference
held at the University of Cambridge on September 15-17,
1976; sponsored by the Institution of Mechanical Engineers
and cosponsored by the Japan Society of Mechanical
Engineers and the Verein Deutscher Ingenieure. The papers
are authoritative and wide in scope and will be valuable
reading for all concerned with the design construction and
operation of rotating machinery.

Reprinted from Engineers Australia

_Irl\llgnASOUND AND LOW FREQUENCY VIBRA-

Edited by W. Tempest. Academic Press, NY. Available
through Harcourt Brace Jovanovich, Centrecourt, 25:27
Paul Street, North Ryde, NSW 2113. 1976. 364pp.

A very thorough and well referenced text, this work
deals in a comprehensive manner with a difficult and well
written-up subject. The real difficulty of developing a
suitable measurements technology is well covered, and the
emphasis given to human aspects, the review of subjective
aspects, physiology and pathology, science and technology
all add up o a truly multidisciplinary approach. It is one of
the few occasions when a difficult book is both informative
and enjoyable.

Reprinted from Engineers Australia



FACT:

Vibration is inherent in rotating machinery.
Turbines, pumps, machine tools, etc. all

vibrate to some degree. The purpose of an
effective vibration analysis program is to
monitor this vibration and note when it
increases above acceptable levels.

SCIENTIFIC ATLANTA
Vibration Signature Analyzer Model 2520

Theradical change of the vibration

characteristics of amachine indicates impending

failure. Being able to recognize this change, via

vibration analysis, has several advantages:

1. Timely shutdown of faulty equipment
minimizes dam:

The Vibration Signature Analyzer provides rapid,
direct reading recordings of rotary machine
condition. The Model 2520 is the simplest, most
effective vibrational analysis tool in the field today.
Using the Model 2520, anyone—the machine
operator, his supervisor, the plant
superintendent, or the vice president of
manufacturing—can determine at a glance if the
machine is in operating condition or needs to be
shut down for inspection or repair

AP of

The velocity frequency graph generated by the
Model 2520 is recorded on 4 inch by 6 inch cards
which form a permanent maintenance record.
With periodic testing, machine performance can
be monitored over along period, thereby making it
possible to detect problems as they develop and
before they become serious. Recorder cards are
available in both English and metric scales.

The hard copy record of machine conditions
produced by the Model 2520 provides an ideal
record of machine operating characteristics ata
time of production, acceptance, or installation.

The portabmty low cost, and ease of operation of

2. Whers vibration levels are excessive but not
critical, maintenance can be scheduled

3. Parts and material in
advance.

4. Serviceable components do not need to be

disassembled and inspected.

12520 makes it a simple matter to generate
s Sae ing Chackon he machinars condition,
even after installation in a customer’s facility.

SCIENTIFIC ATLANTA
N ion C

The Scientific-Atlanta Model 2509, Torsional
Vibration Conditioner is an accessory unit to be

Model 2509

y wit odel
2520 Vibration Signature Analyzer. Used in
conjunction with a ferrous gear and magnetic
sensor, the 2509 will convert and condition the
rate information to an applicable form for dynamic
angular displacement recording during the
recording cycle. The conditioner incorporates a
selector for operation with 60, 100, 120 or 200
tooth gears.
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GET YOUR SECOND PASSPORT

Your first passport, issued to you by
the Australian Government, is your licence
tosee the world. Itll cost you $20.00. Your
second one, which we have right now for

'qu, is your licence fo enjoy the world.

Defails and prices of over 150
Qantasftic Holidays fo every corner of the

worl

And all the information you need to
plu]rga %c choose your overseas holiday
in

s free.
I'sthe 1977 Qant F
It's 132 pages of essential information
for the Australian traveller

10 plan your tp et
yourseconJ passport, free, from&@antas
oryour Qantas Travel Agent.
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