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I am deeply honcured, and with myeelf I include my many .
young assoociates at Imperial College during the last twenty years,
in being asked to give the second Rayleigh lecture. Eninent men
of sclence like Lord Rayleigh are intelleotunl glants whom most of
us can merely admire but cen never dream of emlating.

Hence it was with this sense of mmility that I gratefully
accepted the Society's award. It gives me added interest now to
recall that my entry into Imperial College as a physics under-
graduate was a year too late to have received lectures from Lozd
Reyleigh's son, the fourth Baron, who had Juet resigned following
the death of his father. Hie subject of reeearch however was
radiocaotivity. .

Professor Erwin Meyer est a high standard with the initial
Bayleigh mddreas which subsequent speakers will find diffioult to
achieve, Hs showed in desoribing soms of the work in hie world-~
famad research group at Gottingen that there is still ample
opportunity in acoustios for making ingenious and scientifically
worthwhile contributions.

In chooeing the title of my talk I.felt it appropriate to
widen the content and to make some general reference to Bayleigh
as & person and to the breadth of his work, and in particular to
his contritution to the eatablishment of Britiesh and world
aconstical science, Such an approach will aleo indicate how closely
acoustios is entwined with many other disciplines, In keeping aleo
with the objectives of the award some aspeots will be described
of our recent work at Imperial College whioh has some relevance to
the investigations of Lord Rayleigh. The selection of the
particular topice in one sense was not difficult for I eoom foumd
that the breadth of his acouatical activity was even wider than I
.had supposed previously., HRemembering alac that Rayleigh wos an
experimentallst 1 am golng to follow the habit of the old-time
lecturers and the pertinent advice of Dr.Samuel Johnson "People
bave now-a-days got a strange opinion that everything ehould be
tanght by lectures .eeevese I know nothing that can be best taught by
lecturee, except where experiments are to be showm".

In choosing the title of my lecture I was mindful that acoustics
formed only about cme-fifth of Rayleigh'e scientifioc ressarch
output. This fact surprises many acoustiocal workers who forget,
or d1d not know, that Rayleigh was awarded in 1905 the Nobel prize
in physice mainly for his pioneer work om Argon. The preface of
Sclmister's olassical work on Theory of Optics (1904) is dedicated
to John William Strutt, Baron Rayleigh,0.M.,ScD.,F.R.S5. with the
words " who by his writings has added clearness and precision to
nearly all braunches of optics". It ls interesting to record
Schuster wrote that the problem of light will only be eolwved when
we have discovered the mechaniosl propertiss of the sether., So he
contimies. a theoretical study of light muat be introduced by a
oareful treatment of wave propagation through media of kmownelastic
properties - honoe a study of sound and of the old elastic molid
theory of light should precede the introduction of elestromagnetic
equations, '




In order to appreciate the etate of acoustical thinking at the
time of Bayleigh's advent into the field let ws look back briefly
in time. By the end of the 17th century the term "acoustica" was
beginning to be used in the modern sense of embracing all problems
comnected with eound apd hearing and already some advance had been
mads in the knowledge of hearing mechaniemp, In fact at this time
there was a surge of acoustical interest, associated largely with
the development of etring and percuseion instruments, and & number
of books on accustice appeared, such a8 "Die Akustik' by Chladni
{1756-1824), who ie renowned for hie experimentsl technique of
dieplaying vibrational modes of exoited plates., It was towards the
end of the 17th century that Newton in his Principia gave ths
first mathematical theory of sound wave propagation in fluids btat
the disagreement of his theory with experiment was not explained
until over 100 yeara later, by laplace (1816). It is significant
to mention here that Newton had to re-caat the proofs of his
Principia, changing the calculus notation to the olassioal
gecmetrical form familiar to readers of Buclid and Archimedes,

in order that his work might be more generally understood. This
congervative attitude in technique wae probably the main cause of
the pterile period of mathematicse in Britain, at the end of the
eighteenth century, the last British mathematiclans of dietinction
in this period being Maclaurin{1698-1746) and Simpson (1710-1761)
Except for Robert Young (1773-1829), who laid the foundations of
the wave theory of light and sound during the first decade of the
19th century, mathematical physice was in the hands of the Furopean
sclentiate Freemel, Fourler, Poleeon, Laplace etc. They developed
the theory of propegetion of elastic and thermal wavee, thus

relating acoustics with mechanice and thermodynamica. The introduction
of continental mathematical methods by the Cambridge Ansiytical
Society early in the 19th century socon bore fruit in the evolution

of a group of British mathematical physicists equal to any in Europe
viz: - Kelvin, Stokes, Maxwell, Rayleigh and J.J.Themson. Such was
the stimulating etmosphere in which Raylelgh developed his talents.
Additionally preceding him in time was the great German acoustician
and all-round phyeical scientist, Helmholtz, The third edition of

his bock 'Die Lehre von der Tonempfindungen' in fact appeared eight
Fyears before Rayleigh's "Theory of Sound". The latter generally
regarded as the bible of acousticse being a complete study of
vibrating eyostems, of sound propegation in free epace and of
diffraction phenomena. Rayleigh derived inspiration frapthis work
from the earlier elastic medis theory formulated by Stokes end from
the reading of Helmholtz' book,and it ia noteworthy that he

comzenced his writing while on a health recupsrating boat trip up

the River File, It would be pointless, and in faot impossidle,

for me, In one leocture, to give details of the many acoustical topice
pursued by Rayleigh but these are admirably chrenicled by Professor
Bruce Lindesy in his recent book entitled 'Lord Rayleigh, the Man

and hia Work'. 4 full biographical account of Rayleigh's life is
contdined in the pecond edition of“Life of William Strutt", edited

by John Howard, the first editiom published in 192),being written

by Rayleigh's son, the fourth Baron.

Rayleigh had a clear style of writing and in the main he chose
practical problems, specialising in what is now termed engineering
physice. This cholce provides & reaeon why his work is still basic
for meny of the present day practical poblems euch as frieotion,
lubrication ete., and I was interested to find a distinotive reference
to him in *Men of Lubrication' - no this does not refer to any
inebriate habits - publiehed by the Amsricen Soclety of Lubriocation
Engineers. His work on the dynamical properties of liguid surfaces

is of current inte:jest and I ghall be making further reference to
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to this subject. .

It is sppropriate to mention here that Rayleigh had a live
intereat in the history of physics and with it a desire to do
Justice to the pioneer efforts of earlier workers, as is exemplified
by his resurrection from the Archives of the Royal Soocdety (1845)
of a memolr due to J.J.Waterston. This Scottish engineer
established the theoretical basis for the moleocular theory of gases,
but only a brief reference was mede to the work in The British
Assooiation Report for 1851, and nearly fifty years elapsed before
it received rightful recognition, due to Lord Reyleigh.

The referee who sald that 'the paper is nothing but nonsense, unfit
even for reading before the Society' effectively held back the
development of the subject by fifteen years - until Maxwell's paper.

It 18 worthy of note that Waterston's memoir contained the
firet caloulation of ges molecular velooity snd of its reletion to
the velocity of sound in the gas.

In the two following disgrame I hope to comvey firetly (Fig.l)
some idea of the mumerous activities,not including his dairy budness,
of Lord Raylelgh,and secondly, the breadth of his accustical work,
which has provided in effect (Jee Fig.2.) the cormer-stones for
nany active areas of investigation today.

In technical developmenta acoustics is very much a live poience
and Rayleigh himself was on the look-out always for a present or
future application of his work. By way of example it was in 1886
that he became concerned with surface waves and he voiced the
belief that they might play an important part in earthquakes as
was confirmed later by Wiechert, Such waves move with a slower
velocity than the solid dilational wavee and this fact receives
application in geophysical prospecting. < In the laboratory they may
be genmerated on the rims of gear wheels etc., as shown for example
at Imperial College by Sinclair, and there im at the present time
congiderable setivity in the generation of Rayleigh and other types
of ourface waves at GigaHertz frequencies.for use in filters and
delay lines.

In mechanical engineering Rayleigh's influence 1o detected in
the useful application of hip energy principle to the approximate
determination of critical loads and frequenciea of mechanicel systema.
This principle states that in the fundamental mode of vibration of
an elastio medium the distribution of kinetic and potential energles
is such as to meke the frequency a minimum.

Turnirgte hydrodynamics, the contritutions of Rayleigh are
closely paralleled by those of Lord Kelvin and in fact both were
ancng that eminent band of 18th and 19th century classical hydro-
dynamiciats which included BEuler, Lagrange, Newiton, Barnouilli etec.
Rayleigh'e investigations of wave characteristios ranged from surface
oscillations in reservoirs to the evaluation of wave profiles of
finite amplitude., He studied the instability of liquid jets, and
Osborn Reynolds' observations on the sound emitted by the partial
or complete collapse of bubbles in water, during the bolling stage
in a kettle, inspired him to study the dynamice of bubble collapse
in a liquid. The wide industrial and fundamental academic importanoce
of this topic which still oxists today and is having contirmed
technical application is illustrated in Fig.3. Cawvitation resulta
from the production of a tension within a liquid and may be obtained
hydrodynamically, as with a ships' propeller, or under ultrasonic
irradiation of sufficient intensity to overcome the ambient pressure.
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The phenomenon is the basic mechaniem invelved in industrial |
cleaning and chemical processes btut it is a limiting factor in the ‘
intensity of operating transducers in underwatsr scnar work and

care has to be exercised in aveiding its occurrence in the human |
body. A colleague, Dr.Ayad has recently used cavitation to

quicken haemolysis testing by the ultrasonic irradiation of blood |
patiples Fig.h.{a). The academic interest ie in the mechanism 1
which results in the high temperatures developed in the veid

¢ollapse, under acme conditions leading to luminosity. OCme theory

attributes the discharge to the joining of electrical charges and

the other to rapid adiabatic compresaion. The latter seems to be |
in favour and is supported by the obmervation of luminescence in |
liquid metals by Young at Imperial College, see Fig L.(b). |
We have rlso recently detected infra-red radiation and Peters has

carried out some model-type experiments to simulate bubble collapse.

In these experimenta thin glass epheresa, Fig 5. of 3 to 5 om.

dismeter are fractured underwater and the large amplitude outgoing

sound waves are measured by a suitable hydrophone. Various methods

of breakage were tried but although altering the nature of the

implosion, had seemingly little influence on the magnitude of the

resulting shock wave amplitude., This technique permita a variation

in the rate of collapse, Fig 6. by changing the initial gas pressure ‘
within the sphere and by using surrounding liquids of different : w
vigeoeitien.

With this renewed interest today in model experiments, it is
interesting to note that although Fourier had laid the foundation
of the principle of 'dynamic similarity' in 1822, it was not until
Rayleigh's first attempt to generalise the principle in 1892 that
it began to attract attention. Later {(1910-11) he applied the
method to general circulation problems in meteorology, just after
his appointment to the first British Committee in Aeronautice, and
no doubt he exercised significant influence in this new scientific
field. Rayleigh's work on turbulence was complementary to that of
Osborm Reymolds and Prandtl and their combined efforts had far-reaching
practical repercussions on the building of ships and aeroplanes.

Towarda the end of the 19th century Rayleigh stimulated a live
interest in physioclogical acousatice by the experiments he conducted,
in1876, on the binaural effect. By considering the head as a
apherical object he showed that direction finding was not the result
of an intensity difference at the two ears. He returned to the .
subject some thirty years later and became inclined towards a phase
difference explanation, but thia subject does not seem completely
resolved today. If it is purely a gquestion of phase difference
at the two ears considerable doubt would exist as to the possibility
of direction finding by humans underwater, having in mind the mach
greater velocity of sound in water compared with air ( a factor of
five). TUnderwater binaural experiments were carried out during
three congecutive summers in the warmer waters of the Mediterranean
at Malta under the site direction of B.Ray of Imperial College, and
1 will give a brief account of this work.

The investigation was designed to ascertain with what accuracy
a diver can localise a wide~band source in the open sea. A wide-
band source was chosen as being more representative of natural and
man-made sounds, and Klump and Fady have shown, in alr, that it produces
better binaural discrimination than a pure tone. Although
anechoic conditions at audio frequencies are virtually imposaible
underwater yet the repults obtained should be directly applicable
to the real environment. The final form of sound sowrce, which had
to be reasonably portable for the diver and to produce a wideband,
non-continuous source of sufficient amplitude, took the simple form
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of an actuated hammer, which was d to strike ons side of a
Fig.?;.

water-tight metal container (see The procedure adopted

in the 'free-cholce' experiment was for the accompamying diver

to switch on the sound source and for the subject in his own time

to point, Pig.8. to where he thought it was located, and the operator
gwam to & new position after every test. (The experiments were

often terminated after a shorter run than intended due to the
subject suffering from cold.} In the 'two—choice' experiments a
triangle wus marked with tapes on the sea bed at a depth of 30

feet and the subject eat on a heavy ateel hox at the apex of thia
triengle and he was allowed to atudy the lay-out before closing

the mask blagk-out. The aound source was positioned at one of the
two distant vertices and the subject was required to raise his left
or right arm to indicate his judgement of the course position,

4 third diver recorded the resulta. In both seriss of teate the
diver subject was 'blind-folded' by wearing a facemask incorporating
a metal flaf-which hinged-down to obscure virtually all light.

It was found that freely suspended subjects were able to
indicate the sound direction within a standard deviation of 50°
whereas the seated subjects indicated to with 20°, This difference
could be explained as ariaing from the latter observers having a
fized reference enviromment, so further obeservations were made of
the "free-choice' type in which the subject was provided with
contact with the sea-bed. In these cases the deviation was reduced
to 20°, thus supporting the explanation. The overall conclusion of
these experiments is that directional hearing is possible underwater,
although the majority of the diver-subjects had the impression that
they were not, or at best only marginally, able to localise the
source., However when forced to a choice he would be accurate to a
degree which surprised him.

In the realm of architectural accustics we find Rayleigh
glving pronouncement on the phenomenon of the Whispering Gallery of
St.Paul's Cathedral. He explained it in terms of the oreeping of
aound arocund the circular wall immediately surrounding the narrow
gallery, and at the same time disputing the suggestion of tha
Aptronomer Royal, the celebrated Sir George Airy,-that it was due
to reflection from the surface of the dome overhead. Rayleigh's
explanation, however, was not quite complete as the efficiensy of
the effect of St.Paul's is due to the slight inward sloping of the
walle. { It is interesting to note that Rayleigh ( and other workers)
received some criticism from W.C.Sabine for in his opimion not taking
sufficient account in their experimenta of the acoustical properties
of the boundary surfaces or terrain.) :

Another phenomenon which attracted Rayleigh's attention and
has topical relevance today is concernsd with thermo-acoustic
oscillations (Fig.9). Two distinct typea are recognised, Sondhaus
cacillations, which are sustained by the sddition of heat at the
closed end of a gap-filled pipe in which there is no net gaa flow,
Fig.,10., and Ri jke oscillations which arise on adding heat to an
internal metal grid located within the lower half of a vertical
metal pipe, having open ends to permit an internal upward flow
of gas. The Rijke phenomenon has been investigated wnder varying
conditions snd forms of gms systems, such as flame driven standing-
wave systems or the use of combuetion in air c¢olumns, and in general
the results confirm the Rayleigh critericn for the maintenance of
the cacillations. He argued that for these to be ghcouraged heat
mst be transferred to the gas at the moment of greatest compresaion.

In demonstrating this Rijke type of experiment a piece of
bunsen gauze is fashioned to occupy the cross sectionm of an iron
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tube at a location about one third of the lemgth from one end, On
heating the gauze with & bunsen burner and renoving the flame the
tube, held in the vertical, should speak quite loudly. If the
gauze were located in the upper half no response would be forth-
coming, but ae suggested by Rayleigh, and subsequently wverified

by Bosscha and Biess using a cold refrigerated grid in the upper
half, oseillations could be maintained by abatracting heat at the
moment of greatest rarefactiom. It 1B not essential for the tube
to be vertical but if horizontal a steady flow of gas has to be
¢irculated through the tube. Such a system was used by Friendlander
and Smith in America and also by Carl Humblein at Imperial College.
The set-up employed by him is shown in the next Figs 11 and 12

The type of performance obtained with the tube is given in Fig
13, and it may be concluded that the system is oapable of producing
high intensity sound at low frequencies, although the efficiency
is quite low. The maximm sound pressure level appeared at a
definite flow-rate. If thie is decreased then the tube oscillates
st smaller apnd emaller amplitudes while increasing the rate above
the optimum excites other vibrational modes. For greater efficiency
of operation the heating olement should be kept as thin as possible.

If the alr be at its normal density at the time when the transfer
of heat takes place then the vibretion is neither encouraged or
digscouraged but the pitch is altered. Thip type of phenomenon may
be illustrated by a simple depth sounding device coneisting of a
steel tube some 40 to SO cm.long, capped st one end with an open
cylinder or small horn, closed by a rubber membrane. On bringing
the open end into contact with the surface of liquid He in e vacuum
flask a change of pitch should be heard. I am indebted to an old
colleague R.Finch for reminding me of the application to depth
finding , when a liquid surface is not directly visible.

I have dwelt a littlelong perhape on these thermal phenomena
but today when we are concerned with audic and infrasonic sound
pollution, these thermo-acoustic oscillations are often the hidden
causes in industrial gas furnaces. The problem of vibrating plates
also .received some attention from Rayleigh at an early date (16873)
in a paper entitled 'The Nodal Lines of & Square Plate', This is
an aea of investigation which illustrates extremely well the impact
of developing technology on acoustic meassurements from the time of
Chladni with violin bow excitation through electrodynamic excitation
and the intriguing use of solid carbon dioxide by Dr.Mary Waller to
holographic methods. TIn the older methods sand or fine powder on
the surface of the plate was used as the mode indicating medium btut
with holography an optical fringe system may be observed which does
not gubject the plate to even & light mess lcading. In the experiment
carried out in our laboratory by Fryer a simple stroboscopic holographic
system was developed, using & diso exeited at a point on the rim to
similate a gear wheel., Various modes and their amplitude of
vibration could be egtimated from their optical fringe patterns and
an effort made to correlate with the sound cutpzt, the system being
contained within a small reverberant room. Fige. 1 and 15 show a
gchematic diagram of the experimental system together with a typical
'pleture! of a vibrational mode.

The main advaentages of holographic vibrational analysis are
its simplicity, semsitivity and the possibility of measuring with
high accuracy, either in real time or at leisure, vibraticnal
amplitudes over the whole of the object surface. When viewsd and
illuminated normally each fringe encountered eimply indicates that
the vibration amplitude has increased by one half-wavelength of
the lager light used.
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Bayleigh was interested in instrumentation alsc and hie most
pignificant contribution is the Rayleigh diec for measuring the
abeolute intenaity of sound, although in practice thare is a elight
dependence on the relative gamtrioa.l dimensions of the diec and
containing tube.

The developmsnt of the device by Hayleigh followed upon
Helmholtz'e modification of classeical hydrodynamicel theoxry
concerning mechaniocal resistance of fluids. Helmholtz maintained
that there was nothing in the nature of an ideal fluid to forbid
& finite slipping bhetween contiguous layers. 8o that at the edges
of a lamina sutmerged in a fluid etredam & surface of discontimmity
is formed which 'bounde' the fluid behind the lamina. As always
Rayleigh wes alive to an application and calculated the couple
acting on & disc euspended with its plane eet ohliqualy to the
sound beam.

This partielity to applied problems was again in evidence when
Rayleigh followed in the stepa of Faraday and Tyndall by accepting
the post of Soientific Advisor (1896-1913) to Trinity House. His
main contritution there was in the design of fog-horms, in whioh
bhe demonstrated that for maximum horizontal spread of acund over
the pea the horn should be of elliptical section with the major
axip as vertical. He was also involved with illumination from
lighthouses and the posaibility of floating the revolving mechaniem
on mercury to minimise friction. This was being opposed om the
grounds of expense to which he replied by reminding his critice

*that it ie the mercury which is not there which floats itt.

Ap a natural result of expanding frontiers and new techniomi
developments the demarcation line of any subject is being repeatedly
revieed, which has the effect of injecting new ideas and preventing
stagnation., 'This is an appealing aspect of acoustice because of
ite wide inter-dlsciplinary nature. Non-linearity considerations
for example, particularly in solid mechanics, has made notable
progress since the first World War, stimulated on the one hand by
International Congresses of Applied Mathematica and on the other by
advances in ongineering technology i.e. increased working temperatures
and operating speeds of prime movers, ges turbines, jet sngines,
rockets, reactors etc. Rayleigh's main contribution to the field
of non-linearity was a paper in the Proc. Soc. (1910) on 'Aerial
Plane Waves of Finite Amplitude' in which he reviewed the work of
earlier theoreticians btut also introduced some original ideas on
the formation and behaviour of *shock' waves,although he did not
use this term. Purthermore it must not be forgotton that he wae
very interested ir radiation presesure, a non-linear property of
eound propagation. This radiation pressure is proportional to the
sound intensity so that in an attenuating medium a contimuous wave
will glve rise to a pressure differential and hence a flow of the
mediun away from the source, termed acoustic sireaming. This effeoct
may be @imply demonstrated with a loudspeaker in which the cona
cpening is blocked off except for 'a central hole. Some light
threads are lung from a wire 'bridget spamning the hole, and on
energieing the speaker the central threads should set themselves
axially and directed away from the sound source, while the threads
near the edges of the hole ere sucked inwards i.e. there is a pump-
1like aotion.

4 distinctive area of development since Rayleigh's day in which
perhaps hie work has been less contibutory, is the use of acoustical
techniques in investigating the structure of matter. This field
of research locks at rescnance and relaxation phenomsna on an atomic
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soale, and effectively involves the wedding of basic resonance theory
with gquantum theoretical considerationa. ‘

It is perhaps not altogether surprising that Rayleigh, although
not actually epurning the modern approaches, found difficulty in
sbgorbing them for it was not many years before his birth that
Newton's corpuscular theory of light had been superceded by Young's
wvave theory. The latter held scle sway for nearly 100 years, until
the appearance of the photon concept Strangely however it was the
dilemma created by Rayleigh in hie 'founding! of the Rayleigh-Jeane
radiation law that actually led to Flanck's development of his
more general radiation law using quantum considerationa.

By analogy with the photons af electromagnetic waves the
quantised pound waves are known as phonons, those associated with
the lattice vibrations being termed thermal phonons. Interaction

.between these will occur at a temperature when the interatomic

forces become anharmonic and provides an explapation for intermal
friction in solids, an important parameter in mechanieal non-destructive
testing of materials. Eayleigh's contritution to this latter area

of acoustic application is his law of scattering, originally used by
him to explain the colour of the sky but equally applicable to
estimation of average grain size in polyorystalline medis, by the

change in attemuation of propagated ultrasonic waves.

Interaction acoustics is a field which han emerged during the
last decade in various forms such as acoustic-acoustic, acoustic-
optic and the interaction of ultrasonic waves with the atomic and
nmiclear magnetic moments of solids. - I will say a few words about
the latter since 1t is ope in whioh we at Imperial College had some
interest a few years ago. 4n ultrasonic wave passing through a
medivm, in the presence of a suitable magnetic field, can lose
‘ensrgy in exeiting components of the spin syetem to higher magnetic
energy levels. This will ocour when the frequency of the scund wave
is equal to A B/h, where A B is the energy spacing between epin
levels and h is Planck's constant. In conventional N.M,R.technique
this energy level transition i1s induced by applying am appropriate
radio frequency electric field, the spins returning to equilibrium
with the lattice vias a epin-phonon interaction. Thie lstter fact
euggested the poseibility of the exzcitation of the epin eystem by
an applied phonon field at the resonant frequency.

In ore of the two possible procedures the change in attemuation
of the ultrasonic wave om exciting the spine is observed. This
change 1s comparatively easy to cbserve with ionic orystals but very
careful experimentation is required intaling measurements with metals.
Barnes at Imperial College was in fact the firat to obtain the effect
with a metal, using a copper single crystal. It ehould be mentioned
that Acoustic N.M.R. applied to metals has the advantage of exciting
a larger spin population inm the bulk material than the conventional
F.M.R., vhich is reptricted by the 'skin-effect! to the ocuter®'layer?
of the epecimen.

Anocther topic attracting a great deal of attentiom is thet of
gound propagatien in aeletropic media, a domain, on & planetary
peale, which up till now has been the intereat of seismologiste
and to a certain extent also of oceanclogistes. The laboratory
interest has heightensd with the advent of carbon composites and
similar media  and with the use of deposited materiale for surface
wave propagation at Gigahertz freguencies. Starting with Stoneley's
extension of Hayleigh'es surface wave theory to the propagation of
similar waves at plane interfacee between isotropic eolide, there .



haa been considerable development in the theory of acoustic
propagation in anisotropic media and it is pignificant that a book
has just eppeared (by Musgrave) entitled Crystal Acoustics.

Around 1875-80 Rayleigh showed an incressing interest in
dynamic liquid drop phenomens and associated surface tension forces,
and he returned to the subject in the early 1890te, making particular
reference to the effect of surface contamination. This ability to
disgnose the essential parameters of a problem, e.g. to sort out the
reasons for small butrepeatable differences from expected results
was characteristic of Raylelgh as evident in his discovery of argon.
The surface effects are of topical interest today in the matter of
pollution, involving such problems as oil slicke on the ocean etec.
At Tmperial College we have been interested in the subject in
conneotion with the use of high polymers, such as polyox, in
effecting drag reduction on bodies moving through water.

Seett has conducted an acoustic investigation employing surface
generated ripples and observing them with the Moiré fringe technique.
The existense of such fringes was explained initislly by Rayleigh
towards the end of the last century but the ides lay dormant until
revived by Jobn Guild of the Fational Phymical Laboratory in the
late 1920's. Scott's experiment has therefore knit together two
apparently diverse areas of Raylelgh's interests. Moiré fringes
are in genaral produced by the simple gecmetrical superposition of
two ptraight line gratings, and are observed when their line pitches
are of the seme order and the two systems are included at a small
angle (Fig 16 (a) }. The image distortion of a line grating produced
by the surface ripples im shown in Fig 16 (b) and the resulting
fringe patiern on combining with the reference grating is given in
Fig 16 (o). The schematic diagram of the apparatus is shown in

Fig 17. The passage of the travelling surface wave displaces the
fringes perpendicular to their rest direction by an amount which is

proportional to the slope of the wave at any point of tha wave-train,
Frem an eletronic flash picture both damping and wavelength can be
evaluated, With polymer monclayers the system shows surface
elasticity and the damping of the waves is greatly increased compared
with that for pure water. This high attenuation is attributable to
the existence of longitudinal -surface waves, & resonance phenomemon
occurring at surface elasticities for which the velocities of the

two types of waves are equal.

Conoclusion,

I would like to conclude with a brief commentary on Rayleigh'a
success 88 teacher and head of the Cavendish Laboratory at Cambridge.
During hia period of office, with the help of Glazebrook and Shaw,
he laid the foundation of what becams the traditional undergraduate
practical physical course in Britieh Universities. He showed a
preference for ineluding experiments requiring mome degree of akill
and persistence and to quote his words 'anyone who could handle a
thing without lmocking it off the table was an acquisition', An
illuminating comment upon Rayleigh's zumning of the laboratory,
which is not without a moral, is given by Mrs. Sidgwick { who
worked with him in the setting-up of elesctrical standards) ' I think
that the way he affscted other people and his suocese in inspiring
work and in getting othere to work with him and for him, was
largely due to his gentlences and sympathetic interest in vhat
others did. He hardly ever betrayed any irritatiom, or hustled or
worried people, and he never put himself forward umduly or allowed
personal ambition to prevail. His desire wae manifestly for the
gensral good and the advancement of knowledge in whatever way was
bast'. .
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Tn mentioning eleetrical standards I am reminded that Rayleigh
plaged a prominent part in the establishment of the National
Phyoiosl Laboratory of which hies former demonstrator, Glazebrook,
wag the first director. Sco incidentally Rayleigh had a hand in
the oreation of cne of the bastione of aoousticsl work in Britain
during this century.

This has been an era of speclalisation amnd I think research
groups have been often toc restrictive in their interests. By
contrast Rayleigh would usually have a mumber of problems on hand
so that he ocould rapidly turm to the one in which he had immediate
inspiration. There are happy signs that we are moéving back to more
raticnal and broader courses of study in soience such as I was
privileged to enjoy in the 1920%s,

" I hope that my talk bas perved to indicate that Lord Rayleigh's
work on 'Sound', although almost unbelievably comprehensive, has
ptill left mech of the acoustic ploture to be filled in by future
investigators, He gave us a broad canvas of many hues the main
colours of which remain basicalily the same, but with modern
investigational dsvelopments the boundaries no longer appear distinct,
The picture in fact beoome more complex, but by ths use of computers
and other aifis we are able to tackle problems which would have been
impoasible in Rayleigh'a day.

In the worde of Mark Twain *'It is difficult to make predictions
= particularly sbout the future'!. We cannot readily vieualize
where technology will lead us. Ome of the pressing needs however
in accustice is the accurate measurement of sound intensity,important
alike from the legal aspect of nolse control s in the safe dosage
of ultrasonice being applied to 2 lmuman.

We are at present vitelly concermed with the maisance of nolee
perhspe in a decade hence we will be involwed in the sociocloglioal
aspecte of silence. Whatever the future holds however, I am sure
that acousticiane will still be locking backwards for some light
from thét remerkably illuminating scientific edifice called Rayleigh's
1Soumd!*,

I do thank you for your kind attention to my talk especially
for the forebearance of the mathematically-minded. T apologiee to
you for the absence of equations and formmlae tut I felt that these
are best omitted from a broad-based talk and are batter digested by
reading of the original papers.
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PIG.3: APPLICATIONS OF HESEARCH TNTO BUBBLE COLLAPSE,
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Fig 7

hotograph of the 'buzzer' sound source.
{with lid and '0' ring removed)

Construction of the 'bnzzer' sound source.

Metal'lid
‘Q'ring
Battery =
— 3 .
= v
: = case
: —1
e i >
52
I = =
Magnet Bell Bleed valve |
Reed swilch mecheanism

19




Diagram showing the pozition of the divers in the

free choice experiments.

Cameraman
on surface

Cameraman uses subject's
air bubbles to position
himself vertically above
subject.

Sound source

Subject anchored
to sea-bed
about 8m below
surface
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MUSTCAL NOISY GAS  CHEMICAL

FLAMES " BURNERS ROCKET
ENGINES

SOLID SYSTEMS

TREVELYAN'S ROCKER

FI1G. 9: THERMO-ACOUSTIC OSCILLATTONS AND THEIR RELATED FEENOMENA. '
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MEASURED AT EXIT TEMP. OF APPROX, 100°C
AT OFT, FLOW RATE == 550 L/MIN.

Ko fL=0-78

HEATER POWER = 3040 WATTS

9]

|

Sooo TUBE LENGTH £560 mm

F16.13: RIJKE TUBE 3KW ELEMENT WORKING RANGE




Hologram

FIG.14: HOLOGRAPHIC SYSTEM USING SCANNED FLATE
METAL DISC AS OBJECT ( AFTER FRYERt PROGRESS IN PHYSICS: 1970)
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FIG, 153 STROBOSCOPIC DOUBLE~EXPOSED HOLOGRAM: 1320 ON=OFF

RATIO, OF A 30 CM, DIAMETER PLATE VIBRATING AT 1200 Hz,
(FRYER: PROGRESS IN PHYSICS: 1970)
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(a) {b)

i IR

N | +

(e) FIG. 16: FORMATION OF MOIRE FRINGES

\
\
(a) By twe inclined straight line {

gratingss |

(b) Image of a line grating disturbed
by surface ripplese

(c) Arising from excitation of 25Hz
surface ripples.

(After Scott:Optics Technology,
1969)

!

Line Grating G
Liquid
Line Grating G Tmnspurentk bottomed
tan
' |
FIG. 17: SCHEMATIC = Triggering = Signal
Stroboscope = relay i generator
LAYOUT OF APPARATUSs *
= - Power
= - amplifier
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