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LECTURES

THE GRAPHIC METHOD IN THE EXPERIMENTAL
SCIENCES, AND ON ITS SPECIAL
AFPPLICATION TO MEDICINE.

Delivered of the Medicel Congress in Brusses, September 2158, 1875,

Ev M, MAREY,
Prefeisor in the College of France,

L
WHEX we follow the development, whick is now so rapid, of the ex-
perimental sciences, we observe that each new progress is the result of
some improvement in the methods employed, The telescope, the
microscope, the chemical balance, the galvanometer, etc., are in the
hands of every investizator, No one wonld presume to substitute the
powers of his unaided senses for the employment of these marvellons
apparatuses, to which are due nearly all the modemn conquests of
science.

By a singular exception, the study of livin beingzs was for a lon
ti::aerﬁmit.ed to u.u:gﬁd ubsm'ar.[m{ Thus the physiclogist and thE
physician, while dispiayu’;g the greatest sagacity in the observation of
the p of life, only amived at imperfect notions, By the side

the exact sdenmbyuoldgy and medicine seemed to havé but little
precision. People even come to deny that the acts of life were sub-
Ject to rigorous laws, because these laws could not yet be discerned in it.

Skilfully practised experiments on living animals, however, showed
that in amimals, as in the inorganic world, 3 phenomenen can alwa
be reproduced, identical with itself, when the experimenter i
self nnder well determined conditions: on the other hand, the precise
means of medical diagnesis, anscultation and percussion, permitted
skilled clinical observers to determine with admirable precision the seat
and the extent of certain lesions, The possibility of really sclentific
physiclogy and medicine could thus be conceived,

Bat in the laboratory, as at the bedside of the patient, the skill of
the individual, his practised tact, and the subilety of hisaﬁerceptive
powers, plv.Ead too large 2 part. ‘To render accessible to all the phe-
nomens of life—~movements which are so light and fleeting, changes of
y rapid, that they escape the senses—an objective
form must be given to them, and they must be fived under the eye-of
;,‘he ublilerra, in order that he may sindy them and compare them de-

Sech {'i the object of the gra}ﬂ:ic method, of which I shall have the
bonour of showing you some of the applications.

Great names are any to the origin of the graphic method, In
England, Thomas Voung inscribed upon the surface of a revaolvi cylin-
der the movements of vibrating rod, and conceived the possibility of

ing, according to the number of its vibrations, extremely short in-
tervals. James Watt inscribed also on 2 cylinder covered with paper
the movements of the piston of = sieam-engine. In France, Poncelet
i inscribes antomatically
This apparatus has become elassic, and
every one has seen with delight 2 weight armed with 2 pencil fall ver-
tically, tracing on the revalving Paper 2 parabola affording the graphic
expression of its uniformly seeelerated motion,

German physiologists introduced the graphic method in the study of
certain movements. Lodwig inscribed the oscillations of & mangmeter
applied to the arteries of 2n animal. Valbmann and Helmboltz ob-
tained curves of the museular contractions excited by eleetriciey. Naw,
this method ig tly extended ; the physicier, the physiclogist, and
the astronomer have recourse to jis employment.  Inseribing ap-
paratuses are continually undergoing modifications
and their indications, by the precizion which they

and improvements ; |

présent, show thas |

| there is no movement 5¢ feeble or so rapid but that it ean be inscribed,
and consequently be exactly determined.

In order to understand well the bearing of the graphic method, the
motion which it serves to register must be considered from n general
point of view. All motion, then, consists in a relation ef space Lo
time. To know the trajectory of a body which is displaced, is not to
know the movement which that body has accomplished = for it may
have made its way along this trajectory by = motion either slow or
rapid, uniform or interrupted, The graphic curve of a movement
fumishes us with the double notion of time and gpace ; it characterises
completely the act which it represents,

Graphic traces are too gemerally familisr to make it necessary to
dwell on the interpretation of them. A very simple example will
serve Lo show at once the action of the apparatus and the stgnthcation
of its tracings. i

The heart of cold-blooded animals preserves its pulzation, we know,
fora very long time after it has been separated from the body. We
| can inscribe the movements of the heart of 2 frog in the following
manner. The organ, detached from the body, is placed (Fig. 1) on 2

Myegraph of ihe Heant, or simple Cavdiogrph,

Fig. 1,-

lile stage, and 2 light rod of elder pith is laid on the ventricalar
mass ; the rod aniculated with a little lever transmiss 10 it thythmieal
gpn'sings, according to the frequency of the acts of cardiae systole.
he lever, then, is seen 1o execnte altérnating movements as the ven-
tricle moves, and the amplitde of these is augmented in proportion to
the length of the lever employed, which makes them more easily re-
cognised by the sight than if you were 10 examine the heart in 2 direct
manner. But we have here 25 vet cnly a vises! impression ineapable
informing us with sufficient precision concerning the phases of theee
alternating movements, and the changes which may be produced i
them by fatisne vardation of temperature, the action of poisons, ete.
To judge of these modifications, let us inzeribe them. Taor this pur-
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fiexible point, which rolls
This cylinder revolves |

pose, we terminate the lever bya fine and
againet 2 cylinder covered with smoked paper.
and presents constantly to the wrling poinl = &rent
frce. When the cylinder has finished it revolution, we have eollected
a first tracing (Fig. 2, line ot bottom).  To inseribe = second line, we
lower the cylinder a Jittle ; we proceed in the : |
line; and i the end we obtain 2 series of superposed tracings (Fig. =)
ich may be compared one with the other, and submitted to mea-
and to rele and co We ses thus that, as the
the heart become feebler znd

ion of certsin poisons, we should observe irregularities
{e znd the rhythm, and we sk have a much more
exact notion of these perturbations than by diveit ohservation, since
we could compare the amplitade and the duration of each of the sys-
toles of the heart. v
This very simple experiment allows us to approach the examination
of 2 more complex case, that in which it i3 gur business to inscribe the
pulsations of the heart of a man or af an animal, and to transform into
3 detailed corve that [egitive impression which the finger expériences
in exploring the !
Heve i the existence of & shock or blow against the walls of the-chest.
The instrumentation must here be a little more complicated, We have
{0 tranemit to 2 distance the cardiac movement, in order to send it to
inscribe itsell by means of a lever, 23 in the preceding case. This
transmission is effected by paeumatic tubes.
Imagine two capsules or drums of metal closed sbove by an India-
rubber membrane 3 these drums communicate with each other by a
tabe more or less long, according to the distance to which the move-
ment has to be transmitted, and the whole is filled with air. If you
ress upon the membrane of one of these drums, the air driven from
it will pass into the other, and will lift up the membrane, Leave off
pressing upon it, and the air in the second drum will re-enter the first,
2nd the membranes will resume their horizontal positions.
Suppose that one of these drums be placed under an inscribing lever
at the spot whire the heart of the frog was placed in the preceding ex-
eriment, this lever will inscribe all the movements of the finger prese-
fng with variable rhythm on the membrane of the other.

Fig. 3.—Drum and Lever for receiving and Inscribing 2 movement which iz trans-
fiited 1o them by the air, The horizontal lever, broken across in the draw-
ing, is prolonged more of less according to the amglification which it is de-
sirable o obtaln, and is terminared by a writing point.

But the instrumeat for exploring movements must present a different
arrangement according to the particular cases. To collect the pulsa.

tfi:m_v. of the heart, we give o the exploratory drum the following
orm.

Fig. 4. —Exploratory Drum for the Pebatien of the Hean in Mao and
Arieals

preecordial region: a sensation which makes ue be- |

of its sur- |

same way for = third |

The drom and membrane lodzed in a cylinder of wood tamics on its
elastic surface a little button of cork, which projects externally. This
Batton is applisd with care to the region where the heart is felt to beat,
The movements communicated to the membrane, and to the air of the
exploratory drum, are propagated bya paenmatic tube to the receiving
dremn, snd inscribe themselves on 2 smoked cylinder or any other
analogons apparatns. Fig. 5 shows one of the srrangements which
may be adopted for the inseription of 4 movement transmitted to a
distance.

When, now, we bave obtained the tracing of 2 pulsation of the
heart, we concsive that its movemsnts are mach more complicated
then would be believed, according to the sensation which the finger
experiences in palpating the cardiac region.

Fig. 6 shows this form in the condition of health, Tt would present
the greatest difficulties in interpretation, if ithad not 2 striling resem-

| blance to the pulsation which we obfain from the heart of the

mammal. Now, in animals, we can introduce into the cavity of the
heart spécial exploring instruments, which, transmitting the movements
of the different cardiac centres, allow their inscription at the same
time with that of the external pulsation. By disposing three inscribing
levers one above the other, in such fashion that the thres pens shall be
in the same vertical plane, we obtsin z triple tracing (Fig. 7). in
which the superior line o represents the movements of ¢ anriele, ¥
those of the ventricles, while # corr to the cardiae pulsations,
and is very analogous, as may be seen, to the Fig. 6 obtained from
man.

Without entering into technical details of these experiments, we un-
derstand easily that the exploration of these different cavities of the
heart informs s concerning the signification
curve {urnished by the external pulsation. It has thus been possibla to
ascertain that the one undulation corresponds to the closing of the
auriculo-ventricular walves, the other to that of the sigmoid valves ;
that theﬁeriod during which the curve is highest measures the dura-
tion of the systole of the ventricles, whilst the period of depression of
the tracing u}:m their relaxation.

The arterial pulse, long since inscribed by means of a special instra-
ment known as the sphygmograph, may be transmitted to a distance,
like the heart-pulse, and self-inscribed at the same time with it. Two

are thus obtained, in which the cardiac action may be com-

pared with the effects which it produces in the arterial circulagion,
which is of great importance when the movements of the heart are
altered in their rhythm or disturbed in their mechanism. Fi . § shows
trans-

pulse in lead-

the exploratory instrument for the pulse which allows
Fig. 9 is the tracing of the

mission to a distance.
polsoning.

Fig. g.—Tracing of the Radial Pulse in 3 case of Lead-peisoning.
Sometimes the graphic method alone ‘allows us to perceive certain
movements of which we have no knowledge. Thus 21l our organs in
which the blood trates through arteries with a rhythmic maove-
ment, are the seat of rhythmie changes of volume which the eye can-
not see, and which the hand does not feel. It has long been known
that, when we plunge the hand into 2 vessel full of water, the level of
the fuid, if it be reduced to 2 column of small dizameter, fs
rhythmic varistions. These movements can be inserd .- Dr
Dir. Mosso of Tarin has constructed
indicate the c!\af of volume which are presented by an organ sub-
merged in a flu His apparates shows the incessant mobility of
volume of the organs much better than of colour and of
temperature of the tissues conld do ; it reveals the influences
which, causing the smaller vessels to contract or relax, regulate the
lucal cirealation in the different points of the economy.

Dr. Frangois Franck, ':nhoﬁ up anew the experiments which Buisson
had.nnly_mugh!:.- I , has just terminated a series of studies
on the infimences which regulate local circulation, The tracing in
Fig. 10 shows the perfect resemblance of the movement of erectility of
the organs to the phenomena of the pulse; it reveals besides the
effeats produced during and after 2n effort of respiration.

The rapidity of the coment of blood in the arteries may also be
translated by 2 graphic curve. Vierondt had already undertaken the
inscription of this movement, and Chouveau bad solved the problem
in 2 mech more sati manner by inscribing the oscillations of
a2 nesdle implanted in the arterial wall, and plunging into the interior
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vessel.  For this porpose, we may employ an instroment fonnded
zt&:m of the tubes of pitch, of which engineers avail themselves to
messpre the rapidicy of watercourzes. Thic inctroment, by mtans of
2 specisl arransement, allows. the franemission to a distanre of the
movement which expressec the different rapidity of the corrents of
the blood ; znd, as the physiolosist is already in fon of instro-
ments which inseribe the arterial pressure by combining the two orders
of tracings, we obtain precious information concerning the state of the
grterial circulation. Althongh this kind of stody, which is especially
physiolegical, has not yet, to speak accurately, its medical applications,
it to attract our attention for 3 moment,

It may be said that, up to this time, the conditions of the arterial
circalation have been incompletely determined; the employment of the
ranometer becoming extended in physiology permits us, it is true, to
ascertein if the pressure rise in the arteries, or if it fall. Bot on what
does thizs change d d? Js it due to a modification of pressure
arising In the force of the heart? or to a change in the diameter of the
cmall wessels, which allows the blood to pass more or less rapidiy from
the arteries to the veing ? This question the manometer alone cannot
solve.

A familiar fllustration will well explain the dificulty which is offered

interpretation of the changes of arterial pressare. If we lezrn
that the level of a river is raised, we cannot from that information
alome learn if the increase be produced by abundant rains which have
passed more water into the river, or if it be the effect of a barrier
placed across the enrrent of the stream. To judﬁ of what has hap-
pened, we must know further if the eurrent have become more rapid,
or if it have slackened. A rimslteneous increase in the rapidity and
the height of the water indicates a more considerable aflex ; but, if
the incresse be accompanied by a slackening of the carrent, it is due
to a barrier existing en arans.

The conditions are the same in the circulation of the zrterial blood ;
here the pressure of the blood corresponds to the height of the Ievel
The changes of pressure zlone do not suffice ‘to determine the state of
the circulation. But, if we know at once the rapidity and the pressare
of the Blood, we have all the elements of the solution of the problem.
‘When the double tracing shows that the rapidity and the pressure have
varied alike, it is to a change in the force of the heart that we must
look for the canse of this double variation ; but, if the pressure and
the rapidity vary inversely to éach other, it is in the small vessels that
we must look for the canse of the changes,

Fig. 11 shows a double tracing of the rapidity and of the pressure ;
we see there that the curve of speed is depressed, while that of pres-
sure ig raised. Tt is, then, an obstacle to the flow of the blood which
had occurred in this case,

Another apﬁicﬂ.tion of thé graphic method of the study of the move-
ments of the consists in inseribing the movements of the waves
which the heart sends into the arteries.  These waves, entirely subject
to the Jaws of hydraulics, traverse the interior of the vessels, passing
from the heart to the extremities. According to the rapidity of their
progress, and aceording to the space over which they have to pass, the
pulse of an artery is more or less behind the systole of the heart which
produces it.  The knowledge of these movements of the blood-wave
is mﬁsﬁaﬁq for the theory of the dicrotic pulse, in which the
double which the finger ascertains corresponds to the two sue.
f.m“ waves which flow one after the other 1o the interior of the

To fellow the movement

of the waves to the interor of an artery or
of an elastic tohe filled wit = d

h fluid, we arrange along the course of the
vessel or of an elastic tube filled with fluid & seriecof ex oratory in-
struments anale to those already described. Each of these corre-
Sﬁ:{!ismamnng lever, and the series of levers is s
that the pens may be exactly superposed. In passing under each in-
Strument, the wave produces an elevation of the corresponding lever.
Then we see the levers begin to move one after the ather, and to trace
= series of curves of which the interval of sucression allows the exact
measprement of the rapidity of the wave. When each of the levers
ma geries Ir_:f mmg;sive oadll;téan;dof d?]‘.::ﬁsmg {nt?nsity. i'n:
€ a senies of waves has been ueed as uel of a single
Penetrztion of flnid into the tube. 5 eno &
£¥VEs rise to the dicrotic pulse,
But I have insisted perhaps too much, in this limited address, on the
zgphnum of the graphic method 1o the study of the circalation. My
25ject was to show that almost all the movements of the blood may be

Such is the phememenon which

Imscribed, and consequently measnred, with extreme isi I
' i« y ¥ precision.
Efe attained this object, allow me to ;:n:s.ss to other applications of the
=hod, and to approach other movements not

el less § rtant for th
th rmpd ar -

and the physician to know and to

FURTHER OBSERVATIONS
HARE-LIP AND CLEFT PALATE.

By SIR WILLIAM FERGUSSON, Bart, F.RS.,
Surgeon to King's College Hospital, ete.*

In April 1872, my experience of the suppesed new operation extended fo
only three or four cases. Tt sesmed 1o me sa likely to be of tervice in
cases which T had abandoned in despair, that T felt ita daty as well 2s 2
pleasure to let my profestional brethren know as much as I conld com-
municate at that early date. The number in which I have now had
similar experience amounts in 2!l to eighty-two. This experience is
larger than T counld have anticipated in less than toenty months’ time,
but it may be considered the more valuable on that account, both as
regards numbers and freshness of work. The results have besn sach
as to induce me to consider the process which I recommend as a vast
addition to our surgical resources in this special depariment. In the
above number (eighty-two) filty-six are cases treated for the first time ;
the remainder are instances where further manipulative interference
has been required, including examples of heles, large or small, in the
hard palate, which T had lelt a5 beyand help from surgery excepting by
means of an obturator, associated with defect of teeth in front. " Intwo
of these, I consider the procesding to have entirely failed. In these,
each patient was only four years of age, delicate, and with 2 wide gap.
Althoogh mechanical approximation in the middle was satisfactory,
union by the first intention failed. Inflammation seemed greater than
conld be desired, and slight necrosis took place in each, so that the
gap was left even wider than before. In several instances, particularly
in the early o tlon before precizsion in the use of the chisel had
been acquired, one or possibly two small pieces of bon: came
away necrosed, but, considering how the chisel has been freely used
in some of these cases, T have been astonished how little damage hag
been dore to bone. In some instances, union failed both in hard
and soft parts from unaccountable causes, just as hapgens, from time to
time, when the soft palate zlone is inveolved ; this 15 seen sometimes
even in favourable cases of hare-lip, but my success has been such that
I feel great confidence in the successful result of almost every instance
of well-performed operations of the sort. Where holes and slits have been
left either in hard or soft palates, or where union has heen defective in
the uvola, such defects have useally been amended at one or more
subsequent operations, to which patients have readily submitted,
owing to former immunity from pain under chloroform.

In one instance, an atiack of scarlatina thwarted my best efforts ;
and in another, unhealthy inflammation arose alter three operations,
and uleeration marred, in soms respects, the completeness of the
proceedings.

The cases in the hard palats which have given me most trouble,
have been where the vomer has been extensively atrached 10 one side.
In most of such cases the vomer diverges to one side. The palate can
here be as readily split as if no vomer were present, but two objects of

| the splitting cannot be obtained ; the margin of the palate can scarcely

be drawn towards the middle, and the flap cannot be brought downwards
to meet its more movable fellow. This has been a cause of failure which
I did not at first appreciate ; but subsequently I have achieved success
by chiselling on one side, and paring off the soft tissze from the hard
palate, on the side where the vomer was, and stitching it to the mora
substantial flap on the other side, thereby combining the new and cld
processes, with benefit to the patiear, and some addirional eradit te onr
surgical resonrees in this locality.

Mr. Mac Cormac has most obligingly laid before me most of the
German authorities on the subject.  Although Dieflenbach suggested
the operation in 1826, no caze of his has been recorded. It seems to
have put into execution for the first time in 1834, by Bonn, with
smecess.  Langenbeck, from 1840 to 1856, operated in three cases,
but definitively abandoned this proceeding. ‘!r:q cazes of openings in
the hard Eslat!, from syphilis, have been operated on by Bihring on
similar principles, but unsuccessfolly, Between 1826 and 1856, some
half-dozen cases have been recorded by German anthorities, in which
the bard palate seems have been cut by saw, knife, and chizel ; but alto-
%ﬂhﬂ‘ the sircnmstances may be considered so different from those which

have described within the last twenty months, that there Is but little
resemblance between them. Musculer aetion, particularly thet of the
lewatores palati, Is not even referred to ; the use of anmsthesia or 2 gag

* Coogluded from page 73 of number for December 2ath, 1875
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SCIENCES, AND ON ITS5 SPECIAL
APPLICATION TO MEDICINE.

Deliered af the Medical Congress in Brussels, September 2151, 187s.

Bry M. MAREY,
Professor in-the College of France.

1L

THEE respiratory mOvements, the action of muscles, the rapidity of
trapsmission of the sensory and motor nervous agents, the normal or
abnormal motions in walking, the buccal or pharyngeal mations which
take place in phonation, all these varied acts do not interest the physi-
ologist only, but are capable of furnishing valuable materials for
enlightening the diagnosis of disease. Some of these phenomena
entirely escape our senses ; all are appreciable by the graphic method,
and, as soon as they are thus inscribed, lend themselves to the most
precise methods of estimation.

In order to inscribe the movements of respiration, Vierordt put the
patients in the horizontal position. A lever rested on the sternum, znd
fnseribed the movements of dilatation and retraction of the chest. It
is more convenient to have recourse to the method of transmission
already indicated for the study of the movements of the heart. A

ial * explorer”, adapted to a chest-band, sets in motion af a dis-
tance an inscribing lever, and gives a trace in which the rise corre-
sponds to expiration, and the fall to inspiration. Im the physiological

condition, the existence of & certain rhythm is observable. If s
we vary the resistance which the air encounters on entering the chest,
or that which it encounters during expiration, we cause a similar varia-
tion in the rhythm of the movements of the thorax. Thus prolonga-
tion of expiration reveals the existence of an obstacle to the expiratory
forces. 1If, on the contrary, it be inspiration which is prolonged, it
may be concluded that there is an chstacle to the introdnetion of air
into the longs.

Physicians now no lenger consider pathological cases as a reversal of
the laws of physia They are not astonished to see dyspnoea
translated by changes of the rﬁph-slnrﬁy:hm—thmgﬂ which are pro-
doced in the sense zbove indicated. ¢ respiratory tracings obtained
in asthma seem to show that there exist at least two distinet forms of
this malady : one appears to be associated with spasm, and the other
with atony of the bronchi.

It would be premature to put forward on this subject affirmations of
too absolute a character ; further yesearches can alone lay the founda-
tions of the semelclogy of the respiratory movements. One point
sesmns, however, now well established ; that is, that the functions of the
heart and ]ungs may undergo, by muscular exercise [requeu.t.ly TE-
newed, pmfcm:mi modifications. \When young recruits are subjected to
progressive training in the military gymnasia, it is observed at the
outset that the movements of thc“]?mr: and those of respiration are
strongly accelerated under the influence of running. The movements
of respiration have then very little amplitude, and are renewed as often
25 one hundred times in 2 minute, At the end of some months’ train-
ing, the same subjects, alter having run, give traces of the heart and
respiration in which all perturbation has disap . The move-
metls Qf 'Eht ghoraz are no longer accelerated ; and, far from present-
inga diminution of amplitnde, they are, on the contrary,.decper than
in the state of reet,

_The inscription of muscular scts has profoundly modified physiclo-
gical theories relative to the production ::P?I{J.wem:. Thus, in teta-
nus caused by strychnia, and in that which is provoked by induction-
currents frequently repeated, the myograph reveals the existence of
vibratory movements which the eye could not perceive, This instra-
ment shows that the shortening of a tetanised muscle is produced by
the fusion of a series of little elementary movements which we call
shocks, and no one of which has time to be completed before the next
aze follows. It may be proved that valuntary contraction is a complex
act, like tetanic spaem; and the en of the effort developed by 2
mascle increases in proportion to T.hcﬂ&mqr of the shocks which are

conng it contraction,

As every musele swells ot the same time thar it is shortensd, this
swelling may be explored by means of a special apparatns, and the

| shosks of the contraction of the muscles in man may be inscribed. Tt
13 thes seen that pathologies] convolsions cannot any longer be grouped
i twe classes, sccording as they are tonic or clopic.  Every tonie
convalsion, in fact, is constitated by 2 series of shocks, which vanish
from our senses in the shortening of the mmuacles; bot the tracing
which is obtained by inscribing these acts reveals the existemes of
ronitiplied shocks more or less completely fused.

Another application of the myograph to man permits us to measare
the rapidity with which the nervous motor agent is transmitted. The
celebrated experiment of Helmholtz may be easily repeated on man by
inseribing on a rapidly rotating instrument the instant at which 2 nerve
i3 excited, and that at which movement appears in the comesponding
mus-le. Withoot asserting that this determination thoald be ranked
amongst the ordinery methods of medical diagnosis, it may be hoped
that it will throw light on the patholoical physiclogy of the nerves
and muscles. When & movement iz produced after seasitive impres-
gion, whether from reflex action or as a voluntary manifestation of a
received impression, it allows the duration of the nerve-transmissions
of mental operations 1o be appreciated, by inscribing itself on the paper
at the instant when the zensitive excitation has occurred, and that in
which the motor manifestation has shown itself. We record an in-
terval of time between these two acts which our senses would but ill
appreciate, but which is revealed with exaciness by the graphic methed.
In the measurement of the sensory nerve transmission, this interval is
seen to increase in proportion as'a more distant point of the nervons
centre is excited ; that s to szy, in proportion as the nervous agent has
to traverse a er length of the zenzory nerve in onder to reach the
centres, In the same way, in the measorement of the cerebral actions,
the delay between the irrication and the movement which follows it
is seen to increase, in the same proportion as the subject of the experi-
ment performs & more complex intellectual operation between the im-
pression he has received and the signal by which he must indicate that
he has understood. The beantifol researches of Dionders on the mea-
surement of the cerebral actions are too well known to render it neces-
sary to recall them in these ; besides which, it would be very dif-
ficult to briefly set forth those bold and successiul attempts atintro-
dusing exact meagurements into the domain of physiclogy. In the
preceding experiments, we treated of very short periods of time, mes-
sured with very great precision; and for this purpose physical seience
possesses a very powerfol means—chronography—of which the original
idea is due to Thomas Young, but which mn later years has been greatly
perfected. - The essence of the method consists in inscribing on a
smoked cylinder the vibrations of a diapason regulated to a certain fre-

uency—say one hundred vibrations to the shock. The tracing of the
giapa.mn is formed by a wavy line, of which each undulation, meore or
less amplified, according to the quickness of the -rotations of the
eylinder, represents a hundredth of asecond. If two signals be
simultaneonsly inseribed on the eylinder, of which the one corresponds
to the commencement and the other to the end of the time to be mea-
sured, between these two signals a certain number of vibrations may
be counted, expressing to how many hundredths of seconds this short
interval of time corresponds. Thanks to the constant p of
chronography, we are now zble 1o estimate periods which do net
auain the iu.udmd:h part of 2 second, and even less. In this division
of time there is, 5o to speak, no other limit than that self-imposed by
experiment, when it seems 1o have atained a suflicient degree of pre-
cislon.
Besides the direct employment of the diapason, which is sometimes
not very convenient, the use is sometimes substituted of small jnsten-
ments called electric chronagraphs, which, being light and portable, are
easily arranged in connection with other inscribing levers in the dif-
ferent experiments.  Certain electro-magnetic apparatns sérve to pro-
duee si . Their action is so rapid, that they are able to fumnish
more than Ave hundred different signals to the second. Py means of
this instrument, the vibrations of the larynx in speaking or singing are
inscribed ; and as, on the other hand, with speci lorers, the
movements of the lips, of the velum palati, and of the air which escapes
during the emission of sounds can be inscribed, the stody of the me-
chanism of phonation acquires an astonishine desree of precision. The
linguist, the physiologist, and the physician, alike find interesting sub-
jects for study by the use of this methed.

I regret that time Is wanting for me 1o show the application of the
graphic method to ph}'sio‘.o%' a2nd to medical diagnosis; bet, before
concluding, T wish to show this method in a less special aspect, and to
express my convictions as to the grear future which is reserved for it
throushoor all the evperimental sciences. The most perfect expression
of a phenomenon is 2 earve, which, by divers inflexions, expresses the
sncoessive changes which have occorred.  When a physicist or a
meteorologist wishes to set forth in 2 satisfactory manner the result of
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2 series of met=orological observations, he traces 2 corve in sccordance | from the graphic i:qeﬂmd? s"u.ould?e not hope_'r_h-.,-,t, thanks g, i
with the numerical vaines he hos previously obtained. This curve, | employment, experimental science will advance with 2 sure 2

which rises, falls, or remains stationary, shows what has really taken
plzce much more clearly than a column of figores, which is :‘.ed._:ms
and fatigning to read down. The comparison of the two curves is as
it were instzntaneous; their identity and their dissimilarity strike the
eye at once. The sum of every kind of gbservation can thus be ex-

by curves : changes, pressore, weisht, or bulk, or wariations
of intensity of any kind of force. Sull more, all kinds of statistics
lend themselves to the use of this method, and thus yield to the first
essay results which could only be disengaged by a long and assiduous
study. Therefore the nse of the curve becomes daily more widely dif-
fﬂ!ﬂ{ though not with suffcient rapidity for the wishes of those who
realise the sum of its usefulness. How is it possible not to anticipate
with impatience the day when long and obscure descrig]nons will give
place to satisfactory representations?  All who occu emselves with
experimental study or chservations, readers overwhelmed and invaded
by the accumulation of written documents, the economist, the statisti-
cian, the financier, the stateeman, who zccumulate around them
velames full of figures, one of these days will find, in one atlas con-
taining some lominous curves, the whele essence of these crude materials.
If the graphic method, however, possesses such great advantages from the
aspect clPLhe expasition of observed facts, how is its superiority
when the phenomencn of which it gives up the trcing belongs to those
which entirely escape the perception of our senses! - Here there is no
longer any intermediary between the act and its gr;fhic expression.
Transformed into inseribing apparatus in meteorclogical observatories—
the barometer, the thermometer, the hygrometer—incessantly determine
the state of the atmosphere. Patient, conscientious, infallible, these
instruments do what wonld be impossible to a legion of observers.
Formerly, the boldest imagination could not have dreamed that the
velocity of a cannon-ball could be seized at all points of the tra-
jectory. This important problem, however, is now solved, and el
greater velocities are determined at the present day, The graphic
method is equally applicable to the measurement of extremely slow
movements.  ‘We do not see the growth of 2 plant ; but we can obtain
the tracing of its increase, and record that, at certain hours and under
certain influences, vegetation is accelerated or retarded. The method
of making these determinations isin all cases identical. To force a stylet
to move under the influence of the movement which it wished to inseribe
is never a very difficult operation. This done, it snffices to receive the
tracing on a surface which moves mare or less quickly accarding to the
movement which is intended to be inseribed. To measure the velocity of
a projectile, 2 velocity of 200 to méires per minate is printed on
the paper; whilst the growth of a plant should be inscribed on a paper
which does not change its situation more than a few camfimifrer in the
twenty-four hours.

In the enumeration just made, it may be noted that only very
simple movements are ‘treated
directions. How, indeed, would it be possible to seize these capricious
movements which arise in =1l directions of space ? Though more com-
plicated, however, my problem is not insoluble. Everyone iz acquainted
with the pantograph; everyone knows that, if the outlines of any
given object be followed with one limb of this instrument, the other
reproduces the same ficure either reduced or enlarged. An analogous
arrangement allows the inscription, at considershle distances, of all
movemants on the same plane. My apparatus is, like the two others
described, composed of two parts, of which the one is the explorer
and the other the receiver. These two transmit the movement
to each cther by air-tubes; each carries 2 point; and if one of them
beled 5025 to trace 2 circle, you will see the other point likewise trace
a circle ; write your name with the frst point, and your signatore will
be reproduced by the otherinstrument. An exsily understood arrange-
ment admits the reprodnction- of the movement aceording to its three
dimensions in the space,

With these complex transmistions, there is no movement which
cannot be reproduced. A flying bird, if of suffcient cize, can carry
instruments constructed on this principle ; the creature, bound by one
or two India-rubber tubes to the inscribing instruments, gives the
curves of every movement it orms. Thus the wrajectory of the wing
at every moment of the flight is determined : the torsion movements
which are imparted to it by the resistance of the air, even to the oscilla-
J:fm:'l and to the jerks the bedy of the bird receives from the resction

its w

I here terminate this exposition, which, though perhaps too lons, is vet
very much compressed. [ have been able ?:bshaw paﬁfly the ril;uhs} of
a method which is yet in its infancy, and which, without doubt, will
attain still greater perfection. Shonld we not, therefore, expect much

2 of, moving in a rectilinear direction, |
sometimes in one direction only, sometimes alternately in two opposite |

should T

step? Such i5 my profound conviction, and one whish T
to see widely shared.

CLINICAL LECTURE

ax A

CASE OF CYSTIC DISEASE OF THE
LOWER JAW.
Delfvered in University Collaze Hosgitel.

By CHRISTOPHER HEATH, F.R.C.5,
Holme Prafessor of Clinieal Surgery.

GENTLEMEN,—The patient whom I bring befere you, before sending her

to Eastbourne, is the woman upon whom, 2 month ago, I performed =
%Jerx.lion for cystic disease of the lower jaw. She was sent to me

r. Parsone of Dower, and was admitted on November 3rd, 187c
with the following history. About nine ago, the patient firg
noticed 2 lump of the size of 2 pea beneath the tongue, on the right
side, which gave her some pain, and for which 2 tooth was extracted.
From that time, she had a succession of abscesses (3) in the Lowssr
jaw, some of which discharged in the mouth, and one externally, and
for which she had several teeth extracted. Dr. Parsons cent herto
me three years ago, and I then recommended her to ceme into the
hospital ; but she declined, and went on with 2 steadily increasing in-
mour of the lower jaw on the right side.  About nine months ago, the
tumour seems o have begun to increase with some rapidity, and, twp
months age, the following characteristic event happened. While eat.
ing, the patient felt a sudden erack in the lower jaw, and this ccourred
twice in the same week ; and npon sach accasion she felt great painia
the floor of the mouth and upon moving the ton Upon admission,
there was really very little to be seen externally, and I show Tou a
photograph taken at the time to remind of the fact that, emg%ﬁng
2 very small projection bemeath the skin in front of the angle of the
jaw, there was nothing to call attention to the patient’s face. On look-
ing into the mouth, however, the tumour was at once obvious ;and T
show you a cast taken from the jaw at that time (Fig.1). The right

side of the lower jaw is seen to be greatly expanded from immedistély

in front of the ramus to beyond the median line, the tumeour messaring
two inches across at the broadest part, and reaching under the tongue
Its surface was lobulated and rounded, firm and osseous in the greater
part, but yielding distinctly on pressure in two or three places. The
mucous membrane was entire over the tomonr, except at one poist
where there was an opening, from which a discharge e
uded. The incisor teeth of the right side were displaced over to the
opposite side, and were loose. The central incisor of the left side was
displaced completely in front of the other teeth. The left coninessd
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