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PREFACE

Ifeafes being purely Difor-
ders of the Animal Qecono-

my , whatfoever can add

any new Light to our Knowledge of

this, mnft neceffarily clear the Nature
of thofe, eftablifb the Praltice of Phy-
fick upon a (urer Foundation, and en-
able Phyficians to make truer and more
certain Fudgments in moft Cafes.

The Animal Body is now known
10 be a pure Machine, and many of
its ACtions and Motions are demon-
ftrated to be the ﬂeceﬂ‘ ary Confequences
of its StruCture. 1he Manner of Vi-
fion 35 fbown in Opticks.  Borelli
has given us the Mechanifm of the
Bones and Mufcles for the moving of

_ A3 the
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v The Preface.

the :fainr.r, And fince the Difcove-
ry of the Circulation of the Blood by
the famons Dr. Harvey , many ufe-
ful Propo fitions concerning its Motion
and Velocity hawve been determined
by Bellini. Dr. Pitcairne bhas ex-
plained the mechanical Strulture of
the Lungs, [bewn wus the reafon of
the different Paffages of the Blood ;
thro” the Heart of the Futus, the ne-
ceffity of breathing after Birth, and
how the ante-natalitial Dulls are
ftopp'd by breathing : He bas likewzfe
demonftratively explain’d the Sym-
ptomes of the Difeafes of the Eyes,
and demonftrated the circular Figure
of the Orifices of the Glands. Dr.
Freind bas wrote in a mechanical
way upon the Menfes; Dr. Cheyne
upon Fewvers; and Dr. Mead of Poi-
Jons, and all of them bave handled
» . thefe SubjeCis more rationally than e-
wver any did bqﬁrrg theme, In the
' follow-



The Preface.

faﬂawing Sheets is contained a Calcn-

lation of the Force of the Air upon the
Blood in Breathing, of the Quantity
of Blood in the Human Body, of its
abfolute Velocity in the Aorta.  The
ufe of the Spleen and Vena Porta is
now no longer a Myftery ; and many
Phaenomena of the Animal Body
which the Ages paft thought inexpli-
cable, bawe now by feveral been made
the Subjelts of Geometrical Denton-
fivation.  That many Things ftill re-

main undifcovered | is not, that of

their own Nature they are le[s capable
of Demonfiration; but that the Data
are not (ufficient, we are not yet fully
apprifed of all the Circumftances
which conduce to produce fuch Phae-
nomena. If fome things which to
former Ages bave appeared unacconnt-
able, are now as clear and demonfira-
ble as the FPreffure of the Air, why
fbould we not hope for a Difcovery

A4 3 of
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of the Tbxng.r that are ﬂ:ll hid fram

ns 2 If we endeavour after them

there is all the reafon in the World to
beliewe we [ball bave Succefs, if we
confider the Progrefs that has already |
been made , notwithftanding the mre-
chanical Pb:!af ophy as applied to Pby

fick is fiill in its Infancy.

Naw fince the Animal Body is a
pure Machine, and all its AEtions
from which Lzﬁ’ and Health do flow
are the necef[ary Confequences of its
Oecononry 5 muft not all the Symptomes
of Difeafes be likewife the nece[fary
Confequences of the Alteration of thss
Oeconomy ¢ And doe they not as we-
ceffarily flow from this Change; as the
Altions by which Life and Health
are contimued did flow from the Qe-
conomy before the Change.  If & Pen-
dulun of [uch a length makes a Clock_ |
to goe exaltly true; does not the Al-
teration r:f the Pendn!wz as neceffarily

canle




| The Preface.

canfe it to go too faft or too flow 5 and
when all the reft of the Movement is
known to be in good ovder , does not
the quick or [low Motion of the Clock,
as neceffarily fbow the Fault of the
Pendulum 2 It 15 the fame thfng in
the Animal Body | for the [ame rea-
foning holds good in all fort of Ma-
chines , whofe Motions are the necef-
[ary Confequences of their Strultures :
nor is the Cafe in the leaft altered
that we bawe a Principle within us,
not [ubjeCt to the Laws of Motion
for our Souls are not at all confcions
of the inward Motions of the Body
upon which Life and Health depend,
and tho’ it do's fometimes influence
our Health, yet the Irregularities it pro-
duces in the Occonomy are to be reéti-
fied the [ame way as if they bad pro-
‘ceeded from other Caufes.  Therefore
it demonftratively follows that the
greater onr Knowledge of the Animal

4 4 Qeco-
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Oeconomy is,, the better the Nature of
Difeafes muft be known.

It muft indeed be confeffed that
this Method of improwing the Art of
Phyfick is full of Difficulty, but the
Nature of things cannot be altered ;
if it 35 to be improwed, it mmft be
by a Knowledge in the Animal Oeco-
nomy , there being no other Method
but what does really and in effect
depend upon that.

Some do pretend that the Art of

curing Difeafes, is only to be promo-
ted by Experiments. byobferving what
Things are burtful , what beneficial
in Difeafes | that the Study of Na-
ture and the Knowledge of the Body
75 altogether [uperfluons , and of as

little ufe, as it would be to a Sailor

to know the Reafon of the Tides, or
how to explain the Phanomena of

|

the Loadftone.  But if we wﬂﬁder |

Ibe. Number of Difeafes, their d:fe—-

rent
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rent Species , different Appearances
according to the almoft infinite Vari.
ety of Conftitutions of our Bodies, and
the Air in which we live. If we
refle€t likewife on their warious Com-
plications , on the infinite Variety of
Medicines, and the critical Times of
wfing fometimes one and [ometines
another, we may as well expeCt that a
blind Man [bould [boot flying, or one
that is deaf tune an Organ, asthat any
one without the Knowledge of the Ani-
mal Oeconomy [bould ever find ont
a Remedy for any one Diftemnper,
The Art of curing did indeed at firft
rife from Experiments, and it can-
not be denyed that (everal good Re-
medies bave been found ont by chance,
or rather by Divine appointment, as
without doubt the Ufe of the Bark
was by the Indians; whom we may
reafonably [uppofe to bawve been igno-
rant of the Animal Oeconomy, but

* ' ne
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no Man can think_this a good Me-
thod for improving of any Science :
If indeed Experiments are direCled,
by a Knowledge in the Animal Oeco
nomy , [omething may be hoped for
from [uch a Method , and the great-
er the Skill is by which the Ex-
periments are direCted | the greats
er will be the Probability of Succefs;
becanfe by that we can aim more di-
reCtly and certainly at the Irregulari
ties of the Qeconomy , and he that
knows the Difeafe is more likely to
cire than be that is wandring and
dubions in bis Mind, and uncertain
what it is be ought to aim at. - If
be bits the Mark it is owing more to
mere chance , than any good Skill.
Experiments are the only Foundation
upon which by a juft reafoning we
come at the Knowledge of any Phee-
nomenon of Nature. Thus only Ana-
tomical Experiments, and Obfervati-

ons
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ons upon the Struciure of the Parts,
Nature of the Blood, and Secretions,
can enable wus to underftand the Phe-
nomena of the Animal Body; with-
out them the raifing of Theories and
Hypothefes is but building of Ca-
ftles in the Air. The Theory in-
deed of any Art, which bas already
arrived at its bigheft PerfeStion, and
which bas all its Circumftances known,
wtay-perbaps be of as little ufe, as that
of the Tides and Loadftone wonld be
for [agling in the Channel : But ei-
ther of thefe might be of great ufe to
a Sailor taken ont of his Knowledge
- to an wnknown Part of the World.
& byﬁﬂk has not as yet arrived at its
greateft PerfeClion in the curing of
any one Difeafe ;, we are fHll igno-
rant of wmore than we know , and
the Circumftances of Difeafes are
in ﬁézi:e!y warions , and no general
Rules whatfoever can be applicd to

parti-
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Part;cufdr Cdfe.r without the Know-

ledge of the reafon of the Rule, that
35, without underftanding tbe Ani-
mal Occonomy, wpon which all Rules
of Pbyﬁck are built.

But the Method of curing Difeafes,
by drawing Indications from the evi-
dent and conjuntt Canfes, bas been al-
ways moft approved by the beft and
Generality of Phy ﬁr:mn.r The Know-
ledge of thefe Canfes is not to be at-
tained by reafon, but by a clofe and
aﬂ‘ tdunons Obferwation of all the Ap-
pearauces in the [eweral Stages of a
Diftemper. The firft that excelled in
this Knowledge was the Divine Hip-
pocrates ,  whofe Delineations of
Difeafes are truly charming. In
thenz one may difcern a wonderful At-
tention to all even the minuteft Opera-
tions of Nature, which produced a (ur-
prizing Sagacity in judging of fu-
ture Events. In this Method fewe-

ral
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ral of the Ancients hawe falfﬂwed him,
but none ever came [o near to bim, as
the defervedly renowned Dr. Syden.
ham, and Dr. Morton , whofe Hi-
Jories of Difeafes, for a full| exalt
and nice Ennmeration, and Defcri-
ption of evident Caufes, Signs and
Symptontes , for a judicions diftin-
guifbing of the [everal Species of the
fame Difeafes , and for juft Progno-
~ fticks founded upon a careful Obfer-
wation of the common Effells of [uch
and [unch Apearances,  bave [ur.
paffed all Hiftories of the Modern
Phyficians.

This is the Knowledge whieh added
to that of the Animal Qeconomy can
only make a Phyfician, one skilled in
Geometry may as well pretend to be
a good Aftronomer, without knowing
the Motions and Rewvolutions of the
Heawenly Bodies , as a Philofopher,
or one skilled in the Animal Occonomy,

1o
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Knowledge of the Hiftories of Di-
feafes. And a5 one ignorant of Geo-
metry can make but a wretched Aftrono-
mer, [0 be can make no better a Phy.
fician that bas not laid a good Foun-
dation of the Animal Occonomy. If
we confider the Animal Body as a
Machine , its Difeafes, and all
their Symptonmes are only the irregulay
Motions of the Machine. Now [up-
pofe @ Man ignorant of the Strutture
of @ Clock or Waich, it is impoffible
be fbould ever be able to put it in
right Order, tho' be had never fo
exalt an Hiftory of its irregular Mo-
tions. 8o a Phyﬁcian ignoront of
the Animal Oeconomy, is ignorant of
the StruCture of the Machine be un-
dertakes to regulate ; and the beft
and exalteft Hiftories of Difeafes can
newer [uggeft to him any Indication
of Cure. It s therefore the Ani-

¥ iﬂﬂl
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mal Occonomy which alone can enable
us by reafoning upon the Canfes, Signs
and Symptomes of Difeafes , to find
out their Natures, and to deduce true
and juft Indications of Cure,
If we examine the Method of curing
any Diftemper we [ball find what I
bave (aid to be true.  For Inftance,
do not all the Symptomes of the Faun-
dice fbow us that the Liver is ob-
ftruled ? And do we not deduce this
Obftruction by onr Knowledge of the
Animal Occonomy 2 And does not
this Obftruiion indicate', Bleeding
| Vomiting , . Purging and Deobftrucnt
Medicines, which are ufed in curing
of this Difeafe 2 If we know the
Nature of the Humour which canfes
the Obftrultion , perbaps Remedies
might be found to cure fuch Faun-
dice a5 are now found to be incura-
ble : For different Subftances require
different Refolvents, as every one
ik : that
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that 35 acquainted in Pharmacy and
Chymiftry knows. From the Symptonres
of the 7.smndue we juftly draw the
Indication for giving deobftruent Me-
dicines , but what are the moft pro-
per Medicines of this kind, we know
not; becaufe we are ignorant of the
Namre of the Obftruction.  Owur In-
dications rbercfore are trite and juﬁ
fo far as onr Knowledge of the Ani-
mal Occononty reaches 5 but where
that leaves ns we only grope in the

dark , and find ont Remedte,r by

Chance. =
But this will be f1ill more evident

if we confider , there is no-Difeafe,
better known, or which - bhas its moft
minute Civeumflances better deﬁ*rzbed
than a Tertian Fewer 5 yet becanfe
we are :g:mmnt of the Nature of the
Blood, which is this Seat of the Di.
feafe , its Hiftory does not help us to
any Indication ,  which if anfwered

will

-
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will work a Cure, but we are obliged

to the ignorant Indians for our kiow= |
ledge in curing this Difeafe. “uAnd.
here again to [bew the Neceffzty of the .
Knowledge of the Animal Oecomonryy
and how wain a thing Empiricifm sy
tho' a more noble Specrﬁd’\ than the.
Bark was newver known', " yet we are

frequently forc'd, wbm Imerfmttmg.
Fewers are mmphmred to call .in-to

our Affiftance the Knowledge of the

Animal Oeconomy, and by Vomiting,

Purging and other proper means, to
render that Specifick ufeful which be-

fore was of no effect.

If the Aninral Occononty were per-
feltly underftood ,. and the Hiftories
of Difeales exaltly known, the right
Method of curing each Difeafe might
be evidently and certainly deduced
and therefore when the Hiftory of a
D:feafe is exaltly known, if the right
Method of curing it cannot be dedu-
cedy it muft be becanfe the Animal
| a Oeconomy
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Oeconomy ts not underftood ; and from
bence it follows that onr Skill in cu-
ring of Difeafes whofe Hiftories are
exaltly known, (abfiralling what we
are obliged to Empiricks for) is al-
ways proportional to our Knowledge
of the Animal Oeconomy.

- The:Animal Oeconomy is its [elf a
confiderable Part of natural Philofophy,
and our Bodies are firongly influenced
by Variety of Diets , and [o many
things from withont, that indeed the
whole ftudy of Nature [eems to be
ufeful to bim that wonld nnderftand
it, And ewvery difcovery in things
that affeCt ms | [eems to be an Im-
prowvement of Phyfick. Some of the
Ancients bawe indeed left us wery ju-
dicions and accurate Hiftories of Di-
feafes, bui fince the difcowery of the
Cireulation of the Blood, and the late
Improvement of natural FPhilofophy ,
aur Reafonings npon thefe Hiftories, in
order to find out.she Seat and Nature

of
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of the Diftemper and from them to
deduce a right Method of curing, and
the whole Prattice of FPhyfick by the
Invention of many ufeful Kemedies,
#s [o much refined, that who ever
Jbould affirm the contrary, would (e em
to me neither to hawve read the Anci-
ents nor to be acquainted with the
Pratiice of the Moderns.

But notwithftanding the great Ad.
 wantages Phyfick_bas received from
natural Philofophy, it muft be owned,
that it bas likewife received a wery
great detriment from the too common
Method of philofophizing; that is by
laying down of Principles not drawn
frow: the Pheenomena of Nature, but
uncertain Filtions of the Brain; [uch
as are the firft and [econd Elements
of the Cartefians, which are purely
Chymerical, and bawve no Foun datiox
in Nature ; and yet their whole natu-
ral Philo[ophy depends wupon then :
Tho' their reafoning upon [uch fiti.

a2 tious
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tious Principles were juft | yet o
Phoenomenon of Nature demonfiva-
tang their Exiftence, the beft that
cowd be [aid of their sz!njnpby 7y
that: for ought we know, it is meerbl
poffible 5 but that Nature does altu-
ally work_this way , can never: be
fRowa il the truth of their Prin-
ciples can be denouftrated. . Moft
Theories of Difeafes are built spon
fuch Frinciples,  and therefore ne
pever can have any Certainty, or.in-
deed [o wnch as a Degree of FProba-
bility., s that the lndications drawn
from. then are right | or [uch as if
anfwered 5 would cure the Difeafe.
If @ Man may;fuppofe any Princi-
ples which are.not evidently falfe; be
anay at the too: comuron loofe way of
reafoning, give a tboufand Solutions
of the Nature of ewvery D:ﬂ‘emper -
all equally true, and all md:catmg
dxﬁeram Methods- af curing.  Tho'
ﬁ*cb a K?zmvfedgc may [atisfie the
% C;txrwﬁ{y
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Curiofity of a Philofopher , yet it can-

6&*_#0._ Jufficient ground for eftablifb-

XXE

1
&

ing - the Praltice of Phyfick npon :

For a Man to hazard his Life (and

he onght to be more cantions af dno-",

ther's ) upon the truth of an. Hypo-

thefis which is barely poffible | s to "

riun a greater Rifque than be does.

 who wentures hir Eﬁdre in a Lottery,
- where it is only poffible, but not

at all probable that be [bould be a
Saver.

But this fort of Phylofophy is not
only ufelefs, but it 15 alfo prejudicial
to Phyfick; for Men being generally
fond of the Produtions of their own
Brains bawve ftudied thefe more than
they bawe done the O perations of Na-

ture 1n the (eweral periods of Difea-

[es, ‘and bave not ftuck to monld and
frame: Difeafes to anfwer their Hy-
pothefess o that woft of the late Hi-
ftories of Difeafes, - are only Philofo.
phical Romances ; -and contain no-

4 3 thing
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thing of that diligent Obfervation of
Nature which gained Hippocrates
immortal Hononr, and without which
it is impoffeble that ever the Art of
Phyfick fbould be improved.

But (uch is the Narrowne[s of the
Humane Intellelt, that few Men are
fitted for warions Studies, or even
for the [eweral Parts of the [ame
Science. Many have been wery nice
and exalt in making Aftronomical
Obferwations | that bave bad but a
wery moderate Skill in Geometry, and
[uch as bawve excelled in this have
‘been deficient in that. And Men
either from a want of Integrity and
a Senfe of that Truth and fuftice
that is due to Mankind, or from a
natural Fondne[s of their own Qua-
lifications, and an Unwillingne(s to
think_any thing of which they are
ignorant, neceffary to the Science they
profefs, bave generally recommended
and extolled thofe Parts which they

bef
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beft underftood themfelves , but ban-
tered and decryed thofe they were
lefs skilled in, tho' not lefs neceffa-
ry and wufeful. Natural Fhylofophy
and the Hiftories of Difeafes muft
go band in band in the improving
the Art of curing; it is not poffzble
to. make any ufe of the laft withont
the Knowledge of the firft, And
1 may wenture to [ay, that there is no
Man that praltifes ; but who does it
upon fome Knowledge of the Animal
Qeconomy, or [ome notions of bis own
which are more or le[s clear accord-
ing to bis Skill in natural Pbhilofo-
phy. And for the Truth of this |
I appeal to Dr. Sydenham’s own
Writings, who by bis philofophyzing
bas evidently fbewn us the Nece[fity of
that Science,be [0 much decryed, and [o
little underflood. He was undoubted-
ly a great Man , and the World will
always be obliged to bim for bis ac-
curate Hiftories of Difeafes | but

a 4 there
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there is #no Man without Errors, and
where one of bis deferwed Charaller
falls into a Miftake ;i it does a great
deal more burt, than if bundreds o
others of leﬂ'er Nore bhad bEEH gn:h‘_y
of the [ame.

The following Treanﬁ:.r contain .a
few Tbaug_bts‘ about [ome of the prin-
cipal Parts of the Animal Oeconcimny |
It was the Confideration of the Ufe of
the Vena Porta which gawe me the
firft bint to think that the f[everal
Humownrs of the Body were formed by
the Attraltion of the Particles of the
Blood i which when I bad comnn-
nicated to my Brother , he was
pleafed 10 [ee bis Theorems of Attra-
&tion illuftrated by fo eminent an In
ftance, and (ent me the Demonftration
of the third Propofition.

The firft that I know of who,  to

expfdrn Secretion, tbaugbt it neceﬂar_y
1o ronf ider the ﬂare of the Blood - at
different diftances fromthe Heart, was

the
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the ingenions Dr.Cockburn and ’tho
be was not then aware of this Princi-
ple of AttraSlion; yer be wifely forefaw
that different Velocities of the Blood
were requifite for fecerning of different
Fluids. G2 3 SRR

o1 As the Learned Dr. Gregory
bas, fbewn us, in the Preface to his
Aftronomy that the Grawvitation
of the Heavenly Bodies towards one
another was  known to the Ancient
Philofopherss fo this Power by which
the fmal Particles of Matter attrall
one another was-ihe Dotrine-of-Hip-
pocrates, (@) whofe whole Philo.
ﬁ:p’b)v 15 bualt ?tpan‘ a fcrt.:,zin_l?rapen_
fion which  fome things bawe to one
another , whereby they attract, re-
tain and alter one another. Galen
(b)does  affers this Attrablion to
s L g M b bt et b

F( a) Vide Mr. Le¢ Clerc’s Hiftoire de _Ia:]';fltdicinc.

(b)) Praterea conipirabile & .confluxile totum
corpus efle; Naturamque ommnia jufte & artifi-
ciofe peragere, facultatibus {cilicet praditam, qui-

bps-fingulz particulz convenientem {ib1 {fuccum
ad

XXV
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be an univer(al Power in Matter and
(¢ Jeompares it to the Power by which
a Loadftone draws Iron. (d) Hip-
pocrates explains the manner that pur-
gative Medicines operate juft as we
bave done. And Galen in bis Trea-
tife de Purgantium Medicamento-
rum Facultate, does bitterly inveigh
againft all thofe who in oppofition to
Hippocrates did affert that all purges,
purged all Humonrs indifferently
and concludes that every purgative
Medicine draws to its [elf its proper

ad fe trahunt, attradtum vero coalefcere,, accre-
fcereque omnibus fuis partibus faciant. cap. 12.
lib. 1. de Natural. Facultat. Oftenfum eft a2 no-
bis in. Commentariis ‘de Potentiis. Naturalibus,
Naturam uniufcujufque particalz , quatuor ut
potentiis, attractiva propri alimenti, & eufdem
vetentiva. Gomment. 1, Aphor. 22.

(c¢) Ergo ad quem modum trahatur in com-
raune inveltigemus ; quo porro alio, quam fj-
cut a magnete lapide ferrum, qui {cilicet talis
qualitatis trahendz vim habes. Lib.2 Cap. 7. de
Nabmal. fa};ugjr. . ; 7 Y Y

iy o 1= xov ondzay eS8y ¢ 7 olua ,
.wgg"'.r{r e :E:fﬂ.,fpg dv ed7ta X7 puow FJEJ;??{
7 oor Tf obplt wrearlons Exelli 4 %) TanNe Ear{ 7¢
X xalladpds )z i STIREY
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| Humonr. And be ftrenuonfly main-
tains a Vis Attra&rix in Nature a-
- gainft Epicurus, Alclepiades, Erafi.
‘ {tratus, and others in bis Book De
Naturalibus Falcultatibus. A/ which
does (ufficiently fbow that this Attra-
Etion of the [mall Particles of Matter
75 no Innovation in Philofophy.

The maner by which I do fup-
pofe the Glands do [eperate the [ewe-
ral Humours from the Blood, is wmch
the [ame with that of Dr. Morland’s
publifbed in the Philofophical Tranfa-
Ctions. . What I bawe [aid concerning
- the Quantity of Blood is [ufficient to
Jbow bow little reafon common Opini-
ons are [ometimes grounded wpon. And
the Diﬁfm!fy of the Subject, and the
new Method of handling it, will I
hope procure this. fbort Effay a fa-
wourable Reception. The Tbsor_y of
Mufcular Motion does follow fo natu-
rally and eafily from the Principle
of Attraltion, that one wonld be al-

moft
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mo§t tempted to beliewe it the ge-
nnine Method of 'Nature.  The De-
termination’ of the 'Vis Elaftica’ was
the Thonght of tbe’fo#rﬁéd John Ber=
nouli ; ‘but this way of dfﬂﬂﬂﬁi‘dﬁﬂg
it was communicated to me by my
Brother: I am too [enfible of my own
Inabilities to per(ue thofe Thoughts
which ‘1 “have only frarted , and I
fbould be pleafed if they were of any
ufe to Men better gualified to make Di-
feoveries in Nature. |
- Tho' any one with a moderate Skill
in" the Mathematicks niay under fand
the[e Difeonrfes, yet without that no
one “‘cant judge of their Truth, and
Ofefulnefs in explaining the Animal
Ocecomomys' 3l g _

f
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OF
Amimal Secretion.

N explaning the manner, how
the {everal Fluids of the Animal

Body are feparated from the Blood,

I fhall (hew,
-~ Fielt, How they are fornied in the
Blood, before they come to the place
appointed for Secretion. And,

Secondly, I fball demonfirate in
what manner they are [eparated fron:
the Blood by the Glands.
" The Blood of all Animals, when 75, pid
drawn out of the Body, does natu- /% of
rally, and of itfelf, divide into two Paricl.:.
different parts: Of which the Red
does in a little time coagulate, but

B the
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the Serum remains fluid. If we
view a drop of Blood with a Mi-
crofcope, we difcern a number of
Red Globules fwimming in a limpid
Fluid ; and perceive how the Glo-
bules, attralting one another, unite
like Spheres of O\uickﬁ]*ﬁ.ﬂ'f:rJ which,
~as they touch, run into one ano-
ther : And confequently the Blood
divides into two parts.

TheSerums After the Coagulation of the Red

:ff,f;n,ﬂ? Globules of the Blood, if we ex-

Pariicles. amine the Serum with a Mlcrofcope,
we find in it likewife a great num-
ber of Corpufcles of various Figures
and - Magnitudes, {wimming in a
limpid Fluid. Thefe do not attract
and unite with one another as the
tormer did, till {fome part of the
Fluid, inwhich they fwim, has been
evaporated by Heat; and then they
likewife attrat one another, and
form a Coagulum, as the Globules

did. This
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This therefore 1s matter of fact,that
the Blood confifts of a fimple and
limpid Fluid, in which {wim Cor-
pufcles of various Figures and Mag-
nitudes, and endued with different
Degrees of anattractive force. Now
of {fuch Particles, as the Blood con-
fifts of, muft the Fluids be compo-
fed, which are drawn from it ; and
as in the Blood the Particles attra&
one another, and cohere together,
{o likewife may the Particles of the
Fluids, which are {eparated from it.

Moftof the Liquors we know are 14/ Fy.
form’d by the Cohefion of particles j}‘ﬁ’;‘ﬁﬁi
of different Figures, Magnitudes, ing Pars
Gravities, and attra&ive Powers, "/
{wimming inanaqueousFluid, which
{eems to be the common Bafis of all.
Why are there {fo many forts of
Water, differing from one another
in Properties ? Is it not, becaufe of
the Corpulfcles of Salts and Minerals

B 2 with
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with which the Element 1s impreg-
nated ? 'What elle s Wine, but
Water impregnated with the Parti-
cles of the Grape, and Ale with
Particles of Barley ? Are not all
Spirits the fame Fluid faturated with
faline or fulphureous Particles? And
all Liquors are more or lefs fluid,
according to the greater or {fmaller
Cohefion of the Particles; which
{wim in this Aqueous Fluid ; and
there is hardly any Fluid without
this cohefion of Particles, as is ap-
parent by the Bubbles which ftand
upon the Surface of Water, Wine,
and even of fome Spirits.

3:;5;;:;:'; But that fome of the Fluids, which

of arrraii- are fecerned by the Glands from the

e Far- Blood, are actually compofed by the

Cohefion of {everal forts of Parti-

cles, 1s very evident. We know
that 1in Milk there are three or four

{everal forts of Subftances, and yet
when
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when it is examined by the Micro-
{cope it appears, like Blood, to con-
fift of very {mall Globules {wimming
in a limpid Fluid. Urine has the
{ame Appearance, and contains per-
haps more Principles: And there is
no doubt butthat Tears, Spittle, and
Sweat are all compounded Liquors.
If fome of the Fluids which are fe-
creted by the Glands are not eafily
refolved into their compounding
Parts, we can no more conclude
_from thence, that they are not com-
pounded, than we can that the
Blood 1s not, becaufe it does not
{eparate into about thirty difterent
Fluids of which it is compofed, and
which are conftantly extralted from
it by the Glands.

If the Particles, which attraltone TheRedfin
another, are ftill more powerfully ;.7 3ide:
attraCted by the Particles of the # 4/
Fluid 1n which they {wim, than by

B 3 one
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one another, they can never of
themfelves {eparate from the Fluid ;
and this is the cafe of all Salts dil~
folv’d in a large quantity of Water
and of Urine , when 1t neither
breaks nor fettles. But if the Par.
ticles, which {wim in the Fluid, are
more {trongly atcracted by one ano-
ther, than they are by the Fluid in
which they {wim, then this Fluid
muft neceffarily go into parts; and
the Corpuicles uniting, will either
{ink, fwim, or afcend in the Fluid,
according to their fpecifick Gravi.
ties, unlefs there fhould be fo many
interftices within the coagulated
Mafs, as will reccive the greateft
part of the Fluid. From hence it
is plain that the red part of the
Blood confifts of Particles which
attrat one another, more than they
do the watry Fluid, in which they
fwim; and that the other Par

ticles
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ticles, which are in the watry Fluid
of the Serum, are more attralted by
it than by one another. But if
part of this watry Fluid be eva-
porated , by this means, the Par.
ticles attracting approaching nearer,
the Force of their Attradtion is in-
crealed, and then they unite; and
confequently this force muft be much
{tronger in Particles that are very
nigh one another, than when they
are at a diftance.

This Power, by which the Parti- 7 .
cles of the Blnod attract one ano- :ff‘:” Z
ther, is the fame with that which is Pwer
the Caufe of the Cohefion of the .
Parts of Matter: And was firft com-
municated to me by my Brother at
Oxford, above {even Years ago; who
had no fooner difcovered it, but
he deduced from it the Cohefion
of the parts of Matter, the Caufe

of the Elafticity of Bodn:s of Fer-
B 4 menta-
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mentations, Diflolutions, Coagulas
tions, and many other of the Ope-
rations in Chymiftry, And fince 1t
will appear, that the whole Animal
Oeconomy does likewife depend
upon this attractive Power; it feems
tobe the only Principle, from which
there can be a fatisfaltory Solution
given of the Phenomena, produc’d
by the Minima Natur« ;, asthat other
attraltive Principle, which is of a
different kind from this, and was
firlt difcovered by the incompara-
ble Sir Ifaac Newton, demonfirative-
ly explains the Motions of the great
Bodies of the Univerfe: Which is
not inthe leaft difturb’d by theattra.
&ing Power we now {peak of, which
oniy exerts its {elf in Particles that
are at a {mall diftance from one
another. Now, that there is fuch
an attradtive Power in Nature as

this we have mentioned, I think,
4 €an
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- can be denied by none, that duly

confider the Experiments and Rea-
~ {ons given for it, by Sir Ifaac New-
ton, in the Queftions annexed to
the Latin Edition of his Op-
- ticks.

From this Principle that the Blood
confifts of Corpufcles of various
Figures and Magnitudes, and en-
dued with various Degrees of an
attrattive Power, and that of fuch
Particles the Fluids fecerned by the
Glands are compofed ; Ifay, from
this Principle (for which we have
ocular Demonfiration) I f{hall en-
deavour to fhew how the Corpufcles
that compofe the Secretions are
formed in the Blood, before they
arrive at their fecerning Glands:
having firft laid down the following
Propofitions, being only fo many
of the Laws of Attraction as at pre-
{ent we have occafion for, the reft

being

9
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being contained in my Brother's
Theorems, publithed in the Philo-
fophical Tranfaltions.
SomeLans  Prop. I. There is @ Power in Na-
; i by which each Particle of Matter
{ﬁfﬁ ?" atiralls ewery other Particle, with a
Mayrer.  Force that increafeth in a greater Pro-
portion than that , by which the
Squares of the diftance decreafe,
viz. in a reciprocal triplicate , or
quadruplicate Proportion to the di-
Jtances,

For were the Particles, that com-
pole the arttratting Body, endued
with a Power that attrated only
with a Force reciprocal to the Squares
of the Diftances, the Attraltion
would not be much ftronger at the
Conta&, than at {ome determined
Diftances from it: As is evident in
the Cafe of Gravity, which arifes
from a Power of attralting recipro-
cally as the Squares of the Diftan-

Ces ;
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ces; Bodies being of the fame
Weight , when they touch the
Earth, as they are at an hundred
Feet diftance. But by all Experi-
ments, this Power is much greater
at the Contalt, or Extremely near
it, than at any determined diftance.
The Particles of Salt difiolved in a
large quantity of Water, do not
{enfibly attra& one another, till part
of the Water has been evaporated ;
by which means approaching each
other, their attraltive Force in-
creafes, they run to one another,
and uniting form Cryftalls, whofe
Parts have a ftrong Cohefion. And
therefore the Force, by which each
' Particle attralts every other Parti-
cle, muftencreafe in a much greater
Proportion, than that by which
the Squares of the diftances de-
creafe,

Prop.

‘1§
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Prop. II. The attrallive Force 15
cxteris paribus proportional to the
Solidity of the Particles.

The attra&tive force of a Particle
is compoled of the Sum of all the
Attractions of the Parts of that Par-
ticle: Now thefe Parts are moft nu-
merous in the moft folid Particles,
and therefore ceteris paribus, their
attrattive Force i1s {trongeft.

Sechol. This Propofitionis to be un-
derftood of the fmalleft Particles of
Matter, and not of the Corpufcles
made up of thofe Particles. For
Corpulcles may be fo compounded,
that the moft folid and compact
Particles may make up the lighteft
Corpuicle , if the Interftices be-
tween the Particles be large, {o that
few of them may be diffufed thro’
a great Space: Such a Corpulcle,
tho’ it confifts of Particles that are
endued with a firong attrative

Power,
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Power, may yet be {pecifically ligh-
ther than another, which confifts of
Particles not fo {olid, but clofer to-
gether. And fuch fort of Corpufcles
I conceive all Salts to be, whofe
Particles of the laft Compofition are
very folid, but that there are great -
Interftices between thofe Particles,
into which the Water rufhing with
a force, being firongly attracted,
diffolves the Texture of the Cor-
puicles. |

Prop. IIl. If Particles of Matter
attralt each other with a Force, that
5 in a reciprocal triplicate |, or a
greater Proportion of their diftances,
the Force by which a Corpufcle is
drawn to a Body, made up of [uch
attraltive Particles, is infinitely grea-
ter at the Contalt, or Extremely near
it, than at any determined diftance
from it.

Suppofe
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"‘L

Suppofe the Sphere A H B com.
pofed of Particles, that attra& a
Corpufcle P with a Force recipro-
cally proportional to the Cubes of
their Diftances. Draw the Tangent
P H, and from H let fall the per-
pendicular H I, bife&® PI 1n L,
and raife the Perpendiculars L 1,
Aa, 8s,Bb,and make Ss=toSI:
with the Afymptﬂts LB, LI thro’
s, defcribe the Hyperbola b B a,
and the Area a A B b — the re&t-

angle
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angle 2 A S x SI will reprefent the
Attradtion of the Corpufcle P by
the 81 Prop. of Sir Ifuac Newton's
Principles.

But when the Corpulicle P comes
to the Sphere ; and rtouches in A,
then the Points P, L, A, I, and H,
coincide, and A a becomes the A-
{ymptot of the Hyperbola , and
the Arca a A Bb a becomes in-
finite, and the reftangle 2 A S x
SI being finite,

the Area aAB /j¢ 4
Pa oA Sy - §
ST will be infi- \$

g

1s attralted by
the Sphere, will
be likewile Infi-
nite,

nite; and con-

{fequently  the / 3
Force, by which

the Corpuicle P i 7

S :
e _--’/
[t
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If the Sphere confifts of Particles
that attract in a reciprocal quadrus
plicate Proportion of their diftances,
the Force, by whicha Corpufcle will
be drawn tothe Sphere, will be as
ssrspi- INow when the Corpufcle
comes to touch the Sphere, P I be.
comes = o, and confequently what-
everisdivided by it, becomesinfinite,
and therefore the attraltive Force
of the Sphere at the Contat, being
proportional to ;i—py, will be in-
finite. |

Prop. IV. If a Body confifts of
Particles attralting with a Force thas
# in a reciprocal Proportion to the
Cubes of the diftances, or in a grea-
ter; and if this Force is not in-
ﬁﬂirefy greater than the Force of Gra-
oity at the Point of Contall, or ex-
tremely near it, at any determined di-
ftance from the Point of Comtall, it
muft be infinitely lefs than the Force
of Grawity. This
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Thisisclear by the laft Propofitiori:
Or in that Cafe, the Force of Attra-
tion in a Corpulcle removed from
the Contact is infinitely lefs than at
the Contact, or extremely near it;
but at the Contalt 1t 1s not infinite-
ly greater than the force of Gravity
- by Suppofition: therefore the Force,
by which a Particle removed at a de-
termined diftance from the attradt-
ing Body is attratted, is infinitely
lels than the Force of Gravity.
Prop. V. The force, by which
the Particles of Matter attraét each
other , when extremely near the Con-
talt, is not infinitely greater than the
ﬁrre of Gmwry
This is evident : becaufe in the
{trongeft Cohefion of Particlestouch-
ing one another, we find that the
Weight of {ome Bodies will pull
the Particles afunder, tho’ that Bo-
dy may be prodlgmuﬂy greater and
» heav:er

¥
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heavier than the Particles united.
Sir Ifaac Newton calculates from the
InfleCtion of the Rays of Light,
that this force near the Contact is
10000 0000 0000 0000 greater
than the Force of Gravity.

Corol. Particles removed at a de-
termined diftance from the Body
attra&ing, are not alted upon by
it : becaufe this Force muft then
vam[h or, which is the fame thing,
be mﬁmtely lefs than the Force ﬂf
Gravity.

Prop. VI. A4 large Particle at-
tralls not more frongly than a (mall
one of the f[ame Solidity, but a Di-
verfity of Figures rdufer cizferem
Degrees of Attraltion in Particles
that are otherwife the [ame.

This' attractive Power als only
on fuch Particles as are extremely |
near; and therefore of a large Par-
ticle , the remoteft parts conduce

nothmg |
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: hothm to Attra&tion: and for the

ries, according as the Partlcles
1lar.-i' Cnnes Cylinders, Cubes or

fical Particle , has the ftrongeft at-
“{eractive Power,

Nin a Fluid, attralt one another more
ftrongly , than they do the Particles
ulof the Fluud , the Force , by which
i ibe_y conze 1o eacb othery will be that by
Swhich their atiraltive Force exceeds
ithe attralling Force of the Fluid.

/| For the Particles of the Fluid,
ifthat lie direGly between the attra-
o &mg Particles, bemcr more prtﬁcd

—
=

drive the other Par t:c]es out of thelr
r|places, and make way for the at-
etracting Particles to come together.

' € 2 Prop.

| Prop. VII. If Particles ﬁz*zmmmg _

19
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Prop. VIIL If Particles [wim-
ming in a Fluid, are more attralled
by the Fluid, than by one another:
they will recede from ome another ,
with a Force that will be equal to
the difference of their mutual Attra

&ion , and the Attrallion of the |
Fluid.

For the ambient Particles of the
Fluid attracting more ftrongly, will
with their excefs of Force draw the:
other Particles to themfelves, and

make them to recede from one ancul

ther.
Prop. IX. The Force, by which
Particles attralting one another cobere,

35 greater cxteris paribus, where the:
Contalt is greater.

For the parts that are farther re-.
mov'd from the Conta&,’ conduce:
nothing to the Force of the Cohe~
{fion . and a oreater Power muft be:
requifite to feparate two Particles,,

whic
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which cohere in two points, than two
Particles which cohere only in one
point, if the Degree of Cohefion be
‘fequal 1n each point. Thus two po-

fquare) adhere more ftrongly than
fany other two Bodies of a Foot

have more Pores and Interftices be-
{tween their parts, and which will
A not receive {o good a polith, by
1 which the parts come to a clofe
4 contaét with one another.
W Prop. X. If the attralling Cor-

pufcles are elaftick, they muft necef-
4 farily produce an inteftine Motion,
| greater or leffer, according to the De.
A grees of their Elafticity and attrative
Forces.

Forafter meeting they will fly from
{4 one another with the {ame Degree
4 of Velocity (abating the refiftance
4 of the Medium ) that they met
£ 3 together

21
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together with; but when they ap-
proach other Partmles in their Re-
filicon , their Velocity  muft in-
creafe, becauf‘e they are afrefh at-.
tradted , and therefore mecting a
fecond time, they will recede with a
grcaterVelocxty thanthey did at their
firlt Concurfion : and {o their Velo-
cities will be mereas’d by every’ Cﬂl’l-‘
enrfion and Refilition, which mufk ne-
ceffarily produce a fenfible intefltine
Motion; and‘the fironger their at-
tractive Force, and the greater their
Elafticity , their Concurfions and
Refilitions will be the more fenfible.

Prop. XI.  Particles attralling

- one another in a Fluid, moving either.

with a [wift or flow pragreﬂ" ve Mo-
tioh, astralt one another _}nﬁrf_re fame,

rf the Flnid was at reft, if all rbe |

Particles mowve equally ; but an un-

equal Velocity of the Particles does |
mtgbrr{y difturb their Attraliions. *
The
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- The Particles do all by Hypothe.
fis move equally, and confequently
the progreflive Motion of the Fluid
{ does not alter their diftances,
that is to fay, it does not repel
them from one another; and con-
A fequently they muft attra&. one 'a.
nother with the fame Facility, as
{ if the Fluid was at reft. But if

fome Particles move fafter than
others, fome muft change their Po-
fition in refpe& to each other, and
thofe parts, which by the force of
Attraction would have come toge-
ther, will by this unequal Motion
be carried from one another. Thus
Salts do not cryftallize, nor the
terreftrial Particles of Urine ateradt
one another, and unite, till the
Water, 1n which they are diffolved,
15 almoft cold ; and the mtefiine
Motion of its Particles, cauled by
heat, is quieted.

C-s  Thefe

23'
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T J}f Fﬂr:e
ﬂf‘ .!‘ e Air
JPDH H'JE
Blood in
breathing

Of Animal Secretion.
Thefe are the Laws, by which

Secretions are firft formcd in the
Blood, before they are feparated
by thf.‘ Glands. The Particles of
the Blood returning by the Veins
mutually attract one another, and
cohering form Globules too b]g
for any Secretion; and therefore
there was an abfolute neceflity, that
they fhould be broken and divided
in the Lungs by the force of Refpi-
ration : which becaufe it s com-
monly thought to be inconfiderable,
by reafon we are not fenfible of it,
I (hall therefore here make an Eﬂl-
mate of it.

1t 1s demonftrated by the Writers

of Hydroftaticks, that Weights,

whlch force out of the {ame Tube _

desermined equal Quantities of the fame Fluid,

are to one another as the Squares of'
the times the Fluid is forced out in.
But 1f the times are equal in which -

the
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the fame Quantity of the Fluid 1s
forced out thro’ unequal Tubes,
then the Powers are reciprocally as
the Orifices of the Tubes; and
therefore Powers which thruft out
the {fame Quantity of a Fluid thro’
unequal Tubes, are to one another
in a reciprocal Proportion, com-
pounded of the Squares of the Times
and Orifices of the Tubes.

Now that I might know by what
force the Air is thruft out of the
Lungs in Expiration, I took a thin
Hogs-bladder, which I could eafily
blow up with the Breath of one
Expiration ; and having moiftened
it , thar it might neither refilt the
Air in blowing up, nor the Weights
which were laid vpon it, 1 fix'd a
{mall Tube, whole Diameter was
= part of an Inch, to the Neck of
the Bladder ; then filling the Blad-
der with Air, I put a Weight of

2 lib

-3
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2 lib 4 Ounces on the top of it:

~ And having repeated the Experi-

ment feveral times, I found that
this Weight {queez'd all the Air
out of the Bladder thro’ the {mall
Tube in the {pace of 25 Vibrations
of a Pendulum, which vibrated Se-
conds of a Minute.

Let P ftand for 2 /ib 4 Ounces,
or 36 Ounces, O for the Diameter
of the Tube, T for the time of 25
Seconds, and {uppofe oc to be the
Power, by which the Air 1s thruft
out of the Lungs in Expiration,
o the Diameter of the Aperture of
the Larynx ( which I f{hall {fuppofe
to be <+ parts of an Inch) let t be
the Time {pent 1n an ordinary Ex.
piration, which is commonly 1% or
s.282-then P: aexiW 00 T ik}
0, that:s P: odsit* x ot s 2%

5 T': ) =
O3, and therefore oc = L >2°
P 1!5 X A28 X .01 22%

TOaEls ka0 1 Dorgoiiy T I 600

Ounces
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Ounces, equal to 100 /ib: which
-1s the force by which the Air is
thruft out of the Lungs every Ex-
piration. But being Altion and

Realtion are equal, the Preflure of

the Air upon the Lungs every Ex-

27

piration is equal to the Preflure of 77 .,
an too lib W clght If the Gra- ‘"f""’“ﬁﬂ:‘-

vity of the Air was always the fame,
and if the Diameter of the Tra{:hea
Arteria, and the time of every Ex-
piratimn were equal in all | this
Weight upon the Lungs would be
always the fame. But fince we find
by the Baromerer, that there is 3
Inches difference bem een the great.
eft and the leaﬁ Gravl..y of the
Air, which isa 4= part of its great-
eft Gravity; there muft be like-
wife the dlfﬁrenc‘. of ten lib
Weight mn its Preflure upon the
FLungs at one’ trme and ‘another :
for the Momenta of all Bod ics,moved
with

ent Gra-
Vit :e.ruf:ﬁe
Air confs-
dered spon

Al hma-

. tickPeople,
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with the fame Velocity, are as their
Gravities. This 1s a difference ,
which f{uch as are Afthmatick muft
be very {enfible of, elpecially if we
confider that they likewife breath
thicker , that is, every Expiration
is performed in lefs time; if in
half the time, and the {ame Quan-
tity of Air drawn in, then the
Weight of the Air upon the Lungs
muft be 400 lib, of which += part
1s 40 lib | and confequently Afth-
matick People upon the Rife or
Fall of the Barometer, feel a diffe-
rence of the Air almoft equal to
half its Preflure in ordinary breath.
ing. Again, if the Trachea Arteria
1s {mall, and its Aperture narrow,
the preflure of the Air increafes in
the {ame Proportion,as if the times of
Expiration were fhorter : and there-
fore a fhrill Voice is always reckon-
ed amongft the prognoftick Signs

of
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of a Confumption, becaufe that pro-
ceeds from the narrownefs of the
Larynx , or Trachea Arteria; and
confequently encreafes the Preflure -
of the Air upon the Lungs, which
upon every Epiration beats the
Vefiels {o thin, that at laft they
break, and a Spitting of Blood
brings on a Confumption apace.

I {fuppole, no body doubts whe- 5y s
ther this Preflure of the Air upon ;P ’:ﬁ‘: of
the Lungs in breathing be fufficient s Cobefs-
to break the Globules of the Blood, E’;ﬁfdi}
“and to diffolve all the Cohefions fﬂﬂf
they might contract in their Circu- g b
lation thro’ the Arteries and Veins.

And when the Blood is thus dif-
{folved and thrown out by the Heart
into the Aorta; it i1s evident that
the reunion of the Particles requires
more or lefs time, according to
their {everal attraltive Powers, e-
ven tho’ they all moved with the

5 {fame
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fame Velocity, and in the fame
- Direiton.

Howthe  But neither doth this happen,
Uniondf. for a Fluid moves thro’ a Cylindri-
desisbi- cal or Conical Veflel (fuch as the
;EI?:L Arteries are) with a greater Velo-
city at ‘the Axis than at the Sides.

And again, the Blood i1s thruft in-

to the Aorta by the whele Force

of the Heart, and Fluids when they

are prefied prels wndequaque ; by

which means the Arteries are dila-

~ted, and the Blood moves not only
forwards, but likewife preflfes per-
pendlculal ly onthe Sides of the Arte-

ries; and as the Sides of the Arte-

1 (bemg Elaftick) return, they

prefs the Blood from them every

way, which muft produce an in-
teftine Motion, and by the 1ith
Propofition hinder the Artration of

the Particles, and by this frequent

and firong Collifion of the Particles

of



Of Animal Secretion. 31

of the Blood againft the Sides of the
great Arteries, the Cohefions of
the Particles, if any of them hap-
pen to unite, will be immediately
diffolved.  Again, this inteftine
Motion muft greatly increafe upon
the account that many of the Par-
ticles of the Blood are elaftick : for
by this Refiftance of the Sides of
the Veflels, they muft neceflarily hit
one againft another, and being ela-
ftick, refle& from one another, and
{o increafe the inteftine Motion of
the Blood by the 1oth Propofition.
Upon this inteftine Motion of the
Blood depends its Heat, which
therefore 1s every where proportio-
nal to the impetus of the Particles
againft the Sides of the Veflels,
fuppofing the Elafficity of the Par.
ticles every where the fame. Now
- the Impetus of the Particles againft
the Sides of the Veflelsdecreafes, as

5 the
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the Sum of the Cavities of the Veflels
increafes: and confequently where
the Sum of the Cavities of the Vefiels
is greateft, there the inteftine Moti-
on of the Blood 1s leaft, and the
attraCtive Power of the Particles c«-
teris paribus is greateft.
3};”‘;}?5‘5‘ By the by, we may obferve how
" that Steel, being an elaftick Body,
heats the Blood more than any o-
ther Mineral ; and how by its E-
lafticity, the Forte of its own Par-
ticles in removing Obftrutions, as
well as thofe of the Blood, increafe,
and therefore it is a better Deob-
ftruent, than fome other Minerals,

| which have a greater Gravity.
Wiat Po-  The Particles, which unite firft

;ﬁ%ﬂmafter the Blood 1 thrown out of
the Heart into the great Artery,
muft be fuch as have the firongeft
attrattive Force; and fuch as have
the leaft, unite laft: and all the in-

termediate
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termediate ones according to their
{everal Natures. The Particles en-
dued with the firongeft attraltive
Powers, are by the 2d and é6th
Propofition, the moft folid {phe-
rical Corpuicles, and the Quantity
of their Contat being the leaft
by the oth Propofition, the Secre-
tion, which they compole, muft be
the moft fluid, and fuch is the Li-
quor in the Pericardiun.

The Salts are Corpulcles that are 7z zefin
ftrongly attratted, and have a moft ¥ I;i’ﬁig;
clofe Union with the Fluid of Wa- Kifneys.
ter; for tho’ the Lungs may divide
the Particles of Salt from one ano-
ther, yet fiill they firmly adhere to
the aqueous Humour in which they
fwim, and therefore they may like-
wife at firft be drawn oft: upon
which account the Kidneys have
their Situation {o near to the Heart.

And indeed, they could not have
D been
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been placed at a greater diftance,
and have {eparated fuch a Quantity
of Urine as they now do, not on-
ly upon the account of the great
Quantities of Blood they receive
where they are; but likewife, be-
caufe if they had a more diftant
Station, other Particles muft have
united with the Salts and aqueous
Particles (as in their prefentStation
fome terrefirial Particles do) and
confequently the Urine could not
have been diftilled fuch as it is now,

or at leaft but in a {mall quantity.
Wi Pa--  The Corpulcles, which are the
j;ﬂ’;f’; {loweft in uniting, muft l?e {uch as
wmiing.  have the weakeft attraltive Force,
which by the 2d and éth Propofi-
tion, are {uch as have the leaft So-
lidity, and fuch as have their Sur-
faces the moft extended; and there-
fore Corpulcles, which have plain
Surfaces , are longer in uniting
than
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than fpherical Corpufcles, but when
united, they cohere more ftrongly
by the gth Propofition, and compofe
the moft vifcid Fluids: and there-
fore the moft vilcid Secretions, fuch
as the Mucilage of the Joints, are
feparated at the greateft diftance
from the Heart, where the Sum of
the Cavities of the Arteries is great-
eft, the Impetus of the Blood a-
gainft the Sidesof the Veflels (which
1s always proportional to the Velo.
city of the Blood) f{malleft, and
confequently where the Parricles
move almoft with an equal Veloci-
ty, and therefore the Atrractions of
the weakeft are not difturbed by
the 1 1th Propofition.

The Gall which is fecerned by the
Liver, and the Seed by the Tefticles,
do feem to be two confiderable Obje-
&ions againft what has been faid.
{But I will make it appear that they
132 are

3
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are fo far from proving any thing a-
gainft this Doctrine of Secretions,
that they are the greateft Arguments
that could pofiibly be urged for the
truth of it. Norching does more evi-
dently demontftrate the Intentions of
Nature 1n her Operations, than the
various Methods fhe i1s {fometimes
forced to take to bring the fame
thing about.

7his Do-  This is moft eminently remarkable
(trine illu- « 3 ;
fraed by 10 the Secretion of the Gall: which,
“eSepara- being to be mixed with the Chyle as
Gallin the 1t comes out of the Stomach into the
Liver. Duodennm could no where be fo con-
veniently {ecerned from the Blood, as
where the Liver is placed. Now had
all the Branches of the Celiack Arte-
ry carried all the Blood to the Liver,
from which the Gall was to be fe-
parated, 1t is evident, confidering
the ncarnefs of the Liver to the
Heart, and the inteftine Motion of

the
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the Blood, that fo vifcid a Secreti-

on, as the Gallis, could never have
been formed 1n the Blood, and con-
fequently could never have been
{ecreted by any Gland in that place.
In this cafe Nature is forced to al-
ter her conftant Method of fending
the Blood to all the parts of the
Body by the Arteries. Here fhe
forms a Vein (which is no Branch
of the Vena Cawa, as all the others
‘are) and by it fhe fends the Blood

from the Branches of the Mefente-

rick and Celiack Arterick (after it
has pafled thro’ all the Inteftines,
Stomach, Spleen, Caul, and Pan.
creas) to the Liver, By this extra-
1 ordinary Contrivance the Blood is
broughta great way about, before it
§ arrives at the Liver; and its Celerity
15 extremely diminifhed, thatall the
| Corpufcles whichareto form theGall
| may have {ufficient time to-attract
D3 ong

37



29

Of Animal Secretion.

one another, and unite before they
come to their {fecerning Veffel. And
thus we have found out the ufe of
the Forta, which, notwithftanding
it makes fo confiderable a Figure in
the animal Body, yet perhaps no
part was ever lefs minded, or had
its ufe lefs underftood by tht:. Wri-
ters upon the animal Oeconomy.

But that this 1s molft certainly: the
uﬁ: of the Porta will more evident-

appear if we confider what Na-
ture {till does farther in profecution
of the {ame Defign.

The Cavities of all the Arteries
increafe as they divide. The Sum
of the Branches, which rife imme-
diately from the Aorta , is to the
Aorta as 102740 15 to 100000
but as if this Proportion was too
hictle to effelt the defign of Nature,
before the Blood arrives at the
Liver, the Branches, which imme-

diately
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diately fpring from the Trunk of
the Mefenterick Artery, increafe in
a much greater Propotion. The
Figure of this Artery, asit lies in the
middle of the Mefentery, is after

thIS manner.
&

And in that Body, from which I
took the following Proportions, 1
found 21 Branches to {pring imme-
diately from its Trunk. In fuch
parts of which the Trunk of the
Mefenterick Artery is 15129

The 11t Branch 1s Ik 2136

2 1936

3 2136

4 2104

5 4489

6 1936
D 4 7




40 Of Animal Secretion.

7 2601
8 3136
9 1631

o 3025
11 625
12 1369
13 1024
14 1849
15 1936
16 529
1/ 729
18 1156
19 1024
20 1156
21 34[

The Sum of all 37418

By thele Proportions it appears,
that the Sum of the firft Branch is
much more than double to the
Trunk of the Mefenterick Artery ;
and therefme the Velocity of the

Blood in them is much lefs, than
4 5l hﬂf
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half what it is in the Trunk. But
becaufe the other Branches do not
exceed one another fo much, I f{hall
therefore {uppofe that the Branches
are only double to their refpective
Trunks, and that there are only
fix Series of Divifions between the
Trunk, and the evancfcent Artery:
whereas moft of the Branches have
{o many Sertes, whillt they run up-
on the Mefentery, and many mare
upon the Inteftines, {o that what
we may have exceeded in reckon-
ing the Branches double to ‘their
Trunks, 1s more than made amends

for in {fuppofing fo few Divifions..

Now from this eafie Suppofition,
the Velocity of the Blood in the fe.
veral Series will decreafe in the
{ame Proportion as thefe Numbers
increafe 2, 4, 8,16, 32, 64. And
therefore the Velocity of the Blood
in the evanefcent Artery will be

Z

4%
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64 times lefs than it isin the Trunk
of the Mefenterick.

As the Trunk of the Mefente-
rick Artery bears a leffer Proportion
to its Branches, than the Aorta
does to its Branches; {o the Bran-
ches of the Mefenterick Artery are
likewife lefs in Proportion to their
conjugate Veins, than the Aorta is
to the Vena Cawva. The defcend-
ing Trunk of the Aortz below the
Emulgents is to the Vena Cava at
the fame place, as 324 is to 441.
But a branch of the Mefenterick Ar-
tery is to its correfponding Branch
of the Porta, as 9'to 2§: and there-
fore the Blood in the Branches of
the Porta moves above 177 times
{lower than'it does in the Trunk of
the Mefenterick Artery, and that
only upon the account of the en-
creafe of the Diameters of the Vef-

fels, ' So neceffary was it to abate
the
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the rapid inteftine Motion of the
Blood, which might hinder the co-
alefcence of the Particles for the
Formation of the Bile.- The Blood
1s indeed no where without an in-
teftine Motion; but where the
Sum of the Cavities of the Blood
Veflels is greateft, there the inte-
{ftine Motion ‘being moft languid,
the Particles which' hit againft one
another, do not refile, but unite
together; and a very languid inte-
fune Motion, by bringing Particles

nearer to one another, which other-
~ ways would not have come toge-
ther, conduces toencreale the Cmn-
bmatmn of Particles.

We have now feen how Na-
ture has provided for the Forma-
tion of the Bile in the Blood,
which pafifes thre’ the Melente-
rick Artery. We fhall next con-

93

fider what Care is taken of that -

4 Wl’liCh
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which is conveighed by the Celiack
Artery to the Liver: For it feems
it was neceflary to fend a larger
quantity of Blood to the Liver, than
could be difpofed oft thro’ the In-
teftines. Part of the Blood of the
Celiack Artery is {pread upon the
Stomach and Caul, and its Veloci-
ty diminifhed, as we have feen in the
Inteftines ; but ftill all the Blood,
which thefe parts could receive,
was not fufficient for the Liver, and
there was no more room for the
divifion and expatiating of the Vel-
{els thro’ {uch a large Space as the
Mefentery,and along Traét of Guts.
How therefore muft the Velocity
of the reft of the Blood (to which
the Inteltine Motion 1s always pro-
portional) be abated? Nature has
here another extraordinary Contri-
vance, {he empties the Blood entire-
Iy out of the Veflels into a large

{pongy
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fpongy Bowel , or rather Ciftern 7 Uk of
provided for that intent and pur-"
pofe. I know not the Dimenfions
of the Splenick Artery, but the
Circumference of the Celiack being
= anlnch, or ,5, its Square 1s j25;
and therefore the Square of the
Splenick, which is a Branch of it,
cannot be above ;18. Now the
Dimenfions of the Spleen are 6
Inches in length, 3 or 4 in breadth,
and 2 in thicknefs. I fhall there-
fore make this ealy Suppofition for
the more ready Calculation, that it
1s a Cylinder of 2 Inches Diameter,
and therefore the Square of its Cir-
cumference being 36, the Blood
muft move 200 times flower in the
Spleen, than in the beginning of the
Splenick Artery: and 1s longer
before it gets to the Liver, than
that which paffes thro” all the In-
tefiines.  Is not this the long fought
for
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for ufe of the Spleen? So produ-
&ive is one fimple Truth of many
others.

From all this Art and Contrivance
it is evident Demonfiration, that
the Intent of Nature was to dimi-
ni(h the Velocity of the Blood, and
that fuch a {low Motion was ab-
{olutely neceflary for the fecerning
of the Bile in the Liver. If the
Humours which are {eparated by
the Glands are at all times and
places the {fame in the Blood, and
not formed after the manner de-
monftrated , what need was there
tor diminifhing fo confiderably the
Velocity of the Blood? let the
Blood move faft or flow, they would
be always the fame, and always in
an equal aptitude to be fecerned.

The Particles, which compofe
the Bile, bear a very {mall Propor..

the rest / tion to tho ' refl a8 - the Blood, as is

the Blood

ewdcnt
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evident from the great quantity of
Blood that is carried to the Liver,
and the fmall quantity of Bile that
1s feparated by it. In a large Dog,
whole Duétus Cholidochus was near
as big as a Man’s, [ could never
gather above two Drachms in an
Hour. Now there 1s thrown into
the Aorta every Hour about 4000
Ounces of Blood : and it appears by
the Proportions of the Arteries, that
the Mefenterick and Celiack are to
the reft, as 1 to 8; and therefore
500 Ounces of Blood: are carried
every Hour to the Liver. And
fince only two Drachms of Bile are
{eparated from 1t, the Bile muft be
to the Blood, at leaft, as one is to
two thoufand. It 1s by reafon of
this {mall Proportion of the Bile to
the Blood, that it was {o neceffa-
ry to allow fo much time for the
Attraltion of the Particles which

form
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the Bile. From this Contrivancé
of the Porta, the Bile receives ano-
ther Advantage, not lefs confide-
rable than the Diminution of the
Velocity of the Blood: and that i1s
the Blood pafling thro’ fo many
different parts before it comes to
the Liver, parts with the greateft
part of its Lympha, by which means |
the Particles, that compofe the Bile,
approaching nearer to one another,
are by their mutual Ateraction fooner
united. And the confideration of
thefe two Contrivances does high-
ly confirm the truth of this Theory
of Secretion : For the Diminution
of the Velocity of the Blood, and
the Subtradtion of the Lympha can
agree in no other end, than the u-

niting of the Particles of the Bile.
What has been {aid concerning
the Bile, does {o evidently prove
this Dodirine of Secretions, that
there
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there {feems to be no room to doubt
of it; even tho’ we could not clear
the like Difficulty, as to the Forma-
tion of the Seed. Yet here again,
we meet with another Manifeftation
of the truth of it, and we find Na-
ture purfuing the fame Intentions,
tho' in a different manner, the
Strulture of the parts not allow-
ing either of the former Contri-
vances.

The Blood 15 carried to the Te- Of the Se-
fiicles by the Spermatick Artenes,iﬁi@iﬁf
which, contrary to the conftant Me-
thod of Nature in framing the other
Arteries, are {malleft, where they
{pring from the Trunk of the great
Artery, and immediately dilate to
a con{iderable bignefs: which evi-
dently fhews, that there could be
no other defign n it, but to retard
the Velocity of the Blood. We
Cannot {uppofe that the only Inten-

E tien
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cion was, that a {fmall' quantity of
Blood might go to the Tefticles:
becaufe then there had been no
occafion for giving the Artery a dif:
terent Figure from all others; that
narrow Orifice would have been
{ufficient of its felf for that purpofe]
which the widenefs of the Artery
immediately afterwards does neither
hindet nor further. The Orifices
of the Spermatick Arteries were {0
{mall; thatI could not meafure them,*

| when I took the Dimenfions of

the other Arteries; and yet they
are hardly gone Frofm the Aohnd:bes
fore they: dilate as big, if not big-
ger than one of the Lumbals, which
15434, 2: Now if we ﬁlppbfe
their Orifices to beeach 17, 3, then
the Blood will move 25 times flow-
ér, where the Arcery dilates; thay
it does at its Orifice.  Again, we
conftantly find that all the parts of

4 the
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the Body are fupplied with Blood
by fmall Arteries from the neareft
Trunks. If this Method had been
obferv’d in fending the Blood to
the Tefucles, they had received
their Arteries from the lliacks; and
they had ran but a liccle way, before
they had come to the end of their
Journey.” But inftead of this, two
{mall Arteriesare made to arife from
the Aorta, alittle below the Emul-
{ gents, and to march above a Foot
before they come to the Tefticles.
Now if we confider that the Velo-
city of the Blood in the Sperma.
tick Artery, is 24 times {lower than
it is at its Orifice, that is, in the
Aorta; and that the Velocity of the
Blood in the Iliacks, can be but a
very little lefs than it s in the Aorta,
where the Spermaticks arife; the
Blood muft move 25 times flower

| to the Tefticles, thanif it had gone
E 2 after

SI
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the ordinary manner from the Ili-
acks: and becaufe the Space 1t runs
thus flowly, isat leaft fix times longer
than if it had gone from the Iliacks
therefore it muft be 150 times
longer in going to the Tefticles,
than if it had gone according to
the common Courfe of Nature.
So that the inteftine Motion of the
Blood is not only allayed, but fuf-
ficient time i1s afterwards allowed
the Parricles, which are to compofe.
the Seed, to attralt and coalefce
before they arrive at the Tefticles.
sme Oh-  Perhaps it may be faid, that the
Foafwered, Mucus of the Nofe, and the Wax
of the Ear are feparated, where
the Blood 1s not fo Iangutd as their
Vilcidity feems to require: But I
anfwer, that they are Flaids which,
fall into open Paflages, where the.
Air having free Admiffion, carnes |
off part of their aqueous Fluld and

the |
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the Remainder becomes thick, as
the Serum of the Blood does, when
heated. Befides, we muft remem-
ber, that tho’ the Cohefion of the
Particles depends upon their Figures,
yet the Force by which they attract
one another, is likewife in Propor-
tion to their Soltdmes So that Par-
ticles of equal Magnitudes, and fi-
milar Figures may cohere equally
ftrongly, yet the moft folid will
fooneft unite. Hence it is, that
of two Fluids equally vilcid, the
heavieft may be {eparated in Glands
nearer to the Heart than the other;
and that two Fluids of difierent
vifcidities may be feparated at the
{ame vicinity to the Hearr, if the
quantity of the Contadts of the Par-
ticles be fuch, as will make amends
for their want of Solidity.

Moft, if not all the Sccretions
contain a greater or lefier Proportion

E 3 of
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of the aqueous Fluid, which makes
them more or lefs vifcid ; yet that
which contains the greateft quanti-
ty, may confift of Particles endued
with a very fmall and flow attra-
ctive Force: and confequently fuch
a Fluid cannot be {eparated by any
Gland fo near the Heart, as that
which has a lefs Proportion of the
aqueous Fluid , and which confifts
of Particles endued with a ftronger
attractive Force; and this laft Flu-
id may be much more vilcid than
the other, wholfe Particles are more
diluted by the watry Fluid. Now
how it comes to pafs that a greater
or leffer Proportion of the aqueous
Fluid is {feparated in any Gland, I
{hall {fhew in the fecond part of this
Dilcourfe.

But that the different Vifcidities |
of the Secretions do not depend on-
ly on the greater or lefler Propor- -

tion |
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tion of the aqueous Fluid, 1is evi-
dent from the foregoing Propofiti-
ons; unlefs any one can {uppofe
that the Blood confifts only of one
{ort of Particles : which Suppofition,
befides that it contradifts matter of
Fa&, can never account for the Se-
cretion of {o many different Fluids.
And that the Diverfity of the At-
trations in the Particles 1s the Rea-
fon, why various Velocities of the
Blood, and diftances from the Heart,
are required for fecerning of diffe-
rent Liquors, is moft evident from
what has been faid concerning the
Bile, and the Seed. If only a grea-
ter or lefier Proportion of the aque-
ous Fluid had been requifite for {e.
parating of different Sorts of Fluids,
that might have been done any
where, as(hall be thewn afterwards;

and Nature had not been put to
E 4 {o
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{o many Shifts and Contrivances,
as we have already {cen.

some - As fome Fluids are only to be

ids ”M»‘ib" {cparated in certain Velocities of

ﬁ;rﬁere the Blood, and at certain diftances
from the Heart; fo there may be
others that may be fcparated any
where, and in any Velocity of the
Blood. Thefe are fuch as confift of
Particles always inan equal Aptitude
to be fecerned, and tho’ fome of them
may contain leveral {orts of Parti-
cles, yet the Nature of thefe Fluids

does not depend upon the Attra-
&tion and Cohefion of their Particles.

Such a fort of Secretion is the Lym-
pha, which is a watry Fluid {ecern-
ed in all parts of the Body, for
making the Chyle more liquid. If
it be {aid, that fince the Lympha
might have been feparated any
where, and that it ferves only to
dilute the Chyle, that there ought

$ ta
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to have been a particular Gland
fome where for it in .the Abdomen,

as being the more proper place:

I anfwer, that a large quantity of Wy ke
Lympha was neceflary for diluting i

s [fecerned
the Chyle, as appears by the nume- # for4

rous Lympheducis, which dlfcharge g
themfelves into the Recepraculum
Chyli, Dultus Thoracicws, and Sub-
clavian Veins. And if fuch a quan-
tity had been feparated by a Glaud
or Glands in the Abdomen, appro-
priated to that ufe, they muft have
had very large and confiderable Ar-
teries. The Liver has +th part,
and the Kidneys near % th more of
the whole Blood, which paffes thro’
the Aorta; and if the Lymphatick
Glands had had +th part more
(which is the lealt they could have
had) thefe three parts would have
had near one half of the Blood,
and the ather half muft have ferved

all
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all the reft of the Body: which

would have been a very unequal
Diftribution of the Blood. Befides,
Nature is always very fimple and
frugal i her Operations ; fhe never
1s at any unneceflary trouble: and
I will fhew in the fecond part of
this Treatile how the Lympba may
be drawn off, by Glands appoint-
ed to {eparate other Fluids; {o that
for this Operation fhe makes no
Part, is at no' expence of Blood:
but fhe muft have been at a very
great one, if fo much Lympha had
been drawn off by appropriated

Glands.

I take the animal Spirits to be
another Fluid of this kind. They,
undoubtedly, confift of by far the
{malleft Pariiclesnin the Blood, as
appears by the minutenefs of -thelr
fecerning Glands ; and therefore

they not bemg formed by the Co-
hefion
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hefion of other Particles, might have
been feparated any where. Yet
the Animal Oeconomy receives a
great Advantage by the diftant Sta-
tion of the Brain from the Heart ;
for if it had been placed nearer,
and received the Blood, {till divided
into its {malleft Particles; by the
force of the Air i the Lungs
{uch Particles might have entred the
Glands, as, afterwards cohering to
one another, might have obftruéted
{uch extremely narrow Channels.
Now the Brain being placed at {uch
a diftance, the Particles, that by
their attrative Power form Cor-
pufcles, will have fufficient time
to coalefce, and their Magnitude
will hinder their entring into the
Glands. For if it fhould happen,
that thefe Particles thould enter the
Glands, and there unite together,
they would then obftruct the Paf.

| fage
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fage to the Nerves, and produce

Apoplexies, Palfies, Coma’s, @e.
The Particles, of which the ani-
mal Spirits confift , being of fuch
extreme Finenels, theirquantity can
bear but a {mall Proportion to the
other Fluids n the Blood ; and con-
fequently there was a neceflity of
a prodigious Number of Glands to
feparate them from the Blood; and
this is the Reafon of the great Bulk

| of the Brain.

?g:bgﬁ ’ The Operations of Nature are
aiforen: . always the moft eafie and fimple.
f;‘:i l.‘g;” Now how much more eafie 1s it to
in the  have the feveral Secretions formed
Biod.  after the manner which has been
demonftrated, than to fuppofe as
many different forts of Particles in
the Blood, as there are Fluids {epa-
rated {rom 1t? It is not eafie to de-
termine, how many different forts
of Particles are in- the Blood. In-

deed,
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deed, Phyfick feems in nothing fo
defeltive, as in the Knowledge of
the Nature of the Blood. But if
the {ame Pains had been beftowed
upon it 1 a Mechanical Way, that
have been, in vain, {pent in {earch
of s Principles by Chymifts; we
had long €’er now had a more per-
fcét Knowledge of its Nature, than
ever we can have by Chymiftry:
which can only thew how, by Art,
its parts may be altered, not what
parts it contains.

A few different forts of Particles
varioufly combined, will produce
great Variety of Fluids, {fome may
have only one fort, fome two, fome
three, or more; and perhaps the
aqueous Fluid 1s the common Bafis
of all the Secretions. If we fup-
pole only five different forts of Par-
ticles in the Blood, and call them
a, b, c, d, e, their feveral Combi

nations,
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nations, without varying the Pro-
rtions, in which they are mixt

will be thefe following,

abdacs adraes
bc: bd: be: cd:
ce: de: abc: adc:
bdc: bde: bec: dec:
abcd: abce: acde: abde:
bcde: abcede.

But whether there are more or
fewer in the Blood, I fhall not de-

termine.
gf the The manner that Medicines ope-
o anai. Tate , which encreafe or diminifh
cineswhich the quantity of any Secretion, 1is
alter the ’
guantity of DOth €afie and obvious from what
:i; Se¢re- has been fard. There is no need
of giving Medicines Commiflions
for {earching and opening the Sluces
of particular Glands ; nor have
they a general Power to attenuate

and
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and diffolve all the ‘Cohefions of
the Blood, for then we might ftill
ask -why their Operations appear
) only on one fort of Glands? Why
does Jallap carry the diffolved Hu-
mours thro’ the Glands of the In-
teftines, rather than any other ?
Why does Mercury falivate; or Ni.
tre force Urine? All Theoties of
Secretions have laboured ac this
point, which naturally difclofes its
felf in this.

The {everal Humours being for-
med by the different Cohefions-of
the Particles of the Blood, the quan-
tity-'of Humour fecerned by any
Gland, muft be in a Proportion
campﬂunded of the Proportion, that
the Namber of” the Particles |
hering in fuch a manner, as i pro
per to conftitute the Humout which
pafivs thro” the Gland; bears to the
Mais of Blooed, and of the Propor-

tion
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tion of the quantity of Blood that
arrives at the Gland. And hence
it follows , that where there is a |
determined quantity of a certain
Humour to be feparated, the num-
ber of the Particles that are proper
to compofe the fecerned Liquor,
muft be reciprocally proportional
to the quantity of Blood that ar-
riveth at the Gland: and therefore
if the quantity of the Secretion is
to be increafed, the Number of the
Particles 1s to be ncreafed ; if the
Secretion is to be leflened, the
Number of the Particles, that are
proper for fuch a Secretion , is to
be leffened in the fame Proportion.
Medicines therefore which can alter
the Cohefions and Combinations of
the Particles, can either increafe or
diminifh the quantity of any Secre.
tion. Thus for example, fuppofe
the Humour, which pafleth thro’

the




- Of Animal Secretion. 65

the Glands of the Inteftines to be
compofed of three or four feveral
forts of Particles, that Medicine
which will eafily cohere to thefe
Particles, and cohering increafe their
mutual Attraltions, {o as they unite
in greater Numbers at, or before
they arrive at the Inteltines, than
they would have done if the Me-
dicine had mot been given, muft
neceflarily increafe the quantity of
Humour, which pafleth thro’ the
Glands of the Inteftines, if the
quantity of Blood which arrives at
the Glands 1s not diminifhed in the
fame Proportion, as the Number of
the Particles 1s increafed.  After the
{fame manner do Diureticks, Sudo-
rifick, and Medicines, which pro-
moteall other Secretions, operate.
[f Medicines, which encreafe the sy ifet
quantity of any Secretion, operate £
by uniting to, and augmenting the
F attraltive
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attraltive Force of the Particles,
which compoﬁ: the Humours to be
{ecerned: may not the Particles
of {ome Humours {ooner, more
cafily, and ﬁrongly unite to the
Particles of fome fort of Medicines,
than to another forc? And SRl |
quently, may not different Humours
require different purgative Med;i-
cines to carry them off thro’ the
Glands of the Inteftines? And does
not this reeftablifh the Do&rine of
SPEClﬁCk Purges, confirmed to the
Ancients by Expeuenw and Ob.-
fervation, but rejelted by the Mo-
derns thro'a falfe Philofophy?
ThKmz-  The Animal Body 1s nothing bue
i a Machine, whofe A&ions and Mo-
ceffary for tions are all performed by Fluids,
the under-
fmding lecerned from the Blood, and Se-
;‘E‘ﬁy" ¢ cretion is the Spring of all the ani-
"mal Fun&ions. By irs means the .
Heart beats, the Blood circulates, |

the
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the Limbs are moved, and the Ali-
ments concolted and digefted, and
in a word, the whole Animal Oe-
conomy, and Life depend upon it;
the Blood its {elf {eeming to have
lictle other ufe, befides the recruit.
ing and renewing the {ecerned Li-
- quors. I f{ay therefore, fince Life
and Health depend upon the Secre-
tions; fo likewife muft all Difeafes,
which are faid to be univerfally in
the Blood, and many of thofe which
affect particlalar parts. If the quan-

tity and quality of all the Secretions

are {uch as are proper and ufeful
for the feveral Purpoles, for which
by Nature they are intended, how
1s it poflible but that the whole
Animal Oeconomy muft be in right
Order, and that Body in a good
State of Health ? Unlefs we can
fuppoﬁa an Error in the firlt Con-
trivance of the Body; a Suppolfiti-

F 2 on
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on no Man in his Senfes can make.
But if the quantity of any Secreti-
on exceeds 1ts due Bounds, what
Diforders it makes 1s evident from
a Diarrhza, Diabetes, Epiphora,
Sweatings, ¢@c. If the quantity of
any Sccretion falls fhort of what it
ought to be, the Effe&s are of no
lefs pernicious Confequence, as ap-
pears from a Suppreflion of Urine
in the Kidney, from the Jaundice
and a Stoppige of Perfpiration.
And that the gnality of the Secre-
tions altered do likewile create
orcat Diflorders, is obvious from
the Paiis of the Colick : of a Di-
arrhza, -and Dyleatery, from the
Sharpuefs of Urine , which fome-
times produces Ulcers in the Blad-
der and Kidneys; and even the
Spittle 1s known to corrode the
Mouth. I have cholen to give moft
Inftances of {uch Secretions, as are

pro-
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properly Evacuations, becaule their
Eftets are apparent to every body,
and cannot poflibly be faid to be
only a Notion. But if the Altera-
tion of thole 1s of fuch ill Confe-
quences, what Effets muft an un-
due quantity, or the vitiated Qua-
lity of thefe, which are retained in
the Body, and employed about the
neceflary Fun&tions of Life, produce ?
The Diforders they create, are not
{fo evidently the Effelts of their ill
State, tho’ by a jult realoning, we
may {ometimes deduce them; and
therefore a right Notion of Secre-
tion mult be of the greateft ufe and
Importance, for the underftanding
of moft Difeafes.

I'fhall only inftance in a Diabetes, G;f; Dis:
and from this Do&rine of Secretlon
explain the Nature of that Difcafe
~ hitherto unknown. The Symp-
toms, which precede a Diabetes,

P23 are
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are little wandring Pains, and fre-
quent Twitchings of the Tendons.
Thefe are followed by a profule
Evacuation of a clammy, {weetifh
Urine, as if Honey were diffolved
in it ; which 1 conftantly attended
with a Thirft, quick Pulfe, Faint-
nefs, and lofs of Strength : all which
depend upon the Flux of Urine,
and increafe and diminifh in the
{ame Proportion with it. The e-
vident Caufe of this Diftemper is
an habitual drinking of ftrong Li-
quors, and the more fpmtuous they
are, the {ooner and more violently
they bring it. But a Diabetes is
not always caufed by an habitual
drinking of ftrong Liquors, for
fometimes it proceeds from fome
internal and latent Caufe. How-
ever, the Nature of the Difeafe is |
always beft known, by confidering

what
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what effedis the evident Caules of
it produce in the Body.

By an habitual drinking of ftrong
Liquours, it comes to pals in pro-
cels of time, that the Serum, or
thin part of the Blood, contains a
large Proportion of a fpirituous Flu-
id ; or that part of the Serum, which
fhould be Water, is for the great-
eft parc Spirit. Now the Salts of
the Urine or Blood , will not dif-
{folve in vinous a Spirit, that is, the
Particles, of which the Salts confift,
are more f{trongly attralted by one
another, than they are by fuch a
Fluid, as by Experiments it appears.
And therefore the Quantity of Salts
- 1n the Blood, will be daily increa-
{ed, and circulating thro’ the Ca-
pilary Veflels, muft irritate the
fine Fibres, and caufe lictle Pains
- and Twitchings all over the Body.
But when the Serum is full of thefe

F 4 Salts,
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Salts, the diffance between them
and the Globules of the Blood will
be lefs ; and confequently they will
attrat the Globules of the Blood,
more ftrongly than the Globules
attralt one another; and the Glo-
bules, or red Part of the Blood,
will be diffolved and diffufed thro’

- the Serum of the Blood. And this

again is confirmed by Experiments;
for nothing does render the red
part of the Blood fo Fluid, and
keep it more from coagulating ,
when drawn in a Cup, than Uri-
nous Salts and Spirits.  'When the
Red part of the Blood is thus dif-
folved and united to its Serum, it
will with the Serum be carried off
thro’ the Glands of the Kidneys,
and being united to the Salts; will
alter their Figures and Properties,
as Litharge and Corall do the Salts
of Vinegar, giving them a_{weet
Tafte, 4 All
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All quick Evacuations of the
Veflels muft dimini(h the quantity
of Fluid, feparated in the Glands,
as will be feen in the following
Treatife about the Quantity of
Blood ; and therefore the greater
quantity of Urine is voided in a
{mall time, the lels Saliwa and ani-
mal Spirits will be {ecerned by their
re[peftive Glands : and confequent-
ly Thirft, Faintnefs, and lofs of
Strength will increafe; as the quan-
tity of Urine excreted increafech.

Thisbeing the State of the Blood,
it 1s evident that the Indications of
Cure, are to diffolve the Cohefions
of the Salts with the Blood, and to
carry them oft by Urine. Thefe
can be anfwered by nothing {ooner
or better than Waters, which are
therefore to be drunk 1n 'Iargc
quantities. And of all Waters,
thole which have a Tinlure of

Lime

73



74

Of Rben-
matifms,

Of Animal Secretion.

Lime are beft, becaufe Lime does

ftrongly attralt Urinous Salts.
I could fhew the ufefulnefs of
this Dodtrine, in explaining fome
Symptoms of Feavers, Rheumatifms,
Small-Pox, and fome other Dilea-
es, which are not thought to de-
pend upon Secretion; and from
thence deduce what things are hurt-
ful, and what ufeful in the feveral
Methods of curing them: but that
would carry me beyond my prefent
Defign, and perhaps may more ful-
ly be illuftrated fome time hereaf-
ter. I will only take notice, that
from this Theory, we have a plain
and eafie Account of the Thicknels
of the Blood in Rheumatifins; for
it 1s known, that this Difeafe ari-
fing generally from a Cold, the O-
rifices of all the cuticular Glands
are extremely contralted, fo that
{carce any Fluid, but the aqueous
can
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can pafs them: and therefore the
other Particles, by the Diminution
of the aqueous Fluid being brought
nearer to one another, will attralt
and cohere more firongly. And
this Cohefion will be greateft in the
Extremities, where the Motion of
all the Particles is near equal by the
11th Propofition. And does not gf the
this evince the Neceflity of diluting i
the Blood in the Cure of Rheu-
matifms ? This equal Celerity of
the Particles of the Blood i1n the
Extremities, is likewife the Rea-
fon why the Concretions of the
Gout are formed there; unlefs by
frequent Debauches, or a decay of
Nature, the Motion of the Blood
becomes fo languid, that thefe Par-
ticles eafily attra&t one another in
the Blood Veflels of the Bowels,
where I have thewn that the Moti-
on of the Blood is alfo very {low:
| 4 and
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and then fuch Remedics as warm

and increafe the inteftine Motion

of the Blood, and thereby difturb

the Attraction of the gouty Parti-

cles, relieve the Bowels, and fend

the peccant matter to the Extremi-

ofthe  ties again. To this Artraction of
Séone. . the Particles in the Urine, is owing
the Formation of Gravel and Stone

in the Kidneys and Bladder, and

the Nucleus of the Stone mn the
Bladder, being almoft equally fur-
rounded every where with the

Fluid of Urine, its Attraltions are
almoft every where equal; and
therefore the Stone is made up
of fo many parallel Shells or La-
minz.  Now from this 1t demon-
ftratively follows, that coptous and
liberal drinking muft neceffarily pre-
vent the growth of both: For by
that the attraGive Particles are re-
moved at a diftance too great to
attralt
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attralt one another. Provided al-
ways that the Drink be fuch, as 1s
not highly faturated wich Particles,
which eafily and fironly attrat one
another; what thefe Drinks are,
they, who know the Narture of the
Liquors which are commonly drunk,
will eafily underftand.

As this Principle of Attraion 7 Opea-
will account for moft Difeafes; fo "5rr ¥
I doubt not, but that by it likewife iy
the Operat:ons of all forts of Medi- ,f%m o
cines may.be explained. For ex-
ample, Medicines which thicken the
B[oad, are fuch as confift of very
{mall Particles, and endowed with
a {trong attrattive Force, by which
cafily cohering to the Globules.-of
the Blood, they increale their At-
traltion to one another, and fo
- produce a Coagulation, or at lealt
a thickening of the Blood. On the
contrary, if a Medicine confifts of

{uch
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{uch Corpulcles, as will eafily unite
with the aqueous Particles, and in-
creafe their Attraction ; fo that they
attralt the Globules of the Blood
with a greater Force, than thefe
Globules attralt one another, then
will the Globules recede from one
another, be diftufed thro’ the Se-
rum, and the Coagulum be diffolv-
ed. A Gonorrhea is undoubtedly
produced by a very active Sal,
which being ftrongly attralted by
the Humour in the Glands, and
uniting to it, like the Acids of Salt
and Vitriol to Mercury in the Pre-
paration of Sublimate, forms a ve-
try wirnlent pus, which corrodes
the Veffels, and produces Ulcers.
And as Sublimate lofes its corro-
five Faculty, by the Addition of
more Mercury, which ftrongly at-
tracts its acid Salts; fo Mercury

mixt with the Blood, attralts the
acid




Of Animal Secretion.

acid Salts of the Pox, and uniting
to them, carrys them off, either
bp StDG] Spittle, or otherwue
This Pﬁwer by which Mercury at-
tralts acid and fharp Salts , 1s the
Reafon why Cinnabar is {o good a
Medicine in fixt and vagrant Pains,
as in 2 Rheumatiim: for the Urine
of Rheumatick Perfons is found up-
on Examination, not to contain its
due quantity of Salts, which there-
fore being retalned in the Blood

turn acid, and produce Pains.
Nowj who can doubt of the
Truth of a Principle fo fimple, and
yet which like a Mafter-key opens
Works of very different Contri-
vances, and difclofes an Uniformi-
ty in all the Operations of Nature;
{fo that every one may fee and read
the {ame Thought and Hand in the
- Contrivance, and framing of every
part of the Univerfe. By it we fee
the

77
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the Reafon why the Branches of all
the Arteries in the Body, have the
Sum of all their tranfver{e Se&ions
greater than the tranfverfe Section
of the Aorta; ftor if it had been
otherwife, there could have been no
Mucilage feparated for the eafiy
Motion of the Joints, without {uch
a Struture as the Spleen at every
Joint, where this Mucilage was ne-
ceffary. By 1t the Reafon not on-
ly of the general Struture of the
Veflels is demonftrated, but like-
wile the Neceflity of the Frame and
Situation of the particular parts, as
of the Lungs, Spleen, Porta, and
of all the Glands. By it the Na-
ture of the Blood and all the Secre-
tions may be explained. By it
the whole animal Oeconomy, and
all its Dilorders, the {everal Di-
feafes ncident to the Body, the
Nature of their Remedies, and the

ways
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Ways of their Operations may be
accounted for. This is that grand

Principle, by which all the Particles -

of matter in this Planet are atua-
ted. By which, but with a difte-
rent force all ‘the Planets afe
carried rnund the Sun; and as
the. projeétile Velocity of the Pla-
nets, adjufted to the Sun’s Artras
&ion, caufes them to move in their
{everal Orbits ; fo the Velocity of
the Blood, adapted to the Actra-
¢tion of its Particles; caufes the fe=
- veral Humors to be {ecerned at cet-
tain ddtances from the Heart by
their refpective Glands.

I fhall now proceed to the fe-
cond thing I propofed to fhew
which is, The manner whereby the fe-
veral Fluids | after they are formed
in the Blood, are [eparated from it
by the Glands, |
‘ G This

S1
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This docs depend intirely upon
the Figure and Strulture of the
Glands ; which muft be therefore
firt determined. As Truth when
plain and evident does of itfelf di-
{pel all falfe Opinions, fo the true
Struture of the Glands being once
demonfirated ; there will be no Oc-
cafion to refute the Doélrine of
Ferments; nor the Hypothefis of
Tubes dtfﬁ:rmg as to the Flgures |
of thew Orifices, both which have
been feveral times demonftrated to
be falfe.

That the Glands are nothing but
Convolutions of f{mall Arteries,
the greateft and moft accurat Ana-
tomifts of this Age, Malpighins
Bellini, and Nuck have difcovered.
And Indeed that all the Veflels of
the Body, in which the Liquors
are continually moving, can have

Nno
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| no other than a cylindrical or Co-
A nical Form, is demonftrable from
|| the Nature of Fluids, whofe Pref:
Hure is always perpendicular to the
A Sides of the containing Veflel, and
{ equal at.equal Heights of the Fluid
A If therefore the fides of the Vefiels
{ are foft; and equally yeilding eve-

|ty where (fuch as are all the Tubes

in the Body of a Fertus) they muft
{ by the Preflure of' their contained
A Fluid, be equally every where di-
f ﬂ:ended and confequently the Se-
fion of fuch a Veffel perpendicular
| to its Axis muft be a Circle, and
1 therefore the Veflel muft be either
}a concave Cone or Cylinder, or at
leaft fuch a Figure Whofe tranﬁrerfe
1 Se&ion 1sa Circle. -

1 The Citcular Orifices therefore
{ of the Glands can anly differ in
| Magnitude, and all forts of Parti-
' G 2 cles
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cles of a lefler Diameter than that

of the Orifice of the Gland may
enter it; {o that without fome far-
ther Contrivance, that Fluid which

contains the biggeft Particles, muft

hikewife confift of all the Particles

L
|
|

of all the other Secretions ; neither -
could any Fluid thicker than the ;
Blood be f{eparated from it, be- '

caufe of the great Propomon of
the aqueous Fluid, whofe Particles

being valtly (maller than any other ;-
and 1nvifible to the beft Micro-

{copes, muft enter all the Glands, *

and be mixt with the {ecerned Fluid.

How this inconveniency may be
prevented ; and how the Particles
of any f{ize may either be fepara-
ted by themlielves, or with any a-
figned Pmportmn of the aqueous |
Flu:d or of other leffer Particles, |
I fhall now endeavor to fhow.

b

{fuppofe |
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Suppolc A B to be ) i
a {mall evanefcent Ar- K\/‘\—’/ |
tery, and that the Pl
Particles of the leaft ;}41’
{ize were to be {epa- 4
rated from the reft.
1 From the fide of the Artery muft
arile the Gland or Tube C K, whofe
- Orifice at C is fuchas is capable of
admicting only Particles of the leaft
I fize, together with the Agueons fluid,
i thefe therefore will be {eparated
from all the other Particles of the
" Blood, and the Tube CK being a
Cylinder, they will pafs to its fur-
ther end K, which is {uppoled to
be the Excretory Dutt of the
Gland. |
If the Quantity of the Agueous
fluid, {eparated with the leaft Par-
ticles ntuft be diminifthed, that fuch
a flud as is requifite, may pafs
thro’ the Excretory Du& K, from
G 3 the
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the Tube CK, you muft imagine |
that feveral other fmaller Canals

go out, as at D, E, F, G, whole |
Or et ﬁna]l that they ad-

mit no other Particles bef3 des thofe
of the Agueons fluid to pafs thro’ |
them ; and therefore as the leaft
Particles, together with the Ague.
OiLs flnid pals along the Tube C K,

the Agueons fluid muft cnnﬁantly
be diminifhed, the Quantity of the
leaft Particles ftill remaining, the
fame can pafs no where, but thro’
the Excretory Du¢t K ; and this.
Diminution of the Agueons fluid
will be always according to the
Number of the Canals D, E, F, G,

that 1s in Proportion to the Length
of the Tube C K, and therefore

according as the Gland is longer or |
fhorter, {o the more or lefs Ague.
ous fluid will pafs thro’ the Orifice
ﬂf thc Exm. ory Du& K, and con-

fequcntly
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{equently the fecreted Fluid upon
this Account be thicker or thinner.

If the Particles of a middle fize,

between the biggeft and the leaft,
are to be drawn off from the reft
of the Blood. Let the Orifice at
the Gland C be juft fo big as to
admit thele Particles, and not an

of thofe that are bigger : Thef{
Particles therefore , together with
the Agneons fluid, and all leffer Par-
ticles will pafs thro the Orifice C,
but if the Canals D, E,F, G, are
- big enough to receive all the Other
Particles, and too narrow to admit
the Particles that are to be fepara-
ted ; it is evident, that thofe Particles
muft arrive at the Excretory Duct
K, with what Propartion of leffer
Particles is required.

Thus we fee how any fort of
Particles may be drawn off] either
by themfelves, or mixt with any

G 4 others
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others in any Proportion, and this
is done in the moft {imple manner,
only by Arteries, for CK is only
a {fmaller Artery, ftraighe, {piral,
or otherwife contorted, and D, E,
F, G, are again Arterics. Gaallce

than it, and 1f any of thefe are {o

{fmall, as to admit only Particles of
Serum, they conftitute lymphatick
Veffels 5 from thence it is that we
find L}mp};rea'ﬂ&; to arife in great
Numbers from thofe Glands that

feparate thick Humours, as from the
Tefticles, Liver, &re.

Of the Quantity of Blood in
~ the Humane Body.

Know not upon what grounds
Phyfi ficians and Anatomifts have
generally determined the Quantity
of Blood in the Humane Body, to

be
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be between fifteen and twenty five
pound Weight. All that I can find
1s the large Quantities of Blood
voided by Perfons dying of violent
Heemorrbagies ; {o that according to
their feveral Obfervations, fome
have afcribed a greater, and fome
a {maller Quantity of Blood to the
Body. Dr. Monlin has allotted by #Hw D».
much a {maller Quantity than any, Ef“}iﬁr_
and gives us the Method by which mineir,
he determin’d it inthe Philofophical
Tranfallions. He fays, That in a
Sheep, which alive, weigh’d 118
lib. he found by bleeding it to
death, that it contain’'d g: /ib. of
Blood, which is lefs than + part of
the Weight of the Sheep. That
i a Lamb weighing 30} /zb. when
living, there was but 1+ lib. of
Blood, which is about i~ part :
Now upon the Suppofition, that a
Man’s Blood bears the fame Pro-

Portiqn



99

WNeither of
thele VWays

im‘r

Of Animal Secretion.

portion to his Weight, as that of
the Lamb’s ( which is the greateft )
had to its Weight , it will follow,
that the Quantity of circulating
Blood in a Man, weighing 160 lib.
will not exceed 8 /ib.

Thefe Eftimations (tho' widely
different from one another) are
both made from the Quantity of
Blood voided at an open Veffel
and they are both founded upon
this Suppofition, that almoft all the
blood in the Body runs out at the
Wound ; a Suppofition I can by no
means allow to be true, and which
I fhall evidently fhew to be falfe.
For {uppofe the right external 1/:-
ack Artery cut afunder, fo as that
the Blood may freely flow out of
the Wound : How can the Blood
which 1s in the right Leg below the
Wound, be emptied ? It is cut off
from the reft ﬂf the Blood above,

which
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which fhould drive it forwards, and
all the Afliftance it can have from
collateral Branches, which commu-
nicate with it can be but very lit-
tle, becaufe they themf{elves can re-
ceive but a very {mall quantity of
Blood, the Blood running all to the
Wound, where it finds the leaft
Refiftance. The Arteries in the
Leg can beat no longer, becaufe
the Pulle depends upon the Quan.-
tity of Blood thrown into them
every Syltole of the Heart, which
in this Cafle is nothing, and thefe
being the only regular Caufes of
the Motion of the Blood, the Blood
muft ftagnate in the Crural Veffels.
All that can be faid is, that the
great Arteries will once contradt,
and may perhaps have {fome {mall
Vibrations afterwards, by which
they will thruft the Blood into the
capillary Veffels, and their com{r‘ul-

| e
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five Motions will {queeze the Blood
forwards in the Veins ; but when
an Animal once falls into Convul-
fions by bleeding, it can bleed but
little afterwards, the Motion of the
Heart ceafing ; befides we know,
that neither all Animals, nor all
Parts of an Animal are convuls'd
upon bleeding to death : And tho’
the great Arteries may contract, yet
this Contraltion muft be very lan-
guid in the fmall Arteries, which
being innumerable, the greateft part
of the Blood will be lodg’d in them,
there being nothing to drive it out
of their contorted Channels, but it
muft ftill remain in them, as like-
wile 1n the Fibres of the Mulcles,
which appear of a red Colour, only
upon the Account of the Blood con-
tain'd within them, their Subftance
being naturally White. Again, tho’
the right and left Iliack Arterics

do
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do in the natural State receive an
equal quantity of Blood ; yet when
a Wound 1s made in the Righe,
thro’ which the Blood has an eafie
Paffage, this muft receive much the
greateft part of the Blood which
comes down the Aorta, and confe-
quently the Circulation of the Blood
muft be very flow in the left Leg,
and no more Blood can come from
it, than what is thruft out meerly
by the Motion of the Body, or
what flows naturally of its {elf in
the ftrait and large V. eﬁ?f!.r as Fluids
will do to come to an ZEguilibrinm
for the {fame Reafon the afcendmg
Trunk or Branches of the Aorta can
reccive but a {mall quantity of
Blood, and therefore the Pulfe in
the Arterles of the Brair muft be
very languid or none at all, upon
htch Account the Motion uf the
Spirits muft ceafe, and confequent-

ly
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ly that of the Heart. When the
Aorta begins to be empty ( which
muft quickly happen when the
Blood runs out at a Wound of a
large Artery ) then the Blood ha-
ving little or no Refiftance, rwill
flow eafily into the empty Veffel,
and a very {mall Quantity of it
will enter the Orifices of the Co-
tonary Arteries of the Heart, the
Valves covering them, and confe-
quently the Motion of the Heart

muft ceafe for want of Blood. |
It is for thefe two laft Reafons,
that the larger the Veffels are that
are wounded, the fooner the Animal
dies; and if the Aorta it felf was
cut afunder , there would be a
{maller Effufion of Bloed from it,
than from a {maller Artery : For
fince it is the Blood in the Aorta
that thrufts forward the Bliod 1n
the Veins, and makes it pafs from |
the
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the Vena Cawa into the right Auri-
cle of the Heart ; it is plain, that
when the Blood in the Aorta is in-
tercepted , the Blood will be no
longer driven thro’ the Veins, but
will ftagnate in them, no more of
it coming to the Heart, than what
by reafon of the Fulnefs of the
Veins flows into it, and confequent-
ly the Heart throwing but a {mall
Quantity of it into the Aorta, the
Circulation will be quickly ftopt,
both in the Afcending and Defcen-
ding Trunks, and there will be no
- greater effufion of Blood than what
can be contain’d in the great Arte-
ry which holds but little. ~ Where-
{foever the Wound 1s made, {o long
will the Animal live, as the great
Artery keeps full, but whenever that
begins to empty, the Blood in all
its Branches muft ftop, and confe-
quently the Animal muft die.

| The
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The Veﬂ}b‘ of Ifhe Animal Body

lod from are not meer unactive Tubes, but

the (mall-
eff Veffels. a3

they may be gradually dilated,
{o they can gradually contract again;
and as they cannot [uffer any vio-
lent and fudden Stretching without
breaking, fo neither can they im-
mediately contract upon any {udden
Evacuation.  And therefore when
‘any great Arfery is wounded, the
Animal dies after a few Pulfations
of the Heart, the great Artery be-
ing immediately emptied : But
when a fmall A4rrery at a great di-
ftance from the Heart continues
bleeding flowly, all the Veffels
throughout the whole Body gradu-
ally contralt, {fo that after many
Pounds are evacnated, they may be
as full as they were at firft, and
confequently the Animal not fo
much as faint, the Veffels in the
Brain being {till kept full, and the

: Spirits
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Spirits driven  forwards in the
Nerwves; nor can the Animal die till
fuch time as the Veffels contralt no
more, It is for this Reafon that
we have no Obfervations, which
give account of fuch large effufions
of Blood, at Wounds of the great
Arteries, as we have from the {mall
Ve[Jels of the Nofe, and from the
Hzemorrboides 3 and therefore Do-
&or Moulin’s Determination of the
Quantity, of the whole Mafs of
Blood, which is calculated from the
Quantity, voided at the Carotide
and Jugular Veffels, is much lefs
than what others from the Obfer-
vation of Hemorrbagies of {mall
Ve[fels have determin’d it to be.

This Contradtive or Elaftick Pow- 4, 5.,.
er of the Veffels is not equal in all i of ains
Bodies ; for in fome it is greatly e
dimini(h’d by the Vilcidity of the %» £os
Blood, and the Obfiruftion in the

H Fibres
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Fibres and Capillary Veffels, and

therefore fome Men may die of a
much lefs effufion of Blood than
others, who perhaps may have a
lefs Quantity of Blood. It is for
the fame Reafon that fome Perfons
faint upon opening a Vein of the
Arm, whilft others do not. If this
Elaftick Power of the Veffels is
{ftrong and great, then as the Blood
is let out, the Arteries of the Piz
Mater contralt, and are. kept full
as well as the Coronary Veffels of
the Heart, and confequently there
1s neither Blood nor Spirits want-
ing for performing the Motion of
the Heart ; but it happens juft
otherwife, where this Elaftick Tone
of the Veffels is wanting, that is,
to fuch as have a foft and loofe
Fle(h, a lax and cache¢tick habit of !
Body ; and therefore when they re-
quire bleeding, it is convenient to

ftop
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ftop the. Blood at {mall intervals,
to give the Veffels time to contradt,
before the full Quancity that is de-
fign’d be drawn off ; and if they
are ready to faint, the {urprizing
them, by throwing cold Water in
the Face, to caufe a fudden Con-
traction, and the putting of them
into an horizontal Pofture, that the
Ve[fels of the Brain may fill, and
the Blood from all the depending
Parts, have a more eafie Reflux,
does prevent it. It 1s the want of

- the fame Energy of the Veffels that
caufes fome to faint upon any f{ud-
den Evacuation by Urine, Stool, or

any other ways. |
That this 1s the true Reafon of 4 7rf
a1 8 I . of thisReas
fainting upon any fudden or vio-
lent Evacuation, and not the draw-
| 1ing off of the Spirits (as 1s general-
Iy faid) appears not only from this,

| that{uchas faint upon bleeding at the
H 2 Arm,
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Arm, do not faint upon Cupping,
tho’ the {ame, or a greater Quanti-
ty of Blood be drawn off this way,
but likewife from the fainting of
Perfons tapped for an Acites, if it
happens, that too great a Quantity
of the Waters 1s drawn off at once.
None can {uppofe that the Spirits,
which are in the extravafated Lyu-
pha, have an immediate Influence
upon the Nerves and Heart, that
their Subtra&tion fhould prefently
drain the Nerves of Spirits, nor can
any think ; that the Spirits are {fo
guickly fpent, as immediately to
{uffer upon the’ account of the
want of a Supply from an extrava-
{ated Fluid : buc the Cafe is this;
In an Afcites, the delcending Trunk
- of the Aorta, and all its Branches
being confiderably comprefled, the |
Blood muft neceffarily dilate the
afcending Branches beyond their |
| natural
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natural Bignefs ; but, when the Wa-
ters are let out to any confiderable
Quantity at a time, the Blood has
- a more free Paflage into the de-
{cending Trunk , the Sum of the
Cavities of both Arteries is aug-
mented, and the Quantity of Blood
thrown out every Syftole not be.
ing greater, the Arteries cannot be
{fo much dilated, and confequently
the Pulfe becomes {mall and weak,
and the Spirits therefore are but
{flowly propelled thro’ the Nerves,

. the Blood flows but in a {mall

quantity into the Coronary Veffels
of the Heart, and confequently a
Syncope muft enfue, till the Vef-
fels can recover their Tone, and
the Blood in all the Arteries comes
to an Aquilibrinm, and therefore
it is neceflary to rarifie the Blood,
and roufe the languid Motion of
the Spirits by a Cordial.

H 3 That
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That the Compreflion of the de.
{cending Artery muft throw a grea-
ter Quanuty into the alcending
Branches 1s demonfiration, and that
this Quantity is conf derab]e and
does affe& the whole Machme
evident from the Flufhing a_nd
Head-ach which {ome feel after a
plentiful Meal, when the Sromach
and Guts bemg loaded, prefsupon
the defcendmg Trunk, and con-
tract irs Cavity, which are the Cau-
{es why a greater quantity of Blood
paffes into the afcendmg Trunks ;
on the contrary, if the Cavity of
the defcending Tru: k fhould be di-
Jated , there will be a lefs Quanti-
ty of Haad thrown into the alcen-
dino Trunks, and confequently the
Eff=s on the Animal Body muft be
at Jeaft as {ghfible,

““ Ths LGHUH&W'E Power of the
ijgf ¢ ought” to be duly confider’d,

beforﬁ' |
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before the leaft Quantity of Blood ¥ res

Rifque in
be drawn in molft acute, as well Bleeding,

as chronick Difeafes; for I could ::rt:fr:r;:f
eafily thew how it may be loft to Lr,fe,,f;"
a great Degree, in a few Hours.
And.ip .00 Cafe whatfoever-is the
drawing off a large quantity of
Blood at a time juftifiable, fince it
may be done more fafely, and to
as good Purpofe at {mall Intervals.
It is evident from the Theory of
Secretions , that both the Quantity
and the Quality of the Secretions
may be altered by Blood-letting, and
therefore when the Blood 1s upon
a Ferment, and generates new Co-
hefions, of whofe Nature we are
ignorant , it is a Rilque, which
without evident and cogent Rea-
{fons, ought not to be run. But
to return,

It we give any Credit to the
Obfervations of Phyficians, we muli

H 4 believe



104 Of Animal Secretion.’
A greater beheve the Quantity of Blood in
%r;:; ”;iﬂ the Humane Body to be above 25

:’bféz‘}”‘ pound Weighe. ' ("2 ) Rulandus
varions of tells us, that he cured one of a
iffﬁ = b]efsdmg at the Nofe, after he had
bled in one Day about Ten Pﬂll[ld-
Welght (b) Petrus Borellus ob-
ferves; ' that a full bodied Jovial
Tﬁylhr loft Ten pounds of Blood:
by the Hemorrboides, and that he
cured him with the Syrrup of dried
Rofes. (¢ ) Sckenckins quotes Mon-
tanus tor one 'that voided Two
pounds and more of Blood; by the
Piles, every Day for forty five Days
tngethcr and ‘was afterwards cu-
red. (d) Bartholin fays that he
faw one vomit fixteen pound ' of
Blood without the leaft ill'Confe-

quence, And he takes "chtice of

(a) Rulandus Curat, 57, Cent. x

(b) Cent. iv. Obf, Lviii, L t t. Obf
fle,  (d) Cap. de Corde, (o lb §

one
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one 'who bled forty eight pound in
three Days by the Nofe, from
And. Argolus. (a) Sckenckins has
* {everal Obfervations of profule He-
morrbagies of thie' Nofe.  He men-
tions a Nun of a thin Habit of Bo-
dy, who by bleeding at the Nole,
{picting of Blood, and with Urine,
voided eighteen - pound of Blood ;
fhe wasicured by ‘one Drachm of
Philoninm Perficum. = Brafawolus cu-
red a Lady of a bleeding at the
Nofe j''the Blood which he weigh-
s edy 'befides:what fell upon “the
Ground, Linen ‘and Cloaths , was
eightecn-Pound. ~Marcellus Dona-
tws recovered one of a bleeding at
the Nofe, who in two Nights and
one Day, bled above twenty pound
Weight, as he found by weighing
it. - And at laft he tells us of one

-

(2) 1ib. de capite Obf; cccxxxift,
1R who
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who in fix Days bled forty pound
at the Nolfe.

Now if the Quantity of Blood in.
the Humane Body was not confi-
derably greater than its common
Eftimate, thefe Perfons could ne-
ver have furviv'd fuch profufe eftu-
fions of their Blood. All of them
bled more than Dr. Moulin reckons
to be in the Body, and many of
them more, and almoft double of
the largeft Quantity which is al-
low’d of by any: So that either we
muft deny thefe Matters of Fad,
or we muft own, that our higheft
Eftimates of the Blood fall much
fhort of the true Quantity. - With-
out doubt Men differ in the Quan-
tities of their Blood, as well as in
the Weight of their Bodies: But
none of - thele above-mention’d are
noted to have been of a full habit
of Body except Borellus’s Taylor ;

and
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and it is particularly faid of the
Nun in Sckenckins, that fhe was a
{pare and thin Woman, and that’
her bleeding could not proceed- from
a Plethora.

Having therefore fufficiently pro-
ved, that the quantity of Blood in
the Humane Body muft be much
oreater than the common Eftima-
tion : I fhall in the next Place en-
deavour to thew how much at leaft
1t 1, |

By Blood I underftand not only Wi« is
the Fluid in the Veins and Arteries, ’E;’E}’::f‘
but likewife that in the Lynspbe-
duéts, Nerwes, or any other Veffel
of 'the Body, becaife they are all
Parts of the Blood, {eparated from
it by the Force of the Heart, and
many of them by the fame Force
return to it again ; and therefore,
when I fpeak of the quantity of
blood in the Body, I would be un-

derftood
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derftood to, mean the quantity of
c;rculatmg Fluids, of what kind fo-
ever, they be, at other Times I
thall ufe the W"ard in its common |
Signification.

I {uppofe the whole Body is no-
thing but Tubes or Veffels full of
BIaod or ' Ligquors {eparated from it.
This is . now agreed on by all who
underftand the Fabrick of the Bo-
dy, and is evident from nice Mer-
curial Injections of the Veffels, and

..~ may be plainly feen by Microfcopes.

Lecuwenboeck {ays, That there {eem-
ed tobe above 10000 Blood-vefiels
in the {pace of % of an Inch [quare.
You cannot prick your Finger with
the fineft Needle but it wounds a
Blood-veffel. The .Fibres of the
Mulcles. (which make by far the
greateft part of the Body ) are full
of Blaod and the Fibres of the

Bones
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Bones are not without their Fluid,
as 1 fhall thew afterwards.
I therefore confider the Veffels The Pro-

portion of

full of Fluids, as fo many folid Cy- e £y
linders, and the Coats of the Vef sk v
fels, as fo many concave Cy!mder.r

of the {ame height, whofe Propor-

tion to one another may be thus

determined. Let A B
G H reprefent the circu-
lar Se&ion of a Veflel, of
- which call the Diame-
ter A B, 2, the Diame-
ter ¢ d of the Cavity,
a—b. Circles being to one
another as the Squares of their Di-
ameters the Square of the whole
Setion is 4, the Square of the Ca-
vity 15 4*—2 a b+ b*, which being
{ubftradted from the Square of the
whole, there remains 2 2 5—0* pro-

portional to the annular Space
ABGH c¢d f E, and confequent-

ly
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ly in'a Body compos'd of fuch Vefs
fels filled wich Fluids, the Fluids
will be to the Solids , or Coats of
the Veflelsasa*—2ab+b'15to22b
b

f;f:’;; Now if the whole Body was

i, compofed of Veins or Arteries, it
were eafie to determine the Quan-
tity of Blood in the Animal Body.
But we find, that the Coats of the
Arteries have a greater Proportion
to their Cavities, than the Veins
have to theirs, and thefe again have
a greater Proportion to their Ca-
vities, than the Lymphatick Ve[fels
have to theirs, and there may be
one Proportion of the Nerves, ano-
ther of the Fibres of the Mulcles,
and another of the Fibres of the
Bones, all which ought to be known
before the quantity of blood in the
animal Body, can be exaltly de-

termin’d.
The
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The thicknefs of the Coats of
the Blood-veflels may be thus ex-
actly found: Slit a piece of a Blood-

- veflel, and reduce it to the Form
of a Parallelogram , then weigh it
in Water, and by that means find
the Weight of Water equal to it in -
bulk. This weight reduced to de-
cimal Parts of an Inch call, 4, and
fuppofe the length of the Paral-
lelogram equal to e, and its breadth
=c, its thicknefs f. Thend=ecf
and confequently ¢ = f the thick-
nefs of the Coat of the Veffel.

Thus a piece of the Aorta of The Pro-

a Calf I found to be equal to fﬁ;’fﬁfﬁﬁf{
0.071897 parts of an Inch of Wa.n the r-

ter, its length was 1.1, its breadth E’ﬁf:ﬁii:
1.28, and therefore its Thicknefs 4=
was 0.051. The Diameter of the
Cavity of this Artery was 0.407.

and confequently #*—2 4 b + b* equal

t00.165649,and 24 b—b* equal to
0.0934%» 4
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0.093432.and therefore if thewhole

Body was compoféd of Arteries or

The Pﬂ?-
rtion of
the Blood
in the
Feins to
the Coat of

the Veins.

Veflels which had the fame Pro-

portion to their Cavities, as the Ar-

teries have to theirs, the Blood
would be to the folid part of the |
Body, as 1.7 to 1, and a body
weighing 160 Pound, would have
100 Pound of blood.

After the [ame manner I found
that the thicknels of the Coats of
the Vena Cawa of the fame Calf
was 0.0097. The Diameter, of this
Vein was 617, its Square is 0.380-
689,and 24b b =0.02431896.
If therefore the body was compofed
of Vefiels, whole Coats had all the
fame Proportion to their Cavities,
that the Coats of the Veins have
to theirs, the Blood would be to
the folid part of the body, as 15,6
to 1, and in a body weighing
one hundred and fixty Pound ,

there
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~ there'would be above one hundred
and fifty Pound of blood.

. It is to be obferv’d, that thele Zi» /e
~ Proportions of the thicknels of the 5/
Coats of the Veffels to their Cavi- ereafes np-
ties were taken when the Veffels i’;c;j}ﬁfe
were empty, and confequently when Pff;
the Coats were thickeft, and the S}fcg,rf;ﬂgﬁ
Diameter leaft, for all the Veffels, Vel
efpecially the Arteries, fhrink and
contract when they are empty. Let
us fuppofe the Diameter of the Ca-
vity of the Artery which was
0.407, to be increafed o.1. the
Square of this Cawity would be
0.257049 , and confequently the
blood would be to the {olid part
of the body, as 2.7 to 1. If the
Diameter were increaled o.2 the
blood would be to the Veffels, as
3.9 to 1. If 0.3, it would be as
< 5.3 to 1. From thele Proportions
one may judge more exadtly towhat

i De-

_'s'
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Degree the blood is heated or rari.
fied in inflammatory Feavers, by the
Largenels of the Pulfe: As alfo
how {mall a Quantity of blood muft
be thrown out at the Heart every
Syf’mle in languld Feavers when the

Pulfe 1s {mall."

It is furprizing to {ee how little
the encreafe of the Diameter of the
Cawity of the Arter y diminifhes the
thickneﬁ; of its Coats; for if we
add to the Square 0.257049, the
annular Space which we found
to be 0.093432, then 0.35048
is the Square of the Diameter of

the whole Artery, that is both of

its Coats and Cawity., The Square
Root of this Number 1s 0.592,
from which if we {ubtra&t the Dia-
meter of the Cawity, there remains
0.085, the half of which 0.0425
15 the thicknels of the Coat of the
Artery, Thus I find chat the Dia-

meter
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meter of the Aorta may be encrea-
fed eight times its firlt bignefs be-
fore its Coats become fo thin as the
Coats of the Cawa. This thewshow
prodigioufly Ancurifms may dilate
the Arteries ; and how, when a
large Trunk of an Artery in the
Arm, Leg or Thigh is tied, the
{mall Arteries (which all commu.
nicate with one another) may di
late to carry on the Circulation of

the Blood.

. The next fort of Veffels T come o 2
| to confider is the Fibres of the %77,
Muicles, which tho’ they may be itk -
more bulky, yet they cannot be j;,;;f
more numerous than the Arterics
for every Fibre muft have at leaft
onc Artery, and it is probable it
has feveral. They without doubt
have confiderable Cawities, being
they {well, are blown up, and

{thereby confiderably thortned when
i3 the
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the Mufcles ad.: “And ' their «fides
can be but thin, or elfe they could
not be diftended by fo {mall a
Force. - Befides the Blood appears
s plamly - thro’ them as 1t does
thro’ an Artery of an equal bignels,
and therefore we cannot judge their
fides to be thicker than the Coat of
an Artery of an equal bignefs. The
Proportion of the thicknefs of their:
{ides to their Cavities is not to be
taken after tne Manner we have
done thole of the Veins and Ar-
teries, but that we might make’
{ome Eftimate of it; 1 made the
following Experiment.
I took a piece of the Inteftine of
a Dog, with part of the Mefentery
and  Pancreas Afelliz, and having
carefully emptied it of all its Con- |
tents, = I weighed it exaltly with '
all ‘the Blood in the Veffels, its
Weight was one Ounce and a half
one
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one Drachm and eighteen Grains

then' I injelted warm Water 1 into
the Artery, and having fuﬂimently
wafhed out all the Blood, ‘¥ blew
it up, and hung it up to dfy in the
Shade ; after it had dried’about a
Week, I weighed it again; 'and its
Weight was two Drachins, two
Scruples; and ‘eleven Grains: By
which it appears; that it had loft
{ix hundred and thirty feven Grains,
and that there remained only ‘one
hundred and fixty one Grains. Now
this Lofs could be only of the Flu.
ids, which being diluted with the
warm- Water,: were the more eafi-
ly evaporated and therefore if the
Blood in every part of the body
bore the fame Proportion to the
folid Part, that it does to the folid
Part of the Inteftines, their Propor-
tions would be 3.9 to ¥, and a
body weighing onehundred and fix-

I3 ty

117



118 Of Animal Secretion.

ty Pound would contain one hun.
dred and twenty feven Pound of
Blood, {o that even the Fibres of
the Mulfcles are lefs folid than the
Arteries. But the Fibres which per-
form the Periftaltick Motion of the
Inteftines, are not fo {pongy as the
Fibres of the Mufcles, for we find
them firmer and harder ; befides, if
we confider that the Periftaltick
Motion is performed by avery {mall
Contration of the Fibres, for which
a very {mall Inflation will {uffice;
but the Contra&ion of the Fibres
of the Mulcles being great, they
muit be confiderably inflated, and
confequently more {pongy, and ca-
pable of receiving a larger quanti-
ty of Blood, than the Fibres of the
Inteftines; and therefore it is evi-
dent, that in the Mufcles which
make up far the greateft pare of the
Body, the Proportion of the Blood

to
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to the {olid Fibres muft be above

3.9 to 1, or almoft as 4 to 1.
. To know what Proportion the Of t

tantity

Fluids of the Nerves bear to the {o- ;7 Fl4ids

lid Part of the Nerves. I dried ai{&f;
piece of the Medulla Spinalis with- :
out any Art or Preparation, excep-
ting the flitting of it, and I found
that it loft near “ths of its Weight,
{fo that it appears, that even the
Nerves are not more folid than the
other Parts. And as to the Lym-
phatick Veffels, I believe every one
_ will eafily agree, that the Fluids in
them bear a much greater Propor-
tion to their Coats, than what has

yet been found. |

The Bones of all the Parts in the Of ke
Body feem to bid the faireft for %ﬁ;ﬁf
Solidity, and yet even their Fibres? i
are not without their circulating
Juices, what elfe is the Callus which
* unites and cements the Extremities

£ 7 - of
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of broken Boues 2 In it there are
no Fibres, nor Parts to be diftn-
guifhed, but it appears like an uni-
form infpiffated Juice. At what-
ever Time or Age the Misfortune
of a broken Boze happens, this Juice
is always at hand, which fhews,
that it 1s a!ways Lirculating, tho’
flowly : If it ftagnated, it would
harden, as it does when it is ex-

travafated and forms a Callus ; and
canfequently all the Pafiages belng
obftructed , no broken Bone could
unite. ThlS Juice is like to.the
vilcous Sap of Trees ; for without:
doubt. a Fluid, may move as eafily -
thro’ the Fibres of the. Bones, as
thro' the Fibres of an Oak. The
Excrefcencies of the very Subftance’
of the Bones, their Nodes, Swel.
lings, and fnftemng like Wax of
which there are feveral Inﬁances to
be found in Authors even of Per-

fons
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{ons grown in- Years, do {ufficient-

ly’ evince a' fluid c1rcu]atmg thro”
their Fibres. . No doubt but « that

the older we grow, the narfower:

are the Channels of the Fibres, the

vifcid Fluid hardening towards thelr'f
Sides, and after Death intirely ob-!
ﬁru&ing them, fo that the whole’

Fibre appears folid ; but fill it is

really no part of the F ibré,rﬂo-mofej
than the Cruft with. which fome

Waters line' the Pipes thro’ ‘which

they run, is partof thé wooden or!

leaden Pipe, or the Glew ‘ip:which
a.Sponge has been foaked; can be

{faid to be part of the Sponge':-

12F

And as thefe may be staken' ot

without taking away' any: of the
Subftance in which theyare con-’
tained , {o likewile may tl“ls Flard!
n the Bones.” What elfe 15 the:
Jelly made: of: Hartsthorn, bot 2

Fluld extracted by boiling ‘.wf er,

the
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the Fibres and Subftance of the
Horn ftill remaining undiflolved ?
Is not the Jelly extorted by Pa-
pin’s Digefter out of dry and folid
Bones the fame Fluid ? That I
might know what Proportion it
bears to the Fibres of the Bones, I
caufed the Bowe in the Knuckle of
Beef, being firft boiled, and the
Marrow taken out, to be put into
the Digefter. Before it was put
m, it weighed 22 Ounces 6%
Drachms, when it was taken out
and dried, it weighed r1 Ounces
1+ Drachm, fo that it loft above
half its Weight, and yet the Tex-
ture of the {malleft Fibre in the
moft {pongy Part of the Bone was
not broken, and the middle or more
folid Part appeared to be made of
Parallel Lamine, of which four or
five would hardly exceed the thick-
nels of a Sheet of Paper. And I

doubt
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doubt not but that if the Experiment
had been made upon younger Boves,
but that the Proportion of the Flmds
to the [olid Part would have been
found to be muh creater. Now
if the Boues contam fuch a quan-
tity ot 4"1!1id what do the Ten-
dons , Membranes , Ligaments and
Cartilages | whlch are much fofter
Subﬁancesj and which upon boil-
ing likewife yield a Jelly 2 Andis
not Glew which 1s extraéted out of
the Skins of Animals {fuch a {ort of
Fluid ? So that it is highly proba-
ble, that there is not a Fibre in the
whole Body, in which fome Flud
or other does not circulate , but
which hardening after Death, and
perhaps fome part of it before, no
Elixation whatfoever can extrat.

Thus have I confider’d the feve- The Coa
ral {orts of Subftances in the Body, /. fi f;?r‘
and fhewn what Proportion thepff of o=

Flulds};; £

s

e
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Fluids in each of them bear at leaft
to their folid Parts; I fay at leaft,
for no Preparation nor Art can ex-
tra& a Fluid fo vilcid, and fo apt
to harden, as the Blood s, out of
the innumerable Meanders of {uch
infinitely {mall Veffels. I have al-
{o {uppofed the Coats of the Veins
and Arteries to be perfeltly Solid,
that is, without Fluids, whereas it
1s evident to the naked Eye, and
agreed on by all Anatomifts, that
they are compofed' of Myriads of
Veins and 'Arteries. - What an in-
numerable company does an Inflam-
mation of the Eye fhew upon the
Tunica Conjunllivay and are there
not many more to be difcovered by
Microfcopes, -and the finer the Glaf-
{es are which weuafe; fill the ' more.
Veffels:xve difcover, o that if ‘'we
canfée-no more; it is only becaufe
our Glafles are/not better: - 'Whe-

il {oever
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{oever 1s acquainted with the Pre-
parations of the curious Dr. Ruyfck
would be apt to believe that the
whole Body, and all its Fibreswere
nothing but Blood-Velfels. "

. A piece of the Aorta of a Calf Tﬁ‘ﬁ;}ﬁ:
weighed 240 Grains, when dried, iti in the
it weighed 80 Grains; fo that from %
this Experiment it appears, that the i« s
Blood in the Coats of the Arteries ;“"‘,:”Eip{
is to the Coats as 1.7 to 1, which "7
1s the {ame Proportion the Blood in

the great Arteries bears to their
Coats, and yet we cannot {uppofe

that any more than the thin part of
the Blood wasexhaled.

Now -ther'eforéj {uppofing that 4 general
FEF Metrbod to
the Veffels are made up of others, i.cmine

full of Fluids, and that there is the ¢ Quan-
fame Proportion of the Fluids to id: in the

: . . Coats of
the folid Parts in each of them, 747 !

the Quantity of Blood in the Body fis.
| may
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may be thus derermined.
Let the Annular Space
GABH, Ecfd, be to

A B the whole Circle 4 G
U B H, as 1 to 2; then in
a Body compoied of fuch

i Veilels filled with Fluids,
the Fluids will be to the Solids
( if the Annular Space is folid ) as
a— 1 to 1. But if this Arnular
Space is likewile compofed of the
fame fort of Veflels, then in the
whole Body the Finids will be to
the Solids as 4*—1 to 1: and a-
gain, if thefe lefler Veflels are com-
pofed of others fiill lefs than them.
felves, then the Fluids will be to
the Solids, as 23— 1 to 1: and if
there fhould be four {uch Orders of
Vellels, the Fluids will be to the
Solids, as a*— 1 to r: if five as
&% t0 K iffix, 28 45 v s itD

{o that the Proportion of the Fluids
to
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to the Solids may be increafed in
Infinitum. In the Arteries a is e-
~ qual to 2.7, in the Veins it is equal
to 16.6, and according to the fe-
veral Series of Veffels, the Blood
will be to the folid Part of the
Body in thefe Proportions.

1.7 15,6
6,2 27455
18,6 4573
52,1 tO 1 Y8037 50 801
142,4 1250492
" 286,4 20758082

- If the Body is compoled of Vef- 7iu: il
fels, whofe Coats are made of / S/ids

in 4n ani-

other Veffels, and thefe again of mf{ ﬁﬂdj
ar /s

others, as has been faid ; then the .,
Bodies of the Animaleula in (emine, 7 b »

> more than

or the Prima Stamina wite may be nha was

increafed to any bulk, and the *

Coats of the Veffels {o far as we culain
feminex
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- can difcern; grow thicker and thick-
er, wﬂhout the Addition of any
Subﬁance to the Veffels, only by
increafing  the | Quantity . of Fluid,
with ‘which they are filled. For as
the large Veffels {well; {o likewile
muft the fmall ones, of which their
Coats are compoled down to the
very laft; and the {welling of the
feveral Orders of Veffels muft ne-
ceflarily increafe the thicknefs: of
the Coat of that Veffe/ which they
compofe ; {o that by increafing the
Number of the Orders of the Vef-
[els, the Coats of the firft Order of
Veffels may be increafed to any De-
grec, and yet the Diameter of the
Ve[fels which compofe thefe Coats,
not greater than a given Line, /|

That the Coats of the great'
Ve[fels are compofed of fmaller Vef=, |
felsy is Mateer of Fact, and we:

~ know nothing to the contrary; but
that
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that thefe fmall Veflels may be
compofed of others {till {maller than
themfelves. We know not how
» many Lamine or Folds there are in
any Membrane of the Body. That
excellent Anatomift Mr. Cowper n-
forms us, that every Membrane is
Veficular, and may be blown into
innumerable Cells, That tran{pa-
- rent Membrane the Corneaz of the
Eye confifts of as many parallel
- Laminz, as the niceft Hand of the -
moft expert Anatomift can raife.
«« That delicate thin Membrane which
~ involves the Brain, divides its {elf
into two Lamine. And it is very
probable, that the Hydatides, of
which f{everal are found within one
another, are nothing but the Coats
of the Lymphatick Veflels, diften-
ded and feparated by the Lympbha,
| and yet it is hard to conceive any
4 thing thinner than the Coat of 2
| K Lym-
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Lympheduct, which is not vifible
but when it 1s diftended with Lym-
pha. 1If we know not the Num.-
ber of Lamine which compole the
Membranes, how can we reckon
the Number of Fibres, of which the
Lamine confift ? Or how fhould
we difcover the Number of Fibres,
of which each Fibre 1s made up?
Leeuwenhoeck tells us, That the Fi-
bre of a Mufcle which was nine
times {maller than a hair of his
Beard was made up of a hundred
fmaller Fibres, and yet each of thefe
muft have had Nerves, Veins and
Arteries, and perhaps each of them
made up of a hundred more: For
of how many Series of Veflels any
one Veflel 1s made up of, is what
no Microfcope can difcover; becaufe
only one Order can lie at a time |

in the Focus of the Glafs, and if
moie
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more could, their feveral Refradti-

{ ons would confound the Sight.

Ifall the folid part of the Body Nriin
“was contained in the Animalcule, E;éﬁm
.then Accretion and Nutrition are no- """

thing but the Repletion and Di:
ftention of the Veflels, and it is
eafie to conceive how Helmont’s
| Tree grew from five pound Weight
in five Years time, to one hundred
and fixty nine Pound, only by the
Addition of Water: Nor does this
at all contradi& the Ingenious Do-
«&or Woodward’s Experiments con-
cerning Vegetation, but his Expe-
timents are rather a Confirmation
of this Doctrine. For the fewer
Terreftrial Particles are contained in
the Water by which any Plant is
nourifhed, the quicker the Water
pailes off thro’ the Pores or Excre-

.tory Ducts of the Plant, and con-
K 2 {equent.
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fequently the lefs the Veflels are
~ diftended ; but if the Water is im-
pregnated with a large quantity of |
terreftrial Matter, it cannot pafsoff
quickly, but being retained in the
Plant, the veflels muft be diftend-
ed, and confequently the Bulk of
the Plant increafed. That the fewer
terreftrial Particles the Water con-
tains, the quicker it pafles off] is
evident from Experiments: for
two Plants of Mint, near of the
{fame Weight, fet at the fame time,
the one 1n Rain-Water and the
other in Thames-Water (which 1s
more copioufly ftored with terre-
{trial Matter ) thisdid thrive to al-
moft double the bulk of that, and
with a lefs Expence of Water 5
yet the Experiments do fufficiently |
evince, that Plants require a proper |
Nouwrithment, as well as Animals,

without
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without which they can never kind-
ly thrive. For Life is continued,
and all its Funcions performed b}r

- the ftraining off of feveral forts of

Juices from the common Fluid,
which 1n Anmmals s called Blood :

~ But if this common Fluid cannot

afford thefe Juices, or 1s not fit to
be turned into them, then that Body
whether vegetable or animal, muft
turn fickly, and at laft die. Some
{orts of Water are more eafily trani-
muted into the Juices of fome
Plants than others, for we {ce {ome
love a very dry and fome a very
wet Soil, and {ome will grow in
Water alone, and therefore it was
that Helinont's Willow Tree grew
to fuch a Bulk.

If the moft proper Food can on-
ly diftend but not increafe or add
to the Subftance of the {olid Part of

K 3 . 2the
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the Body, how much more reafon-
able 1s it to fuppole, that no Mat-
ter, howfoever difpofed, can at firft
frame thefe {olid Parts, without an
Omnipotent Power immediately a-
Ctuating it. .
7h Pofi-  And does not all that has been
%{f;;ffﬁhf {aid demonftrate not only the Pofli-
ftionof th: bility but likewife the great Proba-
s bility of that Suppofition, which the
Reverend and Learned Mr. Clark
ufes to fhow the Poflibility of the
Relurrettion of the {fame Body ;
for if all the folid Parts are no
more than the Original Stamina ,
and all Nourifhment only a Fluid
in a perpetual Flux, then no Part
of an animal Body can become
Part of another animal Body ; but
the Body is always the fame, from
the firlt Moment of Life to the
fak. | |

Bu;:



Of Animal Secretion. 1.3';

But whether the Coats of thcg}";g{*j_gﬁf

52 ar

Vellels are compoled of others, or und Bones
not, the Experiments I have brought dedncted

from the
do clearly demonfirate that the Quamiy

Fluids in the Body are to the Solids of Hinds
at leaft as 3.9 to r, and therefore
in 2 Body weighing one hundred
fixty pound, there mult needs be
one hundred twenty feven pound
of Blood. From which Quantity
that I may put the matter out
of all manner of Difpute, I (hall
dedu&t the Weight both of the Fat
and Bones, tho’ I think that fome
Arguments might be alledged to
prove that even the Fat circulates,
and I have already (hown that there
1s a Fluid in the Bones.

In a Body weighing one hundred
fixty pound, I fhall {uppofe that
the Fat 15 an Inch deep all round
the Body, and in fuch a mecan
Weight, 1 believe this will be {uf-

K 4 ficient
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ficient to anfwer for all the Fat e.
very where elfe.  Dr. Wainewright
reckons the Surface of the Body
meafures fifteen {quare Feet, and
therefore the Fat muﬁ be one hun-
dred eighty cubick Inches. Now
a cubick Inch of Fatr weighs about
half an ounce or {fomething more,
and therefore the whole Fat of the
Body of a Man weighing one hun-

dred fixty pound is ninety ounces,
or five pound ten ounces ; but I {hall
{uppofe it to be {even, and that the
Bones weigh twenty pound , and
there remains one hundred pound
for the Quantity of Blood in a

‘Man weighing one hundred {1 xty

Gmr:erﬂmg
the Veloci-
1y of the
ﬁfﬂﬂd

Pound.

Having in the firft Treatife
{poke of the Nature and Quali-
ty of the Blood, and in this of
its Ouantlty.j it wﬂl not be im-
Proper in thls Place to fay fome-

thmg
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thing concorning its abfolute Ve-
locity. |

All who have wrote of the Ve
locity of the Blood fince the Dif-
covery of its Circulation by the im-
mortal Dr. Harwey, have content-
ed themfelves only to calculate the
Quantity which paffes through the
Heart in fome determined Time:
But none has as yet given us the
abfolute Velocity with which it is
thrown out of the Heart, runs
throw the Aorta, or any of its
Branches. Many have indeed {poke
of the rapid Motion of the Blood,
and that it muft be much greater
near the Heart than in the Extre-
mities ; but how much greater it is
in that than in thefe, or whether it
moves through the Aarm at the rate
of 5, 10, 100, or 1000 Feet ina
Minute, is what has never as yet
been determined ; tho’ next to the

Circu-
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Circulation of the Blood its felf, it
{feems to be a thing of the greateft
Moment for explaining of the ani-
mal Oeconomy. After the Moti-
on of the Blood was once deter- -
mined, methinks 1t was but natu-
ral to have enquired in the next
Place with what Degree of Velo-
city it mov’d. .

The Velocity of the Blood in the.
Aorta may be thus determined.

The Velocity with which a Fluid
flows out of any Orifice uniformly
and always running in the fame
Quantity, is equal to the Velocity
of a Body which defcribes a Space
of the fame length with that of a
Cylinder whofe Bafe is equal to the
Orifice, and whofe Magnitude s
equal to the Quantity of the Fluid
that runs out in the {ame l:irrm’:J as
‘tis evidently fhown in the Letio-
nes Pbyfice Fo. Keil, pag. 114. Now

{uppofe
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{uppofe the Heart contralts eighty

times in a Minute, and that each
Contration throws into the Aortz
one Ounce of Blood. An Ounce
~ of Blood is equal in bulk to 1,
659 inch, and confequently 8o
Ounces are 132, 72 inches. The
Diameter of the Aorta in a middle
fizd Man, I have found to be o,
- 73 Parts of an Inch, and therefore
its Orificeis o, 4187, by which di-
vide 132, 72, the Quotient 316
inches or 26 feet gives the length of
the Cylinder, or the (pace thmuﬂ'h
which the Blood will goina M:nute
fuppofing it were conftantly going

out of the Heart with the {ame Velo-
city : But becaule of the Diaflole
of ithe Heart, which is at leaft
half the time of a Pulfation, there
goes out 8o Ounces in half a Mi-
nute, and confequently the Velo-
city of the Blood is at leaft twice

. as

159
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as great, or fuch as will make it
to move at the rate of 52 Feet ina
Minute : I have fuppofed that the
Quantity of Blood that the Heart
throws out every Syflole is only
one Ounce ; becaufe that (being
allowed of by all) gives the leaft
Velocity, and we are fure it 15 at
leaft fo much ; but if every Syfiole
throws out two Ounces, as many
do fuppofe, then the Velocity is
double to what it has been here
determined.

If the {um of the Setions of the
Branches of the Arteries were al-
ways equal to the Seétion of their
Trunks, and if the Circuits in which
the Blood moves were every where
equal, the Velocity of the Blood
would be every where the fame it
has been determined to be in the
Aorta. But we find that the {fum
of the Seltions of the Branches do

every
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every where exceed the Seltion of
their Trunks, and therefore the
Velocity ot the Blood muft decreafe
as the Number of Branches increafe.
Now let us fuppofe that the {um
of the Sctions of . the Branches,
bears every where the fame Propor-
tion to their Trunks, and

oy @

. }
fuppofe A the Trunk of an Artery,
and that at B i1t divides into two
Branches, and the Branch B like-
wile into two at C, and that a-
gain inro two at D, and {fo on:
call A the SeCtion of the Artery,

the {um of the Se&ions of the
Branches at B call B, and thofe at C

7 let
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let them be named C, and thofe
at D, E and F call alfo D, E and
F. Lf.‘t the Se&ion of the Canal or
Brinch B C, be to the Seltion of the
two Branchesat C, as A isto B. Like-
wife the Seftion of the Canal C D
to the Setion of the two Branches
atD, asA to B, @¢. Then the Ve.
locity at A, will be to the Velocity at
B, asBisto A, and the Velocity at B,
will be to the Velocity at C asBisto
A, and the Velocity at C, will be to
the Velocity at D, as B is to A,
. Let A reprefent the Velo.
city at A, then % will reprefent
the Velocity at B, and 3 will be
the Velocity at C; the Velocity at
D will be %, that at E will be 27,
that a¢ E will be & % : and if the Ar-
tery be divided into a hundred
fuch Branches before it come to the
{malleft, the Velocity at the laft
of them will be §7,, if into a thou-

{and
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fand, the Velocity at the laft of
thefe will be & = A X g = to
‘the thoufandth Power of ; multiplied
by A: The Velocity thercfore at
A, is to the Velocity after a thou-
fand branchmgs as A 1s to A X
il , thatasis 1 to 2 oras 1 is to
'the thoufandth Puwer of 3.

Thus if the ratio of A to B was
known, the Velocity of the Blood
at the feveral branchings of the
Arteries might eafily be determined ;
but this is only to be found by
+ meafuring of the Arteries, and by
the Meafures which I have former-
ly taken I find the ratio in diffe-
rent Places to be very different. 1T
wifh thofe who have more Leifure
and Opportunity, would meafure
the Circumference of an Artery
injeCted with Wax, both above
and below cach Divifi ion, by which
means we might come to a greater

5 Certainty



144

Of Animal Secretion.
Certainty in this Matter. The moft
general Proportions of the Trunks
to their Branches that I have found
are as 41616 to 43506 and as
41616 to 52126: Now if we
take the firft of thefe Proportions ,
s 0.9565, whofe Logarlthm
15 9.9‘806850 : This Logarithm
multiplied by 30, gives the Lo-
garithm of the 3o0th Power of
0.9865 : Now the Logarithm
9.9806850 multiplied by 30 is the
Logarithm ¢, 4205500, to which
the Number anfwering in the Ta-
bles is 0.262336. That is the Ve.
locity at A in any Artery, is to
the Velocity at the 3oth branch-
ing as 1 to 0.26336, or as 100-
ooo 1s to 26336 which is almoft

as 4to 1 : The Logarithm of o.
9565 mulciplied by 100 gives for
the Logarithm of the Velocity at
the rooth branching 8.0685000,

the
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the Number anfwering to it in the
Tables is o,011708: Hence the
Velocity of the Blood in the Aorta
is to the Velocity in the hundredch
Divifion as 1 to o11708, or as
1000 000 to 11708, thatis, 1t
will be almoft an hundred times
greater. But if we fuppofe that
the Artery divides a hundred times
before 1t comes to the {malleft Ca-
pillary or evanefcent Artery. The
Logarithm of the thoufanth Power
of 0,9565 is 80.6850000 whole
Number is 0,0000 000 000 000
000 000 484, and confequently

- the Velocity in the Aorta will be to

the Velocity in its laft branches in
a greater Proportion than ioooo
000 000 000 000 000 to I.

If the Proportion between the
Trunk of an Artery and its Branches
be taken tobe as 41616 to 52126,

L then
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then? iso, 7983; and at the hun.
dredth Divifion the Velocity of the
Blood in the Trunk will be to the
Velocity in the Branches as 10 ooo
000000000t0 16466. At the 200th
divifion as above 10 000 000 000
000 000 000 to 1 : At the gooth 1t
will be as 10000 0000 00000 00000
00000 00000 00000 00000 tO I.
Thus having fhewn how the Velocity
of the Blood may be determined at
cach branching of the Artery, our
next enquiry muft be to find out how
many times an Artery may divide
before it becomes the fmalleft Ca-
pillary, which may be thus done.
Suppole the ratio of the Trunk
to the Branches to be as r : s. and
call the Trunk ¢, thenr:s:: c:
i Whth 15 th::rf:ﬁ}re the fum of the
twa firft Branches, and each Branch

85°%, dgainr:gi: 2o thls is the
fum
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fum of the fecond branching, of
which + is the Branch =2 and )uﬁ
{o the third Branch will be — e
* to the Cube of = multiplied by C.

Now if we call the number of
branchingsx, and = = d, thelaft
Branch will be dc. Let us fup-
pole the {malleft Artery has its Di-
ameter - part of a Hair’s Breadth,
and that the Diameter of a Hair is
the = part of an Inch, the Se&ion
of this Artery will be 0,000 ooo
0o 25, which I'fhallcall=e. Then
“we have this Equation d*c = e,
which exprefied by Logarithms is
LS Log. d. + Log. ¢ =Log. e, and
NZ .]'P‘-IHT - e

Let us take the Propﬂrtmn be-
tween the Trunk and the Branches
to be as 41616 to 43506 ::
then the Logarlthm of sdmded

b}’ ar 1§ — 0'28174l::—-L0E£3-'
L 2 rithm

&7
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rithm of d, it being equal to the

Logarithm of s minus the Loga.
rithm of 2r: The Logarithm of
¢ is— 8.6020600, and fuppofing
¢ cqual to the Diameter of the 4-
orta equal to 0,5329 Decimals of an
Inch, its Logarithm 1s---o. 2733543,
and the Lugarzthm of e minus the
Logarithm of c is — 8 ,3287057,
this divided by — 0,2817412 gives
in the Quotient fomethmg lefs than
30 for the Number of branchings
between the Aorta and the {malleft
Capillary , and confequently the
Velocity of the Blood in the Aorta
15 about four times greater than it
15 in the laft Divifion of the Ar-
teryndin:

But this number of branchings 15
undoubtedly too few, if we .con-
fider the number ﬂf Arteries it

produces - for the whole Body.
For
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For at F the number of Branches
areay at Eigy at/ Dy 8, av'@ 1.6,
at B 32, and therefore at 30 the

SaELL I '
Kitsod <_//
D
C : -

number of Arteries in the whole
Body will be the 3oth Power of 2
which is 1073 o0oo 000, a number
which muft be prodigioufly fhort
of the true number, if we confider
that every Fibre of a Mulcle, and
every Veficle of a Fibre 1s nothing
but a Net-work of Blood Vefiels.
The ratio therefore of the Branches
to their Trunks muft be much great-
er than 41616 to 43506, and in
falt we do frequently find it great-

er, Let us therefore {ce what the
L3 number
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~ number of Branchings will be from

the other ratio of 41616 to §2126,
which is almoft as frequent as the
firft, efpecially at fome diftance from
the Aarm : Then 41616 15 to
52126 : + 5. and the Logarithm
of s minus the Logarithm of 2r is
— 0.203237 = Logarithm of d,
by which number if we divide —
. 3187057 — Logarithm of e —
Logarithm of ¢, the Quotient gives
for the number nf branchings above
400 and confequently the greateﬁ
Velocity of the Blood will be to
the leaft in a greater Proportion
than 1000 00000 00000 00000
0OCOO 00000 00000 00000
to 1.

Thus we {ee how prodlglouﬂ
the Velocity of the Blood decreafcs
as the number of branchings en-
creafe ; and tho’ perhaps we have
not takf‘n the exalteft ratio of the

Branches



Of Animal Secretion.

Branches to their Trunks; yet when-

~ ever that {hall be kno'wn the Me-

thod we have here ufed is that
whereby the Velocities at " the fe-
veral branchings may be determin-
ed. This much I am affured of,
the laft ratio of the Branches to
their Trunks falls much fhort of
what I have found in feveral Places
of the Body, and I am apt to think
that the ratio encreafes every Divi.
{ion from the great Arteries. Some
nice and exa& Meafures of the Vel
[els taken after the manner I have
propofed would give us a certain
Knowledge of this part of the ani-
mal Oeconomy.

But till this exa&t ratio 1s difco-
vered, let us {'uppofe the leaft Ve-
IDCIty to be as we have calculated
it at the hundredth Divifion only
that i1s 1000000C0OO times lels
than it is in the Aorta; then when

L4. | the

I51
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the Blood in the laft Divifion of
the Artery moves one Foot, that
in the Aoria moves 1000000000 ;
now the Blood 1n the Aorta mmres
at the rate of 52 Feet in.a Mi.
nute , and confequently it moves
100000000 Feet :n 13354 Days,
in which time the Blood at the hun-
dreth Divilion moves only one Foot,
or it would be 278 Days in mov-
ing of a Quarter of an Inch, if the
laft Branches were fo long: But if
the leaft Velocity isat the {eventieth
Divifion, the Blood wiil move there
at the rate of a Foor in about thit-
teen Days : And at the fiftieth at
the rate of a Foot in three Hours.
As between the greateft and the
leaft Velocity we are to conceive all

‘the intermediate Degrees; foweare

not to imagine that in every evane-
{cent Artery there is the leaft Veloci-
1'},'1 but only in {uch as have an hun-

dred
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dred Divifions between  them and
the great Artery, and the Velocity
. of the Blood in the evanefcent At-
teries 1s every where proportiona-
ble to the number of Divilions be-
tween them and the great Artery;
and therefore in all the {fmall Ar.
teries which come immediately from
the Aorta, and which after a few
Divifions tranfmit their Fluid to the
Veins, the Velocity of the Blood is
but a little diminifhed.

From all this it appears that

* when the whole Mafs of Blood is

to be altered, that the Courfe of
Phyfick ought to be continued for
a long Space of time, being the
Blood moves flower and flower the
farther it moves from a great Ar-
tery, and confequently it muft be

£33

a great time before the whole Mafs -

of Blood can be mixt with the al-
terative Medicine. And being the
5 Circus
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Circulation of the Blood through
Glands which receive Arteries im-
mediately from a greac Veflel, is
very quick , they may carry oﬂ a
great Proportion of the Medicine in
a very little time, and therefore it
15 not the taking of great Quanti-
ties, but a conftant taking that can
alter the Mals of Blood; and from
hence it follows that when the Blood
1s to be altered by mineral Waters,
which are apt to pals through the
Glands of the Kidneys, that they
ought not to be drunk in large
Quantities : For if they pals off,
they have not the defigned Effet;
and if they do not, being drunk
in a lictle time, they mix but with
a {mall Quantity of Blood, which
muft diforder the animal Oeconomy.

Of



#
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.Of' Mufcular Motion.

Mulcle i1s a Bundle of thin

and parallel Plates of ﬂc:-[hy
Threads or Flbrf:s enclofed by one
common Membrmc All the Fibres
of the fame Plate are parallel to
one another, and tied together at
extremely Irttlc diftances, by thort
and tran{verfe Fibres. The fle(hy
Fibres are compoled of other {mal-
ler Fibres enclofed likewife by a
common Membrane : FEach leffer
Fibre confifts of very {mall Veficles
or Bladders into which we fuppofe
the Nerves, Veins and Arteries to
open ; for every Mulcle receives
Branches of ail thole Veffels, which
muft be diftributed to every Fibre.
The two Ends of each Mufcle, or
the Extremities of the Fibres, are
n

155
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in the Limbs of Animals faften-
ed to two Bones, the one movea.
ble, the other fixt, and therefore
when the Mulcles contra&, they
draw the moveable Bone according
to the Direétion of their Fibres.
When the Mulcles contra& in
length, they fwell in thicknefs, as
may be perceived By laying the
Hand upon the Maffeter a Mulcle
of the lower Jaw, and prefling the
Grinders together : but this Power
of contratting or {welling is loft
when either the Artery or Nerve °
of the Mulcle is cut or tied, and
therefore we conclude that the Con-
traction, Swelling, or Motion of the
Mulcles is performed by the Blood
and Animal Spirits diltending the

- Veficles or Cavities of the Fibres.
This Diftention of the Veficles of
the Fibres muft be either by their )
being filled with a greater Quantity

of
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of Blood and animal Spirits than
they were before the Contraction,
or the Blood and Spirits mixing
muit rarifie, and fill up a greater
{pace.

That the Veficles of the Fibres
are not diftended purely by the
Quantity of Blood and Spirits will
appear if we confider, that were
the Veficles diltended only by the
Quantity of Fluids contained in
them, Nature (whofe Operations
are always the moft fimple) had
only ufed one Fluid and not two 4
for in the Works of Nature we no
where find two neceflary Caufes
where one could have produced
the fame Effe&t: Now how fmall
{oever we fuppole the Quantity of
Fluid brought by the Nerves to the
Mufcles, that alone might have con-
tradted the Fibres (if a- Quantity
only of a Fluid had been requifite)

by

By
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by dimifhing the Diameters of the
Cavities or Veficles of the Fibres,
will appear by the fequel of th~15
Difcourfe. And as it 15 evident
that the reafon why the Spirits a-
lone do not diftend the Veficles, is
not that there is not a fufficient
Quantity for that purpofe; fo it
will likewife appear that if there
had not been a fuflicient Quantity
of the nervous Fluid, yet the Quan-
tity-of Blood could have given no
afliftance in the Diftention of the
Veficles;  for if the Veficles contain
a greater Quantity of Blood when
the Mufcles contra&, than they do
when the Mufcles are relaxed |
this Augmentanﬂn muft proceed e;-
ther from the Bloods being ftop’d
in the Vein, or it muft move fud-
denly with a greater Velocity thro’
the Artery into the Cavities of the
Fibres. 'If the Blood is ftopp'd in
the
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the Vein , it muft be by the Con-
traCtion of its Coats, or 'by {fome
external Preflure upon them : If by
4 the Contration of the Fibres which

compofe the Cozits of the Vein, the
fame _difficulty’ temaiiis to, be ex-
plained , for whatever is the caufe
of the Contra&:on of the Fibres of
a Vein, will likewife ferve to con-
tralt the Fibres of a Mufcle. 1If
the Blood 1s fropp'd in the Veins by
a preflure upon their Coats, it muft
be by the fwelling of th'e Artery
- or Mufcular Fibres.  If the Artery
{wells and prefles on the Vein, the
Circulation of the Blood muft be
intirely ftopp'd; for that Preflure
will conftantly encreafe the Blood
being fiill accumulated in the Arte-
ry, and thercfore it will for ever hin-

der all Paffage through the Vein :
~If it be faid that che Blood moving
" fometimes with a greater V. [ac:ty
s through
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through the Artery into the Cells or
Veficles of the Fibres, will diftend

‘them ; ‘this greater Velacrty muft

roceed from the force of the Heart,
E‘om which alone the Blood derives
all its Motion : Now if the Heart
alts with a greater force it will en-
creafe the Velocity of the Blood u-
niverf(ally throughout the whole Bo-
dy, and each Mulcle and its An-

‘tagonift will be thereby equally con-

tratted, and confequently neither
will contra&t. And therefore be-
ing both the Blood and Fluid of
the Nerves are neceffary to the
Contration of the Mulcles ; and
being the Contraction is not per-
formed by the Quantity of thefe
Fluids, it remains only that by their
Mixture_;, they rarifie and diftend
Veficles.

Now for the explaining of this

Rarifation of the Blood and SP!-
rits
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rits in the Veficles of the mulcular
Fibres, let us fuppofe a fmall Glo-
bule of Air between the Particles
of a Fluid, and that the Particles
have a firong atrraltive force by
which they endeavour ro come to-
gether, they prefling every way e-
qually on the Globule of the Air,
will hinder it from efcaping any
way from between them; but the
force by which they endeavour to
come together, being prodigioufly
greater than the force of their Gra-
vity, they will by this force produce
a very confiderable Condenfation
of the Globule of Air that lies be.
tween them, and the force of Ela-
fticity being proportional always
to its Condenfation, the force by
which this airy Globule will endea-
vour to expand its felf, will like-
, wile be vaftly great; and confe-
quently if by any means this Nifus

M of
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of the Particles of the Fluid to come
together fhould be taken off) the
Air between them would expand
its felf with a very confiderable
force. Now if upon the mixing of
another Fluid the Particles of the
firft Fluid (hould be more firongly
attraGted to the Particles of this o-
ther Fluid, than they were before
- to one another, then would their
Nifus to one another ceafe; and
they would give the Globule of
Air that 1s between them, liberty
immediately to expand it felf; and
the whole Fluid would take up a
greater {pace than it did before.
But when the Particles of the two
Fluids come to be united together,
they will again enclofe the Globule
of Air that lies between them ,and by
their mutual AttraGion {foon brmg 1
to its former State of Condenfation.

Now
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Now that the Blood contains a
great number of Globules of Air is
evident from the Quantity it yeilds
“in the Air Pump. And that the
Particles of the Blood have a firong
attractive force is likewile plain
_ from what has béen {aid in the The-
ory of Secretion. By this Attra.
¢tion of the Particles, the Globules
of the Blood are formed; and in
viewing the Circulation of the
Blood with a Microfcope, I have
{ometimes obferved, that where the
‘Diameter of the Canal has been
lefs than the Diameter of a Glo.
bule of Blood,  that the Globule
would be prefled into a Spheroidi-
cal Form, but when it came into a
wider part of the Canal again it
- would immediately reaflume its for-
mer Figure; which I think is pro-
bably owing to a fmaller Globule
of Air enclofed within, and expand-
M 2 ing
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ing its felf equally every way, when
the fides of 1its circamambient Shell
of Blood, are not longer preﬁ"ﬁ‘d by
the {i df:s of the Canal.

Thefe Globules of Blood continu-
ally circulating through the Veficles
of the Fibres (which are probably
capable of containing only one Glo.-
bule at a time) meet with the An.
mal Spirits, which drop from the

- Nerves. Now the Minutene{sof the

Glands of the Brain, and the Smal-
nefs of the Fibres of the Nerwes,
plamly (how that >the Animual sz—
rits are a Fluid,- canﬁﬁmg of the
{alleft’ Part:clea of any'in the Bo-
dy ; and therefore their attradtive
Force muft be the greateft of all the
Particles in the'Blood, ras 1s evident
from what Sir I.. Néwtor has caleu-
lated about the Rays of Light; and
confequently the: Animal Spirits.
meetlng with the Globules of the

Blood
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Blood in the Veficles of the Fibres,
and furrounding them, - muft at-
tract the Particles of which they are
~ compoled ;, more ftrongly than
they do another; and confequently
their Nifus to one another ceafing,
the.condenfed Globule of Air will
expand its felf with a very confi

derable force, whereby each V. eficle -

of the Fibre will be diftended, and
confequently the Fibre (hortned, z. .
the whole Mulcle will be contra&-
ed. But when the Particles of the
Globule of Blood are mixed with
the nervous Fluid, they will both
together enclofe the Globule of Air
again and comprels it into as {mall
a f ace as it was before , and thus
the Contra&mn of the Muﬁ:]e muft
immediately ceafe ; unlefs frefh
Blood and Spirits fill fucceeding one
another continue the Inflation of
the Veficles. But when a Mulcle

M 3 has.
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has been f{irongly contralted for
fome rime, the Quantity of Spirits
{pent, bemg more than can be fe-
cerned in the fame {pace of time by
the Glands which {upply its Nerves,
the Inflation of the Veficles muﬂ:
fall, and the Mulcle grow feeble
and weak ; whereas the Tonick
Motion of the Mulcles, being per-
formed by the Spirits protruded on-
ly by the Quantity laft fecerned in
the Glands, will conftantly conti-
nue without any wearinefs.

After this manner I conceive the
Veficles to be diftended without any
Ebullition or Effervelcence and their
Diltention to ceafe without any Pre-
cipitation,, or flying off of the ae-
rial Globules through the Pores of
the Mufcles. For to this Attracti-
on of the Particles of Matter is ow-
ing moft of the Phwnownsena's for exs

P!ammg of which, Philofophers have -
4 been
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been forced to have recourfe to a-
¢tive and fubtile Particles, which
contrary to their own Principles
they have made to move themf{elves
cvery way, and to do what ever they
had a mind fhould be done : But
how thefe Particles came by fo great
an Adtivity was not at all to be ac-
counted for from any of their Prin-
ciples.  Thus in explaining of MufZ
cular Motion they make the animal
Spirits to cut and pierce the Glo-
bules of Blood, and with their (harp
Points to run them through and
through , that the imprifon’d Ela-
ftick Aura might be fet ac liberty ;
which notwithftanding could not
be effeCted, unlels we {uppole that
Holes may be made in Fluid Glo-
bules, as in a Board, and that the
Fluid Particles ftand in a Heap, as
the Waters of the Red Sca did.
And when the Aerial Globule 1s

M 4 got
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got loofe, the Intumefcence of the
Veficle cannot be aﬁwaged but by
{fuppofing the Elaftick Globules
now to have Strength to break
through the Mulfcles and Skin to
come at the external Air, tho’ be-
fore they had not Power nor Sub-
tilty enough to get through a thin
Shell of Blood.

But I come now to {how the
Mechani{m of the Fibres, or how
excellently and wilely they are
contrived for contration : It 1s a

known E:x:penment that a Bladder

when it is'blown up and diftended -
as to its Capacity, but contrated
as to its length ; will by the force
of Contradtion, raife a Weight to
fome determined height. And if
two Bladders joined together and
communicating with one another
were blown up, the \’Vflght would
be raifed by Inflation twice the

4 {pace
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{pace that one alone would do it
becaufe I fuppofe that both Blad-
ders contralt equally, and cona
- fequently the Contrattion of both
together will be double- the Con-
tration of either. Three Blad-
ders thus joined and diftended
will raife the Weight to triple
the Height, and four to quadru-
ple ; fo that if there were a
String of Bladders join'd together
of equal Bulk, and like Figures, tht:
{pace thmugh which the Weight
wou'd rife, wou'd be proportional
to the number of Bladders, or, which
is the fame thing, to the Icngth of
the String.

Each Fibre of a Mufcle confifting
of a Multitude of {mall Veficles, re-
{fembles a firing of Bladders; and
therefore the Contraltion of the
Mulfcle, is always proportional to
the length of its Fibres. And be-

ing
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ing the greateft Contraction of the
Fibres is always lefs than 3 of their
length (as(hall hereafter be demon-
ftrated) there was a neceflity that
the Infertions of the Mulfcles fhould
be near to the Joints, not only to
encreafe the Velocity of the Parts
moved ; but likewife that they
might defcribe greater Arches round
the Centers of their Motion: And
hence 1t 1s that thofe Parts which
defcribe the greateft Arches, are
moved by the longeft Mulcles ; as
the Hand round the Elbow which
1s bent by the Biceps arifing from
the Seapula, and the Foot round
the Knee which 1s bent by the
Mufcles whole Originations are as
far diftant as the I fﬂbium. If thefe
Joints had been moved by fhort
Mufcles inferted at each end into
the Extremities of the articulated

Bones, the Arm and Leg had mo-
ved
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ved but a little way, and the
Arches the Hand and Foot had de-
{cribed about thefe Joints, had
been to the Arches they defcribe
now, as the length of the fhort
Mufcles had been to the length of
the Mulcles they have now. On
the contrary, where the Joints have
but a {mall Motion there the
Mufcles are fhort; thus we find
that the Fingers are pulled fide-
ways by the Interoffei, the Thigh is
drawn outwards, and obliquely by
the Quadrigemini and Obiuraiores,
which are all fhort Mufcles, and
moft of the Mulcles of the Ferte-
bre run between one Veriebra and
the next. From hence it 1s evident
that the Originations and Infertions
of the Mulcles, are every where the

beft that could be contrived.
The Velicles of which the Fibres
confift are extremely {mall, for tho’
one
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one large Bladder may raife a Weight
as high as {everal {mall ones, yet
the Quantity of Elaftick Fluid ufed
in the Inflation together, with the
{welling of the large Bladder, will
be much greater, than when a
Weight 1s raifed by a firing of
{mall ones. - For {uppofe two Blad-
ders of fimilar Figures, but the Di-
ameter of the one triple of the Di.
ameter of the other, then will the
one require twenty {even times the
Quantity of Elaftick Fluid to ex-
pand it that the other does, and
it will {well to twenty feven
times the {pace; and yet three
of the lefler Bladders joined to-
gether will raife the Weight to
the fame Height that the bigger
one does, but with nine times lefs
Expence of Elaftick Fluid, and
they will take up but one ninth
Part of the {pace. By diminithing

there-
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therefore the Bignefs of the Vefi-
cles, and encreafing their Number,
the force required to diftend the
Veficles, and the Diftention its felf

may ‘be diminifhed in any given
Proportion, and come at laft to be
infenfible. Suppofe a Bladder of
a determined Bignefs can raife a
Weight a Foot; a hundred Blad-
ders whofe Diameters are each -5
part of the former being blown up
will raife the Weight to the {ame
Height , but the force of Inflation
and the {welling of all put together
will be ten thoufand times lefs than
in the large one.

If a Weight of a determined
Bignels can be railed to a certain
Height by one Bladder, or one
String' of Bladders to which the
Weightis tyed ; twice that Weight
may be raifed by two fuch Blad-
ders , ‘or Strings of Bladders, and
triph‘:

75
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triple that Weight by three fuch

Strings.  And confequently the
Weight a Mulcle can raife; will

be always as the Number of its -

Fibres, that is, asits Thicknefs fup-
pofing the Dlﬁentlun of the Vefi-
cles equal. And the abfolute
Strength of one Mulcle is to the
abfolute Strength of another! as
their Bulks.

It 1s to be obferved that in de-
termining both the Contraction and
Strength of a Mulcle, no regard is
to be had to the Tendﬂns becaufe
in them we obferve no In{ﬂ’l.eutu::m[Jl
and we find nature no where mak-
ing ufe of a Tendon, but-where
either there was not room for the
Infertion of {o many flefhy Fibres,
or where it was neceflary the Mulcle
{hould draw from {uch a Point.

I fhall in the next Place determine
the force of the Elaftick Fluid ne-

ceflary
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ceffary to diftend the Veficles fo

as to raife to a determined Height
any given Weight. But before this
- can be done, the Figure that each
Velicle will be formed into by
the force of the Elaftick Fluid di-
{tending it, muft be found out;
And therefore let us conceive each
Veficle to confift of an infinite
number of Threads, whofe Ends
are faftened by tranfverfe Liga-
ments ; and from hence it follows
thac if a diftended Veficle were cut
- with a Plane thro’ its Axis, the
Curve of the Settion will be the
{fame with that of a Thread whofe
two Ends are faftened, and the
whole preffed by an Elaftick Fluid;
and becaufe Elaftick Fluids endea-

vour to expand themlfelves every

way, and all Fluids prefs perpendi-

cularly on each Obftacle, it is evi-
dent

£y
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dent that the Thread muft be eve-

1y where equally and perpendicu-

larly prefled, and therefore its Fle-
xion or Curvature muft be every
where equal and fimilar, and con-
fequently the Thread muft be for-
med into a circular Arch. Hence
it follows that the whole Secretion
of the Veficle confifts of two equal
and fimilar Arches, whofe common
Subtenfe 1s the Axis of the Veficle.
Suppofe now AE B and A DB to
be the two circular Arches, C the
Center of the Arch AEB, A G «
and BF Tangents in the Points A
and B, Z the refiftance to be raifed.
The Angle CAG or CAE 1s equal to
arightAngle= to CAR+ ACR,
and therefore the Angle ACR =
GAR,or EAR=EBR=DBR
and therefore the Arch EA orEB
is the Mealure of the Angle EAR,

Qr
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or EBR, and the Space through
which the Refiftance Z is raifed is
equal to the difference between the
Arch AEB and its Chord AR B, or
equal to twice the Difference of the
Arch AE and its Sine AR, which
having the Arch A E or the Angle
EAR given in Degrees and Mi-
nutes may be eafily calculated. But
to do this the Length of the Ra-
dius AC muft be determined in
fuch Parts; wherof
100000 make up
. the Arch A E which
is done thus. The
Degrees of a citcu-©
lar Arch, whofe
Length 1s equal to
the Radius of the
Circle 1s §7° 295
and therefore the

Degrees inthe Arch <

A

X7
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A E s’to 57° 295 'the Length of
the Radius exprefled in Degrees as
100000, the Parts of which' the
Arch' A E confifts,  to the Radius
exprefied in the fanie Parts, which
will therefore :be.:given. ~ And
agam _as - the » Tabular. - Radius

- to the Tabular, Sine.of the
Arch AE, fo is the Radius A:C
( which. is already found ) o the

Sine A'R  which will likewre be.

found.  This being . {ubfiralted
from A E and the Remainder

doubled, is the. Elevation, of 'the-

Weight Z. .

Thus for Inftance ﬁlppofe the
Arch A E or the’'Angle EB R to
be 30 Minutes ;- fay as. 305 or
half ‘a Degree , that is [z i to
57° 295 lo it is - 100000, the
Length of the Arch AE, to the
Lengrh of the Radius A C which

will

L
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will be found to be 1145g000.
And again as 100000 is t6 372
the Sine of 30’ fo is 11489000
to AR which is thercfore 99906,
which/{ubftra&ed from ACE , -and
the Remainder-doubled, gwes 186
the Sub]evatu}ﬂ of the Weight
Z in' fuch Partsi whereof AE is
100000.

The Tenfion: ctf the Flble or the
Force wherewith 1t is {ttretch’d by
the Reliftance Z may be thus de-
termined. The Tenfion of the-Fi-
bre, tor the:Force {uftaining the
Weight in the Point B, is the {ame
as if the Weight Z were fufpend-
ed by two Threads touching the
Arches:in the Point B, and in that
Cafe the Tenfion of the Thread
BF 1s to the Weight Z as the Sine
of the Angle FBR or EBR is to
the Sine of the Angle FBH or

| _ EBD
N 2
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EBD (2) and confequently the
Tenfion or Firmnefs of the Thread

ZxSineEBR
Wlll bc Sine EB D"

Now call the abfolute force of
Expanfion that the Elaftick Fluid
muft have to raife a given Weight
to a determined Height n; the
Preflure on any Part of the Thread
will be as the Force of Expanfion
of the Fluid, and the Portion con-
junctly ; for if the Portions of the
Thread be taken equal, the Pref-
fures on them will be as the Force
of Expanfion, or the Elafucity,
and 1f the Force of Expanfion be
the {fame, the Preffure is as the Por-
tions on which it prefles; and there-
fore univerfally it is as the Force of
Expanfion, and the Portion jointly,
or as the Produ& of the two.

—= s

(a) By the 2d cor. prup 33 of the Lectiones Phy-
ficz Jo Keil.
Let
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- Let A B reprefent the circulare
Thread, B b an indefinite {mall
Portion of the

fame, and the €< Gy A

Preffure on B b

WIH be HXBb} /I ' A

which {uppolfe e- (

qualtoBH: The 27 2L\

Preffure B H can

be refolved into

two Forces, one

whereof sas D H

. acting horizontally, oraccording to

i the Direétion D H, and the other

at B D adting vertically, or accor-

ding to the vertical DireCtion B D,

and becaufe of the equiangular Tri-

angless GBb and BDH. B G:

DH::Bb:BH::Bb:nxBb -

(isTedsm)sle G b o BD, - there-

fore DH=nBG, and BD =

n G b, and therefore the {um of all
N3 the

K
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the horizontal Forces will be equal
to n multiplied by all the B G,
that is n multiplied by BF =nxBF,

and the {fum of all the vertical Forces *

1s equal to n multiplied by all the

..Gb’s, thatis =n A F.' Nowit

is plain that the Tenfion' of ‘the *
Fibre in the Points A and'B is'the
fame with the Tenfion of two
Threads Tangents in the Points A
and B (where they are fuppofed -
to be faftened) that are drawn at
their Point of Concourfe I byall the
horizontal Forces according to the »
Direttion I L, and by all the ver.
tical Forces according to the Dire-
¢tion T K: and therefore to deter-
mine the Tenfion of the Fibre, the
Tenfion muft be determined of the
Threads that are pulled at the Point
I by a Force n F B according to
the Pire&ion I L, and by a Force

nkF A '
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nF A according to the Direlfion
IK. TakelL =nFBand L'N
Perpendlcular
toit =nkF A $l
and the two
Forces I L and
L N wil be e-
quipollent to a
third Force as.
I N alting ac-
. cording to the -
Direétion IN, ., .
and - therefnre

-

-, the Threads will be ftretch’d to the

fame Degrec by the Force. IN that
they would be by the two. Forces
1 L and L N, and becaufe I L
(n BF) : LN (nckA) = BFEA
F A, and the Angles at L. and F
equal (by the 6th of the 6th) the
Triangles BF A and IL N will be

equiangular ;. and the Side I N will
be
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be equal to n B A, and the Angle
FAB=LNI=(by29.1)AIO,
add the Angle IA O to both, and
the right Angle F A I will be e_qual a
to ATO4+IAO= (32. 1)AOC;
and therefore becaufe AT = I B,
and the Angles at A and B equal,
the Angle ATO muft be =BI1O
and AO = O B the Line therefore
N O cutting the Line A B equal-
ly ‘and at right Angles muft pafs
through the Center.. Through N
draw N K parallel to B 1, meeting
with A1 produced in the Point K, |
then the Forces by which the
Threads are firetched will be as I K
and N K, ("2) the Angle KIN ==
ATO=FAB= BIO=LINK.
The Triangle therefore K1 N is an
Ifolceles Triangle, and equiangular

(a) Keils LeCtiones Phylicz prop. 33. o,
to
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to the Triangle ABC, and A B
t AC:: NI:IK:: nAB :
n A C and thererefore I K or KN
will be equal ton x A C, that is
the Forces by which the Threads
are ftretch’d will be equal to the
Radius of the Circle mulciplied
by n.

Hence the Tenfion of the Fibre
in the Points A and B, and fo in
all other of its Parts, is the {ame
and equal to the abfolute Force of
Elafticity mulaplied into the Radi-
us of the Circle. But the Tenfion
of the Fibre was found before to

be 2232238 therefore if we call the
Radius r. nr—= 222228 and n'=
ZenEBE and r x Sin E B D will
have the {fame Proportion to the
Sine EBR as Z to n. Hence 15 15
plain that no finite Force of Elafti.
city can extend the Fibre A EBD

O to

183
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to a2 complete Circle, for in that
cafe the Sine of the Angle EBD
being nothing:r x:8in E B D'is no-
thing, and therefore Z will be ton
as:nothing to fomethmg, ‘oras a fi-
nite to an mmfanite. -
Thé greateft Cﬂntra&mn ﬂf the
Fibre that can be, muft always be
lefs chan 72728 of fuch Parts'where-

of the Arch A E, 1s roo000; for

if the Threads were extended into
complete Ciicles ; the Contrati-
on would be only 222 of AE,
which it can never arrive to; there-
tore the Contra&ion muft be al-
ways lefs than § of the Lengthof
the Fibre : It is alfo plain’thac
when the Angle EBR is fmall, the
Force of Elafticity bears but:a {mall

- Proportion to the Refiltance. - For
. Example when the Angle EBR 1s

but 30" thé Radws or r multiplied
O nto
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into the Sine of the Angle EBD
the Sine of one Degree, 1s to the
Sine of the Angle E BR the Sine
of 30’ as Z to.n, that is, t X
R A D f Lot ah AL I S 1 15
11459 000X 1745872 :71999-
5955000 : 872 31 22031141 ¢ I,
and confequently a {mall Degree of
Elafticity will produce a prodigious
Energy in the Mufcles.

e LN IS
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