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Mal S C UL AR MOTTI O N

THIS Le&ure was founded by Dr. Croone, who was one of the ;Il?lpi?uﬁ:f’: of
original Fellows of thisSociety, having been previoufly a member of
thofe private meetings which laid the foundation of this inftitution.
He was not only a phyfician of learning and eminence, but his cha-
ratter for tafte, as well as for mathematical and natural knowledge,
was fo diftinguifhed, that he was elected Profeflor of Rhetoric in
Greftham College®, and was appointed a member of the firft council
of the Royal Society. What prompted him to perpetuate and keep
alive an attention to this fubjeét was, no doubt, an opinion of its

importance and difficulty. There are certain branches of knows

# See Ward's Lives of the Grefham Profeffors.
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LECTURE ON MUSCULAR MOTION.

ledge which, being confidered as belonging to particular profeffions,
appear lefs mterefting to men who entertain a tafte for general
fcience ; and this has in fome meafure been the cafe with inquiries
reating to the animal ceconomy. But when we confider the rank
which animated beings hold in the fcale of Nature, and that Muf-
cular Motion involves fome of the moft important circumftances
relating to them, it cannot be denied that this is a fubjeét highly
wterefting, as a branch of natural knowledge in general, indepen-
dent of 1ts utility as {ubfervient to medicine. For though fenfitive
beings bear no affignable proportion to the great volume of the ma-
terial world, yet as man belongs to this clafs of exiftence, and as
all other exiftence would feem to be created in vain, unlefs there
were beings capable of perception and enjoyment, the inveftigation
of animal nature appears to be of the utmoft importance, not only
as the grounds of a ufeful art, but as an obje& of philofophical

curiofity.

Mufcular motion i1s juftly deemed an important and a chara&eriftic

attribute of animated beings, not only as conferring that loco-mo-
tive faculty peculiar to animals, and that power by which they are
enabled to exercife a command over external objeéts, but alfo as it
conftitutes that energy by which the motion of the fluids and all
the internal fun&ions of the body are carried on. For we are to
confider as mufcles not only thofe large mafies of flefh which com-
pofe {o great a proportion of the whole bulk of the body, but like-
wife all the minuter organs fubfervient to circulation, nutrition,
and fecretion ; fince not only the heart itfelf, but the whole vafcu-
lar {yftem and the inteftines, owe their action to certain powers of

irritability and contraility peculiar to mufcular fibres.

In
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In inveftigating this fubject, it feems moft natural to begin by
comparing the mufcles, and the motion belonging to them, to other

modifications of matter and motion that occur in nature.

A mufcle, even in fo far as its ftructure is an obje@ of our fenfes
in its dead ftate, has charafters which diftinguith it from every
other fubftance in nature. The moft ftriking of thefe, is its re-
gular organization of parallel fibres. The fibrous ftru&ure is, in-
deed, found in other parts of the body, fuch as the tendons and
ligaments, and alfo in vegetables, fome of which are even poflefled
of vifible irritability ; and a fimilar conformation is manifeft in fome
minerals, fuch as the a/beflos ; but there is a certain degree of tena-
city, elafticity, and moifture, which, joined to its fibrous organi-
zation, diftinguifh it from every other form of matter. With re-
gard to the minute ftructure of mufcles, though fome have fancied
they have feen, by the help of glafles, the ultimate fibres, and
thefe confifting either of hollow tubes, or ftrings of veficles, or rhom-
boidal articulations, according to the refpeétive theory with which
the:mind of the obferver was prepofiefled, it appears, from the beft
microfcopical obfervations, that the fibres are divifible beyond what
the powers of the beft affifted fight can trace, and that they are to

all appearance uniform.

This regular fibrous ftruéture of mufcles, may be compared to
the cryftallifation of falts, and other regular forms which inanimate
bodies afflume, when pafling to a {folid form from a ftate of {olution
or fufion. Every {pecies of matter has a mode of aggregation pe-
culiar to itfelf, when its particles are at liberty to attract each other
according to that tendency which has been called their polarity.
Thofe who firft conceived this idea, feemed to have proceeded on

Bzis - the
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LECTURE ON MUSCULAR MOTION.,

the fuppofition of the ultimate particles of matter being folid bo-
dies, infinitely hard, having their different fides endowed with
different powers of attraltion and repulfion, fo as to give various
configurations to the parts of matter, when concreting into a folid
form. There i1s another and later idea* of polarity, founded on the
hypothefis of the ultimate particles of matter being combinations
of attralting and repelling points, which when brought much within
the natural limits of thefe powers, produce unequal degrees of ate
traction and repulfion at equal diftances from their common centre,
thereby defining what may be called the fhape of the particles, and
conftituting polarity. In whatever manner we conceive this to take
place, fome fuch circumftance feems univerfal, and perhaps necef-
fary to all the varieties of folid matter ; and there is in fome in-
ftances a difference in the appearance and other properties of the
fame fubftance, after pafling from a fluid to a folid form, according
as 1ts particles have been at liberty to follow more or lefs freely the
tendency of their polarity in the at of concretion. This may be
illuftrated by the freezing of water, and the cryftallifation of falts,
which are more or lefs regular or confufed, according to the cir-
cumftances in which they have taken place. The fame may be
exemplified in metals and other fubftances; for it 1s well known,
that the properties of iron and glafs, in point of cohefion and elafti-
city, are very much affelted by the quicknefs or flownefs with
which they pafs from a ftate of fufion to a ftate of folidity. It is
probably in fome circumftance of this kind that mufcles differ from
other foft animal matter. 'We cannot trace by infpection the man-
ner in which the fluid nutritious matter is applied in forming folid

parts ; but as mufcles are compofed of parts fo regularly figured

* See Dr. Blagden’s Experiments on the cooling of Water below its freezing point.

Phil, Tranf, Vol. LXXVIIL. page 143.
and
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and endowed with contradtility, it feems probable that there is
fome provifionymade by Nature, whereby the particles follow the
exa& impulfe of their polarity, and conftitute a more exquifite

ftructure than in other parts of the body.

So far with regard to the character of a Muicle, confidered in its

dead ftate.

The firft circum{tance that meets the attention in confidering its
living ftate, is that contractile power or motion, which is properly
the fubjet of this Leture; and in order to inveftigate its nature,
it will be neceflary to compare it with that which takes place in
inanimate bodies, by confidering the nature of motion in general,

So far as we know, either from actual obfervation, or from ana-

logy, there does not exift in nature any fuch thing as abfolute re/f?:

for when we contemplate the motions of the earth and heavenly

odies. the various complications of the planetary revolutions in
bodies, tl licat f tl lanet lut

their rotation round their own axes, and in the paths of their orbits,

in the irregularities arifing from the difturbances of their mutual

gravitation, and from the preceflion of the equinoxes, not to mention

the influence of the innumerable fiderial {yftems upon each other #,

it may be affirmed, on inconteftible principles, that no particle of mat-

ter ever was, or will be, for two inftants of time, in the fame place,

and that no particle of it ever has returned, or will return, to any one

point of abfolute fpace which it has ever formerly occupied. Whe-

ther motion, therefore, can ftriftly be called an effential property of

matter or not, it is, certainly, by the actual conftitution of nature,

originally and indefeafibly imprefled upon it ; and as reft does not

# See Dr. Herlchel's paper on the conftruction of the Heavens.
Vol. LXXV. page 231,

Phil. Tranf.
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LECTURE 'ON MUSCUL AR MOTION.

exift in nature, but may be confidered, in a vulgar fenfe, as a fal-
lacy of the fenfes, and in a philofophical fenfe, as an abftra@ion of
the mind, it follows, that what is called the vis imertie of matter,
is not a refiftance to a change from reft to motion, or from motion
to reft, but a refiftance to acceleration or retardation, or to change
of direction. If 1t fhould be alledged, that any given particle or
portion of matter is carried along by virtue of the motion of the
planct to which it belongs, it may be anfwered, that the earth or
any other planet 1s nothing more than a congeries of fuch particles,
each of which muft pofle(s a fhare of the fame energy which ani-

mates the whole mafs.

The altive nature of matter is farther proved by thofe attra@ions
and repulfions which univerfally take place among its parts, how-
ever near or remote ; and every inftance of motion within the cog-
nifance of our fenfes, in the bodies around us, is referrible, either in
itfelf or 1ts caufe, to {fome mode of attraction or repulfion. Me-
chanical impulfe being the moft familiar caufe of motion in the
ordinary events of life, is apt to be confidered as the moft fimple
and original caufe of it ; but it is obvious, upon refletion, that it
cannot originate in itfelf, and that all collifions are produced ecither
by the efficiency of living animals, that is, by mufcular a&ion, or
by means of fome operation of nature, depending on attraltion or
repulfion, Of the firft kind, all the mechanical operations of art
are examples ; and with regard to the others, they may, if care-
fully inveftigated, be referred in every inftance, either immediately
or remotely, to the above-mentioned inherent energies of matter.
The natural agitation of air or water, for inftance, may produce mo-
tion by impulfe, or may bring two folid bodies to impinge upon
each other; but it is evident that thefe motions in the atmofphere

or
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or the ocean, could not take place without gravitation, which is

one of the attractive powers of matter,

Attracion and repulfion may be confidered as one principle, in-
afmuch as they are both expreflive of that acive ftate originally
inherent in matter, and becaufe any two particles, having affinity
with each other, either attral or repel, accordingto their diftance,
their common temperature, and other circumftances; and it is {o
univerfal an agent in nature, that fome modern philofophers have
made it abforb, as it were, every other power and property of mat-
ter. ‘'The late Father Bofcovich®, of Milan, about forty years ago,
advanced a very bold do&trine to this effe&, alledging, with great
ftrength of argument, illuftrated by geometrical reafoning, that
there does not exift in nature any fuch thing as impenetrable ex-
tended particles ; and he deduces all the phanomena of the mate-
rial world from one principle, which fuppofes it conftituted of
points having feveral {pheres of attraction and repulfion, which be-
ing varioufly arranged and combined, produce the different forms and
properties of matter, and its feveral powers, fuch as chemical at-
traction, cohefion, and gravitation. Whether this hypothefis is
founded in truth or not, it would appear from the reafonings made
ufe of, that all the relative properties of matter may be accounted
for, though we abftraét from every other confideration but attrac-

tion and repulfion.

It 15 evident, therefore, that whatever may be the caufe of muf-

cular motion, it 1s not referrible to mechanifm, which is itfelf only

% See this doftrine fully explained, in a work entitled, Thesria neva Philofophicz
naturalis redadla ad unicam ligem, &'c. dudiore Rogerio Bofeovich,  Venetiis, 19634
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a fecondary principle. Some theories have had recourfe to the con«
veyance of a fluid into the fibres of mufcles, by which they were
fwelled, and thereby fhortened. One of the moft plaufible of
thefe hypothefes fuppofes this fluid to be the blood; but this is
plainly a petitio principii ; for, inorder to give motion to the blood,
the very pewer in queftion 1s neceffary. Other fluids have been
{fuppofed to have this effect, but even the exiftence of thefe has not
been proved. I will not detain this learned audience with a recital
of the numerous theories of this kind that have been invented by
fanciful and ingenious men, only one of which can be true, and
the moft folid objetions could be urged againft them all. Other
arguments, derived from the nature of irritability and fenfibility,
could, if neceflary, be brought to prove that Mufcular Motion can-
not depend on any mechanical caufe : but this part of the fubjeé was
fully treated of by the ingenious Gentleman who delivered the
Croonian Le&ure laft year.

As it has been proved that all matter is in a ftate of perpetual
motion, originally impreffed upon it by Nature, alfo that attraction
and repulfion are eflential to it, and the ultimate caufes of all new
motions that can arife in the univerfe, mechanical a&tion being
only a fecondary caufe, it feems moft agreeable to the analogy of
nature, to refer Mufcular Motion to an original law of animated
matter, whereby its particles are endowed with an attrative power
for which no caufe can be affigned, any more than for gravitation,
cohefion, or chemical affinity. If I underftand it right, this was
the dotrine laid down and illuftrated laft year by Doctor Fordyce,
and to which I am endeavouring to contribute fome additional proofs
and illuftrations, from a conviction that it is the only rational and
philofophical light in which this fubjed has hitherto been viewed.

If
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If the fhortening of a mufcular fibre depends on this increafed
power of attradtion between its particles, the effeét of it will be to
‘add to the power of cohefion in the fibre, and if this fhall be found
in fa& to be the cafe, 1t will be a farther proof of the dotrine juft
now advanced. In order to decide this, I made the following ex-
periment upon the flexor mufcle of the thumb of a man, five hours
after death, while the parts were yet warm and flexible. All the
parts of the joint having been feparated, except the tendon, a weight
was hung to it, fo as to aét in the natural dire&ion, and was in-
creafed gradually till the muifcle broke, which happened when
twenty-fix pounds had been appended. I found that a man of the
fame age, and the fame apparent fize and ftrength, with the fub-
ject of the preceding experiment, could with eafe lift thirty-eight
pounds by the voluntary exertion of the fame mufcle. Itis far-
ther in proof of this fa&, that in the cafe of a violent ftrain from
mufcular contraction in the living body, it is the tendon that gives
way, whereas we have feen, In the experiment juft now related,
that in the dead body, the mufcle is the weaker of the two. It is
alfo well known, that in cafes of over-exertion, the muifcular
fibres themfelves do not give way, though the ftrongeft tendons,
fuch as the fendo Achillis, and even bones, fuch as the knee-pan,
are broke by their living force *, which, in {uch inftances, muft be

many times greater than the ftrength of the dead fibres.

* There is a cale related in the Philofophical Tranfa&ions, by Mr. Amyand,
wherein the os humeri was broken by an exertion of the mufcles. See Phil. Tranf,
Vol. XLIIL page 252. Every one has obferved or heard of fractures happening
from very flight accidents. Thefe cccur moft probably from a jerk of the mufcles

concurring with the external violence.
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The fenfible increafe of hardnefs in a mufcle, when in a ftate of
contraction, may alfo be confidered as a proof of an increafed attrac-

tion of its particles to each other at that time.

In inveftigating this fubje@ farther, it is of importance to de-
termine, whether or not a mufcle, when in a ftate of contraétion,
undergoes any change of denfity. A comparifon of it in this re-
{fpe with dead matter, may throw fome light on the nature of

mufcular a&ion.

Every homogeneous body poffefles a certain degree of denfity,
determined by the diftance of its integrant particles. The moft
common means in nature, by which the denfity of fuch bodies is
altered, are heat and cold ; the one univerfally producing expan-
fion, the other condenfation. Whether mechanical force has the
{ame effeés is a point in natural philofophy not fo well afcertamed ;
for though tenfion and collifion produce in folid elaftic bodies a

change of figure, which they immediately refume when the force

1s withdrawn, it has not been enquired, fo faras I know, whether

in {uch cafes, a change of denfity takes place while the body is 1n
the ftate of elongation or compreflion. T'wo elaftic balls, in the aft of
collifion, undergo a momentary change of figure, fo that there muft
be an approximation of particles in the direction in which they are
flattened ; and in the elongation of an elaftic chord by tenfion, there
muft be an increafed diftance of the particles in one diretion, but
while thefe changes take place in one dimenfion of the refpective

bodies, they may be compenfated by contrary changes in the other

. dimenfions ; fo that the feveral bodies may preferve, upon the

whole, the fame folid contents. In order to afcertain this in the
cafe
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cafe of tenfion, which is the only cafe bearing analogy to Mufcular
Motion, I made the following experiment : I took a piece of the
elaftic gum, or kaboutchouck, three inches fquare, and about the
eighth of an inch in thicknefs; I procured a piece of fheet-tin,
three inches broad, and fix inches long, cut into tharp teeth at each
end. The gum was firft weighed in air, and found to be 380.25
grains. It was then weighed in water, along with the tin, to
which it was loofely attached, and the weight of both was then
758,75 grains. The gum was then ftretched upon the tin, by
means of the teeth at each end, to a furface of about five inches
{quare, the tin being bent fo as to leave a free {pace between it and
‘the gum, in order that when immerfed in the water, no air bub-
bles might be entangled. In this fituation, the weight of bath in
water was found to be 746,75 grains, Here wasa difference of twelve
grains, which could be owing only to a diminution of {pecific gravi-
ty ; and 1n order to be fure that there was no fallacy nor inaccuracy
in the experiment, the gum was immediately afterwards difengaged
from one end of the tin, foas to allow it to thrink, and being again
- weighed in this ftate in the water, it was found to have recovered
exattly its former weight. 'This, as well as the fubfequent ftatical
experiments, was performed by means of the exquifite balance
lately invented and conftruéted by Mr. Ramf{den, and belonging to
Sir Jofeph Banks, who politely allowed me the ufe of it. I was
alfo affifted by Mr. Gilpin, clerk of this fociety, who is extremely

accurate and expert in all operations of this kind.

Now, does the flate of relaxation and contraion make in like
manner a temporary difference in the denfity of mufcles ¢ When the
circumftance of decwrtation only is confidered, we thould be tempted

to think that there muft be an approximation of the particles of the
C 2 fibre ;

ir
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fibre ; but there is at the fame time a lateral {welling of the mufcle,
which may compenfate for what is loft in the other dimenfion.
This point cannot be decided but by an experimental examination.
It might be determined whether a mufcle occupies moft {pace when
relaxed or when contraéted, by finding its fpecific gravity in each
of thefe ftates by means of the hydroftatical balance. But this
would be found extremely difficult ; for the ftate of contra&ion is
very tranfitory, and the motion itfelf would produce fuch a diftur-
bance, as would render the refult unfatisfaory. As there is this
obftacle to the experiment on a living muicle, it occurred to me
that it might be performed on the mufcles of a fith, which had
undergone the operation of erimping, as it is called ; for, in confe-
quence of dividing the mufcles, by cutting them when alive, they
undergo a contraltion, which continues after death *; and upon
comparing, by the hydroftatic balance, portions of mufcle which
had been erimpt, with thofe of the oppofite fide of the fame fith,
which had on purpofe been faved from this operation, it did not
appear that there was any difference in the fpecific gravity. Two

e

# It has been made a queftion, whether life and its actions may not affect the aé-

[folutz gravity of bodies? Though this doubt has not arifen upon any affignable grounds

that I know of, unlefs it be that one unknown principle may affect another equally
unknown, I thought it might be worth while to determine it by experiment. The
firft trials were with animals of warm bload inclofed in oilfkin, and clofe tin veffels,
but not being fatisfied with the accuracy of thefe, from the difficulty of cutting off
all communication with the external air, fo as to prevent moifture from exhaling, I
inclofed live eels in flafks, and fealed them hermetically; and, in this fituation,
their weight when alive being compared with their weight when dead, there did not
appear any reafon to fufpeé that the mere circumiftance of life made any difference

in regard to gravity.
trials
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trials were made, one with the maflcter mufcles of a {kate, the
other with the fides of a large trout.

The following experiment was alfo made, in order to decide the
comparative denfity of a contracted and relaxed mufcle. 1 took a
glafs flatk, into which one half of a living eel was introduced.
~ The mouth was immediately afterwards fufed by a blow-pipe, and
drawn into a tube like the ftem of a thermometer. The flafk and
tube were then filled with water, in order to fee whether the mo-
tion of the animal would make the fluid rife or fall. It had neither
the one effe&t nor the other, though there were at times ftrong
convulfions, and if the mufcles had at any one time occupied either
more fpace or lefs than at another, a fenfible fluctuation would have
been produced, efpecially when the column of fluid was rendered
very fine, by the introduction of a fteel wire to irritate the parts,
That part of the eel from the anus to the tail was made ufe of for
this experiment, as the other divifion, containing the organs of
refpiration and the air-bladder, might have occafioned a fallacy,
from the expanfion or condenfation of an elaftic fluid, by acciden-
tal changes of temperature, or compreflion. This was repeated
three times, with the fame refult. In one of the trials, the above-
mentioned portion of two eels was introduced, and though they

were at times both in convulfions at once, not the leaft motion of

the fluid in the tube could be perceived.

I was the more defirous to be accurate in this and the preceding
experiments, as the refult of them was different from my own pre-
pofleffion at the time, and different, Ibelieve, from the opinion of
moft modern phyfiologifts. It may fafely be inferred from them,

that the contra&ion of a mufcle produces no change 1 ifs denfity,
and

'3
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and that animal life differs from inanimate matter in this refpe, as
well as 1n moft of its other properties and laws. One purpofe in na-
ture for mufcles always preferving the fame denfity may be, that
as fome of them a& in confined cavities, inconvenience might arife
from their occupying more {pace at one time than another. In
the extremities of cruftaceous animals, for inftance, which are filled
with mufcles, a change of denfity would be apt to burft them.
This may alfo be confidered as a proof of the fa& itfelf.

Another circumftance in which the contraétions of muicles differs
from fimple elafhicity is, that the former, however frequent and
violent, does not produce any heat as collifion and tenfion are
known to do. This may admit of fome cavil with regard to ani-
mals of warm blood; for, one of the theories with regard to ani-
mal heat is, that it arifes from the perpetual vibration of mufcular
fibres, particularly thofe of the vafcular {yftem ; but this will not
hold with refpeé to animals of cold blood, in which the attions of

life are equally vigorous.

The principal phznomena, therefore, of Mufcular Motion, are
the fhortening of the fibres, the lateral {well, the increafe of cohe-
fion and hardnefs, and the unchanged denfity and temperature.
It would appear, from the two laft circumftances, that the intimate
motions of the particles in relation to each other, muit be different
from what take place in the feveral inftances of contrattion and
expanfion in dead bodies. In the expanfion arifing from the action
of heat, and the contra&ion from cold, the change of denfity fhews
that in the one cafe, the ultimate particles muft recede from each
other ; and in the other cafe, that they muft approach. The fame

may be faid of elafticity. But as there is no alteration of the den-
fity
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fity of a mufcle in paffing from relaxation to contration, this
change cannot confift in the approximation of the integrant parts
of the fibres, but muift depend on fome other circumftance in the
intimate difpofition of the particles. In attempting to conceive in
what this confifts, the following explanation may be offered :—
It was formerly mentioned that the regular ftructure of folid bodies
depended on the polarity and fhape of their integrant parts. Now
all bodies, except fuch as are {phaerical, muft have a long and a
thort axis ; and let us imagine the fibres of mufcles to be compofed
of {pheeroidal particles ; we may then conceive relaxation to confift
in their being difpofed with their long axis in the line of the fibres,
and contra&ion to confift in their thort axis being difpofed more or
lefs in that dire&tion. This will not only account for the de-
curtation, and uniform denfity, but for the lateral fivell, and
alfo for the increafed hardnefs and cohefion; for though the
particles do not approach or recede, as in bodies fimply elaftic,
yet their power of attrattion will be increafed by their cen-
tres being brought nearer, and by being applied * to each other
by more oblate furfaces. This hypothefis accords with what
has been before proved, concerning the unchangeable denfity;
for what is loft in one dimenfion, is gained in another; and the
caufe for there being no increafe of temperature, depends proba-

bly on the fame circumftance by which the denfity is preferved

unaitered.

* By being applied, I do not mean that they are altually in contad?; for it is evi-
dent, from the effect of heat in expanding bodies, and of cold in condenfing them,
that there can be no fuch thing as contact of the ultimate particles of matter, even

on the fuppofition that thefe confift of impenetrable bodies infinitely hard.
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WHAT has been hitherto advanced on this fubjeét, has tended
only to explain that ftate of a mufcular fibre which renders it fuf=
ceptible of contraétion, and to afcertain the nature of that change
which takes place in pafling from the ftate of relaxation to that of
contration, It fhll remains a queftion by what efficient power
this contraction 1s excited. We have, indeed, referred the caufe
to attraction ; but of attrattions fome are perpetual, fuch as gra-
vitation, which exerts an equal and unremitting zifus upon every
particle of matter, which is the fubje& of its altion ; and there are
others fugitive and occafional, fuch as elecricity and magnetifm,
and we may add mufcular contraction. With regard to the firt
kind, as it 1s always uniform, it feems fufficient to fay, that it
exifts as a part of the invariable conftitution of nature; but with
regard to that which is flu€tuating, it feems incumbent on thofe
who fearch into the laws of nature, to fay by what mode of ef-
ficiency the attradtion is performed, {o that its ation fhould take

place at one time, and not at another. In order to anfwer this

queftion, with regard to Mufcular Motion, we ought to be able to

{pecify by what mode of operation a /Fimulus excites contration.
Thofe theories which account for the contraction of mufcles, by
the fwelling of the fibres, in confequence of a conveyance of mat-
ter, profefled to account for the operation of fimuli 3 but upon the
principles I have adopted in this Le&ure, I am obliged to confefs
my entire ignorance on this fubjet. Perhaps it 1s infcrutable.
Perhaps the ftate of human knowledge is not ripe for fuch an
inquiry ; for we are flill in the dark with regard to moft of thofe
properties of matter which bear any analogy to this, and the
knowledge of which might tend to throw light upon it. We know

that ele&@ric attraction depends on the accumulation of a fubtle
fluid,
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fluid, but we are ignorant of the nature of magnetifm. With re-
gard to heat, which is univerfally a caufe of repulfion, and the moft
general, powerful, and aftive, as well as the moft ufeful and fa-
miliar agent in nature, it is hardly decided as yet whether it is a
matter or a quality ; and with regard to light, though it is itfelf
the medium by which we become acquainted with the moft re-
mote objeéts, it is fo obfcure in its own nature, that it is {till a
queftion whether it confifts in the tran{miffion or vibration of a
fubtle fluid.

As I am unable, therefore, to explain the gperation of flimuli, 1

thall content myfelf with endeavouring to enumerate them.

Every natural caufe exciting the contrattion of a mufcular fibre,
15 called a_ffimulus. They may be divided into internal and exter-
nal. Asan example of the former, the circulation of the blood
may be mentioned ; as this is kept up by an exciting influence of
the blood upon the heart and veflels which contain and impel it
The carlieft perceivable inftance of Mufcular motion, is the beating
of the heart, as it is feen in the firft rudiments of the embryo in
an egg, and called the punéium faliens. 'There {feems to be eftablith-
ed by nature, a certain Aabitude of aéion between the vefiels and
their fluids, ‘whereby the former are duly ftimulated to propel the
latter. This does not depend merely on the acrimony of the
fluids 3 for if a fluid even more mild than the blood, fuch as milk,
be injected into the circulation, it will produce great difturbance ;
and if the blood, by being deprived of the influence of refpirable air,
becomes deftitute of a certain property which it would naturaily ac-
quire in the aét of refpiration, it does not prove a fimulus to the
heart.
D The
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The irritability of all the containing parts, 1s in like manner ac-
commodated to the nature of their refpeétive contents.  The in-
teftines are fo calculated, as to have proper motions excited in them
by the aliment, and the fecretions which are mixed with it ; and
there are bodies which, though perfe@ly mild, fuch as alimentary
{ubftances of difficult digeftion, yet excite more violent commo-
tions in the ftomach than other fubftances which are very acri-
monious. The various effets of poifons in different parts of the
body, may alfo be mentioned as an illuftration of the peculiar {uf-
ceptibility of the feveral organs of the body. The poifon of a
viper, for inftance, 1s perfeétly innocent, not only in the recep-
tacles of the animal which produces it, but it may be taken into the
ftomach of any animal without the leaft bad effeét, and only exerts
its deleterious power when brought in conta& with a wounded part.
Some vegetable poifons, on the contrary, fuch as that of laurel
water®, prove deadly, when taken into the mouth, or applied to
any part of the alimentary canal, but are innocent when injetted

into the veins. The fame principle might be illuftrated by the opera-~

tion of various medicines, fome of which a& upon one fet of organs,

and fome upon another. But it is meant here more particularly to
clucidate the natural internal a&ions of the body ; and it may be re-
marked, that the receptacles of the feveral fecreted fluids, fuch as the
-gall bladder, and bladder of urine, are fo adapted to their natural con-
tents, by adue meafure of irritability, as to bear their accumulation
to a certain degree, and then to expel them. We have here alfo a
proof that irritability is not in proportion to fenfibility ; for both
thefe receptacles are extremely fenfible to pain and irritation, from
extraneous acrimony, though fo moderately fenfible to the acrimony

of their natural contents. This difpofition in the feveral organs to

* See Experiments on Poifons, by Abbé Fontana.
perform
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perform their natural funions, in confequence of the fimulus of
the refpective fluids they contain, has aptly enough been called the

: ®
natural perceptson of thefe organs *,

It follows from this, that the application of chemical and me-
chanical fimuli to irritable parts, 1s not a mode of experiment likely
to be produétive of ufeful knowledge, fince the internal organs are
calculated to perform their ations in confequence of peculiar and
fpecific flimuli, provided by nature; and this confideration may Application of
ferve to fuggeft the moft likely means of reftoring loft irritability :E::;:;:Iuig;{:a
and a&ion to the vital fun&ions, when fufpended by f{uffocation, e im i:l;guf
ftrangulation, or fubmerfion. The ation of the heart depends on i:ngu]amn’
the action of the lungs and the infpiration of atmofpheric air ; and
I have found, from repeated experiments on animals, that in fuch
cafes, all other means of reftoring circulation and life, are of little
or no avail, in comparifon of inflating the lungs with atmoifpheric
air, and by ftroking and preflfing the ribs, fo as to imitate the ac-
tion of refpiration. Neither mechanical friction, nor any other
external fimulus, nor ftimulating clyfters, feemed to have any
fenfible effect in recalling life. The only other means, befides
thofe above mentioned, that feem material in attempting to reftore
{ufpended ammation, 1s a due attention to the external temperature.,
In the cafe of drowning in cold water, for inftance, it is of the ut-
moft confequence to reftore the natural warmth, either by the
cautious ufe of artificial heat, or the application of living bodies,
In the cafe of thofe who have been fuffocated by foul air, it is, on

the contrary, advileable to expofe them to cool air.

# This idea is well illuftrated by Mr. Hunter in his leCtures ; alfo by Mr. Mudge,
in a differtation on the wis vite, fubjoined to a traft, entitled, ¢ A radical and ex-

peditious cure for a catarrhous cough,”
From
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From wirat has been before advanced, concerning that habitude
or mutual mfluence of the folids and fluids, 1t would appear that
they are {pecifically appropriated to each other, in order to carry
on not only the circulation, but the important funtions of digef-
tion, abforption, fecretion, and excretion; and as the healthy
condition of an amimal confifts 11 the maintenance of that natural
harmony, fo muft the ftate of difeafe depend on the derangement
of thofe declicate impreffions and nice fenfibilities, or rather irritabi-

[ities, in which the funéions of the feveral organs confift; and as the

affc@ions of the folids and fluids are reciprocal, difeafe may depend

cither on fome deviation of the former, from their healthy and natural
perceptions, or from fome acrimony or vitiation of the latter, or per-
haps more commonly from the concurrence of both, in confequence
of their mutual influence. When the fluids only are morbidly af-
fected, nature alone 1s poffefled of refources of cure; for if the
containing folids retain their natural irritability, they will be fti-
mulated to expel what is extraneous or vitiated. A depraved ftate

of the folids is therefore likely to prove a more frequent caufe of

morbid derangement ; and as they differ from the fluids, by pef-

fefling an inherent a&tivity, it is the object of medicine to incite,
reftrain, or alter their difeafed attions, according to the nature of

the morbid affetion.

It 1s evident, that this doftrine will admit of a much more
extenfive application in pathology, than there 1s time here
to follow out; and I fhall confine myfelf to the illuftration
of it, in the cafe of the abforbent veflels. Thefe evidently
poflefs a power of abforbing certain fubftances, and rejedting
others. The la&eals, for inftance, in a ftate of health, take up

only
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only the nutritious part of the alimentary mafs ; for there s in the
fecal part fubftances equally foluble as the chyle. The inner fur-
face of the gall bladder is befet with abforbents, which, however,
do not abforb bile in the ordinary ftate of health, and only con-
centrate it by taking up the fluid with which it i1s diluted. Bur
when in confequence of the obftruétion of the gall duéts, the blad-
der becomes over diftended, or when the fpecific perception of the
abforbents is depraved by difeafe, in thefe cafes the bile is abforbed
and thrown into the circulation. Sometimes, fuch unufual a&ions
of the abforbents are excited as a refource of nature, either to cure
difeafe, or to carry on growth ; for it has been thewn by Mr. Hunter,
that not only foft and fluid parts, but bone, can be removed by abforp-
tion. At other times, difeafe confifts in affe&ions of thefe vefltls,
either by their action being too much retarded, as in the cafe of
dropfy, or where the matter of an ulcer, or in the puftules of the
fmall pox, is prematurely abforbed, in confequence of the depraved
altion of fever. Itis fuﬁicicntl_v demonftrable, that the whole fur-
face of the fkin and bronchice is befet with inhaling veflels, which
wusorb the fluids diffolved in the atmofphere ; and it would be
contrary to the analogy of the reft of the body, to i'uppnﬁ: that
- thefe are not poflefled of fome ele@ive power, whercby they prefer
or reject fuch fluids as are prefented to them, according to their
feveral qualities, and that this power fhould not be various, ac-
cDrding to the ftate of health or difeafe. But, im_}upc'm]cn[ of ana-
logy, the variable ftate of the human body, in refpett to its fuf-
ceptibility of contagious difcafes, fcems to be a dire& proof of this.
It is a well-known fact, that a perfon who has never had the fmall
pox, will at one time be clofely expofed to their infetion, and

Y L
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yet efcape the difeafe, and at another time will be affeGted by the
{lightcft degree of it. If it fhould be faid, that the poifon is in-
haled in the one cafe as well as the other, but that the internal
{tate of the body 1s 1n one cafe difpofed to be affe€ted, and in the
other not, it may be anfwered, that any method by which it can
certainly be introduced, as by inoculation, will almoft infallibly
produce this difeafe in conftitutions that have never before under-
gone it. And this feems to afford a folution of a much agitated
queftion, On what does the fuperior fafety of the inoculated {mmall
pox depend ! For, in a conftitution already morbidly difpofed, the
powers of life will be more apt to give way to any difturbance that
may be excited; and the {fame derangement of nature, which, in
this cafe, makes the inhalant veflels admit the noxious effluvia of
difeafe, will render the body lefs capable of countera&ting it when
admitted. In the cafe of inoculation, the poifon is not taken
into the circulation by any natural operation of the body; but
being obtruded by art, there i1s no particular propenfity in the
conftitution to give way to it, unlefs the time of inoculation fhould
accidentally coincide with thofe moments in which the body 1s 1d-
turally fufceptible; and as this muft fometimes happen, it is ac-
cordingly obferved, that one cafe in a great number of inoculated

fmall pox, is equally malignant as any cafe of the natural fort.

The {pecific irritability of mufcular fibres, in confequence of the
peculiar ation of flimuli, has been called perception, as was men=-
tioned before. This term is not to be taken in a fenfe {trictly lite-
ral, but as a metaphor, borrowed from fenfation, and applied to
motion. In like manner as the fenfes are fitted to convey pecu-
liar ideas, in confequence of their refpeive organs being adapted

to their correfponding external impreffions, fo are the various organs
of
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of motion by nature made fufceptible of excitement from peculiar
impreffions, either internal or external. ‘This analogy is the more
exact, that the nerves feem to be the inftruments of both ; for
not only the organs of fenfation and voluntary motion, but thofe
of involuntary motion, are fupplied with nerves, and dependant
upon them ; for if the influence of the nerves leading to the heart
or inteftines 1s interrupted, by cutting ligature or palfy, the func-
tion of thefe parts is thereby deftroyed. Thus, as there is a pecu-
liar fenfibility belonging to the feveral fenfes, fo is there a peculiar
irritability belonging to the feveral organs of motion. ‘The inten-
tion of Nature, therefore, in diftributing nerves to every mufcular
organ, was probably in order to conftitute thofe peculiar percep-
tions on which the various vital and natural funétions depend. But
I give this only as a conjecture ; and though the nervous influence
may thus zodify irritability, there is reafon to think that it does not
beflow it.

This leads us to confider how far vitality 1s dependant on the
nerves. It has been the opinion of fome phyfiologifts, who have
been {uppofed to entertain very rational ideas of the animal eeco-
nomy, that all mufcular irritability depended on a fentient prin-
ciple* ; and fome have even maintained, that there is an intelli-
gent principle 4 refiding in animal bodies, in order to guide their
functions and operations. From the preceding faéts and reafoning,
and from its being well attefted that there have been feveral in-

ftances of the production of feetufes, without the brain {, there feems

* See Whytt on the vital and involuntary motions.
+ Vide Opera Stablii € Preleftio de anima medica, Auéi. De&. Nicholls.

1 See Phil. Tranf. Vol. XIX. and XXI.
1o
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no occafion to have recourfe to fo violent a hypothefis. This, how-
ever, is not the queftion here intended to be difcuffed ; but it is meant
to enquire, whether or not there 1s a foundation in nature for an
opinion broached by Mr. Hunter, that there is a living principle,
diftinét from the nervous f{yftem, and independent of fenfation and
confcioufnefs. The principal fa& in fupport of this opinion, is
the exiftence of animals without brain and nerves. ‘That there are
fuch, was, I believe, firft obferved by Haller *, and has been
confirmed by Mr. Hunter; who maintains farther, that the fto-
mach 1s a centre, or feat of life, more effential to it than the brain,
That the ftomach fhould be an organ of fo much confequence,
{cems natural enough, from the importance of its funétion,
which is. that of affimilation; and life can be more imime-
diately and completely extinguifhed by an injury to it, fuch
as a blow, than by the fame viclence to any other part of
the body. It is alfo well known, that the mufcular fibres
of animals, endowed with a nervous fyftem, will retan their

wrritability for fome utme after their feparation from the brain

and nerves. It 1s evident, likewife, from the phenomena-of-ve=—

cetation, that irritability may exift in nature, without fenfation,
confcioufnefs, or any fufpicion of the exiftence of a nervous fyftem.
The faés I allude to, are not only the perceptible motions of the
fenfitive plant, but more particularly thofe motions which muit
neceflarily take place in all plants, in carrying on their growth;
tor there is no accounting for the accretion of folid parts, in
confequence of the conveyance of nutrition by the propulfion
of the fap, but by admitting fome power, afing by laws
different from thofe of dead matter. In favour of this opinion,

it 1s farther obfervable, that thofe animals which are deftitute
1

* Vide Primas Lincas Phyfiologia, ccccily f
0
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of brain and nerves, are of the clafs wermes, the moft fimple in
nature, having only one funétion, to wit, that of afimilation, and
therefore not requiring that variety of ation, and thofe peculiar
perceptions which are neceflary to more complex animals. Laftly,
the ftate of an egg before incubation, and the condition of thefe
animals which become torpid from cold, and afterwards revive, af-
ford fa&s which favour this opinion ; as they fhew that there is a
certain principle of felf-prefervation, independent not only of the
operation of the nervous fyftem, but even of the circulation ; for,
in this quiefcent ftate, thefe portions of animal matter are preferved
for a great length of time from that corruption to which they
would otherwife be liable, and their fluids are prevented from
freezing in a degree of cold, which would congeal them, were they

deftitute of every principle of life.

But though fimple life may be confidered as diftinét from the
nervous {yftem, which is only an acceflfary appendage to it, yet in
thofe animals in which they are conjoined, the purpofes of nature
render them dependant on each other. ‘The fun&ions of the
brain, for inftance, cannot go on without the action of the heart ;
for whenever the circulation of the blood is interrupted, confcioud-
nefs and fenfation are deftroyed, as is evident in the cafc of a fwoon,
and in the effects of ftrangulation. On the other hand, as has been
before obferved, the a&ion of the heart has a dependance on the
influence of the nerves, as connefted with the brain. There are
alfo inconteftible proofs of the extreme veficls being affected by the
influence of the brain; for we know that a thought in the mind
will produce partial determinations of the circulating fluids, as in
the cafe of bluthing, and the fullnefs of the veflels in the organs
of generation, in confequence of certain paflions. It does not,

D how-
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however, follow, from all this, that irritability depends on the
nerves ; the influence of which may be confidered as modifying
general irritability, i 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 inthe inftanceslaft adduced : and
though the organs eflential tolife, fuch as the heart, cannot exert the
action neceflary to life, without the influence of the nerves, yet the
veflels of the extremities can exert their ufual acion 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 fenfation *,

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 putrefattion ; 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 fponta=

* This faét 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 feet by finapifms 3
and in the other, blifters rofe on the knees, but without exciting any fenfation, and
the parts healedas in a healthy perfon. The firft, was that of a gentleman advanced
in Iiﬁ:‘, im whom thiz aftetion came on after the gm]t in the I’mmach,. and he died
in confequence of the palfy extending to the bladder and other wviftera. The other
was that of a young woman in St. Thomas’s Hofpital, who had been fubjelt to

violent hyfterical convulfions, After a tedious illnefs, {he entirely recovered the ufe

and feeling of her limbs.
1neous
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neous putrefa&ion, but the warmth and circulation continue, even
though the nerve fhould not be regenerated *. The only vifible

change produced in a limb by this operation, is, that after fome

time 1t begins to wafte,

But there are circumftances that would feem to prove, that the
nervous {yftem is not only a mere appendage to life, but that it

tends to impede its operation, and fhorten its exiftence. Simple

life will not only furvive fenfation, but will furvive it longer, if

the animal 1s killed, by deftroying the nervous {yftem, than if it
had been deftroyed by hamorrhage, fuffocation, or other violence.
It 1s a curious and well afcertained fa&, that if a fith, immediately
upon being taken out of the water, is ftunned by a violent blow on
the head, or by having the head crufthed, the irritability and {weet-
nefs of the mufcles will be preferved much longer, than if it had
been allowed to die with the organs of {enfe entire. This is {o
well known to fithermen, that they put it in praltice, in order to
make them longer fufceptible of the operation called crimping. A
falmon is one of the fith leaft tenacious of life, infomuch, that it
will lofe all figns of life in lefs than half an hour after it is taken
out of the water, if fuffered to die without any farther injury; butif,
immediately after being caught, it receives a violent blow on the
head, the mufcles will thew vifible irritability for more than twelve

hours afterwards.

There is a circumftance obferved with regard to animals of warm
blood, which feems to depend on the fame principle. An exceflive
exertion of voluntary motion, immediately before death, prevents

the mufcles from becoming rigid when cold, and renders them

* It appears, from fome experiments of Mr. Cruikfhank, that there isa procefs
in nature, whereby nerves can be regenerated after being cut through,
Z maore
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more prone to putrefation. Thus, if an ox is killed immediately
after being overdrove, the carcafe will not become {tiff when it
grows cold, nor is it capable of being preferved by means of falt.

In illuftration of the fame principle, it may be remarked, that
there is a fymptom in certain difeafes of the human fpecies, thew-
ing that digeftion, which is one of the principal fun&ions of fimple
life, will fometinies go on better, in confequence of lefions of the
brain ; for in thofe diforders in which the exercife of the fenfes is
in a great meafure deftroyed, or fufpended, as in the hydrocepha-
lus and apopledic palfy, it happens not uncommonly that the ap-

petite and digﬂﬁiun are better than in health,

From thefe falts we may infer, with Mr. Hunter, that the ex-
ercife of fenfation 1s inimical to life, and.that a fort of fatigue is
induced by this, as well as by voluntary motion: {fo that all that
intercourfe carried on through the nerves, whether fowards the
brain, in the cafe of fenfation, or from the brain, in aés of volition,
tends to wea rout the animal powers *. And as intenfe and long-
continued thought, though not terminating in any outward action,
tends alfo to produce an inability for farther exertions, it would
appear that the brain, or fenforium, is more particularly the organ
which 1s fubjet to that fpecies of fufferance called fatigue. From

thefe facts, we perceive the neceflity of fleep, which confifts in a

# There are fome ingenious remarks on the analogy of fenfation and motion, in
a paper on the ocular fpefira of light and colours, by Dr. Robert Waring Darwin,
Phil. Tranf. Vol. LXXVI. This differtation abounds with refined and well-de=

duced obfervations on the fubjeé he treats of.
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temporary {ufpenfion of fenfation, volition, and thought, and is a
refource of nature, whereby the powers of life recover themielves
after fatiety and fatigue, which are provided as guards to warn us
when nature 1s in danger of being ftrained, either by repletion or
over exertion ; and it is evident that fuch barriers were abfolutely
neceffary, in order to {et 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 1s only when they are exceflive,
that they tend to wear out the powers of life, and more efpecially
1f thefe are not duly recruited by fleep. Immoderate labour, there-
fore, and watching, alfo fpafis and convulfions of every kind, are
unfriendly to health and long life: in like manner, fenfations,
when too frequent or intenfe, efpecially thofe which confift 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 palfly, feems to proceed merely from the indul-
gence of the fenfes ; for the latter commonly enough occurs in the
moft {pare and emaciated conftitutions, and in thofe who have
been accuftomed to exhaufting pleafures, as well as thofe of a full
habit, who have indulged in the excefles 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 veflels have been relaxed, as we conceive them to be, by fre-
quent and mntenfe fenfations. But in thofe who are the reverfle of
being plethoric, and who fall victims to this difeafe, in confequence
of too free indulgence in venereal pleafures, in the decline of life,

(as

=
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(as every one who has much obfervation of the world, or experience
in phyfic, knows to be a frequent cafe) it muft arife from a pre-
ternatural weaknefs 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 fthould 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 {ymptom 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 {ufpended, will prove falutary, by
allowing the powers of life to rally, as it were, and recover them-
{elves. 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 a&ion, in confequence of the removal of irritation *,

# As an example of the general affetions 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 affections,
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 difeale.

It
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It is but juft to own, that this is an idea which was firft fuggefted
to me by a learned and eminent 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 affeét fimple or fenfitive life. I at-
tempted a comparifon of this kind with opium, which, though it
chiefly affects fenfation, has alfo a powerful effe& on fimple life,
as I found by trying its effects upon leeches, which are a {pecies 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 a&ed 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 deftruction of their organs. In order to make
this operation fucceed, the folution fhould be of a certain degree
of ftrength, {o as to act as a poifon. There thould 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
longers for the time was then protradted to that period in which

* Dr. Warren.
the
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the wounded eels would have died merely of their injury. = It may*
be mentioned, that thofe which had their heads bruifed,  and were
put into a folution of opium, died confiderably fooner than thofe
which had f{uffered the fame injury, and were put into plain water

for a ftandard.

Having confidered the various qualities of the fluids exciting the
correiponding irritability of the refpective veflels, asa leading prin-
ciple in carrying on fome of the moft important funéions of the
body, and ferving to account for many of the vital and involuntary
motions, the only other internal frmu/i that remain to be enume-
rated, are thofe connected with confcioufnefs. The great maffes
of mufcle in the trunk and extremities of the body, are the inftru-
ments of the mind in acing upon external bodies ; and we may,
therefore, reckon in the lift of fimuli, the nervous power by which
the will and the paffions excite external motions. This is a func-
tion {ufficiently important for the nerves, without admitting them
as the principle upon which irritability depends. This queftion has
been already difcufied ; but it may be farther obferved, that the ner-
vous power, being a ftimulus a&ing upon an irritable principle in the
mufcular fibres, affords a prefumption that they are different from
each other; for, the matter being confidered abftractedly, where any
effe is the refult of the concurrence of two bodies, as, for inftance,
in the combinations of chemiftry, thefe two bodies muift be different,
in order to produce any given effect. It 1s otherwife, indeed, when
the effeét depends on mere communication, as in the cafc of mecha-
pical impulfe, where the fame motion that 1s loft by one body is
acquired by another, But it will not be faid, that there 1s any fimi-

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

a mufcular fibre in the a& of voluntary contraction.

I have already acknowledged my ignorance of the manner in
which flzmuli in general operate, and that this muft be admitted as
an ultimate fa& 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 cannot 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
impoflible 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 fubjetts of experimental rea-
foning ; for, in their relation to the mind, they are only the ef-
fects, perhaps the remote effeéts, of their intimate nature upon the
fenfes ; fo that we may venture to affirm that human reafon can no
more fathom the conneftion 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 paf-
Siens, though diftiné&t from thofe excited by the will, may yet be
enumerated here among thofe which flow from counfcioufnefs ; 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
reach of the will. Not to mention the well-known effeéts of grief,
tear, and joy, which affe¢ the whole circulation, there are certain
paffions and fentiments which produce partial and local effcés,
Thefe are eftablithed by Nature, either to anfwer fome impor-
tant natural purpofe, as in the cafe of the congeftion of the fluids

i the parts of generation, in confequence of the venereal appetite,
I} or
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or to ferve as natural expreffions, as in the cafe of blufhing and
weeping, One of the moft firiking effets of the paffions
upon mufcular action, is the influence they have upon the
ftrength 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 {trength. When the
mind 1s agitated by fome interefting objeét, and calls upon the body
for fome extraordinary exertion to effe its end, the mufcles are
thereby enabled, as it were by magic, to perform ac&s of firength,
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 impoflible, 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 ftrength
1n maniacs, 1s alfo referrible to the paffions of the mind. Thefe confide«
rations would almoft lead us to doubt whether or not the accounts
we have of the great feats of {trength 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 paf=
fions and affections, has been confidered, by unenlightened minds and heated imagi-
nations, as a fupernatural influence ; and the firiking effeéts defcribed above, may form
fome excule for fuperftition in attributing them to the fecret agency of fome propiti-
ous and irrefiftible power. The etymology of enthufrafm, a word expreffive of thefe
uncommon exertions, fhews that there was originally fuppofed to be, on certain oc-
cafions, fome divine influence atuating the human frame. The confcioufnefs of this
increafed vigor of mind and body, exalted by the belief 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.
grEﬂ[
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great and lafting exertions of ftrength, to which men are impelled
by a&ive and generous affections, fatigue is not induced in the fame
proportion, by many degrees, as by the fame quantity of mufcular
action in the cool and deliberate aftions of common life*,

The other clafs of fimuli to be Ellllmt‘fatﬂ:d, 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, directly 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 inftinéts 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 inftiné, as the other branches of this fubjf:-:fi: have been
fully and ably handled by thofe who have gone before me in this

Leéture.

There is a conneétion eftablifhed between the impreffion of certain
external bodies and the aftion 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 fimu/i and the moving
powers whereby natural propenfitics are conftituted, equally necef-
fary to the fupport of life as the internal funions. Thus, in a
new-born animal, the firft contat of the external air excites the
a&t of refpiration, and the contact of the nipple excites the aét of

fucking ; both of which adions are abfolutely neceflary to the

% See Obfervations on the Difeafes of Seamen. Book II. chap. I1I.
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maintenance of life, and require the nice co-operation of a great
number of mufcles, prior to all experience. A&ions of this kind are
called inftinctive, and differ from voluntary motions in this refpect,’
that the latter are the refult of memory and experience, whereas:
the former are the immediate effe@ of external impreffions, in con-
{fequence of an eftablifhed law of nature, and independent of con-
fcioufnefs, The a&ions of inftin& and thofe of volition, never="
thelefs, run imperceptibly into each other, fo that what was at firft
inftin@ive, may afterwards come to be a matter of deliberate choice. -
The fame mufcles are the inftruments of both, and they differ from
the mufcles obeying the internal fimuli, fuch as the heart, in this
refpect, that they are liable to fatigue, and thereby concur with the |
exercife of fenfation and of thought, in rendering {leep neceflary.
There are no mufcles, except thofe of refpiration, of which the con-
ftant action 1s 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

re gulate 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-
{cioufnefs and fenfation ; for thofe animals which are deftitute of
brain and nerves, are capable of ations evidently of the inftinétive
kind. A leech, for inftance, being brought into conta&t with a
living animal, is impelled, by an inftinét of its nature, to faften
upon it, and fuck its blood. There is fomething very fimilar to
this even in vegetables, as in the cafe of tendrils and creeping

plants
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plants being fiimulated, by the conta&t of other b'aldiss, to cling
round them in‘a particular dire&ion. ‘Thereare falts, which thew
that inftinétive aftions, even in animals endowed “with braih and
nerves, do notdepend on fenfation. I took aIL 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 mufcles belonging to
the pofterior extremities were thrown into contra&ion, fo as to
produce the motion of thrinking from the injury. The fame ef-
fects were obferved in another kitten, after the head was entirely

feparated from thebody*. The like takes place with regard to in-

fets ; for, after the head of a bee 1s {feparated from the body, the

hinder part will fting, upon the application of fuch a fimulus as
would excite the fame a&ion in the animal in a perfect ftate. Thefe
fa&ts thew clearly that inftin&ive motions may be exerted, without

the intervention of the fenforium commune, and therefore without

fenfation or confcioufnefs.

In what T have farther to fay on this fubje&, I fhall confine my-

{elf to the confideration of two of the moft curious and important
inftinéts, HABIT and IMITATION.,

* In repeating this experiment, I found that when the fpinal marrow was cut
through, between the lumbar vertebre and os facrum, the pofterior extremities loft
their irritability, but the tail retained it. It 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 not be

faid that confcioufnefs and fenfation exift in two feparated portions of the body.

It
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It 1s the nature of a voluntary mufcle to perform any motion with
greater eafe, the more frequently it is repeated, and to aé moft
readily with thofe mufcles, or in company with thole fenfations
with which it has been ufed to combine its ation, either at once
or in f{ucceflion. This 1s the foundation of habit, and though it is
i common to man with other animals, it is the principle by which
all his practical attainments acquire facility and perfe@ion. It has
been mentioned that fome actions, originally inftin&®ive, may af-
terwards be performed as acts of pure volition ; fo inverfely, all ac-
tions, which are the refult of reafon and refle&tion, may be brought
by habit to refemble inftinctive actions, and thereby to be performed

with greater expedition and effect.

The term Habit has alfo been applied to fenfation 3 for, as mo-
tions are more readily excited by frequent fucceffion, fo one per-
ception excites the idea of another, in confequence of repeated
connection. 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
original notices by which we acquire any intimation of the con-
neétion of caufe and effe@&. But though this doftrine is ably"and
profoundly illuftrated by that philofopher, it may be remarked,
independently of other objections, that though habit may gwe no-

¥ This work has been re-publifhed, with a preface, by Dr. Prieitley.
4 See Effays and Treatifes on various fubjeéts, Vol. III. by David Hume, Efg.

Fice
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tice of this conneétion, it cannot’ conflitute it ; for animals, whe-
ther rational or irrational, would be made fufceptible of habit in
vain, unlefs the conftitution of external nature had been made to
correfpond with it ; 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 ats 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 fcience. 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-
fet, eftablifhed by the invariable courfe of nature. It was necef-
{ary that this thould be an inftin&, for the fake of felf-prefer-
vation, not only to mere animals, but to the human {pecies in in-
fancy. If the noxious effe@ts of fire, and the various modes of
mechanical violence, 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 affociations, when the objects themfelves are prefent to
their {fenfes, whereas the former, by being endowed with memory,
can refleét 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&t each other, and the
application of this knowledge to the pratice 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 firength
with which 1t 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 aflociations of nature, is poffefled of cor-
re& judgement and juft obfervation, the moft valuable of all men-

tal attainments.

It would lead to difquifitions too long and too intricate, and, in
fome meafure, foreign to this place, to enlarge farther on the va-
rious effects of the combination * and fucceflion 4 of ideas which
connect animal with intellectual nature. I fhall only remark, that
thofe internal faculties upon which habit and affociation depend,
carry a reference to external nature, exaltly 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 {enfe, 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 effet,
eftablithed by the general laws of nature. We can thus trace a
correfpondence between the motions, {enfations, 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. Edin.
1790,

4 See a Treatife on Time, by Dr, Watfon, jun. F. R.5. Lond. 1785.
mnto
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into the boundariés of intelligence. The fame accordance with the
laws of nature is obfervable in the firu&ture of animals, as in their
motions and funétions, as may be examplified by that reference
to the powers of gravitation which is evident in the conformation
of the limbs and the pofition of the vifcera, as adapted to the na-
tural motions and pofture of the body.

It would appear, therefore, that there is a co-ordinance or pre-
eftablifbed harmony, as it were, between the faculties of animals and
the laws of external matter, which is the foundation of all the in-
ftin&ive habits of animals, as well as the ratonal condu& of man ;
and it is impoflible fufficiently to admire that fublime contrivance
by which the frame of animated beings 1s thus in all points adapted

to the conftitution of inanimate nature.

There {till remains to be mentioned another circumftance in the
animal ceconomy, which has been referred to the law of habit. It
is the nature of thofe morbid poifons called fpecific contagions, fuch
as the infeCtious matter of the fmall-pox, not to produce their pe-
culiar effe&t more than once in life; and this has been imputed to
habit, from the fimilarity of it to what happens with refpect to ex-
ternal impreflions, the frequency and long continuance of which
tend to produce the want of confcioufnefs and fenfibility. Upon
whatever principle this property of the animal ceconomy depends,
it is an undoubted fact that thefe morbid poifons, after exciting a
certain degree of difturbance, and a certain feries of difeafed actions,
no longer make any impreflion on the powers of life, otherwife
there could be no fuch thing as recovery ; for at the time in which
a perfon begins to recover from the fmall-pox, the poifon, actually
prefent in the circulating fyftem, is multiplied infinitely beyond

G what

Habiras appli-
ed to thofe dif-
eales which af-
felt but once
in life,



42

ImiTaTiON.

LECTURE ON MUSCULAR MOTION.

what it was when it excited the difeafe. ‘The conflitution has
therefore, at that time, with refpeét to this acrimony, acquired an
infenfibility, or rather want of irritability, and this it preferves ever
afterwards. ‘This holds only with regard to thofe morbid poifons
which excite febrile affetions, and feems to be a neceflary provi-
fion of nature to guard againft fuch noxious principles as are gene-

rated within the body itfelf.

The other inftinét that remains to be confidered, is Imitation.
This is an a&ion of which fome brutes of no great ihgacity are ca-
pable, and yet it is the foundation of fome of the moft important
attainments of rational beings, particularly {peech, which could
not otherwife be acquired, and without which the powers of reafon
would be extremely limited®. 1In the early part of human life,
imitation {eems equally independent of reafon and refleGion, as in
mere animals. It takes place not only without the operation of the
will, but in oppofition to it ; for yawning is an involuntary {pafm
of the mufcles of the jaw, which is frequently excited by a fight
of the fame aétion in others ; and there is a cafe recorded in the
Philofophical Tranfaions, by Dr. Garden 4, of a man who, in his

adult ftate, and poflefled of reafon, imitated involuntarily and irre-

* See fome ingenious obfervations on this fubject in Dr. Campbell’s Philefophy of
Rhetoric, Book II. chap. vii.

Speech feems to be to thought what writing is to {peech, or rather what arith-
metical or algebraical computation is to common language, whether fpoken or
writteo; for without fpeech the operation of the mind, particularly that of abftrac-
tion, would be extremely limited, nor could there be any of thofe extenfive combi-
nations of thought which conftitute a chain of reafoning. It would appear from
this, and from the remark in page 39, that all the operations of the human mind

are founded on fenfation, habit, memory, and {peech.

4 Phil. Tranf. Vol XII. p. 8,2. :
: fiftibly
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fiftibly whatever geftures he faw in others. We are to account, on
the fame principle, for that general fimilarity of external manner
and of accent obfervable in particular {ocieties and nations, and

which all men infenfibly acquire in a greater or lefs degree.

The only obje@s of imitation, are geftures and founds. The
imitation of geftures feems, at firft fight, lefs unaccountable than
that of founds ; for it is performed by members which are objelts
of fight, and would therefore feem more eafily transferrable to the
correfponding parts of another perfon ; whereas the organs of voice
are fo hidden and minute, that we can have no knowledge of what
parts are put in motion in order to produce found. But upon far-
ther refleétion, there feems little or no difference in this refpect;
for, independently of anatomy, we know nothing of mufcles but
by their effe@s; and there {feems no reafon why the ear being af-
fected by a found, fhould not excite a given motion in the mufcles
of the larynx and fauces, as well as that a gefture, by having its
image imprefled on the retina, fhould excite motions in the legs or
arms. Even where imitation, or any other action, is the refult of
deliberate volition in rational beings, the motion is not performed
from a knowledge of their having mufcles. They only wil the
effect, without knowing by what means it is performed; for
though it may feem obvious that all the motions of an animal are
effected by the fhortening of the flethy fibres, this is a fa& with
which thofe only are acquainted who have fome knowledge of ana-
tomy and phyfiology, and may be confidered as a fundamental and
firft-rate difcovery in the natural hiftory of the living body =.

There

* This difcovery cannot be traced to any particular improver of phyfielogy, but

feems to have arifen, like many other dilcoveries in fcience and the arts, rather

(3 z fraom
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‘There {till remains to be mentioned, that important property of
living mufcular fibres, which confifts in a perpetual ftate of tenfion
taking place at all times, in a greater or lefs degree, independent
of any temporary {timulus. When any mufcular fibre in a living ani-
mal body, whether in a flethy mufcle or a blood-veflel, is divided by
incifion, there is an 1mmediate retration of the feparated parts;
and that this 1s their natural ftate, is farther proved by the fponta-
neous motion which takes place in confequence of the relaxation
of an antagonift mufcle, as when the mouth is drawn to one fide,

in ccnfmuence of bemiplegia. A certain degree of this tenfion is

from the gradual evolution of knowledge than the efforts of any individual. It has
at all times been obferved, that exertions of ftrength produce a fwelling and mo-
tion in the flethy parts of the extremities, and the word denoting a mufcle in different
languages, is taken from the refemblance of the motions under the fkin to thofe of
a little nimble animal, {uch as a moufe or a lizard. A mufcle is called in Greek pe,
in Latin mujculus, or lacertus, and that mufcle which is fo vifible near the ham of a
quadruped when walking, is, in the common language of fome parts of the countrys;
called the moufe. It is not afcertained, fofar as [ know, who firft afcribed the mo-
tions of animals to the contraétion of flefhy fibres. There is no mention made of
this in the works of Hippocrates, but it is very clearly ftated by Galen ; fo that the
difcovery feems to have been made in fome intervening period. This property of
mufcles is fo well afcertained in modern times, that wherever we fee a mufcular fub~-
ftance, we infer fynthetically that fome correfpending funétion muft belong to it ;
and we find an irrefragable argument for the circulation of the blood, only from
confidering the heart as a mufcular fubftance. This fubjeét has not been well un-
derftood till modern times, otherwife the circulation would moft probably have been
difcovered fooner ; and even fince this difcovery, we find fome phyficlogiits fo little
acquainted with the nature of mufcular power, that they have invented a fanciful
theory of the motion of the blood, by a fuppofed fermentation taking place in the
cavity of the heart. We are chiefly indebted to Dr. Gliffon, who lived about the
middle of the laft century, for the firft correét ideas of the irritability and contracti-

lity of mufeular fibres.
neceflary
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neceflary for the performance of the natural motions of the mufcles,
whether voluntary or involuntary, and the vigor with which the
{everal aétions are performed, dependson the fibres poflefling a due
degree of this conftant tone. In order to maintain this tone, there
muft every where be a countera&ing mechanical power, and we
perceive accordingly that the great mufcles are kept on the ftretch
by the bones, the heart and veflels by the mafs of fluids, and the
inteftines by the ingeffa, and their natural contents.

When this tenfion is either exceflive or defeGive, various irregu-
lar and morbid a&tions are produced. The vafcular {yftem is more
apt to be affe@ed by various degrees of natural tone than any other
part of the body, the reafon of which may be, that this very relax-
ation produces a greater capacity of the vafcular {yftem, and the re-
lative quantity of the mafs of fluids being thereby diminithed, che
refiliency and energy of the veflels are not {fupported even by their
former degree of diftenfion. An excefs of it may arife either from the
too great elafticity of the veflels themfelves, or from plethora. The
firft is indicated by a hard pulfe, and that correfponding ftate of the
fluids which occafions in blood, when drawn from a vein and cold,
a contraction of the craflamentum, and a fizy cruft. Plethora is
moft apt to arife in conftitutions naturally teoo lax, and which,

therefore, do not bear the lofs of blood fo well as the former.

A defe& of tenfion in the veflels is produced either by difeafe,
by hamorrhage, or by natural conftitution. In difeafes, this want
of tenfion is indicated by general debility and depreflion of {pirits,
and by a weaknefs of the pulfe. And as irritibility and fenfibility
are very much affeCted by tenfion, a want of it in the veflels

chiefly conftitutes what is called a nervous habit, fuch as is moft
commonly

The excels or
defedt of this
produéltive of
difeafes,
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commonly met with in the female fex ; and there is nothing more
apt to induce fuch a habit than hamorrhage, which I have known
to produce a long train of hyfterical {ymptoms in thofe who had

not formerly been fubject to fuch complaints.

L

There is a particular conftitution incident to both fexes, which
is commonly conneéted with corpulency, and has been called by
authors the remperamentum frigidum, phlegmaticum, and fpongiofum,
and, 1n common language, a grofs and flabby habit. Iu thefe there
{eems to be a deficiency of the natural elafticity of the veflels, and
in certain difeafes, even of the inflammatory kind, fuch as the ery-
fipelas, to which they are liable, tonic remedies, fuch as the Peru-
vian bark, are found to be the cure, and in difeafes of the lungs,

chalybeate remedies have been found effectual.

There is, perhaps, no circumftance in which one individual dif-
fers more from another, than this natural tenfion of the mufcular
fibres ; and it would be more ufeful, as well as more conformable
to nature, to found a difcrimination of temperaments upon this,
than upon the fanciful theory of humours; for this difference of
conftitution not only gives occafion to a variety in natural afpeét,
but valuable inferences may be deduced from it in the pathology and

treatment of difeafes.

Not only the general excefs or defet of tenfion, but the inequa-
lity of it, may be confidered as a caufe of difeafe. It feems highly
probable that thofe local affe@ions which depend on the congeftion
of fluids, are owing to the difference of tenfion mn particular parts
in relation to the whole fyftem. The whole arteries of the body
may be confidered as one veflel, the capacity of which 1s equal to

the
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the fum total of all the branches of the arterial {yftem, and as every
part muft be equally diftended by the mafs of fluids, it follows
that if the ftrength of the vefitls of any one part thould not be {uffi-
cient to {upport an equilibrium, they muft yield more or lefs to the
elaftic preflure of the reft of the fyftem.

There is, however, a circumftance of great importance in the ani-
mal ceconomy, which muft tend in fome meafure to counteract this
inequality of tenfion. When the mufcular fibres of any particular
part are under a ftate of more or lefs tenfion than the reft of the fyf-
tem, this is communicated by {ympathy to every other part of the
body. ‘This is particularly obfervable in the blood veflels and
inteftines; for a relaxation in any part of thefe will produce a
like affection in every other part of the animal fyftem. With
regard to the inteftines, it may be mentioned, among many other
proofs, that it is common for perfousin a ftate of great weak-
nefs to be affe&ed with {yncope, and even inftantaneous death, in
the a& of evacuating the bowels. It {feems to be from a like caufe
that a temporary lownefs is produced by an abfcefs being opened.
This principle of the animal ceconomy has been better illuftrated by
Dr. Cullen than any other phyfiologift ; and he is of opinion, that
great part of the effe&t of blood-letting in taking off the tenfion of the
vafcular fyftem, in cafes of inflammation, depends on the depletion of
the veflels of the part from whence the blood is taken, for the pro-
portion of the quantity drawn to the whole mafsis very fmall ; and
it may alfo be urged in favour of this opinion, that the more fudden-
ly the evacuation is made, the more effectual is its operation in re-
moving the inflammatory difpofition, inafmuch as the local de-
pletion will be greater, the lefs time is allowed for the balance of
the {yftem to replace it.

WHAT

and much in

fluenced by
fympathy.
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WHAT has been hitherto faid of Mufcular Motion, has had
relation to it as a property peculiar to animal matter and animal life.
What 1 have farther to add on this {ubject, will relate to the muftles
merely as mechanical powers. As they conftitute the ftrength of
animals, it may be proper to confider the relation of their force ::{:-
their bulk, and the relation of the bulk and firength of the body
to the denfity and cohefion of its own materials, and to the bulk,
denfity, and cohefion of the external inanimate bodies with which

it 1s converfant.

It has been demonitrated by Galileo *, that in fimilar unequal
bodies of a cylindrical or prifmatic thape, fuch as the limbs of ani-
mals nearly are, the ratio of their efforts to break by their own
weight, is in the quadruplicate ratio of their lengths, but that the
refiftance they make to the fame force is only in the triplicate ratio
of their lengths. It follows from this, that in order to endow the
limbs of animals with the {fame relativcﬂforcc, it 1s not only necef~
fary that the bones fhould poffe{s an encreafed proportion of thick-
nefs, in order to give an adequate increafe of what may be called
the dead ftrength, but a fimilar increafe of living ftrength will be
neceflary, by a f{uitable addition of mufcular power, in order to
keep pace with the increafed fize of the bones. Now we obferve,
in fa&, that in the large-fized animals, fuch as the bull and the
clephant, the thicknefs both of their bones and mufcles bears a
greater proportion to the length of their limbs, than in the fmaller
animals, and they are therefore of a lefs elegant form. But Nature

has not carried this fo far, as to compenfate for the difadvantage

* Vid. Opere di Galileo, Difcorfi e demonftrazione mathematiche,

arifing
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arifing from the increafe of fize; for the greater animals have not
the fame proportional ftrength, in relation to their bulk, that
the fmaller animals have. It has been computed * that a flea can
draw from feventy to eighty times its own weight, whereas a
horfe cannot with eafe draw more than three times his own weight.
This difproportion between ftrength and fize 1s very obfervable in
different individuals of the human fpecies, when compared to each
other; for tall men are not mufcular, even in the fimple propor-
tion of their ftature. The difference in the thape and fize of different
men may be confidered as an accidental variety, or /[ufus nature,
owing, probably, to his artificial mode of life, and for which Na-

ture has made no fpecial provifion.

We are led, however, from a view of the fame mechanical prin-
ciples, to perceive the wifdom of Nature in afligning certain gene-
ral limits to the ftature of the human body. Had man been made
much larger, he would have been unwieldy, and fubjeé to acci-
dents in his motions, in confequence of the momentum of the parts
increafing in a higher ratio than their power of refiftance. It may
be anfwered, that the parts might have been made proportionally
more hard and tenacious. But there are other circumftances in the
animal ceconomy which would have been a bar to this; for had the
bones been harder, they would not have been calculated for the
common duration of life, the effet of which being to increafe their
hardnefs and drynefs, they muft be endowed originally with a
certain degree of foftnefs and fucculence. And with regard to
mufcles, a degree of hardnefs, much greater than they naturally

poflefs, would have been incompatible with their contractility.

* Vid. Haller Elementa Pllyﬂolﬂgim. Cap, 1X, Seft. IL.
H Another
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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 {tature much lefs than what he
enjoys by nature, he would not have poffeffed fufficient power over
external obje@s, to at up to thofe fuperior 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 is now con-
{tituted, his force being commen{urate with external nature, he has
been able, either by force or artifice, to aflert 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
{urface 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 {ublime 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
{uch knowledge and {uch conceptions could never have been attained
but by a being of a certain degree of bodily ﬂ'reng:':h and ftature.

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

external bodies with which we are conver{ant pﬁﬂéfs givcn degrees

* Pope. + Archimedes.
of
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of cohefion, bulk, and denfity, which require correfponding powers
to aét upon them ; fo the human body, atits mean ftature, 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 is, it would be
both ufelefs and inconvenient, and would not preferve that har-
mony with the reft of nature, which is fo agreeable to the analogy

of her other works.

1 thall conclude this Leéture with fome remarks on the mufcles,

confidered as mechanical powers alting upon levers.

The firft remark to be made upon this, is {o 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 refpects. 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 a&ion of mufcles is
chiefly owing to two circumftances. One of thefe is their infertion,
in almoft every inftance in which they are conneéed 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 {upport 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 gicat obliquity with which they are inferted into

H 2 the
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the bones upon which they are intended to a&, fo that the greater
part of the force is expended in prefling one bone againft another at
the articulation, and ouly a {mall portion of it in making the flexures

and extenfions ; {o as to produce the defired cffe@ at the extre-

mity.

But thefe difadvantages are compenfated by certain conveniences,
and if nature has endowed the mufcles with {ufficient power for
the purpofes of life, after making allowance for the wafte of force,
there can be no reafon to find fault with her management. One
of the principal advantages arifing from this diftribution of the
mufcles, is the prefervation of the fhape of the members ; for un-
lefs the mufcles and tendons had been pretty nearly in the direGtion
of the bones, they muft have pafled like bow-ftrings from one bone
to another, in making the flexures of the joints.

In eftimating the wafte of force, in confequence of the mecha-
nical difadvantages before mentioned, we are to diftinguifh between
thofe actions which confift in preflure, and thofe which confift in
percuflion ; for as the momentum of the latter depends on velocity,
it is evident that there is a great advantage from the infertion of the
tendon being near the centre of motion, as greater velocity, with
lefs expence of contraction, will be thereby imparted to the extre-
mity. The mufcles, for inftance, which are attached to the olecra-
non, 1n performing thofe actions with the hand which require rub-
bing, act with a difadvantage, exaétly in proportion to the inequa-
lity of the diftance from their infertion to the joint of the elbow,
and that from the fame joint to the hand. This is an act of pref-
fure. Butin the cafe of percuffion, as in the action of ufing a

hammer,
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hammer, there is an evident advantage refulting from the velocity
communicated to the extremity ; for in order to have produced the
fame velocity, with the infertion at a greater diftance from the centre
of motion, a greater range of contraction would have been neceflary.
The faving of contraction, therefore, may be reckoned another
principal advantage in the attachment of mufcles n=ar to the centre

“of motion. As this is a point which 1 think has not been attended
to, in explaining the mechanifm of the mufcles, I fhall conclude
with fome remarks upon it.

As the mufcles of voluntary motion are fubject to fatigue, every
circumftance that can tend to diminith this, will be favourable to
the purpofes of nature. Fatigue depends upon the force, fre-
quency, duration, and extent of the contraltion of mufcular fibres.
It is this laft which is meant here to be illuftrated. If any one
will take the trouble of comparing the fatigue of the diceps mufcle,
in bearing a weight in the hand, with the elbow joint bent to a right
angle, with that of bearing the fame weight for the fame length of
time, with the joint at an acute angle, he will be fenfible how
much the degree of fatigue depends on the extent of contra&ion,
and by attending to the relative fituation of mufcular fibres, it will
appear that nature, in diftributing the fibres of mufcles obliquely,
has had it in view not only to increafe their number, but to fave

contraction.

In furveying the actions of all the various mufcles, it appears,
not only from the co-operation of different mufcles, but from the
pofition of the fibres in the fame mufcle, that there is hardly an
action to be met with that can be called direét. In fome inftances,
two mufcles, or fets of mufcles, are made to co-operate, fo that

the
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the motion effeéted 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 a&tions, and the intercoftal mufcles in all their a&ions.
Sometimes, different portions of the fame mufcle produce in like
manner an intermediate and combined effeét, as in the inftance of
the cucullaris, one part of which being attached to the wertebre of
the neck, and another to thofe of the lower part of the back, their
joint effect 1s to draw the fcapula towards the fpine. And in all the
long mufcles, however fimple their origin and infertion may be,
there is an internal obliquity of their fibres, inregard 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, fo as 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 altion, 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 fufficient for the infertion of a greater quantity of
flethy fibres.

This principle in the mechanifm of mufcular attion, 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
ftrata which every one muflt have obferved in their mufcular {ub-
ftance. Their motions are more fimple and limited than thofe of land
animals, but much more vigorous ; for a fith 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 muitiplied 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 fifh
that thefe are to be found. 1 have feen the {word of a {word-fith
fiicking 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 direction 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 pafling di-
re&tly 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 mferior 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 demouftrate, is, that the fame effet is pro-
duced with alefs 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 alion, but feems to
have overlooked this compenfation of it, which is not inconfiderable,
when we refle&t that there is thereby a faving of contration, and

confequently of fatigue. This can be rendered an objeét of geo-
metrical
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metrical proof, and I here {ubjoin a demonftration of it, which I
made out, when engaged in the ftudy of anatomy, eighteen years

ag0.

g:;:z:z’ﬁ“ Let the line A B, in theannexed diagram, reprefent a moveable
ot bone, and the line C D a fixed bone parallel to it. Let F E, per-
pendicular to thefe lines, reprefent a mufcle a&ing in its own di-
re&tion, and the lines G E H E reprefent two mufcles afting ob-
liquely, and producing, by a diagonal aétion, the fame effe as
the other, 1f the bone A B be brought to the fituation @ &, by the
action of the mufcle F E, the mufcle will then be in the fituation
F K. If the bone 1s brought into the fame fituation by the aétion
of the muicles G E, H E, thefe muicles will then be in the fituation

GK, HK. :

The propofition to be 4 E B

demonftrated 1s, that the
line G K bears a greater « L/ K /

proportion to the line
G E, than the line F K
doestolineFE; forFK
is to FE as GL isto
G E. (Euc. Elem. B. vi. C—%& ¥ ' D

Prop. 2.) and the angle E L K, being lefs than a right angle, the

angle G L K, which is adjacent to it, muft be greater than a nght
angle ; and the angle G K L, being in the fame triangle with
G L K, muft be lefs than a right angle. Theline G K, therefore,
which fubtends the greater angle, is greater than the line G L, {ub-
tending the lefler, and therefore bears a greater proportion to G E.

But the line G L is to GE, as FK is to F E; and therefore GK
bears
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bears a greater proportion to G E, than F K does to F E ; that is,

the fibres of the mufcles a&ting obliquely, fuffera lefs proportional
decurtation than thofe of the mufcle a&ting direéily.

It is farther obvious, that the more oblique the action becomes,
the greater faving there will be of contra&ion ; for in moving the
line g & towards C D, the line F K diminifthes i a fwifter ratio
than the line GK, and when the former has vanifhed, the latter is

in the fituation G F.

I have thus endeavoured to tketch fome of the mofl important
particulars in the natural motions of living animals, a fubjeét which
affords one of the fineft and moft fertile fields for contemplating
the wifdom with which Nature adapts her means to her ends ; and
which has been juftly confidered as carrying the moft irrefiftible
evidence of the exiftence of an intelligent caufe. ‘The fubjet is fo
far from being exhaufted, that I am convinced there are circum-
ftances in the relative diftribution and correfpondence of organs,
depending on mufcular motion, f{o profound and exquifite, as far
to exceed the utmoft reach of human thought to comprehend, or
of human ingenuity to dete&t : and here, as in every other part of
the frame c-f the univerfe, the moft elevated conceptions which the
moff 12 raptunﬁ&.! imagination can form of the beauty and magnificence
of Nature, will fall far fhort of the real fublimity of her works.

THE END.

Conclufion,

57
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