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LECTURE ON MUSCULAR MOTION.

however, follow, from all this, that irritability depends on the
nerves ; the influence of which may be confidered as modifying
general irritability, in the manner already mentioned ; or it may
be confidered rather as a ffimulus to the mufcular fibres, than as en-
dowing them with irritability, as in the inftances laft adduced : and
though the organs effential tolife, fuch as the heart, cannot exert the
aftion neceflary to life, without the influence of the nerves, yet the
veflels of the extremities can exert their ufual action independent
of it ; for there are cafes in which the natural heat and circulation

continue in the limbs, after a total deprivation both of voluntary

motion and fen{ation *.

It may here be obferved, that befide mufcular irritability, the
principal, if not the only, powers of fimple life, are the affimilation
of aliment, and that power in the living body, by which it preferves
itfelf from putrefaion ; and it is ftrongly in proof of vitality being
independent of nervous power, that when the trunk of a nerve is
cut through, the limb to which it leads, though deprived of all fen-

{ation and voluntary motion, not only continues free from {ponta~

# This fact is afcertained, both by the experiment of cutting the crural nerve of
a living animal, and by the circumftances attending certain difeafes. I lately met
with two cafes of palfy, in which there was a total lofs both of fenfation and velun-
tary motion in the lower extremities, and yet the natural warmth and circulation re-
mained. In one of thefe cafes, excoriations were produced on the fest by finapifms ;
and in the other, blifters rofe on the knees, but without exciting any fenfation, and
the parts healed as in a healthy perfon. The firft, was that of a gentleman advanced
in life, in whom this affe@ion came on after the gout in the flomach, and he died
in confequence of the palfy extending to the bladder and other wifcera. The other
was that of a young woman in St. Thomas's Hofpital, who had been fubject to

violent hyfterical convulfions, After a tedious illnels, fhe entirely recovered the ufe

and feeling of her limbs. .
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LECTURE ON MUSCULAR MOTION.

temporary fufpenfion of fenfation, volition, and thought, and is a
refource of nature, whereby the powers of life recover themfelves
after fatiety and fatigue, which are provided as guards to warn us
when nature is in danger of being ftrained, either by repletion or
over exertion ; and it is evident that fuch barriers were abfolutely
neceflary, in order to fet bounds to operations which are only oc-
cafionally requifite, and which would otherwife depend on the
caprices of the will. The exercife of fenfation and voluntary mo-
tion, in a moderate degree, is conformable to the intention of na=
ture, and therefore falutary ; and it is only when they are exceffive,
that they tend to wear out the powers of life, and more efpecially
if thefe are not duly recruited by fleep. Immoderate labour, there-
fore, and watching, alfo fpafms and convulfions of every kind, are
unfriendly to health and long life: in like manner, fenfations,
when too frequent or intenfe, efpecially thofe which confit in
the gratification of the fenfes, tend to wear out the animal
powers; and hence we perceive why a life of fenfuality is
produtive of certain difeafes, independent either of the re-
pletion or evacuation which attend them. The gout, but more
certainly the palfy, feems to proceed merely from the indul-
gence of the fenfes ; for the latter commonly enough occurs in the
moft fpare and emaciated conftitutions, and in thofe who have
been accuftomed to exhaufling pleafures, as well as thofe of a full
habit, who have indulged in the exceffes of the table. A turge-
fcence of the veflels in the brain will certainly be more apt to pro-
duce that rupture of them in which apoplectic palfy confifts, when
thefe vefiels have been relaxed, as we conceive them to be, by fre-
quent and intenfe fenfations. But in thofe who are the reverfe of
being plethoric, and who fall vi&ims to this difeafe, in confequence

of too free indulgence in venereal pleafures, in the decline of life,

(as
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LECTURE ON MUSCULAR MOTION.

(as every one who has much ub{'crvz_uic;n of the world, or experience
in phyfic, knows to be a frequent cafe) it muft arife from a pre-
ternatural weaknef{s in the brain, induced by the mere circumftance
of fenfation. This accounts for what has been reckoned a diffi-
culty in reafoning on the caufe of apoplexy and palfy, to wit, that
the fame effe&t fhould be produced by thofe gratifications which

produce repletion, as by thofe which produce evacuation.

It follows, from the fame principle, that when life is threatened
by certain difeafes, of which the chief {fymptom is irritation, any
means by which fenfation, whether natural or morbid, and muf-
cular motion, whether voluntary or involuntary, convulfive or
{pafmodic, can be foothed or fufpended, will prove falutary, by
allowing the powers of life to rally, as it were, and recover them-
felves. In this confifts the operation of narcotic medicines, fuch
as opium, which, in complaints both of a general and local nature,
proves ufeful not merely as a palliative, by the removal of tem-
porary pain or {pafm, or by procuring fleep, but as a principal
inftrument of recovery, by allowing the powers of life to exert

their natural action, in confequence of the removal of irritation *.

* As an example of the general affections of the conftitution in which opium isa
ufeful remedy, we may mention thofe low fevers in which the principal fymptoms
are tremors, pervigilum, and low delirium, And as an inftance of local affettions,
in which it has been found highly ferviceable, we may mention ill-conditioned ul-
cers of all kinds, but particularly thofe which occur in the venereal difeafe. One of
the principal difficulties in the cure of this difeafe, is that irritability of conftitution
whereby ulcers are fo exafperated, by the ufe of mercury, asnot to bear a fufficient
quantity of it to produce a cure. This is obviated by a free ufe of opium, which
feems more efficacious in fuch cafes, than even Peruvian bark, or any other remedy ;
and this is one of the principal modern improvements inthe treatment of this difeafe.

It



LECTURE ON MUSCULAR MOTION.

It is but juft to own, that this is an idea which was firft fuggefted
to me by a learned and emineat phyfician * of this place, when in
confultation with him a few years ago.

It would be curious, as well as ufeful, to diftinguith the ope-
ration of medicines, as they affect fimple or fenfitive life. 1 at-
tempted a comparifon of this kind with opium, which, though it
chiefly affe@s fenfation, has alfo a powerful effe&t on fimple life,
as 1 found by trying its effeéts upon leeches, which are a fpecies of
animals without brain or nerves. In order to difcern the power of
this drug, as affeting the different principles of animals poflefling
both forts of life, I took a folution of it in water, into one portion
of which I put fome found living eels, and into another {fome eels,
alfo alive, but having their heads bruifed, chufing the former, as
nearly as I could, of the fame vigor with the latter, before their
heads were bruifed. It was found, in a number of trials, that the
found eels generally died fooner than the others. The opium had
a double effe@ on the former, as it ated both upon the fenfes and
upon the principle of fimple life, and the effe& upon the fenfes
was more than equivalent to the external injury of the latter, upon
which the opium acted only upon one principle, the fenfes being
locked up by the deftru&ion of their organs. In order to make
this operation fucceed, the folution fhould be of a certain degree
of ftrength, {o as to a& as a poifon. There fhould be at leaft half a
grain of opium to an ounce of water, When the trial was made
with a folution of half this ftrength, the found eels lived much
longer ; for the time was then protracted to that period in which

% Dr. Warren.
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LECTURE ON MUSCULAR. MOTION,

larity between what takes place in a nérvc, and what takes place in

2 mufcular fibre in the adt of voluntary contraétion.

I have already acknowledged my ignoraice of the manner in
which fimuli in general operate, and that this muft be admitted as
an ultimate fa&t in nature. But the operation of the will through
the nerves, feems involved in double obfcurity ; for as it depends
on the nature of thought, it cannet be made a fubje® of experi-
mental inveftigation. For this reafon I fhall decline the inquiry,
as not being ‘adapted to the ends of this Society ; and it feems
mmpofhible for human fagacity to penetrate the conne@ion of matter
with fenfation and volition, except by inferences more or lefs hy-
pothetical.  The properties of different bodies, in relation to each
other, appear to be the only proper fubjects of experimental rea-
foning ; for, in their relation to the mind, they are only the, ef-
fefts, perhaps the remote effe@s, of their intimate nature u pnn_t_hc
fenfes ; fo that we may venture to affirm that human reafon can no
more fathom the conneion of thought with the correfponding
changes in the corporeal organs, than the eye can fee itfelf,

Thofe affections of the mufcular fibres, which depend on the pa/-
Sions, though diftin& from thofe excited by the will, may yet be
enumerated here amiong thofe which flow from confcioufnefs ; for
there are emotions of the mind that have vifible and powerful effeéts
on the heart and vafcular fyftem, which are organs entirely out of
rea:::h of the will. Not to mention the well-known Efﬁ'&s of grief,
fear, and joy, which affe& the whole mr{:uiatlou, there are certain
pafiions and fentiments which: produce partial and local effe@s.
Thefe are eftablithed by Nature, either to anfwer fome impor-
tant natural purpofe, as in the cafe of the congeftion of the fluids
in the parts of generation, in confequence of the venereal appetite,

F or
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LECTURE ON MUSCULAR MOTION,

or to ferve as natural expreflions, as in the cafe of blufhing and

weeping. One of the moft ftriking effets of the paffions :
upon mufcular a&ion, is the influence they have upon the
{trength or mechanical force of the voluntary mufcles. Fear pro-
duces debility, almoft amounting to palfy. Courage and ardor of
mind, on the contrary, adds to the natural ftrength. When the
mind is agitated by fome interefting objeét, and calls upon the body.
for fome extraordinary exertion to effect its end, the mufcles are
thereby enabled, as it were by magic, to perform aéts of ftrength,
of which they would be entirely incapable in cold blood. In cir-
cumftances of danger, for inftance, where life or honour. are at
ftake, exertions are made in overcoming mechanical refiftance, which
feem incredible, and would be impofiible, were not the mind in a
fort of phrenzy, and it is truly admirable in the ceconomy of na-
ture, that an idea in the mind fhould thus in a moment augment
the powers of motion, and infpire additional refources of ftrength,
adequate to the occafional calls of life *. ‘The great increafe of {trength
in maniacs, is alfo referrible to the paffions of the mind. Thefe confide-
rations would almoft iead us to doubt whether or not the accounts
we have of the great feats of ftrength afcribed to individuals in the
heroic ages, are fabulous or not. It is alfo worthy of remark, that in

® This extraordinary degree of ftrength, infufed into the mufcles by ardent pal-
fions and affections, has been confidered, by unenlightened minds and heated imagi-
nations, as a fupernatural influence ; and the firiking effects defcribed above, may form
fome excufe for fuperflition in attributing them to the fecret agency of fome propiti-
ous and irrefiftible power. The etymology of enthufiafm, a word expreffive of thefe
uncommon exertions, fhews that there was originally fuppofed to be, on certain oc-
cafions, fome divine influence actuating the human frame. The confcioufnels of this
increafed vigor of mind and body, exalted by the belicf of its divine fource, will
ferve to account for thofe peculiar and aftonifhing efforts of enthufiafm, which are
met with in the hiftory of mankind.
. great
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great and lafting exertions of ftrength, to which men are impelled
by a&ive and generous affeftions, fatigue is not induced in the fame
proportion, by many degrees, as by the fame quantity of mufeular
a&ion in the cool and deliberate ations of common life ®.

The other clafs of fimuli to be enumerated, are the external.
Thefe confift in impreflions made by outward bodies. They are
either immediate, as in the cafe of thofe motions which are excited
by mechanical means, or by acrimony, diretly and artificially ap-
plied to a mufcular fibre ; or they are remote, as in the various in=
ftances of {ympathy, and in the cafe of thofe inftin&s which nature
has conftituted for the purpofe of felf-prefervation in brutes, and in
the early part of human life. 1 fhall here confine myfelf to a few
remarks on inftin@, as the other branches of this fubje& have been
fully and ably handled by thofe who have gone before me in this
Le&ture.

There is a connefion eftablithed between the impreffion of certain
external bodies and the a@tion of certain mufcles, analogous to what
has already been noticed with regard to the internal motions excited
in veflels by the peculiar fimulus of their fluids, Nature having in-
ftituted certain habitudes between outward fimuii and the moving
powers whereby natural propenfities are conftituted, equally necef-
fary to the fupport of life as the internal functions. Thus, in a
new-born animal, the firft contaét of the external air excites the
a&t of refpiration, and the conta& of the nipple excites the a& of
fucking ; both of which ations are abfolutely neceffary to the

# See Obfervations on the Difeafes of Seamen. Book II. chap. IlI.
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LECTURE ON MUSCULAR MOTION.

maintenance of life, and require the nice co-operation of a great
number of mufcles, prior to all experience. A&ions af this kind are
called inftinélive, and differ from voluntary motions in this refpec;
that the latter are the refult of memory and experience, whereas
the former are the immediate effe@ of external impreflions, in con-

. fequence of an eftablithed law of nature, and independent of can-

Certain in-
flintive afli-
ons, indepen-
dent of fenfa-
tion and con-
fciculnels.

fcioufvefs. The actions of inftinét and thofe of velition, never-.
thelefs, run impcrceptihly wto each other, fo that whar was at firft
inftinétive, .may afterwards come to be a matter of deliberate choice.
The fame muicles are the inftruments of both, and they differ from
l:_hﬁ mufcles obeying the internal fimuli, {uch as the heart, in this
refpect, that they are liable to fatigue, and thereby concur with the
exercife of {enfation and of thought, in rendering fleep neceffary,

There are no mufcles, except thofe of refpiration, of which the con-
ftant action is neceflary to life, and which are void of confcioufnefs
in their ordinary exercife, but which are yet in fome meafure under
the control of the will. ‘The principal end anfwered by this power
of the will over the mufcles of refpiration in man, is to form and

regulate the voice,

But though inftin&ive motions are in fome cafes convertible into
thofe which are voluntary, we fhould be fo far from confounding
them, that the former are even compatible with the want of con-
fcioufnefs and fenfation ; for thofe animals which are deftitute of
brain and nerves, are capable of alions evidently of the inftin&tive
kind. A leech, for inftance, being brought into conta@ with a
living animal, is impelled, by an inftiné& of its nature, to faftcui
upon it, and fuck its blood. There is fomething very fimilar to
this even in vegetables, as in the cafe of tendrils and creeping

' ‘ ' CRRTTET  nlanty



LECTURE ON 'MUSCULAR MOTION:

plants being ftimulated, by the conta of other bodies, o cling

round them in a particulardive@ion. ~ Thereare fa&s, which fhew
that inftin&ive altions, “even in animals endowed with brain and
nerves, do not depénd on“fénifations’ T took a live kitten, a few

days old, and divided the fpinal marrow, by cutting it acrofs at
the neck.’  The hind paws being then irritated by pricking them,

and by touching them with a hot wire, the muftles belonging to
the pofterior extremities were thrown into contrafion, fo as to
produce the motion of fhrinking from the injury. The fame ef«
fects were obferved in another kitten, after the head was entirely
feparated from the body*. The like takes place with regard to in-/
{eéts 3 for, after the head of a bee is feparated from the body, the
hinder part will fting, upon the application of fuch a Simulus as
would excite the fame a&ion in the animal in a perfeét ftate. Thefe
facts fhew clearly that inftin@tive motions may be exerted, without
the intervention of the fenforium cmmﬂm', and therefore without
Rnfa-tmu or confcioufnefs.

" In what T have farther to ﬁ'i_? oti this fubje&, I fhall confine my-
fclf to tha confideration of two of the moft Curious aﬂd important
mﬂ'm&s, HABIT and IMITﬁTION

- * In repeating this experiment, I found that when the fpinal marrow was cut
through, between the lumbar vertebre and os Jfacrum, the pofterior extremities loft
their irritability, but the tail retained it. Tt might, therefore, be faid, that the
fpinal marrow ferved as a fenforium ; but it may be anfwered, that when the head is'
cut off, its irritability remains, as appears by the motion of the ears, when pricked
or touched with a hot wire; and as the extremities are alfo irritable, it will pot be
faid that confcioufnefs and fenfation exift in two feparated portions of the body.

It
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Habit, ssap- It is the nature of a voluntary mufcle to perform any motion with
Eﬁtﬁ:oﬁ:& greater eafe, the more frequently it is repeated, and to a& moft
readily with thofe mufcles, or in company with thefe fenfations
with which it has been ufed to combme its aion, either at once
or in fucceflion. ‘This is the foundation of habit, and though it is
in common to man with other animals, it is the principle by which
all his pradtical attainments acquire facility and perfection. It has
been mentioned that fome alions, originally inftindtive, may af-
terwards be performed as acts of pure volition ;. fo inverfely, all ac-
tions, which are the refult of reafon and refleftion, may be brought
by habit to refemble inftinctive ations, and the.reb}r to be performed

with greater expedumu and effect.

ﬁfﬂ!;;} o The term Habit has alfo been applied to fenfation ; for, as mo-
fation. tions are more readily excited by frequent fucceflion, fo one per-
ception excites the idea of another, in confequence of repeated
conne&ion. In this fenfe, it ought more properly to be called the
affociation of ideas, a principle upon which Dr. Hartley has built
a theory * of the human mind, perhaps the moft juft and confift-
ent of any that has ever been framed. It is habit, taken in this
fenfe alfo, which Mr. Hume 4 conceives to be the foundation of
all our experimental reafoning, inafmuch as it conftitutes the only
originni notices by which we acquire any intimation of the con-
nefion of caufe and effe&. But though this doétrine is ably and
profoundly illuftrated by that philofopher, it may be remarked,

independently of other objections, that though habit may grve no-

* This work has been mvpuhliﬂ'.tml‘-, with a preface, by Dr. Prieftley.
+ See Effays and Treatifes on various ['uh]e{ts, Vol. 1lI. by David Hume, Efg;

tice
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#ice of this conneftion, it cannot cenffifute it ; for animals, whe-
ther rational or irrational, would be made fufceptible of habit in
vain, unlefs the conftitution of external pature had been made to
correfpond with it 3 juft as the eye would have been made in vain,
had there not exifted fuch a body as light. Now, in what does
this correfpondence confift ? It confifts in that principle whereby
nature alts by invariable laws ; for it is evident, that if the laws
‘of nature were variable, thofe recurrences of perceptions in which
habit confifts, and on which all experience is built, could not take
place ; and this fort of contingency would alfo deftroy all thofe
principles by which prudence and fkill operate upon external objeéts,
for the purpofes either of common life or of {cience. The faculty,
therefore, by which animals are fufceptible of that fort of habit
which confifts in the affociation of ideas, may be termed the organ
whereby animals perceive the uniform fucceffion of caufe and ef-
fe&, eftablifhed by the invariable courfe of nature. It was necef-
fary that this thould be an inftin&, for the fake of felf-prefers
vation, not only to mere animals, but to the human {pecies in in=
fancy. If the noxious effefts of fire, and the various modes of
mechanical vielence, fuch as falls and blows, were only to be
learnt by a procefs of reafoning, all animals would perifh before
they could attain to maturity. The great difference of man and
mere animals in this refpe&, feems to be, that the latter only per-
ceive thefe aflociations, when the obje&s themfelves are prefent to
their fenfes, whereas the former, by being endowed with memory,
can refle@ upon them, and render them fubfervient to experience
for, with regard to external bodies, what is reafon, but the
remembrance of objedts as they affe®’ each other, and the
application of this knowledge to the prafice of life, in ad-
jufting means to ‘ends ? - The principal difference of  ‘'one man

from
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from another, in point of underftanding, confifts in the readinefs
with which the mind forms thefe combinations, and the ftrength
with which it can guard againft fuch as are accidental and fanciful,
and difcriminate thefe from fuch as have an archetype in the
nature of things ; and that mind, of which the conceptions cor-
refpond beft with the ‘real affociations of nature, is pofleffed of cor-
rect judgement and juft obfervation, the moft valuable of all men-

tal atrainments.

It would lead to difquifitions too long and too intricate, and, iy
fome meafure, foreign to this place, to enlarge farther on the va-
rious effe@ts of the combination * and fucceffion 4 of ideas which
connet animal with intellectual nature. I fhall only remark, that
thofe internal faculties upon which habit and aflociation depend,
carry a reference to external nature, exactly analogous to the mu-
tual relation formerly mentioned as fubfifting between fimuli,
whether internal or external, and the moving powers correfpond-
ing to them, and between the organs of fenfe, and the impreflions
‘of external bodies which are naturally adapted to them. Mufcular
motion and fenfation have relation to the fingle properties of mat-
ter, as they affe& particular fibres and organs, but habit and affo-
ciation are co-relative to that ftated conneion of caufe and eﬂ";&,
eftablifhed by the general laws of nature. We can thus trace a
correfpondence between the motions, fenfations, and faculties of
animals, . on one hand, and the properties of matter on the other

hand, from the loweft limits of animal and even vegetable nature,

. * See Theory of the Moods of Verbs, by :Dr. Gregory.  Phil, Tranf. E:_iin._
1790, ‘

110 See a Treatife.on Time, by Dr. Watfon, jon. F.R.S. Lond, 1785. |
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LECTURE ON MUSCULAR MOTION.

Another inconvenience of the greater ftature of man would be, that
he would require larger habitations, more food and clothing, while
he would have lefs relative ftrength to provide for thefe wants. On
the other hand, had man been of a ftature much lefs than what he
enjoys by nature, he would not have pofiefled fufficient power over
external objecs, to aé up to thofe {uperior faculties of mind with
which he is endowed. If nature had conferred on man only one
half of his actual ftature and ftrength, with the fame powers of
reafon, we may venture to affirm that he would not have carried
his dominion over nature to the fame extent. As he i1s now con-
ftituted, his force being commenfurate with external nature, he has
been able, either by force or artifice, to affert his fovereignty over
the woods and fields, by maftering the ftrongeft and fierceft wild
beafts ; he has been able to change the whole face of nature on the
furface of the earth, by works of induftry, and monuments of art ;
he has been able to fell trees, to build fhips, and to circumnavi-
gate the planet he inhabits. It is rather a triumph of his reafon
than of his corporeal ftrength, to fay, in the language of a modern
poet *, that he can
¢¢ Meafure earth, weigh air, and ftate the tides;”

or, according to the fublime idea of an ancient philofopher ¥, that
he could turn the earth from its orbit, could he find footing on
another earth, from whence to exert the powers of mechanifm ; but
fuch knowledge and fuch conceptions could never have been attained
but by a being of a certain degree of bodily ftrength and ftature.

From what has been faid, it may fafely be inferred, that as the

external bodies with which we are converfant poflefs given degrees

* Pope. 4 Archimedes. £
o
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of cohefion, bulk, and denfity, which require correfponding powers
to act upon them; fo the human body, atits mean flature, is beft
adapted for producing thofe changes upon matter, which are ne-
ceflary for felf-prefervation, and the various accommodations of
life. And an argument may be drawn from hence againft the te-
nets of thofe fpeculative philofophers, who hold that the fize and
ftrength of man were much greater in remote antiquity than in mo-
dern times. It is evident, from what has been faid, that if the
bulk of the human body were much greater than it 1s, it would be
both ufelefs and inconvenient, and would not preferve that har-
mony with the reft of nature, which is {o agreeable to the analogy
of her other works.

I thall conclude this Lefture with fome remarks on the mufcles,

confidered as mechanical powers a&iug upon levers.

The firft remark to be made upon this, is fo obvious, that it has
hardly efcaped the notice of any modern phyfiologift, and feems at
firft fight to militate againft that wifdom of nature which is fo confpi-
cuous in other refpeéts. What I mean is, the great wafte of mecha-
nical power which is incurred by the manner in which the mufcles are
inferted into the bones. ‘This difadvantageous altion of mufcles is
chiefly owing to two circumftances. ~ One of thefe is their infertion,
in almoft every inftance in which they are conneted with bones,
into a part which is much nearer the fulcrum than the refiftance.
Thus the two mufcles of the arm, called the biceps and brachiceus
internus, in order to fupport in the hand a weight of one pound with
the fore arm at right angles to the Aumerus, muft exert a power
equal to ten pounds. 'The other circumftance giving rife to a wafte
of power, is the great obliquity with which they are inferted into
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LECTURE ON MUSCULAR MOTION.

the motion effe@ed by them fhall be in the diagonal of their direc-
tion. This is the cafe of the oblique mufcles of the abdomen in
fome of their aftions, and the intercoftal mufcles in all their actions.
Sometimes, different portions of the fame mufcle produce in like
manner an intermediate and combined effe, as in the inftance of
the cucullaris, one part of which being attached to the wvertebra of
the neck, and another to thofe of the lower part of the back, their
joint effet is to draw the fcapula towards'the {pine. And in all the
long mufcles, however fimple their origin and infertion may be,
there is an internal obliquity of their fibres, in regard to each other,
as defcribed by the late Dr. Hunter ; for thefe do not run from end
to end, but there are parts of the tendon running into the belly of
the mufcle, foas to divide it into penniform and rhomboidal por-
tions. ‘This diftribution of the fibres takes off from their length ;
but as it takes place in thofe cafes where the origin and infertion are
at a confiderable diftance, this can be afforded ; and this, as well as
the wafte of power, in confequence of oblique aétion, is more than
compenfated by the increafed ftrength, from the fibres being mul-
tiplied ; for, in confequence of this ftruture, there is an extent of
tendon afforded Jfufficient for the infertion of a greater quantity of
flethy fibres.

This principle in'the mechanifm of mufcular aétion, is well il-
luftrated by confidering the motions of fith. ‘The mufcles of moft
fith confift of regular feries of oblique fhort fibres, forming thofe
firata which every one muft have obferved in their mufcular fub-
ftance. Their motions are more fimple and limited than thofe of land
animals, but much more vigorous ; for a fifh in the fea has to make

its way through a medium about a thoufand times more denfe than
air,
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air, and with more rapidity. Nature, therefore, inftead of giving
them mufcles whofe fibres would run ftraight from one end of
their body to the other, has multiplied their numbers, by diftri-
buting them into fhort and oblique portions. If one was called
upon to name inftances of the greateft mufcular efforts, it is in fith
that thefe are to be found. 1 have feen the fword of a fword-fith
fticking in a plank, which it had penetrated from fide to fide; and
when it is confidered that the animal was then moving through fo
denfe a medium, and in the fame dire@tion with the thip, we muft

form a high conception of its mufcular power,

An advantage the reverfe of what has been ftated, arifes from
the oblique direction of the intercoftal mufcles, the fibres of which
are thereby lengthened ; for in parts fo near each other as the ribs,
there would have been a great inconvenience in their paffing di-
retly from one to another. Befides, in confequence of their
oblique direction, the origin in the fuperior rib is placed nearer to
the centre of motion than the infertion in the inferior rib, the ef-
fect of which is, thatall the ribs are elevated, whereby the cavity

of the thorax is enlarged, which is the view of nature.

But the advantage or rather compenfation of obliquity, which I
mean particularly here to demonftrate, is, that the fame effet is pro-
duced with a lefs proportional decurtation of fibres, than if the fame
motion had been performed by a dire® power. Borelli has eftimated
geometrically the lofs of power from oblique acion, but feems to
have overlooked this compenfation of it, which is not inconfiderable,
when we refle@ that there is thereby a faving of contraétion, «and

confequently of fatigue. This can be rendered an objeét of geo-
metrical
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