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THE

PREF A CE

HE late learned and famous Dr. Croune

having obferved how much the knowledge of

the animal oeconomy depends upon the doétrine
of the nerves and muftles, and how far the rational
practice of phyfic might be improved by a more per-
felt acquaintance with the animal oeconomy, did,
for the encouragement of thefe fludies, form a plan
for inflituting certain LeQures to be read on fuch
Jfuhjelts, in the Royal College of Phyficians o the
nerves and mufcles, and in the Royal Socicty om
mufcular motions which was left with his Widow,
afterwards Lady Sadleir. In purfuance of which
defign fhe by her laft will bequeathed a yearly revenue
of abour fifty pounds, out of her eftate, to the faid
Royal College, in truft for the purpofes abovemen-
tioned.

But an Hiftory of the lives of the feveral pro-
feffors of Gretham College, where Dr. Croune was
many years rhetoric profefor, written by the learned
and accurate Mr. Ward, bis prefent fucce(for in that
province, being mow in the prefs, we may expeit
farther particulars relating to this donation in that
treatife, to which I muft refer.

In the mean time, the Royal Socicty having «
fifth part of the faid revenue alloted to them by the
will for that end, free from all charges and incum-

[ b1 brances,



1 PR EFACE.

brances, excepting that of procuring a body for the
ufe of thefe LeQures (which they are enabled to do
by their charter) have undersaken, and intend to go
on with a courfe of fuch Ledures on this foundation
annually.

In this view the learned Sir Hans Sloane, pre-
Sident of that illuftrious Socicty, a great encourager
and promoter of natural knowledge, having done me
the homour to nominate me to epen thefé LeGures, I
have endeavoured to the beft of my power to anfwer
the intention, as far as the limits of the three fol-
lowing diftourfes would permit 5 hoping the defign
may be better anfiered hereafter, when undertaken
by fome others of that learned body, of which there
are many perfeltly well qualified to make further dif:
coveries and improvements in this abfirufe and very
ufeful part of natural philofophy.

It may be proper here to take notice, that by the
conflitution and cuftom of that excellent Society,
every difquifition muft either terminate in a mathe-
matical demonfiration, or be founded upon fome one
or more experiments, obfervations, or hiftories of
falts, for a foundation of reafoning 5 and the con-
clufions drawn muft appear to flow neceffarily from
fuch premiffes, elfe they are accounted of [inall value.
This method therefore fets all conclufions thus drawn
at a great diftance from guefs, conjeiture, mere [pe-
culation, or hypothefis; fothat if no error be made
tn the application of them, they cannot fail to be
s;fel’ﬁtl in the feveral arts and [tiences, to which they
velong.

And this gives me a fufficient handle for wiping

off an unjuft afperfion thrown wupon the labours of
| that
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PREFACE 1i
that celebrated body, as if they were imployed abous
ufelefs [peculations, or trifling amufements. But
experience has [hewn, how many ufeful arts and
Sfeiences bave received confiderable improvements by
the diftoveries of this, and other focieties of the
like kind, now eftablifbed in feveral countries abroad,
by their example s though many of the prattifers
perhaps may not know from whence thofe improve-
ments had their firft rife. An enumeration of par-
ticulars in proof of this would be too prolix, and
improper for this place ; efpecially as the moft
learned in all arts and [tiences are not ignorant of
2his truth.

This method of difquifition therefore I have en-
deavoured to obferve in the following LeSures, which
contain [everal experiments, not made by any one
before, that 1 know of. But how far the explana-
tions of them are clear, the obfervations juft, and
the conclufions necelJary and new, muft be left to the
Judicious and candid reader.

Whatever is here advanced contrary to received
opinions, or the pofitions of fome great and learned
men, being founded upon experiments, I hope may
be held to confift with the great and juft regard due
to the memory of thofe, who by their incomparable
works have [o well deferved of the learned world,
and of mankind in general; and who, I am per-
JSiraded, were fuch lovers of truth themfelves, that
they would have been pleafed with its appear-
ance, whencefoever it had arifen.

In thefe LeGures the following propofitions are
offered to be proved by experiments, and confirmed
by obfervations of falls.

{bz21] 1. That
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1. That fluids are elaftic 5 which has hitherto
been unzverfally denied of all of them, excepting the
air. v

2. That the immediate canfe of the various de-
grees of cohefion and elafticity of folids, which has
lain in obfcurity, is in the fluids they contain.

3. That the principle of gravity, cobefion, elaft:-
city, and hydroftatics, is one and the [ame.

4. That next to primary immaterial impulfe,
centripetal power, or central attraction, appears to
be the natural principle mot only of mufcular mo-
tion, that is of all the motions in the animal oeco-
nomy, but alfo of all other motions in the univerfe.

§5. That there is no natural centrifugal power in
matter, or any fuch principle of repulfe, as has been
generally fuppofed.

6. That repulfe,in all the phaxnomena bere related,
appears to be folely an effeit of central attraltion,

and by analogy is probably the fame throughout all
nature.

7. That the arteries are elaftic 5 which has been
out imperfectly known, and wvery little regarded in
the phanomena of the animal w@conomy, i which
their elafticity bears a very confiderable fhare.

8. That the veins are alfo elaftic, which has been
intirely overlooked.

9. That the blood is an. elaftic fluid, which has
not been imagined.

10. That the nerves are not elaftic, as bas been
generally advanced and believed.

If thefé propofitions be [ufficiently proved bere,
they are to make the chief hinges of the preliminary
arguments, leading to the wvarious conclufions con-

tained



PREFACE,

tained in an abftralt of a general [theme of muf-
cular motion s which I fubmit to the teft of an ap-
plication to all parts of the animal oeconomy, by
which, I hope, it may appear to have areal founda-
tion in nature, which no mere hypothe/[is can have.

As I find no author to produce in confirmation
of feveral things here advanceds I have no incli-
mation to quote or refute fuch, as have thought dif-
Sferently on thefe fubjeits: for every attempt to-
wards the diftovery of truth, including a good will
towards mankind, has its merit, and deferves praife,
though it fhould not prove fucce[sfuls but conten-
tion about it often leads infenfibly to fome breach
of bumanity, which the love of truth itfelf can
never juftify. And therefore I choofe rather to
depend upon the force of this maxim; that a dif-
covery or demonftration of truth, if it can be at-
tained to, is the beft refutation of error. _

I am aware of the danger of drawing general
conclufions from too [canty premifes, or too few
experiments ; which I have endeavoured to avoid
as far as poffible; and, 1 hope, as far as is necef-
Jary, in an argument of this kind. For we are to
confider, that though the mcthod by induction be
the moft demonftrative, and therefore the moft eli-
gibles yet no number of experiments or effeits,
though ever [0 great, would be fufficient for efta-
blifhing a gemeral conclufion. concerning the caufe,
Sitch as might be faid to be drawn from a com-
plete induction of particular effelts s which in na-
ture are [0 exceeding numerous, that an indefinite
number of them muft be always out of our reach.
And therefore a few experiments or effects clearly.

€X=-
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explained, and fupported by the analogy of nature
(which in all its operations is conftantly fimilar
to itfelf) are fufficient for the purpofe of a de-
monfiration a pofteriori, or from the effeéts to the
canfes until fome plain experiment, and well un-
derflood, contrary to the /;rmer, can be produced,
and frewn to arife from a different or contrary
canfe. But this I take to be impoffible in the cafe
before us; fince nature can admit of no direct con-
trariety or incomfiffency, with regard to its prin-
ciples, which are few and conflant, and their laws
of altion always the fame.

There is indeed fuch a furprifing variety of
[feemingly comtrary appearances or phaxnomena of
nature, as would deter one from drawing a gene-
ral comclufion, with regard to the principles from
whence they proceeds was i nor obfervable, that
this wariety of phxnomena does not arife from a
wvariety of principles, or different lowws of aition,
thefe being (as 1 faid before) very few and always
the fame ;s but evidently from a numberle(s variety
of circumflances, and degrees of force, mor rightly
confidered, or not well underftood, by the [pectators.
This will appear by the reconciliation of Jeveral
Juch contrary phenomena cited in the following
Le&ures, arifing from the very fame principles and
laws of motion.

And as this may not be fo obvious to the gene-
rality, as it is to the learned reader, it will be of
ufe to add, that the danger of drawing general
conclufions in natural philofophy, and phyfical difyui-
[itions, lies mot in arguments a polkeriori, or in the
analytic way, as here, from the effeit to the caufe :

but
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but in fuch as are carried on from the caufe to the
effelt in the [ynthetic and hypothetic way s that is,
when from an identity, parity, or fimilitude of the
canfe, we would infer univer(ally an identity, pa-
rity, or [imilitude of the effets, which muft be
often, if not always, a fallacious method, and has
been the fource of manifold errors. For the fame
canfe alting by one and the fame power, in the
Sfame degree, and according to the fame laws, is
often found to produce mot only different, but even
contrary effects, according to the [pecific differences
of the [ubjects aited upon. I choofe a very fami-
liar inflance for the explanation of this. The fun
alting by its rays, or the fire by heat, melts wax ;
yet by the [ame power, alling in the fame degree
and manner, they do the wvery reverfe in harden-
ing clay.

Thus the moft perfect knowledge of the power
of the [un, or of heat, as a caufe, could nor lead
us with certainty, a priori, to any one effelt ; much
lefs to the variety of its effelts, which may be in-
numerable, wvaftly different, and even contrary.
There is therefore an irremediable infufficiency in
this method of argument a priori, or in the [yn-
thetic way, even whenthe canfe is real and known..
But if tothis defect we add an hypothefis or fuppofi-
tion of a caufe or principle, which is not in nature,
but only in the imagination, then no real effect can
poffibly proceed from it; and every particular, as
well as every general conclufion, in the whole {theme
may be falfe.

And it is this method of difquifition a priori,
and by hypothefes of imaginary principles and canfes,

in-
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andulged with (o much liberty in former ages, that
has laid phyfic, with other parts of natural philo-
Jophy, under the difreputation of conjeitural fci-
ences 5 though when purfiued upon falts and expe-
riments, that is a polleriori, the conclufions proper-
by drawn appear to be as demonfirative, as thofe
of any other [cience whatever. The progrefs in
this method indeed is flow, but the footing is fures
whereas in the other way the advances are quick
and extenfive, but upon infirm ground.

Thus in the inflances above affigned, if we fup-
pofe or affume nothing, but take the falls, effelts,
or phanomena, as we find them, and confider the
apparent [enfible qualities of the [ubjects alted up-
on, and compare them s we have yet made no mif-
take. Then afcending to the caufe, we find it to
be one and the fame, alling by the [ame [enfible
power s inwhich alfo we cannot be deceived.  There-
Sfore the conclufion is plain and neceffury, that what-
ever diverfity or contrariety appears in thefe effelts,
does not arife from a diverfity in the caufe, but
poffibly from the different natures and circumftances
of the fubjects atted upon. And thefe being duly
confidered, one appears to be a mixture of water
and earth, the other of oily and refinous fubfiances.
And experience, which has [bewn us, that the heat
of the fun or of fire can make water to evaporate,
warrants the conclufion s that it can in the [ame
manner agitate the watery fluids in the clay; and
make them to evaporate, and leave the earthy mafs
more [olid than before. But experience alfo fhews,
that the fame degree of heat cannot evaporate oil
or refinous [ubftances, and therefore cannot eva-

pomte
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porate the oily or refinous particles of the wax ;
though it may eafily [eparate and agitate them to a
Fuidity, as a greater degree of it does the moft [olid
metalline fubftances.

Thus by begining at the effects, and confiderin
the nature or qualities of the fubjets, and their di-ﬁ
ferences, and afcending at laft to the caufe or caufes,
thefe and [uch like different or contrary phznomena
may be folved without error or hypothefis. And 2]
we go no farther, than anexatt analogy of the fub-
jects and circumflances will carry us, the conclufion
will be univerfally true, with refpett to the identity
of the caufe producing thefe effelts s let the effelts
themfelves beever fo different or contrary.

Therefore though no general conclufion can be
drawn with certainty a priori, or from the caufe
to the effelt, in the [ynthetic way, whether with or
without an hypothefis s yet general conclufions may
be drawn by analyfis, or a pofteriori, upon falls and
experiments, without the meceflity of any hypo-
thefis 5 and fuch conclufions, if they have been care-
fully managed, will appear to be certain and demon-
jirative.

s Thus much 1 think neceffary to be faid for re-
commending the analytic method of difquifition in
all phyfical effays or inquiries, and in vindication
of phyfic and natural philofophy, as now generally
cultivated ;s and alfo to fet thefe two different me-
thods of invefigation in a true light, in order to
take off the prejudices, which may lie againft ge-
neral comlu/z%m, when they can be attained to in
the analytic form of argument. Which is what 1
have endeavoured to obferve in all parts of thefe

[ ¢ - Leures,
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LeQures, by laying the foundation in experiments
and obfervations of falts confidered and compared,
and folving the plain phenomena at laft without an
hypothefis by a real and known principle in nature,
as their univer[al canfe alling by the known laws of
mechanics and hydroftatics s the principle itfelf and
thefe laws being as real, conflant, and unchange-
able in the prefent conftitution of nature, as the prin-
ciples of pure mathematics themfelves.

This method was firft firongly recommended and
Hluftrated by that incomparable gemius the Lord
Verulam, who calls it his Novum Organum, bis New
Method by Induétion, The Art of inveftigating Forms
or Principles, Philofophical Algebra, c. And it has
Sfince been fuccefsfully imployed for unfolding feveral
of the moft myflerious phaenomena-of nature by the
great Sir lfaac Newton, Mr. Boyle, ‘Dr. Boerhaave,
and other learned men and focieties, the famous re-
Sormers of natural philofophy and phyfic in this and
the laft century.

N. B. The Do&or’s Name is found written by himfelf fometimes
Croore, and at other times Croune. See his Life, in Mr. Ward’s
Lives of the Profeffors of Grefham-College.

LECTURE
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ing the plan of thefe Leitures on Muftular

Motion fecems to have been, not only for
the encouraging and promoting the 1nveﬁ10at10n of
the mufcular ﬁru&me with the caufe and manner of
mufcular motion in gcneral 5 but alfo for carrying on
a more accurate anatomical difcovery of the peculiar
ftruture, with the maniter of motion, and ufe of each.
particular mufcle of the animal ceconomy, in the.
feveral claffes of the natural, vital, and animal fun-
&ions: for in all thefe this learncd and ingenious
petfon well faw, that there was a large field open for.
improvement.

In this view the fubject appeats to be {0 copious, that.
three or four Le&ures annually will not be fufficient
to exhauft it in many years.

When the Society fhall think fit to make ufe of the
Privilege granted them by their Chartcr, for obtain-
ing a body, the purpofe of thefe Lectures may be much
bcttcr anfwered, than it can be at prefent without
one.

In the mean time, this laudable defign may, I con-
ceive, be beft anfwered, and moft to the fatisfaition
of the curious, by laying a foundation for the future
Leétures, in the few Experiments and Obfervations
following, which I fhall take leave to offer in thefe
firt difcourfes.

THE defign of the learned Dr. Croone in form-

a L X
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EXPERIMENTS.
L The elaflicity of the blood-veffels, and non-elaf-

ticity of the nerves, demonftrated on a nerve, artery,
and vein of an human body cut out, and the degree
of the elafticity meafured.

L. The diftribution of the nerves, arteries, and
wveins, to the antagonift mufcles of the arm of an
human body, frewn in an anatomical Preparation; for
demonfirating the neceffity of fuch a diftribution to-
wards the performance of mufcular motion.

UL In the Air-pump, on the jugular vein of a
Calf s to fhew that there is air in the blood.

This Experiment ftands in the Minutes of the Roya/
Society, as firlt performed by me, about 17 or 18 years
ago; and is now only repcated on occafion of thefe
Lectures.

IV. Upon an human Artery, and the Rofe of Jeri-
cho; ‘to fhew that the elafticity of [folids .arifes
Jfrom the fluids they imbibe or contain.

V. On & Frog ; to frew the exiftence of .a fluid in
the nerves, and that Mufcular Motion is begun by an
smpulfe on it through the nerves into the.muftles.

Upon thefe Experiments, anatomical Preparations,
and Obfervations made upon them, the do&rine of
Elafticity, and of Mufcular Motion, chiefly depends ;
and mone of them have been made by any one before,
nor are they extant in any author, that T know of.

VL. OnWater,Oil, and Mercury in the Air-pump;
o prove the elafticity of fluids.

This Experiment, if it ever was made before, was
at lealt never yet applied to prove the elafticity of

fluids,
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fluids, and fhew the immediate caufe of elatlicity,
and cohefion in folids.

The Manner, Explanation, and Ufe of the firft
Experiment.

1. The clafticity of the blood-veflels, and non-
clafticity of the nerves, will appeatr to any, who are
difpofed to make this Experiment, as I have done, by
laying a piece of twing, about four inches in length,
parallel to the nerve, artery, and vein of the infide
of the thigh, in an human fubjet; which being
tied together above and below, fo foon as they are
cut out of the body, and laid on a board, the artery
and vein will be fecn to contraét equally, to the lofs
of Zparts of the length, which they had in the body
before excifion ; as appears in thofe in fig. 1. tab. I.
the nerve continuing of the fame length with the
twine, as in the body.

2. In Dogs the elafticity is greater, to the lofs of
2 parts of the length they had before excifion; and
as this elafticity feems to differ in different fpecies of
animals, fo it may vary in the individuals of the
fame fpecics, and in the fame individual in different
ftages of life, or degrees of health.

3. The ufe of this Experiment is not barely to
fhew, that the blood-veflels are elaftic; for every one
who knows, that the artery is dilated in its diaftole,
and contraccd in its {yftole, knows it therefore to be
claftic in that fenfe; and every one, who has per-
formed the ligature on the artery afrer amputation,
knows that it thrinks or fhortens its axis, and there-
fore is alfo elaftic in that fenfe. But though this be
known, yct the meafure or degree of the cialticity of

az a6



an artery has not, that 1 know of, been taken naotice
of by any body. And, fecondly, as the vcin has no
pulfation, and is never defignedly tied in an amputa-
tion, its elafticity has been overlooked 5 though it be
equal to that of an artery in degree, but not in mo-
mentum, its coats being thinner than thofe of the
artery. Thirdly, The non-clafticity of the nerves
has not been fo much as once named by any Author,
as I remember, before the publication of my inau-
gural Thefes at Leyden, Ann. 1711. where it is re-
markcd and fince that time by Dr. Boerbhaave only,
in the fubfcqucnt Editian of his Inftitutions, Ann.
1713, and the two following Editions. But on the
contrary, all the Authors on Mufcular Motion, that
have come to my hands, as well as thofe who have
written of the Theory and Practice of Phyfic, have
fuppofed and afcribed elafticity to the nerves.

4. The Experiment therefore is fo far ufeful, as it
difcovers fome effential properties of thefe effential
parts, which were not known before; and clears up
fome miftakes, that pafled for fundamental truths,
relating to the nerves and veins, in explaining moft
parts of the animal ceconomy, as well as mufcular
motion in general.

§. And it is further very remarkable, that though
the elafticity of the artery has always been known,
and indeed obvious in the pulfation: yet Authors have
been conftantly fo full of the cla[’uaty of the nerves,
in explaining not only mufcular motion, but alfo fe-
veral other parts of the animal occonomy, and even
in accounting for the fymptoms of various difeafes s
that they have taken no other notice of the elafticity
of the arterics, than folely as it propels the blood in

the



[v] Leét. T
the circulation through them: and even in that, by
their dotrine it has been allowed but a very {mall
fhare ; and by moft of them no fhare atall.

6. And it may not be amifs to obferve, that this Ex-
periment was never made by any, that I know of, till
the faid year 1711; and afterwards, in the year 1735,
when I firft thewed it to this Society. And further,
tho’ it appears fimple and cafy to be made, yet it is
of the utmoft confequence in all parts of the animal
ccconomy: for as all parts of the animal body are
entirely compofed of nerves, arteries and veins,
(excepting the hardcft fibres of the bones, which alfo
are nourithed by them) it is certain, that all the ani-
mal funltions depend upon the qualities and con-
tents of thefe three parts.  Therefore this Experi-
ment, as it demonftrates the qualitics, and degrees
of the qualities, of each of thefe, gives us the qua-
lities of the folids in all parts of the body; and there-
fore opens at leaft one door towards the explanation
of all the animal fun&ions, as far as they depend
upon the folids.

Explanation and Ufes of Experiment 11

1. The next thing which we are to take notice
of, is the form or manner of the diftribution of
thefe three effential parts to the various organs
at their extremities; for upon this diftribution, and.
the ftruGture of the organs, which they lead to,
depends the whole variety of the funtions, whether.
natural, vital or animal. _

2. The caufe, manner, and effe¢t of voluntary
mufcular motion, being a point that the Founder of
thefe LeGtures had chiefly in view, it was neceffary

to



Lea. L [ vi]

to obferve the manner, or order of diftribution of
thefe effential parts to the organs of voluntary mo-
tion, the mufcles.

3. For this purpofe -therefore I exhibited this ana-
tomical preparation, not extant before in any Author,
and, fo far as I know, not hitherto attempted by any
one; namely, the antagonift mufcles of an human
arm, with all the nerves, arterics, and veins lead-
ing to them, intire, as they appear in the {ubject it-
felf; and likewife laid before you a very accurate
draught of them, whercin the arterics are marked
red, the veins blue, and the nerves white, as in fig.
1. tab. 2.

4. The ufes of this preparation are various. 1/
As it thews that there is no communication between
the antagonilt mufcles by their nerves, each having
a peculiar trunk or trunks and branches of nerves
diftributed to it, diftinét from thofe of its antagonift;
by which the mind has a diftin& power over each,
and may at pleafure a& upon either, without a&mg
upon the other: for if both were equally acted upon
at the fame time, no motion, but a rigidity and
immobility, would enfuc. m’[}'. This preparation
thews that the antagonift mufcles have a communi-
cation with one another, by the intervention of their
blood-veffels, as there appears to be one trunk of
an artery, and one trunk of a vein, common to
both.

5. This feems alfo to be abfolutely neceflary to-
wards voluntary motion, and the power and energy
of it; to wit, that the aéting mufcle may have a greater
derivation of blood into it from the common trunk

of
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of the artery, than its antagonift, which is at chat
time to remain paffive,

6. Both thefe very effential parts of voluntary
mufcular motion muft have remained in the dark,
without fuch an anatomical preparation. The me-
chanical caufe and manner of this derivation of an
acceffory quantity of blood to the afting mufcles,
depends upon this diftribution of tae veflels, and
the mechanifm of the mufcular firuGture, which
fhall be fhewn in the courfe of the following Lec-
tures; wherein it will appear, that the antagonift
mufcles of voluntary motion arc like two antagonift
fcales of a balance; and that it is in the power of
the mind, by mcans of this, and other parts of the
mufcular mechanifi, not only to throw in a greater
weight at pleafurc into either fcale, but further
to throw the weight taken from the one into the
oppolfite fcale, by which the momentum is doubled.
on the fide, on which the mind determines to a&..

The Manner, Explanation and Ufe of Experi-
ment 111

1. This Experiment is performed by laying barc the
jugular vein of a Calf, before it be killed, and fepa-
rating it carefully from adhefions; which is then to
be tied with a clofe ligature, firft below near the
thorax, and then in the fame manner near the head,
at the diftance of three or four inches from the for-
mer ligature, {0 as that the intermediate fegment of
the vein full of blood between the ligatures may be
cut off beyond the ligatures.

2. This
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2. This fegment of the vein, turgid with blood,
fhould be immediately put into a veflel full of luke-
warm or blood-warm water, to keep the blood from
coagulating within it, which would happen in a few
minutes, if it was expofed to the cold air.

3. The vein being taken out of the warm water,
s to be tied to a fmall {quare pafte-board frame, and
made faft over the mouth of a wine or jelly glafs,
or any fuch veflel tapering towards the bottom, and
put into the recipient of an air-pump, which being
exhaufted, the vein is to be opened with a lancet,
fixed at the end of a wire, pafling through 2 collar
of leathers.

4. The confequence of this is, that the blood,
which runs out of the vein into the veflel fet under-
neath, will be immediately and totally raifed up in air-
bubbles, and thrown out of the veflel upon the plate
of the pump, by the force of the air which it con-
tained, equally diftributed through the whole mafs.

5. By which it appears, that the blood is_greatly
ftored with ait, as was to be thewn. ’

Remarks on this Experiment.

Obf. L. §1. It is remarkable in the apparatus to
this Experiment, that the heat of luke-warm water,
which is nearly the fame with the heat of incuba-
tion, keeps the blood in the veinina ftate of fluidity
for fome hours; and I believe it might be kept in
that ftate much longer, which deferves a trial ; this
being, as I imagine, the ftandard degree of heat in
all fuch outward applications, as are intended to dif-
{olve, attenuate, and difcufs ftagnating animal fluids,
or difobftruct the veflels: intentions which arc rather

hindcred
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hindered than promoted by too hot baths or fomen-
tations, in which the miftaken ftandard degree is as
hot as the patient can bear ir, inftead of what he
could call a comfortable warmth, and would be the
ufeful meafure for him. This degree of heat would
indeed be different to different perfons; but every
one would have the due degree fuited to his tem-
perament, conftitution, and feeling, in which he
could not be deceived, being himfelf the beft judge.
Nay even in mortifications or fphacclations, though
neither this nor any other degree of heat can reftore
motion in the fphacelated part, yet this degree is
moft likely to promote the circulation remaining in
the confines of the mortified part; which is the only
intention of fomentations and poultifes in fuch
~cafes, in order to a fcparation of the fphacelated
{luff.

§ 2. This do&trine is confirmed by obfervations,
that all animal fluids are thickened by any great de-
gree of heat, or cold. Thus,

§ 3. The white of an egg becomes as hard in a
night’s time under the fnow in frofty weather, as
if it had been roafted by the fire, or boiled in wa-
ter; though the yolk, being more oily, is not fo much
hardened in the fame time; whercas it is known,
that all parts within the fhell are made more fluid by
the heat of incubation.

§ 4. And hence it is, that the fame kinds of in-
flammatory diftempers appear in the {ummer heats,
as in the greatet colds of winter: Whereas the tem-
perate warmth of the fpring and autumn is general-
ly healthier, or at leaft freer from thefe kinds of in-
flammatory diftempers.

b 0J4f.
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O4f: 11. § 3. Though the vein contains fuch a
quantity of air, yet it is no way tumified or expand-
ed by exhaufting the receiver; which fhews, that
the real clafticity of the mufcular fibres of the vein:
is fuperior to the expanfive force of the inclofed air,
in which its clafticity is imagined to confift.

§ 2. This elaftic power of the veflels therefore
would make a rupture of them impoflible in an ex-
haufted receiver of an Air-pump, or at the top of
a very high mountain, fuch as Teneriff’s did not
the force of the circulation, at leaft in this laft cafe,
contribute to that rupture of the capillary vefiels;
which appears by fpitting of blood in fuch emi-
nences.

0O4f. 1II. The manner of this experiment upon
blood, which has never had any communication
with the external air, obviates an objeftion againft
an Experiment of this kind, upon blood received in-
to a porringer, or other veflel, from the arm by
venzfeétion, which might be fuppofed to have im-
bibed or recetved air in its paffage, and expofition
to the external air, before the experiment.

O4f IV. §1. As the blood circulating in the
veficls appears to have fuch a quantity of air inti-
matcly mixed with every molecule, globule, or par-
ticle of it, the whole compound according to the
common doérine of clafticity, ought to be looked
upon as an elaftic fluid: even if thefe globules them-
felves were not elaftic, as I formerly endcavoured to
prove them to be, in an eflay on the ftruéture and
motion of the heart, read fome years age in this
illuftrious Society, and in a differtation de Struct. &
Moz, Mufe. latcly publithed,

§2. In
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§. 2. In the mean time it may be neceffary hete to
obviate an objeftion againft the elafticity of all fluids,
which arifes from the incompreflibility, and there-
fore, as is alleged, the non-clafticity of water, the
bafis of all the reft; even though it be known to con-
tain a great quantity of air. For this purpofe the
Florentine Experiment of filling a fpherical vefiel of
gold full of water, clofely fhur up in it, and expofed
to the ftrokes of an hammer on an anvﬂ or to any
other firong compreflion, is offered in proof Be-
caufe in that Experiment it appears, that fome part of
the water will make its way through the pores of the
gold ; which plainly fhews, that it cannot be com.
prefled into lefs room than it had in the fpherical
veflel, which is more capacious than the cavity of
an oblate fpheroid, to which the ftrokes of the ham-
mer, or other compreflion, may have reduced it.

§. 3. The folving of thisdifficulty will give an
‘handle for clearing up fome miftakes, relating to the
imagined non-elafticity of fluids, for which reafon
it may not be improper in this place to give fome ac-
countof the nature of elafticity.

OfELAaSsTICITY.

Elafticity being one of the principles of mufcular
motion, it is neceffary to thew where it refides, and
how it alts. In order to this, I fhall offer the follow-
ing propofitions, fome of which are fo evident as to
want no proof, and to the reft the proper proofs fhall
be fubjoined.

Prop. 1. The minima of all bodies are perfedly
hard 5 that is, their parts are ncither feparable, nor

b3 capable
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capable of changing their relative fituation, by any
power in nature. This is fupported by the incom-
parable Sit Ifaac Newton, in his treatife of optics,
by irrefutable arguments, which I need not here
repeat..

Prop. 11. Therefore, as the minima of bodies can-
not be fingly elaftic, elafticity muft be a property of
compound bodies only, whofe component parts are
capable of changing their relative fituations, and can
be drawn to various relative diftances with regard to
one another.

Prop. 111. §. 1. This property appears to be greater
or lefs in all compound bodies, whether folid or
fluid 5 but the queftion is chiefly about the elafticity
of ﬂuids, which has been pofitively denied in water
(the bafis of all the animal and vegetable fluids) up-
on the {core of its incompreflibility, obferved in the
Florentine Experiment mentioned above. But not-
withftanding that Experiment, I believe it may be
made to appear, that water, oil, and mercury, are
not only eclaftic themfelves, but alfo the caufes of
elafticity in all compound folid bodies.

§. 2. Inorder to this, we are to confider : That the
nataral ftate of all elaftic bodies, whether folid or
fluid, is contrattion of all the parts of the compound
towards one -another, and to the common centre of
the mafs. This appears in a bow, and after the fame
manner in a drop of water, dew, or mercury, whofe
particles are all equally attra&ed towards the com-
mon centre of the mafs, even in wacuo, according
to the VIth Experiment, and therefore towards one
another, fo as to form the exa&teft fphere abour that
centre, where they remain in equilivrio, and im-

movcable
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moveable by any power or force of their own; and
if difturbed by any external force (fhort of what wiil
diffipate them into lefler fpheres) fo as to be reduced
to oblate or oblong f{phcroids, or to any other figure
different from that of a fphere, they will immediately
upon removal of that force refume their former
fpherical figure, fituation of parts, and eguilibrium,
about their common centre, as before: and in their
progrefs towards reftitution, they will either repel,
or conftantly endeavour to repel, the incumbent or
impelling force.

Corollary. Thus fluids appear to be elaftic, as they
are capable of extenfion or expanfion by any external
force applied; and of reftitution to their priftine
figure by their own natural force, by which they
repel, or endeavour to repel, every thing that ftands.
in the way of their reftitution. Which is the whole
chara&eriftic of claftic bodies.

Scholium. Repulfe therefore (in this cafe at leaft)
appears to be no-principle of aftion, but the effett
of that principle, which is rightly called contra&ion
or centripetal force; which I have endeavoured to
fhew clfewhere. [See Diff. de Str. & Motu Mufe.
Introd.]

§: 3: As to the Florentine Experiment, which is
offered in contradition to this quality: in- water, we
are to confider, that cold water is before the Experi-
ment, in the ftate of its. ultimate condenfation or
contra&tion which it can have at that time or feafon
in which the Experiment js made, with an immediate
conta&t, or the ncareft poflible vicinity of all parts
of the compound, whofe minima are perfe@ly hard,
as has been already proved ; -and alfo perfetly round,

which
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which its fluidity fhews to be very probable. Such a
body, I fay, in its natural ftate of contration can-
not be 'brought into a nearer contalt of parts, nor
into a lefler compafs than that of a fphere, which is
the moft capacious of all figures, under the fame fur-
face ; and thercfore cold water, or any other fluid,
fhut up in a veflel of that figure, would cither con-
ftantly refit the compreflion, or efcape it cven
through the pores of gold: which no way invalidates
the arguments offered above in proof of its clafti-
city. For though an elattic body extended, diftended,
expanded, or rarified, may be contralted or con-
denfed, cither by its own natural power, or by an
external force f{uperior to that by which it was ex-
tended or rarified; yet it does not from thence fod-
Iow, that after its full natural condenfation or con-
trattion, it can be fill further condenfed or con-
tralted, by any force whatfoever: which does not
atall imply a want of elafticity, fuch as has been above
defcribed.

§. 4. It may be further added, that i it was pof-
fible to condenfe any pure claftic folid body, beyond
the ultimate degree of its natural contraltion and
condenfation, when all extrancous or heterogeneous
bodies are removed ; then we thould be able to alter
the fpecific gravity of bodies, and fo far the tranf
mutation of metals would be no longer a myftery.
But there is no known power in art or nature, by
which pure gold, filver, mercury, or any other pure
homogencous metal, can be made denfer, or its {pe-
cific gravity increafed. It is true, that in impure
metals, by removing the impure or lefs weighty
particles out of the way of the mutual contaét of theit

purer
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purer parts, the remaining pure parts become heavier
and denfer, than an equal bulk of the original mafs :
but this is only a purification, not:a condenfation of
the primary effential component particles; which,
was it poflible, would alter the fpecific gravity, and
therefore the fpecies of the.metal, and fo introduce
anew fpecies of pure metal. Which, I believe, is
beyond the power of art, or any known power of
nature,

§. §. The fecond thing to be confidéred in elaftic
bodies, whether-folid or fluid, is a capacity of being
extended, diftended, expanded, or rarified 5 the effe&
of which is alfo to repel any incumbent or impinging
force; which is fometimes done with very great vio-
lence and impetuofity in a diretion exattly contrary
to the centripetal force above defcribed, and there-
fore has been called, though, I think, erroncoufly,
the centrifugal power of elaftic bodies, obferved in
various experiments on the air, whence it is denemi-
nated the moft elaftic of all bodies. Of which more
hereafter.

§. 6. But I muft obferve, that the fame expanfive
power, and even a greater force of repulfion, ap-
pears in water, rarified in the Aélipile and Fire-En-
gine ; though it be net allowed to be ¢laftic.

§. 2. Bue the truth is, that this expanfion;: and
repulfe which attends it, do not feem to be-matural
powers cither - of air or water ; but effedts produced
in them by the force of fire, the rays of the fun,
or heat, in a direion contrary to the elaftic centri-
petal natural powers of: thefe two fluids: fo that rari-
tattion or expanfion in them is-not a natwwal a&io;lvoﬁ

their
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their own, but a forced effe@; and therefote the
repulfe arifing from it muft alfo be the fai e,

§. 8. And this is cqually obferv.bic in all elaftic
folid bodies. For example, a bow that lies unbent,
cannot be bent by any force of its own elafticity, but
by the impuife of fome adventirious external power,
which really extendsit, or draws it to a greater length
in the bending: therefore the bow is not then faid to
a&, but to be a&ed upon, in order to its fubfequent
adtion of reftitution ; and the man’s hands and arms
in afting upon it repel whatever ftands in the way of
their attion. But this alion and repulfe is never
aflcribed to the bow, whofe aftion is reftitution, or a
centripetal motion only, by which the arrow is pro-
je&ted by repulfe, or reattion of the bow upon it in
its reftitution or contradtion.

§. 9. It isin the fame manner, that the rays of the
fun, fire, or heat, expand and rarify condenfed air, or
water, and repel whatever ftands in the way of their
attion, and that wndequaque in the manner of all other
fluids; in which attion the velocity of the particles of
fite, communicated to the particles of a weightier fluid
than itfelf, increafes the momentum of the expanfion
and repulfe, in proportion to the different weights of
the fluid alted upon : therefore the force of this ex-
panfion-and repulfe is found to be far greater-in rari-
fied water or fteam, than in rarified air; as is evident
in the Adlipile and Fire-Engine.

§. 10. Thus it appears, that this expanfion and re-
pulfe is not owing to the natural elafticity of the air,
but to a foreign power, to wit, that of fire or heat,
2iting upon it.

§. 11, And



I gy

R R O RN S N
R ISRREA N aa

h 3 b RN

SRR

B e e




2

Zab.

> /wu;\lullutwuw\m\\,‘\\\\\‘\‘w. _ =
= o= 1\|\\Wu.\n\U\WUWn\\..n\HMIHI‘Ilw

i

e

i I N LT

e

— G
i

&S

L~

A






R ',v' f

S

RN
IS gl

T




[ xvii ] Le&. 1L
§. 11. And this is confirmed by obferving, that air
long thut up from the rays of the fun, and from all
communication with the external air, which conveys
them: I fay fuch imprifon’d air at laft torally lofes
this expanfive power, {oas to become unfit for refpira-
tion, and will extinguith a flame, or kill an animal, as
quickly as if they were tifled in wacup. Which in-
deed is the cafe. Whence it is commonly, but I
think, wrongly faid, that fuch air has loft its clafticity.
As if we fhould fay, that a bow has loft its clafticity,
becaufe we fee it lie fill, contralted, or unbent, and
no hand imployed to extend, that is, to bend it;
without confidering, that no claftic body can act until
it be firft acted upon.
What may be further faid on the head of clafticity,
fhall be the fubjeét of the next LeGture.

LectureEe IL

N the laft Le&ure I endeavoured to thew, 1/, That
the minima of all bodies are perfeétly hard.
2dly, That clafticity therefore is a property of
compound bodies only.
3dly, That this clatticity confifts in a capacity of a
change of figure, or change of the relative diftances
and difpofition of the parts in the compound, with-
out a folution of contiguity or continuity of its parts ;
and a centripetal power of reftitution to the fame figure
again.
D4.tbl], That the natural ftate of all claftic bodies,
whether folid or fluid, is contradtion only.
c sthly,
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sthly, That their forced or preternatural ftate is ex-
tenfion, expanfion, dilatation, or rarifation by fome
foreign adventitious force.

6thly, That this natural ftate of contraltion in
homogeneous fluids arifes from a centripetal force,
by which all parts of the mafs tend to one common
centre; and therefore to one another in wguilibrio
about that centre, {0 as to form the exacteft {phere, as
a figure capable of a greater quantity of matter, than
any other figure of the fame furface.

7thly, That therefore in fuch a ftate of ultimate
contraltion, they are not capable of any further con-
tra&tion, condenfation, or compreflion, {o long as
they continuc in a ftate of fluidity; which does not
at all impugn their clafticity, or invalidate the argu-
ments produced in proof of it.

8¢41y, That repulfc is not a principle of action in
elaftic bodies, but the cffe@ of that natural principle
which is juftly called centripetal power, or a zifus
towards xquilibration about fome common centre;
by which they repel, or endeavour to repel, what-
cver frands in the way of their reftitution to that 2quz-
librium.

othly, That as expanfion, diftention, and rarifac-
tion are not the natural altions of elaftic bodies, but
the forced effe@ls of fome adventitious external or
forcign' caufe; or of an addition of more matter of
the fame, or fome other kind, a&ing upon them;
therefore the fubfequent repulfe produced is alfo the
cffe& of that fame external caufe, or of fuch addition,
and not of the claftic body itfelf, whofe fole aftion is
reftitution towards its own centre, in a dire&tion con-
trary to the power of that external agent.

Thefc
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Thefe conclufions I endeavoured to illuftrate by
inftances from a drop of water, dew, mercury, ftag-
nating and imprifoned air, a bow, ¢v¢. I fhall now
proceced to confider thefe a little further, together with
fome other fenfible properties of fluids; that by com-
paring them we may be able to draw fuch gencral
conclufions for our putpofe, as fhall appear to flow
neceflarily from them, in confirmation of what has
becn already faid, and for a further illuftration of this
fubje&.

Section 1. There appears to be only four kinds
of fluids, vifible and obvious to the touch, namely water
or watery fluids, oil, mercury, and fire ; the lat of
which, though the moft univerfal and moft powerful
of all, we are certainly the leaft acquainted with.

§. 2. Theair as it isnotavifible fluid, and isknown to
be an heterogeneous mixture of almoft all forts of
fluids ; until we are at fome certainty about the pro-
perties of the other more fimple and more fenfible
fluids, of which it is compofed, it is not likely that
we can come to any folid conclufions concerning it :
therefore this may more ufetully be the {ubjeét of fome
following Le&tures.

§. 3. Thefirft property thatI havealready touched up-
on in water, is, that the minuteft, vifible, diftin¢t drops
of it, and even pretty large ones, as well iz vacuo as
in the open air, (according to the VIth Experiment
made) form themfelves into exatt fpheres; in cach of
which the centre of magnitude appears to be the
centre of gravity, attraction, and aquilibration, as alfo
of vibration or elafticity. And in fuch {mall drops it
continues to be fo, as long as the attration of cach
patticle of the fluid within that {phere is greater to-

c2 wards
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wards its own centre, than towards the centre of the
Earth : that is, until the drop be fo increafed, that the
gravity of the extreme particles of its furface exceeds
their “attraltion towards the centre of the drop, as
placed at too great a diftance from it, to be fenfibly or
fufficiently affeCted by it.  In which cafe, though they
do not lofe their mutual attraltion towards ecach
other, and therefore retain a proportional attraction
towards their common centre; yet they are forced to
yeild to the fuperior power of gravity, by which they
form themf{elves into a fmall part or feétion of alarger
{phere, about that more powerful centre of the earth.
This is moft remarkable in the ocean, where the water
affeCts and obtains the fame fpherical figure about the
centre of the earth, as the leaft drops do about their
own peculiar centres.

§. 4. And this attrattion of its particles in #quilibrio
towards the common centre of each fmall drop, isdi-
ftin& from, and independent of, the ation of the fpe-
cific gravity of the whole drop towards the centre of
the carth, the one being no ways hindred or promoted
by the altion of the other; which appears by the con-
ftant {phericity of their figure, whether they afcend in
fteam or vapour, defcend in rain or dew, are fufpended
in a fog, or lie or hang on the leaves of grafs; either
in the open air, or iz vacuo.

Corollary. Therefore the fame hydroftatical laws,
which take place in the ocean, or any other confidera-
ble collettion of water, whofe furface forms itfelf to
a convexity about the centre of the carth, muft equally
take place in every diftiné drop of water, whofe fur-
face forms itfclf to a convexity about its own pecu-

liaz



liar centre.  And fuch of thefe laws, as may ferve for
our prefent purpofe, fhall be taken notice of in the
fequel.

§. 5. The fecond property thatI would take notice of
in warer, is, thatit is very plentifully attrated into the
pores, veflels, interftices, and innermoft recefles of all
folid animal, vegetable, and terreftreous fubftances,
where it diffufes.it{clf equally, and uniformly, .quaqua-
verfum s and conftitutes in fome one half, but in the
greateft number more than half of their bulk or weight :
to fay nothing of tin, antimony, fulphur, and (ome
other mineral fubftances, where it is alfo found ;. for
which the chymifts may be confulted, and particular-
ly the moft accurate and learned Dr:. Boerhaave, in
his incomparable Treatife of the Elements of Chy-
miftry..

§. 6. I fhall only offer one remarkable inftance of this
in the IVth Experiment made on a {pecies of Thlafps,
commonly called the Rofé of Fericho, Roja Hier:-
chontea, which in its vegetating ftate fpreads its
branches-all round, almoft horizontally, from the top
of the root, near the ground, as from a centre : fee tab. 1.
fig. 2. When it has perfected its {eeds, it appears of a
hard,woody contexture;and asitgrowsdry, the branches
contra&t and curl themfelves up towards their centre,
fo as to form a fpherical figure: fee tab. 1. fig. 3. in
which ftate this plant weighed feven drachms and a
few grains; bur after having been fteeped two hours
in luke-warm water, it-expanded its branches as you
fee; and it weighs now 13 drachms, which is but
one drachm lefs than the double of its former weight
in its dry ftate: fce tab. I.fig. 2. How much more
‘ watcr
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water then, or watry juice, muftit have contamcd in
its green and growing ftate?

§ 7.Some green plants indeed contain more juice than
others, but almo{‘c in all of them, when pounded and
fqucezed the juice is found greatly to exceed the
husky or dry part. This excefs of the fluids in vege-
tables is exceedingly remarkable in all the fucculent
kinds, and is little or nothing lefs in living animals,
and recent animal fubftances; Experiments having
fthewn, that after wafte or expulfion of all the fluids
by deficcation or diftillation, the remaining f{olid
parts appear to hear a very {mall proportion to-the
fluids.

Corollary. Therefore the few rigid and lefs move-
able folids in all animal and vegetable {ubftances muft
in a&ion yield to, and be governed by, the hydrofta-
tical and hydraualic laws of the fluids, fo plentifully
contained in-them; as that which has the greateft zo-
mentum, arifing from its weight and celerity, will in
all motions overpower what has lefs.

§8. This is in a good meafure remarkable in the
Heath Rofe juft now {hewn where the force of the
fluids, tho’ urged on by no other power than the at-
trattion of its fmall pores and capillary tubes, was
fufficient to expand and extend the branches, and
veflels of which they are compofed, from being feg-
ments of lefler to form fegments of much larger
circumferences of circles, or other curves; which no
external force can do, without breaking them to
picces.

§ 9. ThisExperiment ferves alfo to prove and illuftrate,
what 1 have advanced eclfewhere, concerning the

powet
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power of the blood propelled alternately by the force
of the heart and arteries into the branches of the
blood-veflels, invefting the cavities of the inteftines
and veficles of the lungs, for forwarding the diaftole
or expanfion-of thefe cavities in the periftaltic motion
and infpiration; to wit, by a force in the diretion
of the tangents of the arches of thefe veflels and
cavities, which is a dire&tion perpendicular to their
centripetal elaftic contrattions; as they appear in
thefe draughts of the inteftinés and veficles of the
lungs before you. See Diff. de Struct. & Motw
Mufe. tab. 11. fig. 1, 2, 3. andtab. V. fig. 4.

§ 10.The third property obfervable in water is,that it
is the cement of union of the folid parts in all ani-
mal, vegetable, and terreftreous fubftances. A para-
dox, which nothing but experience could render pro-
bable; to wit, that a fluctuating body, whofe parts
may be fo.eafily difturbed, difplaced, or feparated,
thould give firmnefs, hardnefs, rigidity, and ftability,
and prove a copula of union to other particles of a
mafs, which could never unite among themielves
without it.  Yet this is obvious in making of bricks,
mortar, and figures in plaifter of Paris, and alfo in
the diftillation and calcination of all vegetable and
animal fibftances; where, after the total expulfion
of all the fluids, nothing remains but incoherent
loofe duft or afhes, incapable of uniting again with-
out a new recruit of moifture.

§ 11. The fourth property of water is, its being the
univerfal diffolvent of all thefe very {ubftances,of which
in the preceding fe&tion it is obferved to be the ce-
ment. Which alfo at firft fight feems another para-

dox; becaufe to unite, and divide, are evidently two
contrary
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contrary actions. I fhall-thercfore in the fequel endea-
vour to ‘hew, how confiltently they flow from one and
the famec principle, alling by the fame inftrument.

§ 12.Thefitth very remarkable property of water and
other fluids is, that they are capable not only of an
alteration of figure, or different pofition of parts,
without the lofs of centiguity, as has been faid al-
ready; but arc alfo lable to have their parts {feparated
to {mall diftances by expanfion or rarifadtion, or to
greater diftances by evaporation or diflipation; which
is evident in water, {pirit of wine, oil, mercury,
and all other kinds of. fluids expofed to the fire, or
heat, of any fort. In which circumftances they very
forcibly, and in fome cafes almoft irrefitibly, repel
every moveable thing, that ftands in the way of their
expanfion or evaporation, even to the pitch of explo-
fion at the places of leaft refiftance: as appears in the
Aolipile and Fire-engine.

§ 13. The principles from whence this expanfive
power and repulfe arife have been mentioned already.
1 fhall now apply what has been faid ‘in this, and the
former leture, towards a further explanation of the
univerfal elafticity both of fluids and folids.

§ 14. 1/2.1t has been generally fuppofed,that when the
{folid particles of an elaftic body are drawn out of con-
ta& to fome very {fmall diftance by extenfion, they have
a power of reftoring themfelves to their former con-
talts again by their mutual attraltion; in which the
elaftticity of compound folid bodies has been faid to
confift. But if we may depend upon what is vifible,
we fhall never fee the dry folid fibres or particles of
any folid body, once divided or drawn out of con-
alt, coalelce or unite again, or recover the clofe

contadts
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conta&ls they had before; without fome fluid medium
fuperadded. And therefore if the leaft fibre of a
bow, or other elaftic folid dead body, be once crack’d
or broken, the rupture will always continue the
fame; and notwithftanding the elafticity remaining
in the other parts of the bow, by which the broken
or divided parts are brought again within the famc
bounds of vicinity, through which this attrattive
power is faid to extend, neverthelefs they do not
again coalefce or cohere.

§ 14. Itis further obfervable, that if a drop of water,
oil, or mercury be divided into many lefler drops,
and placed at the leaft imaginable diftance from mu-
tual contad, they always remain diftinét and difunited;
but upon contatt they arc abforbed into each other
with a vifible rapidity, and become one as before.

Corollary. Therefore there is fome reafon to con-
clude, That the power of attraftion does not reach
much, if at all, beyond conta&, cither mediate or in-
termediate; and that it takes effeét in folids only by
the mediation of fluids. Again, it is apparent, that
within the limits of contalt it is very fenfibly ftrong
in fluids.

§ 16. This quality in fluids with their capacity of
change of figure,or difpofition of parts in the mafs, to
every imaginable thape,without a folution of continuity
or contiguity ; and with. a power of returning to their
priftine figurc, or difpofition of parts, within their
former {urface again, when left to themfelves; thefe
qualities, I fay, arc fufficient to eftablith elafticity as
a natural and cflential property of fluids, not difcover-
able in pure or fimple folids, without their mediation
or afliftance.

d - §17.For
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§. 17. For by what has been faid of folid bodics,
when deftitute of all humidity, or deprived of all their
fluids, it appears cvidently, that none of the afore-
faid qualities can belong to them; and therefore as
folids they can have no elafticity of their own, nor
any degree of it, but what is borrowed from the fluids
they contain. An inftance of this is in the artery be-
fore you, whofe clafticity while recent and moift was
fhewn before in the firft Experiment ; but being now
dried is neither capable of extenfion or diftenfion, but
remains rigid and contrafted, until it be fteeped again
fome hours in water, by which it will recover its
former elafticity. In which ftate it fhall be thewn
again at the next meeting,.

§. 18. If clafticity thereforerefides folely in fluids, and
only by their intervention in folids, we are now to
confider how, and with what force or momentum, it
aéts there. _

§. 19. Elafticity then, at leaft in animal and vegetable
{ubftances, being an effential property of their fluids, and
of them only, the laws of elafticity and hydroftatics
muft be the fame, thefe laft arifing from the nature of
fluids, as well as the firft; and there can be no incon-
gruity, contradiction, or inconfiftency in the fame
nature or effence: therefore the known hydroftatical
laws will give us the laws of elafticity, which muft
take place equally iz minimis ut in maximis, in a
drop of water as in the ocean.

§. 20. Itis agenerallaw in hydroftatics, that the pref-
fure of fluidsisin proportion totheir altitude or height,
and the furface againft which they prefs; and not in
proportion to their breadth.

§.21. Another
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§. 21. Anothergencral law is, that in the fame altitudc
they prefs equally in all direCtions, or guaguaver/(im.

§.22. From thefe two gencral laws arifes another
{pecial one, whichis commonly called an hydroftatical
paradox : to wit, that a cylinder of water of any given
height, communicating with a veffel fetunder it of any
given diameter larger than its own, and full of the
fame fluid, prefles upon the bottom, fides, and cover
of that veflel, with a force equal to the weight of a
cylinder of water of the height of that cylinder, and
of the diameter of the underfet veflel; and, if the
veflel be diftenfile, it will diftend it, or inlarge its
cavity by all that force ; which may be indefinitely
greater than the weight of the whole water, contained
both in the veflel and in the cylinder: which mecha-
nical difpofition of the fluid produces a great multi-
plication of power, in proportion to the height of the
cylinder, and breadth or diameter of the communi-
cating underfet veflel.

§. 23. Let us then only for the prefent fuppofe, what
feems highly probable, that the pores and interftices,
at leaft, of folid animal and vegetable bodies arc round,
as their vefels are known to be cylindrical; and that the
water, every drop of whichtends naturally to {phericity,
being attratted into them, is lodged there in {mall /phe-
rules or cylinders ; this being the contratted fhape,
which they naturally take, as comprehending moft
matter within the leaft furface. Now if the folid body
containing them in its pores or veflels be drawn,
bent, or extended to a larger furface, containing the
fame quantity of matter, the fluids in it muft yield to
that force; and thercfore each drop muft take fome
figure different from that of a fphere, or become a

d 2 cylinder



Le&. IL [ xxviii ]

cylinder of a leffer diameter ; that is, its {urface mufk
be extended or expanded, o as to become an oblate
or oblong {pheroid 5 or it muft take fome other figure
different from that of a fphere, and adapted to the
figure, which the pores and interftices of the folids or
the veflels themfelves are reduced to by the extenfion.
But fo foon as the bending or extending force ceafes,
and the whole folid body is left to itfelf, the particles
of each drop will endeavour to recover their equili-
brium about their peculiar centres, whereby they
recover their {phericity, or contraltion again into the
leaft poflible fpherical or cylindrical fpace; by which
the reftitution in every part, and therefore of the
whole, is performed, the contiguous folids yielding to;
and confpiring with, the momentum of the fluids in this
ation.

§. 24. But for the fake of illuftration only, let us
again fuppofe a thing lefs probable : towit, that by the
extenfion of the containing folid a part of each diftinét
drop fhould be raifed beyond the furface, in the fhape
of a fmall cylinder, by which the diameter of the
drop would be leflened; this fmall cylinder then
would prefs towards the centre, and all fides of the
drop, ‘with the fame force mentioned in Seition 22 ;
and in the reftitution the diameter of the drop would
increafe proportionally, as the length of the cylinder
in its defcent or acceflion towards the centre of the
drop decreafed : therefore it would defcend or accede
to that centre by a motion uniformly accelerated ; as
in gravity. And in this view we have gravity and
elafticity arifing from one and the fame principle.

§. 24. But the fameargument will hold, and the fame
conclufion will follow, upon the other more probable

fup-
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fuppofition : to wit, if by the extenfion of the folid
containing body, mentioned before, each diftin&t
drop be fuppofed to be drawn from its {phericity into
an oblong fpheroid, or prefled to the form of an oblare
one; for the reftitution in both cafes will produce the
fame effeét from the fame hydroftatical principles,
fince what-ever part of the fluid is extended beyond
the bounds of its former fpherical furface, will thereby
have an increafed preflure towards the centre, fuch as
the cylinder has been faid to have, orin fuch aratio:
becaufe the rays terminating in the uncomprefled parts
of the furface of the oblong or oblate fpheroids of
fluids, are lengthened by the new acceflion of particles
from the comprefled fides, by which the preflure to-
wards the centre in fuch lengthened lines will be
increafed, in proportion to their lengths; and the
thorter diameters of each fpheroid will be proporti-
onally lengthened, as thefe lines in acceding to the
centre arc {hortened : that is, the particles, which lic
in the direction of the longer diameters of the fphe-
roid, in the refhitution will accede towards the centre,
with a motion uniformly accelerated, as in gravity.
The fame will be true of acylinder, whofe diameter
is fhortened, and its axis lengthened, by the compref-
fion or extenfion.

Corollary. Therefore the laws of gravity, hydro-
ftatics, and elafticity, are probably the fame, and arife
from the fame principle of central attraction, only
diverfified in almoft an infinity of phenomena both
natural and’ artificial, by the diverfity of centres, cir-
cumftances, and different qualities of the bodies adted
uporn.

§. 26. And
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§. 26. And this conclufion feems to be corroborated
by the VIth Expetiment made at laft meeting on watex,
oil, and mercury, in which it was apparent, that the
centripetal force of thefe diftiné&t fluids differed one
from another in the proportion of their fpecific gra-
vities. The drop of mercury, as the heavieft, formed
the moft perfe fphere about its own centre, and the
leaft ; the drop of water, though fpherical, touched
the plain in more points; and the oil, though its
upper furface was {pherical, lay much flatter on the
plain, forming as it were a feGtion of a {mall fphere.
Therefore the centripetal force in each was propor-
tional to its fpecific gravity; which feems to fhew,
that it flows from the fame principle, atting on the
fame {ubje&t always with the fame degree of force,
only on each fpecies to a different centre with a dif-
ferent degree of force or momentumn; whereas, if the
centripetal force in cach of thefe drops did arife from
fome other principle than that of gravity, it might
be ftronger in the lighteft than in the heavier flyids.
For as gravity is a power, which aéls equally on all
bodies in the 740 of their contents, if this centri-
petal power, being equal in all bodies, was in fome
other ratio or proportion, than that of their contents;
then it would a&t moft firongly and fenfibly on the
lighteft fluid, whofe gravity and contents could leaft
refift its force: and therefore the drop of oil would
form a perfetter fphcrc, than the mercury ; the reverfe
of which appeared in the Experiment.

§. 27. Another thing that I would fuggeft from the
Experiment is, that if a drop of each of thefe three fluids
could be taken equal one to another in weight, the
- cubes of the diameters of the fpheres formed by then:{
woul
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would be onc to another reciprocally as their fpecific
gravitics ; in the fame manner as the {paces they take
up in the fame cylindrical veflel are reciprocally as
their fpecific gravities. Which confirms the former
conclufion, that this centripetal power in fluids, and
therefore their elafticity arifing from it, does not differ
from gravity, and is governed by the fame laws; pro-
ducing a motion uniformly accelerated, as in the
defcent of heavy bodies.

Corollary. Therefore the laws of gravity, elafticity,
and hydroftatics, are the fame ; and arife from the fame
principle.

Having thus endeavoured to prove, that water and
watery ﬁllldS are not only elaftic themfelves, but alfo
the immediate caufc of the clafticity of all animal,
vegetable and terreftrial folid fubftances, of whofc
compofition they make a very confiderable part ;. it is
now incumbent to thew, how its other feemingly con-
trary properties formerly mentioned, are reconcilecable
one with another, and alfo with this effential pro-
perty of elafticity : particularly how water and watery
fluids can prove the cement, and likewife the diffolvents
of animal and vegetable, and alfo of many terrenc
bodies : or can become the caufes of fo very different
and even contrary effeis, as to unite and divide the
parts of the fame fubjet; and this by that fingle pro-
perty of central attraction.

In order to the eafier illuftration of this, I would
offer the following propofitions, which are cither
evident of themfelves, and univerfally acknowledged,
or founded upon Experiments, or proved in this and
the preceding LeGure.

Prop.
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Prop. I. There is a natural centripctal power in
water, and indeed in all other fluids, by which every
diftin& drop, or certain fmall quantity, left to it(clf,
gains and retains an exa& {phericity.  This I hope has
fufficiently appeared by the obfervations and experi-
ments already made.

Prop. II. The degrees of the intenfity of powers
propagated in rays from a centre, or impelled in a
contrary direGtion towards the centre, are found to be
reciprocally, as the {quares of .the diftances from the
centres of the refpedtive {pheres of their ativity.

Cor. Therefore as water appears to have fuch a
centripetal power, it follows, that the extreme or
{uperficial particles of the {malleft drop of water prefs
towards one another, and towards their common
centre, more firongly, than the fuperficial particles of
a larger drop, or of the fame drop, augmented to a
larger fize by the acceflion of more water.

Prop. 11I. There is an univerfal impenctrability in
matter, {o that one quantity cannot take place, with-
out diflodging another of equal bulk or furface.

Prop. IV. And in this a&tion, that which has the
greater momentum will overcome or difplace that
which has lefs.

Prop. V. The quantity and cclerity or momentum
of afluid in motion may be fuch, as to overcome the
refiftance of folids at reft.

Prop. VI. Water and other fluids in contadt with
folids, acquire a degree of motion by attraltion into
their pores, capillary tubes, and interftices, even to
their innermolt recefles, {o as to fwell, extend, ot
expand them. Inftances of this were thewn in the
Rofe of Fericho, and in an human artery.

Prop.
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Prop. VII. And the degree of attraltion of the
fame l{ccics of fluids into the fame kind of folid be-
ing always equally the fame, the celerity of the mo-
tion arifing from it will alfo be always the fame.
Therefore the increafe of the momentum of the fluid
in this action muft arife from the increafe of the quan-
tity of the fluid {o abforbed ;5 which may therefore be
accumulated not only to the pitch of extenfion, ex-
panfion, and foftnefs, but.evén to a perfe& folution.
Which all obfervations confirm,

§. 28. Thefe propofitions being admitted, it will
appear, that thc cohefion of folids in their various
degrees of hardnefs, folidity, rigidity, or lefs fenfible
elatticity, manifelt elafticity, and foftnefss and alfo
their perfect folution, even to the ftate of fluidity, do
all arife purely from the different quantity of water,
or other fluids, lodged in their pores, or between their
folid particles.

§. 29. Thus the incoherent duft of dry clay, and
fine gravel, by a confiderable quantity of water added
in making of bricks, become a foft duétile kind of
pafte, Prop. VII. but by lofing a great deal of this
moifture in drying, or baking, becomes a hard folid
mafs. In which neverthelefs a confiderable quantity
of water ftill remains in diftin& drops, leffened in their
fize by the evaporation, and therefore having their
remaining particles more ftrongly attralted to their
refpeftive centres, and one to another; and confe-
quently producing a ftronger adhefion of the conti-
guous folid particles to the pitch of hardnefs, rigidity,
and a lefs fenfible degrec of clatticity. As in Cor.
Prop. 11,

e §. 30. This
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§. 30. This alfo appears for the fame reafon in
dried lime-mortar, and plailter of Paris; and muft
be the fame in the natural concrctions of common
ftones, marble, &re¢. in all which the moiftare has been
by degrces evaporated to their {pecific pitch of hard-
nefs. And hence it is that all quarry ftones, by being
expofed to the open air for fome time, become gra-
dually harder, than when they were cut out of the
quarry.

§. 31. But when the remaining moifture is farther
or totally expelied by the force of fire, they return
to their original incoherent duft, dry powder, or
Iime.

§. 32. So that the cohefion of parts in folids of this
kind to the pitch of hardnefs, rigidity, or lefs {enfible
clafticity, arifesfrom the fmallnefs of the fpherules or
drops of water interfperfed in their pores; which
makes them lefs capable of extenfion, dilaration, or
{enfible elafticity. See Cor. Prop. 1.

. 22. The fame appears in dry wood, and other
vegetable folid fubftances; and in the dry bones,
horns, and nails of animals ; whofe hardnefs or rigi-
dity is owing to their deficcation, or to the evapora-
tion of a certain proportion of their moifture; the
remaining {mall portion making the folids in them
cohere more ftrongly, for the reafons mentigned in
the fame Prop. 1.

. 34. And when this remainder is alfo expelled by
the force of fire, having loft the copula of union, they
fall to duft and athes.

§. 35. Or if the proportion of water be greatly

increafed by infufion, maccration, or decotion, they
are
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are brought to a foftnefs or folution by the momenzum
of the increafed fluid. Asin Prop. VIL

§. 36. This is farther evident in the making glue of
the dry skins of beafts, and of fithes; and pafte of
ftarch 5 whofe agglutinating quality is owing folely to
the proportions of water abforbed, or intermixed by
infufion, maceration, or deccotion.

§. 37. Again, a certain greater proportion of water
or watery fluids, than is found in thefe dry fubftances
mentioned above (obferveable in the green twigs and
branches of trees, and other vegetables; and in the
frefh arteries, veins, and other recent parts of animals)
produces a fenfible elafticity, eafily to be brought into
altion ; becaufe the larger molecules or drops of the
interfperfed fluids by a lefler or weaker nifius of their
extreme particles one to another, and to their refpec-
tive centres, admit an eafier change of figure in the
bending or extenfion, and thereby gain a more fen-
{ible motion in their reftitution. Thatis, by this greater
proportion of fluids in their pores and veflcls, they
become more fenfibly clattic. As in Cor. Prap. 1L

§. 38. But if this proportion of fluids be farther
increafed, all thefe fubftances become foft and pulpy,
and thereby lofe their elafticity ;s becaufe the inter-
fperfed molecules of the fluids are now fo large, that
the particles of their extreme furfaces, contiguous to
‘the folid parts of the compound, arc lefs attralted
towards their centres, and therefore upon change of
figure are incapable of reftoring themfelves. That s,
by a redundant moifture their clafticity is loft, and they
become foft; they fall into a degrec of folution, or
the loweft degree of fluidity.  See Prop. VI. and VIL

¢z §- 39. And
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§. 30. And if this proportion of fluids be yet more
or greatly increafed, the folid is completely diflolved,
(fee Prop. 1. V. and VIL) its folid particles being
repelled, or driven afunder by the interpofition of a
copious fluid, as by fo many wedges fucceeding one
another, increafing in bulk, and impelled by attration,
the prime fpring of motion in all folutions, fermen-
tations and putrefaétions; but as this opens a very
large field of difquifition, which would lead us too far
from the purpofe of thefe Lectures, it muft therefore
be left to fome other opportunity.

§. 40. Thus the feemingly contrary or repugnant
properties of water and other fluids in cementing and
diffolving, hardening and {oftening, as well as com-
municating elafticity to folids, are reconciled s as arifing
from the {ame principle of central attraltion, pro-
ducing different and even contrary effets, by its dif-
ferent degrees of force, in different proportions of the
fluid.

§. 41. By which it alfo appears, that there is no
fuch principle in nature, as a centrifugal power: but
that repulfe (at leaft in all thefe phenomena) arifeth
from the principle of central attraltion in the reftitu-
tion to equilibration ; and from the impenetrability
of matter ; and the fuperior momentum of an in-
creafed fluid, forced into a&tion by the fame attrac-
tion : and therefore that it is no natural principle, but
a forced cffe@, which was to be proved. See Prop.
HLIV. V. VLVIL

LECTURE
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' H1S Le&ure, which is to be the laft for this

feafon, contains an explanation of the Vth Ex-
periment, and a fhort abftratt of a general {cheme of
mufcular motion, which may lead us, without wan-
dering from' the purpofe of thefe Lecures, through
the -whole animal ceconomy : in which the principle
of elafticity, which I have been endeavouring to ex-
plain in the former Letures, bears {o great a fhare,
as it does indeed in other innumerable and furprizing
phenomena of nature; the centripetal power, from
whence it arifeth, feeming to be, next to immaterial
impulfe, the inexhauftible {fource of all motion in the
univerfe.

The Manner, Explanation and Ufe of the Vth

Experiment.

12, This Experiment is performed by fufpending a
live Frog by the fore legs in a frame, or in any other
commodious manner, as in Tab. 3. fig. 1. when having
cut off the head from the firft vertebre of the neck
with a pair of {ciffars, a fmall probe, the button at its
extremity being firft filed flat, is to be puthed very
gently down upon the upper extremity of the me-
dulla [pinalis, in thefirfk vertebre of the neck; upon
which the inferiorlimbs, which hung downloofe, will
be immediately contratted, as they appear in fig. 2.
tab. 3. The fame probe pufhed gently through the
hole of the occiput of the fcull on the medulla 0blon-

gata,
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Zata, will make the eyes move, and fometimes the
mouth to open.

2dly, The fame being repcated at fome {fmall in-
terval of a few feconds, {ucceeds for feveral times in
the fame manner; until the extremity of the {pinal
marrow be cither puthed down too far out of the
reach of the probe, or contufed by it, which laft
cffe@ appcars fooneft on the medulla oblongata : but
after this the Experiment will not farther fucceed, the
compreflion then ceafing to be equal or uniform.

Obfervations on this Experiment.

04f. 1. It muft be obferved, that this Experiment
fucceeds better in the fummer months fome time
after the Frogs have fpawned, than it does carly in
the fpring, or in winter when thofe creatures arc al-
moft.dead by cold, and want of food.

04f. 2. The interval of a few feconds in repeat-
ing this Experiment on the fame Frog, feems to be
neceflary for recovering the equality of the circula-
tion, which was difturbed by the immediate precede-
ing convulfion, as it throws the blood violently out .
of the mufcles in the time of their contraltion or
fyftole, which cannot be reftored immediately in fuch
a languid ftate of circulation, as this Experiment muft
bring on; and as the afliftance of the blood will ap-
pear by the following fcheme to be neceflary to muf-
cular motion, where it is deficient, the motion muft
alfo be defettive or imperfedt, as it appears in re-
peating the puthes too quick.

O4f. 3. As the inferior procefs of the brain called
the medulla oblongata, and its continuation _calic;d th?

pina
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fpinal marrow, are only a continued or prolonged
colle@ion of the nerves arifing from the brain and
cerebelfum ; by this Experiment it appears, that the
nerves contribute remarkably to mufcular motion ;
and that their afliftance in it is owing to the fluid they
contain, I have endeavoured to prove, by fthewing
the non-clafticity of the nerves in the firft Experiment.

0O4f. 4. The motion here excited is in the mufcles
of voluntary or fpontancous motien, which are undet-
the command of the will.

04f. 5. The effeé of the impulfe by the probe is.
the fame, which is or may be produced in thefe
mufcles by the mind or will ; or is the very fame in
its manner as voluntary or {pontancous motion, and
performed by mediation of the fame inftruments, to:
wit, the animal fpirits, or fluid of the nerves, and the
mufcles of voluntary motion.

04/. 6. The extremity of the probe applied in this
Experiment being flat, cannot produce this effect by
irritation, but by compreflion ; and the compreflion:
of the pliable extremities of tubes full of any fluid,
muft deprefs or propel the contained fluid towards the
lower or oppofite extremities, with an increafed de-
gree of velocity. Therefore at leaft the beginning of
this motion may be juftly afcribed to a propulfion of
- a fmall quantity of the contained fluid, threugh thefe
flender canals into the mufcles, in which they ter-
minate, with fome greater degree of velocity, and in
fome greater quantity than ufual. Whence we may
conclude, that voluntary mufcular motion in a living
animal is begun in the fame manner, by-an impulfe of
the mind or will on the animal fpitits through she
nerves, into the muicles.

Cor.
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Cor. And as'the quantity of animal fpirits propelled
into the mufcles in this Experiment muft be fuppofed
very {fmall; it follows, that the wafte of this fluid by
moderate voluntary motion in lifc s very inconfidera-
bic, or little more than what arifes from the common
courfe of the circulation, moderately promoted by
cafy exercife, and ufeful for health.

04f. 7. In the following fhort abftratt of a general
{cheme of mufcular motion, the firuture of a muf-
cular fibre is fuppofed veficular, with a reticulat
plexus of blood-veflels invefting each veficle; which
1s confirmed by an univerfal analogy in the ftruture
of all the moving parts in the animal ceconomy, vifi-
ble in the heart; lungs, ftomach, inteftines, urinary
bladder, ¢»¢. whofe motions confilt in an alternate
fyftole and diaftole. Therefore the nature and man-
ner of the mufcular motion produced in this Experi-
ment muft be the fame, while the heart continues to
beat, and the blood to circulate in the limbs, in the
fame manner, though not with the fame force, as be-
fore the Experiment.  Which will be farther explained
in the following fcheme.

edn Abftrait of a general Scheme of muf-
cular Motion. See Difl. de Stru&t. & Mot.
Mulc.

JHE order of accounting for mufcular motion
confifts in-affigning, 1. The principles. 2. The
immediate caufe or caufes. 3. The inftruments. 4
"The manaer of attion, ox wodus. §. The effeéts of it.

x. The
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1. The principles or fources of all motion whe-
ther natural or artificial, are only two; impulfe, and
centripetal power.

2. Original impulfe, and therefore every new mo-
tion, muft arife from fome immaterial being, as its
i(}nmcdiat@ caufe. Dif. de Struct. & Motu Mufc.

Jap. 1.

1;. Impulfe, as the beginning of every new muf-
cular motion, is in the power of the mind or will,
which muft therefore be an immaterial being.  Diff.
de Struct. & Motu Mufc. Cap. 2. 5.

4. Centripetal power, or the power of contration,
is the moft univerfal principle in nature, producing
repulfe; and is properly the elafticity of the inftru-
ments of mufcular motion.

Schol. 1. Inquirics into the intetmediate caufe or
caufes of this univerfal centripetal power, of which
clafticity is only one branch, are not to be dropt, ot
negleGted ; but after all our refearches and difcoveries
we fthall be forced at laft to acknowledge, that at the
origin. of the chain of natural caufes, in all its real
or imaginary length, there muft be an omniprefent and
immaterial agent as the prime caufe.

Schol. 2. In the mean time, in many phenomena
of nature it is much to be doubted, whether that chain
be fo long as is generally imagined; and whether
Gonp himfelf be not the immediate, alting, ubiquitary
caufe of centripetal power; which feems to be the
immediate caufe of all the phenomena of nature ; the
indefinite variety of them appearing to arife only from
the different ftructure of the machines or inftruments,
and other circumftances of altion. And it is evident,
that all thofe phenomena, which by fome of the
antient philofophers have been attributed to a fuga

f Vacus,
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vacui, arife from a perpetual #ifus to equilibration,
the ultimare aim of nature, and the immediate effe&
of this centripetal power.

And though this univerfal centripetal power was
to be admitted as the ze plus wltra in the line of
caufes or principles, (which I.do no ways pretend to
determine) and was to be refolved into the imme-
diate and ubiquitary agency of Gob as the prime
mover ; this would neverthelefs be far from putting
an end to all further difquifitions, or inquiries in na-
tural philofphy s as fome may have inadvertently appre-
hended: for there would be ftill an almoft infinite
work behind, for exercifing all the faculties of the
mind, in explaining the innumerable variceties of the
phenomena or effedts arifing from this principle. "We
thould ftill be far from knowing all its laws of motion,
all the degrees of its force, and the indefinite variety
of its direGtions in the innumerable produétions of
nature, with all their various ftructures ; which would
ftill remain’ the inexhauftible fubjefts of inquiry in
natural philofophy ; by unfolding of which, the would
not only nominally, but really, become the miftrefs of
all arts and {ciences; the former being only imita-
tions of the works and defigns of nature, and the
latter the doltrine or explanations of the fame works,
whether phyfical or moral. But to return from this
digreffion.

5. The univerfal inftrument of all animal motion
isa MuscLe. Diff. Cap. 3.

6. No other veflels are obferved to enter into, or.
to make a part of the compofition of a mufcle, but
nerves and blood-veflels ; therefore a Mulcle, or the
compound inftrument of all animal motion, muft be

made up of thefeonly. Diff. Cap. 4. & Concluf.
. T

7. The
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7. The nerves are not clattic, but ferve to convey
an aqueous fluid, called the animal {pirits, from the
brain, cerebellum, or {pinal marrow, to the mufcles.
Diff. Cap. 5, 6. Which fluid is the immediate fub-
je&t of impulfe, or the immediate inftrument of the
mind for beginning mufcular motion. As appeared
by Experiment V. made on a Frog.

8. The blood-veflels and blood are elaftic; whence
the centripetal power, or contrattion and repulfe in
mufcular motion. Diff. Cap. 6.

9. The external diftribution of the nerves and
blood-veflels to the antagonift mufcles formerly exhi-
bited in Tab. 2. fig. 1. thews, that cach antagonift has
its diftin& nerve or nerves without communication ;
but the antagonift mufcles communicate onc with
another by one common trunk of an artery, and onec
common trunk of a vein: fo that they are like two
antagonift fcales 7z #quilibrio, over which the mind
has a diftin& power by diftin& nerves for determining
the animal fpirits, and thereby the blood, to ecither
fide at pleafure, without affetting the other.

10. The internal difpofition of thefe veflels in the
compofition of this inftrument is taken from the uni-
verfal analogy, vifible in all the moving parts of the
animal machine: to wit, the heart, lungs, inteftines,
urinary bladder, &¢. wherein fuch a ftructure appears
to the naked eye, as gives us the following Idea of the
fmalleft mufcular fibre, defcribed in Dif. Cap. 8.
that is,  mervous fibre produced from its entrance
into the muftle along or in the axis of each carnous
fibre, in the form of a chain of diftenfile veficles,
whofe fides are covered with a net-work of elaftic
longitudinal and tranfverfe blood-veffels 5 the extre-
wmities of all thefe nerves compalted forming the ;'m-

f2 on,
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don, which being [pread out or expanded again, forms
the petiofteum. ~ See'fig. 2. and 3. Tab. 2.

11. By the naked eye, or with the help of a mi-
crofcope, this fmalleft mufcular fibre appears of the
fame blood-red colour, and of the fame fhape or
figure with the whole mufcle, whence it is taken
and the whole mufcle of voluntary motion is no more
than a fafcicle or bundle of fuch fmall mufcular fibres:
therefore its ation can be nothing clfe, than the joint -
altion of all thefe. _Inmtrod. to Diff. (age I, 2.

12. But the a&tion of the whole mufcle by Dr.
Gli[fow’s Experiment, appears to be only an alternate
diaftole and fyftole: and therefore, by what has been
faid in the laft paragraph, there muft be fuch a diaftole
and fyftole alternately in each of the fmali carnous fibres
of which it is compofed. Diff. Exp. 1. Cap. X1.

13. And by the Vth Experiment already mentioned
on a Frog, it appears, that a very ftrong mufcular mo-
tion may be eafily excited by a very flight impulfe
through the nerves. As in Experiment V.

14. But fuch an cafy produ&tion of motion is not
conceiveable, without the niceft equilibration of all
parts of the machine moved. _

14. Therefore a ftatical equilibration of the anta-
gonift mufcles of each limb is -defcribed, and deline-
atedin Dzff. Tab. 4. thewing the equilibration of their
clafticity.

16. And an hydroftatical equilibration of the fluid
of the nerves is defcribed and figured in Diff. Tab. 5.

17. Now equilibrated bodies may be eafily moved,
by adding or diminifhing the lealt imaginable force of
cither fide ; but if what is taken from one be added
to the other, the momentum of the motion will be
doubled, without the lofs or expence of what is

taken
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taken away, Diff. Theor. 19, 20. which is the cafein
mufcualar motion, in its progrefs from utmoft extenfion
to final contraltion ; as will appear in the fequel.

18. We are now to fhew how eafily a very ftrong
motion may be excited, and carried on in a machine
of this fabric, whofk parts are in {o- juft and accurate
an equilibration.

19. Previous to which'it- may be neceffary to re-
move the following objettion or difficulty, which
occurs in Diff. Cap. 10. where it appears, that the
power of abfolute elafticity in the mufcles greatly ex-
ceeds the utmoft force of impulfe in the power of
the. mind. But the ftatical equilibration of that elaf-
ticity, and the hydroftatical equilibration of the ner-
vous fluid mentioned - before, take off all refiftances,
that would elfe be in the way of that impulfe, by
which it becomes fufficient for the purpofe, fo as to
be able to begin.mufcular motion ; which is carried
on in the following manner.

20. The whole progrefs of mufcular motion is
from the ftate of utmoft extenfion, through the ftates
of relaxation, equilibrium, complete inflation or dia-
ftole, to the ftate of ultimate contraftion or {yftole.
In all which courfes from the firft term to thc laft
cach veficular fibre fhortens its axis; and therefore
draws the limb affixed into flexion, or extenfion, at
the pleafure of the mind. Diff. Tab. 4.

21. The mind can:a& upon the mufcular fibres in
any ftate, but that of ultimate contra&tion, which is
the termination of the progrefs of mufcular motion 3
as the beginning of it is from the ftate of utmoft ex-
tenfion. Diff. Cap. 10.

22. In the ftate of utmoft extenfion then, the lon-
gitudinal capillary blood-veflels on the furface Olf

€ac
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€ach veficle in the fibres muft be extended, and there-
fore their tranfverfe diameters muft be leflened : that
is, thefe veflels thereby become firaiter, and the cir-
culation in them therefore more difhicult ; and in this
ftate alfo the tranfver(e blood-veflels of cach veficle
will be forced .into ferpentine flexures, which muft
render the paffage of the blood through them fill
more difhicult.  Dsff. Cap. 9.

23. In this, and all other ftates of the antagonift
mufcles, both the ftatical and hydroftatical equilibra-
tion, mentioned above, take place to fuch a degree,
asto remove all refiftances, that would elfe be in the
way of any fupervening impulfe. Diff. Cap. 10

24. Therefore if the mind impels but a very little
more of the nervous fluid than ufual, through the
flender tubes of the nerves, into thefe extcndcd ve-
ficles, they will be uniformly dilated as in the known
gzpcrinlcnt of the Water-bellows. Diff. Cap. 9. and

.22,

2§. By this diftenfion of the veficles their axes be-
ing fhortened, and their diameters lengthened, the
longitudinal capillary veflels on their furface muft be
thortened, and thereby their diameters inlarged ; and
the ferpentine flexures of the tranfverfec veflels will be
extended 5 which in both kinds will leflen the refit-
ance they gave to the tranfit of the blood, which
both by the diaftole and f{yftole of the arteries is con-
tinually urged on to its paffage through them; and
being thus fac111tated every globule of blood in its
progrefs, by cndcavounna to fly off by the tangents of
thefe veflels and veficles, tends to cxpand them more,
and thereby opens the way for the further and cafier
influx of the nervous fluid ; to which the blood-veflels
contribute as {0 many elaftic levers acted upon by the

blood
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blood in its progrefs. Thus by the afliftance of thefe
three powers, of the nervous fluid, the blood, and
blood-veflels, the progrefs from extenfion to inflation
or diaftole of the veficles is made, with fuch a degree
of celérity as the will commands.. Diff. Cap. o.

26. The mufcle is at that time tumid and inlarged
by the afflux of the netvous fluid and blood, which
increafes its bulk.

27. The mind may keep up this inflation, as long
as it pleafes, only by impelling conftantly {uch a:{mall
quantity of the netvous fluid into the diftended ve-
ficles, as is fufficient to fupply the ufnal expence of
them in their common courfe.

28. But if the mind defifts to fend in this recruit,
or fufpends it, then thefe circular or arched elattic
veflels now turgid with elaftic blood, whofe areas have
been thus forcibly inlarged, endeavour to contralt
themfelves every way towards the centres of their areas,
which are the centres of the veficles ; and, the mind
giving no refiftance, this z7fus takes place to the com-
plete contrattion of each fibre ; by which the limb
affixed is brought into complete flexion or extenfion,
according as this ot the other antagonift has been alted
upon. Diff. Cap. 9.

29. In this ftate the whole mufcle becomes fhorter;
and lefs in all its dimenfions; harder and paler by cxpul-
fion of a great part of its fluids through the veins to-
wards the heart, and through the extremities of the
nerves into the tendon and persoftenm. And fuch are
the vifible phenomena of this and all other moving
parts of the animal machine.

30. It may be imagined, that fuch interruptions of
the courfe of the blood in the capillaries of the arterics

and veins, and fuch uncertain fubfultory changes in the
figure
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figure of the parts as have been defcribed, might in-
terrupt the regular circulation of the blood, and there-
by difturb the motion of the heart; which is not ob-
ferved to happen by moderate exercife. But this diffi-
culty is removed by confidering, that the whole is
carried on in extenfile and diftenfile blood-veflels, com-
municating one with another, as in Tab. 2. fig. 1. and
therefore What cannot be received into one is imme-
diately communicated to, and eafily received by the
other, and by it forwarded in its return to the heart,
in the fame time and quantity, as if the paffages through
all the veflels were equally open, and pafiable. There-
fore though an acceleration does arife in all exercifes,
yet an irregularity of the circulation in a healthy perfon
is not obferved to happen by any degree of exercife.

‘What I have here briefly recited, I have at large en-
deavoured to explain in a ‘Differtation on this fubjet
lately publithed, with feveral figures annexed for illuf-
tration of the whole; by Whlch I hope, the prmc1ples,
caufes, inftruments, manner of altion, and effedls, in
which the r4ti0 of mufcular motion conﬁﬁs, have been
pointed out from anatomy, mechanics, hydroftatics,
obfervations and experiments. To which, for the fake
of brevity, I have every-where referred.

The proof and illuftration of this general fcheme will
appear in theapplication of it, for explaining the various
fun&tions of the animal ceconomy; which may natu-
rally become the fubjeéts of fome future inquiries to-

wards an{wering the intention of the worthy Founder
of thefe Leures.

F I NI S
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EXPLANATIONS

OF THE

TABLES.

TasrLe I

FIGURE 1.

CONTAINS a nerve, artery and vein of an
human fubje@®, which beforc excifion were all
of equal length with.a piece of twine applicd to mea-
fure them.

A. The nerve after excifion, continuing of the fame
length as it was in the body ; to wit, cqual to the
twine B.

B. The twine or common meafure of all the veflels
before excifion.

C. The artery, which in the body was of the fame
length with the nerve and twine; but being cue
out’ and left to itfelf fhrinks, or contralls, to the

g lofs



[1]
lofs of 3 of its length; as thofe of Dogs lofe
about £.

“D. The vein, which was equal to the nerve and twine
in the body; but being cut out and left to itfelf
fhrinks, or contralts as much as the artery, though
not with the fame degree of force.

Hence it appears that the arteries and veins ate evi-
dently elaftic, and that the nerves have not the leaft
apparent elafticity. See Exp. 1. Le&. L.

FIGURE 2.

A. The Rofe of Fericho, expanded by being fteeped
two hours in water, weighing 13 drachms, and
refembling its ftate of growthin the ground.

FicurE 3.

The fame dry and contratted, weighing 7 drachms
and a few grains.

TABLEIL
FIGURE 1.

Contains the antagonift mufcles of an human arm,
placed at a little more than their nacural diftance, with
the nerves, arteries, and veins diftributed to them in
their natural fituation and order.

A. 4. 4. The mufcle biceps, one of the flexors or
benders of the cubit or fore-arm.,
B,B,B.



[li]
B.B. B. The internal brachial mufcle, another flexor
or bender of the fore-arm.

C.C.C.C. The external brachial mufcle called zriceps,
an extenfor of the fore-arm.

The mufcle called anconaeus, another extenfor of
the fore-arm, is hid here.

D. The common trunk of the branchial artery, dis-
tributing the blood by its branches to all thefe an-
tagonift mufcles on each fide of the arm; red, ex-
prefled by the lines thus [[| as in Heraldy.

E. The common trunk of the vein, through which
the blood brought back from the mufcles on each
fide returns towards the heart; blue, exprefled as in
Heraldy thus =.

F. The trunk of the nerve peculiar to the flexors of
the fore-arm, whofe branches are peculiarly diftri-
buted to thefe flexors only, but not to the ex-
tenfors ; white.

G.G. Two trunks of nerves peculiar to the extenfor
mufcles of the fore-arm, whofe branchesare pecu-
liarly diftributed to thefe mufcles only, but not to
their antagonifts the flexors; white.

The number of the branches of thefe feveral veflels,
and the manner of their diftribution and infertion into
thefe mufcles, appear in the figure. I need only to
obferve, that the antagonift mufcles, that is, the muf-
cles of each fide communicate one with another by
their blood-veflels, but not by their nerves. .

g2 By
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By the help of this figurc the mechanical manner of
mufcular motion delivered in Lecture III, will be
cafily underftood.

Fi1cureEe 2.

A. Reprefents a mufcular fafcicle, or fmall part of a
mufcle, macerated in water, and carcfully {feparated
longitudinally from the reft of the mufcle, with its
tendinous extremities; exprefling together the figure
of the intire mufcle, as mentioned §. 11. Lect. IIL.
and at greater length in Cap. VIL §. 5. Diff. de
Struét. & Mot. Mufe. and Introd. §. 2. and 18.

B, B, B, ¢r¢. The carnons red fibres drawn afunder;
that the nervous white fiorille or fillaments diftri-
buted to them may better appear.

C, G, C. The nervous white fillaments, entering the
carnous fibres at angles morc or lefs acute.

D, D. The tendinous extremities of the mufcular
fafcicle ; being the nerves and nervous membranes
of cach muicle or part of a mufcle collefted, and
compatted to the firmnefs of a tendon; whence
being again expanded, it is juftly called the gpo-
neurofis; and being farther continued over and into
bones, is called their perioffeum.

F, H,G. Shew the dire@ions and diftributions of
thefe procefles of the nerve, artery, and vein to the
mufcular fafcicle, fimilar to their dire@ions and
diftributions to the whole mufcle.

This
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This figure is the fame wnth the next followmo
excepting that in this the finall ncrvous veficles in
cach carnous fibre are fuppofed to be covered by the

blood-veflels.
Freure 3

A. Shews the angle of infertion of the nerve into this
fafcicle, as into the whole mufcle, with the direc-
tion and diftribution of its branches into the muf-
culat veficles.

B, B, B. The chains of the mufcualar veficles, fup-
pofed to lic in the diretion of the axis of cach car-
nous fibre, and to be inflated or diftended by the
influx of the nervous fluid, at the command of the
will in the diaftole of the mufcle. See Diff. de
Struét. & Motu. Mufe. Cap. VIIL §. 2, 4, 5, 7, 8.
and Abftr. in Leé. 111

This verficular ftruéture of the fmalleft mufcular
fibre, pointed out and confifmed by a fimilar ftru&ture.
in all the vifible moving parts of the animal oeeco-
nomy, may be juftly mfcrrcd from the plain analogy
of nature, which is always fimilar to itfelf; by
which it will be cafy to underftand -what is faid
of the general mufcular ftruure in Tzﬂ" Cap. VIIL
and of ¢he manner of mufcalar motion Cap. IX.
anhd more compendlouﬂy in the A’bjfmﬁ of that
general fcheme in Le@. 1L,

TABLE
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Taesve Il

FicurEe 1.

A. A live Frog, the head being cut off, hanging by
the fore-legs without motion.

FIGURE 2

B. The fame Frog, whofe inferior limbs, which hung
loofe and free, ate brought into a ftrong and com-
plete contraltion by a very flight impulfe with the
button end of a probe, on the upper extremity of
of the fpinal marrow ; the end of the probe being
filed flat and fmooth for that purpofe. Sce Ex-
periment V.

. ERRATA.
Le&. II. Page 25. L 19, for intermediate, read immediate.
Leét. III. Page 41. /. 15. for of mufcular motion, read in mufcalar
totion.
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