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PREFACE,

My interest in Stethoscopy dates back to the

time when I first entered the class of Clinical
Medicine, I had previously, while on war service,
been interested in the propagation of sound in
sea water, and finding that acoustics played so
important a part in the diagnosis of pulmonary and
cardiac conditions, I naturally sought to under-
stand both the nature of intrathoracic vibratory
disturbances and the mechanism of their convey=
ance 10 the ear,.

In those early days two great difficulties
confronted me, Firstly, the difficulty of recog-
nising the various pulmonary signs even when
directed what to listen for; secondly, the diffi-
culty of following the explanations tendered for
the mechaniem of their propagation and production.

By the time I had finished my classes the
former had been partly overcome, the latter re-
mained, And so, immediately after graduation I
found myself engrossed in the literature of aus-
cultation, The more I read the more I became im-
pressed with the need for greater scientific pre-
cision, so many of the observations amounting to
little more than mere impressicns.

As it seemed logical that we should first
endeavour to understand the mechanism of our
instruments, I waes ultimately led to undertake
the work of this thesis, not relying merely upon
observations and impressions, but taking as my
guide the concepts and propositions framed chiefly
by those great master minde in sound and sound
sensation, Lord Rayleigh and Helmholtz,

L B I B O I N
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INTRODUCTION,

Of all the instrumente that have been invented to
assist the medical practitioner in the art of physical
diegnosis there is probably none over which a greater
anount of time and effort has been expended that the
stethoscope.
years

It ie now just over a hundredasince the celebrated
Laenec first published his epoch making discovery, and
since that time year after year has brought forth new
ideas, new inventions, new claims, and an endless
succession of controversies over the design and use
of this instrument.

wro s

The number of wasibers concerned is legion. It
is a formidable task in itself to take note of all
those whose articles and discussions have found their
way into the medical journals, and in addition to
these there must be hundreds more who have had origi-
nal ideas and had instruments executed according to
their own designs.

The catalogues of the various makers give
one an idea of the enormous variety of instruments
now on the market and at the same time serves as an
index of the difficulties in determining satisfactor-
ily the physical principele underlying its use, To
the student beginning hie clinical studies it is all
very conflicting and confusing. One advises him to
purchase instrument A another instrument B. He is
generally wise enough to choose one similar in type
to that employed by his clinical teacher. Or again,
he may be informed that it is a matter of indiffer-
ence which instrument he selects provided he adheres
to his selection.

This is an implicit statement of one of the
fundamental principles of stethoscopy viz. that we
have to learn to analyse the complex sensations per-—
cieved. Certain of the auscultated elements are due
to the particular instrument in use and have therefore
to be neglected. The success of the auscultator de-
pende at least in part on his ability, consciously or
subconsciously, to discount these instrumental factors.
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But such advice warranted as it is by clinical
experience does not lessen the importance of the fact,
that the intracorporeal vibrations as received by the
ear have been subjected to considerable diverse modi=-
fications depending on the particular instrument em-
ployed for their detection.

Not unreasonably therefore we may postulate the
possibilty of devising an instrument superior in its
intrinsic characteristics., It may appear that in the
first instance, we ought to aim at possessing a ste-
thoscope that will receive and conduct the intracor-
poreal vibrations with a mimimum loss of intensity
and a mimimum change in character., While we may with
experience learn to use successfully an instrument
that adds adventitious elements, or distorts the
transmitted sounds, it is making the process of phy-
geical interpretation more indirect and difficult.

The physics of the problem may be complicated but it
ought to be possible at least to surmise, if not to
demonstrate, the importance of the various factors
concerned; and we cannot hope to make any real ad-
vance in the interpretation of intracorporeal acou-
gtic phenomena unless we have & shrewd idea of the
behaviour of the instruments in use for their detec=
tion. 8o long as investigators continue to use
instruments varying appreciably in their behaviour
and in a manner unknown we cannot hope to correlate
strictly the results of their findings.

I have endeavoured in this thesis to enquire
into the mechanism of both the monaural and the
binaural forms, and to review the various ideas
that have from time to time been put forward. It
makes fascinating reading to trace the development
of the present day instruments, and to appreciate
the ideas behind the various improvements, but the
further one goes into the subject, the more one is
impressed with the empirical nature of many of the
claime put forward, The great bulk of argument is
devodid of scientific precision. Not a little of it
is stupid and some frankly ridiculous. There has
been comparatively little research work carried out
along unimpeachable lines.

0f course we must not forget that the evolu-
tion of the great majority of musical instruments



(4)

owes but little to the mathematician and the physi-
cist, and we must hesitate is criticise empirical
methods when we recall that the violin, the product
of such empiricism appears to be an almost perfect
resonator not merely for a few notes but for the
whole range of tones that can be produced on its
strings. What strikes one most however in reading
the history of the subject is the relatively small
amount of real progress that has been made since
Laenec's time. This has no doubt been due to sev-
eral factors, :

Firstly, acoustics is one of the most diffi-
cult branches of natural philosophy. 8econdly, the
stethoscope stands rather apart from musical in-
struments, and the results of empirical modifica-
tions are not so easily capable of satisfactory
evaluation. Thirdly, the stethoscope, &s such,
has but little interest for the musician, the
mathematician and the physicist. Lastly, for a
successful handling of the subject one would re-
quire an intimate knowledge of the medical aspects
of the problem in addition to an advanced train-
ing in physice and mathematics.

But now, an account of the large amount of
research work in hand in connection with the pro-
blems of broadcasting, reproduction of sound by
gramaphone, and long distance telephone communi-
cation, we are learning new facts of great prac-
tical importance. The minds of a great army of
workers are being trained to a more precise concep-
tion of the physical nature of sonorous vibratory
disturbances in different media and we may reason-
ably hope for some further developments in stethos-
copy in the near future, Just such fundamental
conceptions as to the nature, the production and
the transmission of sonorous vibrations is being
gradually recognized as & prime necessity for the
intelligent understanding of the results of aus-
cultation and percussion in witness whereof I can-
not do better than refer the reader to the space
devoted to diagostic acoustics in that excellent
modern text book by Norris and Landis "Diseases
of the Chest and the Principles of Physical
Diagnosis."

(1)
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The field is a large one and it is easy to
foresee the possibilities of developments in various
directions, The subject of sound analysis for example,
by the principles of selective resonance has been en-
gaging the attention of various scientists, It may be
possible by such means to gain further insight into
the nature of intracorporeal vibrations, especially
in heart murmurs. Such claims have indeed from time
to time been pyt forward by various stethoscope de-
signers but thiér efforts so far are hardly worthy
of serious consideration,

There are presumably also great possibilities
based on the use of the oscillation valve. In this
apparatus we have a means of obtaining magnified ef-
feats by using the original small energy manifesta-
tions to control the output.of larger sources.

The idea of using the oscillation valwve as an
amplifier must now have occurred to & great many
practitioners. BSeveral experiments have been tried
to broadcast the sounds of the heart.

The great difficulty however to be overcome
is the designing of a receiving instrument sufficient-
ly sensitive, for in auscultation we are mainly inter-
ested in vibrations of very small intensity.

As there is nothing more irritating in reading a
thesis of this sort than to assume that the reader has
recently digested a standard textbook on the subject,
I have included articles on sound in general where
such have been required for the understanding of the
argument. By so doing, while it has necessarily
lengthened the work it has I hope, made it intel-
ligible without obliging the reader to refer to a
textbook on sound.

e o @ @ 08 06 80 8000 80
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SHORT HISTORY OF THE STETHOSCOPE.

- ——— ——

The principle upon which Auscultation rests was known
to Hippocrates but very 1ittle advance was made on
hie observations till the beginning of laet century.
Prior to that 1755the cognate art of percussion

ae epplied to the diagnosies of thoracic conditioms
had been discovered by Auenbrugger, though it
remained for Corvisart to introduce it into popular
use. It had however been epplied in early Grecian
timee for the differentiation of ascites from
tympanites. Direct or immediate auscultation viz.
by the agplication of the ear to the body surface
was prattised before the beginning of the 19th
century, but for obvious reasons it had never
become very popular, and up to the year 1816 very
little progress had been made in the discovery,
classification and interpretation of what we know
as suscultation signs.

In that year Laenec, the inventor of the
stethoscope made his great discovery and intro-
duced mediate or indirect auscultation.

The discovery like many others was made al-
most by accident and without forethought., He was
one day consulted by a young buxom girl obviusly
suffering from cardiae disease. Being unwilling
t0 epply immediate auscultation for reasons of
delicacy he suddenly recollected the fact that
sound could be conveyed to the ear from a vibrating
body by the interposing of a rod of wood. Looking
around for some article by which he could apply this
principle he found nothing in the shape of a rod at
hand; so, picking up a quire of paper he rolled it up
and applying one end to her breast applied his ear to
the other. -'

He was agreeable surprised to find he could
hear the heart sounds better than he abd ever heaxrd
them before. This immediately set him experimenting with
the object of improving and applying his invention.



He firet tried a solid rod of wood, but finding that
it did not transmit so well as the quire of paper,
which incidentally he could not roll wup tight enough
t0 exclude a central perforation he was lesd to appre-
ciate the significance of the coiumn of air.

Subsequently he experimented with a variety of
materials of different density, hollowing out the
chest piece end into a funnel and later the ear piece,
the latter modification being originally introduced
for the benefit of 8ir Charles Scudamore who was unable
to use th#s ordinary form on account of the shape of
his auricle.

The next improvement was by M. Piorry who reduced
the stem to a fingers thickness and found that it
conducted equally well.

By some of the foremost men in Vienna, Edinburgh,
Dublin, and London, more so than in the inventor's own
city Paris, The importance of the discovery was very
soon appreciated, although others less far seein
gsought to deride it as a toy. The publication og his
masterpiece "Traite de L'Auscultation Médiate" ought
to have convinced anyone open to reason, but for years
;rterwards the stethoscope was not at all popular in

rance. :

By 1830 the medical journals had begun to
contain numerous references to the use or non use of
the instrument, and the long train of discussion regar-
ding the nature, mode of production and transmission of
intracorporeal vibratory disturbances which is still
going on had been initiated as a natural consequence of
the invention. We find for example, Corrigan of Dublin
writing in the Lancet of 1828 on the subject of (3)
anefurism strongly advocating the use of the stethoscope
and dealing with the arguments of its opponents. In the
same volume The Lancet criticises Glasgow Royal Infir- (4)
mary for the death of a patient under treatment for
fistula in ano. At the post mort@m the lungs were
found to be consolidated. The Lancet points out that
this condition ought to have been discovered ante
mortem if the stethoscope had been employed.

A curiog little rhyme published in the Lancet of
1829 entitled Auscultation Extraordinary' gives us (5)
perhaps a better idea of the early reception of the



instrument than a whole host of references would do.

"Quoth Rod'rick I'll a place contrive,
80 dark and esafe no man alive,

Shall to our private meetings grope.
"Egad" cries Johnny," that won't do,

If there's no crack to listen through,
They'll take ‘reports! by stethoscope."

A reference in the same volume gives professor (6)
Duncan of Edinburgh the credit of being the first in
this country to recognise the value of the instru-
ment and advocate its general use. Duncan had him-
self attended La Charité where Laenec did so much of his
work, and obtained his model from Laenec's own instiu-
ment maker,

This reference is corroborated by another in the
Edinburgh Medical Journal (No. 104 1830) by Dr.Gregory,
Physician to the Royal Infirmary; while to Gregory
himself falls the credit of formulating what is now
a well known dictum in stethoscopy viz. that as much
depends on the listener as on the stethoscope.

It was not long before the need was felt for an
instrument more adaptable for convenient use with
patients too ill to be moved. BSome twenty years ago
following the publication of a lecture on Laenec and
the stethoscope in the British Medical Journal by
Theodore Williams ; (8)
a controversy arose as to whom the credit of first
%n{roduning the flexible binaural stethoscope should

elong.

Dr. Leard, referred to below, claimed this
distinction, but Williams says that his ancestor Dr.
C.J.B. Williams had the idea as early as 1829.

The credit however appears really to belong to
Nicholus P. Comins of Edinburgh Royal Infirmary who
contributes an artivle in the Lancet of 1829 on a (9)
"Flexible Stethoscope."” His idea was a hinged instru-
ment constituting essentially a bent tube. He con-
fut¥ed the objections that a bent tube should not
conduct as well as a straight one, and suggested a
modification to permit of the use of both ears;



in other words be predicted the advent of the binaural
pattern.

The next advance on this was Dr. Golding Bird's (10)
Flexible Tube =- 2 monaural form with a flexible tube
made of iron wire covered with caoutchouc, This was
introduced on 1840,

Edinburgh seems to have been well to the front
in those early days, one of the house surgeons Robert
Spittal publishing in 1830 a book of 280 pages
entitled "A treatise on Auscultation illustrated by
cases and disections. -

During the next fifteen years all the possible
uses of the instrument had been exploited from obste-
trical to cerebral auscultation, and the journals
teem with names still familiar to the medical student,
Nagle, Stokes, Skoda, Beau, Graves, Williams and
Corrigan; but a leading article in the Lancet of (11)
1843 indicates that Reven then auscultation was still
8 debated subject.

In 1840 M. Beau put forward a new theory of
respiration which was criticised later by Corrigan of 12%
Dublin. Then almost immediately afterwards we find in (13
the !dinburgg Medical and Surgical Journal a brilliant (14)
article by Skoda of Vienna (communicated by Dr. William
Drysdale and Dr. John Russell), in which there ie more
sound philosophical reasoning than in anything that
had previously been publisheéd. It is in this article
that Skoda puts forward his famous theory of consonance.
In London the two authorities were Dr. Herbert Davies
and Dr. 0.J.B. Williams to both of whom is due a con=-
siderable amount of credit for making the instrument
popular in England.

Dr. Davies's lecture published in 1850 is well (15)
worthy of consultation. I have refered in a subsequent
article to his experiments quoted in this lecture.

Dr. CJ.B. Williams Published in 1828 a book that
remained a classic for many years. "Physical S8igns
of the Diseases of the Lungs and Pleura." Healso intro-
duced the trumpet shape chest piece as an advance on the
bell shaped which had previously been in vogue.



He claimed that the trumpet form was more comfortable
and less subject to "reverberations".

In the early fifties the binaural instrument with
flexible tubes began to take shape. Comins's suggestion
already referred to does not seem to have come t0 any-
thing, and though there does not appear to be any (o)
doubt that Dr. Williame had a binaural instrument with
metal tubes many years before, the first publication
and exhibition of an instrument with two tubes appears to be
due to Dr. Ieard, who displayed his invention in the (17)
Great Exhibition in 1851. His tubes were made of
gutta percha. _

In 1855 Dr. Cammon of Mew York patented an instru-(18)
ment with some new features. He introduced the knob
form of ear piece to fit into the meatus and curved
the head tubes like the modern instrument and bound
them together by an elastic band.

The idea of a multiple stethoscope whereby
geveral persons could listen simultaneously appears to
be due to M. Landouzy of Parie who in 1850 constructed {39)
an instrument having a number of gum elastic tubes;
while the earliest indication of the idea of a die~
phragmatic instrument is the invention of Dr. N.B. (20)
Marsh of Cincinnati who in 1851 patented a stethos-
cope with two gum elastic tubes and a membrane applied
over its objective end.

In 1857 Dr. Scott Alison of the Erompten (21)
Hosplital introduced the differential stethoscope.
He used two chest pieces simultaneously with the idea
of comparing at once the sounds of healthy parts with
diseased. His idea has lain dormant for many years
but it is likely to be resuscitated and reapplied with
the advance of our knowledge of acoustics.

In a paper before the Royal Society on this (22)
differential stethoscope he referred to some highly
interesting acoustic Phenomena which had not hi%herto
been noted, e.g. the deprivation of hearing sound in one
ear by simply giving a little advantage tc the other
e.g. increasing the length of one limb of a binaural
stethoscope.



The past fifty of sixity years has seen the pub-
lication of a long list of different patterns but
with little essentially new. There have been hundreds
of minor alterations in detail having practically no
acoustic importance. An idea of these will be obtained
by a glance through the collection of prints in the
appendix,

We might make a brief notice of a few outstanding
modifications,

Bowles pattern consists of a flat shallow chest
piece with a diaphragm introduced on account of its
convenience of use in patients too ill to sit up; the
phonendoscope, a larger type of diaphragm with a
central piece for applying to the chest -- an instru-
ment now generally condemmed by experienced auscul-
tators; Arnolds phonOphdig, invented in 1894 which
appears to be constructed on a mistaken idea; and
lastly a modern form Marr's which has a perforated
diaphragm to divide up the air chamber.

Many of the modifications have been suggested
purely on account of considerations of convenience
of portability or use.

Lastly the advent of the oscillation valve
agpears to be about to inaugurate a new era in
stethoscopy. I have elsewhere referred to this both
in the introduction and in the article on the future
of auscultation,



THE NATURE OF THE PROBLEM

Let us examine firet of all what precisely is entailed
in the problem with which we are concerned.

In a lecture delivered before the Royal Medical (2ﬂ3)

and Chirurgical Society in London in 1873 Dr. C.J.B.
Williams M¥.D. F.R.S. whose labours played no small
part in bringing the stethoscope into popular use in
England, enunciated its principles as being "to con-
duct sound from the chest to the ear both by its solid
materials and through the enclosed column of air". He
was referring of course to the monaural type.

Norries and Landis, in their article on the ste-
thoscope define the main functions of the binaural
form as being,

(1) To prevent lateral radiation of the vibra-
tions with which the air it contains is
charged thus conducting a larger propor-
tion to the ear, and

(2) To exclude extraneons sounds.

These statements taken together from a compre-
hensive definition of the functiones of auscultation
instruments in general.

Our problem is to enquire into the exact mech-
anism by which these functions are performed,

By tracing the sequence of events from the ori-
gin of the sounds within the chest to their réception
by the ear we may draw up a list of all the pointe
requiring investigation having in view in the first
instance the use of the binaural form.

It may at firet sight appear that the problem
should begin with the application of the chest-piece
to the body surface; that we can so to speak as a
starting point visualise the sonorous vibrations
arrived at the surface of the body. This is not so.

(24)



Before that, it is necessary to enquire into the nature
and mode of transmission within the body of the external
physical disturbances associated with auscultation signs.
Particular pointes of importance are,

(1) Is their propagation through the tissues com=-
parable to propagaetion through air, water, &
sclid mass of metal or wood, i.e. is it essen=-
tially a propagation of an undulatory disturb-
ance of a molecular order in a conducting
medium? : .

(2) Or on the other hand do the structures act as
"bodies in a state of vibration as a whole?

This question requires special answer in reference
to the behaviour of the chest wall.

(3) What is the character of the vibrations? Are
they regular or periodic (partaking of the
nature of tones), or aperiodic (partaking
of the nature of noises)?

This is very important consideration although
attention does not seem to have been hitherto directed
to it. For such vibrations as are aperiodic the terms
selective resonance and sympathetic vibrations occur-
ring so frequently in the literature of stethoscopy
must be considered to be applied in a mistaken sense.

These questions being considered we suppose
ourselves dealing with an area of vibration emitting
body surface to which the chest piece is applied,
Here our first concern is the mode of transference
of sound energy from the body surface to the chest
piece and its contained air. Chest pieces for the
purpose of thie consideration may be grouped into
two great classes,

(1) The open mouth form in which the skin is
in direct contact with the imprisjoned air,

(2) The closed form in which a diaphragm or
other structure intervenes between the skin
and enclosed air.



Consider first a simple open mouth form applied
to the body surface. (See Fig 1.)

Two posgibilities immediately present them-—

selves,

(1) Direct transference of sound energy from

(2)

the body surface B to the enclosed D.

Transference to the solid material EE' of
the chest piece by virtue of its contact
with the body surface at AA',

As regards the former we have to endeavour to
form an exact physical concept of the passage of
vibratory disturbances from chest wall to air., Again
there are two possibilities,

(a)

(b)

The vibrations internal to the skin may be
conceived as a molecular disturbance in
which case their transference to the air of
D is an example of the refraction of sound
from one medium to another. An analogous
problem is the audibility in air of sound
produced in water.

On the other hand the whole area B can be
considered in a vibrating state, in which
case it acts like & souree of sound. The
problem is then comparable to & closed air
chamber with rigid walls having & window
closed by a vibrating membrane.



As regards the transference by the solid material in
virtue of its contact with the body surface, again there is
more than one possiblity.

(1) Conduction by the solid material i.e. the solid
material plays the part of a medium in which
sound waves are transmitted as a molecular dis-—
turbance, there being no motion of the solid
material as a whole. The value of this means
of conveyance will depend on the nature of the
conducting path proximal to the chest piece.
Thus if rubber tubes be used in which sound
conduction is very poor this will in any case
be of no importance.

(2) The walls of the chest piece may be set into a
state of vibration. 8Such vibrations must neces=-
sarily be of a very complex character, but by
way of illustrating possibilities consider Fig 2,
which is a simple funnel applied to the chest wall,

/A

Pressure applied at AA' in a direction at right an-
gles to the body surface will tend to deform the sloping
sides, which might in the simplest case be assumed to
take the contour indicated by the dotted line with each
compression.

Or again, the circular section might be assumed to
become ellipitical,

In actual practice the alterations in shape must
be very complex, but the important point is that the
vibrations of the solid parts will set up corresponding
vibrations in the enclosed air and we should be happy
if we could determine to what extent this mechanism
operates in a given chest piece.



Further problems arise in those cases where the
mouth of the chest piece is closed by a diaphragm.
Transference is then first to the diaphragm., The be-
haviour of such diaphragm calls for a special investi-

gation.

A number of minor problems arise before we pass
to the consideration of chest pieces, such as,

(1)

(2)

The
tention,

Delimitation of the area from which vibra-
tions can be supposed to be received by the
chest piece in & given position.

The effect of the application of pressure
on the stethoscope. 8Sewall has written
widely on this subject.

subject of chestpieces neit engages our at-
Broadly the problems here may be classified

into two great groups.

(1)

(2)

According as they are of general applica-
bility.

According as they refer to peculiarties
of individual forms.

O0f the general problems, we have to enquire,

(1)

(2)

(3)

What is the optimum area of chest wall
to be enclosed by the mouth piece, and
what shape should the mouth piece take
(e.g. circular or elliptical)?

To what changes are the vibrations sub-
jected in their passage through the chest
piece? What alteration if any takes place
in the intensity of the component vibra-
tions i.,e. how is the sound modified by
(a) the metal parts (b) the enclosed air?

Is the contained air or the solid frame
capable of acting as a resonator? Various
instruments have been specially designed
either to act as rébnators or to avoid
such a possibility.

(25)



(4) Wnat interchanges of energy takes place be-
tween the systems formed by (a) the enclosed
air, (6) the solid parts. In other words
trace the subsequent history of the energy
transmitted direct to the contained air and
that transmitted to the solid walls.

Coming to the group of problems depending on the
particular form of chest piece we note that chest pieces
in general for binaural stethoscopes are usually,

(1) A modification of a cone.

(2) A tympanic arrangement.

(3) Bell form. .

(1) The Cone Type:- Problems are,

i. VWhat value should the solid angle of the cone
have?

ii. Can we deduce its behaviour by following a
wave front advancing from the base to the
apex?

iii, VWhat should be the diameter of the leading off
tubes and should they both open into the coni-
cal part?

iv. What modifications of a simple cone are desir-
able e.g. a trumpet form?

The bell type calls for similar treatment with some
special consideration in peculiar forms like Arnold's
Phonophore.

The type of the chest piece closed by a diaphragm
is rather a different problem. We require to consider
the behaviour of the diaphragm as regards its reception
of sounds from the chest and its transmission of them
to the air beyond, Thereafter similar problems as before
arise as regards the behaviour of the air chamber and the
solid walls.

In particular we must endeavour to find an explana-
tion for the very marked difference in sensation observed
in using the diaphragm pattern as compared with the open
cone,



Having dealt with the acoustic properties of
chest pieces we try to visualise the vibrations pas-
sing on to the conducting tubes. At the junction
with chest piece we imagine aerial vibrations being
transmitted to the column of air, and vibrations
both transverse and longitudinal being handed on to
the material of which the tubee are made by the solid
part of the chest piece.

We have to try and follow the sequence of events
to the other end of the conducting tubes. Plainly
here we have the simple problem of vibration in tubes,
but also we have to think of the possibility of con-
duction by the solid walls.,

Finally we come to the ear pieces themselves.
There are many minor problems here for it is common
knowledge that badly fitting ear pieces greatly re-
duce the value of the stethoscope. Briefly these
problems are as follows.

(1) 1In what respect does the introduction of
ear pieces into the meatus alter the nor-
mal mode of sound reception?

(2) What part does the auricle play?

(3) The relative importance of bone and air
conduction.

This investigation should normally terminate
when we have seen 80 to speak the vibratory distur-
bances affecting the tympanic membrane, but the be-
haviour of the ear as a recording device is so pecu-
liar and differs to markedly from the behaviour of
& mechanical device that it will be necessary to
refer briefly to both the physiology and psychology
of hearing. It is hardly worth while endeavouring -
to understand any problem in acoustics without pre-
viously trying tc follow the part played by the ear.

8o far the investigation has concerned itself
mainly with the binaural form. With the monaural
form similar but simpler problems arise.

Apart from acoustics the factors that control
the design are mainly ease of application and porta-
bility.



The above is a 1list of the details involved in
the problem of the stethoscope. We shall not deal with
them all in particular but attempt rather to arrive at
the general principles from which each may be readily
solved.

e 2090000000 eseROPLREERO RS



METHODS AND MEANS BY WHICH THE
PROBLEMS MAY BE STUDIED.

o TH N ————

Acoustic problems in general like other branches of
physics may be investigated.

(1) Experimentally.
(2) By a process of mathematical deduction.

0f the two methods the latter has hitherto been
the more important and instructive,

Experimental methods are beset with unusual
difficulties arising out of the fact that the energy
associated with sonorous vibrations may be of extremely
small dimensions. In consequence, sound delecting de-
vices which are independent of the ear e.g. the vibra-
tion microphone are very crude in comparison with the
delicacy of discrimination of the auditory apparatus,
In stethoscopy these difficulties are still greater.
The sounds in which we are mainly interested are of ex-
treme feebleness, and though it may be safely anticipated
that it will one day be possible to amplify these and
study them by other means, at the present we have to be
content with the natural ear as the means of detecting
and measuring their effects. Experimental work in
stethoscopy therefore reduces to listening to a given
gouce of sound with different instruments and comparing
the effects. This method is open to the serious objec-
tion that there is a very large personal factor and that
the consciousness of sound sensations is related to the
external physical disturbances in a very intricate and
variable manner,

Mathematical investigation in the hands of Helmo—
1tz and Rayleigh has yjegilded wonderfully exact results
in the case of simpler problema and has proved very
suggestive and instructive in more complex ones. An
analytical mathematical investigation however of the
stethoscope is quite an impossibility. Rayleigh states
that our knowledge of mathematics is not yet suffiecient(26)
to enable us to deal with general problems in sound.



It need only be mentioned that to follow the treatment
of some of the simpler component problems would require
a ready acquaintance with the calculus and differential
equations, with something more than a working knowledge
of analytical dynamices and some of the functions of
Higher Analysis e.g. Bessel functions,

Dr. J.C. Blackwell therefore putting forward (27)
the claims for his instrument that it is mathematically
and physically correct can only be admired for his aunda-
city.

But while it is impossible to give even an approx-
imate mathematical treatment of any part of the stethos-
cope the results obtained for simple problems can be used
to guide us to the general principles underlying its use.

The inclusion of mathematical work as an essential
part of the argument wonld however at present be unjust-
ifiable in a medical thesis. I have therefore rigorous-
ly excluded such with a few important exeeptions, but
even these can be entirely neglected without detriment
to the understanding of the argument. The inclusion
of mathematical reasoning would, I fear, necessitate
its taking such a form as would, to borrow a phrase
from a recent writer on RELATIVITY, while still making
the medical man feel giddy would make the mathematician
feel sick.
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SOUND.

The word sound is commonly used in two different
senses,

l, To denote the sensations perceived by the
ear when the auditory nerves are stimu-
lated.

2. To denote the external physical distur-
bances which under ordinary conditions
suitably excite the auditory nerves.

It is mather important to keep this distinétion in
ming .

It ie8 a matter of common knowledge that the
source of sound is always & body in state of vib=
ration, The body may be & solid e.g. the string
of a violin, or a fluid e.8. a column of air in a
wind instrument.

But in order to produce sound it is not suf-
ficient to have some body in a state of vibration
as its source. We require also, some medium to receive
and transmit the vibratéry motion, otherwise neither
the sensation of sound nor the external disturbances
would be present.

It is further imperative that the vibrating body
should have 8uch size, shape and motion as to cause
a disturbance to advance through the medium and not
merely such as to produce a local flow and reflow.

Our ear enables us to perceive the sensation
of sound only when the fgequencies of the wibrations
lie within certain limits.

All sounds can be roughly classified into;-
(a) Tones.
(b) Noises.

At the extremes the distinetion is well marked
but there is no striet line of demarcation.



Tones sre believed to arise from vibrations which
sre regular i.e. which can be represented by a
periodic mathematical function, the simplest being
a harmonic function. (Sine funetion).

Noises are not properly understood. They may
possibly be produced (&) by vibrations occurring
at irregular intervals, (b) by a succescion of trains
of regular vibrations each train being of very short
duration,

Sound is propsgated by a wave motion in the
conducting medium, the characteristic of such motion
being that there is no mass displscement of the medium,
The individusl particles of the medium vibrate threugh
e small smplitude round their original undisturbed
positions.

Sound waves in sir are longitudinal i.e. the
direction of propagation is the same as the line of
motion.

Certain terms relating to vibrations require
to be defined.

(1) Period. The time from the instant that s
given point passes througha given position
to the time when it passes through the same
position moving in the same direction.

(2) Freguency. Number of vibrations per unit
time.,

(3) litude. /Maximum displacement of the
“particle auring its eycle of motion.

(4) Phase. The state of displacement and motion
at any instant in question.

All musical sounds are characterized by three
features.

(1) Pitche (2) Quality. (3) Intensity.

(1) Pitch depends upon the frequency of vib-
ration.

(2) 1Intensity is a purely physical quantity
independent of the ear. It is a measure
of the wave energy passed per unit time

through unit ares.



Loudness is a different thing. It varies with
intensity but in a very complex manner. It is partly
subjective and is not capable of exact physical mes-
surement.

(3) Quality is dependent upon the displacement and
motion at each instant,and this is determined
by the aggregation of overtones in associa-
tion with the fundamental tone.

Any problem in acoustics therefore involves a study of

(1) Vibrating bodies and their poaaiblé rates
of vibration, '

(2) The propagation through air or other media
of the disturbances which these vibrations
generate.

(3) The reception of the vibratory disturbances
and the effects produced by them.

A body in a state of vibration goes through per-
iodic deformations from its normal undisturbed confige
uration,and our aim in endeavouring to understand the

behaviour of any vibrating system is to be able to
follow these successive deformations in configuration
and the rates at which they take place. Analysed still
further this comes down to appreciating the relative
successive positions of adjacent particles of which the
body is composed,the paths of their motion,and their vel=-
ocity at any instant of time.

Vibrations in a medium we stody from a different
point of view. The medium does not vibrateas a whole.
In this respect it differs from a vibrating systemn.

We are simply concerned with the relative displace=~
ments and motions of adjacent local particles. The
wave motion so to speak passes on through the medium

The study of the propagation of & wave motion
through media requires & fair training in higher math-
ematics but Huyghen's introduced a valuable principle
by means of which we can trace the wave front as it aad-
vances through the medium and by so doing we are able
to gauge very approximately the actual condition of
things.



The basis of his principle is thise.

If a single particle of a medium be disturbed we
obtain a wave motion radisting in the form of a cirecle
or sphere according as we are dealing with the surface
of a medium like water or a three dimensional problem
as in aire.

Successive outlines of the wave front (in first
case) will then be represented by cencentive circles,
le Be 3o Tig:3,

Now Huyghens' principle states that the wave front at
eny instant can be derived from s preceding wave front
by considering esch wawe point on the preceding wave
front to have become a centr%_of a point disturbance.

Thus if we imagine all points on circle A fig. 4 %o
become centres of disturbance,the new wave fronts der-
ived from them would take the form of a series of
cirecles of equal radii and centres lying on the cire
cumference og A,and the envelope of all these small
circles viz. the circle B becomes the new wave front
of the original disturbance. This principle enables
us to study many problems e.g.it demonstrates how sound
coming through a small opening radistes into the sur-
rounding space and is not propagated like light in

a straight line.

g
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Thus if a plan¢wave arrives iz small orifice A
fig.5. successive waves fronts will be as shown in
sketch,

A simple application of this principle enables
us to understand why sound is propagated without loss
in tubes, no matter whether they be straight or curved.
Huyghens‘ principle is not simply a conventional con-
cept. The photographs in Professor 0.V. Boys' experi- (2§¢)
ments show that it has a sound physical basis.

Four important phenomena associated with the pro=-
pagation of sound in media call for specidl notice viz.
Reflection, Refraction, Interferance, Diffraction.

Reflection and Refraction,

When & ray of light in air falls upon the surface of a
volume of still water part of it is reflected back into
the air and part of it is refracted into the water,

In the cag of the reflected part the direction
of the reflecte FIB determined by the simple relation
that the angle of incidence equals the angle of reflec-
tion. In the case of the refracted ray its direction
is determined by the relation.

/mcb; =1 /_:'f_“'
e D i

lhen‘%: is the angle which the incident ray
A0 makeXs with the normel N@, and 9. is the
Y similar angle for the refracted ray OB.
.. g ™ and M being the refractive indices
" 'in air and water,

P"‘ ’3 (& #" -
. Az
Now stn Oy cannot be greater than 1 and as z% is
greater than 1, 9,can never be a right angle.

Now if the ray travelled in the reverse direction
BO, it would emerge as OA but ;,; the angle 9= were
greater than the critical angle™BO, e=z. then none could
emerge to the lighter medium; it would be totally re-
flected along AO.

The comparison of the amount of energy reflected



with that refracted is a more difficult problem, The
amount refracted is greater the nearer the incident
ray approximates to the normal.

Experimental work in sound demonstrates that when
sound waves produced is one medium fall upon the surface
of a second medium of markedly different density e.g. air
and water, practically total reflection takes place even
when the angle of incidence is in the line of the normal,
and it is doubtful indeed if the part refracted persists
atitall to any depth as 2 wave motion in the second med-
ium, As will be shown later, the transmission of sound tir
through the walls of a closed room is not to be explained
by refraction but by the variation in pressure over an
extended area of surface setting the walls into molar
motion.

Interference. Physicists object to this term as a mis-
nomer, en we are dealing with more than a single
train of waves in any medium, the motion and displace-
ment of any article at any instant is obtained by sum-
mating in the extended geometrical sense, the motions

of the practicle under the influence of each disturbance
in the abgenee of the others. It may so happen that this
gives a constantly zero value to the motion of a parti-
cular particle or (for practical pirpose) of a locali-
sed area of the medium, in which case no sensation of
sound can be obtained from that area.

This is called Interference, A simple way df il-
lustrating it is to hold a vibrating tuning 8rk close
to the ear and turn it through an angle of 90“, _

< TA sou:k
o Two sets of waves emanate from which a fork,
e one in direction A the other in direction B;

i3 £ QETD U‘("“) they interfere alofig the line C.

Diffraction is the term applied to the bending of waves
round a corner,

It is a very marked phenomenon in the realm of

sound in contrast to light. The explanation hinges on
the magnitude of the wave lengths.



SOUND SENSATION AND HEARING.

The final appeal in all questions of sound must
necessarily be to the ear. It is therefore ex-
pedient in dealing with any problem in acoustics
to have in mind the phenomena of hearing. This
is the more important because of the indirect
and variable relationship between physical dis-
turbances and the conscious appreciation of the
gensations they produce. Loudness and intensity
for example are very different things.

Theories of hearing however are very in-
volved, and for our purpose we shall have to be
content with the brief reference mainly to the
phenomena that are of importance in stethoscopy.

(1) Noises and tones.

As already atated the wholg range of auditory ‘
génsations can be devided up into two great
groups, tones and noises.

The psychological definition of noises (29)

(according to Watt) is that they are-auditory

maaaasz characterised by extreme departure from

the regularity and balance of tones, this de~-

parture from regularity of mass being attainable

by wvarious means egspecially by the rapid oseil-

lation of vibration rates, by which means the
dominance of piteh is more or less obliterated.

(2) Anslysis of Complex Sounds.

This is undoubtedly one of the most remarkable
properties of the mechanism of hearing and in
conjunction with the phenomena of attention con-
stitutes the basis of that great dictum "Choose
your stethoscope and stick to it,"

Simultaneious vibrations in any medium gave a com-
pound wave form, and if this compound wave form
be made vigible by one of the optical methods in
common use, & complex outline is obtained from
which the eye cannot recognise the prime constit-
uents. But if two notes be sounded together say



C and G the ear recognises their individual
presence, though, depending on the interval
a8 certain amount of fusion may take place,
the one note appearing to run through the
other. Only in the case of octaves does
fusion become se merked as to render it dif-
ficult to appreciate the presence of bitonal
mass.

This analytical property becomes exceed-
ingly marvellous when we consider how the ear
is able to recognise and identify individually
a whole range of different sounds simultaneously
Somewhere betwgen the external air and conscious-
ness there must be a mechanism for resolving
the complex wave impulse received upon the
tympanic membrane.

Numerous theories have been proposed to
explain this analytical power especially since
the work of Bowman Corti and Helmholtz, but
&ll with the exception perhaps of 3ir Thomas
Wrightson's must be considered to be more or
less guess work.

The hitherto most popular theory has
been that put forward by Helmholtz. He ap=-
proached the subject from the point of view
of the physicist. Being acquainted in
physics with no other mechanism besides that
of selective resonance for the analysis of
complex sounds, he assumed that the Organ of
Corti must represent a very elaborate series
of resonators, The theory is plausible ,
but only in so far as one is ignorant of the
structure of the internal ear. Various
modifications have fvom time to time been
suggested, but it is difficult for the
physiologist to accept and be satisfied with
any one of them. Others have assumed analysis
to ‘'be entirely a cerebral process. This does
not get over the difficulty, and it is in any
case hard to understand such a complex struc-
tures as the Organ of Corti without ascribing
to it morethan the function of being excited
by sound vibrations.

Sir Thomas Wrightson in 1918 published
a new theory an Impulse theory. He made a (30)



study by a8 mechanical piece of apparatus of
the complex wave derived by compouniiing two
8imple harmonic curves.

Prom certain points on the complex
curves, (maximas and minima and crossing points)
he found he was able to derive the primes. He
then showed that these points could correspond
to impulses on the hairlets in contact with
the membrana tectoria. One of the best features
of the vol is that the second half comprises
an appendix’eith on the anatomy of the ear.
This is an excellent work for Keith besides
adding to the common stock of knowlgdge by per-
sonal observation has studied the minute details
of the internal ear from the functional rather
than the architectural point of view.

But this anaslysis is limited in both
directions. On the one hand it is seldom
carried so far as to recognise the constitment
vibrations of which a complex sound is com-
posed. We stop short at sound massesy mole-
cules so %o spesk. Thus in the street we Te-
cognise each more or less as a unit, the rumble
of the car, the clatter of a horse's hoofs, the
hoot of a motor ete., and for obvious utilitarian
reasons do not seek to analyse them further.
On the other hand when the number of sources be-
comes very great we are no longer able to identify
each individually e.g. the babble of voices of a
large assembly of people. Interesting as all
this is however, I must zest content with pointing
out that in virtue of these observations we can
hardly expect to arrive at the same comeclusions
in regard to the stethoscope as we would if the
place of the ear were taken bys2a recording device.

111 Attention.
Hardly less important and wonderful is the ability
we possess of attending more or less exclusively
to one particular source out of a conglomergifon
of sounds. This is obwiously & matter of great
interest in auscultation. It must necessarily be
purely a cerebral function, and is capable of
marked development by education. For this reason
an instru §t is not to be condemned because it
adds a&vegg ous elements.



We can learn to read faint sounds through more
intense ones, a problem that often confronts

the wireless telegraphist, and we may be able
ultimately to hear sounds that we specially
wish to recognise better with an instrument

that is guilty of adding adventitious sounds
either by way of sympathetic vibrations or
otherwise, than with an instrument designed to
exclude such foreign elements, but which in ceon-
sequense of its design renders the sounds we
wish to detect very faint. Of course it should
be noted that faint sounds are normally heard
best in the absence of other sounds. This is
easily understood if the volume of two sources
can be considered additive, for when we have a
gsatisfactory means pf measuring intensity
Weber's law will probably be found to hold good.

Sound Direction.

Localisation ofi.the source of sound is apparently
depende@nt on a variety of factors but is rela-
tively poorly developed. Intthe normal individual
it appears in some measure to be dependent on the
gense of sight, or perhaps it is better to state
that the eye partly usutrps the place of the ear;
for when we see the vibrating body giving rise

to the sound we no longer require the a2id of the
ear for localisation. This explains the better
development of direction finding in the blind.

The part played by the auricle has not
been completely evaluated. That it plays some
part is obvious from the fact that sounds are
heard better from in front than from behind.
The most obvious explanation is the angle at
whichthe auricle is inclined to the head.

Intensity and phase difference are probably
the only other important factors. Variation in
intensity can only be due to¥X the shadow cast by
the head. A sound coming from the right would
affgect the right tympanic membrane more intensely
than the left. The vibrations of the left membrans
would also be slightly retarded in phase as com-
pared with the right and there is an interesting
observation which would lead us to attach con-
siderable importance to the difference of phase.



When we listen to a sound of moderate intensity
with a binaural stethoscope in which the limbs
are of equal length we hear the sound equally
in both ears. If now one limb be gradually
lengthened the degree of loudness in the
corresponding ear becomes markedly diminished
and finally is heard only in the ear connected
with the shorter limb. Moreover when the limbs
are equaldx the sound is referred to the chest
piece as originating there; when,one tube is
longer than the other it appears to have its
source in the ear itself, These phenomgna

are presumable cerebral manifestations intimately
connected with the mechanism of projection and
orientation. They were applied during the war
to the problem of sound direction in sea water.



THE ACOUSTICS OF THE EXTERNAL EAR.

While is is necessary to have an intimate knowledge
of the mechanism of the hearing apparatus internal
to the tympanic membrane if we wish to appreciate
what is involved in the study of any problem in
acoustics, in Stethoscopy we are really more
speclially interested in the external ear owing to
the manner in which the instrument has to be applied
to the auricle.

The ex%;nal ear consists acoustically of two
parts, the auricle, which subserves several func-
tions, and the meatus =- a conducting tube closed
internally by a membrane to which it conducts the
aerial vibrations.

The acoustics of this part of the auditory
apparatus has not received a great deal of scie-
ntific attention. This is natural on account of its
relative unimportance in contrast to the structure
of the internal and middle ear. 1Its main functions
however can be readily surmised.

The meatus is essentially a curved tube mea-
sured from the bottom of the concha it is about one
inch long. Its cross section varies at different
parts but the variation has no acoustical signi-
ficance. It is simply for sound reception pur-
poses, a short curved cylinder. On account of its
shortness in comparison with the length of the waves
of auditory vibrations the aerial vibrations entering
the open end may be considered as impinging unaltered

upon the tympanic membrane.

The extreme delicacy of the Organ of Corti
renders it essential that it should be carefully
igolated from all likely sources of injury. The
tympanic membrane with the ear ossicles fromss very
delicately balanced vibrating system of small inertia
whét also requires protection. These are obviously
the reasons for a conducting meatus.
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The curving of the meatus,be looked upon as &
further protective device against possible injury from
the entrance of foriegn bodies.

In dealing then with the problem of the binaural
stethoscope with earpieces that fit into the meatus,
full account would be taken of the meatus by considering
the tubes to be corresponding lengthened.

The auricle is a very irregular structure. Various
cleims have been put forward for it e.g.

(1) It acte as a sound collector.
(2) It assiste in determining direction.

(3) The various elevations and devressions are
concerned in the clear preception of sounds.(31)
(J. Williams).

In the first place we note that the tragus is ob-
viously a further protective device against the entrance
of foriegn bodies and the reason for the cavum conchae
follows at once when we appreciate the part played by
the tragga The auricles are inclined at an angle of
about 30° to the side of the head. Looked at from the
front we can see both projecting and we see that the an-
tihelix projecting more laterally than the tragus must
assist in concentrating th& sound waves and reflecting
them into the meatus. We commonly see this mechanism
enhanced by the use of the hand as a reflector in those
who are partially deaf., The part distal to the antihelix
plays a subsidiary function. In some cases the angle
it makes with the normal to the entrance of the meatus
is such that it cannot act as a collector at all, any
vibrations it receives being reflected away from the
meatus

The human ear has undergone great morphological
changes. Few races now possess the power of voluntary
movement and it is difficult to see that the structural
details of the auricle can subserve an acoustic purpose.
Moreover the great variety of auricles amon% different
mammals makes it presumptive that any such function as
rendering the sounds "clear" is highly improbable,



But at any rate we may well agree that the effective
receptive area of the auricle must give an effect
tantamount multiplying several times the diameter of
the meatus. As a direction finder various attributes
have been postulated for the auricle based upon ite
action as a collecting device, and the relative spa~
tial positions and inclination of the two auricles.
It is believed with apparent good reason that the
bilateral use of the ears enables us to project our
sound sensations and locate the source.

This may in part be due to the difference in
intensities, the head causing a sound shadow.
Weight is given to this assumption by the simple
experiment of tryi to locate a source of sound
with the eyes blindfolded. If one ear be aided by
using the hand as a reflector the direction indi-
cated is altered in such a way as to bring the source
of sound nearer the assisted ear.

The suggestion made by J. Williams can only be
given for what it is worth., There is no logical reason
why the external disturbances should have to undergo
such a modification. The reason why we perceive soundse
unaccompanied by the tinnyness of the gramaphone means
that the vibrations arriving at the ear undergo no
relative changes in thelir constituent primes. The
mechanism of the middle ear including the diaphragm
appears to act as a perfect vibrator - dead beat, and
not responding unduly to certain freqQuences.

We are now in a position to consider the problems

that arise in connection with the application of the ear
pieces to the auricle.

S 0 0 009 008 S8t 8Os SOeRBONOSBSSES REDR



BONE CONDUCTION.

The question of Bone cggduction has considerable inter-
est for the Stethoscopew more especially in connection
with the use of the monaural form.

In the normal mechanism of hearing the part
played by bone conduction is relatively smsall, and the
contribution it gives to the normal sound sensation
is probably negligible.

Such = raau%tuia an to the well known diffi-
culty with whieh refracted from one medium
to another differing so widely in their mechanical

properties as air and bone. The interface between

the media acts as an almost perfeat reflector.

When however a vibrating body is placed in
direct contalé with the cranium, the eraniun is direct-
ly forced to vibrate; transference of energy takes p
place readily, and bone eonduction becomes an important
consideration.

The mechanism of bone conduction is still a
matter of speculation., Prior to the publication of
Sir Thomas Wrightsons work when the resonator action
of the elements of the organ of Corti was still com-
monly accepted, the general impression appears to have
been that the cochlear walls were responsible for set-
ting up a wave disturbance in the perilymph and endo-
lymph, and that such wave disturbance being propagated
like an ordinary wave motion in a fluid medium directly
affected the vibrating elements of the organ of Coditi,

Keith and Wrightson however have been led to form
a different and more plausible conception. They ima-
gine the motion of the perilymph and endolymph to con-
sist of a mass displacement as if it were a rigid body
this on account of the small volume of the fluid.



They think the process essentially different from a
simple propagated wave disturbance. Such molar motion
would be impossible in a closed unyielding chamber, so
against the motion of the stapes they conceive the
fenestra rotunda set to permit of such a mass movement
of the fluid.

Keith guotes an interesting phenomenon sgeming
to lend weight to his argument, viz. that bone condunction
i8 improved by anything that interferes with the motion
of the stapes. The explanation is tolerable @bvious,
A rigid stapes leaves only the fenestra rot % as the
yielding structure permitting as in normal™ AO ?on of
the fluid, The vibrations of the cochlear “walls taking
the place of the vibrating stapes.

When both stapes and ferestra rotunda are free
to move, owing to their respective anatomical situations
relief is found for the compression to which the cochlear
walls subject the enclosed fli#tid without involving molar
motion of the fluid past the elements of the organ of
Corti to the same extent as when the stapes is rigid.

The increase in bone conduction consequent upon
occluding the external meatus is a faet of gimilar
significance. This has been called an artificial lesion
of the sound conducting apparatus, and the phenomenon
brought under the well known Weber's test for such lesion

The manner in which occlusion of the megtus inter-
feres with the motion of the stapes can be illustrated
by the simple experiment of
lAl___

B
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a piston moving in a closed cylinder fig. 8. If the
air chamber B is closed the pressure very rapidly
rises and resists the motion of the piston, but if a
free communication be ¢stablished with the external at-
mosphere as at 4 2 much greater motion of the piston
takes place for a given applied force.
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we shall see when we come to consider the application
of the ear piece to the ear



THE APPLICATION OF THE STETHOSCOPE TO THE EAR.

Up to the present the stethoscope haes been applied to the
ear in one of two general forms viz. either as a disc ap-
plied to the auricle as in the monaural form or as a
knob inserted into the meatus.

We have to enquire as to which of these results
in more faithful and better transesmission; and whether
any alternative modification can be suggested.

Of all possible devices we might make three classes:

1. Instruments which do not make contact with the
ear.,

2. Instruments applied over the auricle like the
earpiece of the monaural type, or like a pair
of head phones.

3. Intramental earpieces.

I think there is good reason to suppose (2) and (3)
and especially (3) somewhat interfered with the normal me-
chanism of hearing. The introduction of intramedtal
earpieces besides somewhat distracting the attention by
their presence actsas a slight partial obstruction and
may be looked upon as & variation from the normal modé-of
reception equivalent to a slight lesion of the sound
conducting apparatus. ~

Somewhat similar reasoning may be applied to the disc
form applied to the auricle. The closed chamber formed
by the cavum conchae altering the normal mode of appli-
cation of the external disturbances impinging on the
tympanic membrane.

Instruments of the first clase are so far represented
only by the apparatus built up of amplifying valves and a
loud speaker. Assuming absolutely faithful reproduction
they would have the advantage of imfating more closely the
normal mechaniem of hearing. They have the disadvantage
that they domot exclude external sound. It is obvious
that no direct device can fall in this class, an accessory
intermediate source of energy being essential to bring
up the intensity. There is nothing more to be



said about these at present., It remains for the future
to see them developed and introduced into general use,

A8 regards the choice between the other two classes.
The diameter of the conducting tubes of the stethoscope
can be definitely fixed as far as their upper limit is
concerned., Practical considerations have in gneral l1limi-
ted the internal diameter of the chestpiece to 2.5cms,
This entails an upper 1limit of 1.8cms for the diameter
of the conducting tubes, for as seen elsewhere, no reflec-
tion takes place at the division of the air chamber into
the two conducting tubes provided the combined cross sec-
tion of the tubes equals that of the chestpiece.

The meatus is only .9cms in diameter, so the choice
between (2) and (3) depends on whether it is better to
reduce the tubes sufficiently to make their column of
air continuous with that in the meatus viz. by using
intrameatal earpieces, or to keep the diameter of the
tubes throughout at 1.8cms and allow the cavum conchae to
do its usual work as a sound collector, This would
involve using a disc earpiece as illustrated in diagram

TR

It will be obvi&g that no good purpose can be served
by expanding the proiimal end of the tubes to allow for
example of a conical earpiece to be applied over the
auricle,

I have experimented with the casing of a pair of
head phones fig, 10 introducing the conducting tubes in-
to the metal casing as shown in figure.

The expanded end I find means a tremen-
dous reduction in intensity.

\g& gt



The main objection to the mse of the intrameatal form
is the awkward interference in the normal mechanism
of hearing. We become aware as it were of a foreign
body in the meatus, It distracts our attention and
interferes with the normal sense perception,

A form devised along the lines indicated in fig.(9)
above would suffer less from these disadvantages. On
the other hand, (1) it would not exclude extraneous
gsounds so well, (2) the application of such a form to
the auricle with comfort so as to make a complete
closed air chamber is difficult so that a certain am-
ount of lateral radiation must follow, and (3) the
intrameatal form gives a greater pressure variation
in the air column of the meatxus and so louder signals,

INTRAMEATAL EARPIRCES.

If earpieces for insertion into the meatus are to be
used the conditions which determine their construction
are readily known. The s8ize of the earpiece is obvionaly
controlled by the size of the meatus, It is absolutely
essential that they should fit comfortably. They should
be so inclined that the normal to the end area lies in
the direction of the meatus when inserted. This is
provided for by the curving of the metal tubes now in
common use, wWhile their union by spring bands facilitates
their ad justment to effect an easy fit.

A comon suitable shape is shown in figure (11)

These fit comfortably into the en-
‘ larged outer end of the meatus., Ehe?
D are best made of some bad ceconduc
s} of heat for the auscultator's comfort.

’ Rubber ones are preféered by some but
-fl% | these seem to incecrease the sense of a
foreign body in the meatus.

r
A cross section should show the internal boke as
in figure (12).




In the specimens I have examined I find am almost in-
variable fault shown in Fig, (13).

59 {-.% 13,

There is no reason why the diameter shompld be so
constricted, and the constriction must, if only to a
slight extent diminish the intensity of the received
signals.

But there is another important factor in con-

nection with the insertion of earpieces into the meatus
viz. 8o called "bone conduction", For reasons that
will appear in the course of the argument I am of the
opinion that bone conduction as applied to stethoscopy
is largely a misnomer, PFrom experiments here described
it will appear that the mechanism of the transference
of sound energy from the earpieces other than by the
medium of the air in the meatus and thence to the tym-
panic membrane is not chiefly by way of bone conduction
but by the meatal walls to the apparatus of the middle
ear,

Exp (1) Using =2 binaural stehtoscope with rubber con-
ducting tubes apply the chestpiece to a watch
making contact. The tick of the watch is heard
well and loudly.

Exp (2) Repeat the Bﬁme experiment but block the ear-
pieces with plasticene. Nothing is heard.

Rubber tubes have been seen elsewhere to
be very bad conductors of sound so that in
these two experiments we are entirely dependent
on the vibrations in the enclosed column of air,
and the plug of plasticene completely cuts
these off.

Bxp (3) Repeat experiment (2) with this difference
only that the rubber tubes are replaced by
flexible metal ones., The ticking is again heard
a8 loud as in experiment (1).



These experiments demonestrate incidentally the advan-
tage of metal conducting tubes. It is plain that the
sensations perceived in experiment (3) depend on direct
conduction to the earpieces by the metal tubes. Now it
is clearly highly improbable that the earplece blocked
by a mass of plasticene can directly set the air in the
maetus vibrating so we are left to conclude that trans-
mission takel place by way of the métal walls.

If the further experiment of applying the earpieces
firmly against the zygoma be tried (using metal tubes)
the sounds are either very faint or inaudible. The same
ie found if the metel tubes be held firmly between
the teeth but if the earpieces be applied around the tragus
the sounds remain relatively loud,

I think then the so called "bone conduction") even
in the monaural wooden stethoscope, ies really in large
measure conduction by the meatal walls tc the middle ear
apparatus, and thence by the motion of the stapes as in
normal hearing,not as in true bone conduction to the
bony wall of the cochlea.

Furhter interesting experiments on the question of
"Pseudo Bone Conduction® in stethoscopy can be carried
out by a tuning fork. If, while it is vibrating too
feebly to be detected by the usual bone conduction
method in Weber's test, but still audible by alir con-
duction one inserts the end into the cavum conchae, a
marked increase tn loudness results on touching the
walls of the cavum with the base of the fork.

Vibratione too feeble to be detected by applying
the fork to the mastoid can still be detected by thie

means,

Earpieces without a metal spring and directly

attached to the rubber tubes as shown in

sketch fig. 14 are preferred by some. 'The

point against them is that they require to be

pushed further into the meatus to secure them

and enable them to bear the weight of the

1P5|L4 attached tubes, Their easy portebility is their
most obhvious special merit.

DISC_FORM OF EARPIECE.

The disc form odf eaggiece is practically now only repre-
gsented by nthe monaur stethoscope. I have already referrd
to the possibility of using it with the binaural form and
what its advanteges under thie ude would be.



The use of the flattened earpiece with the rigid stem as

in the monaural stethoscope is quite & different problem
from ite use with flexible tubes, In the monaural
stethoscope the whole instrument vibrates and the flattened
earpiece moves like a vibrating disc, so that when to

the auricle it sets the air enclosed between it and the
base of the cavum vibtating, It is worthy of note that

to better use this fact the earpiece is usually hollowed
out as shown in sketeh.
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Laenec himaelf firet used a flat type. The hol-
lowed out type was gpecially designed by him for the
benefit of 2 distinguished English Physician 8ir
Charles Scudamore who was unable to hear well with the
flattened form owing to the peculiarity of his auricle.

Note:~ Since writing this article I find that the flat
earpiece as applied to the financial stethoscope
has been recently introduced to the notice of the
profession by Dr. A.F.G. Spinks (Newcastle-on-Tyne)
B.M,Jd. March 13/26 (See appendix last print).

The suggestion is not new however. Théswas the form
Dry CoJ.B. Williams used nearly a hundred years ago.
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VIBRATIONS 1IN TUBES.

——— i ——— ————

The theory of the propagation of sound in tubes is

a subject of considergble interest in the sgpplication
of both the monaural and binaural forms of the steth-
08C0pe .

In view of the many claims and discussions
regarding the relative power of the air column and
of the solid material of the walls it beoomea necess-
ary to consider.

l. The behaviour of the contained column of
air. ‘

2« The behsaviour of the walls.

3« The interchange of energy between the vib-
rating systems constituted by the contained column
of air snd that formed by the so0lid walls.

The behaviour of the contained column of air.
This part of the subject bas meny illustrations and
applications in physics e.g. the theory of the organ
pipe. There are really two problems to consider.
(1) The propagation of a train of waves along an
enclosed column of sir (2). Stationary waves.

In a subsequent chapter on the behaviour of
the enclosed mass of air in the chest piece an
entirely different method is used. There it will
be seen that no progress can be made by trying to
follow the course of a sound wave in the contained
air. In the case of tubes however the behaviour of
the air is the same at sll points along the column
g0 that the only rational method is to regard the
waves a8 passing along from one end to the other.

Following Rayleigh Vol., ii 44,consider first
a vibration in one plane. Suppose a cylindrical
surface be introduced with its axi® in the line of
propagation,no disturbance would be caused for the
air has no tendency to move across the cylindricsl

surface.



Consequently the conditions of vibration in the
cylinder depend only on the mechanical conditions
at its end.

This is the Eimplest possible case viz., the
propagation of a plane wave along a straight tube.

Suppose now that the incident wave be not plane
but of any form whatever. In nature and in ausculta-
tion in particular the wave form must be very com-
plicated and asymmetrical., If we make the resetriction
that the wave length is large in comparison -with the
diameter of the tube then the problem does not differ
essentially from the former.

For the area of the tube béing small, all points
over the end must be sensibly in the same phase and
of sensibly equal amplitude i.e. we can consider
ourselves dealing with a plane wave which in the ab-
sence of friction would be propagated without loss
along the column of air, the condition of its pro-
gagation being determined by the mechanical condi-

ions at the ends of the tube.

This leads to the conclusion as Rayleigh dem-
onstrates that, subject to certain assumptions,
sound waves are propagated along a straight tube
without loss in intensity or alteration in form.
The assumptions are,

(1) The diameter of the tube is small in
comparison with the wave length.

(2) Peigect reflection from the walls of the
tube.

(3) No surface friction between the air and
the walls of the tube, All of which
assumptions are very approximate ly true
in stethoscopy.

In 1837 Mr. Barratt very ingeniously endeav-
oured to design a stethoscope along mathematical
lines, He suggested for the chest piece a para-
boloid, and for the stem an ellipsoid.

(32)



The focus of the parsbloid was to coinecide with one
of the foei of the ell paoigjanﬁ the other focus
with the air exit applied to” the ear. He was appar-
ently working on the analogy of light in which the
essential condition viz. the length of the waves
relative to the size of the reflector is essentially
different. This fallacy vitiates the argument.

Such an ellipsoid would have to be of impkossibly
large dimensions in order to obtain an appreciable
concentration at the focus. In any case the intens-.
ityyat the second focus could not exceed that at the

first 1.e. the best it could do would be to ;?0na—
gate without loss, & condition readily satisfied by

& simple tube.

The case of a curved tube has also received
rigorous mathematical treatment at the hands of
Rayleigh. He demonstrates that the curving makes
no sensible differencss

In the thirties when a flexible stethoscope
was first suggested a great deal of discussion arose
over this point. Strong objection was raised that
a bent tube would not conduct the sound so well as
a straight one.

The underlying concept that formed the basis
of this mistaken idea was again the analogy with
the prepagltion of light.

The important facts arising when the tube
length bears a definite relation to the wave length
of the transmitted vibrations will be considered
later in the articleX on "Resonance in Tubes".

Another point to be noted before concluding
this section is that where a tube bifurcates no
reflection takes place at the bifurcation provided
the cross section of the tube equals the combined
section of the tubes into which it is divided.

This point seems to have
A generally escaped notice.
All the Y pieces in com-
c mon use having the three
R limbs of equal bore,
frg 1. Reflection takes place
when the area of A and B

fig. 16 togethe? either exceeds or is less than C.



If they exceed, a wave of rarefaction arisaa,ii legs
a wave of condensation.

0f course we must not be oblivious to the fact

that because of the smsll dimensions of the instru-
ment in relstion to the sound waves all these points

are of minor gignificance.
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'CONDUCTION OF THE TUBE WALL AND THE ENERGY
INTERCHANGE BETWEEN TUBE WALL AND
CONTAINED COLUMN OF AIR,

This section of our subject was thoroughly thrashed
out as early as the middle of the last century.

Quite by accident Laenec discovered that a
solid stethoscope did not record so well as one
with a central perforation. In his original experi-
ments he had looked about for a solid body but had
been obliged to improvise one by rolling up & quire
of paper. He could not do this without leaving a
perforation, an accident that put him on the right
lines. Laenec himself experimented with a variety
of materials and from his time to the middle of the
century every conceivable convenient material has
been tried.

In 1850 Dr, Herbert Davies who along with Dr, (3753
C.J.B. Williams was among the leading men in stetho-
scopy in his time published a lecture containing a
record of some interesting and conclusive experi-
ments,

Up to that time the majority of writers fol-
lowing the opinion of Dr, Williams ascribed the
active power of the instrument (the monaural type)
to the column of air contained in the interior
which they supposed to be set in vibration=by the
portion of chest area included within its bounding
contour,

Dr., Davies's experiments and the deductions
hg makes from them are well worthy of being recall-
ed,



feg!

The diagram illustrates the instrument he used

and explains his experiments.

Exp.1l.

Exp.2.

Exp. 3.

Exp.4.

The holes being closed by small wooden pegs
the instrument becoming a common hollow ste-
thoscope conveyed when placed over a healthy
chest a free and distinct respiratory murmur
to-the ear.

The holes being opened one by ione the murmur
became gradually and when all the orifices
were opened remarkably dimimished in its dis-
tinctness and fullness. A weak murmur did
not reach the ear.

The insertion of a plug intc the shaft in C
only slightly impaired the distinctness of
the murmur,

The plug remaining in the instrument, a
remarkable diminution in the intensity of
the sound followed upon the removal of the
small plugs.



Exp. 5.

sound.

Exp.6.

Exp.?.

When a plug was introdgced at A or a solid

ear piece employed the

%esponding sound be-

came distinctly audible.

The opening of the orifices and the closure
of B by a plug in this case produced little or ne
difference in the character or intensity of the

A s0lid stethoscope was found to communi-
cate sound very readily to the ear although
not quite so satisfactorily as the.ordinary
form.

The insertion of a plug into the chest end

of a flexible stethoscope impaired 8&d did

not destroy the conducting power of the in-
strument.

Davies's conclusion from these experiments are,

(1)

(2)

(3)

That the conducting power principally de-
pends upon the column of air confined in
its interior, for the opening of the holes
in the shaft by allowing the divergence of
the vibrations, (radiation of energy to the
external atmosphere) reduced by a corree-
ponding amount the energy passed on to the
tympanic membrane.

That the central column of air is not
chiefly set into vibration by the por-
tion of the chest wall included under
the hollow end of the instrument for a
thick plug introduced into the lower end
of the shaft only slightly impaired the
conducting power of the stethoscope.

That the enclosed column of air can only
owe its vibrations to thosevwhich are
communicated to it from the solid parts
surrounding it, and that the sounds of

the chest are therefore in the first in-
stance propagated through the wood to the
air within the tubes, and thence by rea-
son of the continuity of the column of air
into the interior of the external ear.



The experiments are extremely interesting and
instructive but they force us to get down to the
minute details of sound vibrations in endeavouring
to understand the basal facts involved., It will
repay to confine our attention for the moment to
the monaural form,

Of the great variety of materials metal, com-
pressed gold begters skin, bone, wood of various
kinds, ebonite, a preference seems soon to have
been formelfor those made of light cedar or pine
wood. The wvalue of the acoustic properties of such
wood is seen in the preference of pine for the
sounding board of the violin. The secret appears
to be in the long straight fibres.

To take first the simplest case of conduction
in solid material consider the use of a solid rod
of wood as in stethoscope. This is found to enable
us to auscultate louder sounds but is very much in-
ferior to the perforated rod for weaker sounds.

Y =
_’r A F“l- & B

The behaviour of the rod must be considered
to be either a simple propagation of a compress
sion and rarefaction of adjacent thin lamina of
which it may be supposed to be formed; or the whole
rod may to suppoSed to execute molar vibrations in
the direction A B fig 18; or again it may be con=
sidered to behave exactly as & column of air would
do (see article on vibrations in tubes), all of
which ideas of course are the same thing. The re-
lative conducting properties of rods of different
material will depend mainly upon the relation be-
tween the stresses and strains associated with the
vibrations. The presence of a formed structure
like the fibres of wood considerably modify this
relation.

In the case of the rod shaped, hollowed, and
perforated to form the common monaural form, the
setting up of vibrations in the contained column
of air entails its being subjected to alternate
compressione and rarefactions.



If as Davies's experiments seem to show, the
column of air owes its motion in part to the vibra-
tion of the solid walls of the tubes, then these
walls must vibrate in such a way as to cause the
required compression and rarefaction.

This may be affected in at least two possible
ways.

(1) Longitudinal vibrations similar to those
in the so0lid rod entail compression and
rarefactions of the segmemtal elements
of which the tube may be conceived to
be formed and these ¢ause a reduction
end increese in the diameter of the air
column, so that the air is subjected to
a lateral compression,

More probably however the walls of the tube
vibrate transversely as well. The geheration of
such transverse vibrations is efeily understood
when we think of the vibrationes of the chest walls

as an impressed foreeapplied at A

fig 19. The preference for wood is

then easily understood if it be so
th

arranged that the long fibres are
distributed more or less longitudi-
nally along the walls of the tube,

Returning now to the consideration of the bin-
aural form with rubber tubes.

From a few simple experiments it is easy to
demonstrate that the part played by the rubber tubes
in the conduction of auscultation signs is negligible.

If we listen to a moderately loud sound and
compress the tubes occluding the bore, practically
the whole of the sound is cut off no matter where
the tubes are occludéd, Norris and Landis point (34)
out that it is not a matter of indifference what
thickness of rubber be used, but I am inclined to
think the part they playeds of very minor signi-
ficance.

The reason for this lies of course in the
very low modulus of elasticity possessed by the



rubber, The alterations in volume for given stres-

ges are very large and there is a very heavy dis—
gipation of energy in the substance of the rubber.

Rubber tubes were mbg@ weee introduced be-
cause of their convenience and the only part they
play acoustically is that they form the boundary
walls of the tube and prevent lateral radiation.

The possibilities as regards the utilisation
of the tube walls for their conducting properties
are best illustrated in flexible metal tubes, I
have experimented with one such and find that by
occluding the lumen at either end ®X the sounds
are not entirely cut off, in fact the soid parts
contribute a very definite element to th® volume
of sound,

I am inclined to think that Davies's makes
too much of the transmission of vibrations from
the tube walls to the contained air. We have no
satisfactory means of measuring the intensity of
small volumes of sound and the personal bias in
such experiments as he conducted is very great.
There is no question that in the simple monaural
form the solid material plays a large part in con-
ducting the sounds. The flattened end applied to
the ear really acts as & kind of vibrating Disc
(see fig).2e

8o open to question is the relative con-
ducting power of air column and walls that we
; find a record of a great argu-
/f: ment in 1869 between Dr. Nieme-
-;{gzo yer of Madgeburg and Dr. Sommer-

::::{ksk brodt of Breslau on this point.

It may have occurred to the rea-
der that if the tubes are of flex-

ible metal and contribute & large part to the trans-—

mitted sound they may, by conducting more rapidly

(35)

than the air column iiter the character of the sound.
For short waves indeed, the difference in the velocity
of propagation would be such that the element due to *
the conduction by the tube walls might be half a wave

length in advance of those coming from the column of

air and we might expect thesesto interfere.



This is not so. Helmhotz demopstrated that
in a compound vibration no alteration is caused in
the sense perceptions by altering the phase of one
vibration relative to another.

Such & shifting of phase studied in the light
of 8ir T, Wrightson's compound diagrams makes a
very great difference in the form of the compound
wave, but the ear does not appear to take cognis-—
ance of the wave form, but only of intervals cor-
responding to wave lengths,
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PULMONARY ACOUSTIC PHENOMENA.

-

The nature of the physical disturbances within the
tissues giving rise to auditory signs and the mechan-
ism of their transmission to the surface of the body
have been subjects of never ending enquiry since be-
fore the invention of the Stethoscope.

The most di stinguished worker in early days was
Skoda of Vienn® whose labours did much towards placimg
auscultation on a sound scientific basis. Yet even now
after the lapse of over 80 years the fallacies that
were current in his time have not been completely eradi-
cated from present day teaching,

Discussion and debates have for the most part cen-
tred around pulmonary acoustic phenomena any theory which
would satisfactorily explain these being capable of easy
modification to be of general applicability.

The study of the literature of the subject bpings
out one great central fact viz. that practically the
whole difficulty arises out of our inability to grasp
from want either of sound philosophical or experimental
demonstration the efxact physical concepts as to the
actual and relative motions of the particles of which
the tissues are composed,

In physices, problems so far investigated have been

concerned with structures in which it is possible to form
a more or less clear visual image of the motion of the
particles of the vibrating system. Bodies in state of
vibration have been relatively simple strustures such as
gstrings, columns of air, bells, thin discs etc., and the
study of the propagation of sound has generally been limi-
ted to cases of isotropif conducting media, e.g. air and
water,

Such a clear visual concept is almost a primary
necessity for the physicist in order that he may be able
to write down the equations from which the motion is to

be deduged.

In the thorax and its contents however we have s
structure, which, if it be regarded as a vibrating
gystem is so extremely complex that it is difficult to
arrive at even an approximate idea of its behaviour.



If on the bther hand we accept the popular motion
of vibrations being "conducted" through the lung tissue,
our terminology itself implies that we think of the lungs
not as a vibrating system,but as a medium through which
the disturbances are propagated as a wave motion just as
sound is propagated in the open air,

Now if it could be decided which of these fundamen-
tal concepts is corrget, ynder any given set of conditions
we should be able to completely pathological findings
with physical signs.‘A

Let us, Tcall the precise di fference between a vibra-
ting system (a body vibrating as s whole) and the trans-
mission of vibrations in a medium,

The case can be well illustrated by considering the
organ pipe.

The column of air in the pipe forms a vibrating
system, It is a mass of air in a state of vibration as
a whole the waves radiating through the surrounding air
form an instance propsgation in a medium,

In the latter case if we could visualise a circum-
scribed space and observe the motion of the air particles
within its econfines, we should note that each successive
pafticle took on the motion of the preceeding one; im
other words, if at any given instant we fix our attention
on a given particle, the particle in front of it would be
a little behind it in the phase of its motion, the particle
behind would be & little in advanece; so that when the
given partiecle had reached the extreme position in one
direction of its oscillation the particle immediately in
front of it would have a little way to go to complete
its oscillation and the partiele behind would have started
on its way back in the opposite direction. The amplitude
of the oscecillations of all the particles would be equal,
This can be represented in the usual conventional way by
figure (21)




The arrow A indicates the direction of propagation .
Particle B is for the moment at rest C is returning to
the undisturbed position, D is moving in the opposite
direction,

If we observed a line of particles for a short
time we should see the waves of compression and rare-
faction move along in the direction of propagation as
seen in figure (22)
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On the other hand in the case of the columm of
air the waves are stationary, the corresponding adjacent
particles are in the same phase at any given instant

but their relative amplitudes differ, By the same con-
vention this motion can be represented by figure (23)

Here the particles Al A2 A3 A4 AS have all simml-
taneously reached their extreme positions, and the com-
pressed and rarefied portions of the media remain station-
ary forming nodes and antinodes.

This again can be represented by fig. 24 which show s
successive times of observation.




Applying the same concepts to the lung tissue
{lung parenchyma with its contained air) we see that
he gs fial d renc ween regarding the lung
aaquﬁgggigﬁ%‘ﬁjééqg?oﬁc E:El&" them, and as a
medium is that adjacent particles in the former case
are at any instant in the same phase and in the lat#®
ter in successive phases,

Skoda in putting forward his theory of"Con- (36)
sonance" broke away from the commonly accepted
"conduction" theory. He performed an interesting
experiment in which he endeavoured to gauge directly
the relative conductivity of normal and hepatised
lung., He listened with a stethoscope applied to a
portion of hepatised lung while a second observer
spoke into another stethoscope applied a little
distance away. The experiment was repeated with
normal lung. The conclusion he arrived at was that
the difference in conductivity was negligible and
therefore he sought some other explanation for the
increase of vocal resonance in consolidation.

Although many of his illustrations will not bear
the construction he puts upon them and this particu=-
lar experiment is vitiated by the experimental con-
ditions still his work represents a very distinct
advance towards the proper understanding of pulmon-
ary acoustics.

But these illustrations if examined in more
detail will suggest that we cannot altogether in any
case get away from consideringsthe question of con-
duction for as is well known absolutely stationary
waves do not occur in nature. An absolutely station-
ary wave implies the existence of absolute nodes i.e.

places where this is no motioh &t all of the air
particles. As a concomitant of this condition we
should have the fact that there would be no radiation

of sound, for energy cannot pass a node.

So by a further extension of the idea we surmise
that we may at one and the same time have to conside r
the lung acting as a body in a state of vibration as
a whole, and also as a conducting medium,



Let us endeavour to understand the real nature
of things by following the sequemnce of events in voe-
al resonance,

The voice apparatus has been compared to a reed
instrument the lungs taking the part of the bellows
and the vocal cords the vibrating reeds.

The vibrations of the cords set up aerisl vib-
rations in the respiratory passages and these as we
shall see may be looked upon as the original externsal
physical disturbances which are nltlmately perceived
as sound sensationfs.

In tracing the transference of energy from the
cords to the surface of the chest two possible means
present themselves as the initisl step.

(1) Transmission from the larynx by the carti-
lages and the trachea.

(2) The aerial vibrations in the respiratory
passages,

It is not difficult to see that the aerial vib-
rations in the respiratory passages are by far the
more important. The observation that we must have
patulous bronchi for the manifestation of voeal reson-
ance is in itself conclusive.

Skoda quotes an observation in support of (37)
his theory bearing on this point. He states that
cases of consolidation occur in which the voeal reson-
ance varies from one minute to snother. Vhen it dis-
appears it can be brought back by coughing and his deduc-
tion is that the variation is caused by plugging of the
bronchi,

It is not exactly correct to state as some authors
have done that the vocal cords set the air in motion and
the waves are carried up into the nasal passages and
there modified. It is more satisfactory to regard
the waves as stationary i.e. to regard the mass of air
in the respiratory passages vibrating as a whole and
constituting the essential vibrating system.

We have then a mass of air confined within the
regspiratory passages in a state of vibration. The
question now arises, how is the energy transmitted



to the body surface? Obviously it must pass to begin
with by way of the walls confining this air, but be-
fore we turn to consider the behaviour of the boundary
walls an interesting point calls for notice.

The upper limit of this mass of air can be con-
sidered to be situated in the region of the 1lips and
nares. Where is the lower limit? Must we consider
the vibratory motion to be sensible even to the con-
fines of the alveoli? 1In other words do the alveolar
walls form as it were the boundary of the contained
mass of air or can the limit be placed in the smal-
ler broanchi?

General principle derived from the study of a
gsimilar hydrostatie problem would lead us to con-
clude that the alveoli and the terminal bronchioles
play no part in this stage; that we could in fact

11§ature them off without affecting the end result.
This is simply equivalent to regarding the parenchyma

and the minute air chambers as lying external to the
bronchi.

In fact we are probably justified in confining
the moving mass of air to the larger bronchi, the
energy of vibration &f the air particles in the smsller
bronchi having been transmitted through the walls of
the larger bronchi.

The next point to consider is the mode of energy
transference from the air in the bronchi to the bron-
chial walls, If we accept the statement that the
walls of the bronchi "conduct” the vibrations to the
surrounding tissues we are tacitly assuming that the
material of the walls plays the part of a medium in
which wave propagation takes place. That is concept
must be wrong, as indeed Skoda pointed out, (38)
follows at once from the fact that under these circum-
stances the sound waves would have to be refracted
into the material of the walls. But vibrations in
air incident on solid material such as the walls are
made of, suffer practically complete reflection at the
interface even if incident in the line of the normal.

We are therefore obliged to accept the notion
of the bronchial walls being set in motion and vibrat-
ing bodily not simply subjected to a propagated mole-
cular disturbance in their tissues.



There is however nothing really physieally dif-
ferent between bodies in a state of vibration and
transmission of vibrations through a medium. The
difference is one oﬁ degree and circumstance only.
The ideas underlying them are in fact compled® con-
ceptions which ean be severally grrived at from the
same starting point of a particle in motion, only in

vibrating bodies we have to consider the effects of
reflection., But it is more expedient to regard them
for a working hypothesis as separate physical facts,
and I think I may not unreasonably assert,that even
modern teaching regarding pulmonary acouatic phenom-
ena lead us to that concept which should be sassoc-
iated with the transmission through a medium whereas
we should get more insight and help towards their
comprehension if we were led to construct the other,

We pass now to the consideration of the behav-
iour of the peribronchisk tissue. Suppose that in-
stead of normal lung its place were occupied by air
alone then we should have a problem similar to that
of a violin in an enclosed room.

This way of looking at the enclosed air amounts
to regarding it as a vibrating system itself, which
is of course the point of view from which the physi-
cist considers any small enclosed mass of air., Reg-
arded as such it must play a part in modifying the
intrathoracia vibrations but that will become more
evident after the general treatment of the subject
of resonance has been given,

As a step towards approximatqing to the condi-
tions obtaining in normal lung we might imagine this
air space filled with soap suds i,.e., we have the air
space broken up into small loculfﬁdellcate membranes,

The effect of such a modification can be gauged
from the experiment of percussing’

(L) An empty bottle.
(2) The same bottle filled with soapsuds.

It is found that the soap suds lower the (39)
fundamental tone. Norris and Landis compare this
effect with that obtained by loading a tuning fork.
They regard the suds as acting as a load on the vib-



rating system constituted by this enclosed air. The
suds might in addition be regarded as an increased res-
istance to the motion of the air which would further
increase the effect of the load.

From one goint of view then we may consider the
space occupied by normal lung a confined air space
modified by the presence of numerous trensversing
septa, the effect of the septa being lower the funda-
mgntal note that would otherwise obtain in their
abgence.

If now in place of the air we imagine a perfectly
rigid connection between bronchi and chest walls all
points of the gaxh to the body surface would move sim-
ultaneously. The whole would from a single vibrating
structure and there would be a 1ittle loss of energy
in ite interior provided it were free to move,

In normal lung we have a condition intermeiate
in properties between this and the former case., In
consolidation the properties roximate more to the
rigid structure whgle in pneumothorax and emphysema,
the condition is more that of the enclosed mass of
air,

Returning to the idea of the rigid connection
we can imagine the effect upon the chest wall to be
equivalent to a periodic thrust synchronous with the
vibrations from the bronchi., The great increase in
vocal resonance over consolidation is then explaned by
the greater rigidity with consequent lese internal
loss. In norpal lung we have a structure which yields
easily. Much of the energy is dissipated in its sub-
stance and it cannot so well transmit the thrust to
the chest wall, The efféct on the area of chest wall
over-lying normal lung can then be considered to be
made up of two factors. {13 A thrust due to the partial
rigidity of the tissue, (2) Forces due to the system
formed by the enclosed air, The great increase in
congolidation would point to the former being themore
important and this is borme out by the reduction of vo-
cﬁg resonance in pheumothorax where factor (1) is
removed

The marked reduction of vocal resonance in cases
of pleural effusion has been explained as being due to
reflection, From one point of view this (40)
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is readily enough granted but from another it is in
little difficult to understand why such a marked re-
duction should take place from a thin layer of fluid
in cbntrast to an equal increase in the thickness of
the chest wall, Physieally following out the idea of
reflection one would expect almost as marked a reflec-
tion from the inner surface of the chest wall without
the presence of fluid. The idea of the lung vibrat-
ing as a whole offers a better explanation. When it
vibrates against the chest wall it causes an increase
in tension parsllel with the chest wall just like a ©Llo
blow on a drum skin, Hence the wall is easily set in
vibration., But in a layer of fluid no such tension is
set up, so that it is much more difficult to set the
fluid mass in motion. It can only be made to transmit
by wave propagation. Now to set up a wave in fluid we
require a rigid surface; hence normal lung is not well
ada pted for such a purpose but consolidated lung would
answer the purpose much better, so that in pleural
effusion with consolidation we should expect that the
vocal resonance would not be correspondingly reduced;
a condition that actually obtains,

It is not my purpose to go further into the
question of pulmanarqiacauatic phenomensa at present.
What I wish to arrive,is the proper conception of the
behaviour of the chest wall. It is with the chest wall
after all that we are actually concerned in stethoscopy.
I thin have said enough to shew that the intrathoracie
vibrat forces must be considered to set the walls
into molar motion. The difference between this conc-
ept and that of simple conduction is that in conduc-
tion we should be focRussing our attention on a line
of particles transverse to the chest wall and be main
Qy interested in their relative compressions and rare-
factions, whereas whem the chest wall is given molar
motions we think of the tensions set up in a line at
right angle to the direction of motion. This latter
idea explains satisfactorily the better reception of
gound from the intercostal spaces. It is not that
their tissue 'conducts' sound better than the ribs but
that they are so disposed as to be more easily set in
motion.

The chest wall must of course be capable of vib-
rating in an enormous number of natural ways in addi-
tion to being forced to vibrate locally or as a whole
in unison with any applied periodic force. The com-



plexity of its matural modes of vibration is sugges-
ted by the intricate figures for the nodal lines of
such simple structures as square plates or discs. (41)

Henry Sewall has written widely on the subject
of mural vibrations and the use of pressure in appli-
ying the stethoscope to the chest wall to damp them
down, but from the above it will be seen that &kl
vibrations are "mural"™ though as a rule they are more
or less localised depending on the site and nature of
the disturbance. His use of the term presumably sig-
nifies vibrations effected by a large area oI the whole
of the chest wall.

Nothing has been said so far regarding the nat-
ure of the vibratory disturbances i.e. whether they
are to be considered periodic or irregular nor as to
what changes in the amplitudes of the component
primes arise as a result of the influence of the wvar-
ious vibrating systems. These are matters that will
be better trested after the general considerations of
the phenomena of Resonance.

It was noted above that we might not in any
case be able to get away from the conception of
conduction in a medium,., The reason for this will be
evident when we think of a mass of gelatine distur-
bed by an impulse\we force. Successive portions
take up the motion but it is not a simple wave dist-
urbance moving through the medium. The motion is
something between a pure wave propagation in which
successive particles are in successive phases and a
molar vibration in which the particles areiin the
same phase. There are no actual nodal points but
there are localised areas of relatively diminished
motion and increased pressure. The lung is to be
considered in that way too. But 48 régards the chest
wall we must consider its motion to be a molar vibra-
tién, and even if we think of the lung as a fluid in
which waves are propagated we should have to think
of the chest wall as a diaphragm suspendel. in the
fluid.

Two other considerations eall for notice before
we conclude this article.

Throughout the above we have had in mind



vocal resonancee in which the source of vibrations

is much moré or laas central, If the source of

sound be eccentricdtwill still under ordinary cond-
itions tend to set up mass vibrations of the whole lu
lung, but the area over which they can be detected
will depend on their intensity.hShoulé& however the
tissues be very briefly and very locally disturbed
then instead of a mass vibration of the whole sur-
rounding tissue we get a localised disturbance,
gradually spreading to the more distant parts. This
condition can be illustrated by considering what ‘
happenswhen & piano wire is sharply struck by a mar-
row edge in place of the usual broad hammer, The

wire does not vibrate according to its natural

period determined by the tension and length. The

part struck vibrates by itself and the rest of the

wire is only slowly set in motion. The effects of

th@a disturbances is to allow the very high unhar-
monic overtures to predominate and give rise to met-
ellic sounds, This is the explanation offered by
Norris and Landis for all the metallig phenom- (42)
em of suscultation,

o

Lastly these con@eptions must make ue hesit-
ate in drawing our cbnclusions regarding the site of
the physical disturbances within the chest. Obvious-
ly since we are not dealing with a straightforward
wave motion in an isotropic medium we can hardly be
justified in simply projecting inwards the area to
which the chestpiece is applied.
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TRANSPERENCE OF SOUND ENERGY TO THE

CHEST PIECE AND TITS CONTAINED AIR.

From the brief consideration of the physical disturb-
ances within the chest three possible modes of com-
munication of sound energy fromthe chest walls to the
Stethoscope present themselves.

i. By the vibrations of the covered area of
skin setting the air of the chest-piece
directlyeim motiom.

iii. By the vibrating chest wall setting the
walls of the chest piece into molar vib-
rations.

iii. CcConduction in the true sense of the word
by the solid parts.

With the common use of rubber conducting tubes the
third possibility can be almost immediately ruled
oute.

0f the other two the first appears to be that
most commonly and readily accepted,judging from the
design of most instruments,but Dr. Davies in a lec=
ture elsewhere referred to,demonstrated that the
mechanism even in the monaural form in large measure
consisted in the solid parts of the Stethoscope be=-
ing set into vibration by the vibrating chest walls,

Direct transference of sound energy from chest
wall t0 air Of chest piece:
We may approach this -—— Gthe common concept —= in
two stages. Consider first the simple experiment
of auscultating the tick of a watche Let the cheat
piece approach very close to but not touch the cas=-
ing. The waves radiated from the vibrating casing
are collected more or less completely over the area
enclosed by the mouth of the chest piece. Such a
wave becomes condensed so to speak and if this were
the only mechanism the problem would reduce to det=
ermining the optimum solid angle for the cone, This
same problem taken on a larger scale has been worked
out in connection with gramsphone horns,and the best
conditions are known to obtain when the reduction
in dismeter of the chest piece a8 it comes nearer %o

the ear is made as gradual as possible but owing to



the small dimensions of the chest piece in compa-
rison with the length of the received sound waves
this becomes a very minor detsil.

Congider this experiment in more detail,
Using a binaural stethoscope with various types
0f chest pieces and a watch if we listen with the
cheat piece closely applied but not touching the
casing the sound collecting properties of the
various cheat-pieces can be compared. It is found
for example that an instrument as shown in sketch
fig 25 collecta the aoundhag if the wat%h were
tgegrc%gggtfge ggri%ﬁ 3?2
such as we should readily
s 25 surnise from their contour
4825 py o simple application of
Huyghena' principle. The
game experiment auscultat=
ing the chest instead of
the watch gives practicably
no sound. Even a loud heart
can only be faintly heard
80 long as the cheat piece
does mot make contact with the body surface. The
radistion of energy from the body surfase comparable
to the rsdiation from the body of a violin is very
small so that the mere prevention of laternal radi-
ation does not altogether describe the acoustic
properties of the stethoscope. One thing is evid-
ent that in direct contact between chest piece and
body surface lies the key to the mechanism of the
transference of seund energy.

T™wo possibilities now become apparent.

i. That the explanation of the mechanism
depends on the creation of a closed air
chamber by the application of the chest
piece to the body surface. The body sure
face then vibrating causes a rise and fall
of pressure in the enclosed air chamber
and this redults in the transmission of
the vibratory notion along the conducting
tubes. Working on this concept we cease
to try to visualise the wave front advanc-
ing from the body surface. I have gone
fully into this idea in s subsequent art-
icle on "A study of the air enclosed in
the chest-piece™.



The reason of the necessity for the close
application ofthe chest piece to the body surface
is then apparent, for so long as there is a free
communication with the external atmosphere the vari-
ation in pressure will be greatly reduced.

The marked increase in signals by creating
such & closed air chamber can be illustrated by
the simple experiment of auscultating the tick of
a watch with the stethoscope applied close to the
casing and the interval closed either by a soap
film or by a ring of heavy oil.

The interposition of the film

of oil largely cuts o ut the
9 2 possibility of the solid parts
1 of the chest-piece being set
in vibration (fig. 26). In
addition to the increase in
intensity in this experiment
ort there is also an increase in
what C.J.B. Williams called

"reverberations" and others

wrongly call 'resonance’',
this fect lends support to the theory I have pro-
posed in a later article that this effect is due
to the enclosed air acting as a vibrating system.
One conclusion from these considerations must be
stated here. 8ince the behaviour of the enclosed
air is more properly considered by thinking qﬁa 0
the pressure rising and falling with the, body a5
surface, and not by thinking of the wave motion
advancing through the air from the body surface,
the shape of the chest-plece comes to be a matter
of much less importance than is usually supposed.

The other possibility, viz. that the chest-
piece is directly set vibrating in virtue of its
contact with the body surface has been dealt with
by various workers e.g. Davies, Williams, Sewall.
Sewall perhaps, better then anyone else has given
us the best conception of this mechanism but even
he does not develop this idea very far.



Though there are many conceivable ways in which
the chest piece may be assumed to vibrate some of
which were illustrated in a prgx;ou article it is
plainly impossible to form any,séniéépt of the motion.
As a very simple possibi-
lity we might congider the
fummel shaped pattern to
go through slterations in.
shape, (illustrated in dia-
gram fig 27).

Now the vibrations are
not communicated by the
rubber tubes so that this
mechanism to be effective
must operate by the medium of the air enclosed in
the cheat-pieca.

Deformations in the contour of the chest-piece
will obviously result in compressions and rarefact=
ions of the enclosed air| synchronons with the
ressed forces and the mechanism thereafter 48 simi-
lar to that prevdously described for the vibrating
body surface.

If in the experiment of auscultating the tick
of a watch with the stethoscope separated from the
casing by a £ilm of 0il the chest-piece be made sub=
gsequently to touch the casing a very marked further
increase in intensity results. This and Davies exper-
iments with the monaural stethoscope are sufficient
to show how important s factor this is,and we may stalte
at once that it will be correspondingly greater the
thinner and lighter and more highly elastic (in the
true physical sense) the material of which the walls
of the chest-piece are made,i.e. &% will be greater in
those chest-pieces which are more easily set in vib=-
ration,




RESONANCE. INTRODUCTORY.

The terms "Resonance” and "Sympathetic Vibrations"are

of very frequent occurrence in the literature of Steth-
oscopy, so much so that one is apt to form sn impression
that they play a large part in determining the character
of the sounds as perceived by the ear.

The idea presumably arose in the first instance
from the attempt to analyse the mechaniwism of the
monaural from with its central contained column of air.
The appoximate theory of vibrating columns of air has
long been widely known,familiar spplications being seen
in the organ pipe and other wind instuments.

The subject has been constantly discussed in con=-
nection with the behaviour of different instruments;
gsome designers dlaiming magnification by resonance as a
specisl feature of their particular patterns.

Others again without specifying that the principles
of resonance are involved have laid the claim for an
increased volume of sound .cf the specification of the
Phonophore produced by Arnold & Sons. (43)

On the other hand "Resonance™has been considered a
dissdvantage by other workers who have specially designed
their forms to avoid it,claiming that by so doing the
sounds are heard more clearly and more naturally.

At a much earlier date what probably amounts to a
feference to the same phemonena had been discussed by
Dr.CeJe.B. Willismsunder the designation "Reverberations".

(44)

Lastly let us quote themopinion of Henry Sewall,(#g)

the distinguished American worker.

"The déﬁgner of the stethoscope is happy to make
the sounds as loud as possible,yet he may be sure that
the loudness is but the result of sympathetic vibrations
of the instrument itself.It is always 0 be sSuspected
that any extraordinary intensity in suscultated sounds
is due to Selective Resonance on the part of the instru-
ment used.




These illustrations suffice to suggest the im-
portance of the subject and demonstrste the necessity
of inquiring more precisely into the assumptions made
in crediting the stethoscope with such behaviour.



RESONANCE. GENERAL CONSIDERATION.

In this article I must crave the reader's indul-
gence, The subject is s0 important that I have
considered it advisable to depart from a merely

. descriptive treatment and to insert a few math-
ematical formulae which will demonstrate the truth
of the statements.

The arguments however will still be clear
even if the matematical work is not understood and
has to be neglected and in any case from the sum-
mary given at the end of this article, what is in-
veolved will be readily %raSped. Ae regards the au-
thority for the mathematical expressions it will
be sufficient to state that it is based on Lord
Rayleigh's "Theory of Sound" to which I have close-
ly adhered almost quoting him verbatim,

Consider what happens when a tuning fork is
struck and left to itself, The fork gives forth
a musical sound but the vibrations gradually die
away. The pitch of the note, i.e. the frequency
of the vibrations is determined by the properties
of the fork Sinertia and elasticity). i.e. the
fork is not "forced" to perform any unnatural
motion., Its vibrations are free.

But if the base of the tuning fork still
vibrating be placed in contact say with a suspended
bell, the vibrations of the fork are communicated
to the bell which after a short interval picks up
a motion of the same frequency as the fork. The
bell if struck and left to itself may give forth
a very different note i.e. its "free vibrations"
may differ widely from those impressed upon it by
the vibrating fork, The vibrations which it per-
forms are unnatural to it, they are so to aeeak
forced upon it. Such vibrations are termed "forced"
vibrations.



The vibrations communicated to the stethoscope are
of course of this character. They are forced upon
the stethoscope from the body surface.

If however one system (bell) be forced into
vibration by the vibrations of a second system
(tuning fork) and the natural frequency of the first
system be the same as that of the forcing vibra-
tions we have a special case., Here the vibrations
of the first system are still "forced" because due
to, and maintained by, the external applied force,
but are of the same period as its free vibrations.
This results in a very marked increase in the amp-
litude of the vibrations set up. To this pheno-
menon, the term "Resonance" or "Sympathetic vibra-
tionsl is applied. 1t does not require for its
demonstration direct connection between the systems,
the intervening air being a sufficient connecting
medium,

Everyone ig familiar with the terms resonance
and sympathetic vibrations, and has at least a
general idea of what theyimply during the playing
of a piano, we have all observed the phenomenon of
a vase or other ornament in the room giving forth
& musical sound when a particular note is struck,
and we know that the energy of its vibrations must
come from the original source. The mechanism is
frequently illustrated by referring to the behaviour
of a pendulum or a swing. If the pendulum starting
ot from rest ?fig 28) receive
i a gentle blow in the direc-
tion indicated by the arrow
. 2§ it will be set in motion
;'% . with a very small swing.
If now every time the pendu-
lum has reached its extreme
=

postion to the right and

is on the point returning
to the left a similar gen-
tle blow be applied in the
direction of the motion the
amplitude is gradually built up until a wide swing
is reached.



The explanation is that when the second blow
is spplied the pendulum has not dissipated all the
energy derived from the first blow, each succeseive
blow adds a little more energy which goes on ac-
cumulating until,when the swing is very large as
much enrgy is dissipated in each swing as is applied
by each blow.

If however the blowes be applied at irregular
intervals or at a rate not related to the natural
periodic time of the pendulum this large ampli-
tude is not obtained because some of them will tend
to stop the motion., The same explanation can be
applied to the vibrating vase - The successive
gsound waves impart to it a certain small amount of
energy, and when the frequency of the vibrations
of the impinging sound waves is equal to that of
the vase accumulation of energy takes place and
the vibrations of the vase pick up such an ampli-
tude that it emits an audible sound.

It ies not necessary that the two vibrating
systems should have exactly the same frequency as
that of the exciting note. It will respond to a
wider range ifthe damping forces (internal
resistance) tanding to stop its vibration be
relatively large, but if the ing ferce be small
very sharp tuning is required but in this case
very marked resonance effects are obtained. The
latter can be illustrated by two tuning forks of
very accurately adjusted equal periods. If one
be made to vibrate,its vibrations,communicated to
the air, soon set vibratione in the other of
considerable amplitude even when the forks are
some distance apart. If the motion of the first
be now damped, it can be set vibrating again from
the vibration of the second whose motion had
originally been derived from it., The experiment
may be repeated several times energy being passed
to and fro before the vibrations becomes too feeble
to be detected. The periods of the forks have
however to be exactly adjusted otherwise for a
small deviation a rapid fall in the intensity of -
the resonance takes place.

We proceed now to the mathematical treatment
of the phenomenon,



The chest and the stethosope form together
a very complicated vibrating system; therefore we
have to make deductions concerning its behaviour
by general principles based upon results obtained
from analogous simple problems.

A very great deal of valuable information
can be derived and applied to more complex prob-
lems by considering the case of the simplest mode
of vibration of a body, viz, when it is constrained
to move only in one way, i.e. having what is known
in mathematical language as one degree of freedom,

Consider such a system set in vibration with
small amplitude and left to itéelf. The mathemat-
ical expression for the motion of such a case
allowing for friction losses, is given by the
equation, A ) 4
nw+Ku+1nuuU=o0

ol tu Hd‘u + lu = 0
(otherwj.se written < ““Eit" n )
where L = acceleration.
X = @& constant expressing the effect of
) friction
U = velocity

. = displacement from equilibrium

m is related to periodic time of the vibra-
~+0 vaecud by the expression

T = where¥is the periodic time.

The solution of the equation is
R g L"i’*é‘: f‘/‘«;’{i'r."t(‘f' "(I['

T is time from beginning of mtion

£ is the base of Naperian 1o§

A ie an arbitrary constant which can be given
special values for special cases.

From this it is seen that the motion consistsg -
of a graduellydying down oscillation provided »* > z #
because A"ﬁ—“”“ diminishes with the time increasing.
h & ¢ z} <" is greater than ™" .4he solution
changes form and no longer oorreapondi—&g to an os-
cillatory motion but in all acoustic problems K is
small®, )

(



This type of vibration is called the"free
vibration® i.e. the system having been set in
motion by an external applied force,and the
force having been removed is left to itself,

Its vibrations depend only on its own properties
(elasticity and inertia) and are not subjected to
any external applied force.

Now pass from thie to the consideration of
the case where instead of being set in motion and
left to iteelf the system is subjected to a force

varying as & harmonic function of the time. e.g.
such a force as is given by the vibrations of a
tuning fork,

Again allowing for, friction losses this
motion ia represented by the equation.

6 +~ K +Mw = L comAit

The solutuion of which ie

YT
‘where tan $ « PK

7. LTS s
2l period of applied force.

"Thie is called a "forced" vibration. It is
the response of the system to a forwe impressed
upon it from without and is maintained by the con-
tinued operation of the force',

"From these solutions certain important deduc-
tions can be made viz. thus

1., When n = p the Kinetic energy of the
system at the moment of passing through
the position of equilibrium is a maxi-
mum i.,e, the Kinetic energy of the
syetem is a maximum when the period of

the applied force is the same as that with which

the system would vibrate freely under the influence
of its own elasticity and other internal forces
without friction,

The vibration is



and if K be small the amplitude is very great".

This then is the mathematical representation
of the phenomenon of resonance,

"To the motions which are the immediate effects
of the impressed forces must always be added the term
expressing free vibration if it be desired to obtain
the most general soclution, Thus in the case of one

impressed force,
i

— KT e iam L T~
tine AT EALRE) Al ng/”""‘f“ : *f({)

g P L A ek X are Ww-?

"The éistinction between forced and free
vibration is very important and must be clearly
understood. The pericd of the former is determined
solely by the force what is sipposed to act on the
system from without while that of the latter depends
only on the constitution of the system itself.

Another point of difference is that so long
ae the external influence continues to operate
a forced vibration is permanent being represented
strictly by a harmonic function, but a free vibra-
tio? gradually dies away becoming negligible after
a time

Suppose for example the system is at rest
when the force E cosgpt begins to operate, Such
finite values must be given t0 A and %X in (1)
that both wand U are initially zero, At first
then there is a free vibration no leseimportant
then ite rival., "(because for small values of
+ 27ikt 41g large)", "but after a time friction
reduces it to insignificamce and the forced vibra-
tio:Fs left in complete possession of the field.
This condition of things will continue so0 long
as the force operates.



When the force is removed there is of course no
discontinuity in the values of 7« and 1« but

the forced vibration is immediately converted
into a free vibration and the period of the force
is exchanged for that natural to the system",

Note:- The parts between inverted commas are
quoted from Rayleigh.

Summary.

Let us summarise what we have demonstrated
here, We have considered the simplest case of a
vibrating system. We have seen that when die-
turbed from its position of equilibrium and left
to itself it performs oscillations which gradually
dies down in amplitude, These are called "free
vibratione" because they depend only on the pro=-
g:rti;s (elasticity and inertia) of the system

self,

' Passing on from this we considered the same
simple system subjected to a single periodic exter-
nal force, (e.g. the vibrations of a tuning fork)
and we saw that after a time the system vibrates
with the same period as that of the applied force,
and with an amplitude proportional to the -
nitude of the lied force. Thies vibration is
called 'forced! cause now the system is forced
to fall in with the period of the applied force.

From the expression for the motion in the
latter case we saw that the amplitude reached a
maximum when the period of the applied force is
approximately equal to that of the free vibrations
of the systems and may become very great when the
resistance is small,

It is to this phenomenon that the term
selective resonance or sympathetic vibrations is
strictly speaking applied.

Notice here very particularly that sympathetic
vibrations are the result of a periodic applied force,
that is to say, in the realm of acoustics in order
that



sympathetic vibrations may be set up we require as
the exciting source vibrations which give rise to
musical sounds.

Noises which are not periodic vibrations can-
not therefore give rise to "sympathetic" vibrations.

Lastly going a step further we get the complete
expression for the motion from the beginning congi-
dering the system to start from rest.

We saw that the immediate effect of the applied
force was to give a motion at firset compouded of two
terms - a combination of a free vibration and a forced
vibration, the former being at first equally as impor-
tant as the latter, but rapidly dying away depending
on the damping of the system. Then after some time
the motion is given by the forced vibration alone and
finally if the force be removed the motion changes to
a free vibration and gradually dies away.

The above case is physically a very simple one.
I do not propose to endeavour to approximate more
closely to the actual conditions obtaining in stethos-
copy. But the conclusions above arrived at are true
in neral sense when applied to more complex prob-
lems, and lead to certalin important con€@epts and de-
ductione when interpreted in relation to the appli-
cation of the principle of resonance in the use of
the stethoscope.
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SOME GENERAL POINTS IN AUSCULTATION.

The general consideration of the subject of reson-
ance enables us to grasp the fundamental considera~
tions involved in the problem of stethoscopy. The
stethoscope whatever its form, we can consider to
be a vibrating system. This is specially true of
the binaural form with flexible tubes. This sys-
tem is subjected to forcing vibrations viz. the
vibrations of the chest wall. The purpose of the
stethoscope ie to enable these vibrations to pro-
duce auditory stimili; the problem of the stethos-
cope 18 to determine how these auditory stimili
depend on the instrument iteelf. The vibrations
of the chest wall are of course related to the
original physical disturbances in a very indirect
and intricate manner for they have been subjected
to modification by the complicated system consti-
tuted by the thoracic structures. But the stethos-
cope is not concerned with the original distur-
bances. Its purpose is to record the vibrations
of the surface tissues to which it is lied.

It is the problem of intracorporeal acoustics to
interprete these surface vibrations. The vibra-
tions of the chest wall must be very complicated,
they may be considered to be composed of a series
of superimposed regular and irregular vibrationms,
the regular vibrations corresponding to tones, the
irregular to noises. The relative proportions of
these under various conditions has been indicated
in the article on resonance in relation to pul-
monary acoustic{ phenomena, where it is seen that
the vast majority must be considered to be of the
nature ofnoises. Thie as was polnted out in the
article on resonance leads us to modify the common
conceptions of sympathetic vibrations in stethos-

copy.
Consider in the first case such vibrations

as are regular, These applied to the stethoscope
systems constitute periodic forcing vibratioms.



The vibrations of the stethoscope system willin
general follow these forcing vibrations and be pro-
portional to them in intensity. The vibration pro-
perties of the instrument will affect the period

for a probably inappreciable interval only at the
beginning and end of the train of waves., The in-
tensity of the auditory sensations will depgnd

among other things upon the intensity of the forcing
vibrations and the ease with which the stethoscope
system can be made to vibrate.

For the general cese then such vibrations as
are periodic will be transmitted to the ear with
little modification but in the event of any of the
forcing vibrations corresponding in frequency with
any of the natural frequencies of the stethoscope
system, the auditory stimulil corresponding to these
elemgnts will be increased and distortion of the
original vibrations takes place. i.e. some of the
component elemants will be amplified out of pro-
portion to the others. The effects of distortion
are well illustrated in the wireless transmission
of piano music and to avoid it the instrument re-
quired to be s0 constructed that its natural periods
are far removed from the frequences it is called
upon to assume.

In the previous article the mechanism by
which these increased effects are obtained was
explained amd illustrated and for their mani-
festation it was seen that one necessary condition
was that the forcing vibrations should be periodic.
Noises not being periodic wibzefiens cannot give
rise to sympathetic vibrations.

But it is an undoubted observation that
certain chest-pieces give an increased volume of
sound no matter whether we are dealing with tones
or with very irregular vibrations, an increased
volume of sound which cannot be considered to0 be a
simple magnification of the vibrations impressed

on the chest piece by the vibrating body surface.
This effect has been variously referred to by the
terms ‘resonance'‘'sympathetic vibrations' (H. Sewall)
and '‘reverberations (Williams).



Objection hag already been raised to the term
'sympathetic vibrations' because it implies perio-
dic forcing vibrations. "Resonance" likewise is
only permissible in a loose sense.

The explanation of the increased volume of
sound is not by any means an easy matter but I
think that Williams was not far off the tract when
he associated these 'reverberations! with the dimen-
sions of the contained air chamber.

Suppose we endeavour to trace the effect of
an irregular series of vibrations applied to a
vibrating system. 1.e. to determine how a system
capable of assuming vibrations would respond to a
noise. What precisely a nolse ts cannot be yet
exactly affirmed. Experiments with the siren
demonstrated that when a series of air impulses is
regular a tone is produced, but the more irregular
the impulse becomes the more noise takes the place
of the musical sound. It is as already stated,
poesible that noise in addition to being produced
by irregular vibrations may also ba produced by
periodic vibrations of very short duration. It
is known that for the recognition of a tone the
vibratione in addition to being reguiar must be of
a certain minimal duration.

In studying the effect of a noise on a vibra-
ting system we should have t0 consider the effect
of a single vibration. This can be done by con-
gidering what would happen 1f in place of one vib-
ration we imagine it to be followed by other sim-
ilar ones at periodic intervale. We should then
have the motion represented by an equation as in
previous articles which gives us the immediate ef-
fect. From this it is apparent that the character
of the vibration is as much dependent on the pro-
perty of the system as upon the forcing vibration.
A similar gquation giving the effect when the for-
cing vibration had been removed would shew that
again the motion would towards the mand be deter-
mined as much by the properties of the system as
by the applied force.



8o that if we conadider the effect of a series of
irregular vibrations it seems not unreasonable to
suppose that the vibrating system will respond by
assuming a corresponding irregular series of vib-
rations and therefore record or transmit the ori-
ginal noise, but in addition to that the system
will tend to be kep¥ continously vibrating accor-
ding to its own natural period which will give an
added element (80 called resonance ) to the ori-
ginal sound, The volume of the added element will
depend on the dimensions and vibrating properiies
of the system., We can illustrate thé§ by subjec-
ting a violin to a sense of taps--

That, I think is in fact the explanation of
80 called ‘'resonance' s0 noticeable for example in
Arnold's Phonophore. In general this must beﬁfn
objectional feature for it gives a constant phsical
disturbance bearing probably no reiation to the
physical disturbances within the chest, but a
chest piece guilty of adding these "resonance" ef-
fects will as a general rule respond with a larger
effect to forcing vibrations. 8So that the increased
volume of sound is not' entirely to be regarded as
extraneous,
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RESONANCE IN THORACIC ACOUSTIC PHENOMENA.

The previouws article on Pulmonary Acoustic Pheno-
mena led us to form the concept of the structures
within the chest forming a very complex vibrating
gystem rather than acting as conducting media, To
this complex system we may in a general way apply
the reasoning and deductions applied and arrived at
in the consideration of resonance in genersl,

Suppoge then we had-this system set into motion
by a periodic force represented by a harmonic function.

It would begin to vibrate. The commencement of its
vibration would be determined both by the properties
of the system and the period of the applied force.

The periodic force continuing to act, very
soon - after an inappreciable time it would have com-
plete possession of the field and the vibration of
the system would then follow exactly the period of
gﬁg applied force and be proportioned to it in amphi-
e.

Now suppose instead of a single applied har-
monic force we have several such forces acting simul-
taneously e.g. singing a note where we have the funda-
mental tone and all the overtones each capable of be-
ing represented by a harmonic function. Then the vi-
brating system would in due course assume & complex
vibration in which each component would correspond
to one of the original components of the applied force,
and so long as none of the natural modes of vibration
of the system approximated to any of the applied fre-
quencies the complex forced vibration would be simi-
lar in form to the forcing. Should, however, any of
the applied frequencies approximate to one of the
natural periods of the vibrating system then the cor-
responding component will be magnified out of propor-
tion to the others.

It is difficult to estimate the exact part played
by sympathetic vibrations in pulmonary acoustic pheno-

mena, I have already stated that one necessary condition



for their generation is that the forcing vibrations.
should be periodic e.g. we should be dealing with
the sound having the character of a tone.

In all thoracic phenomena we have a mixture
of tones and noises, but only in a few cases can
tones be said to predominate. The regular vibra=-
tions for the most part arise from periodic dis-
turbances in the bronchi. There is a very definite
sense of pitch for instance in bronchial breathing,
Such sounds as crepitation, and friction must be
considered to be very irregular. Cardiac sounds
partake much more of the character of noises than
of tones. The murmur in comparison with normal
heart sounds must be considered to be the more
regular the hissing element representing regular
sonorous vibrations of very short wave-length.

On account of its short wave-length Rayleigh used
a hiss in studying the concentration of sound
along the axis of a megaphone. The thoracic wall
owing to its contour and its anatomical relations
to the contained structures is most easily con-
sidered b; treating it as an independent vibrating
systen., t+ behaves like the body of a violin and
responds to any regular vibration in proportion to
its intensity. But it is quite impossible to even
suggest any of the natural modes of vibrations
though it is apparent from the great increase in
vocal resonance in the deep male voice, that its
gravest natural frequencies are relatively low.

In the case of noise produced within the
thorax we may apply & line of argument similar
to that put forward in the preceding article.
Any physical vibratory disturbance within the
thoracic may be considered as an external applied
force forcing the complex system into vibration.
In noises where we have an irregular series of
impulses we should be prepared to anticipate the
end result as perceived by the body surface as a
more or less tonal mass of sound determined as
regards its quality entirely by the vibration
characteristics of the thoracic structures superi-
mposed upon an irregular train of vibrations re-
presenting the original noise,

In the case of certain phenomena such as the
loud booming sound of a hypertrophied heart it is
possible that the superimposed mass of sound is due
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in $ke- part of primary vibrationsof the chest wall,
that is to say, the contracting heart exerts a force
upon the chest wall, a force comparable to a single
blow,

This results in a momentary displacement of the
quiescent contour, and the force being removed the
wall preforms free vibrations of such frequency as to
give an aud&}tory gensation %ill the derived energy
is dissipatated. ;

In such a case the thoracic wall itself is the
source of sound. This is poeésible in large measure
the genesis of Professor Sewall's mural vibrations,
and it makes the application of stethoscopic pres-
sure suggested by him for the better auscultation
of cardiac sounds both logical and useful.

We see then how difficult must be the ultimate
precise interpretation of the mass of sounds conveyed
to the ear apart from any modification effected by the
stethoscope. Certain elements in the mass of sound
might conceivably be sorted out by the principle
of selective resonance and be shewn to correspond to
regular vibrations, and these may _be produced by phy-
sical conditions within the thoradie the presence of
which we are anxious to determine, Others can be con-
sidered to represent the vibrations of the chest wall
or its contained structures and to give us no infor-
mation beyond a vague idea of the intensity of the
primary physical disturbance.



A STUDY OF THE MASS OF AIR ENCLOSED IN THE
CHESTPIECE.

We have discussed and illustrated some of the
conceivable ways in which the air in the chestpiece
can be set in vibration. We have also seen that in
the case of binaural instruments with rubber tubes
the tubes play only a very minor part in conducting
the sound, Their main function is simply to prevent
lateral radiation, Consequently we can form the emmestsofa
disturbance occuring at the chestpiece end of the
gstethoscope being transmitted along the tubes to the
ear.

Therefore whatever be the means by which trans-
ference of sound energy takes place from the chest
to the chestpiece it is plain that in the case of
the bingural instrument with the rubber tubes the air
contained in the chestpiece forms an essential link
in the chain of conduction.

Strictly speaking we ought not to separate the
consideration of this air from that enclosed in the
tubes but we could make no progress at all if we did
g0 and the variation in results obtained in which
the dimensions of the chestpiece air chamber appear
to be the important factor render such a separate
consideration justifiasble.

The nearest approach we could make to a com-
bined consideration would be to follow Rayleigh’s
treatment of vibrations in tubes with expanded ends,
i.e, we should have to regard the air in the chest-
piece simply as an expansion of the column of air in
the tubes.

Rayleigh has shown that the effect of such an
expangion depends upon its dimensions. If large,
the conditions at the end of the tubes as it opens
in to the expansion approximate to the condition s
that obtain when the tube opens freely into the atmos-
phere and therefore can be taken account of by con-
gidering the end of the tube as a loop., If small hke
the conditions approximate to these of a closed end
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in virtue of which the end of the tube should be re-
garded as an node,

This mass of air enclosed by the application
of the stethoscope to the body surface being subject-
ed to a vibrating foree it remains to be seen how its
behaviour is influenced by its contour and dimensions

The treatment might conceivable be undertaken in
either of two rather different ways. We might dn Lhe
one hand focussing our attention on the vibrating
area of body surface try to trace the course of a
train of waves emanating from it. Using Huyghens'
principle we should have to endeavour to follow the
the subsequent course of the wave front. Now this w
would be a Perfectly legitimate procedure provided
we were dealing with waves whose dimensions compared
to the size of the instrument were small a condition

that does not obtain in the stethoscope; for by the
time we had followed a single wave front from the
boundary to the opposite side and back again several
times, we should still be concerned only with a small
part of a single wave and we should be hopelessly b
lost long before we had formed any coneeption of «
what a train of waves would do, This is the fallagy
of the only noteworthy attempt at a mathematical inve-
atigation I have seen viz. that by Mr. Barnett in
1837. (46)

The other line of treatmemt is based on the fact
that the dimensions of the chestpiece being small in
relation to the length of the sound waves it follows
that at any particular instance the pressure through-
out the @nclosed air is piaractically uniform and the
motion of the air can consequently be deducted from
the behaviour of an incompressible fluid.

The idea of the pressure being uniform through-
out the chestpiece of any time will be better under-
stood from the diagram below, fig, 29,
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The distance x x represents a wave length A is
the chestpiece. Where the lines are closely set
they indicate compression, It will be seen thagt in
A the air is all in-a similar condition. These two
conceptions may be illustrated by comparing the
former to the ripples set up in a large tank of
water when one side is struck, and the other to the
motion of water in Higginson's Syringe when the bulb
is compressed and relaxed,

That this latter conception is the more logical
one follows at once from the experiment of applying
the chestpiece e (the ordinary funnel form)to the
body surface. Auscultation phenomena are scarcely
audible until the chamber is closed. If the chest-
piece be tilted so that while part of the rim makes
contact with the body surface there is a free comm-
unications between the external air and the con-
tained mass of sir in the chestpiece very marked re-
ditction takes place though there is no reason why the

vibrotion o metal parts should be correspondingly reduced, and
™ if we were dealing with a propagated wave motion in
g medium there is no reason why an accessory outlet
should so diminish the volumes of sound, Plainly the
ghambar must be closed in order that the pressure fn
he contained space may rise and fall as s whole,

The problems to be tackled then are.
(1) To understand the behaviour of the enclosed air
as regards modification of the component forcing vib-
rations.
(2) To determine whether or not adventitious elements
arise in the nature of free vibrations within the
chestpiece such vibrations having no corresponding
forcing vibrations,
(3) To determine the behayiour when the foreing vib-
rations are (a) periodic (®) aperiodic. (4) To dét-
ermine how the dimensions of the cavity are related
to the volume of sound.

At this point the problems can be most readily
handled by material derived from the chapter,in # athanec
Rayleigh's Sound. The mathematical work is very elab- (4%7?)
orate and advanced, but as he puts the matter so con-
cisely I shall risk quoting him in full in parts with
slight adaptations.



"In the organ pipe closed at one end and open
at the other we have an example of a mass of air en-
dowed with the property of vibrating in certain def-
inate periods peculiar to itself, in more or less
complete independence of the external atmosphere.

If the air beyond the open and were entirely without
mass the motion within the pipe would have no tend-

eney to escape and the containef edtumn of air would
behave like any other complex system not subject to

dissipation.

In actual experience the inertia of the externmal
air cannot of course be got rid of, but when the dia-
meter of the pipe is small, the effect produced in
the course of a few periods may be insighificant and
then vibrations once excited in the pipe have s cer-
tain degree of persistence. The narrower the channel
of communication between the interior of the vessal
and the external medium the greater does this indep-
endence became., Such cavities constitute resonators
In the presence of an external source of sound the
contained air vibrates in unison and with an ampli-
tude dependent on the magnitudes of the natural and
forced periods, rising to great intensity in the case
of approximate isochronism. When the original souwddsce
cease the resonator yields back the vibtations storad
up a8 it were within it, becoming itself for a short
time a secondary source of sound.”

The theory of resonators formed by air cavities
can be graduslly comprehended by considering the case
of a stopped cylinder in which a piston moves without
friction fig. 30.

"On the further gide- of the piston the air is
supposed to be devoid’ss that the pressure is absol-
utely constant. If n%w the piston be set into vibra-
tion of very long period it is clear that the con-~-
tained air will be at any time very nearly in the
equilibrium condition (of uniform density) correson-
ding to the momentary position of the piston. TIf the
mass of the piston be very considerasble in comparison
with that of the included air, the natural vibrations
resulting from s displacement will occur really asif
the air had no inertis and in deriving the period
from the kinetic and potential energies, the former
may be calculated without allowance for the inertia
of the air, and the latter as if the rarefaction
and condensation were uniform.



vnder the circumstances the air acts merely as
a spring in virtune of its resistance to compression
or dilatation; the form of the containing vessel
is therefore immaterial; the period of vibration
remaing the same provided the capacity be not wvaried."”

Rayleigh deals with this hypothetical case
mathematically and shows that the periodic time is
proportioal to/M,S, whem I is the mass of the piston
and S the volume 0% the air,

"Let us now imagine a vessel containing air
whose interior communicates with the external atmos-
phere by a narrow aperture or neck. It is8 not dif-
ficult to see that this sgstem is capable of vibra-
tions similar to these just considered, the air in
the neighbourhood of the aperture supplying the place
of the piston. By sufficiently increasing S the
period of the vibration may be made as long as we
please, and we finally obtain a state of things in
which the Kinetic energy of motion may be neglected
except in the neighbourhood of the aperture and the
potential energy may be calculated as if the density
in the interior of the vessel were uniform. In
flowing through the aperture under the operation
of a difference of pressure on the two sides or in
virtue of its own inertia aféer such pressure has
ceased the air moves approximately &s an uncompress-
ible fluid would do under like circupstances provided
that the spacethrough which the kinetic energy is sen-
sible be small in comparison with the lengkth of the
wave.,"

These suppositions become rigorous only whens
the wave length is indefinitely great in comparison
with the dimensions of the veseel.

This simple methbdd of calculating the pitch of
resonators is applicable to the gravest mode of vib-
ration only the character of which is quite distinet.
The overones of resonators with contracted necks are
relatively very high, and the corresponding modes of
vibration are by no means independent of the inertia
of the air in the interior of the reservoir.

"We shall now examine the forced vibrations due
to a source external to the resonator.”



The result of this consideration shows that the
maximum internal wvariation of pressure occurs when
the natural note of the resonator is the same as that
of the generating sound.

The maximum vibration when coincidence of per-
iods is perfect warious inversely as S, but if 8 is
small a very slight inequality of the periods is
sufficient to cause a marked falling off in the in-
tensity.

We shall owing to the importance of a clear
understanding required,go into this subject more
fully, Consider the small raaonator(Halmholtzgshown
in fig. 3l.

Suppose it be exposed to a source of
sound. The vibrations arriving at A
gset the air in the cavity vibrating.
Now as this eavity is of small dim-
A ensions in comparison with the length
of sound waves such as we are coneerned
k with, at any given instant the pres-
{ﬂ 3) gure has practically the same value.
H throughout its dimensions. Under

@hese conditions the motion of the air approximates

to that of an incompressible fluid. This is as mucha»
to say that there is practically no motion except in
the vineity of A. The air in the vincity of A vib-
rates more or less violently and the path of vibra-
tion would be closely repregsented by the stream

lines followed by fluid in flowing through the neck
See fig. 32,

Apart from the vincity of the neck
the motion becomes very small, so
== small that it ‘can be neglected in
dealing with the kinetic energy of
.{4q 32 . of the system.

The potential energy of the system san then be eal-
culated by considering the pressure to be constant
throughout the cavity at any instant, From these
considerations it is possible to deduce the form-
ulae for the frequency of the natural note &% the
regsonater, If the resonator be exposed to & source
of sound, following the reasoming of the article on
resonance we expect at the very commencement of the
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vibration ,the motion i= %o be made up of two factors
one representing free vibrations the other the forced.

In this case however the free vibration is negli-
gible because the mass of the enclosed air is so
small that it will practically follow at once the
form of theimpressed foree. If the frequeney of
the impressed force be very close to that of the
resonator, A sharp rise weed in intensity ensmes
but this sharp increase in intensity only occurs
over a very small range of close approximation®the
natural note of the resonator.

Further it has been seen from above that the
overtunes from such a chamber are very high and we
have elsewhere pointed out and that the gravest tomes
as well as the over tones of the vibrating systems
formed by the metal parts of the chestpiece must be

considered to be also very high, Also from above
it is seen that where the air chamber is of small
dimensiongvery exact isochronism”iemanded for the
manifestation of resonance, and in stethoscopy
only under exceptional circumstances can this be
supposed to occur. The conclusion therefore is th&t
it is extremely #nlikely that "Sympathetic vibra-
tions of the instrument itself" is a factor of agy
importanee in stethoscopye.

In stethoscopy we are as has already been sta-
ted more interested in irregular vibrations. It
will therefore be of interest to}conaider again what
happens in the case of such apere8idic forced vibra-
tions. Here we can only surmise but we may argue
thus,

A sudden disturbance in A
fig. 32 would set the air
A in motion., Odece in
motion it tends to per-
sist. The effect of
23 dissipation depends on the
'*“’\ diameter of A.

If this be small the dissipation will not be marked

at first therefore the energy will not all be dissip-
ated in the single swing corresponding to a singleimpulas.
impulse, The air in the resonator will continue to



vilirate freely until the energy is all dissipated.
Now if we exposed the resomator to a rapid succession
of irregular impulse e.g. t0 a maintained noise

the effect of these free vibrations would become

more marked and the noise as auscultated by the

help of such a resonator would have a "resonating”
quality.

"

The "resonating quality is not related
except by way of intensity to the exciting vibrations
The ease with which free vibrations are set up
is demonstrated by holging a spiral shell to the
€ar., In this case any Eternal digturbance sets
the air vibrating, If this is so, & very im-
portant point because it means that probably
the so called resonance in stethoscopy is not
sympathetic resonance, i.e. it does not
correspond to a vibration derived from the chest
It is simply the free vibration natural to the
chest piece excited by the disturbance in the
air, We can develop the preceding case one
stage further in order to approximate very closely
to the actual conditions in the chest piece.
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Consider fig. 33. Herevwe have a large

eylinder with a corresponding piston A. and a
small outlet B. Extending the above illustration
it will be seen that if the piston vibrate through
a small amplitude there will be comparatively
little motion of the enclosed mass except in

the vicinity of B; but there the motion must

be very great and will among other things depend
on the relative areas of A and B.

In the chest piece, laying aside for the
moment the vibration of the solid parts, we
can consider the place



of the piston A to be represented by the covered
body surface and B the leading off tube. It will
therefore at once be apparent how the great in-
crease in the kinetic energy transmitted along

the tubes is effected and how the chestpiece can be
considered to act as a collector,

It is also apparent that the larger the body
surface the greater the energy, coeteris paribus.

A further extension enables us to consider
the Piston A to represent the total deformities of
the contour of the chestpiece i.e. to take account
of the motion of the solid parts as well as the baly
surface.

Lastly the necessity for the chamber being clo-
sed by the application of the rim to the body surfawe
all round will be appreciated for if there be a com-
munication to the external air, as may occur in the
application of the chestpiece to the parietes of an
emaciated subject, there is an alternative path for
the escape of the energy, and the amplitude of the
pressure variation in the vieinity of the orifice
of the conducting tube is greatly reduced.

This argument leads us to neglect entirely
the shape of the enclosed air and the point of exit
of the tube conducting; and there is no doubt that
these are o gnificance, though in some in-
stances appreciable.

We have said that the deductions made depend

on the assumption that the wave length is very
large in comparison with the dimensions of the chest-
piece air chamber; also the striet applications of
the theory of resonance demands that the walls be
rigid. Neither of these assumptions is exactly true

for though large in comparisonp with the dimensions
with chestpiece the ratio is not an@ infingte number
and of coursec the vibrations in the enclosed air are
set up by the boundary walls of the chamber, (inclu-
ding the body surface as one wall).

Nevertheless it is apparent that the kinetic
energy is relatively sensible only in the vieinity



of the outlet,

At the other extreme remote from the above
hypothetical case, we should have to consider the
whole mass of air performing on appreciable motion.
The kinetic energy would then be sensible throughout.
We should then have to try and think of the air as=za
gtream of fluid and its behaviour would be analogous
to the flow of fluid through orifices and the greater
the facility with which the fluid could be foreed
through the orifice the better the results, For ex-
ample take the case of the Bowles pattern illustrated
below fig. 34

The motion of the f£luid could

be conceived to follow the lines
X &\ y indicated. From this on this
D conseption it must be evident

that the spaces X and Y are of
£rq 3y little value.

Cabot points out that the functions of the dia-
gram D is simply to prevent the encrodichment of the
tissues on the enclosed air space, The real reason
I think will now be obvious

A \ Taking away the diaphragm fig.
35 would allow the tissues to
IS e encrouch on the air cavity.

The effect of this will be to raise the funda-
mental note,an insignificant point ,but if we could
consider the kinetic energy to be sensibly negligible
except at A, this would not cause any great change
in the pressure amplitude for the vast majority of
8 tation vibrations. But on the stream line con-
ception it must be obwious that in fig. 35 as com-
pared with fig. 34 there is a great reduction in the
flux at the outlet A.

One other observation lends further support bo
this later conception, I find that the diaphragm
form in which the leading tube enters at the side as

in fig. 36.
=7 )
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is not so efficient in produeing a volume of sound
as8 that form illustrated in fig. 34. I think it
must be tolerably clear that the motion of the air
A . in A fig. 37 which lies oppo-
‘%7‘11{3 gite the centre of the dis-
i phragm must be considerably
4_‘ 4 3 greater than at B.

The most efficient form of diaphragm pattern would
therefore appear to be that designed by Dr. Skinmer,
fig., 38

The Bowles pattern however was originally intro-
duced chiefly because of its convenience in use in
tients who could not sit up.
pet#*Dr, Skinner however has appa-
rently had the idea that the
diaphragm possesses special
Fey 3% intrinsic merits, A

He appears to have formed the concept of theair
in motion as indicated by the stream lines in illus-
tration and to have seen that the ordinary mode of
insertion of the condueting tube leads to a reduc-
tion in intensity.

Summing up then, it appears thatt by accepting
in part the fundamental conception on which Rayleigh'g
demonstrates the theory of resonance in airy cavities
viz. the conception of the kinetic energy d% the vib-
rating mass being sensible only inkthe vicinity of
the communieating channel while the potential energy
is calculated without reference to the spare varia-
tion of pressure in the chamber, combined in pa¥t &
with the idea of the whole mass moving in such a way
as to bring the phenomena of strqggaé}nes into play,
leads us to build up a tolerablﬁl ea of the beha-
viour of the air, and we are now in a position to
answer the questions we proposed at the beginning of
this article,

w;. -‘d‘
(1) The behaviour of the ceméggésa& air as regards

modifying The component foreing vibrations:-

The only frequency to be considered is the
gravest natural tone of the confined mass of air,
The overtones are so high that they do not fall with-
in the range of corporeal vibrations. In the case
of an incident regular train of waves coming from the
body of frequency very closely approximating to the
". —r““. OﬂM—"‘" e Klﬂ.\.‘.‘,u’ : a&wd s Shevonans
> WLL» AL wﬁwmsequ end, Flw mol- clian
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gravest natural tone, the phenomemen of resonance
will be marked; the particular vibratio n will be
amplified out of proportion to the others and give

a distorted sound. Where the air chamber is small
its natural frequency is high and in addition very
exact isochronism is necessary to elicit sympathetic
resonance,

The larger the airchamber the lower its funda-
mental note and the greater will be the range of
frequencies in the vicinity of its own natural fre-
quency to which it will respond.

Apart from these there can be no sensible 4dif-
ference in the magnitude of the response for all
other vibrations.

It seems to me that only in such forms as
Arnold's Phonophore (where other resonating factors
have to be considered) or in the large form of dia-
phragmatic instruments, can distorpion from this cause
take place; and further its occurence is circumscribed
by the necessity of a regular train of oorresponding
forcing vibrations,a condition not by any means ob-
viously commonly f‘lfilled.

(2 The occurence of adventitious elements by way

of vibrations having no corresponding forcing

vibrations ;- This appearsito me DLgnly probable
and N; to be in large measure ‘the explanation of the
,8uperimposed elements or as Williams called them
raverberatiuna "attributable bo the properties of the
chest-piece. The larger the confined air space the
lower its fundamental note and the more it is likely
to interfere with the <forcing vibrations. One can
demonstrate this effect by holding a chestpiece such
as Arnold's phonophome close to the ear while some ex-
terhal disturbance is coming from the surrounding at-
mosphere e.g. the rumble of a passing tram-car or again
if with the earpieces in the meatus one listens to the
conversation of a friend directing the chestpiece to
him, Phe voice acquires a "resonating' quality which is
much more probably due to free vibrations of the Stethos-
copy 8ystem than to the iinequal magnificagien of the
component vibrations of the voice,

This feature must in general be objectionsable.
It gives one an entirely false conception of the
volume of sound coming from the chest. It may lead



us to hear quite a volume of sounf in one case and ap-
praise the chestpiece accordingly where a8 with another w~<_.
hear practically nothing at all,for the deduction we
should logically draw would be more accurate in the

latter case.

This leads us to lay down the principle that
large air chambers in general are to be avoided but
if for other considerations they are advisable then
the occur nzg gé frge vibrations should by guarded
against by the space with perforated dia-
phragms or some other such device.

(3) The dependance of the behaviour on the pertodicitx
or aperiodicity Of the forcing vibrations Has

now been fully discuesed. Wwhen the forcing vibrations

are periodic we expect a corresponding periodic train

of waves transmitted to the tubes. Distortions by

the magnifivations of one component more than an -other

only occuriing in the case of very approximete isoch-

ronism between the forcing vibrations and the gravest
natural frequency of the confined air.

If aperiodic we anticipate a series of irregular
impulses along the tubes registering the true character
of the original disturbanee with a superimposed resona-
ting quality.

(4) To determine how the dimensions of the cavity are

related t0 the volume of sound., The lLarger the
dimensions of the cavity the greater will be the volume
of the sound in general., Firstly, because a larger
cavity generally implies a greater area of covered body
surface. Secondly the larger cavity will general mean
greater amplitudes of the boundary, and thirdly on account
of both these reasons e magniﬁﬁda of the kinetic
energy is greater in %he vieinity of the outles.

.
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THE BEHAVIOUR OF CHEST PIECES.

The contents of the articles on resonance and the
transference of sound energy from the body surface
to the chest piece and the behaviour of the enclosed
air makes it possible to desl briefly and concisely
with chest pieces in general.

Taking the common case of the binaursl instru-
ment with rubber tubes we can sum he action of the
chest piece.

l. By considering it simply as the boundary
of the enclosed air.

8+ By regarding it as a vibrating system.

l. The chest piece as the boundary of the

enclosed air. It was geen that much the better way

0 deal w the vibration of the enclosed air is
to sdopt the ideas on which the theory of resonsators
is based. It is quite hopeless to try and visuslise
8 sound wave sdvancing from the body surface. It
follows at once that the actual shaspe of the chest
piece as far as the mould of its internsl space is co
concerned is s matter of minor importance,and that
the only point to be attended to is that the lead-
ing off tubed should be so placed that the energy
of motion of the vibrating air in the vicinity of its
commencement is as large as possible.

Arnoldsphonophore for example does not collect
the sound in the manner commonly supposed viz.inthe
bell shaped part and thence ¥eflecting it down the
conducting tubes.

2o The chest-piece as & vibrating system. We
are only interesfed in the chest pelice as a vibrating
system in so far as it is capable of setting up
vibrations in the enclosed air.

Now as & vibrating system it is subject to
foreing vibrations impressed upon it by the vibrat-
ing body surface and its motion of course is deter-
mined as slready outlined in the general consideration
o€ Tresonance. To repeat once more.



Suppose it be subjected to a periodie vibration.
Its motion at the beginning is determined by two fac-
tors, its own properties and the spplied force. But
very shortly it will be vibrating with the same fre-
quency as the applied force and with an intensity
proportioned to the applied force. If a complex per-
iodic vibration be applied we expect all the compon-
ents to be equally transmitted except in the case of
approximate isochronism between any of the natural
modea of vibration of the cheat piece and the foreing
vibration.

I have experimented with a number of different
chest Eiacea and ear specula to try and elicit their
natural tones. Now putting them under the most fav-

ourable conditions for the gravest tones viz. by
suspending them, I ,found that the natural notes are
all very high lying outside the range of normal aus-
cultation sounds. Further the application of the
chest piece to the body surface does not permit these
toneas to be generated because of the damping and the
natural vibrations of the metal when applied to the
body must probably in all cases be beyond the range
of hearinge. This leads to the conclusion that the
metal parts probably in all cases give an exact rep-
lica of the forcing wibrations. There is no distertion:
only the intensity eei.e. tThe amplitudes of the vib-
rations will depend on the ease with which the metal
parts can be made to vibrate.

The vibration of the metal partswill be greater
the thinner, lighter and more hdghly elagtic (in the
true physical sense). the material of the chest piece
,and the smaller its inertia.

Posgibly in the case of thin metallic chest pieces

the gravest natural note may be low enough to add to

the anscultated sounds a superimprosyed tonal mass of
gound of s high ringing quality,the genPsis of which
may he conceived analogus to the rumbling in some

stethoscopes due to the dimensions of the air cavity
elsewhere referred to, but I am inclined to think that
does happen in ordinary forms.



RESONANCE IN TUBES.

In the discussion on vibrations in tubes we
postponed the question of stationary waves and
resonance. We simply thought of the enclosed
column of air as a portion of a medium trans-
mitting the waves. But the air in the tubeis
an enclosed mass and in consequence it may
equally well be treated as a vibrating system.

The behaviour of such s aystem is well
illustrated in the theory of the organ pipe.

&
B3 3 >Y A

fig 39,

Consider the case of a long narrow
cylinder fig. 39 closed at end 4 and imagine
& harmonic vibration ineident on the open
end B, The waves are propagated along the
tube to the closed end A where they suffer
complete reflection. So that in thinking
of the motion of anymnthin lamina C we have to
visualise a train of waves passing through it
in the direction X Y and an equal and opposite
train in the direction Y X. The final result
is obtained by combining these two trains which
are of course of equal period and sensibility
equal amplitude.

Now the combination of such a double set
of waves give rise to what are known as
gstationary waves.

This combination and the resultants are
illustrated in fig. 40.
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The heavy line indicates the incident waves

the dotted line the reflected, while the dis~-
placements are¢ shown for intervals of time
equal to 7 where 7 is the time of one
vibration.® In the figure showing the resultant
it will be seen that at the point N no motion
takeg place at any time. 80 that there is no
propagation of the disturbances. The column of
air is now vibrating, in a manner analogoustto
a vibrating body. It has in fact been forced
into vibration by an external applied periodic
force.

The natural frequency of vibration of
such a eolumn of air is determinedby the length
of the column and the conditious at the ends.
This is the problem of the organ pipe.

When the pipe is open at both ends the
lowest natural mode of vibration i.e. the
fundamental tone is determine by the relation

2l A

Where 1 is the length of the pipe and >\ the
wavelength. In addition there is 2 whole series
of overtones natural to the pipe determined

by thebh redation.
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This relation holds good also if both end are
closed.,

If one end be closed and one end open the
corresponding relation are

s
3As
- 5A\s
s (2m-1) A

Applying this theory to the binaural
stethoscope it is noted that we have two narrow
columns of air. The end conditions are
difficult to determine definitely. The proximal
end being closed by the tympanic membrane probably
corresponds to a closed end but it is complicated
by the motion of the membrane.

The distal end approximatef& perhaps more
to an open end the larger the dimensions to the
air chamber of the chest piece the more will the
commencement of the leading off tubes approximate
to an open end.

We are thus led to expect a disproportionate
amplification of those vibrations whose period
coincides with ons of the natural modes of
vibration of the contained air. Also by reasoning
similar to that used in the behaviour of the
air in the chest piece, it is possible that the



irregular disturbances may set the airg column
vibrating according to its own natural period,
without there being any corresponding forcing
vibrations. If we auscultate the hiss of a gas
fire with a binaural head-piece and tubes of
various length without chest pieee attached,
there is a very obvious difference of pitch
according to the length of the tube employed.

As the pitch various continously with the

length of the tube I think we are more justified
in assuming that the column of air is being set
in motion in a mamner analogous to the operation
of an organ pipe off flute, and is not simplys
reproducting vibrations already =sproaenﬁ§ng
the complex sound of the burning gas. >

But these effects are small in comparison
gay with those attributable to Arnold's
Phonophore. They are small because of the
small diameter of the tube. Still, definite
claims as regards the utilization of a variable
cokumn of air have been made by several
experimenters.
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INSTRUMENTS WITH DIAPHRAGMS,

Instruments such as the Bowles pattern in
which a diaphragm or thin eircular plate forms
an integral part of the chest piece constitute
a class by themselves. These diaphragms are
generally made of a thin plate of gelluloid
material. Their funetion has bean scussed
but to very little purpose.

Por the most part they are found only
in flat type? of chest piece 80 constructed
as to permitjeasy examination of the patient
without putting him to exertion of sitting up in
bed, but Dr. Skinner apparently ascribing
apecial acoustics merits to the diaphragm itself
has introduced it into the funnel form of chest
piece.

The current views on the subject are re-
presented by the opinions of Cabot, and Norris
and Landis. Cabot is,of.opinion that the
function of the diaphragm is simply to prevent (49)
the soft parts from encrosaching upon the closed
air space.

He discounts the ides of it acting as a
diaphragm in virtue of the fact that he gets
equally good results with a diaphragm that is
cracked. Norris and Landis ascribe a similar (50)
observation to Montgomery but also suggest
that the sound waves are amplified by the dise.

Both these atatements illustrate in point
the observation previouly made as regards the
want of scientific precision. The vibrations of
a dise (2 thin eivcular plate) depend upon
(1) Its intrinsic structure, (2) Its dimensiong
(3) The manner in which it is held fixed,

(4) The nature and mode of application of the
applied force, (5) The external physical cone
ditions. By an unqualified reference to the
vibrations of a dise it is generally tacitly
asgsumed that the external conditions are re-
presented by air on both sides or at least by a
fluid medium, & condition which does not obtain
in stethoscopy. on the other hand the fact that
the dise is got free to vibrate does not put out



0f court em consideration of its intrinsic
qualities.of tabbiwzs. The observation of
the crack is besides the point. It simply
means we have two or more thin plates of
smaller dimensions to consider instead of
one, and the only difference would be in

the natural modes of vibration none of which
88 we shall see can be of any importance.

Further in the consideration of the
application of the dise against the skin
we have to determine whether in addition
to the applied forces normal to the dise
there is the possibility to a tangential
component as such would give rise to
extraneous effectshhaving no counterpart
in the..intracorporal disturbances.

We see then that when a dise is in
use we have to consider in addition to its
own intrinsic properties, the mode of
application of the vibration forces and the
external circumstances modifying its be=-
haviour.

There is hardly any question that the
diaphragmatic type of instrument yields a
greater volume of sound especially in the
auscultation of pulmonary sounds. Thisine
creased volume of sound has been regarded
with suspicion by many clinicians and the
use of this form especially by beginners has
been sirongly condemned.

The increased volume of sound has been
variously ascribed to the greater area of
body surface generally covered by this type.
(2) To the diaphragm preventing the encroach-
ment of the soft tissues on the receiver and
to the vibrations of the dise.

Considering these explanationa in detail

In general the area covered by this form of
chest piece is larger than the open type, and
for reasons previouly stated this does result
in an increase in the volume of sound.

The effect of the encroachment of the
parts into the chest piece has already been
referred to in the article on the Study of



the Bnclosed Mass of Air. The problem as
in thatarticle has to be viewed in a double
light viz. the effect in reducing the volume
of the enclosed air, (2) the effect in re=-
ducing the effective motion of the air in
theviginity of the leading off tubes.

[
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Consider the case illustrated in figure
41 and fig, 42. Pig 41 is a common form with
diaphragm,fig 42 is the same form in use with
diaphragm removed.

In this form of instrument it must be
tolerable obvious without further discussion
that the part played by the metal parts in
the reception and transmission of vibrations
is of no account. We are only concerned
with the variations in pressure effected by
the vibration of the diaphragm, and the value
of the Kinetic energy in the vicinity of the
leading off tubes. The diagrams and the
reasoning of the previous article on the be-
haviour of the enclosed mass of air indicsted
how these two function are related. In fig.
41 the motion of any individual part of the
diaphragm constitutes something towards the
total Kinetic energy in the vinicity of the
leading off tube. In fig. 42 where the
soft parta have largely obliterated the aiw
chamber only the small ares marked a8 «(3
has any decided importance in setting the
air inmthe conducting tube in vibration.



The removal of the diaphragm is tantamount
to reducing the area of body surface covered.

I have found the
encroachment of

the soft tissues
into the lumen of
that otherwise ex-
cellent form in-
troduced recently
by Marr, to detract
in a similar way
from the wvalue of
the instrument.
Fig. 43 is a rough
diagram illustrating
this case.

Apart from these considerations there is the
problem of the intrinsic behaviour of the
diaphragm which I am of opinion is largely
responsible for the characteristic increase
in sound.

The easiest way is again to regard the
diaphragm as a vibrating system subjected
to external forcing vibrations. This leads
ugs to deal first with the natural modes in
which a diaphragm may vibrate.

The mathematical theory of the vibra=-
tions of in plates or disesis extremely
complex. It involves the use of some of
the fucntions of Higher Analysisg%tBessel
function8y but as early as 1787 Chladni de=
vised an interesting method of demonstrating
the nodal lines by the use of fine sand and
the figures so obtained are known as
Chladni's figures. Diagrams of which may be
seen in any text book of sound e.g.Barton's. (51)
The position of these figures depend upon
the points at which the diaphragm is clamped.

In stethoscopy we are usually concerned
with a thin plate clamped at the boundary.
If this were suspended in a oniform fluid
medium e.g. air its natural nodal 1
would take the form of a series of g§§§§¥2;:
circles and a series of diameters. Considering
the size of the dises in use these natural
frequences must be hign and cannot fall within



the range of the vibration of auscultationy
signs so that we may exclude the possibility
of distortion of the auscultated sounds
attribatable to the phenomena of sympathetic
resonance on the part of the diaphragm.

But the use of the diaphragmatic pattern
generally involves the apposition of the
diaphragm to the body surface, and this of
course entirely alters the external con-
ditions on which the behaviour of the dise
partly depends.

The application of the dise to the
body surface is not equivalent to having a
uniform denser fluid medium on one side such
as.water. We must form the concept of the
dise making contact with the body surface at
& large number of discrete points but hot
at all points as in the case of a fluid medium.
Under these conditionsthe nodal lines become
extremely irregular- 8o extremely irregular
and complicated that neither mathematical
analysis nor experimental physics can be of
the least service in guiding us to an approx-
imate idea of the behaviour of the disae; but
I think we may with fair certainty lay aside
any consideration of the question of
sympathetiec vibrations on the part of the
dise. This leaves us to consider in what
way the dise in virtue of its intrinsic vi-
bration characteristics is likely to modify
in transmitting the forcing vibrations
applied to the body surface.

If we try to analyse in sufficient de-
tail any problem of vibrating bodies we come
down ultimately totthe vibrations and be-
haviour of the particles of which the bodies
are formed.

Try to follow the motions of the
particles constituting the chest wall and
those of the thin ﬂiqglgpplied 1$ it . Think
only of the super layer of tissues.
These are subjected to a succession of applied
forces displacing them outwards while their
returm motion depends upon their elasticity
( in the true physical sense). Now the return



motion of a thin dise such as is used in
stethoscopy must tend to be more rapid than thet
of the tissues so that the superficisl layer
will with the dise in use be restored to its
undisturbed position more quickly than if it
were dependent only on its own elasticity; so
that while the intervals between the successive
compression and rarefactions of the air en-
clogsed in the air chamber remain unaltered the
charscter of the waves might be supposed to be
altered in a manner f“”““” Te &)

(1)
§og uH

illustrated in figure 44 and this would give

a more effective pulse along the conducting
tubes.

It must be very difficult however to
surmise what the realtive effect will be in
waves of different frequencies and what the
exact result will be in a complex vibration:-
In addition instead of having the diaphragm
subjected to a uniform variation”pressure
we have an impulse applied at a very large
number of disorete points.

I think also that the atretchin% and
relaxation of the skin applied against® the
diaphragm may not altogether be neglected
but it is very difficult to arxrive at any
idea of the importance of these various
points.

In summing up the position as regards
the desirability og employing a diaphragm
against the body surfaces we have to realise
first the fact that the vibrating structures
pathological or normal are subjected to diverse
modifications before they affect the body surface,



that we have to frame our deductions as r rds
the na%ura of %ha conditions withgn tﬁe oﬁggt

from the vibrations of the body surface.

The interposition of a diaphragm means
tha addition of another accessory vibrating

system likewise responsible for further
modifications. It would certainly at first
appear to be obvious that the less indirect
our deductions require to be the more are

they likelv to be satisfactory,so that we
should have to condemn in genersl the

emplovment of diephragms. Qn the other hend
if the explanation suggested for the in-

creaged volume of sound beine due to the
di=phragm then the introduction of a diaphregm

must be conceded to have some real adventages.
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FUTURE OF AUSCULTATION - A,PROSPECT.

‘Mediate auscultation has now been in common practiege
for nearly a hundred years, and it is difficult to
see how it is likely to be replaced by any other
means of physical diagnosis. Skiagraphy it is true
has of recent years been brought to such a pitoh of
perfection as to render it not only a valuable adju-
vant but alsc in some cases:to surpass even auscul-
tation in demonstrating a lesion, but for obvious
reasons the skiagram can never be of such general
applicability and not all the lesions that give
auscultating signs can be made manifest by Xrays.

But_auscultation cannot be said to be by any
means yetdperfect art. The lines along which we
could wish and may reasonably hope for development
are these:-

(1) Easier detection of faint signs.

(2) Better understanding of the mechanism
of the production and transmission of
intracorporeal vibrations, and this
incidentally implies a more precise
knowledge of the macroscopic physio-
logical and pathological conditions
associated with auscultation signs.

(3) Further insight into the character of
the . sounds.

(4) An exact understanding of the proper-
ties and behaviour of the instruments
employed.,

During the past hundred years there has
been very little real advance on Laenec's work.
Numerous modifications have been devised but be-
yond the introduction of the binaural form there
hag been little essentially either new or bril-
liant. From the study of his work one is almost
led to conclude that while his experiments were
simple and might easily have been devised and
carried out by a physician of ordinary intelli=-



gence with equally accurate conclusions,yet he
seems by a stroke of genius and to have appre-
ciated how little further improvements he was
likely to effect, and so, instead of wasting his
time over trivial details of design proceeded to
make use of his new instrument,and in a compara-
tively short life satisfactorily recorded the
great majority of auscultation signs,

S8ide by side since then a double effort has
been going on.

(1) the effort to improve the understanding
of physical signs and

(2) the effort to improve the instrument.

The outlook at the present day is more
focussed on the instrument itself. The general
feeling seems to be necessity for instrumental
devices to give us more information. Especially
80 is this the case in small lesions associated
with small pathological changes and corres-
pondingly small variations from normal acoustic
signs., The certain diagnosis of the early tuber-
cular focus for example is probably the most ur-
gent and difficult work the stethoscope is called
upon to perform,

I think it may be safely affirmed that we
cannot hope for any effectual augmentation in
auscultations signs unless we introduce an
accessory intermediate source ofenergy.

From the vibration emitting surface to
which we apply the stethoscope we have a cer=-
tain small amount of energy to make use of and
it is idle to talk about amplifying the sono-
rous vibrations B¥ modifications in the chest
pliece. As far as one can see at present the
accessory source must take the form of an elec-
trical device. We have then the problem (1) To
use the vibration energy (kinetic or potential)
of the small area of chest wall to control the
source of electrical energy and the magnified
vibrations in this larger source have again to
be made manifest by reconversion to sound. I
made memtion in the introductory chapter of the



possibilities of the osc&llation valve and the
advance in,phenomena in general sound in con-
sequence of the great interest in Wireless Tele-
phony, Spnmegwriting that article the following
has appeared in the B.M.J.

France.
(From our Special Correspondment)
"The Electric Stethoscope®

A new and interesting piece of apparatus
was presented recently to the Faculty of Medicine.

It is a loud speaker stethoscope, which am-
plifies the sounds of the heart and lungsy separa-
tes them by means of "filters" eliminates all other
sounds than that to which the observer wishes to
listen., It was brought to France from America by
Dr. Le Mée and Dr. Hellé, and seems to be less a
medical invention than a contrivance perfected by
telephone engineers. The audience which crowded
the amphitheatre saw a patent stated to be suffer-
ing from Bright's disease, while the disc of the
loud speaker, filled the hall with the sound as of
a charge of cavalry, It is easy to conceive the
value such an invention may have for teaching, but
imagination can look forward to a time when the
specialist shall sit at his fireside, pipe in mouth,
and telephone receiver at ear, examining patient
after patient with whom he is successively connected
by the telephone exchange, Better still, we can
suppose the auscultation sounds registered on photo-
graphic discs and collected to form a cardiopathic
library., The doctor of té-day must be chemist, to-
morrow he will have to be an expert in physics also.
It will not be easy for our successors to obtain
their medical qualification.

B.M.J. Dec. 5/1925. page 1085,

This article is of course typically French,
and characteristically optimistic, and funny, but
such a device though probably only a novelty indi-
cates the possibilities. There are two main diffi-
culties in this work. viz.



(1) the sound receiving instrument,
(2) the sound emitter.

Some modification of the carbon microphone
has as far as I know been employed so far for the
sound receptors but even that is not sufficiently
sensitive for the faint sounds we specially want
to amplify., The valve circuits do not offer the
difficulties that high frequency circuits do in
the problem of distortion. The frequencies of
auditory vibrations are relatively low and it is
comparatively easy to arrange the value of in-—
ductance capacity and resistance of the circuits
with included walves, so that all the vibrations
shall be amplified in proportion giving conse-
quently no distortion effects.

The sound emitter whether it be loud speaker
or headphone is another problem. In the latter
there is the problem of diaphragme in the former
the additional trouble of horns or discs. But
these are being very successfully handled.

As regards the value of filters one is chary
in passing an opinion., The great difficulty in
wireless telegraphy has been the elimination of
irregular sounds, Regular vibrations can be am-
plified or diminished by passing the associated
electrical currents though circuits suitably tuned
but the principle upon which this is effected de-
pends on the vibrations being regular and in auscul-
tation we are undoubtedly concerned with irregular
vibrations probably more so than with regular.

In gpite of 2l]l this one feels certain that
in the oscillation value lies the key to future
advance in stethoscopy.

A considerable space in this thesis has been
devoted to the phenomenon of selective resonance.

Ite importance in auscultation so far is quite
unknown, Efforte to make use of the phenomenmhave
been made on various occasions chiefly in connection
with heart murmurs, and the part played by sympathetic
vibrations in cardiac and pulmonary acoustics is
certainly worth investigating.,though selective reson-
ence can hardly be appreciable on the part of the



ordinary forms of stethoscopes in:use, There are
two possible convenient meane available at present
for such an investigation

(1) By properly constructed resonators ass
outlined by E.T.Paris in 8cience Prog-
nese Vol.XX No.77 July/25. in which the
auscultatory phenomena might be investi-
gated direct.

(2) By an intermediate electrical stage.
The phenomenon of resonance in elect-
rifPdd circuite is exactly parallel
with resonance in a vibrating system,
and has the advantage of being under
greater control . The use of tubes
of varying length as resonators has
been frequently tried,

The autogenous vibratory disturbances which
it seems to me may arise within the tubes renders
their use of doubtful velue. It is possible that
by making use of the circular tube, as indicated in

A

Rayeigh's Sound would be a more satisfactory and
convincing experiment.

In this apparatus one limb A is varible,
If both limbs are equaliwe should get waves
diverging at X and travelling round the tubes
meeting again at Y in phase.

Now by altering the length of A an amount
equal to half the wavelength of cthe vibration
concerned the waves can be made to be in opposite
phase at Y and consequently no disturbance is
propagated along the tube to O,

The presence or absence of regular vibra-
tion will be réndered manifest by the corres—



ponding diminution in volume.

Another possible field for reserch is the
location of the origin of the disturbances. The
curious phenomenon that if one ear be given a
slight advantage over the other e.g. by lengthen-
ing one limb of a binaural stethoscope, that ear
alone is conscious of the sound; might be made the
basis of this investigation., The phenomenon was
used in the hydrophone service during the war for
direction finding, in sea water.

The measurement of the intensity of the heart
sounds and their significance was a subject in which
Boek took special interest., He deviced a special
instrument by which he sought to compare the inten-
gity of the first sound in different areas Dbut the
measurement of the intensity of sound is a field in
physics in which nothing has been done.

The rapidity with which ﬁ?sical research is
now forging ahead renders it probable that a diff-
erent detecting device will be introduced to elimi-
nate the diaphragm and the carbon microphone. The
hot wire microphone is an example of a different
principle but of course it is relatively insensi-
tive,

In the study of pulmonary acoustic phenomena
a great deal may be expected from the plan of endea-
vouring to experiment with material and conditions
approximating to those in the chest., For instance
Parach by dropping water into a partly filled vessel
shewed that the current view as regards the genesis
of metallic tinkle obtainable in case of hydropneu=
mothorax was entirely wrong and that the true ex-
planation which can alsoc be demonstrated be experi-
mentdis that it is caused by air bubbling through
fluid,
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SUMMARY.

The Thesis begine with a prefactory note explaining

the origin of my interest in this unusual subject viz.
my early recognition of the importance of diagnostic
acoustics the great want of scientific precision in

the relevant literature, my previous training in physics
and work during the war on tge propagation of sound in
sea water,

The introduction which follows fefers to the
enormous variety of inatrumggta on the market indi-
cating the difficulties in dtermining the principles
on which the construction of the stethoscope is based.
It discusses the reasons why we ought to aim at under-
standing the mechanism and not simply lie down to the
dictum "Choose your stethoscope and stick to it! A
remark follows on the slow progress during the past
100 years and reasons therefore are given. A brief
preliminary reference is made to present day possibi-
lities. The purpose of the thesis is stated with some notes
regarding the subject matter.

In the short history no attempt at completeness
is made. It is only sufficiently full to give the
reader a general outlook on the subject.

The nature of the problem is then discussed with
an outline of the points that call for investigation.

The methods and means by which the problem may be
tackled are then considered these are,

(1) By Mathematical deduction.
(2) By Experimental Physics.

The 1limits of each method are discussed.

Experimental means are beset with unusual difficulties. A
rigorous mathematical treatment is an impossibility, but
the results obtained from simple problems can be used to
guide us to an idea of the probable behaviour of the
instrument.



The article on sound is a preliminary consideration of
the phenomena to which reference is made in the course
of the work., This and the following article on Sound
Sensation and Hearing are included fer—the—textbock.
b owwrovdd haue 16 £ o Mectlootr

This latter article is a short consideration of
the phychological aspects of hearing to indicate that
conclusions regarding the stethoscope cannot be arrived
at as if the ear were a recording device,

The article deals with,

1) Noises and Tones.

2) Analysis of Complex Sounds.
3) Attention.

4) Bound direction.

The Acoustics of the external ear with which in
stethoscopy we are specially interested are dealt with.
The meatus has no effect in altering the received
sounds, It is simply a protective device the auricle acts
as a sound collector and assists in determining direction.

The following section on the application of the
gtethoscope to the ear deals with the problems that
arise in connection with the flat and the knob forms
of ear pieces and an argument is put forward based on
experiment that true bone conduction is an insignificant
phenomena in stethoscopy even in the monaural form
and that what is usually called bone conduction is
really transmission by the meatdl walls to the tympanic
membrane and apparatus of the middle ear.

The next two sections deal with the transmission
of sound by the column of air in tubes and by the tube
walbs., The conditions obtaining in stethoscopy are
seen to complywith those required for the transmission
of sounds in tubes without change in character or loss
in intensity. In connection with the question of the
energy interchange from tube walls to contained air
some interesting experimentsoriginally carried out by
Davies are described at length with the conclusions
derived therefrom.

Having dealt with tubes and ear pleces the work
goes on to the chest end, The first consideration here
is Pulmonary Acoustic Phenomena.



In this chapter we try to arrive at a true conception
of the behaviour of the chest wall and the structures
that lie within it when they are disturbed by vib-
rating forces. Objection is made to the prevailing
concept of conduction of sound though the tissues,

it being argued that we ought to think of the tissues
as bodies in a state of vibration as a whole., An
endeavour is made to arrive at the real nature of
things by following the sequence of events in vocal
resonance, The final conclusion is that in stethos-
copy we are really primarily concerned with mass
vibrations of localareas of the chest wall. Skoda's
theory of consenance-and Henry Sewall's of mural
vibrations are feferred to.

The manner in which sound energy is transferred
from the system constituted by the thorax to the sys-
tem constituted by the stethoscope and its contained
air is then dealt with in detail. In the binaural
instrument with open chest-piece it would appear that
the air in the chest-piece is a necessary link in the
path of conduction and that it iﬂh et in motion partly
by the vibrating body surface, and partly by the solid
parts being made to vibrate directly by the virtue of
their contact with the chest wall.

Theterms selective resonance and sympathetic
vibrations are of frequent occurrence in stethoscopy.
Objection is raised to their use and to show what
they actually mean the subject of resonance is dealt
with mathematically., This treament enables us to form
a clear idea of how a system subjected to external ap-
plied forces will vibrate. A summary is added to this
article as an alternative to following the mathematical
work, Thes e ideas are applied in the following section
to the general physics of stethoscopy we are enabled
to state in a broad manner how the stethoscope will
respond to forcing vibaryions.

The same ideas are again interpreted in relation
to Pulmonary Acoustic Phenomena, The behaviour of the
enclosed mass of air dn the chest piece is then fully
considered.



After pointing out the great variation in results
where the volume of the enclosed air appears to be the
deciding factor., The method of trying to understand
events by following a wave front from base to apex of
chest piece is disposed of. Two other coneepts are
then framed in its place.

(1) The fundamental concept on which the theory
of resonators is built viz, to regard the
pressure at any instant throughout the chest
piece as being uniform. The energy of motion
to be sensible only in the vicinity of the

¢2) exit to the tubes.

To think in the motion in terms of the

flow of fluid through an orifice.

The best idea of the behaviour of the air eare t6

be arrived at by a combination of these. These ideas

are built up gradually by the help of various

illustrations. The poesibility of resonance is also
considered and the only frequencies to be considered
aeem to be thoae isochronism with the gravest natural

tone. M &fuprinc nidinng (o o

A short following article on the behaviour of
chestpieces deals with the selid parts.

Brief consideration is also added regarding re-
sonance in the column of air in the tubes.

Special consideration is given to the behaviour
of disphragme and an argument put forward that they
must be considered to have some influence én the
sounds besidee that of preventing the encroachment on
the lumen of the chest-piece.

The final article deals with possible developments
in suscultation, in the near furture the lines along
which such developments are to be expected and the means
by which they may be effected.

A list of references is added and an appendix
illustrating a variety of stethoscopes.
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CONCLUSIONS.

It is submitted that the reasoning, mathematical
demonstrations, and experiments of the thesis
warrant the following conclusions.

(1)

(2)

(3)

(4)

(5)

That the apprZiation of the exact nature
of things with reference to the vibratory
behaviour both of the stethoscope and

of the tissues is a very complexproblem.

That these articles demonstrate what
actually is involved in the problem.

That the few problems treated in more

detail, e.g+ the subject of resonance
point to the hopelessness of anything

like an exact mathematical or physical
interpretation of the behaviour of the
instrument,

That there is a great need for exact
physical concepts both as regards the
behaviour of the stethoscope and the
thoracic structures e.g. that we should
drop the term conduction (or at least
restrict it to its proper physical con-
notation) and try to visualise the
stetinoscope and its contained air, as
well as the corporeal structures, as
systems or bodies performing molar
vibrations and not as media in which
wave propagation takes place.

That owing to the variable relationship
be tween sound sensation and the external
physical disturbances to which they are
due, and owing to the manner in which
gsound sensation can be modified by edu~
cation and personal bias in virtue of
the subjective phenomena of analysis and
attention, the exact comparison of any
two instruments cannot be effected; and
having 8o far no experimental means of
recording and measuring faint sounds it
cannot be done by purely objective
meanss,



(6)

(7)

(8)

(9)

(10)

That the phenomena of selective re-
gonance esgpecially as attributable to the
behaviour of the stethoscope is hardly
gver observed.s That it is not to be ex=
pected, because in the first place, the
majority of auscultation sounds camnnot be
suppo8ed capable of representation by a
periodic function, i.e. that they partake
more of the character of noises, and in
the second place, $he only frequency at
which selective resonance might occur
would be that corresponding to very close
isochronism with the gravest natural tone
of the air enclosed in the chest piece.

That what is usually designated selective
resonance on the part of the instrument

is not a magnification of a vibration
emenating from the body surface, but that

it is an adventitious element- a superim-
posed tonal mass of sound generated by

the enclosed air being set in vibration

by irregular disturbances as well as regular
and that it is related only in intensity

to the forcing vibrations.

That true Bone conduction in stetihoscopy
even in the monaural pattern is largely
a mismomer. That so called bone con-
duction is reslly the transmission of a
vibratory motion to the apparatus of the
middle ear by the meatdd walls and hence
that the subsequent path, as in normal
hearing as via. the stapes and not as
inttrue bone conduction by the vibration
of the cochlear walls.

Thatdiaphragms cause a modification in the

gound in virtue of their own intrinsiec
properties and do not merely serve the
purpose of preventing the encroachment
of the soft parts on the lumen of the
chest pisce.

That intthebinaural instrument with rubber=m
tubes transmission by the column of air

is ajowe important. That the vibrations

of the column of air depends on the



variation in pressure in the air in the

chest pieces That the variation in

pressure in the air in the chest piece

is effected both by the vibrations of the

body surface and by rapid variations in

the configuration of the chest piece, and

that the best idea of the behaviour of

this mass of air is to be arrived at by

combining the fundamental concepts on which

the theory of resonators is framed with

g?eigheory of stream lines in the motion of
a Se

(11) That the guiding considerations on which
8 binaural stethoscope should be designéd
eare these.

(a) Consideration should first be given to
the acousties of the instrument,
secondly to the ease with which it can be
used, thirdly to portability.

(b) The part in contsct with the body surface
should not be metal but a bad conductor
of hesat.

(e) The actual shspe of the chest piece is not
direstly a matter of importance.

(d) The interposition of a diaphragm means further
modification of the original physical dis-
turbances.

(e) The larger the area of body surface covered
the louder the sounds.

(£) The thinner and lightly and more highly
elastic (in the physical sense) the walls
of the chest piece and the smaller its
inertia, The greater will be the contri-
bution %o the variation in pressure in the
air it encloses,

(g) The adventitious rumbling effect of the air
chamber should be eliminated either by making
the chamber small or by breaking the sSpace
up by perforated diaphragms.

(h) The exit from the chest piece should be placed



(1)

(J)

(k)

(12)

where the energy of motion is greatesf

The air chamber should be deep enough to
allow the encroachment of the soft parts
within the lumen without producing any
appreciable dimintion in the energy of motion
in the vieinity of the exit.

Rubber conducting tubes arewgbcepted necessity
because of their flexibility. Though flexible
metal means louder signals.

The ear pieces must fit exactly and without

the slightest discomfort into the meatus and
the normal to the exit should be in the
direction of the meatus. This can be provided
for by the proper curving of the head tubes

and their union by a spring of suitable tension.

Pinally that advance in stethoscopy depends
@pon the introduction of an accessory source
of energy controlled to act as a relay probably
through the medium of the oscillation valve
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ALPPENDIX:

To illustrate at a glance the great variety
of instruments’ I have collected from

various catalogues the subjoined diagrams.

——— e e et S



Walsham'’s, with qohd stem
. hollow with vulcanite ear plale
Fergusson's ... ... cedar or walnut, each 2/6; pine

77

each

each

B oH

B b e R

200  CUXSON. GERRARD & CO. LTD., BIRMINGHAM anp OLDBURY.
STETHESCOPES.
17 3174 3176
3171 Celluloid, white concave ear plate, nickel plated stem
3174  Cedar, with screw ear plate or in one piece
3IF.3'6 E bony ” ])!u(f ”
3175 ., vulcanite screw ear p]rllC
3179 All glass, in leather case
3180 318y 3194
3180 Cedar, with ebony screw ear plate and indiarubber ring for percussion ...
3181 »  lvory 1 "
3182 Assorted woods, with screw ear plate or in one piece
3184  Vulcanite or ebom, reversible for pocket
3189  Wormull's pattern, folding, with vulcanite ear plate and metal stem
3191 Portable, assorted ‘woods .. !
3194  Weiss’s, vulcanite or white celluloid
3198 ,, all metal, aseptic ...

(ST SR AR SV
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: 114_3 DOWN BROS., Ltp., St. THOMAS’S STREET, LoNDON, S.E.

No. | Instruments for General Diagnosis, continued,—

4987.

Stethoscopes, Binaural, continued,—

4937 | Portable, with 1omted sprmg to fold, with combined Chest-
piece . : each, ebony, 8s. 6d.; ivory 0 10 6

If ﬁt.tml w1th Chest-piece as Fig. 4942, 1. extra.

4988.

4938 Sterne’s, consisting of vulcanite mounts connected by india-
rubber Tubes . : : . . : ; each 0 4 3

| ; 4939.
4939 India-rubber, with diaphragm Chest-piece . ; each 0 5 0



DOWN BROS., LTD St. T HOMAS’S STREET LoNDON, 5 l" 1134

[ Instruments for General Diagnosis, continued,—

Stethoscopes, continued,— £

8. d.
4908 Fergusson’s each 0 2 3
4909 Guy 8, in walnut wnod as Fer gusson '8 but extra licrht SRR (¢ R

. 4910.
4910 Golding-Bird’s, flexible . . R . .each 0 B 0

4911. 4912.

4911 Hare's

4912 Hughes' .

4913 Metal, with vuleanite Eal- late ;

4914 Ditto , plated, combined w1th Ear Spaculum

ocoowe
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DOWN BROS., Ltp., 21 & 23, St. Tuomas's St., Loxpox, S.E. 211

No.

BINAURAL STETHOSCOPES.

19200.
£ s d
Binaural Stethoscopes,—
9200 Down Bros.” © India” model, with metal ear-pieces, double-
ended metal chest-piece and finger rest, fitted with
12-in. india-rubber tubes . ; ; each 012 6

9201 Down Bros.” “ Dome " model, with new registered dome-
shaped metal chest-piece for readily slipping under
the clothing or between patient and bed, fitted with
12-in. india-rubber tubes . ; - . each 011 6

NEW FORMS OF CHEST-PIECES
FOR STETHOSCOPES.

Chest-pieces for Stethoscopes,—

9202 Cup-shaped with ebony end . .each 0 2 6
9203 Down Bros.” new registered dome-shaped model all
metal . 5 0 3 6

9204 Mann’s, with 1v0ry end as made for Dr. Corry Mann,
Physxcmn to Evelina Hospital f 5 0 3 6
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l SURGICAL INSTRUMENTS. 201
STETHESCOPES—continued.
3196 . 3196 A
r 3196 Sir Andrew Clark’s, indiarubber, nickel plated ear piece, indiarubber CI
tip, vulcanite chest piece, with diaphragm ... each 3
3196a  Axtrell’s, with patent reversible chest piece i 6
3199  All metal, with folding ear plate = 5 9
x tunem f_.lbllnﬂl.«l crLs
3201
3201 Solid wood ... ... each 3 0
As described by Sir James Sawyer in the Lumleian Lectures on Maladies of the Heart,
from which the following is an extract from the British Medical [lowrnal :—* Messrs. Cuxson,
Gerrard & Co., medical instrument malkers, Corporation Street, irmingham, have followed with
much care, my directions as to the making of a Stethescope of this description, and have
produced one which is satisfactory in its use, and which I lind wvields imiproved auscultatory
| results in auscultation of the heart.” IFurther particulars on application,
| 3202 Folding, all metal, nickel plated ... .. each 3 b
Binaural.
3200
3200 Herschell’s, tropical, with spiral metal tubes, nickel plated ... ... each 12 6
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£
.

40010

Binaural
‘Heart and Lung Stethoscope,

complete in case, with catch

Fig. 1 ; g, 2
Stethoscope,
O Mahillon’s,
Stethoscope, made of wood, favou-
Schreiber’s, ' rite pattetn.
£045

can be used as a simple or re-inforced stethoscope.
Complete £ 0 12 0 . " : L

40030

Bock's, :

£098 e e 4150
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1133 DOWN BROS., Ltp., St. THOMAS’;S, STrREET, Lonpox, S.E.

|
No. | Instruments for General Diagnosis, continued,—

4901.

Stethoscopes, continued,— £ g d.
4902 Burrows’ ebony, with ivory Ear-plate and india-rubber Ring
for Percussion . ea.ch 05 6
Ditto, with ebony Ear —pla.te and india-rabber Rmﬂ' for Per-
cussion : L Rt ; .each 0 3 6
4908 Celluloid throughout . ; .each 0 2 6
4904 Ditto, with metal stems, i imitation wmy, ‘or tortoiseshell
mountings . . . y ; . : : .each 0 4 0

4906 Clark’s, Sir Andrew, flexible . .
4907 Dobell’'s . - d , ; i ;
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DIAGNOSTIC INSTRUMENTS.

4140
4140 STETHOSCOPE, Bmau:al mrl\cl plale:l with fixed s.prlm‘ and chest mee 4/6
4141 Ditto, folding, with chest piece . - 6/6
4142 D1tto, with improved chest piece .. 7/6
oo 10/€

4143 Ditto, Hirschell's ==et screw model with any chest p1ece

“sURGMAN"

4148

4147 STETHOSCOPE Sir Andrew Clarke’s, smg]e, with india rubber tubmg 4/6
: ﬁ 6

4148 Ditto, all metal ...

HE SURG[CAL MANUFACTURING (o 83/85 Mornmer Street, London, W
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SURGICAL INSTRUMENTS. | , 203

STETHESCOPES, Blnaural—cmztmued

s d.
3214 Bowles’ s ) ... each 12 6
With this Instrument zn!most all sounds produced within the chcst can be heard much more
distinctly than in other Stethescopes. IFor anyone who has difliculty in hearing the ordinary
Cardiac or Respiratory sounds, or for one who is partially dealf, this Instrument is invaluable.
3215
3215 Phonendoscope, with celluloid mounts and arabasque tubing, in soft
leather pouch complete ... each 7 o
3216 i » vulcanite mounts and red tubing % 6 o
3217 Simple form, vulcanite chest piece and ear tips, long rubber tubing ... each 5 o
STETHESCOPE FITTINGS.
3218 3219 32104 32198
3218  Chest-piece, with diaphragm, nickel plated s ... each 3 o
3219 5 nickel plated, and vulcanite or celluloid » 2 6
321gA " Skinner’s, nickel plated, and vulcanite, with finger rest ... " 3 o
32198 ~ Charslev'%, with thumb rest and ivory end = 5 0
3219C o and Phonendoacope combined, augul’xr . 6 6

3220  Ear Tips ivory, 1/-; vulmmte, 6d..; mcliarubbel 6d. pe1 ]_)d.ll
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ARNOLD AND SONS, LONDON.

ARHOLRE L50NS, LOMDON.

Extract from the ° BRITISH MEDICAL JOURNAL," October 28th, 1911.

*“Some years ago Messrs. Arnold & Sons, of Giltspur Street, B.C., brought out a stethoscope which they named the ‘ Phonophore.’
Its construction secured a considerably increased volume of sound, and the appliance gained favour among those dissatisfied on general
grounds with ordinary stethoscopes, or whose needs, owing to some lack of aural acuity, were not adequately met thereby. Of this
appliance the same firm has recently brought out a modification in which the bell-like attachment constituting the chest-piece is provided
with two sound tubes instead of one. These tubes are continued upwards, the sound thus being conveved to each ear direct from
the collecting chamber. Each ear, therefore, receives the same amount of sound, although the same amount of sound may not he
perceived if there is any difference in the hearing power of the two ears. The gross volume of sound is also greater than supplied even by
the original * Phonophore.” This modification of the * Phonophore ' is worth examination by anyone interested in stethoscopy.”

-
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1137 DOWN BROS., Ltp., ST. THOMAS'S STREET, LonpoN, S.E.

No.

4924

| NS 4
. Instruments for General Diagnosis, continued,—
| t,

4924,

Stethoscopes, Binaural, continued,—
Denison’s . ; . . . : ; ; ; . each

By Cnarues Dexison, A.M,, M.D., Denver, Colorado, U.S.A.

I. Quarity oF Souxp.—It is claimed for this Instrument
that, being made of vulcanite, the elevated sounds common to
metallic Stethoscopes are eliminated.

II. Form or the Instrumext.—The size of the lumen is
largest at its attachment to the bell, graduully decreasing until
it reaches the ear-ends, thus concentrating and conducting the
waves of sound.

III. Tae Bein Expings.—These are of four sizes: the
smallest or stationary end for use with children; the medium
size bell for general use. The india-rubber cup which fits into
this is for making pressure against the uneven surface of the
chest walls, as in the case of emaciated consumptives. The
largest bell (3 inches diameter) is for what Dr. Denison has
termed stethoscopic percussion, a process to be made use of
when bronchiectasis, excavation, or so{tenin%' is suspected. It
consists in using forcible percussion over and around suspected
portions during expiration, while this large bell is held in front
of, and one to three inches from, the patient’s open mouth.

&8,

5

-

5

.
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BINAURAL STETHOSCOPES.

2870 2871 2872 2873
2870 BINAURAL STETHOSCOPE, nickel plated, with fixed spring and C pattern chest piece  4/6
2871 Ditto, folding, with B, E, G or H chest piece . o 6/6
2872 Ditto, with D or Y chest piece = 7/6
2873 HIRSCHELL’S SET SCREW MODEL mt‘l any chesl piece . 10/6

CHEST PIECES.

23?; A - = K 3 . 15 E ¥ :
3/0 2/6 1/6 3/6 2/6 3/6 2/6 2/6
India Rubber caps ... each 1/0

2876 PERCUSSOR, TRAUBE’'S ... .. 2/6

2856

THE SURGICAL MANUFACTURINGG 85Mortimer Street London Y. -
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384 ALBERT BROWNE, 3, Bowling Green Street, Leicester.
Instruments for General Diagnosis— Confinued.
‘\Eiiiu'
1986
No.
1986. Stethoscope, cedar, ebony, oak, sycamore, or walnut each
*1987. 3 (Burrow’s), ebony, with ivory ear-plate to screw off
#1988. 3 5 ebony, with ivory ear-plate and india-rubber Ring
for Percussion ; b
*#1989. Stethoscope, all celluloid : %
#1990, 4 nickel-plated stem, with vulcanite ear-plate
1991
1991. Stethoscope (Sir Andrew Clark’s), with soft india-rubber ear-tip, and india-
rubber cap on chest piece ... ... each

G U

1992. Stethoscope, Binaural, with silk covered tubes and ebony chest piece ... each 0 15

6
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354
CLINICAL INSTRUMENTS.
FJ
Ls : =
! n iz
3422 3423 3424 3425

3422. BINAURAL STETHOSCOPE, Lomplcte with red, black or arabesque rubber tubing,
black chest piece v 46
Ditto, best quahty - B/6
3423. Ditto, with imitation ivory chest plece and ﬁnger rest Foldnw qlmnrr -~ edch * 7/6
Ditto, best quality... ; cen OIE
3424. Ditto, extra strong, with fixing screw and best quahly tubmq ... 10/6
3425. Dltto, tropical pattern, with special metal tubing w1216

N 34254 N 34258 N 3425c

N 34254, Band c. BINAURAL STETHOSCOPE, new patterns ... each complete 12/6

HOSPITALS & GENERAL CONTRACTS CO., Ltd,, 25 to 35, Mottimer St., London, W.



40019

Microphone
Endoscope,

complete;in case with catch
£ 0410

40020

Ditto, with funnel. — The
funnel can be moved and
is used for the auscultation
of the heart sounds.
(Mot illustrated.)

£0569

40022

Binaural Stethoscope,
‘or Double Stethoscope,
according to von Muralt, Davos,

complete with tubes and ear pieces, in case with
catch £ 013 8
The Btethoscope is specially used for distinguishing autoeh-
thone noises from symmetrically continued ones (see Beitriige
fzur klinischen Tuberkulose Bd. XVI).
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DOWN BROS., Ltp., St. THoMAS’Ss STREET, LoNpON, S.E. 1144

No. | Instruments for General Diagnosis, continued,—

‘ : 4940, S 4941

Chest-pieces for use with Binaural Stethoscopes £ g
(see also page 1629),—
Combined, the distal end screws off, leaving a small size for
chlldren each, with ebony end, 25. 6d. ; all metal, 3s. 6d. ;
iv my 0 4 6
4941 i India-rubber Cushions (Murray’s), to fit over Chest-pieces,
I each O 0 9

4940

4942,

4942 Skinner’s, with finger rest, each, ebony, 3s. 6d.; all metal,
45.6d.; ivory 0 B 6

This will be found a useful and conyenient addition to the
Binaural Stethoscopes in common use, and is supplied with
Figs. 4926, 4935, 4936 and 4937 Stethoscopes at an extra cost of 1s.

4945, 4946.

4943 Charsley’s, for ]mtxeuts l}mg in bed, with thumb rest and ivory

end . 3 . .each 0 5 0
4944 Hopwood’s, for patlents lymtr in bed (Suggested by Dr. Hop-

wood, of London Fever Hospital) . .each 0 2 0
4945 Meyer’s . . . each, ebony, 3s. 6d.;ivory O 5 b
4946 Schofield’s, suggested by D: Gerald Schofield, of Bloxham each 0 3 0
4947 ‘Weatherhead's, ivory 2 : . ; ; : T 0 4 6

37



1141 DOWN BROS., L1p., St. THOMAS’Ss STREET, LoNDON, S.E.

No.

4932

4933

Instruments for General Diagnosis, continued,—

4932,

Stethoscopes, Binaural, continued,—
Kénig’s “ Gloria’” (a modified Phonendoscope) in leather pouch

each

4983,

O’Kelly’s, with forehead rest for Auscultatory Percussion,

each, ebony, 11s. 6d.; ivory
Extract from * British Medical Journal,” April 28, 1894,

The difficulty of performing auscultatory percussion un-
assisted su%gested to Dr. T. O'Kelly, Chipping Norton, the
necessity of an addition to the binaural stethoscope which
should leave the hands of the auscultator absolutely free, while
ensuring at the same time perfect contact of the chest-piece
with the patient’s body. Messrs, Dow~ Bros., under his instrue-
tions, have made this addition, which, as will be seen from
the engraving, consists of a metal rod 20 ecm. in length, and
5 mm. in diameter, surmounted by a metal dise 25 mm.
in diameter, and covered by an india-rubber cushion for the
forehead to rest upon when in use. The opposite end of the rod
is fixed by a bayonet joint on a metal pin 10 mm. in length and
b mm, in diameter, substituted for Skinner’s finger rest. The
india-rubber cushion acts somewhat after the manner of a ball
and socket joint when in contact with the auscultator’s fore-
head, allowing considerable movement of the head in every
direction, without tilting up any portion of the chest-piece.
The smaller ¢hest-piece should be used. The forehead rest can
be easily detached and carried in the pocket, while the pin may
be utilised as a finger vest. Dr. O'Kelly has had this addition
in use for about two years and has found it invaluable,

013



CLINICAL INSTRUMENTS, 399

1 32 SLIVHINDD WD A UK

3428 3429 3430 N 34304 N 34308
3428. MONAURAL 5] ETHOSCOPES (QINGLE) Polished wood to plug...
3429. Ditto, portable, all metal S e -
Ditto, with celluloid ear piece
3430. Ditto, improved model, folding ear p]atc
N 3430a. Ditto, aluminium, with L|t‘td.l.’:h‘1hle plate
N 3430n. Ditto, adjustable, cedar wood

Ditto, » ¥ best quality ...

fﬂ.ﬁf( "

f'\'r nc."

AILESEn

‘muae.-\&
‘e\ R,
[ %]
Loprract®
'
e
a
N 3414A

o AVHINES

D
3414. PHONENDOSCOPE, Lompktc,, in leather case
N 34144. Ditto, Biazzi Bianchi, complete in metal or leather case ...
CHESTPIECES FOR BINAURAIL STETHOSCOPES, patterns A and B

1 1 T T (, D dnd ]_
1 tH 1 1 ik el
& G 2esn v
STETHOSCOPE TLBING extra heavy red india-rubber ... per yard 2;*;2
& . light 0 a

HOSPITALS & GENERAL CONTRACTS CO., Ltd., 25 to 35, Mortimer St., London, W.

B B2
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CLINICAL INSTRUMENTS.

3421 (TESKE’s PATENT).
g z421. TESKE'S STETHONOSCOPE. _
The instrument comprises in itself three separate instruments—a Stethoscope, as used
with a Binaural, a Stethophonoscope, a Phonoscope and Localiser.
Can be carried in the waistcoat pocket.
It renders the different sounds in the body natural, there being no resonance of the
instrument.
It is provided with an automatic sound regulator, so that the sound reaching the ear
, can be made more distinct at the user’s will, simply by moving the finger on the finger rest.
L No undressing required when using the Stethonoscope, )
Means are provided to hold the instrument in a firm and comfortable position, so that
sounds caused by the friction of the fingers are completely avoided.
The instrument renders the sounds very loud and distinct, and very sensitive.
Made in metal, nickel-plated ... ... each 12/6
Binaural head piece and tubing for above e iextTa D6
3
X
N 3421
» N 3421. TESKE’S PNEUMATIC STETHONOSCOPE, an improved form of the above
> instrument, complete with bellows .. : each 16/6
Binatral head piece for above extra b/6
TESKE'S UNIVERSAL STETHONOSCOPEL, fitted with ivory plugs for intercostal
observation and measurement ... each 18/6
Binaural head piece for above w cextra " H[6
HOSPITALS & GENERAL CONTRACTS CO., Ltd,, 25 to 35, Mortimer St., London, W,
x ;



CHEST PIECES.

4163 L il

T ABROWNE.LEICESTER,
FULL S|ZE,

e ]
“ENMDUEY



fd
=5
P
et

DIAGNOSTIC INSTRUMENTS.

4149

4149 PHONENDOSCOPE, “ The Surgman,” with 2 chest pieces 7/6

4150 Ditto, with heavy chest piece

8/6

9237—Bazzi Bianchi
Phonendoscope.

In chamois pouch, 12/6
In round metal box, 12/6
Ditto, improved form, with |

valve action, in chamois

pouch, 16/6

In round metal box, 16/6

ArT
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An Improved Stethoscope,

Dr. A, F. G. Spixgs (Newcastle-on-Tyne) writes: The hinaural
stethoscope shown in the accompanying figure has been designed
to give increased comfort and cleanliness when in use. The present
custom of using stethoscopes with enetrating earpieces is not
a clean one, nor is it free from the risk of infecting the ear
passages, as the occurrence of many painful ears among members
of the medical profession has proved.

Briefly, the advantages claimed for this new pattern are:
(1) Tt is much more comfortable in use, and especially in prolonged
use, than the present patterns with penetrating earpieces. (2) It
cannot affect ithe ears, and the earpieces do not come into conlact

with the ear wax, so that it remains always clean. (3) The spring,
which is detachable and adjustable, rests on the head, and
therefore does not intervene between the eye and the chest-
piece, as is the case with most of the present patterns of
binaural stethoscopes. (4) The square cheslpiece is more com- .
fortable to hold than the ]I)revailing round pattern, and is belter
adapted for the intercostal spaces.

The siethoscope has been made from my specification by
Messrs. Allen and Hanburys, Lid.



