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1. The Croonian Lecture on Mufcular Motion.
By George Fordyce, M. D. F. R. S.

Read November 22, 1487,

HE fubje® of mufcular motion has been fo often con-

fidered, and in fo many lights, that it is hardly poflible
to avoid many obfervations which are trite, and even puerile ;
which, when they occur, I beg the learned Society to forgive.
They will alfo find fo little new, or even nothing, that T
thould be inexcufable in taking up their time, if the fubje was
not annually to be difcufled before them. In confidering muf=
cular motion, I muft begin with fome obfervations on motion
in general, and with that well known, and felf-evident axiom,
that one particle of matter, confidered by itfelf, will remain
at reft if it be at reft, and will continue in motion if it be in
motion, and in the fame dire&ion. This has been called the

wis infita, or vis inertiee, of matter. It may be faid in other words,
that a fingle particle of matter being at reft, would therefore

always continue at reft, if it were not for fome external im-

pulfe made on it. ‘This impulfe may be from fome other par«

ticle of matter in motion impinging upon it, and communi-
cating part of its motion to it, while it communicates an equal
quantity of its reft to the matter fo impinging upon it, {o that
the quantity of motion and reft thall be the fame after the

impinging, in both bodies, as they were before: or, in other

words, a fimple particle of matter in motion would always
" continue
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24 Dr. ForpYCE’s Lefture

continue in motion, in the fame dire&ion, if it did not meet
with another, on which it impinged ; and after the impinging,
there would be the fame quantity of motion and reﬁ in both
bodies taken together, as was before. If we confider equal
motion, in dire& contrary direftion, as reft; motion, or reft,
produced in a body by the above - means, I thall call commu-
nicated.

If two fimple particles of matter, of any fpecies, not far-
ther diftant from one another than the fun is from the earth,
were both at perfe reft, thefe two particles would ‘inﬁantly
begin to move toward one another, if no other particle of
.matter whatever exifted. | ’

I do not mean to tire my learned Audience with demonftra«
tion of propofitions fo well known.

There would, therefore, be an impulfe, producing motion
between thefe bodies, without any contact.

Motions produced in this way, I call original motions.

The firft confideration with regard to any particular motion
is, therefore, whether it be an original or communicated mo-
tion. If it be an original motion, it will follow the laws of
that particular fpecies of original . motion ; if it be a communi-
cated motion, it will follow the laws of communicated motion.

Many obfervations fhew, that mufcular motion is not a
communicated motion, and therefore an original one.

In any fyftem of bodies, or particles of matter, affecting
one another only by the motions already exifting in them
being communicated to one another, they may diminifh their
motion, or bring one another to reft; but they never can in-
creafe the motion exifting in the whole. It happens frequently,
that the motions in the animal body are increafed, without any
~ alteration of external applications to it; the cafes are {fo nume-

sous, that it is hardly worth bringing an example: we might
mention
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mention the increafe at times of the circulation, and all the
motions of the fluids without the leaft new motion in the fur-
rounding bodies, or interference, or even knowledge of the
mind. This motion muft therefore be original, and not com-
municated.

~ In communicated motion, if one body be at reft, and a mo-
tion be communicated to it by another, the power of the whole
motion fhall not be greater than that in the communicatiﬁg
body at the time of the communication. If I take out the
heart of an animal, cut off the auricles, it will in many cafes
continue to contra® and dilate for fome time. If it be left to
come to reft, and if foon after a needle be introduced into the
ventricle, placed tranfverfely, and if the interior {urface of the
‘ventricle be pricked gently by the needle, the ventricle will
contra& with fuch power as to force the needle deep into it:
in this cafe, the force of the contraltion of the ventricle is
much greater than the power with which it was pricked by
the needle; this contraction was therefore not communicated
to it by the moving needle, but was.generated, and therefore
an original motion.

In all communicated motion, by which two bodies at a dif~
tance are brought near to one another, there muft {ubfift fome
other matter, by which they may be drawn, or forced, nearer
to one another; butin original motion, it is not at all neceflary
that any other matter thould exift at all. Two particles,
placed at as great a diftance from one another as the fun is from
the earth, as has been already obferved, although at perfelt
reft, would begin to move nearer one another, by the attration
of gravitation, if all other matter whatever were annihilated.

Moft authors who have treated on mufcular motion have
fuppofed, that it was a communicated motion ; and that it was

Vor. LXXVIIL E produced
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produced by fomething paffing by the nerves, from the brain te
the moving part. Three doétrines have been fet forth ; one,
that there is a fluid paffing along the nerves; a fecond, that
there is a vibration ; and a third, that the nerves are furrounded
with fomething like eleétric matter, in which motion runs
from the brain to the moving parts. Thofe who have confi-
dered this fubje&t muft be tired of the arguments which have
been brought to refute each of thefe; for no argument from
fa& has been employed to prove any one of them:: I f{hall
therefore leave them as mere chimeras of the brain. 1
have taken notice, that it is not requifite for any motion to
pals between two bodies, exciting in each other an original
motion, through or by any other matter: I have alfo fhewn,
that mufcular motion is an original motion : it follows, that it
is not neceflary for any motion, or communication, to pafs
through any other matter, in order to bring the mufcular fibres
into action. ‘

One cafe of mufcular motion is, when a ftimulus is applied
to fome part of the body, and a mufcle at a diftance imme-
diately contra&s. It has been fuppofed in this cafe, that fome
influence was communicated to the nerve of the part where the
ftimulus was applied, and through it to the brain, and from
the brain through the nerves of the contraling mufcle.
Granting, for a little, that fome motion may pafs along the
nerves, and therefore that the end of the nerve, where the
application was made, may be the part in which the original
motion began, the ftimulus frequently does not touch the end
of the nerve; for 1if vapour of volatile alkali.be applied to the
1oftrils, an univerfal glow of heat, and increafed circulation,
will conftantly take place; but the vapour of the volatile alkali
could not touch the nerves of the noftrils, the membrane

4, being
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being conftantly covered with mucus, which the vapour could
not penetrate without diffolving it, which it had not time to
do, and, if it had, would have united with it, {o as to form a
foap, void of any ftimulating power.

If, therefore, the original motion began in the end of the
nerves of the noftril, it muft be excited by a {fubftance at a
diftance from the end of that nerve, without any communica-
tion of motion between the ftimulus, that is, application pro-
ducing the motion, and the end of the nerve in which it is
excited ; therefore, on any fuppofition, a ftimulus is capable
of exciting a motion, in a part at a diftance, without any
communication of motion; and it is therefore not neceflary,
that the nerves fhould be at all employed in the motions of the
body excited by a ftimulus, as it can a&t at a diftance without
their intervening. Further, that the nerves are not employed in
the motions excited by {timuli, is evident from this experiment ¢
take the heart out of a living animal, cut all the nerves off as clofe
as poffible, lay it in nearly the heat of the body of the animal,
it will continue to contrak for fome time. As foon as it has
ceafed contracting, prick a fibre in one of the ventricles ; both
ventricles, and all their fibres, will contra& inftantly, although
there be now no communication by the nerves, between many
of ‘the contratting fibres, and the fibre ftimulated. It might
be f{ufpected, that the motion of the fibre ftimulated might
affeCt the others: in this cafe the contraCtions would be pro-
greffive; but, on the contrary, the whole contrac at once.

I cannot help bringing another inftance, where ftimuli
produce aftion in parts at a diftance, without any communica-
tion of motion by the nerves. When infufion of cantharides
is applied to the fkin, as we fay vulgarly, it is not applied im-
mediately to the fkin; but in the firft inftance to the mucous
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and febaceous matter, which every where covers' the fearf
tkin; under this lies the fcarf fkin, which the infufion can
hardly be conceived to come at; if it did, the fcarf 1kin we
know is perfe&tly impenetrable to fuch a fluid; it can there-
fore never touch the fkin, in which it excites inflammation,
and on which it therefore as at a diftance, and excites mo-
tion, which no one can fufpeét to come through the nerves:
nor is there any motion through the mucus and fcarf {kin, of
any other kind than would arife if an infufion of any other
infe& had been applied, which had no power of exciting
inflammation.

From what has been faid we may conclude, that when a
ftimulus has been applied fo as to excite motion in a diftant
part, no motion whatever takes place in the nerves, oris com-
municated by them from the part to which the ftimulus is
applied to the moving part.

I need not draw your attention to another propofition, wiz.
that when a ftimulus is applied to a diftant part, fo as to pro-
duce motion, it often happens, that the ftimulating matter is
not carried by the blood-veflels, or otherwife, to the moving
part. ‘This propofition has often been demonftrated, and is-
well known.

All the original power exerted by any of the moving parts
confifts in a power of particles coming nearer one another:;. for.
every mufcle or fibre becomes fhorter when it alts; or, in:
other words, contrats; and every other moving part in like:
manner contra&ts when in aion. It is true, that there are-
many contrivances to make the contraCtion have great effeét’in:
producing motion, force being never {pared for conveniency, .
as my friend Mr. HunTER has, I believe, already fet forth to-
my learned audience ; but, neverthelefs, it is clear from every

3 experiment:
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experiment made on the fubje&, that all motion arifes from
particles coming near one another in fome dire&ion. It would
be fuperfluous for me to point out thefe experiments; I fhall
mention one only, and an obvious one. Lay bare a mufcle,
and prick any of its fibres, it immediately becomes fhorter.

The original power of coming nearer to one another of two.
or more particles of matter, has been called attrattion. There
have been feveral original powers of coming nearer one ano-
ther of particles of matter, which have been confidered as dif-
ferent attraltions, fuch as the attraltion of gravitation, of
magnetifm, of elefricity, &c.; all of which this Society are
too much mafters- off, for me to enter into any difquifition.
with regard to them.

- The attra&ion which i1s my prefent object, . I call the attrac-
tion of life. This attralion is-either of two {pecies, or is
exerted varioufly ;- for all the moving parts have their particles-
nearer one-another in the living than in the dead body. The
proof of this 1s as neceflary asit'is obvious. I muil, there-
fore, take up a {mall portion . of your time in pointing. it out.
Take the body of any animal, when the life is entirely gone
from it, and the effe@s of it are entirely loft, but before any.
putrefaltion, or any change in its chemical qualities, has taken
place; and lay bare, and difle& out; any mufcle, efpecially one
which has long fibres, and no middle tendon, fuch as the farto-
rius, for example, and afterwards lay itin its place, . leaving it of
the length it naturally. takess 1t'will reach farther than from
its-origin to its infertion; but lay bare, and diffe& out, the
fame mufcle in the living body, and it'will always - be thorter:
than from its origin to its infertion. If it fhould be iaid, that the
diffe@ion ftimulated the mufcle, and brought it into aétion,
Xet it not be diflected out, but its:tendon: cut. through, as the

Tendo:
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Tendo Achillis, for inftance, the fame thing will happen,

And we now areall convinced, from various experiments, that a
tendon in a found ftate is not capable of being ftimulated by
being wounded, cut through, or broken.

I apprehend, then, that we may conclude, that all the
moving parts are conftantly contrated, that is, their particles
are nearer one another when the body is alive, than when dead,
and totally left to their elafticity. ‘This {pecies of attion I call
the tone. The fecond fpecies, or variety, which occurs in the
attraltion of life, is when a moving part, for a thort time, has
its particles brought nearer one another than they are from their
tone, and which very rarely continues for many feconds of
time without intermediate rclaxation. I call it their adtion ;
when it does continue for a longer time, it is called fpafm
which, however, is fo vague a term, that I could wifh totally
to rejedt it, atleaft to confine it only to this fenfe, wiz. a greater
contralion, or coming nearer one another of the particles, of a
moving part, than that which would happen from their tone,
remaining without any intermediate relaxation.

I for the prefent do not mean to fay any thing farther with
regard to the tone, or fpafm of parts; but only to call to your
confideration the a&ion, as excited by applications to fome
part of the body at a diftance -from the moving part. I have
already rejeGted all communication by the application, or fti-
mulus, being carried by the blood-veflels, or any other way
whatever, to the part. I have alfo rejected any motion, or
communication of any kind whatever by the brain and nerves
to the part. I conceive, that when any ftimulus or application
whatever is made in any part, {oasto produce any a&ion in
a diftant part, that that medicine or application, without hav-
ing any operation whatever on the intermediate: parts, gives a

power
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power to the particles of the moving part of greater attraction.
I fhall illuftrate this idea by fuppofing, that there is a machine
moving by various powers, either original or communicated 3
and that in this machine there are two magnets, which by
their attradtive power have come to a given: diftance from one
another, but have been prevented from coming nearer by {ome
power endeavouring to draw them back. A much flronger
magnet applied to a part of the machine, in a certain manner,
1o as not to touch. either of the two already there, nor to affe&
any other part, may increafe their power of attrattion, fo as
to make them overcome the refiftance, and come nearer one:
another *. ,

In the fame manner, I apprehend,. that an application made-
to the fkin of the abdomen may, and often  does; - occafion the
a&tion of theinteftines to take place, without any effe@& what-
ever on the intermediate parts ;. but that it- fimply excites the
attraltion of the particles of.the moving parts- of the in-
teftines ; certainly a part of the matter through which the in--
fluence is- to:pafs, viz, the mucus and fcarf (kin,, is actually
inanimate matter..

In certain cafes of original motion, there is attra&tion, or
the coming nearer of particles only. In others, there is not
only attration, but oppofite repulfion ; the cafes of which are
unneceflary to enumerate to this Society. In the attra&tion of
life there is no oppofite repulfion ; all the motions of the body
are produced. entirely by the force of particles.coming nearer
one another.. When this force diminithes, or the action goes
off, and leaves the part entirely to its tone, . the particles of the -
moving part are by no means repulfed from one another, but

* T donot mean to infinuate, in the {malléft degree, .that the powers of the

body at all depend on, or:have-any thing to do with, magnetifm, .
. are:
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are left to be drawn afunder by their elafticity, weight, or the
weight of the furrounding parts, or any other accidental
power: but, neverthelefs, there are applications which may
be made to diftant parts of the body, which may, and do,
take off the attraion. which occafions the action of the mov-
mg part; and all thofe reafonings which I have already applied
to applications which excite action, and which are called fti-
muli, are equally applicable to thofe applications which make
a&ion ceafe, and which we call {edatives,

The great ground on which I have attempted to make thefe
_obfervations, is the foundation of certain maxims in the prac-
‘tice of medecine, which I fhall now proceed to tketch out to
‘the Society, whofe inftitution, to me, has always feemed to
‘include the philofophy, but not the actual praice, of medi-
_cine. ‘ |

Medicine ‘is a fcience of long -cultivation in that chan-
nel in which all the {ciences have flowed, and had early
attained great perfection, I believe, from the teftimony of
various writers of antiquity, and other circumftances, which
1 pafs over as well known to many of this learned body,
and too foreign a digreflion from our prefent fubje&: for
although CeLsus obferves well, that there could be no
phyficians among the Greeks at the time of the Trojan
‘war, inafmuch as HoMER never mentions one medicine, but
only application to the Gods for the cure of fevers, and other
internal difeafes; yet the Egyptians, from whom the Greeks
received a great part of their knowledge in all {cience, as well
as in medicine, had certainly not only regular phyﬁcian's
for internal difeafes, but likewife ftone-cutters, oculifts, au-
rifts, &c. long before the Trojan war; and HirpocrATES,
by his own teftimony, took much of his knowledge from
what he calls the ancients. In the progrefs, therefore, of the

{cience
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{cience of medicine, it came into my'mind to enquire how far,
and on what ground, the modern increafe of {cience in ana-
tomy, chemiftry, mathematics, &c. had forwarded the know-
ledge of medicine. In the firft place, it is well known to my
learned Audience, that medicine was in the hands of Greek
phyficians from the time of HiprocraTES, or rather from the.
deftru@ion of the Egyptian monarchy by Camsyses, down
to the time of the Crufades ; in all this time there was hardly
a diffe&ion of the human body, from an opinion about manes ;
but when it came into Europe again, where this opinion re-
mained indeed, but in a much lefs degree, anatomy began
again to flourith; and by other means all the other fciences
fhone forth with a greater luftre than they had ever done in
any period handed down to us by hiftory of any nation. It was
obvious therefore’ to conceive,” that the knowledge of the
firucture of the body, and the inveftigation of the powers of
matter, made in a more accurate manner, and on a more ex-
tenfive fcale, would elucidate the do&rine of the human body,
and its difeafes, and their treatment, in a new and more per-
fe& manner: to this opinion I mean now to apply the reafon-
ing I have before laid down.

In the ftru&ure and phyfiology of the body, two gleqt dif-
coveries have been made by the moderns ; the circulation of
the blood; and the lymphatics, and abforption of the lymph.
Thefe at once overthrow the ideas of the ancients with regard
to moft of the funéions of the interior parts of the body ;
which was now conceived by many to be an hydraulic ma-
chine, and fubje& to all thofe diforders which were mcxdental
to {uch a machine; and partlculally, from various fluids {l flow-
ing with great rapidity, through tubes, many of them of
infinite finenefs, that ftoppages muﬁ often take place, which

Vor. LXXVIIL F were
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were to be removed by diffolving out the obftructing matter;
that the blood was mixed {o perfeély through all the bedy,
and fo conftantly, that the fame blood muft be taken away,
whatever blood-veflfel was opened; and when we contemplate
the numerous 'openings and communications of the veflels
with one another, that blood flowing out of any one will
empty them all equally, and that, therefore, it can be of no
confequence from what part of the body blood is evacuated.
In a pleurify, for inftance, where cau- be the difference, whe-
ther blood be taken from the right or left arm, or from the
veflels of the {kin of the breaft ? But there is a.difference, and a
great one too 3 fince taking a much lefs quantity of blood from
the {kin of the breaft, is a&ually known, in certain cafes, from
experience, to cure a pleurify, than would have had that effe&
if taken from the veflels in the arm, and will even carry off
the difeafe, when it could not be carried off at all by evacuation
from the arm: yet it is undoubtedly the very fame blood in all
its qualities; and in both™ cafes the veflels of the pleura are
equally emptied. The a&t of flowing out of the blood from
the veflels of the fkin of the breaft then has an immediate
a&tion on the a&ion of the moving parts in the pleura, and car-
ries off the inflammation independent of the circulation, or
imy of its laws; and fo far has the knowledge of the circula-
tion been of any advantage in this cafe, that it had nearly
thrown out topical bleeding in inflammation, which is one of
our moft powerful remedies in the difeafe. In like manner,
when the moving fibres of the ftomach do not contra&t, fo as
to expel any vapour that may get into it, a {pice applied to the
fkin over the ftomach will, in many cafes, occafion thefe
fibres to contra&t. Now it is well known from anatomy, that

there is no communication between the fkin of the abdomen
and
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‘and the ftomach; and if the fpice were to act by touching
thefe fibres, it would be the fame, whether it was applied to
the tkin over the ftomach, or to the fkin of the arm; for in
both cafes it muft be abforbed by the lymphatics, and carried
to the left fide of the heart, and there and in the lungs be
blended univerfally with the whole blood, and carried by the
arteries to the moving fibres of the fltomach. Nay more, that
it would be equal, whether it was applied to the inner {urface
of the ftomach itfelf, or to the external fkin, or any other
membrane, of any other cavity: for the ftomach is covered:
with mucus, and lined with a membrane which is perfetly
impervious, and totally prevents any thing contained in the
ftomach from being any way applied to the moving fibres; it
muft in this cafe, therefore, be likewife taken up by the
lympbhatics, or lacteals, and carried to the heart before it
could touch the moving fibres of the flomach. The maxim
then, arifing from our knowledge of the lymphatics, would
be, that it was of no confequence where we applied a fpice in
cafes of flatulency ; which is not true.. By fimilar reafons it
might be eafily fhewn, were it not for tiring my learned
Audience, that all the knowledge of the properties of the
fluids, which has been acquired by modern and accurate expe-
riments, hardly contributes any thing to the knowledge of
applying medicinés for the cure of difeafes ; and that the ftudy
of the laws of the attracion of life, or what has been called
mufcular motion, is of confiderable importance.

One more obfervation I have only to make, vrz. that all
original motions are by their nature perfectly unintelligible as
to their caufe; who can tell the caufe of gravity, chemical
attraction, &c.? and {fo undoubtedly the attration of life, in
its caufe can never be inveftigated, being, like all other attrac-

F 2 ton,
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tion, a power which two or more particles of matter have of
coming nearer one another. But although the ftudy of caufes
of original powers be totally abfurd and futile, yet the laws of
their a&ion are capable of inveftigation by experiment, and
applicable to the evolving much ufeful knowledge. Need I
remind this Society, that the inveftigation of the laws of gra-
vitation, by Sir Isaac NewTon, has rendered it immortal ?
"The inveftigation of the laws of the attraction of life has alfo
been greatly forwarded by one of its prefent members; but it
is an inveftigation which will probably require ages to render

‘perfects




