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PREFACE

TH E late learned and famous Dr. Croune
| having obferved how much the knowledge of

the animal oeconomy depends upon the doétrine
of the nerves and mufeles, and how far the rational

_pmfﬁcf of _,t’bjﬁf might be improved by a more per-

fect acquaintance with the animal oecconomy, did,
Jor the encouragement of thefe fludies, form a plan
for inflituting certain Leures to be read on fuch

. fubjelts, in the Royal College of Phyficians on the

nerves and mufcles, and in the Royal Socicty on
mufcular motion; which was left with his Widow,
afterwards Lady Sadleir. In purfiance ?f which
ly revenue
of about fifty pounds, out of her eftate, to the faid
Royal College, in truft for the purpofes abovemen-
tioned. .

But an Hiflory g‘ the lives of the feveral pro-
feffors of Grefham College, where “Dr. Croune was
many years rhetoric profeffor, written by the learned
and accurate Mr. W ard, his prefent ficcefJor in that

| province, being mow in the prefs, we may expelt

farther particulars relating to this donation in that

- treatife, to which I muft refer.

In the mean time, the Royal Society having a

x fifth part of the faid revenue alloted to them by the

will for that end, free from all charges and incum-
' . Bl brances,
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brances, excepting that of procuring a body for the
ﬁ;ﬁ: of thefe LeCures (which they are enabled to do -
by their charter) have undertaken, and intend to go
on with a courfe of fuch Le&ures on this foundation
anpually. ' &

In this view the learned Sir Hans Sloane, pre-
fident of that illuffrions Society, a great encourager
and promoter of natural knowledge, having done me
the honour to nominate me to epen thefe Lettures, 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 ; hoping the d'tyf&gn
_ may be better anfwered hereafter, when undertaken
by fome others of that learned body, of which there
are many perfectly well qualified to make further dif-
coveries and improvements in this abftrufe and very
ufeful part of natural philofophy. '

It may be ﬂ?’?ﬁ'?‘ here to take notice, that by the
conflitution and cuflom 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 :lj?ﬂrfﬂ'_qf
fafls, for a foundation of reafoning ; and the con-
clufions drawn muff appear to flow neceffarily from
fuch premiffes, elfe they are accounted of [mall value.
This method therefore fets all conclufions thus drawn
at a great difiance from guefs, conjelture, mere fpe-
culation, or hypothefis; fo that if no error be made
in the application of them, they cannot fail to be
ufeful in the feveral arts and [crences, to which they
belong. b o
A’ﬁd this fiw.r me a fufficient handle for wiping
“off an wnjuft afperfion thrown upon I»ETE_WH? B

that'
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" that celebrated body, as if they were imployed abour
 wfelefs [peculations, or irifling amufements.. Bur
| experience bas [hewn, how many ufeful arts and
- fezences have received confiderable improvements by
. the difcoveries of this, and other ﬁi‘iﬁ’ﬁﬂ of the
. like kind, now effablifted in feveral countries abroad,
" by their example 5 though many of the praltifers
- 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

smproper fa{- this place ;s efpecially as the moft
 learned in all arts and [ciences are not ignorant of
- this truth. .
. This method of difguifivion therefore I have en-
. deavoured to obferve in the following LeQurces, which
| contain [everal experiments, not made by any one
E before, that I know of. But how far the explana-
 tions of them are clear, the obfervations 7;:{/;,) and
the conclufions necefJary and new, muft be left to the
{ Judicious and candid reader. -

- Whateuver 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 thefe, who by their incomparable
works bave [o well deferved of the learned world,
and of mankind in general ; and who, I am per-
\ fuaded, were [uch lovers of truth themfelves, that
" they would have been pleafed with its appear-
- ance, whencefoever it had arifen. -

 In thefe LeQures the following propofitions are
“effered to be proved by experiments, and confirmed
by obfervations of fails.
i b2 1. That

.

:
X

|
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1. That fluids are elaftic 5 which has W#Ia‘
been univer(ally denied of all of them, mc{ﬁ#ﬁg:ﬁn
air.
2. That the immediate caufe of the wdrmﬁi-:
rees of cohefion and elafiicity of Jolids; which &d:
‘%mn in obfturity, is in the fluids they contain.
3. That the principle of gravity, cobefion, eldﬁ!
city, and b;drsy’fanrs, 1s one and the f#m
4. That next to primary immaterial :mp#{fa; |
centripetal power, or central attraltion, appears ta
be the matural principle not an{y of mufcular W~
tion, that is of all the motions in the animal oeco-
nomy, but alfoof all other motions in the univerfe.
5. That there is no natural centrifugal power in

mﬂrrfr, or any fuch principle of repulfe, as bas bem
generally fuppofed. ;

6. That repulfe,in all the phenomena bere raiwrmﬁ

appears to be folely an effeét of cemtral attraition,
and by analogy is probably the fame throughout ﬂff
nature.

7. That the arteries are elaftic ; which bas é'em
but imperfeltly known, and wvery little regarded i 1
the phanomena of the animal wconomy, m whici
their elafticity bears a *ve'::}f confiderable -ﬁ‘i-

8. That the veins are alfo elaftic, w :r.b has &f
intirely overlooked.

9. That the blood is an elaftic fluid, which h
ot been imagined.
10. That the nerves are not elaftic, as has b
enerally advanced and believed.
If thefe propofitions be [ufficiently preved Eare
they are to make the chie { inges of the e!;m
arguments, leading to the <various conclufions co

. :!;I“-




PR EFACH B v

ed in an abftraét of a general [cheme of muf
lar motion ; which I fubmit to the teft of an ap-
cation to all parts of the animal oeconomy, by
bich, I hape, it may appear to have a real founda-
tion in nature, which no mere hypothefis 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-
ferently on thefe fubjects: for every attempt to-
“wards the difcovery of truth, including a good will
| towards mankind, has its merit, and deferves praife,
" though it [hould not prove fuccefsful;. but conten-
‘tion about it often leads infenfibly to fome breach
of humanity, which the love cy‘J truth tfelf can
f,’}/’fﬂéf" And therefore I choofe rather to
\depend upon the force of this maxim; that a dif-
cavery 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 teo [tanty premifes, or too few
" experiments ; which 1 have endeavoured to avoid
" as far as poffible, and, I hope, as far as is necef:
- fary, in an. argument of this kind. For we are to
confider, that though the method by induilion be
the moft demonfirative, and therefore the maoft eli-
gible; yet mo mumber of experiments or effeils,
though ever [0 great, would be [ufficient Efﬁr ¢ftar
 blifing a general conclufion rawemmf the caufe, .
.\ fuch as might be faid to be drawn from a com-
" plete induétion of particular effeits ; which in na-
ture are [0 exceeding numerous, vhat an indefinite
\ mumber of them muft be always out of our reach.
 And therefore a few experiments or effects clearly-
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explained, and fupported by the analogy of mature .
(-ngfrb in all frf operations 1s rmy?ﬁm‘gc imilar
to itfelf) are fufficient for the purpofe of a de-
monfiration a polieriori, or from the effects to the
caufe; until fome plain experiment, and well un-
derftood, contrary to the former, can be produced,
and frewn to arifée from a different or comtrary
caufe. But this I take to be impoffible in the cafe
before us; fince nature can admit of no diret con-
trariety or inconfiffency, with regard to its prim-
ciples, which are few and conflant, and their laws
q; aétion always the [awme. AR
There is indeed [uch a furprifing wariety of
[feemingly contrary appearances or phznomena
mature, as woiuld deter one from drawing a gene-
ral conclufion, with regard to the principles from
whence they proceed; was it mot obfervable, that
this wariety of phznomena does not arife from a
variety of principles, or different laws of aétion,
thefe being (as 1 faid before) very few and always
the fame ;s but evidently from a numberlefs varrety
of circumflances, and degrees of force, mot rightly
confidered, or not well underftood, by the [peitators.
This will appear by the reconciliation of d/mrd !
fich contrary phxnomena cited in the fi [ﬁvﬂg‘i
LeQtures, 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 iz of
ufe to add, that the danger of drawing genmeral
conclufions in natural philofophy, and phyfical difqui-
[itions, lies mot in arguments a pofteriori, or in the
analytic way, as here, from the effect ta the caunfe :
: but
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but in fich as are carried on from the canfe to the
effect in the [ynthetic and hypothetic way ; that is,
awhen from an identity, parity, or fimilitude of the
eanfe, we would infer univerfally an identity, pa-
rity, or fimilitude of the effects, which muft be
often, if mot always, a fallacious method, and has

n the fource of manifold errors. For the fame
caufe alting by one and the fame power, in the
% degree, and according to the [ame laws, is
often found to produce mot only different, but even
contrary effects, according to the [pecific differences
of the [ubjects aited upon. 1 choofe a very fami-
liar inflance for the explanation of this. The fun
aiting by its rays, or the fire by heat, melts wax ;
ye é the fame power, alling in the fame degree
and manner, they do the wvery reverfe in harden-

ng ciay. -

- Thus the moft if{ﬁ'ﬂ knowledge of the power
f the fun, or of heat, as a caufe, could not lead
Us with certainty, a priori, to any one %ﬁ& 5 much
efs to the wariety of its effects, which may be in-
sumerable, <vaftly different, and even contrary.
There is therefore an irremediable infufficiency in
this method of argument a priori, or n the [yn-
hetic way, even whenthe caufe is real and known.
But if torhis defeit we add an hypothefis or fuppoft.-
tion of a caufe or principle, which is not in nature,
but only in the imagination, then no real effelt can
poffibly proceed from it; and every particular, as
‘well as every general conclufion, in the whole ftheme
this method of difquifition a priori,
and by hypothefes of imaginary principles and mryijr,

ir-
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indulged with (o much liberty in former agi
has laid phyfic, with other parts of natural pi
Sfophy, under the difreputation of conjeitural
ences 5 though when ﬁﬂﬂffﬁﬂf upon falts aj
riments, that is a pofteriori, the conclufions p
y drawn appear to be as demonfirative, as .
of any other [vience whatever. The prog
this method indeed is [low, but the footing is [ure
whereas in the other way the advances are quic
and exteyfive, but upon infirm ground. .~ = L
Thus in the inflances above affigned, if we [
pofe or affume nothing, but take the fails,
or phanomena, as we find them, and confis
apparent [enfible qualities of the fubjetts alted u
on, and compare them; we have yet made no mi,
take. Then aftending to the caufe, we find it\
be one and the fame, aéting by the [ame [enfil
powers inwhich alfo we cannot be decesved.
fore the conclufion is plain and neceffary, that
ever diverfity or contrariety appears in thefe
does not arife from a diw:ﬁ%' in the caufe, b
© poffibly from the different natures and circumflane
of the ﬁjjfﬁi alted upon. And thefe being d
confidered, one appears to be a mixture of
and earth, the other of oily and refinous fub
And experience, which has fhewn us, that &
of the fun or of fire can make water to eva
warrants the conclufion ; that it can in i
manner agitate the watery fluids in the clay
make them to evaporate, and leave the earthy
more [olid than before. But experience a
that the [ame degree of heat camnot eva,
or refinous fubftances, and therefore cannm
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porate the oily or refinous particles of the wax ;
though it may eafily [eparate and agitate them to a
fluidity, as a greater degree of it dé;’.r the moft folid
metalline jﬁg;dﬂfﬂ. : -

Thus by begining at the effecls, and confiderin
the nature or qualities of the fubjeits, and their dif-
ferences, and aftending at laft to the caufe or caufes,
thefe and fuch like different or contrary phaznomena
may be folved without error or &rpm’é
we go no farther, than an exalt analogy of the [ib-
jects and circumflances will carry us, the conclufion
will be univerfally true, with re(pect to the identity
of the caufe producing thefe effells ; let the effeits
themfelves be ever fo different or contrary.

Therefore though mno general conclufion can be
drawn with certainty a priori, or from the caufé
2o the effelt, in the [ynthetic way, whether with or
without an bypothefis ; yvet general conclufions may
be dratwn by analyfis, or a polteriori, apon falls and
experiments, without the mneceflity of any hypo-
thefis ; and fuch conclufions, if they have been care-
fully managed, will appear to be certain and demoi-
rative.

£ Thus much I think neceffary to be [aid 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
fﬂ[ﬁﬂﬂfﬁd ; and alfo to fet thefe two different me-
‘thods of invefligation in a true light, in order to
take off the prejudices, which may lie againft ge-
neral raﬂrfg/;ﬁm, when they can be attained to in
the analytic form of argument. Which is what I
bave endeavoured to obferve in all parts of thefe
' -] Lettures,

1s.  And if
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Le&ures, by laying the foundation in experiments
and obfervations of faits confidered and compared, |
and folving the plain phenomena at laft without an
hypothefis by a real and known principle in nature,
as their univerfal caufe alting by the known laws of
mechanics and hydroftatics 5 the principle itfelf and |
I.b?f laws being as real, conftant, and unchange-
able in the prefent conflitution of nature, as the prin-
ciples of pure mathematics themfelves. ,
This method was firft firongly recommended and
illuftrated by that incomparable gemius the Lord
Verulam, who calls it his Novam Organum, bis New
Method by Induction, The Art of inveftigating Forms® |
or Principles, Philofophical Algebra, ¢ére. And it has
fince been fuccefsfully imployed for unfolding feveral
of the moft myfterious phaenomena a_ff nature by the
great Sir Haac Newton, Mr. Boyle, Dr. Boerhaave,
and other learned men and focieties, the famous re-
formers of natural philofophy and phyfic in this and |
the laft century. ' 4

4

g
N. B. The Doc¢tor's Name is found written by himfelf fometimes
Croome, and at other times Croume. See his Life, in Mr. Ward’s
Lives of the Profeffors of Grefham-College. 1 ,

Ltcru;:
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~ ing the plan of thefe Leéfures on Mufcular
- Motion feems to have been, not only for
' the encouraging and promoting the inveftigation of
- the mufcular fructure, with the caufe and manner of
. mufcular motion in general ; but alfo for carrying on
a more accurate anatomical difcovery of the peculiar
ftruture, with the manner of motion, and ufe of cach
particular mufcle of the animal occonomy, in the
feveral clafics of the natural, vital, and animal fun-
&ions: for in all thefe this learned and ingenious
- perfon well faw, that there was a large field open for
improvement.

In this view the fubjeét appears to be fo copious, that
three or four Letures 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 Charter, for obtain-
ing a body, the purpofe of thefe Lectures may be much
better anfwered, than it can be at prefent without

TI—]E defign of the learned Dr. Croone in form-

- onc.

In the mean time, this laudable defign may, I con-
ceive, be beft anfwered, and moft to the fatisfattion
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

firlt difcourfes. |
| a E X-
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WEXPERIMENTS

1. The elafticity of the ﬁiaad-?ﬁls, and non-elaf-
ticity of the nerves, demonfirated on a nerve, artery,
and vein of an human body cut out, and the degree
of the elafticity meafured. o ik
II. The difiribution of the merves, arteries, and
veins, to the antagonift mufcles of the arm of an
human body, [hewn in an anatomical Preparation; for

df?ﬁﬂ#ﬂrﬂiﬂg the neceffity of fuch a diffribution to- |

wards the performance of mufcular motion.

1L In the Air-pump, on the j?ﬂfﬂf vein of &
; |

Calf's to fhew that there is air in the blood.

This Experiment {tands in the Minutes of the Royal |

Society, as firft performed by me, about 17 or 18 years
agos and is now only repeated on occalion of thefe

Le&ures.

IV. Upon an human Artery, and the Rofe of Jf:r'i- |

cho; to fhew that the elafticity of folids arifes |

Jrom the fluids they imbibe or contain. : _
V. On a Frog ; to fhew the exiftence of a fluid in
the nerves, and that Mufcular Motion is begun by an
zmpulfe on it through the nerves into the mufcles.
pon thefe Experiments, anatomical Preparations,
and Obfervations made upon them, the doftrine of

ol | e b n et el

Elafticity, and of Mufcular Motion, chiefly depends; |

and none of them have been made by any one before,

nor are they extant in any author, that I know of.

VI. OnWater,Oil, and Mercury in the _zf{rm;.' |

to prove the elaflicity of fluids.

1
1
1

is Experiment, if it ever was made before, was |

at lealt never yet applied to prove the clafticity of
- fluids,
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 fluids, and fhew the immediate caufe of clafticity,
. and cohefion in folids.

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

1. The elafticity of the blood-veflels, and non-
elafticity of the nerves, will appear to any, who arc
difpofed to make this Experiment, as I have done, by

- laying a piecc of twine, about four inches in length,
_ parallel to the nerve, artery, and vein of the infide
of the thigh, in an human fubjett; which being
tied together above and below, fo foon as they arc
- cut out of the body, and laid on a board, the artery
and vein will be feen to contraét cqually, to the lofs
of F parts of the length, which they had in the body
- before excifion ; as appears in thofe in fig. 1. tab. 1.
the nerve continuing of the fame length with the
~ twine, as in the body. 3

2. In Dogs the clafticity is greater, to the lofs of
3 parts of the length they had before excifion; and
as this clafticity feems to differ in different fpecies of
animals, fo it may vary in the individuals of the
{ame fpecies, and in the fame individual in different

~ ftages of life, or degrees of health.

. 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 contra&ted in its {yftole, knows it therefore to be
elaftic in that fenfe; and every one, who has per-
formed the ligature on the artery after amputation,
knows that it fhrinks or fhortens its axis, and there-
fore is alfo elaftic in that fenfe. But though this be
known, yet the meafure or degree of the clafticity of

2% an
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an artery has not, that I know of, been taken notice
of by any body. And, fécondly, as the vein has no
pulfation, and is never defignedly tied in an ampura-
tion, its elafticity has been overlooked ; though it be
qual to that of an artery'in degree, but not in #o-
sentum, its coats being thinner than thofe of the
artery. Thirdly, The non-elafticity of the  neryes
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-
marked, and fince that time by Dr. Boerbaave only,
in the fubfequent Edition of his Infitutions, dnn.
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 Praiice of Phyfic, have
fuppofed and afcribed elafticity to the nerves.

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

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

the
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g 'rcufatmn through them : and cven in that, by
heir do@rine it has been ailowcd but a very ﬁnall
‘and by molt of them no fhare at all.
nd it may not be amifs to obferve, that thisEx-
eriment was never made by any, that I know of, till'
e aid year 17115 and afterwards, in the year 1735,
rhen 1 firft thewed it to this Sncmt}* ‘And further,
o’ it appears fimple and caf’y to be made, yet it is
:‘ ‘utmoft confequence in all parts of the animal
0l om}r for as all parts of the animal body are
l}' comp ofed of nerves, atteries and veins,
sepling thr;: hardeft fibres of the bones, which alfo
re Hﬂurlhf:d by them) it is certain, that all the ani-
1 fun@ions depend upon the qualities and con-

is of thefe three parts. Therefore this Experi--
4- as it demonftrates the qualitics, and degrees
,' : qualities, of each of thefe, gives us the qua-
s of the folids in all parts of the body; and there-
re opens at leaft one door towards the explanation
£ all the animal fun&tions, as far as they depend
: I thﬂ fOlldS

E@Wﬁn and Ufes of Experiment 11,

# . The next thmg which we are to take notice
_is the form or manner of the diftribution of
-f:e';; three effential parts to the various organs
their extremities; for upon this diftribution, and
ﬁru&urc of the organs, which they lead to,
nds the whole variety of the fun&ions, whether
-:'_}frr vital or animal.
Thc caufe, manner, and effe® of voluntary. .
cular motion, being a point that the Founder of
Lc&ures had chiefly in view, it was ncceflary
| to
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to obferve the manner, or order of dlﬁgbutmn
thefe eficntial parts to the organs of vnlunmg Mo
tion, the muicies. ot ARG
3. For this purpofc therefore I exhibited this ana
tomical preparation, not extant before in- anyﬁdtﬁ :
and, (o far as [ know, not hitherto arfempted by :
one; namely, the antagnm[’c mufcles of an h Y
arm, with all the nerves, arteries, and veins: le f-‘
ing to them, intire, as tho:},r appear in the fub]c&
felf; and likewife laid before you a wery accur
draught of them, wherein the arteries are mark _
red, thc veins blue, and the nerves white, as in +‘r
Is tab 2.
4. The ufes of this prcparatmn are various.
As it Thews-that there is no communication betweet
the antagonift mufcles by their nerves, cach ha ing
a peculiar trunk or trunks and branches of nerye:
diftributed to it, diftin& from thofe of its antagn ‘:m_
by which the mind has a diftin& powet over cac
and may at pleafure at upon cither, without acting
" upon the other: for if both were equall:; atted upor
at the fame time, no motion, but a rigidity and
immobility, would enfue. :d{y This preparatl n
fhews that the antagonift mufcles have a communi
cation with one another, by the intervention of th
blood-veflels, as there appears to be one trunk: 0!
an artery, and onc trunk of a vein, mmmnn
both. .
5. This feems alfo to be abfolutely ncccﬂary
wards voluntary motion, and the power and ene -;f_;
of it; to wit, that the a&:ng mufcle may hzm:agrca
derivation of blood into it from the common trun!

!'l_l'
e
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of the artery, than its antagonift, which is at thar
time to remain paflive.

' 6. Both thefe very cffential 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
acceflory quantity of blood to the atting mufcles,
 depends upon this diftribution of the veflels, and
' the mechanifm of the mufcular ftruGture, which
fhall be fhewn in-the courfe of the following Lec-
tures; wherein it will appear, that the antagonift
mufcles of voluntary motion are like two antagonift
{fcales of a balance; and that it is in the power of
' the mind, by means of this, and other parts of the
- mufcular mechanifm, not only to throw in a greater
weight at pleafure into either fcale, but further
to throw the weight taken from the one into the
oppofite fcale, by which. the momentum is doubled
on the fide, on which the mind determines to at..

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 carcfully from adhefions; which is then to
" be tied with a clofe ligature, firlt 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, fo as that the intermediate fegment of
- the vein full of blood between the ligatures may be
- cut off beyond the ligatuscs, |

b

2. This
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2. This fegment of thc vein, turgid: mh bl o t
' fhould be immediately put into a vefel full of luke-
warm or blood-warm water, to keep the blwd ﬁ-o m
coagulating within ir, which would happen ina fc '
minutes, if it was expofed to the cold air.
. The vein being taken out of the warm ﬁrater, :
is tu be tied to a fmall {quare pafte-board frame, : m:
made falt 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, avhich being
cxhaufted, the vein is to be opened with a lancet,
fixed at the end of a wire, pafling thmugh a col ar
of leathers. g
4. The confequence of this is, that the blood -'
which runs out of the vein into the veffel fet und r-
 neath, will be immediately and totally raifed up in
bubees, and thrown out of the veflcl upon the pl
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_ grcatl
Qored with air, aswas to be (hewn. i3

Rcfmgrkf on this Experiment.

O¥f. 1. §1. It is remarkable in the aﬁpﬁrﬁw 0
this Experiment, that the heat of luke-warm water,
which is nearly the fame with the heat of incuba a-
tion, keeps the blood in the vein ina ftate of fluidity
for fome hours; and I believe it might be kept in
that ftate much lunger, which deferves a trial ; this
being, as I imagine, the ftandard degree of l;lf.'.at n
all fuch outward applications, as are intended to dif-
{folve, attenuate, and difcufs ﬂagnaung animal fluids,
ot difobftruct the veflels :  intentions which are rath

' - hinderec
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ered tbau., romoted by too hot baths or fomen-
ns, in whmh the m:[’[akm ftandard degree is as
as the patient can bear it, -inftcad of what hc
__11@ comfortable warmth, and would be the
i ,qurc for him. This degree of heat would
ed be dgﬁ'r:rﬂut to diffcrent pcr{hns, but every
r".sgvDuId have the duc degree fuited to his tem-
rgcnjt, conftitution, and feeling, in which he
pgt;bcd:qv:wcd being himfelf the beft judge.
y even mﬂmﬂgufications or fphactlations, thuugh
1either tl'us qn any other degree of heat can reftore
10 lpn in the fphacclattd part, yet this degree is
moft likely I:q promote the circulation remaining in
F hc confines of the mortificd part; which is the (}nl}r
intention of fomentations and poultifes in fuch
§.c 2 in ordcr to a fcparation of the fphacelared

%
et
£

"a'
| § z. This do@rine is confirmed by obfervations,
=thpl': all animal fluids arc thickened by any great de-
| gree of hcat, or cold. Thus,
M §3 “The white of an cgg becomes as hard in a
night’s time under the fiow 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
h@:&cged in th: fame time; whereas it is known,
i).Ll s within the fhell are made more fluid by
t.he: h,pat of incubation. = -
§ 4 And hence it is, that the fame kinds of in-
-- imatory diftempers appear in the {ummer heats,
s in thegreateft colds of winter: Whereas the tem-
perate v[?’trmth of the fpring and autumn is general-
ly hepl]thmr,gor at leaft freer from thefe kinds of in-

flammatory diftempers. 4 ou.
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O!ﬁj‘ IE §o1ss huugh 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 elafticity of the mufcular fibres of thm’:i vein i
is fuperior to the expanfive force of the inclofed air, - ]
in which its elafticity is imagined to confift. |
§ 2. This clatic power “of the veffels therefore i
would make a 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 Temeriff; did not
the force of the circulatmn at leaft in this laft cafe,
contribute to that rupturc of the capillary ?cﬂEls, 3
which appears by fpitting of blood in fuch emi-
nences. -
04/ 1II. The manncr of this experiment Hporlfj
blood, which has never had any communication
with the external air, obviates an objeétion againﬂ"
an Expcnment of this kind, upon blood received in-
to a porringer, or other veflel, from the arm by
venzfection, which might be fuppoﬁ:d to have im-
bibed or received air in its paflage, and expofition
to the external air, before the experiment. |
O4f. IV. § 1. As the blood circulating in the
veflels appears to have fuch a quantity of air inti-
mately mixed with every molecule, globule, or ‘p:r:
ticle of it, the whole compound according to the .
common do@rine of clafticity, ought to be looked
upon as an elaftic fluid: even 1f thefe globules them-
felves were not tlaftic, as 1 formerly endeavoured to
prove them to be, in an effay on the firaGure and
motion of the h‘taﬂ' read fome years ago in ‘this
illuftrious Sociery, and in a differtation Jf .
Mot. Mufc. lately publifhed, g

§2.1n



N Le&, 1.

§. 2. In the mean time it may be neceflary here to
obviate an objettion againft the elafticity of all Auids,
- which arifes from the incompreflibility, and theres

fore, as is alleged, the non-clafticicy of water, the
bafis of all the reft; even though it be known to con-
tain a great quantity of air. For this purpole the
Florentine Experiment of filling a {pherical veflel of
gold full of water, clofely fhut up in it, and expofed
to the ftrokes of an hammer on an anvil, or to any
other ftrong 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 thews, that it cannot be com-
prefled into lefs room than it had in the {pherical
veflel, which is more capacious than the cavity of
an oblate fpheroid, to which the firokes of the ham-
mer, or other compreflion, may have reduced it.

§. 3. The folving of thisdifhculty 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-
count of the nature of elafticity.

Of ELASTICITY.

Elafticity being one of the principles of mufcular
motion, it is neceflary to fthew where it refides, and
how it a&s. In order to this, I (hall offer the follow-
ing propofitions, fome of which are {o evident as to
want no proof, and to the reft the proper proofs fhall
be fubjoined.

Prop. 1. The minima of all bodies are perfeltly
‘hard ; that is, their parts are ncither feparable, nor

b2 capable
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capah!c of ’Ehantrmir their' relative ﬁﬁlaﬂoﬂt ﬁi{.
power in nature. This is fuppurted by - the ingon
parable Sir Ifzac Newton, in his treatife d}f‘ -.
by irrcfutable arguments, whmh L nc*cd not
repeat. ' 1 10 a8
Prop 11. Thrzrefnrc, as the minima nf Badac§ c:'ﬂi.} ’,
not be fingly claftic, clafticity muft be a pro &&f
compound bodics only, whofe component .
capable of changing their relative fituations, and }:a'i't: A
be drawn to various relative diftances ‘Wlth ;cgard tb-_
onc another. o}
Prop. 111, §. 1. This property appears to be grcatér 1
or lefs in all compound bodics, whether folid or
fluid ; but the queftion is chlcﬂy about the elaflicity
of ﬂu1ds which has been pofitively denied in water
(the baﬁs of all the animal and vegetable ﬂmds) up:
on the fcore of its 111c0mprciﬁbtht}r, obferved in thc
Florentine Experiment mentioned above. But not-
withftanding that Experiment, 1 believe it may be
made to appear, that water, oil, and mercury, are
not only claftic them{clves, but alfo’ tht caufcs Df
elafticity in all compound fulrd bodies. "+ 1
§. 2. In order to this, we are to cnni_"d_er That tht‘., 1
natural ftate of all elaftic bodies, whether folid or
fluid, is contraction of all the parts of the. cumpnund
tuwarda one another, and to the common centre of
the mafs. Thisappears in a bow, and after the fame
manner in a drop of water, dew, or mercury, who
particles are all equally attracted towards the com:-
mon centre of the mafs, even in wacuo, nci:ardug
to the Vith Experiment, and therefore mwards g
";

another, fo as to form the exaéteft fphere ahmt
centre, Whete they remain in equilibrio, and im-
muvcahlu
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oveable by’ a’ﬁ?"ﬁﬁwer or force of their own; and
bed by any external force (fhort of wh'n: will
4 thcm into leffer {pheres) fo as to be reduced
ate or oblong fpheroids, or to any other figure
: "E’lfrdi‘n that of a fphere, they will immediately
‘i_!?emm"al of that force refume their former
al figure, fituation of parts, and aquilibrium,

their common centre, as before: and in their
rogrefs towards reftitution, they will either repel,

nftantly endeavour to repcl the incumbent or
lin farce .

rollary. Thus fluids appcar to be elaftic, asthey
: capable of extenfion or expanfion by any external
) ied ;. and of reftitution to their priftine:
L Hbglthcrr own natural force, by which they
érttndﬂavﬂﬁr to repel, every thing that ftands.
Lt :fway ‘of theirreftitution. 'Which is the whole:
aﬁ’ccﬂﬂlc of elaftic bodies.

bolium. Repulfc therefore (in this cafe at leaft)
» to be no principle of action, but the ecffe@
f that principle, which is rightly called contraétion
}:ﬁntripctal force ; which'I have endeavoured to

elfﬁwhn’rc [Sec Diff. de Str. & Moru Mufc.
g adj

| . 'As to'the Florentine Experiment, which is
& cdin contradiétion to this quaht}' in water, we
ﬁ;’rlmﬂﬁder, that cold water is before the Expen-
ent, in the ftate of its ultimate condenfation or-
trﬁ&m’n which it can have at that time or feafon
hich the Experiment is made, with an immediate
f.ﬂ& or the neareft poflible vicinity of all parts
tﬁb&mmpuund whole minima are perfeétly hard,
-has: been already proved ; and alfo perfedtly round,
iy, Whldl
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“which its fluidity fhews to be very probable. Such
‘body, I fay, in its natural ftate of contrattion can-
‘not be brought into a nearer conta& of ‘parts, not
into a lefler cmnpafs than that of a fphere, whlch
the moft capacious of all figures, under the fame :
face ; and therefore cold water, or any other fluid,
fhut up in a veffel of that ﬁgurc, would cither ¢
flantly refit the compreflion, or efcape it e
‘through the pores of gold: which no way invalidate
‘the arguments offered above in proof of its -- bi-
city. For though an claftic body extended, diftended,
expanded, or rarified, may be contratted or con.
denfed, cither by its own natural power, or by
external force fupcrior to that by which it was ¢
tended or rarified ; yet it does not from thence fe
low, that after its full natural condenfation or ce
traCtion, it can be fill further condenfed or con:
tralted, by any force whatfoever: which does not
at all imply a want of elafticity, fuch as has been abo
defcribed.
§. 4 It may be further added, that if it was pe
fible to condenfe any pure elaftic folid body, beyp
the ultimate degree of its natural contration ane
condenfation, when all extrancous or heterogeneou
bodies are removed ; then we fhould be able to: _'
the fpecific gravity of bodies, and fo far the tran
mutation of metals would be no longer a myftery.
But there is no known power in art or mmrc, by
which pure gold, filver, mercury, or any other p
homogencous meral, can be made denfer, or its 1
cific gravity increafed. It is true, that in ﬂﬂp
metals, by removing the impure or lefs weight
patticles out of the way of themutual contaé& of their
purer

L
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| and denfer, than an equal bulk of the original mafs :
but this is only a purification, not a condenfation of

nature.

‘bodies, whether folid or. fluid, is a capacity of being
extended, diftended, expanded, or rarified ; the effe&t
of which is alfo to repel any incumbent or impinging
lence and impetuofity in a dire€tion exaétly contrary

fore has been called, though, I think, erroncoufly,

'nated the molt elaftic of all bodics. 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 Aolipile and Fire-En-
gine ; though it be not allowed to be elaftic.

~ §. 7. But the truth is, that this expanfion, and
repulfe which attends it, do not feem to be natural

powers cither of air or water ; but effects produced .

in them by the force of fire, the rays of the fun,
or hear, in adire@tion contrary to the elaftic centri-

petal narural powers of thefe two fluids: fo that rari-
faftion or expanfion in them is not a natural adtion of .

their -

| puter parts, the remaining pure parts become heavier -

‘the primary effential component particles ;  which, .
| was it pofliblc, would alter the {pecific 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 .

~ § 4. The fecond thing to be confidered in elaftic .

force; which is fometimes done with very great vio--
to the centripetal force above defcribed, and there-

the centrifugal power of elaftic bodies, obferved in .
‘various experiments on the air, whence it isdenomi-

L
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Ctheir own, but a forced cffets and ther

~§. 8. And this is cqually obfcrvable

Leét: I [ xvi]
repulfe arifing from it muft alfo be the fam Ih | I-

folid bodies. For example, a bow that ligs
cannot be bent by any force of 'its own elaftigity
by the impulfe of fome adventitions external pe
which really extends it, or draws it to a grea
in the bending: therefore the haw};is.-mgt,-l_
act, but to be afted upon, in order to its
action of reftitution ; and the man’s hands
- adting upon it; repel whateVer ftands in th
their action. But this a&tion and repulfe
af¢ribed to the bow, whofe altion is reftitati
centripetal motion only, by which the arrow is pt
jelted by repulfe, or realtion of the bow upon i
its reftitution or contrattion.. -« . -fmiqimm
§.9. It isin the fame manner; that the rays of
fan, fire, or heat, expand and rarify condenfe
water, and repel whatever ftands mﬂh#m [t
action, and that undequaque in the manner of all otl
fluids; i which ac&ion the velocity of the particle
fire, communicated to the particles of a wieigh
than itfelf, increafes the momentum of the c:
and repulfe, in proportion to the different weig hts
the fluid acted upon : thnre_fm;qf;hq,gfaj;q%ggi his
panfionand repulfe is found to be far greater *“:
fied water or fteam, than in rarified air ;' as is
in the Aolipile and Fire-Engine.:. = -
- §. 10. Thus it appears, that this expanfic
pulfe is not owing to the natural elafticity
but to a foreign power, to wit, that of fire or he
AQINGUPON L. - 1 = Jort 20 radd BE aolirgEa A
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~§. 11. And this is confirmed by obferving, thatair
fong 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
-; 5'1 is expanfive power, {o as to become unfit for refj pira-
tion, and will extinguifh a flame, or kill an animal, as
iiickly as if they were ftifled in vacwe. Which in-
deed is the cafe. Whence it is commonly, but I
think, wrongly faid, that fuch air has loft its elafticity,
As if we fhould fay, that a bow has loft its elafticity,
becaufe we fee it lie ftill, contralted, or unbent, and
no hand imployed to extend, that is, to bend it;
‘without ccnﬁ?:lcring, that no elaftic body can a& until
it be firflt adted upon.

.~ What may be further faid on the head of clafticity,
‘fhall be the fubject of the next Lecture,

L

]
|
‘-

Y N the laft Le€ture I endeavoured to thew, 1/, That
- A the mnima of all bodies are perfectly hard.

. 2dly, That elafticity therefore is a property of
‘compound bodies only.

- 3dly, That this elaticity 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 folurion of contiguity or continuity of its parts ;
‘and a centripetal power of reftitution to the fame figure
e

. 4thly, That the nataral ftate of all elatic bodies,
‘whether folid or fluid, is contraétion only.

- RS C ffb-g?r
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tab{y That their forced or preternatural &
t:m" ion, expanfion, dilatation, or rnnfa&m%

forcign adventitious force. -

6;‘5{;, That this natural ftate of mnt:a i0
homogeneous fluids arifes from a centripetal f
by which all parts of the mafs tend to one com
centre; and therefore to once another in 2gu:
aboutthat centre, {0 as to form the exatteft fphere,
a figure capable of a greater quantity of matter, thar
any other figure of the fame furface. A ‘i"if;

7thly, That therefore in fuch a ftate of n#:-:f."-.
contraction, they are not capable of any further ¢
traltion, condenfation, or compreflion, fo lon
they. continue in a tate of fluidity 5 which does n
at all impugn their elafticity, or mvaﬁduw the ﬂtg .
ments produced in proof of it. | _

8¢hly, That repulfe is not a prmclple of a&mn
claftic bodics, but the effeét of that natural pnnr:.l
which is juftly called centripetal power, or a # -..u
towards aquilibration about fome common centre;
by which they repel, or endeavour to repel, w lat-
cver [tands in the way of their rtﬂ‘rmtimm that equi-
librium. i

othly, That as expanfion, dlﬂenﬁbn., and  rarifac-
tion are not the natural altions of eclaftic bodies; b
the forced cffedls of fome adventitious m:t:nﬂ
foreign canfe; or of an addition of more matte:
-the fame, or fome other kind, a&ting upon tk
therefore the fubfequent re 1fe produced is alﬁ
cffect of that {fame extermal ::auﬁ:! or of fuch ad
and not of the elaftic body 1tfelf whofe fnlﬁm
reftitution towards its own centre, in a direction cc
trary to the power of that external agenw. | '}_
i ' Bihisis " Thefe
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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, ¢ve. I fhall now
. proceed 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 general
conclufions for our purpofe, as thall appear to flow
" neceflarily from them, in confirmation of what has
- been already faid, and for a further illuftration of this
fubject. - -
" . 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 laft of
. which, though the moft univer(al and moft powerful
- of all, we are certainly the leaft acquainted with.
© 6. 2. Theair as it isnotavifible fluid, and is known to
. be an heterogencous 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 ufefully be the fubjedt of fome
- following Letures. -

- §. 3. Thefurft property that I havealready touched up-
| on in water, is, that the minuteft, vifible, diftinct drops
" of it, and even pretty large oncs, as well iz vacuo as
. in the open air, (according to the VIth Experiment
| made) form themfelves into exaét fpheress in cach of
which the centre of magnitude appears to be the
centre of gravity, attration, and aquilibration, asalfo
- of vibration or elafticity. And in fuch fmall drops it

" continues to be fo, as long as the attraltion of cach

. particle of the fluid within that fphere is greater to-
c 2 t wards

- w—— -
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wards its own centre, than towards the centre ﬂﬁ'th e
Earth : that is, until the drop be fo increafed, that the
gravity of the extreme particles of its furface exceeds .
their artraCtion rowards the centre of the drﬂp; 4
placed at too great a diftance from it, to be fenfibly or
fufficiently affeGed by it.  In which caﬁ:, though they
do not lofe their mutual attrallion towards each
other, and thercfore retain a proportional attraltion
towards their common centre ; yet they are forced to
yeild to the fuperior power of gravity, by which they:
furm themfelves into a fmall part or fetion of a larger
fphere, about that more powerful centre of the -'E"
This is moft remarkable in the ocean, where the water
affets and obtains the fame fpherical figure about the
centre of the carth, as the leaft drops do about their
own peculiar centres. - |

§. 4. And this attradtion of its particles in .egml:énn ;
towards the common centre of each {fmall drop, is di-
ftinét from, and independent of, the a&tion of the fpe- |
cific gravity of the whole dmp 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 {ufpended
in a fog, or lic or hang on the leaves of grafs; :1thcr
in the open air, or iz vacuo.

Corollary. Therefore the fame hy&roﬁancal la.ws,
which take place in the ocean, or any other confidera-
ble colleétion of water, whﬂﬂ: 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 itfelf to a convexity about i its own pecu-

liar -

. -
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iar centre.  And fuch of thefe laws, as may ferve for
ur prefent purpu['c, fhall be taken notice of in the
Bel
§. 4. The fecond property thatI would take notice of
water, is, that it is very plentifully attratted into the
‘pores, veflels, interftices, and innermoft receffes of all
”“i id animal, vﬁgctab[c, and terreftreous {ubftances,,
vhereit diffufes itfelf cqually, and uniformly, guagqua-
ﬁxm, and conftitutes in fome one half, but in the:
reateft number more than half of their bulk or weight:
0 fhy nothing of tin, antimony, fulphur, and (ome
her mineral fub[’cances, where it is al{fo found ; for:
h:ch the chymifts may be confulted, and particular-
th: moft accurare and learned Dr. Boerhaave; in
is incomparable Treatifc of the Elements of Chy-

& § 6. 1 fhall cnly offer one remarkable inftance of this
‘in the IVth Experiment made on a fpecies of Thlafps,
commonly called the Rofé of Feriche, Rofa Hieri-
chontea, which in its vegetating ftate {preads its
‘branches all round, almoft horizontally, from the top
'of the root, near the ground, as from a centre : {eetab. 1.
'Eg, 2. When it has perfected its {ceds, it appears of a
hard,woody contexturc;and asitgrows dry, the branches
contract and curl themfelves up towards: their centre,
{0 as to form a fpherical figure: fee tab. 1. fig. 3. in
which ftate this plant wmcrhed feven drachms and a
few grains; but after ]:nwuc'.t*r been fteeped two hours
n luke-warm water, it expandtd its branches as you
__::; and it weighs now 13 drachms, which is but
“one drachm: lefs than the double of its former weight
in its dry ftate: fee tab. 1. fig. 2. How much more
| Al - watcr:

:'
I

i o cnis e AR



Le&. II [ XX

water then, or watrjr juice, muft it have oonmingd
its green and growing ftate? 81 gy 1o
§ 7.Some greenplants indeed contain more juig '
others, but almoft 1n all of them, when poim
fqueezed, *the juice is found rca.tljr to excee
husk}r or dry part. This f:xc:ﬁi of the fluids in
tables is cxceedingly remarkable in all the fu lent
kinds, and is little or nothing lefs in living animals
and: recent animal fubftances; Experiments hay
fhewn, that after wafte or cxpulﬁon of all the flui
by deficcation or diftillation, the remaining
parts appear to bear a very {mall pmporndn IDB the
fluids. g

Corollary. Therefore the few rigid and l:&g £
able folids in all animal and vegetable fubftances .
in adtion yield to, and be governed by, the hydrofta:
tical and hydraulic laws of the fluids, fo -pk:nmfnl
contained in them; as that which haqthe greateft m
mentum, arifing from its weight and celerity, mﬂ
all motions overpower what has lefs.

§8. This is in a good micafurc remarkable in
Heath Rofe jult now fhewn, where the force of the
fluids, tho’ urged on by no other power than the at
traction of its fmall pores and capillary tubes, w:
fufficient to expand and extend the branches, ang
vefiels of which they are compofed, from bemg f
ments of lefler to form fegments of much
circumferences of circles, or other curves; wlm:
external force can do, without breaking th:m
pieces. Wb

§ 9. ThisExperiment ferves alfo to prove and illuftr: ~'
what 1 have advanced clfcwhcrc, a:onccmhg

pﬂ ) ‘a-:' :
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er of the blnﬂd propelled alternately by the force
th: heart and arteries into the branches of the

. ‘1 od-veflels, invefting the cavities of the inteftines

M vcﬁcles of the lungs, for forwarding the diaftole
cxpanﬁmn of thefe cavities in the periftaltic motion
d infpiration; to wit, by a force in the dire@ion:
thr: tangents of the arches of thefe veflels and
ities, which is a direftion perpendicular to their.
mp:tal claftic contraftions; * as they appear in.

_: b ﬁ: draughts of the inteftines and veficles of the

s before you. Sec Diff. de Struét. & Motu.
?ﬁ: tab. I. fig. 1, 2, 3. andtab. V. fig. 5.

10.The third pmperty obfervable inwater is,that it
s the cement of union of the folid parts in all ani-

“ , vegetable, and terreftreous fubftances. A para-
dox, which nothing but experience could render pro--

8

able; to wit, that a fluGuating body, whofe parts.

‘may be fo cari difturbed, difplaced, or feparated,,
fhould give ﬁrmncfs hardnv.:fs rigidity, and ftability, .

and prove a :Wa of union to other particles of a

- which could never unite among themfclves
iithout it.  Yet this is obvious in mﬂcmw of bricks, .

m:tar, and figures in plaifter of Paris, and alfo in.

e diftillation and calcination of all vegetable and
1imal fubftances; where, after the mtal expulfion
al*l the fluids, m::thmg remains but incoherent
e duft or afhes, incapable of uniting again with-

' a new recruit of moifture.

Q?I»I.. The fourth property of water is, its being the

nniverfal diflolvent of all thefe very fubftances,of w vhich

‘lﬁa preceding feCtion it is obferved to be the ce-

ment. Which alfo at firft fight fecems another para-

becanfe to unite, and dmdf:, arc cvidently two
contrary
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- contrary aions. I fhall therefore in the feq
vour to 'hew, how confiftently they flow from
the famc principle, a&ting by the fame | {t
§ 12. The fifth very remarkable property of
other fluids is, that they are capable not only
alteration of figure, or different pofition of
without the lofs of contiguity, as has been.
ready; but are allo liable to have their parts feparate
to {mall diftances by expanfion or rarifaction, or-
greater diftances by cvaporation or diffipation ; “ whig;
is cvident in water, {pirit of wine, oil, mercur
and all other kinds of fluids expofed to the fire, :'3'-
heat, of any fort. In which circumftances théy ve
forcibly, and in fome cafes almoft irreflﬂibljz,_ i
cvery moveable thing, that ftands in the way of the
expanfion or evaporation, even to the pitch of expl
fion at the places of leaft refiftance: as appears 3’-;%
Eolipile and Fire-engine. L or o
~ § 13. The principles from whence this expanfiy
power and repulfe arife have been mentioned alread,
I fhall now apply what has been faid in this, and tl
former le@ture, towards a further explanation
univerfal clafticity both of fluids and folids.
§ 14.. 1/2.1t has been generally {uppofed,that when tl
folid particles of an elaftic body are drawn out of c¢
tact to fome very fmall ditance by extenfion, they h;
a power of reftoring. themfelyes to their
talts again by their mutual attraction; in which ¢
clafticity of compound folid bodies has been fa
confitt. But if we may depend upon what is vifibl
we fhall never fee the dry folid fibres or particles
any folid body, once divided or drawn out of
tact, coalefce or unite again, or recover the clof

contac
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ey had before; without fome fluid medium
,J,pf:raddcd And therefore if the leaft fibre of a
~bow, orother claftic (olid dead body, be once crack’d
"r bmken the rupture will always continue the
ame; and notwithftanding the elafticity remaining
;am the other parts of the bmv by which the broken
‘or divided parts are brought again within the fame
. Eounds of vicinity, thmuwh “Wwhich this attractive

powcr is faid to extend, meverthelefs they do not
again coalefce or cohere.

- § 15. It is further obfervable, that if a drop of water,
ml, or mercury be divided into many lefler drops,
“and placed at the leaft imaginable diftance from mu*
‘tual contat, they always remain diftinét and difunired;
but upon contaét they arc abforbed into each other
;W;Lth a vilible rapidity, and become one as before.
- Corollary. Thercfore there is fome reafon to con-
c:lude That the power of attraftion does not reach
;much, if at all, beyond contaé&, cither mediate or in-
‘termediate; and that it takes effect in {olids only by
the mediation of fluids. Again, it is apparent, that
within the limits of contatt it is very fenfibly firong
in fluids.
~ §16. This quality in fluids with their capacity of
. change of figure,or difpofition of parts in the mafs, to
‘every imaginable (hape,without a folution of continuity
or contiguity 5 and with a power of returning to their
pn{hnc figure, or difpofition of parts, within their
former furface again, when left to themfelves; thefe
tquaht:cs, I fay, are fufficicnt to eftablifh elafticity as

| natural and effential property of fluids, not difcover-
a'blc in pure or fimple folids, without their mediation
or affiftance.
N
B

d §17. Fm:
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17. For by what has been faid bi’
, whcn deftitute of all humidity, or d:i:rw: ‘ i
fluids, it appears evidently, thar none of th
faid qualitics can belong to thems and there
folids they can have no elafticity of their oy
any degree of it, but what is borrowed from the flu
they contain. An inftance of this is in tht“ - .“,.*'
fnrc you, whofe elafticity while recent mhlg
fhewn before in the firft Experiment 5 bur‘being
dried is neither capable of extenfion or
remains rigid and contra@ted, until it be ftecped agai
fome hours in water, by which it will recoves
former clafticity. In which ftate it fhafll be fh
ain at the next meeting, odva
§. 18. If elafticity therefore refides fb!&l‘y‘j ds,
only by their intervention in folids, we ar ‘,n
conf der how, and with what force or ; i
adts there. . Rosilihy,
- §. 19. Elafticity then, at leaft inanimal and vegetab
fuh{tanccs being an effential property of‘thett“ﬂﬁi ds
of them only, the laws of elafticity and hydroftati
mutft be the fame, thefe laft arifing from the n: ""
fluids; as well as the firft; and thr.r: can b:no incon
gruity, contradittion, or inconfiftency ihc“ an
nature or effence: therefore the knc ot
laws.will give us the laws of ehtt:cﬁy
take place equally in minimis 4t in MW*
drop of water as in the ocean.
§. 20. Itis agencral law inhydroftatics, th

fure of fluidsisin proportion to t‘h‘:l:r gm&) . ,

and the furface againft which th

‘proportion o theirbreadth.

, g't 21, .!';3.;:"5
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R cngenc;allaw is, that i the fame alritude
grﬂ% cqual,lly in"all diretions, or quaguaver/im.
§.22. From thefe two general laws arifes another
10{1‘;{ thhlﬁ commonly called an hydroftatical
paradox : o 1.1.,*;;, :hat a cylinder of water of any given
eight, cqmmumcatmg with a veflel ferunder it 0f any
cn diamerer larger than its own, and full of the
~fame fluid, prefles upon the bottom, fides, and cover
;tlmt *E:ﬂ};;l with a force cqual to the weight of a
eyl cngf wgter of the height of that cylmder and
ﬂ;[q dmmrftqr of the undcrﬁ:t veflel 5. and,. if the
L‘HH be. dl{{‘c,n.{'le it will diftend it, or 1nlarge its
cavity by all that force ; which may be indefinitely
eater than the weight of the whole water, contained
- both in the veffel and in the cylinder: whlch mecha-
‘ dﬁ'pnftmn of the fluid produces a great multi-
q&tjiﬂﬁﬂf power, in proportion to the height of the
3 l}ﬂdcr, and breadth or diameter of the communi-
cating underfet veflel,
.:'gr: j,i et us then only for the prefent {uppofe, what
Pﬂgbablt that the pores and interftices,
1d animal and vegetable bodies arc rc:-und
t,flgu' w:ﬁ'gla areknown to be cylindrical; and that the
Jatgt:t.,,ﬁ":'grjgr drop of which tends naturally to {phericity,
beir 5 ;t;;a&cdmtn them, is lodged there in {mall /pe-
rules or ¢ylinders ; this being the contratted fhape,
“.;;1; ‘they naturally take, as comprehending moft
ma .pr wn‘hmthﬂ Icaﬂ furface. Now if the folid body
" ning them in its pores or veflels be drawn
nt -.m: extended to a larger furface, containing the
- fame quantity of matter, the fluids in it muft yicld to
g; gpqﬁ. an,‘;:l therefore cach drop muft rakr:‘fqmc
.1 g;;n; f:qm thaf:l of a fphere, or become a

cylinder

|_ i
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cylinder of a I:ﬂ'cr diameter ; that is, m’W "‘n_a n ,
be extended or :xpandcd fo as to b:cnme,,ﬁﬁ. blate
or oblong fpheroid ; or it muft take fome ot’hc.f," _
different From that of a fphere, and ada ted wrp__, .‘?-! |
figure, which the pores and mtcrﬁ;cts qf | 1': ﬁ:ﬁ 5
But {o foon as the bending or extending force ceaft
and the whole folid body is left to itfelf, the pattlp es
of each drop will ‘endeavour to recover their equili-
brium about their peculiar centres, whereby " tl ﬂui"
recover their fphericity, or contraltion again into t 4}“
leaft poffible fphcncal or cylindrical fpace; by which
the reftitution in cvery part, and therefore of th .+"
whole, is performed, the contiguous folids: 13:11{1
and confpiring with, the mmmt#mafﬂm uids i:;, - -._5.
aftion. '

§. 24. But for the fake of illuftration only, lct 58
again fuppofe a thing lefs probable : towit, that by th&
extenfion of the containing folid a part of :ach dll'.hn
drop fhould be raifed beyond the furface, in the
of a {mall cylinder, by which the diam:tnr of &
drop would be lcﬁcncd, this fmall cylinder tﬁ:
would prefs towards the centre, and all fides of tli
drop, with the fame force mcntmncd in Seftion m
and in the reftitution the diameter of the drop woule {
increafe propartionally, as the length of the cy‘l;i’td
in its defcent or acceflion towards the centre of the
drop decreafed : therefore it would defcend or : -:i:_:.-
to that centre by a motion uniformly acccl:ratedg
in gravity. And in this view we have gravity a
elafticity arifing from one and the fame nnc:lfl&.;

J-HJ'- f

24. But the fame argument will hold, and the fam

conclufion will follow, upon the: other more pmba £
- fue- ..
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Rippofition : to wit, if by the extenfion of the folid
ontaining body, m::ntmncd before, each diftint
:ﬁ op be fuppofed to be drawn from its fphericity into
“an oblong fpheroid, or prefled to the form of an oblate
5 ne; for the reftitution in both cafes will produce the
famce cffeit from the fame hydroftatical principles;
fince what-ever part of the fluid is extended beyond
* ¢ bounds of its former {pherical furface, will thereby
1ave an increafed preffure towards the centre, fiich as
the cylinder has been faid to have, orin fuch a ratio:
;} ﬁaufc the rays terminating in the uncomprefled parts
“the furface of the oblnng or oblate fpheroids of
?;m ds, are lengthened by the new acceflion of particles
from the cmnpr:ﬂ'td fides, by which the preflure to-
Fff-. ds the- centre in fuch lengthened lines will be
creafed, in proportion to their lengths;- and the
"-"-'-f‘s-r er diameters of cach Jpheroid will be proporti:
ally lengthened, as thefe lines in acceding to the
ntre arc fhortened : that is, the particles, which lie
in lﬁhc dire&tion of the Inﬂger diameters of the /fphe-
d; in the reftitution will accede towards the centre;
with a motion uniformly accelerated, as in gravity.
Fh ¢ fame will be true of a cylinder, whofe diameter
4,3 ortened, and its axis lengthened, by the compref-
on or extenfion.
Co ollary. Therefore the laws of gravity, hydro-
r:s, and elaﬁlclry, are probably the fame, and arife
om- the fame principle of central attraction, only
rfified in almoft an infinity of pbmmem botix
,: ral and artificial, by the diverfity of centres, cir-
 cumftan ecs, and dlﬂ'ercnt qualities of the bodies acted

§. 16, And
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§. 26. And this conclufion fmm&ﬂha :
by the Vith Experiment made at laft miceti
oil, and mercury, in which it was appar
ccntnps:ral force of thefc d{[haq& ﬂmﬂg i
from another in the p:ogormon;uf their {p
vitics. The drop of mercury, as the heavie
the moft perfet {phere about its own gc%
leaft ; the drop of water, though i;ph{:: l,
the plain in more points; and the oi |
upper furface was fpherical, lay s;mcbﬁ 1t
plain, forming as it were a fﬂ&ll}lﬂ qf,&, all fphe;
Therefore the centripetal force in cach w C
tional to its fpecific gravity; whn:l;.
that it flows from the {ame pnnclgl,;
fame fubje& always with the fame 1%5
only on cach fpecies to a dlﬂ-ﬁ:m'%tﬁw d
ferent degree of force or momeutum; whereas '~'
centripetal force in each of thefe di id aril *
fome other prmciplq than that og gravity, it mig
be fironger in. the lighteft than in the m
For as gravity is a power,, whl,ch alls ¢q on.
bodies in the ratie of their contents,, if this f_
petal power, being cqual in all bodies, was in fom
other ratie or proportion, than that of their contents
then it would aé&t moft ftrongly and m
lighteft fluid, whofe gravity and 1d le
refift its force: and therefore the ;
form a perfecter (phere, than the mercury ; the reve
of which appeared in the E;{pﬁﬂ% ﬂ, |
§. 27. Another thing that I would t £ *‘
Expcriment s, thatdﬁﬂd:!ﬁcﬂfmh%ﬁ cle three fit
could be taken equal one'to another in
cuhs:s of th: diameters of the fpheres formed

: E '«...l--\. ill'
-
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‘would be one to another reciprocally as their fpecific
‘gravities ; in the fame manner as the fpaces they take
p 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
jﬁbm.gravity, and is governed by the fame laws; pro-
~ducing a motion uniformly accclerated, as in the
- defcgnt of heavy bodies.

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

ft‘?ri'nci' le.

~ Having thus endeavoured to prove, that water and
. Watery fluids are not only claftic themfelves, but alfo
. the immediate caufe of the elafticity of all animal,,
 vegetable and terreftrial folid fubftances, of whofe
compofition they make a very confiderable part; it is
- now incumbent to fhew, how its other fcemingly con-
trary properties formerly mentioned, are reconcileable
one with another, and alfo with this eflential 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 terrene
- bodies: or can become the caufes of fo very different
‘and even contrary effels, as to unite and divide the
parts of the fame fubjeé; and this by that fingle pro-
‘perty of central attraction. _
ﬂ{ order to the cafier illuftration of this, I would
‘offer the following propofitions, which are either
' evident of themfelves, and univerfally acknowledged,
or founded upon Experiments, or proved in thisand

the preceding Leture, .
-'-‘-"ﬂ-v”" A . Prop.

R
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Prop. 1. There is a natural centnpeeal
water, and indeed in all other fluids, by whi
diftin& drop, or certain {mall quantity, ltf't tia
gains and retains an exa@ fphericity.  This [ he
fufficiently appeared by the obicrvations aud;
ments already made. T
Prop. 1. The degrees of the mtcn.ﬁty Qf po
propagated in rays from a centre, or impelled j
contrary dire&ion towards the centre, are found ti:q
reciprocally, as the {quares of the dt&mcca from' he
centres of the refpetive fpheres of their a@ivity.
Cor. Therefore as water appears to have ﬁl
centripetal power, it follows, that the txtrcme:
fuperficial particles of the {malleft drop of wat:r pre
towards one another, and towards their u="j
- centre, more ftrongly, than the fuperficial paruq,:!,ﬂ
a larger drop, or of the fame drop, augmmt:d 0 a3
larger fize by the acceflion of more water. 7
Trqp IlI. There 1s an univerfal m!pcnctrablllty;
matter, {o that one quantity cannot take place, w
out dlﬂndgmg another of equal bulk or furface.
Prop. 1IV. And in this ation, that whi _has_ the
greater momentum Wwill overcome or dafplacc tha
which has lefs. ) ,_;;*
Prop. V. The quantity and cci:m;r or #
of afluid in motion may be fuch, as ;o n#cmpmcﬂ
refiftance of folids at reft. | | (s
Prop. VI.. Water and other ﬂmdmn ntat
folids, acquire a degtee of motion by attration in
their pores, capillary tubes, and mtcr&m;s,_qm;
their innermoft recefles, fo as to fwell,
expand them. Inftances of this were thewn i in |
Rg’é of Fericho, and in an human artery.

L4 ‘\.
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- Prop. VII. And the dcgree of attrattion of the
fame ipecies of fluids mto the fame kind of f(olid be-
ing always equally the fame, the celerity of the mo-
tion arifing from it will alto be always the fame.
!':fl?hg;;:fo;c- the increalc of the momentum of the fluid
Lin 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 even to a perfe&t folution,
 Which all obfervations confirm.
. 6. 28. Thefe propofitions being admitted, it will
Eappcar, that the cohefion of folids in their various
'Ed:grecs of hardnefs, folidity, rigidity, or lefs fenfible
 elafticity, manifelt elalticity, and foftnefs; and alfo
 their perfe folution, even to the ftate of fluidity, do
Il 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 dudtile kind of
afte, Prop. VIL. 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 diftiné drops, leflened in their
fize by the evaporation, and therefore having their
emaining particles more ftrongly attrafted to their
“refpeive centres, and one to another; and confe-
uently producing a fironger adhefion of the conti-
guous folid particles to the pitch of hardnefs, rigidity,
and a lefs fenfible degree of elafticity. As in Cor.
PLrop. 11, -
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0. This alfo appears for the ﬁtﬁl.':*" afon i
dried” lime- mortar, and plaifter of Paris; and m
be the fame in the natural concrctions of con
ftones, marble, de. in all which the moifture has
by degrees evaporated to their fpecific pitch of
nefs. And hence it is that all quarry ftones, byr
expofed to the open air for fome time, bccmn
dually harder, than whcn they were cut out &F_
uarry. 3 Gl
¢ 31 But when th: remaining moifture i§
or tﬂmll}' expelled by the force of fire, thcy tt
to their original incoherent duft, dry powder, o
lime. hE2Y '?1
32. Sothatthe cuhc{'mnof parts in folids of this
kll‘ld’tﬂ the pitch of hardnefs, rigidity, or lefs fenfible
elafticity, arifes from the fmallnefs of the fpﬁcru-[ s Of
drops of ‘water interfperfed in their pores; which
makes them le(s capable of extenfi on, dﬂmhm
fenfible clafticity. See Cor. Prop. 1. | '}
§.33. The fame appears in dry wuod and othe
vegetable folid fubftances; and in the dry 8
korns, and nails of animals ; whofe hardnefs or rigi
dity is owing to their deficcation, or to the evap #
tion of a certain proportion of their moiftare ;-
remaining fmall portion making the folids in ther
- cohere more ﬂ-rcmgly, for the reafons m‘m:io:m:l
the fame Prop. 11 o
4. And Whr:n this remainder B#ﬁbﬂ ellec
the force of fire, having loft thcf@ﬂﬁﬂ‘ﬁf mng
fall to duft and af’h:s :
+ §.35. Orif the proportion of water be o
increafed by infufion, maceration, or dcco&;on

.'i
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are brought to a {oftne(s or folution by the momentum
of the increafed fluid. Asin Prop. VIL
~ §.36. This is farther evident in the making glue of
the dry skins of beafts, and of filhes; and pafte of
. ftarch 3 whole agglutinating quality is owing folely to
i_ the proportions of water abforbed, or intermixed by
Cinfufion, maceration, or deco&ion.
§. 37. Again, a ccrrain 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 othet recent parts of animals)
- produces a fenflible clafticity, eafily to be brought into
- action ; becaufe the larger molecules or drops of the
- interfperfed fluids by a lefler or weaker zifis of their
. extreme-particles one to another, and to their refpec-
~ tive centres, admit an eafier change of figure in the
. .bending or extenflion, and thereby gain a more fen-
.. fible motion in their reftitution. Thatis, by this greater
proportion of fluids in their pores and veflels, they
become more fendibly elaftic. As in Cor. Prop. 1L
" . 6. 38. Baut if this proportion of fluids be farther
. inceeafed, all thefe fubftances become foft and pulpy,
. and thereby lofe their elafticity ; becaufe the inter-
- fperfed molecules of the fluids drc now fo large, that
. the particles of their extreme furfaces, contigueus to
. the folid parts of the compound, are lefs artracted
. towards their centres, and therefore upon change of
figure are incapable of reftoring themfclves. That is,
' by a redundant moifture their elafticity is loft, and they
~ become foft; they fall into a degree of folution, or
the loweft degree of fluidity.  Sce Prop. VI. and VIL

"

TR s LY

¢ 2 §. 39. And
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6. 39. And if this proportion of fluids bey ct:
or greatly increafed, the folid is completely «
(fee Prop. 111 V _and VIL) its folid pamc?lcs §
repelled, or drwen afunder by the interpofitior
copious fluid, as by fo many wedges fucceedin
another, mcrcaﬁnn in bulk, and impelled by attr:
the prime fpring of motion in all folutions, f
tations and putrefaltions; but as this opens a
large field of difquifition, which would lead us te
from the purpofe of thefe Lectures, 1t muﬂ: th
be left to fome other opportunity. | Aot

§. 40. Thus the feemingly contrary or rcpu
properties of water and other fluids in cementing
diffolving, hardening and foftening, as well as ¢
municating elafticity to folids, are reconciled's as ari
from the fame principle of central attta&mn
ducing different and even contrary effects, by its dif-
ferent degrees of force, in different prnportionsof -
fluid.
§. 41. By which it alfo appears, that there i
fuch principle in nature, as a centrifugal pwpr 1
that repulfe (at leaft in all thefe pbmdmm) arifeth
from the principle of central attrattion in the relbith 1-
tion to equilibration ; and from the impenetrability
of matter ; and the fuperior momentum of an H-f'-i'-.
creafed fluid, forced into action by the fame att
tion : and therefore that it is no natural t‘mdp]:,
a forced cffe, which was to be pmvcd Set
1L IV. V. VL VIL 1 in UGS

TR T
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HIS Lefture, which is to be the laft for this
feafon, contains an explanation of the Vth Ex-
periment, and a fhort abftra&t of a general fcheme of
mufcular motion, which may lead us, without wan-
dering from the purpofe of thefe Lectures, through
the whole animal ceconomy : in which the principle
- of elafticity, which I have been endeavouring to ex-
plain in the former Lecures, bears fo 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
impulfc, the inexhauftible fource of all motion in the
“univerfe.

The Manner, Explanation and Ufe of the Vth
' Experiment.

. 1, 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 fciffars, a fmall probe, the button at its
~extremity being firlt filed flat, is to be pufhed very
" gently down upon the upper extremity of the me-
" dulla fpinalis, in the firflt vertebre of the neck; upon
" which the inferior limbs, which hung down loofe, will
" be immediately contra&ted, as they appear in fig. 2.
tab.3. The fame probe pufhed gently through the
“hole of the occiput of the feull on the medulla oblon-

- gﬂrﬂ,



Led. 111, [ xoxviii ]

gata, will make the cyes move, and fomm
mouth to open, «
2dly, The fame being repeated at femc mal!
terval of a few feconds, fucceeds for feveral tis me
the fime manner; until the extremity of the ff
marrow be cither puthed down too far out of
reach of the rube or contufed by it, which
cffet appcars fmucﬁ on the medulla Wﬂ& bu
after this the Experiment will not farthcrﬁmm
compreflion then ceafing to be :.qual su: uni e

L) :.: i
L1
I‘

J.
i ;;é“.:- 1¢

Géfarﬂﬂmm on this Expenmmt " i

J:-. _.
O4f. 1. It muft be obferved, that this E
fiicceeds better in the fummer months fﬂw
after the Frogs have fpawned, than it docs cax
the fpring, or in winter when thofe creatures |m
moft dcad by cold, and want of food.
O4f. 2. The interval of a few feconds in rep -
ing this Expcrlment on the fame Frog, fcems to D
ncccﬁary for recovering the equality of the circul:
tion, which was difturbed by the immediate m':cd
ing convulfion, as it mruws the blood uiolmﬁ}b _
of the mufclcs in the time of their Ma&m
fyftole, which cannot be reftored Jmmﬂdlaﬁﬂyin
a languid ftate of circulation, as this E nt my
bring on; and as the afliftance of the wil .
_pear by the following fcheme to be neceffary to n
‘cular-motion, where it is deficient, theMn
alfo be defeiive or imperfed, as it appears i
_peating the pufhestoo quick.
OJ4f. 3. As the inferior procefs of the hmn callec
_th-.ww&a -blongata, aud nsmnmnmm alled t
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aﬁﬁmal marrow, are only a continued or prolonged

- collectioni of the merves arifing from the brain and

3 Mﬁ‘ﬂfﬂm: by this Expcriment it appears, that the
 nerves contribute 1cm1rkab1}v to mufcular motion s

- and thar their afliftance in it is owing to the fluid they

*cnntam, I have endeavoured to prove, by fhewing
- the non-elafticity of the nerves in the firft Experiment.

04f. 4 The motion here excited is in the mufcles
af voluntary or {pontancous motion, which are under

' the command of the will.

- O4f: 5. The cffe& 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 fpnntancous motion, and
- performed by mediation of the fame infiruments, to
~ wit, the animal fpirits, or fluid of the nerves, and the

- mufcles of voluntary motion.

. Obf 6. The extremity of the probe applied in this

. Expcriment being flat, cannot produce this cffect by

irritation, but by compreflion ; and the compreflion:

of the pliable extremities of tubes full of any fluid,

- muft deprefs or propel the contained flnid towards the
lower or oppofite extremities, with an increafed de-

 gree of velocity. Therefore at lealt the beginning of

' this motion may be juftly afcribed to a propulfion of

'a fmall quantity of the contained fluid, through thefe

Lﬂcndzr canals into the muicles, in which thﬂj’ ter-
'minate, with fome greater degrec of velocity, and in
fome greater quantity than ufual. Whence we may
' conclude, that voluntary mufcular motion in a living
‘amimal is begun in the fame manner, by an impulfe of
‘the mind or will on the animal fpirits through the

hm:zs, into the muicles.
i Cor.

2y

h ._'-l.
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Cor. And as the quantity of animal {pirits p
into the mufcles in this Experiment muft bﬂa
very {mall ; it follows, that the wafte of thls.ﬂ
moderate voluntary motion in life is very inconfids
ble, or little more than what arifes from the comm
courfe of the circulation, moderately pmmnt
caly exercife, and ufeful for health. It

04f" 7. Inthe following fhort abftrac of a gt
fcheme of mufcular motion, the firuture of a |
cular fibre is fuppofled vcﬁcular with a rctl
plexus of blood-veflels invefting each veficle; w
is confirmed by an univerfal analogy in the
of all the moving parts in the animal mconqmy, n i-
ble in the hrzart lungs, ftomach, inteftines, urinary
bladder, ére. whaﬁ: motions ccrn{' ft in an altcr ate
fyftole and diaftole. Therefore the nature and «r
ner of the mufcular motion produced in this Exp -raT
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 Exp-:nm:nt Which will be farthl.‘.l: l:xp d
in the following {cheme. y, 41t

edn Abfratt of a general Sch'im' of e
cular Motion. See Difl. de Struct. & N
Muﬁ:. o ;i

3 'I. i
HE order of accountmg for mufcular mot l‘-s
confifts in afligning, 1. The principles. 2. The

immediate caufe or caufes. 3. The inftruments. 4o

The manner of action, or moedus. 5. Thce&'e&!ﬁ
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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
immediate caule. Diff. de Struct. & Motu Mufe.
Cap. 1.

3. 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. ~ Dif.
de Strutt. & Motu Mufc. Cap. 2. 5.

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

Schol. 1. Inquiries into the intermediate caufe or
caufes of this univerfal centripetal power, of which
clafticity is only one branch, are not to be dropt, or
negle&ted ; but after all our refearches and difcoveries
we fhall 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
Gobp himfelf be not the immediate, alting, ubiquitary
caufe of centripetal power; which feems to be the
immediate caufe of all the phenomena of nature 5 the
indefinite variety of them appearing to arife only from
the different ftructure of the machines or inftruments,
and other circumftances of aftion. And it is evident,
that all thofe phenomena, which by fome of the

antient philofophers have been attributed to a fuga
f VAciH?,
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vacui, arife from a perpetual zifus to cquilibration,
the ultimate aim of nature, and the immediate cﬁ'c&‘*f
of this centripetal power. s
And though this univerfal ccntnpetal pnwcr waai
to be admitted as the me plus wltra in the line of
caufes or principles, (which I do no ways pr:tcnd to
determine) and was to be refolved into the imme-
diate and ubiquitary agency of Gop as the pﬂmch
mover ; this would nevemhelefs be far from puttmgs-
an end to all further difquifitions, or inquiries in na-
tural philofphy ; as fome may have 1nadvertcnt1y,appr¢-_ &
hended: for there would be ftill an almoft infinite”
work behind, for exercifing all the faculties of the
mind, in explaining the innumerable varieties of the
hanomena or cffe@ts arifing from this principle. Wﬂ'. E
{hould ftill be far from knowing all its laws of motion;
all the degrees of its force, and the indefinite va.n:ty '
. of its direétions in the innumerable produttions of
nature, with all their various ftructures ; which would =
ftill remain the inexhauftible fubje@s of inquiry in
natural philofophy ;- by unfolding of which, fhe would
not only nominally, but really, become the miftrefs of
all arts and fciences; the former being only imita-
tions of the works and defigns of nature, and the
latter the dodtrine or explanations of the fame works,
whether phyfical or moral. But to return frﬂm this
digreflion.
5. The univerfal inftrument of all animal mntluIL -
isa MuscrLe. Diff. Cap. 3. o ﬂ
6. No other veflels are obferved to enter into, 0:
to make a part of the compofition of a mufcic but
nerves and blood-vefiels ; therefore a Mufclc, or the i
compound inftrument of all animal motion, muft b&vj

made up of thefeonly. Dif. Cap 4 & Concluf.
7 The ._:,

=l
A

il
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ﬁ:; - 7. The nerves are not claftic, but ferve to convey
- an aqueous fluid, called the animal {pirits, from the
;’Eﬂbm.“: cerebellum, or {pinal marrow, to the mufcles.
- Diff. Cap. 5,6. Which fluid is the immediate fub-
- jeé&k of impulfe, or the immediate inftrument of the
. mind for beginning mufculgr motion. As appeared
" by Experiment V. made con a Frog.
. 8. The blood-veflels and blood are elaftic; whence
~ the centripetal power, or contraftion and repulfe in
ﬁ‘,_mufcular motion. D] Cap. 6. |
© 9. The external diftribution of the nerves and
- blood-veffels to the antagonift mufcles formerly exhi-
 bited in Tab. 2. fig. 1. thews, that cach antagonift has
- its diftinét nerve or nerves without communication ;
. but the antagonift mufcles communicate one with
. another by one common trunk of an artery, and one
' common trunk of a vein: fo that they are like two
“antagonift fcales iz wgquilibrio, over which the mind
. has a diftin& power by diftint nerves for determining
* the animal fpirits, and thereby the blood, to ecither
" fide at pleafure, without affeting 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, gre. wherein fuch aftruéture appears
~ to the naked eye, as gives us the following Idea of the
~ fmalleft mufcular fibre, defcribed in Diff. Cap. 8.
that is, @ nervous fibre produced from its entrance
into the muftle along or in the axis of each carnous
fibre, in the form of a chain of diffenfile veficles,
- whofe fides are covered with a net-work ? elaftic
longitudinal and tranfverfe blood veffels s the extre-
* mities of all thefe nerves ;‘ﬂ?ﬁﬁﬂﬁf# forming the frb
o5 ‘ 2 on,

i
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don, which being [pread out or expanded agam, ﬁrm J
the periofteum. Seefig. 2. and 3. Tab. 2.

11. By the naked eye, or with the help of a miﬂ
cra{'copa this fmalleft mufcular fibre appears of th
fame blood-red colour, and of the fame {hape' :
figure with the whole mufcle whence it is takens
and the whole mulfcle of vaiuntar}* motion is no more
than a fafcicle or bundle of fuch {mall mufcular fibres:
therefore its altion can be norching clfe, than the joint
altion of all thefe. Imtrod. to Diff. fag: ¥, 2 _

12. But the altion of the whole mulcle by Dr..-
G/:fJon’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 diaftol :
and fyftole alternately in cach ofthe fmall carnous fibres:
of which it is compofed. Diff. Exp. 1. Cap. XI. =

I 3 And by the Vth Experiment already mentioned
on a Frog, it appears, that a very ftrong mufcular mo-
tion may be cafily excited by a very flight impulfe
through the nerves. As in Experiment V. g

14. But fuch an cafy produttion of motion is not
conceiveable, without the niceft cquilibratinn of all
parts of the machine moved. :

15. Therefore a fatical aqml:brauan of the anta-
gonift mufcles of cach limb is defcribed, and delin ».'_'
ated in Diff. Tab. 4. thewing the cquilibration of their
elafticity. ¥

16. And an hydroftatical cthbratmn of the fit lid
of the nerves is defcribed and figured in Diff” Tab. 5.

17. Now cquilibrated bodies may be eafily moved,
by adding or diminifhing the leaft imaglnablc force of
cither hifle 3 ;. bur if what is taken from one be added
to the other, the momentum of the motion will be
doubled, w:thout the lofs or expence of what l-,

t

-
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taken away, Diff. Theor. 19, 20. which is the cafe in
mu cular motion, in its progrefs from utmoft extenfion.
to final contraction ; as will appear in the fequel..

- 18, We are now to thew how cafily a very firong

motion may be excited, and carried on in a machine

“of this fabric, whofe parts are in fo juft and accurate:
an equilibration.

~ 19. Previous to which it may be neceflary to re-

‘move the following objetion or difficulty, which.
“occurs in Dyff. Cap. 10. where it appears, that the
 power of abfolute clatticity in the mulcles 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-

‘yous 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, {o as to

' be able to begin mufcular motion ; which is carried
on in the following manner.

. 20. The whole progrefs of mufeular motion is
from the ftate of utmoft extenfion, through the ftates
of relaxation, equilibrium, complete inflation or dia-
flole, to the ftate of ultimate contration or {yftole..
In all which courfes from the firft term to the laft
ach 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 ultimarc contration, which is
the termination of the progre(s of mufcular motion ;-
i * beginning of it is from the ftate of utmoft ex-
‘tenfion. Dy’ Cap. 10. | h
~ 22. Inthe ftate of utmoft extenfion then, the lon-
gitudinal capillary blood-veflels on the furface DIE
e 5 cac
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_each veficle in the fibres muft be extended, M,J:
fore their tranfverfe diameters muft be lcﬂ"chc& “that
is, thefe veflels thereby become ftraiter, and theg '
culation in them therefore more difficult “and in “?'"-;_-:'
ftate alfo the tranfverfe blood-veffels of each veficle
will be forced into ferpentine flexures, whlch
render the paflage of the blood thraugh t'm:tn till
more difficult.  Diff. Cap. 9. n.“"
23. In this, and all other ﬁatcs of the antagonift
muicles, both the ftatical and hydroftatical equih :I-E_-
tion, mentioned above, take place to fuch ad:& |
asto remove all refiftances, that would elfe be in the
way of any fupervening 1mpulfe S'Dgﬂ' ap. 10.
24. Thercfore if the mind impels but a very li tle
more of the nervous fluid than ufual, through '[:*;"'--
flender tubes of the nerves, into thefe extended ¥
ficles, they will be =u1'111-7::11'11'11};r dilated as in the kn W1

Expcr;mcnt of the Watcr-bellows.  Diff Cap. 9.2
Th. 212. |
25. By this diftenfion of the veficles their axes b
ing fhortened, and their diameters lengthened, }i
lungrtudmal CEPLH&I‘}F veflels on their furface muft n‘*
fhortencd, and thercby. their diameters inlarged 5 and
the fcrpf:nnm: flexures of the tranfverfe veflels will by
extended 5 which in both kinds will leffen the refifk
ance thn:jr gave to the tranfic of the blood, which
both by the diaftole and fyftole of the arteries is con.
tinually urged on to its paflage through thems; a
being thus facﬂltatv:d every globule of blood in its
progrefs, by cndeavounng to fly off by the tang:nts of
thefe veflels and veficles, tends to expand them more
and thereby opens the way for the further and cafier
influx of the nervous fluid ; to which the blood-vefle ﬁr
contribute as {o many elaftic levers acted upon by the
bloodji

|
I
+
}J‘
&
l'

*



e

“ [ xlvii ] Le&. III
ood in its progrefs. Thus by the afliftance of thefe
: powers, of the nervous fluid, the blood, and:
oo -?cﬁ'cls the progrefs from extenfion to inflation
r diaftole of the veficles is made, with fuch a degree
clerity as the will commands.  Diff’ Cap. o.
26. The mufcle is at that time tumid and inlarged
,rh: afflux of the nervous fluid and blood, which-
' 41 afes its bulk.
. The mind may keep up this inflation, as long
pleafcs only by 1mpc111ncr Cﬂﬂﬂantl)’ i'u-:;h a fmall
quantity of the nervous fluid into the diftended ve--
s, as is fufficient to fupply the ufual expence of
m in their common courfe.
' 'ﬁ fufpends it, then thefe circular or arched claftic.
s now turgld with elaftic blood, whofe areas have -
thus forcibly inlarged, endeavour to contra&t
I fclvcs every way towards the centres of their areas, |
ﬁh are the centres of the veficles; and, the mind
g no refiftance, this z#fis takes place to the com-
t e contrattion of cach fibre ; by which the limb.
"':gu is brought into complete flexion or extenfion,
ording as this or the other antagonift has been acted
on. Diff. Cap. 9.
29. In this ftate the whole mufcle becomes fhorter,
1 Jefs in all its dimenfions; harder and paler by expul-
1 of a great part of its fluids through the veins to-
t:hn: heart, and through the extremities of the
into the tﬁndon and perioftenm. And fuch are.
- 15‘ ble phaenomena of this and all other moving
ﬂf the animal machine.
. It may be 1magmed that fuch interruptions of
courfe of th& bloed in the capillaries of the arteries

cins, and fuch uncertain (ubfultory changesin the
figure.

1
-~
v

. But if the mind defifts to fend in this recroit, .
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figure of the parts as have been defcribed, mi
terrupt the regular circulation of the blo W
by difturb the motion of the heart; wh:
fcrved to happen by moderate exercife.
culty is removed by confidering, that the
carried on in extenfile and diften lc blood-ve!
municating one with another, as in Tab. 2.1
therefore what cannot be received into one
diately communicated to, and eafily receiv
other, and by it forwarded in its return to.
in the fame time and quantity, as if the
all the vefiels were equally open, and paﬂ’ahh
fore though an acceleration does arife in al; |
yet an irregularity of the circulation in a healt
is not obferved to happen by any degree of ex

What I have here briefly recited, 1 have at
deavoured to explain in a i)gﬂ?ertarﬂn on th
lately publithed, with feveral ﬁgur:s_anﬂcxﬁ

~ tration of the whole; by which, I hope, the
caufes, inftruments, manner of action, and
which the ra#7o of mufcular motion confifts
pointed out from anatomy, mechanics,

-obfervations and experiments. To which,
of brevity, I have every-where referred.

The proof and illuftration of this gcn;:ral rr' \er
appearin thc application of it, for cxphi.n .
functions of the animal ceconomy; why
rally become the fubjeéts of fome future inqe
“wards anfwering the lm‘enunnof the w Fc
of thefe Leﬁtures B

S
. 3.__.:#, . t_.i
F I N I &Ii ¥ =1 _'
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EXPLANATIONS
S B LES

TA P2 E L
FIGURE 1.

ONTAINS a nerve, artery and vein of an

} human fubje&, which before 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 3 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 cut
out and left to itfclf fhrinks, or contralls, to the



CLd
lofs of 2 of its length; as thafe uf Dogs loﬁ

about 3. Rugar f:

nll

“D. The vein, which was equal to the nerve and t“;}m 1
in the body, but being cut out and left to itfelf
thrinks, or contradts as much as the artery, the ,.,a,a_.:{ ;'
- not with the fame degree of force. “'=;_:

Hence it appears that the arteries and veins are evi-
dently elaftic, and that the nerves have not the leaft
apparent clafticity. See Exp. 1. Lc& JEg f R

FIGURE 2.

A. The Rofe of Jericho, expanded by being ﬂ:eped
two hours in water, weighing 13 drachms, and
refembling its ftate uf growth in the ground. *

Fi1GURE 3. '

Lo

The fame dry and contratted, weighing 7 dtachms::}
and a few grains. U |

TABLEIL T,

Freu'h g7y Sk sest {

Contains the antagonift mufcles of an humanharm T

b L

placed at a little more than their natural diftance, with™
the nerves, arteries, and veins dlﬁ;lbutﬁd to thcm
their natural ﬁtuatmn and order. gy J'

A. A. 4. The mufcle biceps, one. nf thc ﬂﬂoﬁl 31:
benders of the cubit or foxe*a!m. i !

BB, .
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‘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 mulcle called anconaeus, another extenfor of
the fore-arm, is hid here.

D. The common trunk of the branchial artery, dis-

- triburing the blood by its branches to all thefe an-
tagonift muicles on each fide of the arm; red, cx-
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-

i 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 branches are pecu-
~ liarly diftributed to thefe mufcles only, but not to
_ their antagonifts the flexors; white.

. The number of the branches of thefe feveral veficls,
“and the manner of their diftribution and infertion into
“thefe mufcles, appear in the figure. I nced 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.

g g 2 By




ETthC hﬂlp ﬂf thﬁﬂgurc mmﬁdlaﬂit:ﬂ 1: iy G
mufcular motion dclwared in Lc&um ]ﬂ;
ca{' ily underftood. S

. FIGURE 2.

A' Reprefents a mufcular fafcicle, or fmall patt of a
mufcle, macerated in water, and Cartfuﬂy'f Dara
longitudinally from the reft of the mufcle, w
tendinous extremities; exprefling together tk

_of the intire mufcle, as mentioned §. 11. rl#f,t ‘ 1
and at greater-length in Cap. VIL §. § . de

i

Struét. éﬂMﬂt Mufe. and Frﬂd §. 2. andl o ﬁ

B, B B, ¢»¢. The carnous red ﬁhxcsdmvmﬁ i
‘that the nervous white Jfibrille or ﬁum
buted to them may better appear.

TULC

. r:-;;

C,C, C. The nervous white fillaments, mtc;mg
carnous fibres at angles more or lefs acute.

‘D,D. The tendinous extremities {jf tht mnf
iafcmle being the nerves and nervous membra
of each mufcle or part of a mufcle mﬂa&qﬂ
compaited to the firmnefs of .a tendon; wheng
being again expanded, it is juftly called thF
neurofts s and being farther continued over ar d int
bones, is called their ﬁfrmﬁmm it u

F,H G. Shew the direGtions and &ﬂnhum
thefe proceffes of the nerve, artery, and vein to the
mufcular fafcicle, fimilar to their direftions and
diftributions to the whole mufcle.

- J.
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| ~ This figure is the fame with the next following ;.
~excepting that in this the fmall nervous veficles in
- each carnous fibre ate fuppofed to be covered by the
'_Innd-vcﬁ'cls

g IHFIEUR'E 3

4. Shews the angle of infertion of the nerve into this
. fafcicle, as into the whole mufcle, with the direc-
ks tmniand dlﬁrlbutmn of its branchr:s into the muf-
'3 -tmliar veficles.

B, B B. Thﬁ chains of the mufcular vefi clf:s, fup-

pofed to lie in the dire&ion of the axis of each car-
mus 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
 Struct. & Motu. Mufe. Cap. V1IL §. 2, 4, 5, 7, 8.

~and Abffr. in Lect. 111

~ This verficular firnGure of the {mallet mufcular
fibre, ‘pointed out and confirmed by a fimilar ftruture
in all the vifible moving parts of the animal ceeco-
nomy, may be juftly inferred from the plain analogy
of nature, which 1is always fimilar to itfelf; by
which it will be eafly to underftand -what is faid:
of the general mufcalar firuGure in Diff. Cap. VL

‘and of the manner of mufcular motion Cagp. IX..
~and more r::::rn'lqzuz:ndmvul'ljrr in the Abffraé? of that
- general-fcheme in Le&. I11L.
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TaA BL E IIL _Fr
FIGURE I. o T

A. A live Frog, the head being cut 0&; hanging ;;j.:"
the fore-legs without motion. 3

FiIGURE 2.

B. The fame Frog, whofe mﬁ:rmr limbs, which hu
loofe and free, are 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 {pinal marrow ; the end of the probe being
filed flat and {mooth for that purpofe. See Ex-
periment V. g

FE

ERRATA.
Le&. II. Page 25. [ 19. for intermediate, read immediate.
Lett. 111 Pagtq.l /. :5 Jor of mufcular motion, read in mui
motion. )
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