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PREFACE

S| IV the following Trearife T
)| haveavoided Hypothefes,
and explaned the Laws
" which obtamn n buman
Bodies, by Reafors and Lxperiments.,
Hypothefes, of whatever Nature,
are not to be admirted in Philofiphy.
Now whatever is not deduced from
the Phznomena, 75 20 be called an
Hypothefis.

Harvey from Experiments and Ob-
Jervations traced out the Circular Mo~
tion of the Blood.  After bim Lower
made fome farther Difcoveries con-

a2 cerning
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iv PREFACE

cerning that Motion, and the Canfes
by which 1t may be difturbed. After
thefe great Men, the Knowledge of
¢the Animal CEconomy #ecerved no
very confiderable Improvement, till Sty
Waac Newton difcovered the Caufés
of Mufcular Motion, and Secretion ;
and likewife furnifbed Materials for
explaining Digeftion, Nutrition, and
Refpiration. 7o Hwm I am chiefly
mdebted for what I bave delrvered on
thofe Heads,

I this {econd Fdition [ have ad-
ded a Se&tion concerning the Fffets
of various Fluids, of Age, of dif-
ferent Kinds of Weather, and of
Exercife, on animal Fibres.

=
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- UWEREATISE
s : o
\V@ OF THE

Animal Occonomy. '

=t N this Treatife I {hall
-5l - ojve an Account of
the principal Parts of
the Auimal Oecono=
= my; which I {hall ex-

plain, not by Hypothefes, but by
Reafon and Experiments. TheParts
I thall treat of, are Mufeular Mo-
ton, the Motion of the Blood, Re=
A Jpiration,
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) A Treatife of the

[piration, Digeflion, Nutrition, Se«
cretion, the Difcharges of Human
Bodies, and the Effets of warious
Fluids, of Age, of different Kinds
of Weather, and of Exercife, on Ani-
mal Fibres.

In order te explain zbe Motion of
the Bloed, 1 fhall premife an Ac-
count of the Motion of Fluids thro’
Cylindrical Pipes, and prove the
Properties of that Motion by Ex-
periments.

SECTION L

Of the Motion of Fluids through Cy-
lindrical Pipes.

ProrosiTion 1.

I F a given Fluid be moved through a
- Cylindrical Pipe made of a grven
Sort of Matter, by a Force atting con-
Seantly
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AximarL OEconNowmy. 3

ftantly and uniformly during the whole
Time of the Motion; 1ts Felocity, fet-
2ing afide the Refiftance of the Arr,
will be in a Ratio compounded of the
Subduplicate Ratio of the moving Force
dirvectly, and of the fibduplicate Ra-
t10s of the Diameter and Length of
the Pipe taken together snverfly, If
F denote the moving Force, D and L
the Diameter and Length of the Pipe,
and N the Velocity wnbh which the
Fluid runs through the Pipe ; then V
F

will be proportional to VI

For the whole Motion of the Flu-

id flowing through the Pipe will,
like all other Motions, be meafur-
ed by the Quantity of Matter mo-
ved and its Velocity taken together.
But the Quantity of Matter moved,
is in a Ratio compounded of the
Ratios of the Quantity of Matter
or Weight of Fluid contained in the
Pipe, of the Velocity wherewith
A the
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4 A Treatsfe of the

the Fluid flows through the Pipe,
and of the Time of the Motion. For
the Quantity of Matter or Weight
of Fluid contained in the Pipe, is
oppofed to the mmrin% Force du-
ring the whole Time of its Action,
and muft be moved by it for every
indefinitely fhort Cylinder of Fluid
difcharged by the Pipe; thatis, for
every P%lyﬁcal Point in the Length
of another Cylindrical Pipe of an
equal Diameter with that through
which the Fluid flows, and of fuch
a Length as that it can juft contain
the Quantity of Fluid difcharged
in the Time of the Motion; which
Length being as the Velocity of
the Fluid flowing through the Pipe
and the Time of the Motion taken
together, the Quantity of Matter
moved will be in a Ratio com-
pounded of the Ratios of the Quan-
tity of Matter or Weight of Fluid
E:urx__tained__ in the Pipe, of the Ve-
S g S ~ locity
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AximaL OEcoxomy. gy

{ocity wherewith it flows through
the Pipe, and of the Time of the
Motion. And the whole Motion,
which is as the Quantity of Matter
moved and its Velocity taken toge-
ther, will be in a Ratio compounded
of the fimple Ratios of the Quan-
tity of Matter or Weight of Fluid
contained in the Pipe, and of the
Time of the Motion; and of the
duplicate Ratio of the Velocity:
Therefore, putting T for the Time
of the Motion, and Q_for the Quan-
tity of Matter or Weight of Fluid
contained in the Pipe; the whole
Motion will beas QTV™. :
- Serting afide the Refiftance of the
Air, this Motion would be propor-
tional to the moving Force and
Time of its alting taEen together,
that is, QTV*would be proportio-
nal to FT, if the internal Surface
of the Pipe, by Friction, or Attraétis
on, or both, did not aét continually

upon
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6 A Treatife of the

upon the Fluid moving through it,
and caufe a Change in its Motion
proportional to the Efficacy where-
with it a&s; which Efficacy in a
Pipe made of a given Sort of Mat-
.ter, is meafured by the Ratio of the
internal Surface of the Pipe to the
Quantity of Fluid contained in it;
that is, by DL apgied to Q.
And by Confequence ——T—a—% will
be proportional to FT: Whence V

will be proportional to ‘/ITFE'

Cor. 1. If the moving Force and
Diameter of the Pipe, be both given,
or be proportional to each other;
the Velocity, fetting afide the Re-
fiftance of the Air, will be in the
inverfe fubduplicate Ratio of the
Length of the Pipe. If F and D
be given, or if F be as D; V will

I

beas 71
Cor,
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Anxtmar OEconomy. 7

Cor. 2. If the moving Force be
as the Quantity of Fluid contained
in the Pipe; the Velocity, fetting
afide the Refiftance of the Air, will
be in the fubduplicate Ratio of the
Diameter of the Pipe and Denfity
of the Fluid taken together. Put-
ting A for the Denfity of the Fluid,
if F beasD*L a; thenV will be
as vD A.

Cor. 3. If the moving Force be
as the Quantity of Fluid contained
in the Pipe, and the Denfity of the
Fluid be given; the Velocity, fet-
ting afide the Refiftance of the Air,
will be in the fubduplicate Ratio of
the Diameter of the Pipe. If F be

as D*L A, and aAbe given; then V
will be as vD.

Cor. 4. If the moving Force be
proportional to the Square of the
Diameter of the Pipe, and the

Length
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8 A Treatife of the

Length of the PiEe be given, or if
the moving Force be as the Capaci-
ty of the Pipe; the Velocity, fet-
ting afide the Refiftance of the Air,
wﬂ%be in the fubduplicate Ratio of
the Diameter of thePipe. If Fbe
as D*, and L be given, or F be as
D*L; then V will be as vD.

~ Cor. 5. If the moving Force be
as the Square of the Diameter of
the Pipe; the Velocity, fetting a-
fide the Refiftance of the Air, will
be in a Ratio compounded of the
{fubduplicate Ratio of the Diame-
ter UFP the Pipe directly, and of the
fubduﬁlicate Ratio of its Length

inverfly. If F be as D*; then will

D
V beas Vi

Cor. 6. 1If the moving Force be
as the Capacity of the Pipe, and
the Diameter of the Pipe be in the

{ub-
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AnimMAaL OEcoxNowMmy. 9

fubduplicate Ratio of its Length ;
the Velocity, fetting afide the Re-
fiftance of the Air, will be in the fub-~

uadruplicate Ratio of the Length
of the Pipe. If FbeasD*L,and D

beas vL ; thenwill V beasL*.

Cor. 7. The moving Force, fet-
ting afide the Refiftance of the Air,
will be in a Ratio compounded of
the duplicate Ratio of the Veloci~
ty, and of the fimple Ratios of the
Diameter and Length of the Pipe.
F will be as V*D L.

RS ES RIS DESI S SR
Proof by Experiments.

O prove the Truth of this
Propofition by Experiments,
I procured feveral Cylindrical Pipes
of Brafs, of different Diameters

B and
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so A Treatife of the

and Lengths ; each of which Pipes
had one End fitted to fcrew into
the Side of a Veflel filled with Wa-
ter, at three different Diftances
from its Top, namely, at the Di-
{tances of one Foot, two Feet, and
four Feet. The Veflel made for
thefe Experiments, was a {quare
Wooden Veflel fomething above
four Feet in Depth, and nine Inches
of a London Foot in its internal
Length and Breadth. ,

Before I give an Account of the
Experiments, it will be neceflary to
fhew how to meafure the moving
Forces and Velocities of Water,
flowing through Cylindrical Pipes
fcrewed into the Side of a Veflel
filled with Water. '

To meafure the moving Force
of Water flowing through a Cylin-
drical Pipe, fcrew’d into the Side of
a Veflel filled with Water; we muft
know the Area of the Top of the

N - Water
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Water in the Veflel, the Area of the
Orifice of the Pipe, the perpendi-
cular Diftance of the Place of the
Pipe’s Infertion into the Side of the
Veflel from the Top of the Water,
and the Situation 0? the Pipe with
refpe& to the Horizon.

Let the Area of the Top or up-
per Surface of the Water in the Vef=
fel be called A, the Area of a Hole
made in the Bottom or Side of the
Veflel be called a, and the perpen-
dicular Diftance of the Hole or Place
of Infertion of the Pipe from the
"Top of the Water be called H; and
then, by prop. 36. lib. 2. Princip.
Newton. the Velocity of the Water
flowing out of the Hole, fettin
afide the Refiftance of the Air, will
be equal to the Velocity which a
heavy Body would acquire in falling
perpendicularly and without Re-
fiftancethro’ theSpace A g+ And,

B 2 by
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12 A Treatife of the

by the fecond Corollary of the fane
Propofition, the Force generating
the whole Motion of the effluent
Water, will be equal to the Weight
of a Cylinder of Water, whofe Bafe
is 22 Parts of the Area of the Hole,
2A*H
e If
the Area of the Hole, be exceeding
{fmall when compared with the Area
of the upper Surface of the Water,
that is, it a be exceeding fmall when
compared with A ; the Height
2A’H
At
2H ; and by Confequence, the Force
generating the whole Motion of the
effluent Water, will be very nearly
equal to the Weight of a Cylinder
of Water, whofe Bafe is Za, and
whofe Height is 2 H; thatis, ver
nearly equal to the Weight of the
Cylinder 3 aH : But the Weight of
this Cylinder is proportional to the
Weight

or a, and whofe Height s

will be very nearly equal to
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Wei]g‘ht of the Cylinder aH, be-
c

caufe #is an invariable Quantity:
And therefore, when the Area of
the Hole is extremely fmall in com-
parifon of the Area of the Topof
the Water, the Force generating
the whole Motion of the effluent
Water, will be very nearly propor-
tional to the Weight of the Cylin-
der aH. :
The Force generating the Mo-
tion of Water flowing thro’ a Cy-
lindrical Pipe fcrew’d into the Side
of a Veflel fill’d with Water, and
laid ﬁrarallf:l to the Horizon, is
fomething greater than the Force
ﬁencrating the Motion of Water
owing through a Hole whofe Dia-
meter is equal to that of the Pipe,
and which is placed at an equal
Diftance from the Top of the
Water; as will appear by confi-
dering the Nature of thefe two

Motions,
In
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14 A Treatife of the

In obferving the Motion of Wa=
ter flowing through a Hole made
in the Side of a Veflel, we may per-~
ceive the Vein not to fill the Hole.
Sir Ifaac Newton, in determining
this Motion from Experiments,
found the Vein, after it had paffed
out of the Hole, to grow {maller
and {maller, till it came to a Di-
ftance very nearly equal to the Dia-
meter of the Hole ; at which place
he meafured the Diameter of the
Vein, and found it to be to the Dia-
meter of the Hole, as 21 to 25.
The Area of a tranfverfe Setion of
the Vein at that Diftance from the
Hole, is to the Area of the Hole;
as the Square of the Diameter of
the Vein, to the Square of the Dia-
meter of the Hole; thatis, as 12
isto 17 nearly. This Contraction
of the Vein arifes from the Nature
of the Motion of the Water down
the Veflel : For the Water falls

down
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down from the Top of the Veffel
to the Hole not perpendicularly but
obliquely, its Parts moving lateral-
ly as well as downwards. From the
Obliquity of this Mation it is, that
the Column of the defcending Water
grows narrower perpetually from
the Top of the Water to the Hole,
and to a fmall Diftance beyond it;
and that the Vein does not fill the
Hole, but falls wichin it, leaving a
little empty Space all round. On
account of this Contra&ion of the
Vein, lefs Water flows out, and by
Confequence lefs Motion is gene-
rated in a given Time, than would
be produced, if the Diameter of the
Vein at the Hole was exadtly equal
to the Diameter of the Hole. And
as lefs Motion is generated, fo the
moving Force is likewife lefs ; bein

only equal to the Weight of a Cy-
linder of Water, whofe Magnitude
isaH, when the Holeis extreme-

; ly
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16 A Treatife of the

ly fmall in comparifon of the up-
per Surface of the Water ; whereas
it would be equal to the Weight of
a Cylinder of Water whofe Magni-
tude is 2aH, if the Vein filled the
Hole and had no Contrac&ion be-
yondit. And therefore the moving
Force is lefs than it would be if the
Vein filled the Hole and had no
Contraction beyond it, in the Pro-
portion of 12 to 17.

If inftead of flowing through the
Hole into the open Air, the Water
flows through the Hole into a Cy-
lindrical Pipe, and through that
into the Air; and if the Diame-
ter of the Hole be equal to that of
the Pipe; the Force generating
the Motion of the Water flowing
through the Pipe, will be different
from the Force generatin g the Mo-
rion of the Water flowing through
the Holg,

Firft,
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AnxiMar OEconomy. 17
~ Firft, let us fuppofe the Pipe to
lie parallel to the Horizon; and
then the Force generating the Mo-
tion of the Water flowing thro’
it, will be greater than the Force ge-
rierating the Motion of the Water
flowing thto’ the Hole. For the
Weight of Water in the Pipe, and
the Refiftance arifing from the in-
ternal Surface of the Pipe, do both
of them, by ating in a Eind of Op-=
pofition to the Weight of the de-
{cending Cataraét in the Veflel, re-
tard the Motion of the Catara&,
and hinder it from flowing fo faft
into the Pipe, as it does thro’
the Hole into the open Air. And
by this Oppofition, they make the
Bafe of the Cataraét at its Entrance
into the Pipe, to fpread and grow
broader ; and by Confequence, en-~
creafe the moving Force, and make
it greater than the Force generating
the Motion of the Water flowing

C thro’
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18 © A Treatife of the

thro’ the Hole. Hence it is evi-
dent, that the moving Force will
encreafe, cither on encreafing the
Length of the Pipe or leflening its
Diameter; and will be greateft,
when the Pipe is infinitely long or
infinitely narrow : In which Cafes,
the Bafe of the Catara& at its En~
trance into the Pipe, will exaétly fill
it ; and the moving Force will be
equal to the Weight of a Cylinder
of Water, whofe Magnitudeis2aH;
and by Confequence will be greater
than the Force generating the Mo-
tion of the Water flowing thro’
the Hole, in the Proportion of 17
to 12; and the Motion generated
in the Water flowing thro’ the
Pipe, will be greater than the Mo-
tion generated in the Water flowin

thro’ the Hole; and the Difference
of thefe two Motions will be great-
er when the Pipe is long or narrow,
than when it is fhort or wide, And

there-
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therefore, if we fuppofe the Forces
generating the Motions of Water
flowing thro’ Cylindrical Pipes laid
parallel to the Horizon, to be equal
to the Forces generating the Mo-
tions of Water flowing thro’ Holes
of equal Diameters, and placed at
equal-perpendicular Diftances from
the upper Surface of the Water in
the Veflel; on which Suppofition
the Force generating the Motion of
Water flowing thro’ a Pipe, will be
proportional to the Weight of a
Cylinder of Water whofe Magni-
tude is aH, the Motion of the Wa-~
ter flowing thro’a loager or a nar-
rower Pipe, when compared with
the Motion of the Water flowing
thro’ a fhorter or a wider Pipe, will
be found by Experiments, to be
fomething greater than it ought to
be on this Suppofition of the mov-
ing Force, But the Difference wilt
be but {mall in Pipes of fmall

C 2 Lengths
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Lengths and Diameters and there-
fore in the following Experiments,
when a Pipe lies horizontally, I {hall
fuppofe the moving Forceto be pro-
portional to the Weight of the Cy-
linder aH. | |

~ The moving Force will become
different, when the Pipe is inclined
to the Horizon, The Weight of
Water in the Pipe, as far as it en-
creafes or leffens the Motion gene-
rated by the Force, which is propor-
tional to the Weight of the Cylin-
der aH, muft be added to or fub-
ducted from that Weight; and the
Sum or Difference, will be propor-
tional to the Force generating the
Motion of the Water flowing thro’
the Pipe in that inclined Pofition,
'That part of the Weight of the
Water in the Pipe, which is to be
added to or fubdué&ted from the
Weight of the Cylinder aH, may
be thus determined. Let BD re+
e ~ prefens
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prefent a Cylindrical Pipe, lying
arallel to the Horizon, with its
End B inferted into the Side of a
Veflel ar the per- 4,
pendicular Diftance
of BA from the Top
of the Water; the
Forcegeneratingthe
Motion of the Wa-
ter flowing thro’ this
Pipe, is proportional
to the Weight of the
Cylinder axAB; be-
caufe in this Cafe H
is equal to AB. Let
the Pipe be turned
from 1ts horizontal
Pofition, either downwards into the
Pofition Bd, or upwards into the
Pofition Bs ; and then the moving
Force will be changed, and be pro-
portional to the Weight of the Cy-
linder ax Ab in the firft Cafe, and to
the Weight of the Cylinder ax Az in
the
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22 A Treatsfe of the
thefecond. For the Weight of the

Water in the Pipe Bd, on account
of its inclined Situation, encreafeth
the Motion of the Water flowing
thro’ it, and that partof this Weight,
‘which is wholly fpent in encreafing
the Motion, is, from the Laws of
Motion of Bodies down inclined

Planes, theg—g part of the Weight

of Water contained in the Pipe, or
of the Cylinder axBd; and there-
fore is equal to the Weight of the
Cylinder axBb, This Weight
added to the Weight of the Cylin-
der axAB, gives t%ne Weight of the
Cylinder axAb; which Weight is
the Force generating the I4otion of
the Water Howing thro’ the Pi pe Bd.
The Weight of Water in the Pipe
B> leflens the Motion of the Water
flowing thro’ it, and that part of the
Weight which is wholly fpent in
leflening the Motion, is the Weighe

| of

A treatise of the animal oeconomy ; the second edition, with additions - page 26 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=26

Antmar OEcoNoMy. 23

of the Cylinder axBs. This Weight
fubduéted from the Wei%ht of the
Cylinder ax AB, leaves the Weight
of the Cylinder ax A s, whichWeight
is the Force generating the Motion
of the Water flowing thro’ the
Pipe Bo.

If B be made the Center of a
Circle, and Bd or Ba the Radius,
Bb will be the right Sine of Bdb
the Angle of the Pipe’s Depreflion
below the Plane of the Horizon;
and Bs will be the right Sine of Bas
the Angle of its Elevation above it.
And by Confequence, when the
Pipe is deprefled below the Hori-
zon, the moving Force will be pro-

ortional to the Weight of a Cy-
Ender of Water, whui% Bafe is equal
to the Orifice of the Pipe, and whofe
Altitude is equal to the Sum of the
perpendicular Height of the Water
in the Veflel above the place where
the Pipe is inferted, and the right
Sine
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24 A Treatife of the

Sine 6f the Angle of Depreflion of
the Pipe below the Plane of the
Horizon : And when the Pipe is
elevated above the Horizon, the
moving Force will be proportional
to the Weight of a Cylinder of Wa<
ter, whofe Bafe is equal to the Ori-
fice of the Pipe, and whofe Height
is equal to the Difference of the per-
pendicular Height of the Water in
the Veflel above the place of Infer-
tion, and the right Sine of the An-
gle of Elevation of the Pipe above
the Plane of the Horizon. If S de-
notes the right Sine of the Angle,
in which the Pipe is deprefled below
or elevated above the Plane of the
Horizon; the moving Force will be
proportional to the Weight of the
Cylinder axH+S, when the Pipe
is deprefled below the Horizon, and
proportional to the Weight of the
Cylinder axH_—s, when it is ele~
vated above it; and comprehending

both
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beth Cafes in one Expreflion, the
moving Force will be as axHZS, or
as D’xHTS, very nearly.

So then the Velocity of Water
flowing thro’ a Cylindrical Pipe
fcrew’d into the Side of a Veflel
filled with Water, will be meafured

by ngLH?t:S_. For by this Propofi~

; . F : s sl
tzon V is ds ik ButF is as D*<xH+S *

And therefore V is as .,xDXHiS.'

Another Meafure of it may be had
from Experiments. For the Velo-
city of Water flowing thro’ a Cy-
lindrical Pipe, lying ecither parallel
orinclined to the Horizon, is pro-
portional to the Quantity of Water
difcharged in a given Time, ap-
ply’d to the Orifice of the Pipe. For
the Quantity difcharged in a given
Time, apply’d to the Orifice of the
Pipe, will give the Length of a Cy-

D lindrical
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lindrical Pipe which can juft con-
tain that Quantity ; which Length
is the Space that would be defcribed
in the Time of the Motion by an
uniform Velocity, equal to the Ve~
locity with which the Fluid flows
thro’ the Pipe when the moving
Force aéts conftantly and uniform-~
ly, asitwill doif the Veflel be kept
conftantly full, by pouring in Wa-
ter very gently at the Top as faft as
it runs out of the Pipe. But the Ve-
locities of all uniform Motions are
as the Spaces defcribed in a given
Time; and by Confequence, the
uniform Velocity with which the
Length of the faid Cylinder would
be defcribed in the given Time of
the Motion, will be proportional
to that Length ; and therefore pro-
portional to the Quantity of Fluid
difcharged apply’d to the Orifice
of the Pipe. Let M denote the
Quantity of Water difcharged in
the
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the given Time of the Motion ; and
then the Velocity V will be propor-

tional to, and confequently meafu-

M M :
red by, — or 75: becaufe Circles are

to one another as the Squares of
their Diameters.

If the Velocity be rightly _I_]’lEﬁl—-

red by this Propofition, then grﬁ%__——ﬁ

muft be proportional to %{ very

nearly ; as it will appear to be by the
following Experiments, fetting afide
the Refiftance of the Air.

Tho’ in this Propofition 1 have
{fet afide the Refiftance given by the
Air to this Motion, yet it will be
neceflary to confider it, in order
rightly to underftand the Diftur-
bances in the Motion caufed by it.
Water in flowing out of a Pipeinto
the open Air, communicates a Mo-
tion to the Air, and lofes fo much

I & of
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of its own Motion as it communi-
cates. Now if we fuppofe the Mo-
tion communicated to be propor-
tional to the Square of the Diame-
ter of the Vein of the effluent Wa-
ter, and the Square of its Velocity,
taken together; then the Motion
communicated to the Air, with re-
{pec to the Motion which in the
fame Time would be generated in
the Water, fetting afide the Refift-
ance of the Air, and that which
arifes from the internal Surface of
the Pipe, will be reciprocally as the
Lengrh of the Pipe.  And by Con-
fequence, in Pipes of the fame
Length, the Motions communica-
ted to the Air, willon this Suppo-
fitien be proportional to thofe \?E‘lith
would be generated in the Water
if there was no Air, nor any Re-
fiftance arifing from the internal
Surfaces of the Pipes. And there-
fore the Refiftance of the Air will

' caule
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caufe no Difturbance in the Propor-
tions of the Motions of the Water
flowing thro’ fuch Pipes. This
Suppofition , that the Veins of the
eﬂlPuf:nt Water arerefifted by the Air,
in Proportion to the Squares of their
Diameters and the Squares of their
Velocities, taken together, will not
appear unreafonable, when we con-~
{ider that folid Globes in moving
thro’ the Air, are refifted in that
Proportion.

Experiment 1. Three Cylindri-
cal Pipes, whofe Lengths were two,
four, and ecight Feet, and whofe
common Diameter was 2% parts of
an Inch, were one after another
fcrewed into the Side of the Veflel
at the perpendicular Diftance of
four Feet from the Top of the Wa-
ter, and laid parallel to the Hori-
zon. Thefe three Pipes thus fitu-
ated, difcharged 175, 133, and
97 Troy Ounces of Water in half

a
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aMinute, The Pipes having equal

Diameters, the Velocities of the
Water flowing thro’ them were as
the Quantities of Water difcharged
in equal Times; that is, as the
Numbers 175,133, and 97%: For
when D is given, V is as M. By
the other Meafure of the Velocity
deduced from this Propafirion, the
Velocities ought to have been re-
ciprocally as the Square Roots of
the Lengths of the Pipes; thatis,
nearly as the Numbers 20000,
14142,and 10000. For the Pipes
having equal Diameters, being all
inferted into the Side of the Veflel
at the {fame perpendicular Diftance
from the Top of the Water, and all
laid parallel to the Horizon; D and
H were given, and S was o; and
confequently the Velocity, which
I have fhewn to be meafured by

qtﬁg—f_s, ought in the prefent Cafe

Lo
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P I . i
to have been as - The Veloci-

ties from this Meafure are nearly
proportional to thofe from Experi-
ments. Thofe from Experiments
with refpect to thefe, are as the
Numbers 175, 188, 195 : whence
it appears, that the Velocity from
Experiment, with refpect to the
Velocity exprefled by the other
Meafure, is fomething greater in
the longer of any two of thefe
Pipes than in the fhorter; as it
ought to be, from what has been
faid, both on account of the Re-
fiftance of the Air, and the Nature
of the moving Force.

Experiment 2. Three Cylindri-
cal Pipes, whofe Lengths were equal,
and whofe Diamerers were 22, 2%
and ;% parts of an Inch, being one
after another {crew’d into the Side
of the Veflel, atthe perpendicular
Diftance of four Feet from the Top

of
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of the Water, and laid parallel to
the Horizon, difcharged 179, 337,
and 6% Qunces of Water in half 2
Minute. The Velocities, found
by dividing thefe Quantities by the
Squares of the Diameters of their
relpetive Pipes; were as the Num-
bers 1293, 979, and 756. By the
other Meafure they ought to have
been as the Square Roots of the
Diameters of the Pipes; that is,
nearly as the Numbers 193, 136,
and 94. For the Pipes having equal
Lengths, being all inferted into the
Side of the Veflel at the fame
perpendicular  Diftance from the
Top of the Water, and being laid
parallel to the Horizon; L and H
were given, and S was o; confe-

DxR 1S

quently was in this Cafe as

vD. The Velocities from this
Meafure are nearly proportional to
thofe from Experiments, "Thofe

from.
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from Experiments, with refpett to
thefe, are as the Numbers 670,
720, 804 ; whenceit appears, that
the Velocity from Experiment, with
refpe& to what it ouglit to be by the
Meafure of this Propofition, is fome-
thing greater in the narrower of any
two of thefe Pipes than in the

- wider ; as I have fhewn itought to
be, from the Nature of the moving
Force.

Experiment 3. "Two Cylindrical
Pipes, whofe Lengths were eight
Feet and two Feet, and whofe Dia-
meters were =2 and 2% parts of an
Inch, were fcrew’d into the Side of
the Veffel at the perpendicular Di-
{tances of four Feet, and one Foot
from the Top of the Water, and
were laid parallel to the Horizon,
Thefe Pipes thus fixed difcharged
87%, and 16 Ounces of Waterin half
a Minute. TheVelocities in them,
found by dividing their Difcharglfs

E Y
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by the Squares of their Diameters,
were ueagy as the Numbers 73, and
46. By the other Meafure of the
Velocity they ought to have been
as the Square Roots of the Diame-
ters of the Pipes; that is, nearly
as the Numbers 186 and 136 : For
H and L were each of them fourin
the firft Experiment, and onein the
fecond, and S was nothing in both ;
and confequently the Velocity, ex-
DxHTS
L
fent Cafe was as vD. The Velo-
city in the Pipe which was nearer to
the Top of the Veflel, was lefs than
it ought to have been by this Mea-
fure, in the Proportion of 34 to 39.
And in all the Experiments I have
made upon this Occafion, I have al-
ways found the Velocities in the
fame Pipes placed at different Di-
ftances from the Top of the Water,
to be lefs at lefs Diftances from the

Surface

prefled by o

, in the pre-
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Surface than at greater, with refpect
to what they ought to have been by
this Propofitson. This Defectof Ve~
locity may be owing, partly to a
Difturbance given to the Motion
by the Water, which was poured in
at the Top of the Veflel in order
to keep it conftantly full, which
Difturbance, being greater at a lefs
Diftance from the Surface, might
caufe a greater Lofs of Motion;
and partly to the moving Force’s
being in reality fomething greater
at a greater Diftance from the
Top of the Water, than it ought
to be by the Meafure I have given
of it.

Experiment 4. Two Cylindrical
Pipes of equal Diameters, and of
the Lengths 1 and 4, were one af-
ter the other {crew'd into the Side
of the Veflel at the perpendicular
Diftance of four Feet from the Top
of the Water, and were each of

E s them
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them dqgreﬂ"ed in an Angle of 30
Degrees below the Plane of the Ho-
tizon. Thefe Pipes thus fituated
difcharged 41% and 252 Ounces of
Water in half a Minute, The Ve-
locities in thefe Pipes, on account
of their having equal Diameters,
were as the Quantities difcharged.
By the other Meafure they ought
to have been as the Numbers 300
and 173. For the Pipes having
equal Diameters, and being bot!
deprefled below the Horizon, that

Meafure became ./-I:I{—S.’ The na-

tural Sine of 30 Degrees being
equal to half the Radius, S was half
a Foot for the fhorter Pipe, and two

Feet for the longer; and l_-I_;I;g was
4: for the firft, and g or 2 for the
fccond ; or g for the firft, and 3 for
the fecond. But the Square Roots of

9 and 3 are as the Numbers 300
and 173, which Numbers are near-

l}_f_
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ly in the fam:: Propmtion as the
Numbers 412, and 2 §%; and there-
fore the Velocmes were nearly in
the fame Proportion, as they ought
to have been' by this Propafitzon.

Prorosition 1l

IF a gen Fluid flows through two
Syfiems of Cylindyical Pipes made
of a grven Sort of Martter, and con-
[iftrng each of one Tmﬂé and the
Jame Number of Bmﬂc‘éf.ﬁ’s arifing
from 1t ;5 if the Pipes of the two
S*}ﬂems bawe like Sttuations and Ca-
pacities, that is, if any two corve-
Jponding Pipes be Sfimilarly fituated
with refpect to the veft of the Pipes,

and thewr Capacities be as the Capa-
cities of the whole Syftems ; And if
the Forces generating the Motions in
two correfponding Pipes be in the

Jame
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fame Proportion as the whole moving
Forces c;fp the two Syflems: The Ve~
locities in the two corrve/ponding Pipes,
fetting afide the Refifiance of the
Ay, will be in Ratios compounded of
the fubduplicate Ratios of the whole
moving Forces of the two Syftemns di-
reftly, and of the fubduplicate Ra-
2i0s of the Diameters and Lengths of
the Pipes taken together inverfly.  If
V, v be put for the Velocitzes in the
rwe Pipes; D, d, and L, 1 for ther
Diameters and Lengths ; and ¥, f for
the whole moving Forces of the two

Syflems; I fay, that V .v:
f
Vi
For by the Firfl Propofition, the
Velocities in any two correfponding
Pipes of the two Syftems, fetting
afide the Refiftance of the Air, are
to each other in Ratios compound-
ed of the fubduplicate Ratios of

the

. v"‘D—L.
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the Forces generating the Motions
in the two Pipes directly, and of
the fubduplicate Ratios of the Dia-
meters and Lengths of the Pipes
taken together inverfly : But by
Suppofition the Forces generating
the Motions in the two Pipes arein
the fame Proportion as the whole
moving Forces of the two Syftems:
And therefore by Proportion of
Equality, the Velocities in the two
correfponding Pipes, fetting afide
the Refiftance of the Air, will be
in Ratios compounded of the fub-
duplicate Ratios of the whole mo-
ving Forces of the two Syftems di-
rectly, and of the fubduplicate Ra-
tios of the Diameters and Lengths
of the two Pipes inverfly.

Proof
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BESIIBBIBIIIEEIIILBSEPEEEES
Proof by EXPERIMENTS.

Experiment L

I Had two Syftems of Cylindrical
Pipes made of Brafs, each of
which confifted of a Trunk and two
Branches. The larger Branch of
cach Syftem was a Continuation of
its Trunk, having an equal Diame-
ter, and lying in a right Line with
it ; and the fmaller Branch of each
made an Angle of 30 Degrees with
the larger. The Trunks and
Branches of the two Syltems were
each of them one Foot in Length ;
the Diameter of the Trunk and
larger Branch in the greater Syftem
was 2% and the Diameter of the
{maller Branch ZZ parts of an Inch

and the Diameter of the Trunk and
largex
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larger Branch in the leffer Syftem

was 2%, and thé Diameter of the
{maller Branch 22 parts of an Inch.
The Trunks of “thele two Syltems
were fucceflively fcrew’d into the
Side of the VLH%I at the perpendi-
cular Diftance of four Feet from the
Top of the Water, and were turned
till their Branchcs lay parallel to
the Horizon. In this Situation, the
Branches of the greater *yftem dif=
charged 169+ and 20, and the
Branches of the lefler 30% and 4
Ounces of Water in half a Minute,
‘The Velocities in the Trunks and
Branches of thefe Syftems; found
by dividing the O_gannnes which
flow’d thro’ them in a given !ime
by the Squares of their refpeCive
Diameters, were as the Numbers
1592, 1414, and 572 in the irank
and Branches of the greater -yftem;
and as the Numbers 979, 865, and
494 in the Trunk and Branches of

F the
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the lefler. "The Quantities of Wa-
ter contained in thefe two Syftems,
were as the Numbers 273 and 78 ;
as I found by multiplying the
Squares of the Diameters of the fe-
veral Pipes into theit Lengths, and
then adding the Produéts of each
Syftem into one Sum.  Since all the
Pipes of the two Syftems were at
the fame perpendicular Diftance
from the Top of the Water, and lay
parallel to the Horizon, in which
Pofition the Weights of Fluid con-
tained in the Pipes made no part of
the Forces generating the Motions
of the Water flowing thro’ them,
the Forces generating the Motions
in the Trunks and correfponding
Branches, were as the Squares of
their Diameters, or as the Quanti-
ties of Water contained in them,
becanfe they all had the fame
Length. And therefore had thefe
two Syftems been truly made, fo as

to
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to have had the Conditions required
in the Propofition, that is, had the
Quantities of Water contained in
the Trunks and correfponding
Branches been exaétly proportional
to the whole Quantities of Water
contained in the two Syftems ; the
Velocities in thofe Pipes, fetting
afide the Refiftance of the Air,
ought to have been in the fubdupli-
cate Ratios of their Diameters di-
rectly. But the Capacity of the
lefler Branch of the greater Syftem
compared with the Capacity of that
Syftem, was greater than the Capa-
city of the lefler Branch of the
lefler Syftem compared with the
Capacity of its Syltem, in the Pro-
portion of 5 to 4 nearly. The
Velocity by Experiment in the
lefler Branch of the greater Syf~
tem compared with the Velocit
by the Theory, was lefs than it
would have been had the Branch
F 2 been
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been truly conftru&ted; which a-
rees with what 1 have already
ﬁn?\m both from Experiments and
Reafon, namely, that in Pipes of
different Diameters but equal
Lengths the Velocity by Experi-
ment compared with the Velocity
by the Theory, is always greateft in
the narroweft Pipes. The Velocity
by Experiment with refpeét to the
Velocity meafured by the Square
Root of the Diameter of the Pipe,
was lefs in the {maller Branch of
the greater Syftem than in the fmal-
ler Branch of the leffer Syftem, in
the Proportion of 21 to 26. As
the Capacity of the {fmaller Branch
with refpect to the Capacity of the
Syltem, was fomething greater in
the greater Syftem than in the lef
fer; fo the Capacity of the Trunk
or larger Branch with refpe to
the Capacity of the Syﬂ:emJ was on
the contrary fomething lefs in the
- greatet
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greater Syftem than in the leffer;
and by Confequence, from what
has been faid concerning the Na-
ture of the moving Force, the Ve-
locity by Experiment with refpe&
to the Velocity meafured by the
Square Root of the Diameter of the
Pipe, was greater in the Trunk and
larger Branch of the greater Syftem,
than it was in the Trunk and larger
Branch of the leflfer : In the Trunk
it was greater in the Proportion of
43 to 36, and in the Branch it was
greater in the Proportion of 76 to
63. Thefe Deviations of the 1 heo-
ry from Experiments, are not Ob-
jections againft it, but rather Ar-
guments of its Truth; fince the
all arife, and may be accounted for,
from the Syftems not having exa&-
ly the Conditions required in this
P?z%ﬂﬁﬂ,
‘xperiment 11, Two Syftems of
Cylindrical Pipes, thelefler of which
was
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was the greater of the two Syftems
ufed in the laft Experiment, and the
greater a Syftem four times as large,
its Trunk and Branches having the
fame Diameters,and being four times
as long as the Trunk and Branches
of the leffer, had their Trunks fuc-~
ceffively fcrew’d into the Side of the
Veflel at the perpendicular Diftance
of four Feet from the Top of the
Water, and had both their Trunks
and Branches laid parallel tothe Ho-
rizon : In this Pofition the Branches
of the greater Syftem difcharged
90, and 13%; and the Branches
of the lefler 169+, and 20 Ounces
of Water in half a Minute. The
Diameters of the Trunks and cor-
re{Ronding Branches of the two
Syltems being equal; the Veloci-
tics in thofe Pipes were as the
Weights or Quantities of Water
*wl}ic flow’d thro’ them in a given
Time, that is, as the Numbers

1
1047,
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104%, 90%, 13;in the Trunk and
Branches of the greater Syftem ; and
as the Numbers 189Z, 1697, 20in
the Trunk and Branches of the
lefler. The Diameters of the cor-
refponding Pipes of the two Syftems
being equal, and the Pipes lying pa-
rallel to the Horizon, and at the
fame perpendicular Diftance from
the Top of the Water; D and H
were given, and S was o; and con-

fequently the other Meafure of the
DxH1S

Velocity in this became

I o] L .
e Whence the Velocities in the

correfponding Pipes of the Syftems
ought to have been in the inverfe
fubduplicate Ratios of the Lengths
of thofe Pipes, that is, they ought
to have been twice as great in the
Trunk and Branches of the fhorter
Syftem as in the Trunk and corre-
fponding Branches of the longer,

as
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as they nearly were; only they Were
fomething greater in the longer Syf~
tem than tﬁey ought to have been,
partly from a lefs Refiftance of the
Air, and partly from the Nature of
the moving Force, which from
what has been faid concerning its
Meafure, was fomething greater
in the longer Syftem than in the

{hortet.
Experiment 111 1 Elaced the two
Syftems, ufed in thelaft Experiment,

at different perpendicular Diftances
from the Top of the Water, with
their Trunks and Branches parallel
to the Horizon; and always found
the Velocities in the Trunk and
Branches of each Syftem, to be near-
ly in the fubduplicate Ratios of the
perpendicular Diftances of the Syf=
tem from the Top of the Water ;
only at lefs Diftances they were
fomething lefs than they ought to
have been by this Meafure, for the

Realons
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Reafons affigned in the third Expe-
riment of the frft Propofizion.
Experiment IV . The two Syftems
ufed in the fecond and third Exfu‘:-»
riments, were one after the other
{crew’d into the Side of the Veflel
at different perpendicular Diftances
from the Top of the Water, the
leffer at the Diftance of one Foot;
and the greater at the Diftance of
four Feet ; and were turned till the
lefler Branch of each Syftem was de+
prefled in an Arigle of 30 Degrees
below the Vlane of the Horizon,
while the Trunk and larger Branch
of cach Sy{kcm lay parallel to ic:
In thefe Situations, the Branches of
the greater Syftem difchar qud 89%,
17%; and che Branches of the leffer
79, 137 Ounces of Water in half a
Minute, The Diameters of the cor=
refponding Pipes being equﬂl the
Velocities in them were as the
Quantities of Water which flowed
G thro’
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thro’ them in the given Time of the
Motion, thatis, as 1065, 895, 175
in the Trunk and Branches of the
greater Syftem; and as g2, 79,
132 in the Trunk and Branches of
the lefler. The Diameters of the
correfponding Vipes being equal,
and the perpendicular Diftances of
the Syftems from the Top of the
Water being as the Lengths of the
Syftems, and the Syftems being
fituated alike with refpeét to the
Horizon ; D and S were given, and
H was proportional to L; confe-

uently in this Cafe the other Mea-
?ure of the Velocity became a given
Quantity ; whence the Velocitics in
the correfponding Branches ought
by that Meafure to have been equal.
Their Differences were not great,
and probably arofe chiefly from the
lefler Syftem being placed nearer

to the "Top of the Water than the
greater,

Pro=
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22223.452458482558255
ProrosiTion IIL

F a given Fluid flows thre two
Syftems of Cylindyical Pipes made

of a grven Sort of Matter, and con-
Sifting each of two Trunks, and the
Same Number of Branches [imilar in
therr Sttuations and Capacities, that
zs, #f any two corvefponding Pipes be
Sfimilarly fituated with vefpect to the
reft of the Pipes, and thewr Capaci-
vies be as the Capacities of thetr whole
Syftems, of n each Syflem the laft and
Smallef} Branches of the two Trunks
be contimuous, and if the Forces ge-
wnerating the Motions in any two cor=
vefponding Pipes be in the fame Pro-
portion as the whole moving Forces
of the two Syflems ; The Velocities in
thofe Pipes, fetting afide the Refifl-
ance of the Air, will be in Ratios
G 2 com-
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compounded of the [fubduplicate Ra-=
#Easpa_f the -zz{‘mle mamﬁg Forces of
the two Syflems diveétly, and of
the fubduplicate Ratwos of the Dia-
meters and Lengths of the Pipes
taken together im?f:ﬂy, that s,

F
NV B vee YaT
For by the Firfi Propofition, the

Velocities in any two correfpond-
ing Pipes of the two Syftems, fet-
ting afide the Refiftance of the Air,
are in Ratios compounded of the
fubduplicate Ratios of the Forces
generating the Motions in thofe
Pipes directly, and of the fubdupli-
cate Ratios of their Diameters and
Lengths taken together inverfly:
But by Suppofition, the Forces ge~
nerating the Motions in two corre-
{ponding Pipes, are as the whole
moving Forces of the two Syftems::
And therefore by Proportion of
Equality, the Velocities in two

cor~
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correfponding Pipes, fetting afide
the Refiftance of the Air, will be
in Ratios compounded of the fub-
duplicate Ratios of the whele mo-
ving Forces of the two Syftems di-
rectly, and of the fubduplicate Ra-
tios of the Diameters and Lengths
of thofe Pipes taken together in-
verfly. '

FHETRRTDS
Proof by EXPERIMENTS.

"§ O confirm the Truth of this
Propofision by Experiments, I

got made of Brafs two fuch Syftems
of Cylindrical Pipes as are repre-
fented in thefe Figures. Each Syf-
tem confifted of two Trunks and
five Branches all lying in one and
the fame Plane. The Trunks and
Branches of each had equal Dia-
meters
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meters and Lengths. The com-
mon Diameter of the Trunks and
Branches of the greater Syftem, was
22 and the common Diameter of
the Trunks and Branches of the
lefler Syitem, was 2% parts of an
Inch. The common Length of
the Trunks and Branches of the
greater Syftem, was half a Foot;
and the common Length of the
Trunks and Branches of the leffer,
three Inches. The Trunks of each
Syftem opened into the Branches,
thro’ two pyramidal Spaces, which
were each three Inches long in the
ﬁreater Syftem, and an lnc%x and a

alf in theleffer; and their Capaci-
ties were nearly in the fame Propor-~
tion as the Capacities of their Trunks
or Branches, thatis, in the Propor-
tion of 87 toro. When the Ends
F and f were {crew’d into the Side of
the Veflel at the perpendicular Di-
ftance of four Feet from the Top of

thg
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the Water, and the Syftems were
turned till their Branches lay paral-
lel to the Horizon ; their other Ends
G and g difcharged 365 and 63}
Ounces of Water in half a Minute.
The Velocities in the Trunks, found
by dividing the Difcharges by the
Squares of their Diameters, were as
the Numbers 1047 and 1003 near-
ly. And by this Propofizion they
ought to have been as the Numbers
883 and 866, which are propor-
tional to the Numbers 1047 and
1003 very nearly. And fince the
Syftems were fimilar, and fimilarl
fituated, no Doubt can be made, but
that the Velocities in correfponding
Branches were likewife in the fame
Proportion.

T
&5

Pro-
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CaTLLTLTATATLTINGATLY

ProrosiTiON IV.

IF a grven Flud flows thro tws
compounded Syftems of Cylmdrs-
cal Pipes, confifting each of two Cy-
Lndrical Trunks, and the fame Num-~
ber of fmaller Syflems like thofe de-
[eribed in the laft Propofition, the
Trunks of which finaller Syflems open
into thetr refpeltive principal Trunks
of the compounded Syflems, if all
the correfponding Pipes of the com-
pounded Syftems bave ltke Situations
and Capacuies, that 1s, if any two
cor vefponding Pipes be fimilarly fitu-
ated with refpect to the refl of the
Pipes, and their Capacities be in the
Jame Proportion as the whole Capaci-
zzes of the compounded Syftems; and
#f the Forces generating the Motions
w any two correfponding Pipes be Es

e
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the whole moving Forces of the two
compounded Syfiems ; the Velocities
in thofe Pipes, fetting afide the Re-
Siftance of the Air, will be in Ratios
compounded of the Suubdu Pffm ate Ra-
t10s of the whole moving Forces of the
two compounded Syftems direitly, and

of the fubduplicate Ratuos of the Dia-
meters and Lengshs of the Pipes taken
arage:.ber ﬂ;ﬂfﬁﬂy, that 15, V.v 1

""'DL Va1

The Demonftration of this Pro=
ofition is the fame with that of the
aft, and therefore need not be re-

peated.

Cor. 1. If the whole moving
Forces of the two compounded
Syftems be as the Capacities of thofe
Syltems, that is, as the Capacities
of any two correfponding Pipes ;
the Velocities in thofe Pipes, fetting

H afide
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afide the Refiftance of the Air, will
be in the fubduplicate Ratios of their
Diameters. If F.f:: D*L. d&1;
thenwill V. v:: vD.vd.

Cor. 2. If the whole moving
Forces of the two compounded
Syftems be as the Capacities of the
Syftems, that is, as the Capacities
of any two correfponding Pipes,
and the Diameters of correfpond-
ing Pipes be in the fubduplicate Ra-
tios of their Lengths, or of the
Lengths of the Syﬁems; the Ve-
locities in correfponding Pipes, fet-
tin % afide the Refiftance of the Air,
will be in the fubquadruplicate Ra-
tios of the Lengths of the Syftems,
H¥F.f::D'L.d")], and D.d:: vL,

vl; then will V. v:: L% I%
Cor. 3. 1f the whole moving

Forces of the two compounded
Syftems be as the m Power of their

Capa-
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Capacities, and confequently as the
m Power of the Capacities of any
two correfponding Yipes, and the
Diameters of thofe Pipes be as the
o Power of their Lengths, or as
the » Power of the Lengths of the
Syltems ; the Velocities in two
fuch Pipes, fetting afide the Re-
fiftance of the Air, will be in the
zamim-8-1 Power of the Lengths of
the Syftems. 1fF.f::D°L™ 41
andD.d:: L% 1°; then willV.v::
L:,m:F—}-m-n-:‘ l:.nm+m-n-l

F %

Cor. 4. The whole moving For-
ces of the two compounded Syftems
are in Ratios compounded of the
duplicate Ratios of the Velocities
in two correfponding Pipes, and of
the fimple Rarios of their Diameters
and Lengths, thatis, F.f:: V*
DL, »dl

H 2 Scho-
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Scholium.

This P?‘[?ﬁ 7tson will hold true, if
the two Syftems be made of Coni-
cal Pipes equal in their Capacities
and Lengths to the Cylindrical
ones, and {o obftructed, asthatthe
greateft or leaft Diameters of any
two correfponding Conical Pipes
fhall every where bear the fame Pro-
portion to each other, as the Dia-
meters of the two Cylindrical Pipes
which are equal to them.

ProrosiTionV. Problem I,

TH E Velocity of a given Fluid
moving thro' a Cylindrical Pipe
of a grven Diameter and Length, and
the Force generating the Motion, be-
mng groen; it isrequired to determine
the Velocities generated by an equal

Force
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Force inthe feveral Parts of a Syflem
Like one of thofe defribed in the Third
Propofjtion. i

The two Forces generating the
Motions in the Cylindrical Pipe and
in this Syftem being equal by Sup-
pofition; their Meafures will be fo
too. For the Force generating the
whole Motion in the dyftem, is the
Sum of the Forces generating the
Motions in all its Parts; and the
Meafures of the Forces generating
the Motions in the feveral Parts of
the Syftem, are in Ratios com-
pounded of the duplicate Ratios of
the Velocities in thofe Parts, and of
the fimple Ratios of their Lengths
and Diameters; by Cor. 7. Prop. 1.
‘Wherefore putting L for the Length
of the Cylindrical Pipe, D for its
Diameter, V for the Velogity of
the Fluid moving through it; 1 for
the Length of that Trunk thro’

which
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which the Fluid flows into the Syf~

tem, d for its Diameter, and x for
the Velocity of the Fluid flowing
thro’ it; A for the mean Length of
the Branches, a for the Diameter
of a Cylinder whofe Length is that
mean Length, and whofe Orifice is
equal to the Sum of the Orifices of
aﬁ the Branches; » for the Length
of the other Cylindrical Trunk,and
s for its Diameter : the Meafure of
the Force generating the Motion of
the Fluid flowing thro’ the Cylin-
drical Pipe will be V* D L; and the
Meafure of the Force generating the
Motion in that Trunk which leads
into the Syftem will bex*dl. The
mean Velocity in the Branches, is
to x the Velocity in that Trunk, as
d*, isto A*; becaufe the Velocities
of the fame Quantity of Fluid flow-
ing thro’ two Cylindrical Pipes in
the fame Time, are reciprocally
proportional to the Squares of their

Dia-
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Diameters ; whence the mean Ve-
focity in the Branches will be X" ;

and the Meafure of the Force ge-
nerating the Motion in the Branch-

 es taken all together, will be xliiﬂz

By the fame Reafoning the Velo-
city in the other Trunk thro’ which
the Fluid flows out of the Syftem,

will be ’i—{}’, and the Meafure of the

Force geﬁerat'ing the Motion of the
Water flowing through it, will be

xd *. But the Sum of the Forces

generating the Motions in all the
Parts of the Syftem, is by Suppo-
fition equal to the Force generating
the Motion in the Cylindrical
Pipe; and by Confequence, x* d1

Ui O iy e :
+—=+——~ = V' D L; whence

Vv DL
X is equal to F"’al__% LR
3 3 a:l

If
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If this Value of' x be f{ubftituted
in its Room m , the Meafure of

the mean Velocxty in the Branch-

- \'A
es; that Meafure will become £
DL '

d3+a1+'—

If the faid Value OF x be fubfti-
tuted in itsRoom i 111—, the Mea-

fure of the Velomty in the other
Trunk; that Meafure will become
v DL

T

A

Cor. 1. If the Capacity of the
Branches be encreafed by an En-
largement of their Diameters or an
Encreafe of their Number, that is,
if A be encreafed, all Othﬂ Things
contmumg the fame the Veloci-
ties generated by a given Force, w];ll

e
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be greater in the Trunks and lefs in
the Branches, than they were be-
fore this Change happened in the
Capacity of the Branches.

 Cor, 2. If the Capacity of the
Branches be leffened by a Contrac-
tion of their Diameters or a De-
Ereafe of their Number, that is, if
A be diminifhed, all other Things
continuing the fame; the Veloci-
ties generated by a iiven Force, will
be lefs in the Trunks and greater in
the Branches, than they were be-
fore this Charge was made in the
Capaciry of the Branches.

Cor. 3. If the two Trunks of the
Syftem be given; the Velocities ge-
nerated by a given Force, will be
greateft in the Trunks and leaft in
the Branches, when 4 is infinite; in

which Cafe the Term EA? will va-
| nith
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pnith or become nothing: The Ve-
locity in the Trunk, through which
the Fluid flows into the Syftem, will
v ,DL :

be meafured by g+ Vj_l:__-_a_ . The Ve-
d* ¢!

locity in the Branches will be
infinitely lictle: And the Velo-

city in the other Trunk will be

DL
vt
Tty

Cor. 4. If the Velocity in the
given Cylindrical Pipe be equal to
the Velocity in that Trunk thro’
which the Fluid flows into the Syl~
tem, that is, if V be equal to x,
and confequently V* equal to x‘;
and if the Diameter of the Pipe,
be equal to the Diameter of tflat
Trunk, that is, if D be equal to
d; then the Length of the Cy-
lindrical Pipe or L, will be equal
tol +%+q;1i. : '

Cor.
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Cori' §1 'If the Branches taken
together, be wider than either of
the Trunks; the mean Velocity in
them will be lefs than it is in the
Trunks: And if one Trunk be wider
than the other, the Velocity will be
lefs in Proportion as the I'runk is
wider.

B 5 oot st e 5 1 10 1 . e e e
Proof by EXPERIMENTS.

HE greater of the two Syftems,
which were made for the Proof
of the 7hird Propofition, was {crewed
into the Veflel ar the perpendicular
Diftance of four Feet from the 1o
of the Water, and turned till ics
Branches were parallel to the Ho-
rizon. ‘The Branches of this
Syftem were fo contrived, that their
Ends which were next to the Veflel
might be opened or fhut by little
13 Brafs
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Brafs Valves or Sliders. This Syf~
tem being thus fituated, when the
Branch C only was open; the
Trunk G difcharged 297 Ounces of
Water in half a Minute: When the
three Branches b, ¢, d were open,
it difcharged 36 Ounces in half a
Minute : And when all the five
Branches were open, it difcharged
36$Ounces in the fame Time. The
Velocities in the two equal Trunks,
were as the Quantities difcharged.
When one Branch only was open,
the Velocity in that Branch, was
equal to the Velocity in the Trunk;
and therefore the Velacity in the
Branch C, when the reft of the
Branches were fhut, was as 29,
The mean Velocity in the three
Branches, found by applying 36
to 3 the Sum of their Orifices, the
Orifice of each of the Trunks being
1, was as 12: and the Velocity in
the five Branches, when l_:hey werg

' all
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all open, found by dividing 365 by
5, wasas 72, Thefe were the true
Velocities in the Trunks and
Branches in thefe three Experi-
ments. 1 fhall now fhew what
they ought to have been by this
Problem.
~ The two Trunks and Branch G
taken together, may be confidered
as one Cylindrical Pipe; and there«
fore may reprefent the given Cy-
lindrical Pipe in this Problem, in
which the Velocity V is as 29%,
The Trunks and Branches of this
Syftem having all equal Diameters,
D, d, and s were equal. The Lengths
of the two Trunks were equal, and
when added together, ct':l:!'u:ir Sum
was equal to the Length of the
Branches added to the Lengths of
the two pyramidal Spages into which
they opened; therefore 1 was equal
to s, and | + a1 equal to A if the
pyramidal Spaces be confidered as
' Parts
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Parts of the Branches, on which
Suppofition L was equal to I +a+a;
and by ‘Conlequence -équal to two
Feet:;: and 1 and » were each half a
Foor, and A one Foot. ' | he Velo-
-city in ‘the Trunks, d being 1, will

be exprefled by 293 ?’ﬁ}-_‘t; there-

fore when three Branches 'were
open, afid by Confequence a equal
to v 3, 'thie Velocity ought to have
been neatly as 38 And nearly as
40, when' all five were open, and
A'equal to vy,

* The Velocities in the Branches,

exprefled by %’;V’ b ought to
A

havebeen12%, when threeBranches
were open and 8, when all five were
opeén’’ ‘The near Agreement of thefe
th‘t;iditifsfwith' thofe from Experi-
ments, ‘{hews the -Velocities in the
Tronks atdBranches of chis Syftem
to
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to be rightly determined. by this
Problem.

&£52425 2228858822254
Prorosition VI.

IF a grven Fluid flows thro a fimple
Svftem of Cylindyical Pipes, con-
Sifting of ome Trunk and any Number
of Branches; the Velocity in any Pipe
will be greater or lefs, according as
the moving Force of the Syflem is
greater or lefs, as the P;Pe s wider
or narvower, [borter or longer, near-
er to or farther from the movin

Force, as the Weight of Fluid in the
Pipe confpires with or oppofes 1ts Mo~
tion, or as any of the other Pipes of
the Syftem is lengthened or fhortened.

That the Velocity in any Pipe
‘of this Syftem is greater or lefs, as
the moving Force of the Syftem is

greater
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greater or lefs, as the Pi%ae is wider
‘or narrower, f{horter or longer, or
as the Weight of Fluid contained in
the Pipe confpires with or oppofts
its Motion ; has been fully proved
in the foregoing Propofitrons. And
that the Velocity is greater or lefs,
as the Pipe is nearer to or farther
from the moving Force, may be thus
proved. From the Nature of this
Motion, the whole moving Force is
refifted by the Quantity of Fluid
contained in the wholeSyftem: And
that part of this Force which moves
the Fluid through any Pipe, is re-
filted by the Quantity of Fluid in
that part of the Syftem which lies
‘before it ; the Refiftance therefore
will be greater or lefs, as a Pipe is
nearer to or farther from the mo-
ving Force: But as the Refiftance
is greater or lefs, the Preflure of
the moving Fluid againft the Ori-
fice of the Pipe, and confequently

the
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the Velocity in the Pipe, is greater
or lefs ; and therefore, cererss pa-
#ibus, the Velocity in a Pipe is
greater or lefs, as it is nearer to or
tarther from the moving Force.
Laltly, the Velocity in a Pipe will
be greater or lefs, ceterss paribus,
~as any of the other Pipes of the
Syltem is lengthened or fhortened:
For by lengthening or fhortening a
Pipe, the Refiftance given by tghe
Fluid contained in it to that part
-of the moving Force of the Syltem
which is fpent on that Pipe, becomes
greater or lefs than it was before :
Butagreater or lefs Refiftance makes
the moving Force to a¢t more or
lefs powertully on the other Pipes,
and encreafes or leflens the Velo-
cities in them: And therefore the
Velocity in a Pipe will be encreafed
or leflened, ceterss paribus, as any
of the other Pipes is lengthened or
fhortened.

K Proof
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-

T LT e
Proof by EXPERIMENTS.

THAT the Velocity in a Pipe
of this Syftem is greater or
lefs, as the moving Force of the
Syftem is greater or lefs, as the
Weight of Fluid contained in it
conl%ires with or oppofes its Mo-
tion, or as the Pipe is wider or nar-
rower, fhorter or longer, is fully
proved by the Experiments of the
foregoing Propofitzons. And that
the Velocity is greater or lefs, as
the Pipe is nearer to or farther from
the moving Force, or as any other
Pipe of the Syftem is lengthened or
fhortened, will appear from the fol-

lowing Experiments.
A Syftem of Cylindrical Pipes,
confifting of a Trunk, and three
Branches
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Branches of equal Diameters and
Lengths, all 1ying in the fame
Plane ; was fcrew’d into the Side of
a Veflel filld with Water. Thc
Branches were placed at the Di-
{tances of four, nine, and fixteen
Feet from that End of the Syftem
where the moving Force was ap-
ply'd, and beginning with that
which lay neareft to the moving
Force, they difcharged in a given
Time Quantities of Water, which
were as the Numbers ¢, 6, and §.
The Branches having equal Diame-
ters, the Velocities in them weére
as the Quantities difcharged; and
therefore, the Velocity in a Pipe
will be greater or lefs, ceterss pa-
ribus, as the Pipe is nearer to or
farther from the moving Force,

A given Branch at the Diftance
of one Foot from the moving Force
difcharged 20 Ounces of Water in
half a Minute, when the Length of

K 2 the
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the Trunk was two Feet; and 36
Ounces in the fame Time, when the
Length of the Trunk was encreafed
to cight Feet. And a like Change
of Velocity in a lefs Degree, was
produced by lengthening any of the
other Branches; and therefore, the
Velocity in a given Pipe will be
greater or lefs, ceterss paribus, as
any of the other Pipes of the Syftem
is lt_angthened or {hortened.

FETTTIITTTTTTITITIINGH
Prorosirion VIL

IF a given Muid flows thro a fimple
Syftem of Cylindyical Pipes, con-
Sifting of one Trunk and any Number
of Branches ; and if any Pipe of the
Sftem be obfiructed or opened, con-
tratted or dilated, the Velocity will
be encreafed or diminifbed in all the
other Pipes of the Syflem : And the

Increafe’
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* Iucreafe or Diminution of Felocsy in
anty one of them, will be greater or lefs,
caxteris paribus, as the Pipe is nearer
to or farther from the obfirufted or
opened, contralted or dilated Pipe.

Since to obftru& or contra& a
Pipe, is in Effe¢t to lengthen it; and
to open or dilate it, is in Effe¢t to
fhorten it ; the firft part of this Pro-
pofitron, is true by the Freccding:
And the fecond part of it is thus
proved. When a Pipe is obftru&-
ed or contradted, that part of the
moving Force which before this
Change generated the Motion de-
ftroyed in the obftruéted or con-
tracted Pipe, is not loft, but fpent
in increafing the Motions in the
other Pipes which are open, and
may be confidered as a new Force
apply’d to the Syftem at the Place
of Obftrucion or Contraction, and
propagated from thence to all the
! other
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other Pipes of the Syftem; and
therefore, by the laft Propofition, the
Velocities generated in thofe Pipes
by this new Force, will be greater
or lefs, asthe Pipes are nearer to or
farther from the Force, that is, as
they are nearer to or farther from
the Place of Obftru&tion or Con-
tration. And the contrary muft
happen, when a Pipe is opened or
dilated ; the Velocities will then be
diminifhed in all the other Pipes,
and she Diminution will be greater
or lefs, cateris paribus, as the Pipes
are nearer to or farther from the
Place of Aperture or Dilatation : And
therefore the Propofition is true.

Cor. If the fimple Syftem be fo
conftruted, that the Velocities
in its Trunk and Branches be re=-
fpectively equal to the Velocities
in that principal and thofe lefler
Trunks of fuch a compounded
Syftem of Cylindrical Pipes, as is

defcxibed
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defcribed in the fourth Propofitzon
or its Scholium, thro’ which Trunks
the Fluid flows into the compounded
Syftem and leffer Syftems of which
it is compofed; then, whatever
Change is made in the Velocities
in any two corre{ponding Pipes of
the two Syftems, it will produce like
Changes of Velocity in all the
other correfponding Pipes; and by
Confequence, when the Velocity is
leflened in any one of the faid leffer
Trunks of the compounded Syftem,
it will be increafed in all the others;
and its Increafe will be greater or
lefs, ceterss paribus, as the Trunks
are nearer to or farther from that
in which the Velocity is leflened:
And when the Velocity is increafed
in one of the faid leffer Trunks, it
will be leflened in all the reft: And
its Diminution will be greater or
lefs, ceteris paribus, as they are
nearer to or farther from that

Trunk
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Trunl; in which the Velocity is in+
creafed.

GG GEDHNGRGEEIHE
Proof by EXPERIMENTS.

ASyﬂrem of Cylindrical Pipes had
five Branches, A, B, C,D, E,
of equal Diameters and Lengths.
1 he Branch A lay neareft to the
moving Force, then B, and fo on
in the Order they are mentioned.
"The Velocities in thefe Branches,
obtained from the Quantities of
Water difcharged in a given Time,
‘were as the Numbers 942, 68, 512,
36%, 192, when the End of the
1runk was open; and as the Num-
bers 98, 767, 707, 66%, 61, when
the End of the Trunk was thut; and
the Differences of the Velocities in
the fame ripes, when the End of
the Trunk was open and fhut, were

335
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3%, 83, 181, 30%, 425, When
the Branch C was fhut, the Veloci-
ties in the Branches A; B, D, E,
were as the Numbers 992, 813,
43%; 23%; and the Differences be-
tween thefe and the Velocities in
the fame Branches, when C was
open, were 4':':' 13'—5: 7':'1 4'2"* And
the fame Changes of Velocity, but
in a leffer Degree, will be produced
when a Pipe is only contraéted.

If the Syftem originally had had
but the four Branches A, B, D, E,
and afterwards the Branch C had
been added ; itis evident from thefe
Experimerits, that the Velocities in
the original Brancheswould all have
beent diminifhed by the Addition of
this new Branch; and that the Di-
minution of Velocity in any of them
would have been greater or lefs, as
1t lay nearer to or fatther from the
Branch C: But the adding a new
Pipe to a Syftem, will produce like

Changes
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Changes of Motion in the other
Pipes, as the opening or dilating an
old Pipe; for by all thefe, there will
be a like Abatement of the Force
generating the Motion in the other
Pipes.

Therefore by thefe Experiments
and the Corollary of this Propofition,
when any Pipe of the fimpleSyftem,
or any of the aforefaid Trunks of
the compounded Syftem, is obftruct-
ed or opened, contracted or dilated ;
the Velocity will be encreafed or di-
minifhed in all the other Pipes of
the fimple Syftem, and all the reft
of the atorefaid Trunks in the com-
pounded Syftem ; and its Increafe
or Diminution in any one of thofe
Pipes or Trunks, will be greater or
lefs, cererss paribus, as it is nearer
to or farther from the Pipe or Trunk

which is obftru&ted or opened, con-
tracted or dilated.

SEC-
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L ol o e R
SEC T I'C N I
B g & 2 2 i

Of Mufcular Motion, the Moréén of
the Blood, and Refpiration.

Of Mufcular Motion,

AMufi:le appears to the Eye, to
be compofed of two Parts of
different Colours, one red, and the
other white. The red is called its
flefhy, and the white its tendinous
Part. Some Mufcles are tendinous
bath at their Origin and Infertion,
and flefhy only in their Middle; and
others are flefhy at their Origin and
in their Middle, and tendinous onl
at their Infertion.  The flefhy Part
L 2 of
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of a Mufcle is compofed cof Fibres,
Membranes, Nerves, Blood-Veflels,
and Lymphedués. The Fibres are
{mall Threads, which are fhorten-
ed when a Mulcle is contrated, and
lengthened when itis dilated. The
Membranes are thin Skins, which
run between the Fibres, are faftened
to them, and tye them together. If
a Piece of Flefh be boiled, ll i¢
become very tender, and afrerwards
be divided and fubdivided, as far as
tne Eye and Hand can go; it will
appear, that each minute Fibre in
the loweft Subdivifion, is intirely
furrounded by its own particulag
Membrane. The Membranes, if
they be extremely thin, are tranfpa-
rent; and if they be thicker, they
are of a whitifh Colour. The Nerves
are difperfed throughout the whole
flefhy Part, as may be gathered from
the Pain which is produced any
where in that Part by the fmallett

. Wound,
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Wound.” It has been a received
Opinion, that the Nerves are {mall
Pipes which contain a Fluid, called
Animal Spirits, drawn off from the
Blood in the Brain. But it does
not appear from any Experiments,
that the Nerves are Pipes; or that
fuch a Fluid as they conceive Animal
Spirits to be, is feparated from the
Blood in the Brain; and therefore
thefe Opinions are without any juft
Foundation. The Nerves are not
only imipervious to the {fmalleft §zy-
lus, but when viewed with a Micro-
{cope, evidently appear to have no
Cavity. And when we confider the
Manner, in which the Favourers of
this Opinion have explained Mu/~
cular Motion by Animal Spirits; we
muft allow, that fuch a Fluid is al-
together unfit for this Work. For
thefe Reafons, many have thought
the Nerves to be folid Threads, ex-
tended from the Brain to the Mufcles
' and
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and other Parts of the Body.  Sir
Ifaac Newton is of this Opinion, as
appears from the following Account
he has given of the Nerves, inthe
2 4th Query of his Opricks. « 1fup-
¢ pofe that the Capillamenta of the
¢« Nerves are each of them folid
¢¢ and uniform, that the vibrating
¢ Motion of the Atherial Medium
¢“ may be propagated along them
¢ from one End to the other uni-
““ formly,andwithoutInterruption:
“ For Obftructions in the Nerves
“ create Palfies. And that they
“ may be fufficiently uniform, I
¢ fuppofe them to be pellucid when
“ viewed fingly, tho’ the Reflei-
¢ ons in their Cylindrical Surfaces
“ may make the whole Nerve
(compofed of many Capillamen-
ta) appear opake and white. For

Opacity arifes from refleétin
Surfaces, fuch as may difturb an%
interrupt the Motions of this Me-
“ dium.”

€c

(44
(14
(14
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A treatise of the animal oeconomy ; the second edition, with additions - page 90 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=90

AniMAL OEconoMy. 8%

e« Jium.” TheBlood-Veflels of a
Mufcle are interwoven in the Mem-
branes, and diftributed throughout
its whole flefhy Part, asappears from
its Rednefs, and from the iffuing out
of Blood from a Pun&ure made any
where in it with the fineft Needle.
The Mufcles are ftocked with Lym-
phatick Veflels, as well as the other
Parts of the Body. -

Having premifed this thort Ac-
count of the Struéture of a Mufcle,
1 now Proceed to explain its Motion.

ProrosiTtion VIIL

MUﬁ:ular Motion 5 performed
by the Vibrations of a wvery

Elaftick Aither, lodsed in the Nerves
and Membranes invefling the minute
Fibres of the Muftles, excited by Heat,
the Power of the Will, Wounds, the

Jubtile
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fubtile and aétive Particles of Bodses,
and other Canfés.

1t has been found by Obfervation,
that when a Mufcle is contracted,
its flethy Fibres are fhortened and
hardened, without any fenfible
Change made in its Tendons; that
as foom as the Contraction is over;
or the contra&ting Force ceafes to
a&, the fhortened and hardened
Fibres are lengthened and foftened
again ; that this alternate Motion
of Contraéion and Dilatation con-
tinues in the Hearts of fome Ani~
mals, efpecially young ones, for a
confiderable Time after they are cut
out of their Bodies, and laid on a
Table; that it generally continues
longer in the Hearts of Fifh, than
in the Hearts of Land-Animals ; and
that after it has ceafed, it may be
renewed again by Warmth or the
pricking of a Pin, and will conti~
nue

A treatise of the animal oeconomy ; the second edition, with additions - page 92 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=92

Axitmar OEcoxnomy. 89

nue to be excited by either, efpe-
cially Warmth, for a little Time,
till the Heart wholly lofes its Power
of moving; thatas the Heart cools
by Degrees, fo its Motion abates
gradually, its Contractions and Di-
latations growing lefs and lefs fre-
quent and ftrong, till at laft chey
wholly ceafe; and that the Heat of
the Heart is greater, and its Motion
more frequent and ftrong, in an
ardent Fever, and the hot Fit of an
Ague, than in its natural State.

Hence it appears, that Heat is
a remote Caufe both of the Fre-
quency and Strength of the Motion
of the Heart; and confequently,
one of the remote Caufes of the Mo-
tion of a Mufcle.

We find by Experience, that we
can move the Mufcles of our Limbs
with various Degrees of Force b
the fole Power of the Will; that
there is not the leaft fenfible Diffe-

M rence
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rence in point of Time between
willing the Motions of th¢ Mufcles,’
and_the Motions themfclves ; that
Mufcles contraéted by the Uower of’
the Will, dilate again at the very
Inftant in which the Soul ceafeth to
exercife that Power; and that the
Soul lofeth the Power of moving
the Mufcles, and perceiving Pain
from Wounds made in their flethy
Parts, when their Nerves are cut
quite through, tyed ftreight, or in-
tirely obftructed any other Way.
Hence it appears, that the Nerves
are the Inftruments whereby the
Will gives Motion to the Mufcles:
And it does this, by producing fome
kind of Motion in thofe Ends &of
the Nerves which terminate in the
Brain, which Motion is propagated
from thence thro’ their élid, pellu=
cid and uniform Capillamenta into
the Mufcles, For if the Nerves
were intirely at Reft, and no Mo-
tion
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tion was propagated through them,
they could never by the Power of
the Will, or any other Caufe, pro-
duce Motion in the Mufcles.

On laying bare the great Mufcle
of the hinder Leg of a Dog, and the
great Nerve which accompanies the
Crural Artery and Vein, I have ob-
ferved, that when the Tendon was
wounded, the Dog fhewed very little
Uneafinefs; but expreffed great Pain
on wounding the flethy Part of the
Mufcle, and much greater Pain, on
wounding, or in the Inftant of tying
the Nerve; that a Contraétion of
the Mufcle was produced, on wound-
ingits flefhy Part,anda much ftrong-
er Contraction on wounding, or in
the Inftant of tying the Nerve; and
that after the Nerve was cut quite
through, or tyed ftreight, great Un-
eafinefs and Pain with molt violent
Struggles were produced, as often
as a new Wound was infli¢ted, ora

"M 2 new
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new Ligature made, above the laft
Secion or Ligature, in that Part
of the Nerve which communica-
ted with the Brain; but that neither
Pain nor Contraétion of the Mufcle
followed, on wounding or tying
that Part of it which communi-
cated with the Mufcle and Limb.
And I have likewife obferved on tre-
panning Dogs, and wounding fe-
veral Parts of their Brains, that
convulfive Motions of the Limbs
have ever been produced, on wound-
ing the Medulla oblongara, but ne-
ver on wounding the Dura Mater,
or Cortical Part.

Hence likewile it appears, that
the Nerves are the principal Inftru-
ments of Senfation and Motion ;
that thefe Effects are ftronger or
weaker, as more or fewer of the
nervous Capillamenta are tyed or
wounded ; that thefe Effeéts are the
fame, in whatever Part of a Nerve

: the
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the Section or Ligature is made;
and that the Soul perceives Pain,
and exerts its Power of producing
Mufeular Motion, only at the Ori-
gin of the Nervesin the Brain.
The exceeding Quicknefs of this
Motion, pafling g‘om the Brainthro®
the Capillamenta of the Nerves to
the moft diftant Mufcles in an In-
{tant, and its Ceflation the very Mo-
ment the Caufe which produced it
ceafes to a&, fhew it to be the vi-
brating IMotion of a very elaftick
Fluid. For it is the Nature of the
vibrating Motion of an elaftick Fluid
to be very fwift, and to ceafe when
the Caufe which produced it ceafes
to act. A vibrating Motion excited
in our Air by the Tremors of Bo-
dies for the Produ&tion of Sounds,
moves at the Rate of 1142 Engli/h
Feet in a {fecond Minute of Time,
and ceafes when the Tremors of the
Bodies ceafe,
Now
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Now fince this Motion begun in
the Nerves at their Origin, has been
proved to be the vibrating Motion
of a very elaftick Fluid; and fince
the other Phxnomena of Nature
abfolutely require fuch an elaftick
Fluid, as is the £ther defcribed by
Sir Ifaac Newton; and fince Caufes
are not to be multiply’d without Ne-
ceffity : Therefore it muft be grant-
ed, that this Motion begun in the
Nerves at their Origin, is the vibra-
ting Motion of that /Ather; the
Properties of which, gathered from
the Ph®nomena, are thefe which
follow.

This Ather 1s exceedingly more
rare and fubtile than A, and ex-
ceedingly move elaflick and attrve.
It readily pervades all Bodies, and
by uts elaflick Force is expanded thre'
all the Heavens. If # be 700000
11mes mose elaflick than our Air, it s
above 700000 times more rave. s

elaflick
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elaflick Force in Proportion to its Den-
Sfity, - is above 490000000000 Zimes
greater-than the elafiick Force of the
Air s in Proportin to sts-Denfity.
It s yaver within Bodies, than i the
empty Spaces between rée'm and in.
palfing from Bodies into empr S:pa—
ces, 1t grows denfer and denfer by
ngﬂ’ﬂ and the Tucreafé of 1ts Den-
Sity-at any Diflance. from the Centre
of Gravity of @ Body, is as the Quan-
ity of Matter sn the Body d:refﬁy
and. the Square of that Diftance in-
verfly : And 1t 1s varer within denfé
Bodies, than withinrare Bodies. ©  All
Bodses endeavonr to vecede and go
[from the denfér Parts of #t, towards
the rarer ; and the Force wherewith
@ 'Body endeavours to recede; 15 asthe
Quantity of Matter in the Body, and
the [Increafe of the Denfity of the
ther at the Centre of Gravity of the
Body, taken together. When it s
put_imo a vibrating Motion by the
Rays
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Ravs of Light, the Will of Animals
or other Caufes; its Vibrations or Pul~
fes move [wifter than Light, and by
Confégquence, above 700000 times
Swifter than Sounds. Its Denfisy and
expanfive Force, are both increafed
in Proportion to the Strength and V-
gour of s vibrating Motion ; which
Motion, like the vibrating Motson of
the Air for the Produélion of Sounds,
grows weaker, as the Square of the
Diftance from the Place, in which it
ss excited, ncreafes. And laftly, #s
vibrating Motion 15 vegularly propa~
gated thro' Bodies made of uniform
denfe Matter, but is rvefleted, refrac-
zed, interrupted or difordered by any
Unevennefs i the Bodies.

Thefe are the principal Proper-.
ties, with which this £ther muft ne-
ceflarily be endued ; which I thought
fit to mention, before I fhew the
Manner in which it caufes the Mo=
tion of the Mufcles.

When
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When by the Power of the Will

a vibrating Motion is excited in the
Zther, in thofe Ends of the Nerves
which terminate in the Brain; that
Motion is in an Inftant propagated
thro’ their folid and uniform Capil-
lamenta to the Membranes of the
Mufcles, and excites a like Moticn
in the AEther lodged within thofe
Membranes ; and a vibrating Mo~
tion raifed in the Ather within the
Membranes, increafes its expanfive
Force; an Increafe of that Force
fwells the Membranes; a Swelling
of the Membranes caufes a Con-
traction of the flefhy Fibres; and
that Contra&ion, a Motion in the
Parts to which the Extremities of
the Mufcles are faftened. Thus the
Limbs and other Parts of Animals
are moved by their Mufcles, each
of which has its two Ends faftened
to two Bones, whereof one is al=

ways more moveable than the o-
N ther;
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ther ; on which Account, when its
fle(hy Fibres are fhortened by the
fwelling of the Membranes, the
more moveable Bone is drawn to-
wards that which is more fixed, by
means of an intervening Joint upon
which it turns.

Asfoon as the Will ceafes to a&,
the vibrating Motion of the AEther
caufed by that A&ion ceafes; in
like manner as the Pulfes of the Ait
caufing Sounds ceafe, on a Cefla-
tion of the 1remors of {onorous
Bodies, by which they are excited;
and a Ceflation of the vibrating
Motion of the Lther, canfes a Di-
minution of its expanfive Force;
and a Diminution of that Force,
gives an Opportunity to the dilated
Membranes to contra&, by the at=
traé&tive Powers of their Parts, and
thereby tolengthen the flefhy Fibres.
Another Caufe of the lengthening

of the flefhy Fibres and Uﬂatariuf;
0
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of a Mufcle, is a vibrating Motion,
excited in the Ether lodged in the
flethy Fibres by their Contraétion:
For that vibrating Motion will in-
creafe the expanEve Force of the
ZEther, and that increafed Force will
lengthen the Fibres, the very In-
ftant the Caufe which contracted
them ceafes to a&. Thefe two
Forces added together, make the
whole Force whereby a contracted
Mufcle is dilated : For the Experi-
ments above-mentioned fully prove,
that the Soul has no immediate
Power over the flethy Fibres. Thus
the Mufcles of Animals are moved
by the Ather, when put into a vi-
brating Motion by the Power of the
‘Will.

I have fhewn that Heat, Punétures
or Wounds, and Ligatures on the
Nerves in the Inftant they are made,
have a Power of contra&ing the
Mufcles: And from the Effects of

N 2 vomiting
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vomiting and purging Medicines,
and fome Poifons, we learn, that
the fubtile and aétive Particles of
fome Bodies have a like Power: But
fince all thefe 1hings, however dif-
ferent they are in themfelves, do
notwithftanding produce the fame
Effect which the Will does, they
muft do it in the {3pe™anner, that
is, by exciting iting Mot

in the Echerfayithin
and Membrapies &
And thereforé

true,

Cor. 1. The Motionof the Muf-
cles becomes weak, either from too
weak a vibrating Motion of the
ZAther in their Membranes and
Fibres; or an Unfitnefs in the
Membranes and Fibres to be moved
with Vigour by a due Degree of
that vibrating Motion. The vi-
b;ating Motion excited by a giveh

: " Force
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Force becomes weak, when the £~
ther becomes rare; and the AEther
becomes rare, when the Membranes
and Fibres become denfe, from
Moifture foaking into their Pores,
from Compreffion, or other Caufes.
And the Membranes and Fibres be-
come unfit to be moved with Vi-
gour, when they are rendered ftiff

by Age, too hard Labour, or other
Caufes. '

Cor. 2. Mlifcles grow larger and
ftronger by moderate Exercife: For
the expanfive Force of the Ather
muft be encreafed, before it can
move the Mufcles; and a frequent
Increafe of this Force in Mufcles
much moved, muft of Neceffity in-
creafe both their Magnitudes and
Strengths. Hence labouring Per-
fons Eave larger and ftronger Muf~
cles, than Perfons who lead a fe-
dentary and inacive Life.

Cor,
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Cor. 3. The Blood moving thro’
a Mufcle, is prefled forward by the
Force of its Contra&ion ; but after
a Mufcle is contracted, if it be kept
-in that State by the conftant Aétion
of the Force which contraded it,
lefs Blood will flow through it in 2
given Time than did before: For
the Blood-Veflels interwoven in the
Membranes, are comprefled and
contracted by the fwoln Mem-
branes and fhortened and hardened
Fibres : And this Contra&ion of
the Veflels, while it is exerting,
prefles the Blood forward ; but af-
terwards hinders the Blood from
flowing through the Mufcle in that
Quantity it did before. Hence Ex-
ercife performed by the Motion of
the Mulcles, accelerates the Mo-
tion of the Blood ; and Cramps and
!m:her permanent Convulfions retard
1t.

Cor. |
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Cor. 4. The Magnitude of 2 Muf~
cle may be but little altered by its
Contradtion : For if the Contrac-
tion of the flefhy Fibres be nearly
equal to the Swelling of the Mem-
branes, its Magnitude will conti-
nue much the fame, though its Fi-
gure be changed.

Cor. 5. The Forces of corre-
fponding Mufcles in healthful Bo-
dies, are meafured by their Weights,
and the Strengths of the vibrating
Motions of the Ather in them, ta-
ken together.,

Cor. 6. 1f a greatIncreafe of the’
vibrating Motion of the Ather in
the Nerves and Membranes of one
Part of a Body, be attended with a
Diminution of its vibrating Motion
in the Nerves and Membranes of
other Parts ; then it may be in the

Power
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Power of Art to quiet a Difturbance
in one Part, by raifing a ftronger
Difturbance in another : As by
Blifters, Cauteries, and other power-
fully ftimulating Bodies, applied to
one Part of a Human Body, we
often relieve Pain, and quiet con+
vulfive Motions in other Parts of
it.

of
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- Of the: Motion of the Blod.
AFTTTEVCCVETTTETEY

Prorosition IX. |

HE Blood muves in the 'Arrl-e:_}z‘es
and Vemns with a kind of Circu-
lar Motzon.

- Harvey has proved this from Ex-
periments and Obfervations: For
he has thewn, that the Blood flows
out of the Trunk of the Vena cava,
into the right ‘Auricle of the Heart;
out of that, into the right Ventricle ;
thence, thro’ the Lungs, into the
left Auricle and Ventricle; out of
the left Ventricle, into the Abrza;
whofe Branches convey it to all
Parts of the Body, and pour it irtllto

1¢
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the fmalleft Branches of the Veins;
out of which it paffes into Branches
ftill larger, till at laft, by the Vena
cava it is brought back to the
Heart. And this Motion of the
Blood from and to the Heart, is
called its Crrculation, or Circular
Motzon.

The Heart and Arteries act upon
the Blood, in generating and keep-
ing up its Motion, in the following
Manner. When the Auricles are
filled with Blood by the Veins, the
right Auricle by the /ena cava, and
the left by the Pulmonary Vein,
they both contraét at one and the
fame Time, and prefs the Blood
which they contain into the Ven-
tricles ; and when the Ventricles
are filled with Blood, they likewife
contract at one and the fame Time,
and prefs the Blood which they con-
tain into the Arteries; the right
Ventricle into the Pulmonary Ar-

tery,
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tery, and the left into the Awra,
The Arteries are dilated by the
Blood, forcibly prefled into them
by the Ventricles ; and as foon as
the Ventricles are emptied, and
their Contraction .is over, the di-
lated Arteries contrac, and prefs
the Blood forward into the Veins.
And thus the Motion of the Blood
is generated and kept up, by the

Forces of the Heart and Arteries.
The Blood is kept from regurgi-
tating, by the Valves of the Heart
and Veins. The Valves at the
Entrance of the Auricles into the
Ventricles, open when the Auricles
contra¢t, and permit the Blood to
flow into the Ventricles; and fhut
when the Ventricles contract, and
prevent its Return into the Au-
ricles. The Valves at the Crigins
of the Avwrta and Pulmonary Arte-
ty, open when the Ventricles con-
tract, and fuffer the Blood to flow
0z into
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into the Arteries; and fhut when
the Arteries contra&, and hinder it
from flowing back into the Ventri-
cles. Andthe Valves of the Veins
open to let the Blood move forward
towards the Heart ; and fhut to pre-
vent its Return into the Arteries.

Cor. 1. The two Ventricles of the.
Heart throw out equal Quantities of
Blood in each Syftole : For they al-
ways contract together ; and there-
fore if they threw out unequal
Quantities, more or lefs Blood
would flow into the Lungs, than
flows out of them, in a given Time:
Which muft of Neceflity foon put
an End to Life,

Cor. 2. As much Blood flows
thro’ each Ventricle of the Heart,
and thro’ the Lungs in any Time,
as flows thro’ all the reft of the Body
in that Time,
Cor.
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Cor. 3. The Arteries have a Pulfe,
and the Veins no Pulfe: For the
Arteries have a ftronger mufcular
Coat than the Veins, on account
of their fuftaining a greater Pref-
fure againft their Sides from: the
Blood forced into them by each
Syftole of the Heart; and they fuf
tain a greater Preflure againft their
Sides than the Veins, from a greater
Quantity of Blood lying before
them, which gives a greater Re-
fiftance to the Blood forced into
them by the Heart. Now the Sides
of both Arteries and Veins being
foft and dilatable, it is evident, that
the whole Syftem of Veflels muit
fwell, when Blood is forcibly pref-
fed into it by the Heart in its Syftole;
and endeavour to contraét again,
when the Force of the Heart ceafes
to act inits Diaftole : But when the
Arteries and Veins begin to contract
after every Syftole of the Heart, the

Arteries,
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Arteries, by the greater Strength of
their Mufcular Coat, overpower the
Veins; and by prefling the Bloed
into them, hinder them from con-
tracting : Therefore the Arteries
by dilating and contracing, have
a Pulfe; and the Veins for want of
this alternate Motion, have no

Pulfe.

SESEDABSSEIEH
"ProrosiTiOoN X.

THE mean Velocnty of the Blood is
lefs in the Sum of the Branches
of both Arteries and Veins, than the
Velocity in therr refpeltmwe Trunks
and the Velocity is lefs in the Peins,
than n their correfponding Arterses.

For it has been found by meafur-
ing the Veflels, that the Branches
of an Artery or Vein taken all to-

gether,
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gether, are wider than the Trunk
out of which they arife; and that
the Veins are wider than their cor-
refponding Arteries : And therefore
the Propofition is true, by the 57b
Corollary of the 5#b Propofition.

Cor. 1. Hence it appears, that the
Velocity of the Blood is continuall
leflened in the Arteries from their
Trunks to their fmalleft Branches ;
and increafed continually in the
Veins from their {malleft Branches
to their Trunks: And by Confe-

uence, that the Velocity is leaft in
31& laft and fmalleft Branches of the
Arteries and Veins.

Cor. 2. Sincethe Velocity of the
Blood is leaft in the fmalleft Branch-
es of the Arteries and Veins; it ne-
ceflarily follows, that the Blood will
be more liable to be obftruéted b
Cold and other Caufes, in its CourI{

thro’
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thro’ thofe VEITelS, than thro’ any
others.” | L)

ProrosiTioN XI.

HE Velocity of the Blood i one

and the fame Artery or Vein, is

tbe fame both in the Syftole and Dia-
flole of the Heart ; when the Arteries
are dilated, and when they are con-

tralled.

For fincethe Veins have no Pulfe,
the Blood muft neceffarily flow thro’
them with the fame Velocity when'
the Arteries are dilated, and when
they are contracted; which it could
not do, if it moved fafter through
the Arteries when they are dilated,
than when they are contracted; in’
the Syftole of the Heart, than in its
Diaftole : And therefore the Propo-
Jitzon is true,

Cors
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_ Cor. 1. Hence it appeats, that
while the progreffive Motion of the
Blood continues the fame ; the Force
‘which generates this Motion, muft
by its conftant A&ion continually

enerate as much Motion as is de-
ﬁroyed by the Refiftanice of the in-
ternal Surface of the whole Syftem of
Blood-Veflels ; otherwife it would
be impoflible, that the Velocities of
theBlood in the fame Veflels {hould
be the fame in the Syftole of the
Heart, and in its Diaftole; when the
Arteries are dilated, and when they
are contracted.

This will not appear ftrange
when we confider, that there aré
other Motions in Nature which aré
uniform, notwithftanding the con=
ftant Aétion of a given moving
Force. Of this kind is the Motion
of a Ship, generated by a Wind
blowing con%}antly and uniformly ;
which Motion is at firft accelerated,

P till
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till as much Motion is continually
communicated to the Water and
Air by the Ship moving along; as
is generated in it by the conftant
and uniform A&ion of the Wind:
And after that, it continuesuniform,
notwithftanding the conftant Aci-
on of the Wind.  Of this kind alfo,
is the Motion of a Body defcending
in Water ; which Motion is accele-
rated, till the Motion communica-
ted to the Water by the defcending
Body, becomes equal to the Motion

enerated in the Body by the con-

ant and uniform A&ion of its
Weight in Water ; and after that,
the Mortion continues uniform, not-

withftanding the conftant A &ion of
this Weight,

I
&

Pro-
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Pgoros:non XII.

HE Velocsties of the Blood in

the correfponding Blood-Veffels
of bealthful Baj _ﬁwafed altke with
refpelt to the Horizon, are in the
Jubduplicate Ratios of the Dmmexem
of thofe Velfels, that is, V . v :
vD. vd.

For from Anatomy and the Si-
milarity of the correfponding Parts
of human Bodies we learn, that
their Syftems of Bloud—Vtﬂels have
the fame Number of correfponding
Veflels; and that curreljizondmcr
Veflels havc like Situations and Ca-~
pacities, in Bodies fituated alike with
refpect to the Horizon, thatis, an
two correfponding Veflels are fitu-
ated alike with re pect to the reft of

P i the
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the Veflels, and their Capacities
are as the Capacities of the whole
Syftems.

The Forces of the Hearts of hu-
man Bodies are as their Weights,
and as the Strengths of the vibra-
ting Motions of the Ather in their
Nerves and Membranes, taken to-
gether, by Cor. 5. Prop. 8. But
the Strengths of the vibrating Mo-,
tions of the Ather, fetting afide
the Power of the Soul and other di-

fturbing Caufes, are as the Heats of
the Hearts; and the Heats of the
Hearts, as the Heats of the Blood;
and the Heats of the Blood are
much the {fame in all healthful Bo-
dies, as I have found by the Ther-

- mometer : And therefore, fettin
afide the Power of the Soul and
other difturbing Caufes, the Forces
of the Hearts are as their Weights.
The Weights of the Hearts of a
ftrong Man and aChild newly born,

were

A treatise of the animal oeconomy ; the second edition, with additions - page 120 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=120

‘Aximar OFEcoNoMY. 117

were as 16 and 1; the Diameters
of their Aortas as 2 and 1 ; and the
Lengths of their Bodies as 4 and 1:
Now fince the Lengths of corre-
fponding Blood-Veflels are as the
Lengths of the Bodies, and the
Diameters of correfponding Veflels
as the Diameters of the Abrras in
Bodies fituated alike with refpe& to
the Horizon; itis evident from this
Inftance, that the Weights of the
Hearts are as the Capacities of cor-
refponding Veflels, or as the Capa-~
cities of the whole Syftems, in Bo-
dies fitnated alike with refpect to
the Horizon : And therefgre the
Forces of the Hearts, when the
are not difturbed by the Power of
the Soul or other Caufes, are as the
Capacities of correfponding Blood-
Veflels, or as the Capacities of the
whole Syftems in Bodies {o fituated ;
and the Forces generating the Mo-
tions in correfponding Veflels, are
: as
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as the Capacities of thofe Veflels,
and by Confequence, as the whole
Forces of their Hearts. Moreover
if it be confidered, thatthe Syftem
of Blood-Veflels fwells or contradts
- as the Force of the Heartis increafed
or leflened by the Power of the Soul,
Heat or Cold, or other Caufes; and
on the contrary, that the Force of
the Heart is increafed or leflened, as
the Syftem fwells or contradts by
Heat or Cold; no Doubt can be
made, but that the Forces of the
Hearts are ever proportional to the
Capacities of their refpe@ive Syf~
tems of Blood-Veflels; and that
the Forces generating the IMotions
in correfponding Veflels, are as the
whole Forces of their Hearts in Bo=
dies fituated alike with refpect to the
Horizon.
And thefe Things being true, the
Propofition is true, by the Firft Co
rollary of the Fourth Propofition.

Cor.
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. Cor. 1. Hence it appears, that
the Velocity of the Blood increafes
continually from the Birth, till Bo~
dies arearrived at their full Lengths ;
and afterwards, itincreafes or leflens
in the fame Bodies, as their Syftems
of Blood-Veflels fwell or contract,
either from an Increafe or Diminu-
tion of the Quantity, or a Diminu-~
tion or Increafe of the Denfity of
the Blood.

Cor. 2. When healthful Bodies
are fituated alike with refpeét to the
Horizon, and their Hearts are free
from the Influences of difturbing
Caufes; the Velocities of the Blood
in correfponding Blood-Veflels, are
in Ratios compounded of the fub-
quadruplicate Ratios of the Quan-
tities of Blood contained in their
whole Syftems of Blood-Veflels di-
rectly, and of the fubquadruplicate
Ratios of the Lengths of the Bo-
dies inverfly, For the Heat of the

Blood
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Blood is the fame in Bodies undey
thefe Circumftances, as I have found
by the Thermometer; and confe-

uently its Denfity is given; but
the Denfity of the Blood being gi-
ven, the Capacities of correfpond-
ing Blood-Veflels will be as the
Quantities of Blood contained in
them, or as the Quantities contain+
ed in the whole Syftems ; therefore;
putting Q_and q for the Quantities
contained in two whole Syftems, D
and d for the Diametets of any two
correfponding  Blood - Veflels in
thofe Syftems, and L and | for the
Lengths of the Bodies, D*L will be
to d*1 as Q_to q, the Lengths of
correfponding Blood-Veflels in dif-
ferent Bodies being as the Lengths
of the Bodies themfelves: So then

vDis to vd as {}% to Jw%:‘ But by

this Propofition, V . v :: yvD. yd:
And therefore in Bodies under the

Cir=
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Circumftarices mentioned in this

Corollary, V (v :1:—=. -—cl-:
L* l +

Cor. 3. If two healthful Bodies of
equal Lengths, or one and the fame
Body at two different Times, be fi-
tuated alike with refpect to the Ho-
rizon, and their Hearts be free from
the Influences of difturbing Caufes;
the Velocities of the Blood in an
two correfponding Blood-Veflels of
the two Bodies, or in anyone and
the fame Blood-Veflel of the fame
Body at two different Times, will
be in the fubquadruplicate Ratios of
the whole Quantities of Blood con-
tained in the two Bodies, or in the
{ame Body at thofe different Times,
by the laft Corollary: 1f L=1; then

willV.v:: Q% .

That the Velocities of the Blloud
as they are exprefled in this Corolr

Q. lary,
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lary, may be found out more eafily,
1 have added the following Table:
‘Which in the two Columns under

, contains different Quantities of
Blood; and in the two Columnsun-
der V, different Velocities exprefled
in the biquadrate Roots of thofe
Quantities. For Inftance, if the
Quantities of Blood in two diffe-
rent Bodies of equal Lengths, or
in one and the fame Body at two
different Times, be as 20 and 18 ;
the Velocities in the corref; ponding
Blood-Veflels of the two Bodies, or.
in the fame Blood-Veflel of the
fame Body at different Times, will
be as the Numbers 21147 and
20598, if the Bodies be under the
Circumftances fuppofed in this Cs-
rollary.
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Nl N

- —

10000 || 26 | 22581
11392. 27| 22795%
13161 || 28 | 23003
I4142 || 29| 23206
14953 || 30| 23403
I§650 || 31| 23596
16266 || 32 | 23784
16818 || 33 | 23968
17320 || 34 | 24147
10 | 17783 |35 | 24323
11 | 18211 || 36 | 24495
12 | 18612 || 37 | 24663
13 (18988 || 38 | 24828
14 (19343 || 39 | 24990
15 | 19680 || 40| 25149
16 | 20000 || 41 | 25304
L7 120507 4% | 23457
18 | 20598 || 43 | 25607
19 120878 || 44 | 25755
20 | 21147 || 45 | 25900
21 | 21407 46 16[‘_\,43
22 | 21657 || 47 | 26183
23 | 21899 || 48| 26321
24 | 22134 || 49 | 26457
25 | 22361 || 50| 26591

© 9N AV W B ...]p

Q.2 Cor.
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Cor. 4. If the Diameters of cot-
refponding Blood-Veflels be in the
fubduplicate Ratios of the Lengths
of the Bodies; the Velocities in
thofe Veflels will be in the fubqua-
druplicate, and the Capacities of
the whole Syftems in the duplicate
Ratios of the Lengths of the Bo-
dies. IfD.d::vL.vl; then will

V.v:: L% l‘l’, and D E & DL,

From the Inftance mentioned in
the Proof of this Propofition it is
evident, that thefe Proportions of
the Diameters of correfponding
Blood-Veflels, and of the Capacities
of the whole Syftems, obtain in fome
Bodies when fituated alike with
refpe to the Horizon ; and it is
:as certain, that they do not obtain
in all Bodies fo fituated ; becaufe of
Bodies of the fame Length, fome,
from a different Ufe of the Non-
naturals or other Caufes, have larger

Blood-
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Blood-Veflels than others : Now
if thefe Proportions be obferved in
the moft perfe& and beft propor-
tioned Bodies, they will likewife
obtain in all Bodies of different
Lengths, taking thofe of each
Length one with another, when
they are fituated alike with refpe&
to the Horizon, that is, the mean
Diameters of correfponding Blood-
Veflels of Bodies of different
Lengths fo fituated, each Mean
being taken from a confiderable
Number of Diameters of corre~
{ponding Blood-Veflels of Bodies
of the Elme Length, will bein the
fubduplicate; and the mean Capa-
cities of the whole Syftems in the
duplicate Ratios of the Lengths
of the Bodies : Otherwife there
could be no Regularity, no Unifor-
mity preferved in the Species.,

This

A treatise of the animal oeconomy ; the second edition, with additions - page 129 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=129

126 A Treatifé of the

25| £ |42,
G| & | &t

7212913 | 5184
66| 2850|4356
6o|2783|3600
54|2711|2916
4826322304
42|2546|1764
36| 2449|1296
3o|2340| 9oo
24|2214| 576
18 |2060] 324

~ This Table contains in the firft
Column, the Lengths of Bodies in
Inches ; in the feccond, the true o
mean Velocities of the Blood in the
correfponding Blood-Veflels of Bo-
dies fituated alike with refpect to the
Horizon ; and in the third, the
true or mean Capacities of the
whole Syftems of Blood-Veflels of
Bodies of thofe Lengths, For In-

ftance,
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ftance, the true or mean Velocities
of the Blood in the correfpondin

Blood-Veflels of Bodies alike fitu-
ated, whofe Lengths are 72 and 36,
are as theNumbers 2913 and 2449 ;
and the true or mean Capacities
of their whole Syftems of Blood-
Veflels, as the Numbers 4 and 1.

Cor. 5. If the Diameters of cor-
refponding Blood-Veflels of Bodies
fitnated alike with refpe& to the
Horizon, be as the » Power of the
Lengths of the Bodies; the Velo-
cities in thofe Veflels will be as the
% Power; and the Capacities of the
whole Syftems, and Quantities of
Blood if the Forces of the Hearts
are not difturbed, as the 241 Power
of the Lengths of the Bodies, that

15, V.v i LE, ¥, and D*L. d*1::
Lz_n—}—:‘ l:.l.'l—i-lj and Q_q e LG-|-:‘ lm—}~1
if D*L. d*1:: Q. q.

For
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For Examsle, If the Diarheters
of correfponding Veflels be in the
fubtriplicate Ratios of the Lengths
of the Bodies, and the Lengths of
the Bodies be 72 and 18 ; the Ve-
locities will be as the Numbers 63
and 50 ; and the Capacities of the
Syftems and Quantities of Blood, as
the Numbers 10 and 1.

b e e e S e e e A Al B e 2
ProrosiTtion XIIIL

TH E Velocities of the Blood in

the correfponding Blood-Ve(fels
of healthful B aﬁes fituated altke with
refpelt to the Horizon, are in Ratios
compounded of the fimple Ratios of
the Magnitudes of the Quantities of
Blood thrown out of their Hearts in
one Syfiole direttly, and of the dupli-
cate Ratios of the Diameters of thofé
Ve[fels and of the fimple Ratios of the

Times
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Tirnes of one Syftole inmverfly.  If K;
k denate the Magnntudes of the Quan-
2ities of Blood thrown out of the Hearts
of two Bodies in one Syflole, and T,
tthe ﬂmégf ani Syfole; 1 fay, thas

YL D-TI:. &TIE'

For the Velocities of the Blood
il any two correfponding Blood-
Veflels, are directly as the Spaces
defcribed by the Blood in the Times
of one Syftole; and inverfly as thofe
Times : But the Spaces defcribed by
the Blcod in the 'gimes of orie Sy{-
tole, are as the Magnitudes of the
Quantities of Blood which flow in-
to thofe Veflels in the Times of one
Syftole apply’d to the Orifices or
Squares of the Diameters of the
Veflels; and the Magnitudes of
thofe Quantities are as the Magni-
tudes of the Quantities thrown out
of their Hearts in one Syftole, if the
Bodies be fituated alike with refpect

R to
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tothe Horizon : And therefore, the
Velocities in the correfpondin

Blood-Veflels of Bodies fo ﬁtuatedg,
are in Ratios compounded of the
fimple Ratios of the Magnitudes of
the Quantities of Blood thrown out
of their Hearts in one Syftole dire&t-
ly, and of theduplicate Ratios of the
Diameters of the Veflels and of the
fimple Ratios of the Times of one

Syftole inverfly : Which was to be
proved.

Cor, 1. 1f the Magnitudes of the
Quantities of Blood thrown out of
the Hearts of two Bodics in one Syf~
tole, be as the Capacities of any two
correfponding Blood- Veffels; the
Velocities in thofe Veflels will be
as the Lengths of the Bodies dire&-
ly, and as the Times of one Syftole
of their Hearts inverfly, If K.k ::
D'L. &'l; thenwill V.v:: &, 1.

This
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This Corollary obtains in Bodies
which are fituated alike with refpe&
to the Horizon, and whofe Hearts
are not influenced by difturbing
Caufes : For the Hearts of Bodies
under thefe Circumftances, will
throw out in each Syftole Quanti-
ties of Blood whofe Magnitudes are
equal to the Capacities of their
Ventricles ; but the Capacities of
the Ventricles are as the Magni-
tudes of the Hearts ; and the Mag-
nitudes of the Hearts are as their
Weights; (for I have found their’
Den%ties to be fo nearly equal, that
their Differences may be negleted)
and the Weights of tﬁe Hearts are as
their Forces ; and their Forces as the
Capacities of correfponding Blood-
Veflels by the Proof of the 1225 Pro-
pofition ; and therefore K.k:: D'L.d'l.

Cor. 2. The true Times of onc
Syftole of the Hearts of regular and
R 2 well-
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well-proportioned Bedies of diffe-
rent Lengths, and the mean Times
of one Syftole of the Hearts of all
Bodies of different Lengths, each
Mean being taken from a confider-
able Number of Bodies of the fame
Length, are, when the Bodies are
fituated alike with refpect to the Ho=
rizon, and their Hearts are free from
the Influences of all difturbing Cau-
fes, as the biquadrate Roots of the
Cubes of the Lengths of the Bodies,

thatis, T.t:: L% 1. For in thefe

‘Cafes, V.v :: L* I* by the 4th Co-
rollary ot t}ac 122h Propofition, and

L !
V. v:: . — by the preceding Corol-
lary of this Propofition; and there-
fore L', I'::7y ¢5 whence T, t:2
B 2]

Rros

A treatise of the animal oeconomy ; the second edition, with additions - page 136 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=136

AniMaL OEcoNomy. 133

ProrosiTioNn XIV.

“HE Velocities of the Blood in the
L corvefponding Blood-Ve[fels of
bealthful Bodes fituated alike with re-
Jpect 2o the Horizon, are in Ratios
compounded, of the fimple Ratios of
the Magnitudes of the Quantities of
Blood throwi out of thewr Hearts 1n
one Syftole, and of the ﬁﬂ;ﬁm’f Ratios of
the Numbers of their Pulfés in a grven
Time, direltly ; and of the dupl:-
cate Ratios of the Diameters of thofe
Ve[Jels inverfly. If P, p denote the
Numbers of Pulfes in a groen Time
of two bealthful Bodies fituated alike
with vefpelt to the Horizon ; then will
..KP kp
Vovii—. =5,
D &

Proof
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Proof by EXPERIMENTS,

I Took the Pulfes in a Minate,
and meafured the Lengths, of a
reat Number of Bodies; Itook the

Pulfes when the Bodies were fitting,

that they all might be fituated alike

with refpect to theHorizon ; andin
the Morning before Breakfaft, that
their Hearts might be as free as pof-
fible from the Influences of all dif~
turbing Caufes: And when I had
got a very large Stock of Obferva-
tions, I took the Means of the Pul-
fes, each Mean from a confidera-
ble Number of Bodies of the fame

Length; and found thofe Means to

be nearly as the biquadrate Roots

of the Cubes of the Lengths of the

Bodies inverfly, that is, nearly as

the mean Tiges of a Syftole of their

Hearts inverfly, by Cor, 2. Prop. 13.

~ And
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And fince the mean Numbers of
Pulfes in 2 Minute of all Bodies, are
the true Numbers of Pulfes in a Mi-
nute of fingle Bodies of the fame
Lengths which are regular and well-

roportioned ; the Numbers of Pul~
Ecs in a Minute of regular and well-
proportioned Bodies taken fingly,
will likewife be as the biquadrate
Roots of the Cubes of their Lengths,
thatis, as the Times of a Syftole of
their Hearts inverfly, by the afore-
faid Corollary. Now fince in thefe
Inftances, the Numbers of Pulfes in
a Minute are inverily as the Times
of one Syftole, and fince there is no
apparent Reafon why this Propor-
tion {hould not be univerfal ; I fhall

therefore conclude, that it is fo:
I

And that in all Bodies, P. piig. -E :

BEI: bykthe laft Propofition, V.v::
DT And therefore, V. v ::
oL

D** “a** To
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a | §§ h§|
2:185| 2k | 3F
72| 65| 65
68| 67| 68
6o| 72| 74
14|55 77| 79
12|5x| 82| 84
9146| 90| 91}
6142 97| 97
3 35 113 Irz2
232|120 119
1|28]126] 132
325|137 | 144
o|18|150] 184

To thew the near Agreement of
the Pulfes from Obfervation with the
Pulfes by the Theory, 1 have added
this Table ; which contains in the
firft Column, the mean Ages of
growing Bodies when they arrive
at the Lengths in Inches ftanding

over
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over againft them in the fecond
Column; in the third Column, the
mean Numbers of Pulfes in a Mi-
nute in the Morning before Break-
falt when the Bodies were fitting ;
and inthe fourth Column, the Num-
bers of Pulles in 2 Minute fappofing
them to be inver{ly as the biqua-
drate Roots of the Cubes of the
Lengths of the Bodies, and mak-
ing 65 the firft Number in the third
Column found from Obfervation,
the firft Number in this. In mak-

~ ing this Table, I neglected Fractions
which were not near an Unit, and
put an Unit inftead of thofe which
were.

It may be obferved, that the
Number of Pulfes from Obfervation
of a Child newly born, falls confi-
derably fhort of the Number of
Pulfes by the Theory. The Pulfe
of a Child newly born can fcarcely
be perceived. I 'have often try’d to

fecl

A treatise of the animal oeconomy ; the second edition, with additions - page 141 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=141

138 A Treatife of the 1

feel it and count its Numbers in a

given Time, but never fucceeded ;

Once I reckon’d 150 Beats or more

in a Minute in a Child feven or eight

Days old. And therefore, though

I have made 1 yo the mean Number,

yet I cannot fay, that it is the true

mean Number; but fuppofing it to

be fo, its falling fo mucﬁ thort of the

"Theory, mayin fome meafure be ac-

counted for from the Nature of that

Caufe which difpofes Infants to {leep
almoft perpetually ; which Caufe, by

weakening the vibrating Motion of
the Ather in the Nerves and Mem-

branes of the Heart, muft necefla-

rily make the Pulfe {lower than it

otherwife would be.

Cor. 1. 'The Velocities of the
Blood in the correfponding Blood-
Veflels of Bodies, which are fitua-
ted alike with refpe to the Hori-
zon, and whofe Hearts are free from

the
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the Influences of all difturbing Cau-
fes, are in Ratios compounded of
the Ratios of the Lengths of the
Bodies and of the Numbers of their
Pulfes in a given Time : For in this
Cafe, the Magnitudes of the Quan-
tities of Blood thrown out of the
Ventricles of their Hearts in one
Syftole, are as the Capacities of cor=
refponding Blood-Veffels, that is,
K.k::D?L.d*]l; andtherefore, V.
v;: LP.1p.

Cor. 2. The Velocities of the
Blood in the correfponding Blood-
Veflels of healthful Bodies of equal
Lengths, when they are fituated
alike with refpect to the Horizon,
and their Hearts are free from the
Influences of all difturbing Caufes,
will be as the Numbers of their
Pulfes in a given Time, by the laft
Corollary; by which, when L =1,
V.v::P.p. Thefame Proportion

5 3 will
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will obtain in one and the fame Ba-
dy at two different Times, if the
Body at thofe Times be fituated
alike with refpec the Horizon, and
its Heart be free from the Influences
of all difturbing Caufes: For the
fame Syftem having different Mag-
nitudes at different Times, may be
confidered as two Syftems of equal
Lengths.

Cor. 3. The Quantities of Blood,
which in a given Time flow thra?
the correfponding Blood-Veflels of
healthful Bodies fituated alike with
refpet to the Horizon, when their
Hearts are free from the Influences
of all difturbing Caufes, are in Ra-
tios compounded of the Ratios of
the Quantities of Blood contained
in their whole Syftems of Blood-
Veflels, and of the Numbers of
their Pulfes in a given Time, For
the Quantities of Blood which flow
thro’ correfponding Veflels in a gi~

' : ven
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ven Time, are as the Squares of the
Diameters of the Vefgels, and the
Velocities of the Blood flowing thro®
them, taken together, that is, as D*

Vand d*v, oras KP and kp, becaufe
KE: bp

V.v:iigs. g, by this Propofition;
But K. k :: Q. q, the Denfity of the
Blood being given : And therefore,
the Quantities of Blood which flow
thro’ correfponding Blood-Veflels
in a given Time, will be as Q P and
9p-

The Quantities of Blood of a tall
ftrong Man and of a Child newly
born, are as the Numbers 16 and
1; and the Numbers of the Man’s
Pulfes in a Minute in the Morning,
when he is fitting, is 65 by the
foregoing Table ; and if the Num-
ber of the Child’s Pulfes in a IMinute
be 150, as it is there put down; the
Quantities of Blood flowing thro’
the Lungs of the Man and of the

Child
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Child in a given Time, will be as
the Numbers 104 and 15. Accord-
ing to Tabor, each Ventricle of the
Heart of the Man can contain 1500
Grains of Blood; and confé:auently,
when the Heart is not influenced
by difturbing Caufes, will throw out
5850000 Grains in an Hour : And
each Ventricle of the Heart of the
Child will throwout 8 437 50 Grains
in the fame Time. Therefore, about
835 and 120 Averdupois Pounds of
Blood will pafs through the Lungs
of the Man and of the Child in an
Hour,

If the Quantities of Blood of
ftrong well-proportioned Bodies be
+. Part of their Weights, (as they are
according to. Glffon and Tabor) and.
if the Weights of a tall ftrong well-
proportioned Man and a ftron
well - proportioned Child newly
born, be 168 and 102 Averdupors
Pounds ; the whole Quantities of

their
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their Blood will be 14 Pounds and
Zeofa Pound: And confequently, as
much Blood as is contained in the
Body, will flow 592 times thro’ the
Lungs of the Man, and 137 times
thro’ the Lungs of the Child, in an
Hour. : :
Cor. 4. If Bodies be fituated alike
with refpe&t to the Horizon, and
their Hearts be free from the In-
fluences of all difturbing Caufes;
the Quantities of Blood which flow
through their Lungs or other cor-
refponding Parts in a given Time
in Proportion to the whole Quan-
tities of Blood contained in their
Bodies, will be as the Numbers of
their Pulfes in a given Time: For
the Quantities of Blood which flow
through correfponding Blood-Vef-
fels in a given Time, are as QP
| an;l qp, by the laft Corollary; but
% and %P, arc as P and p.

Pro-
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$55855455020525857084558

ProrosiTIiON XV.

IF Bodies be fituated alike with
refpelt to the Horizon 5 the Dia-~
meters of correfponding Blood-Ve[fels
will be proportional to the fifth Roofs
of the Squares of the Produtls made
by the Magnitudes of the Quantities
of Blood thrown out of therr Hearts
sn one Syflole, and the Numbers of
their Pulfes in a grven Time, that is,
D.d::KP". kp : The Velocities i coy~
rvefponding Ve[lels will be as the fifth
Roots of the faid Produils, that is, V.
v :: KB kp': Audthe Forcesof ther
Hearts as the fifth Roots of the fourth
Powers of them, and as the Lengths
of the Bodies taken together, that is,

F.f:: KP'xL. ip'xl

Forx
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 For the Forces of the Hearts of
Bodies fituated alike with refpeét to
the Horizon, are as the Capacities
of correfponding Bldod-VcﬂEls, by
the Proof of the 122h Propofition,
and theé Lengths of correfifonding
Blood-Veflels are as the Lengths of
the Bodies, wherefore F.f.D* L. d*1:
And the fame Forces by Cor. 4.Prop.
4. are in Ratios compounded of the
duplicate Ratios of the Velocities,
and of the fimple Ratios of the Dia-
meters of thofe Veffels and of the
Lengths of the Bodies, thatis, F.
f:: V*DL.v*dl: But by the 14%5

KD kp'

Prapgﬁtim, Vi =i and
- X _‘:X
therefore, F. f :: 2. TE'. 1 i B

di

And comparing this Propottion of

the Forces with the firft, we fhall

have D* L. d*1:: RP XL, kpxl "
D'F dl

whence D. d:: Kp’. E‘ﬁ;.

T Ex-
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Extraéing the Square Root of
the laft Analogy, vD. vd::KP.

Kp': BurV.v:: yD. vd, by the
122h Prap.:g/' itzom : And therefore V.

:KP". kp'.
And fquarmg the fame Analogy,

D d* :: KP'. ka ButF. f:: D"
d*l: Andtherefore, F.f ::KP xL.
kp =l

Cor. 1. If two Bodies of equal
Lengths, or one and the fame Body
at two different Times, be fituated
alike with refpect to the Horizon ;
the Forces of the Hearts of the two
Bodies, or of the Heart of the fame
Body at thofe Times, will be pro-
portional to the fifth Roots of the
tourth Powers of the Produ&s made
by the Magnitudes of the Quanti-
ties of Blood thrown out in one
Syftole, and the Numbers of Pulfes

in
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ina given Time. If L=1; then will
F.fi:Kp'. kp-

Cor. 2. If two Bodies of equal
Lengths, or one and the fame Body
at two different Times, be fituated
alike with ,refpe& to the Horizon;
and if the Hearts of the two Bodies,
or the Heart of the {ame Body at
thofe Times, throw out in one Sy~
ftole Quantities of Blood whofe
Magnitudes are equal, that is, if
L=l, and K=k: Then, D. d ::"

P’ p;, and V.v:: P7, P%: and F. f
11 P, p-

Examples.

Exam. 1. 1f from fome Caufe the
Pulfe of the fame Body becomes
twice as quick, as it is in the Morn-
ing when the Body is fitting, and
its Heart 1s free from the Influences

T 3 of
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of all difturbing Caufes; and if it

becomes greater than under thofe
Circumftances, from the Heart’
throwing out its ufual Magnitude
of Blood in half the Time; that
is, if P. p::2. 1; and K=K:
Then, by the fecond Corollary of
this Propofitzon, D andd will be as
the Numbers 13195 and 10000, V
and v as the Numbers 11487 and
10000, and F and f as the Numbers
17411 and 10000,  This feems to
be the Cafe of a grown Body heat-
" ed by an ardent Fever, or violent
Exercife,in which the Pulfe is great-
er than it is ordinarily, and beats
about twice as faft as it daes in the
Morning, when the Body is fitting
and its Heart is free from the Influ-
ences of all difturbing Caufes ; and
therefore, in a Body {o heated, the
Diameters of the Blood-Veflels will
be increafed in the Proportion of
13195 to 10000, the Velocity lpf
o the

A treatise of the animal oeconomy ; the second edition, with additions - page 152 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=152

AnimAaL OEconoMY. 1149

the Blood in the Proportion of
11487 to 10000, and the Force of
the Heart in the Proportion of
17411 10 10000.

Exam. 2. If the Pulfe of the fame
Body be qutcker at one Time than
at another, in the Proportion of 8o
to 70; and if it be greater from the
Heart’s throwmg out its ufual Mag-
mtude of Blood in a lefs Time, that

if P. p:: 80.70; and K—-k'
Then by the fecond C'arﬂf[ary of
this Pmpqﬁnm D and d will be as
the Numbers 10549 and 10000, V
and v as the Numbers 10270 aud
10000, and F and f as the Num-
bers 11127 and 10000. ThePulfe
1s quicker and greater in the 4f-
zernoon, than it is in the Morning ;
and f'rorn many Obfervations, tak-
ing one Hour with another of thofe
two Times, it is qmckm in grown
Bodies one with another, in the Pro- |
poruon of about 8o to 70: And

there-
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Mean | R | %[ thetefore, the Dia-
1 22| ] meters of the Blood-
BN Veflels of the fame
| =[oe| Body will be greater
I % —| intheAfternoonthan
8|St in the Morning, ta-
g MELR king one Hour with
£ || Rl& | another, in the Pro-
<= | F| portion of 10549 to
¥ [ =] 1o000; the Vcloczlv
— | el ties in the Veflels will
L1 ™) be greater in the Pro-
JMean © ¥ | portion of 10270 to
BEEE 10000 ;and theForce
o | of the Heart greater
e 21201 in the Proportion of
& _:..E;: I1I27 tO 10000.
iE =|~|| T have added this
|E° 2| 2| & Table, tofhewtheTe-
S| 7| nour of the Pulfe at
= ||| different Hours of the
"—IE-— ;: s=| Day; it contains the
|1 & B-[55] Numbers of Pulfes in
a Minute of two healthful Men A

and
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and B, when fitting, at the feveral
Hours from eight a Clock in the
Morning to eleven at Night. Thefe
Numbers, are Means drawn from a
large Number of Obfervations ;
thofe of A, from the Obfervations
of twelve Weeks; and thofe of B,
from the Obfervations of three
Weeks. A eat his Breakfaft between
nine and ten, B his before nine;
they both dined together at two, at
which Meal B eat more plentifully
than A; and they eat little or no
Supper.

From this Tableit appears, that
the Pulfe is {lower in the Morning,
than at-any other Time of the Day;
that it grows fomething quicker be-
fore Breakfaft, and a little more fo
after it ; that it grows flower again
before Dinner, and quicker imme-
diately after Dinner ; and that the
Quickne(s acquired by this Meal,
continues for about three or four

Hours,
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Hours, and then abates a little; and
continues in that State; without
any confiderable Change, in Bodies
which eat and drink litcle at Night,

till they go to Reft. J
Exam. 3. If from fome Caufe the
Pulfe of the fame Body becomes
uvicker than in the Morning, when
&e Body is fitting and its Heare is
free from the Influences of all di-
fturbing Caufes, in the Proportior
of 2 to1; and if it becomes fmaller;
from the Heart’s throwing ount in
each Syftole but a fourth Part of the
Blood which it throws out in the
Morning under the Circumftances
now mentioned, that is, if P. p::
2.1; and K. k :: 1. 4: Then, by
this Propofition and its firft Corolla=
7y, D and d will be as the Numbers
7578 and 10000, V and v as the
Numbers 8705 and 10000, and F
and f as the Numbers 5743 and
10000. If this be nearly the Cafe
of
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of a grown Body in a malignant
Fever, the Cold Fit of an Ague,

Contvnlfions, and fome other Dif~
eafes ; then, when the Body is fit-

ting, the Diameters of correfpond~

ing Blood-Veflels will be leflened in

the Proportion of 7578 to 10000,

the Velocities in thofe Veflels will be

leflened in the Proportion of 8705

to 10000, and the Force of the-
Heart will be leffened in the Pro-

portion of §743 to 10000,

Now fince in the Cafes mention-
ed in this Example, in which the
Force of the Heart is leflened, the
Skin is much paler and colder than
in a natural and healthful State ; and
is extremely pale and cold in dead
Bodzes, in which the Force of the
Heart is wholly deftroyed : And on
the contrary, fince in the Cafes
mentioned in the fir/f Example, in
which the Force of the Heart is: in-
ereafed, the Skin is much redder

U and
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and warmer than in a natural and
healthful State: We may from the
Colour and Warmth of the Skin,
moft certainly judge of the Force
of she Heart; and at the fame time
fee, how as that Force gradually lef~
fens, the Compafs of the Blood’s
Motion gradually contracts; till at
laft, that Force wholly ceafing to
a&, the Motion wholly ceafes, even

* inthe largeft Veflels neareft to the
Heart.

ProrosiTtion XVI.

IF the Catamenia flow through Fo-
ramina s the Sides of the Blood-
Veffels of the Uterus nto its Cavity,

- if there be the fame Number of cor-
re/ponding Foramina in the Sides of
caﬂ?anding Bloed - Veflels in all
bealthful Bodies, if this Difcharge

L ConbInues
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continues a grven Number of Days,
and during the Time of its Continu-
ance Bodses be fituated alike with re-
Jpect vo the Horizon 5 the Quantities
of one Difcharge of grown Bodzes will
be in Ratios compounded of the du-
plicate and fubduplicate Ratios of the
Diameters of correfponding Blood-
Vellels, thatis, putting C, c forthe
QOuantities of one Difcharge of two
grown Bodies, C. c::D* vD. d*vd.

For the whole Quantities of
Blood difcharged by two healthful
Bodies in a given Number of Days,
will be as the Quantities difcharged
by any two correfponding Forami-
na in that Time; and the Quanti-
ties difcharged by two correfpond-
ing Foramina, will be as the Squares
of their Diameters, and as the Ve-
locities wherewith the Blood flows
thro’ them, taken together: But
the Diameters of two correfpond-

U 2 i‘ng
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ing Foramina are as the Diameters
of two correfponding Blood-Vef-
fels; and the Velocities wherewith
the Blood flows thro’ the Foramina,
are as the Velocities wherewith it
flows through thofe Veflels: And
therefore, the Quantities difcharged
by two correfponding Foramma,
will be as the Squares of the Dia-
meters of two correfponding Blood-
Veflels, and as the Blood’s Veloci-
ties in thofe Veflels taken together,
that is, as D*V and d* v; or as D
vDand d&° vd, becaufe V.v:: vD.
vd, by Prop. 12. But the whole
Quantities of one Difcharge of two
healthful Bodies fituated alike with
refpect to the Horizon, are as the
Quantities. difcharged by two cor-
refponding Foramma : And there-
fore C. ¢:: D*vD. d* vd"

Cor. 1. 1f this Propofition  be

-true, itisevident that this Difcharge,
which
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which ufually begins in thefe Coun-
tries between the Ages of 14 and
16, will continually increafe from
its firft Appearance till the Bodies
arrive at their full Growth ; for both
the Foramina grow larger, and the
Velocity of the Blood increafes,
while Bodies are growing: And it
will likewife increafe, from fome of
the Foramina being naturally {mallex
than others, on which Account they
will neceffarily, not all at once, but
fucceffively, become large enoungh
to let the Blood pafs through them.

Cor. 2. If this Propofition be
true, this Dilcharge will begin
fooneft and be greateflt in Bodies
which have the largeflt Blood-Vef-
fels : For it will begin when the Fo-
‘ramina ar¢ grown large enough to
let the red Parts of the Blood (which
are its largeft Parts) pafs thro’ them;
but they will be fooneft large enough

to
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to do this, in Bodies which have
the largeft Blood-Veflels: And the
Quantities of a Difcharge will be
greatéft, becaufe the Foramina are
largeft, and the Velocity of the
Blood is greateft, in fuch Bodies.

Cor. 3. The Quantities of this
Difcharge in grown well - propor-
tioned Bodies of different Lengths,
and its mean Quantities in all grown
Bodies of different Lengths taking
thofe of each Length one with
another, will, if this Propofitzon be
true, be in Ratios compounded of
the fimple and the fubquadruplicate
Ratios of the Lengths of the Bo-
dies ; the Diameters of correfpond-
ing Blood-Veflels in thefe Cafes,
being in the fubduplicate Ratios of
thole Lengths, by Cor. 4. Prop. 12.

Cor. 4. Hence it appears, that
this Difcharge will be increafed by
all
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all Things which fwell the Blood-
Veflels; and on the contrary, lel~
fened by all Things which contrac
them : And therefore, it will be in-
creafed by whatever mcreafes the
Power of the Heart, and heats the
Blood; and leffened by whatever
leflens the Power of the Heart, and
cools the Blood; for the Blood-
Veflels {well or contra&, as the
Force of the Heart is increafed or
leflened by Heat or Cold, or other
Caulfes.

Cor. 5. Hence it appears, that a
Dxﬁ:harge muft continne till the
Blood-Veflels and Foramimna are fo
far contracted by the Lofs of Blood,
that the Foramina are become too
fmall to let the red Parts of the
Blood pafs thro’ them; and then it
will ceafe for that Time, and not re-
turn again till the loft Blood be re-
gained, and the Blood-Veflels and

Foramina
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Foramina be enlarged to the Dis
menfions they were of atthecoming
on of the preceding Difcharge ; and
then another Difcharge will begin,
continue the fame Time, and go off
as that did. = Thus this Difcharge
happens once a Menth, in which
Time the loft Blood is regained;
contimues in thefe Countries till
about the Age of 50; and then
wholly ceafes, from the Foramina
becoming too {mall to let the Blood
pafs thro’ them. The Foramina
become too {fmall to let the Blood
pals thro’ them, from a Rigidity in
the Blood-Veflels, which hinders
them from being dilated by the
Blood as ufually: For it appears
both from Anatomy and common
Experience, that the Blood-Vef-
fels and other folid Parts become
more rigid, as Bodies advance in
Years,

Pro-
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T e T
ProrosiTioN XVIL

F Q_ denotes the Quantity of Blood
contamed in a bealthful Body be~
fore a Diftharge of the Catamenia
begins, and P and p the Numbers of
Pulfes in a Minute a lntle before and
after the Diftharge, when the Body s
Sitting, and its Heart is firee from
the Influences of all difturbing Caufes;
C, the Quantity of the Difcharge,

will be Q x “SF

For the Heart being fuppofed to
be free from the Influences of all
difturbing Caufes before the Dif~
char‘ge and after it, the Heat and
Denfity of the Blood will be the
{fame before and after; and there-

X fore,
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fore, if q denotes the Quantity of
Blood contained in the Body af
ter the Difcharge is over, V. v::
Q’.q%, by Cor. 3. Prop. 12 ; and
V.v :: P.p, by Cor. 2. Prop. 14;
and from thefe two Analogies,
Q. q*:: P. p; and Q—q. Q_‘
P‘—p* P*: But Q—q=C; ana
confequently, C. Q_:: P'—p*. P*; and

QxP*—p*

C=_PT__¢
For Example, 1f the Quantity of
Blood contained in the Body at the
Beginning of the Difcharge be 11
Averdupors Pounds, and t%e Pulfes
in a Minute before and after the
Difcharge, when the Body is fitting
and its Heart is perfeétly free from
the Influences of all difturbing Cau-
fes,be 74 and 73 ; the Quantity of
the Difcharge will be above 9 Oun-
ces: If the Quantity of Blood be
11 Pounds, - and the Pulfes in a Mi-
nute
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nute before and after be 74 and 72 ;
the Quantity of the Difcharge will
be above 18 Ounces.

I have found from Obfewaﬂon,
that the Pulfe is quicker before the
Difcharge than a? ter it. The Pulfe
of a well-proportioned Body 64
Inches hlgE, in which this Dif-
charge was very fmall, was obferved
at every Hour of the Day for 8
Months togt'ther and the Pulfe of
another Body fix Inches fhorter, in
which this Difcharge was very great,
was obferved at every Hour of the
Day for a Month; and the mean
Numbers of Pulfes in a Minute,
taken from all the Obfervations
made on the two Bodies in the
Week before and Week after the
Difcharge, were 74 and 72 in the
taller Body, and 792 and 75 in the
fhorter. The Differences of thefe
Numbers before and after the Dif~
charge, are too great for the Quan-

X 2 tity
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tity of the Difcharge in thefe Cli-

mates; which I believe does not or-
dinarily exceed 12 Ounces in tall
and well-proportioned Bodies. And
if from more Obfervations of the
Pulfe of perfectly healthful Bodies,
which have this Difcharge in due
Quantities, it fhall be found, that
the Differences of its Numbers be-
fore and after the Difcharge make it
gteater than it really is in thefe Cli-
mates; then the Quantity of a Dif-
charge cannot be determined by
this Propofition, which fuppofes the
Heartbefore and after the Difcharge
to be free from the Influences of all
difturbing Caufes: But it may be
determined by the next Propofition,
when from Experiments and Obfer-
vations all the Terms ufed in it thall
ekadwe, = @ ook e ]

2
H

A
/
i

Proe
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W244:4 24358 258862285238
ProrosiTtion XVIIIL

I F Q_denotes the Quantity of Blood
X comtamed in the Body at the Be-
ginning of a Difcharge of the Catame-
nia, P and pthe Numbers of Pulfes
in a Minute when the Body is fitting,
K andk the Magnitudes of the Quan-
i1ties of Blood thrown out of the Heart
wn one Syftole, and A and s the Denfi-
tres of the Blood, juft before the Dif~
charge begins and afier 1t is over; C,

the Quaptiry of the Difcharge, will be

For the Capacities of one and
the fame Blood-Veflel before and
after the Difcharge, are as the
Squares of its Diameters; which

' Squares
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Squares, when the Body is fitting, are
as Kp’ and k_p; by the 1 52b Propo-
Sitron : And the Quantities of Blood
contained in one and the f{ame
Blood-Veflel at thofe Times are as
-the Squares of its Diameters and as
the Denfities of the Blood taken to-
gether : But the Quantities of
Blood contained in the whole Body,
are as the Quantities contained in
one and the f{ame Blood-Veflel
when the Body is fitting : And
therefore, the Quantities of Blood
contained .in the whole Body be-
fore and after the Difcharge, are

as KP’xa and kp'xs, thatis, Q. q::
KP'xA, Effx 35 whence Q-u-q‘-—_C:

QxKPxA—Kkp'xs.

KP'xA

Cor. 1. If the Degrees of Heat in
the Blood, and confequently its

Denfities,
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Denfities, before and after the Dif>
charge, be equal ; and if the Mag-
nitudes of the Quantities thrown
out in one Syftole before and after be
likewife equal, thatis, if A—, ard
: mk; then Wlll C.":"_*'QK_I:;_—_I:E -
p

For Example, If the Quantity of
Blood contained in the Body when
the Difcharge begins be 11 Pounds,
and the Numbers of Pulfes in a Mi-
nute before and after the Difcharge
when the Body is fitting be 74 and
7o ; the Quantity of the Difcharge
will be above 7% Ounces; and near
9 Ounces, if the Quantity of Blood
in the Body when the Difcharge be-
gins be 12 Pounds. The Degrees
of Heat in the Blood before and af-
ter the Difcharge, may be known
by a Thermometer truly adjufted:
And by the Fulnefs of the Pulfe we
may judge of the Magnitudes of
- the
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the Quantitics of Blood thrown
out in one Syftole: And therefore,
from Experiments and Obfervations
carefully made by Perfons who have
an Opportunity of doing it, the
Quantity of a Difcharge may be
nearly known by this Propofition.

Prorosition X1X, Problem II.

TH E Blood-Veffels of a partica-
lar Part of the Body gg:"n;g ob-
frutted or opened, comtralled or di-.
lated; to determime the Changes made
in the Velocities of the Blood, and in
the Magnitudes of the Blood-V effels, of
all the oiher Parts. '

Cafe 1. If the Arterial Trunk of
a Part be obftruéted or contracted,
{o as either wholly or in fome De~
gree to hinder the Blood from flow=

ing
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ing thro’ that Part; the Velocity
will be increafed in all the other
Parts, and its Increafe will be great-
er or lefs, ceterss paribus, as the Ar~
terial Trunks of thofe Parts are
nearer to or farther from the Trunk
which is obftruéted or contraéted,
by Cor. Prop. 7.

The Blood-Veflels of the Part,
whofe Artery is obftruéted or con-
tracted, will contract.and grow lefs,
from a Deftru&ion or Diminution
of the Force of the Blood’s Motion,
which before the Obftru&ion or
Contraction of the Trunk kept
thofe Veflels diftended: And the
Blood-Veflels of all the other Parts
will fwell ‘or grow larger, by the
Force of the augmented Motion of
the Blood in thofe Parts; and their
Swelling or Enlargement will be
greater or lefs, ceterss paribus, as
they are nearer to or farther from
the obftructed or contradted Trunk.

X Like
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Like Changes will be made in the
Velocities of the Blood and in the
Magnitudes of the Blood-Veflels of
all the other Parts, if, inftead of the
Arterial Trunk of a Part, any of the
Branches of that Part (whether Ar-
teries or Veins) be obftructed or
contra&ted; becaufe fuch Obftruc-
tion or Contraction will leflen the
Velocity in the Arterial Trunk, by
Cor. 2. Prop. 5; and by Confe-
quence, will produce like Changes
in the Velocities and Magnitudes of
the Veflels of the other Parts, as
would be produced by a real Con~
traétion of that Trunk,

Ca/e11. If the Arterial Trunk of

a Part be opened or dilated, the
Blood will flow fafter into that
Trunk and flower through all the
other Parts of the Body than it did
before; and the Diminution of Ve-
locity in the other Parts will be
greater
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greater or lefs; cereris paribus, as
they are nearer to or farther from
the Trunk which is opened or di-
lated, by Cor. Prop. 7.

If the Trunk be opened, and the
greateft part of the Blood, which
flows into it, flow out of the Ori-
fice; the Veflels of that Part will
contra&t and grow lefs, from the
Blood running out of them, and
their not receiving their ufual Sup-
ply to keep them diftended. And
the Veflels of all the other Parts will
likewife be contraéted, from a Dimi-
nution of the Velocity of the Blood
in them; and their Contra&ion willk
be greater or lefs, ceseris paribus,
as they are nearer to or farther
from the Trunk which is opened;
and they will undergo like Changes
of Magnitude, when the Arterial
Trunk is only dilated ; tho’ the Vef=
{els of the Part fupply’d by the di-
lated Txunk will all fwell and grow

X2 larger,
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larger, contrary to what happened
to them when the Trunk was open-
ed. Like Changes will be magc in
the Velocities of the Blood, andin
the Magnitndes of the Veflels of
other Parts, when inftead of the Ar-
terial Trunk, one or more of the
Branches (whether Veins or Arte-
ries) of a Part are opened or di-
lated. For a Dilatation or Openin

of any of the Branches will increaé
the Velocity in the Arterial Trunk,
by Cor. 1. Prop. 5 ; and by Confe- ~
quence, will produce like Changes
in the Velocities of the Blood, and
the Magnitudes of the Veflels of the
other Parts as would be produced by

a real Dilatation or Opening of the
Arterial Trunk,

Cafe111. If the Venal Trunk of a
Part be obftructed or contraéted,
the Blood will thereby be either to-
tally or in fome Degree hindered

from
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from flowing out of the Part; on
which Account, more Blood will
flow in for fome little Time than
flows out; and by Confequence the
Veffels will fwell till they can be no
farther diftended. After that, if
lefs Blood flows into the Arterial
Trunk of the Part than did before,
like Changes of Velocity and Mag-
nitude will be produced in the
Blood-Veflels of all the other Parts,
as were produced in them by the
Obftruction or Contraction of the
Arterial Trunk by the firf# Cafe,

Cafe1V. If the Venal Trunk of 2
Part be opened or dilated, the Blood
will flow fafter thro’ the Part than
it did before; becaufe the Aperture
or Dilatation either takes off or lef~
fens the Refiftance arifing from the
Blood which lies before it: The -
Velocity therefore will be increafed
in the Arterial Trunk, and leflened

iD
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in the Veflels of all the other Parts;
and its Diminution in thofe Veffels,
and the Contracion of their Mag-
nitudes confequent thereon, will be
greater Or leE, ceteris paribus, as
the Veflels are nearer to or farther
from the Part whofe Vein is opened
or dilated, by the fecond Cafe. The
Veflels of the Part, whofe Venal
Trunk is opened, will contraét, not-
withftanding the Velocity of the
Blood in them is increafed: For by
the Aperture, the Refiftance given
by the Blood lying beyond it to the
Motion of the Blood through the
Part, will be taken off ; and by
Confequence, the Velocity of the
Blood flowing through the Part
will be increa%ed: But this Increafe
of Velocity beginning in the Vein
at the Place of Aperture, and
thence fucceffively running through
the Venal and Arterial Branches,
and at Jaft ending in the Arterial
. 1 Tl’“ﬂk:,
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Trunk, it is evident, that more
Blood will in a given Time flow out
of each of thefe Veflels, thatflows
in; and by Confequence, all thefe
Veflels will be contra&ed ; and the
Contraétion will firft begin, where
the Increafe of Velocity firft began,
and fucceflively go through the
Veflels in the fame Manner as that
did.

Cor. 1. Hence it appears, that if
a Part be overloaded with Blood, it
will be fooneft emptied by opening
the Veflels of the Part it felf; and
next, by opening the Veflels of the

Parts which are neareft to it.

Cor. 2. If the Blood flows too faft
into fome one Part, from an Aper-
ture or Dilatation of fome of its
Blood - Veflels ; the preternatural
Influx of Blood into that Part will
be leflened by increafling the Mo~

' tion
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tion of the Blood thro® the other
Parts. /' q

- Cor. 3. If the Blood flows too
flow iinto fome one Part, from an
-Obftru&ion or Contra&ion of fome
of its Blood-Vefléls ; the Motion
through this Part will be increafed
by contraiing the Veflels and lef~
fening the Motion thro’ the other
Parts.

N. B. There may perhaps be
fome little Difturbances given to
‘thefe Laws of Apertures and Ob-
ftruétions, Dilatations and Con-
traltions of the Blood-Veflels, from
feveral Inofculations of Arteries with
-Arteries, and Veins with Veins ; but
as thefe Difturbances cannot be ac-
‘curately determined, fo neither can
they be confiderable; as appeats
from the Succefs of Praétice ground=
ed on thefe Laws, -
Pro-

A treatise of the animal oeconomy ; the second edition, with additions - page 180 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=180

Animar OEconNomMy. 177

GHIIPEPEEBEIFDESIPISPETHEIED
PROPGS'Z'[.‘-I‘IGN XX. Probler III,

O determiné the Changes made
in the Velocities of the Blood
and Magnitidés of the Blood-V effels
1 different Parts of the Body; when
1t 15 fituated differently with re/pelt

to the Horizon:

The correfponding Arteries and
Veins are every where contiguous ;
and the Veins are larger than their
correfponding Arteries, and con-
{fequently, contain a greater Quan-
tity of Blood: On which Aceounts;
when the Foree of Gravity in a Vein
eonfpires with or oppofes the Mo-
tion of the Blood through it; that
Motion will be mere increafed or
leflened by the Force of Gravity in
the Vein, than it is leflened or 1n=

Z creafed
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creafed by the fame Force in the
correfponding Artery; and more
or lefs Blood will by virtue of this
Force flow through the Vein, than
will flow througl% the Artery in the
fame Time; and therefore, if the
Vein and Artery be the two Trunks
of a Part; more or lefs Blood will
flow out of the Part than flows in,
and, in Confequence thereof, the
Blood-Veflels of the Part will be
contra&ed or dilated. For Inftance,
in the Day when the Body is ere&,
Gravity confpires with the Motion
of the Blood from the Head, and
oppofes its Motion from the Legs;
and in the Night, when the Body
is horizontal, Gravity neither con-
fpires with or oppofes the Motion
from thefe Parts: And hence the
Head will contain lefs, and the Legs

more Blood, in the Day than in the
Night.

?no—
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Prorosition XXI. Problem IV.

O determine the Influence and
Power of the Soul over the
Motion of the Heart.

That the Soul has a very great
Power over theHeart, appears from
the following Inftances. A dying
Man, who had had little or no Pulfe,
and had been in cold clammy
Sweats for feveral Hours, was by
an Accident exceedingly alarmed,
and thrown into the greateft Di-
fturbance of Mind; upon which his
Heart and Blood gradually reco-
vered their Motions to a confide-
rable Degree, and kept them above
an Hour, till his Mind grew calm
and eafy; and then they loft them
again, and he died in lefs than half

Z 2 an
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an Hour. A ftrong Extenfion of
the Legs and Arms by thie Power of
the Will, has quickened the Pulfe
20 Beats in a Minute, and at the |
{fame Time made it fo low, that it
could fcarcely be felt. The Pulfes ‘
in 2 Minute of a Man lying, fitting,
ftanding, walking at the Rate of
two Miles in an Hour, at the Rate
- of four Miles in an Hour, and run-
ning as faft as he could, were 64,
68,78,100,140,and 1 50 or more,
When a Body ftands up, the Pulfe
begins to grow quicker the very
Inftant the Body begins to rife, of
the Soul begins to exercife the
Power which raifesit; and whena
Body moves, it grows {till quicker;
and the Soul exercifes more Forceé
to move the Body, in Proportion
to the Quicknefls of the Motion :
When a Body fielt ftands up and
begins to move, the Pulfe is {maller
than it was before; but grows
greates
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greater by Degrees, as the Body
grows warm by the Motion. A Fit
of Laughter has quickened the
Pulfe 25 Beats in a Minute: And
breathing voluntarily three or four
Times fafter than ufually, has
quickened it 13 or 14 Beats: The
Pulfe is quickened by coughing,
{wallowing, reading loud, or by
any Motion that is performed by
the Power of the Soul. From hence
it appears, that the Motion of the
Heart is changed mediately or im-~
mediately, by every Change made
in the Affetions, A&ivity or Power
of the Soul,

o)
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$558585575858555888858
Of Refpiration,
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ProrositioN XXIL

I-F an heated Body be placed i a
Wind blowing uniformly ; the
Time of 1ts coolng will be greater or
lefs, asthe Quantity of Matter in the
Body, or s Degree of Heat at the
Time of s being firft placed in the
Wind, or the Degree of Heat in the
Wind, 1s greater or lefs; or as the
Surface of the Body is lefs or greater,

For if the Degree of Heat in the
Body at the Time of its being firft
placed in the Wind, and the De-
gree of Heat in the Wind, be both
given ; the Time of its cooling will

be
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be as the Quantity of Heat in the
Body in Proportion to the Meafure
according to which it is cooled:
But the Degree of Heat in the Body
being given, its Quantity of Heat
will be as its Quantity of Matter;
and the Surface of the Body is the
Meafure according to which it is
cooled: And therefore, the Time
of cooling will be as the Quantity
of Matter in the Body in Proportion
to its Surface ; and by Confequence,
will be greater or lefs, as the Quan-
tity of Matter is greater or lefs, or
as the Surface is lefs or greater: If
the Body, and Degree of Heat in the
Wind, be both given; the Time
of its cooling will be greater or lefs,
as the Del%ree of Heat in the Body,
when firft placed in the Wind, is
greater or lefs. From Sir [faac
Newton's Scale of the Degrees of
Heat, it appears, that the Time
of the Body’s cooling will not be

P
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proportional to its Heat when firft
placed in the Wind : For if one and
the fame Body has different Degrees
of Hear, the Times of its cooling
will be in Arithmetick Proportion,
when the Degrees of Heat are in
Geometrick Progrefhon ; whence
the Time of cooling in Proportion
to the Heat, will for the moft part
be greater when the Heat is lefs 5
and therefore, the Time of cool=
ing will not be proportional to the
Degree of Heat in the Body when
ﬁrfg placed in the Wind ; and yet
it will ever be greater when the Heat
is greater, and lefs when it is lefs#
If the Body, and its Degree of
Heat when firft placed in the Wind,
be both given ; the Time of cooling
will be greater or lefs, as the Wind
is warmer or colder, that is, asthe
Degree of Heat in the Wind is lefs
or greater: And therefore, the Pro~

pofition is trae,
| Cor'
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Cor. 1. 1If a Body of a given Fi-
gure ‘be heated to a given Degree,
and then placed in a Wind blowing
uniformly, and the Degree of Heat
in the Wind be given; the Time of

‘its ‘cooling, will be as a given Side
and Denfity of the Body taken
~together, as is evident from the
‘Proof of this Propofition. 1f the
‘Body 'be a Cube, the Time of its
«cooling will be as the Side and Den-
ity of the Cube; and if a Globe,
as the Diameter and Denfity of the
‘Globe; taken together.

Cor. 2. If a homogeneal Body of
a given Figure be heated to a given
‘Degree, and then placed in 2 Wind
blowing uniformly whofe Heat is
ﬁiven ; the Time of its cooling will

e as a given Side of the Body. If
the Body be a Cube, the Time of
its cooling will be as the Side of the
Cube ; and if a Globe, as its Dia-
meter.

A a Pro-

A treatise of the animal oeconomy ; the second edition, with additions - page 189 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=189

186 A Treatsfe of the

24232532 5225858558285858
ProrosiTioN XXIIL

IF an beated Body be placed in a
Wind blywing  uniformly ; the
Heat which it lofes in a very [hort
grven Time, when firft placed in the
Wind will be as the Heat and Surface
of the Body taken together direilly,
and as the Heat of the A mverfly.
If S denotes the Surface of the Body,
H s Degree of Heat when placed in
the Wmd, A the Degree of Heat in
the Wind, and h the Heat that 1s
communicated to the Air and loft 11 the
Body in a very f[bort grven Time;
SH

then h will be as 2,

For the Air heated by the Body
will be conftantly carried off by the
Wind, and other Air will fucceed

into
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into its Place with an uniform Mo-
tion; by which Means, equal Parts
of Air will be heated by the heated
Body in equal Times, and conceive
a Heat proportional to the Heat of
the Body; and confequently, one
and the fame heated Body, placed
in 2 Wind blowing uniformly whofe
Degree of Heat is given, will when
firft placed in the Wind communi-
cate to the Air, and confequently
lofe, in a fhort given Time, a Heat
which is proportional to the Heat of
the Body : If the Body be different,
but its Degree of Heat, and the
Degree of Heat in the Wind, be
bﬂt%l given; the Body will commu-
nicate to the Air, and confequently
lofe, inavery fhort given Time, a
Heat which is proportional to the
Surface of the Body: And if both
the Body and its Degree of Heat be
given; it will communicate to the
Air, and confequently lofe, in a

A az very
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very fhott given Time, a Heat
which is proportional to the Cold=
nefs-of tlie Wind; which Coldnefs
is inverfly as its Degree of Heart:
And therefore, the Heat commus
nicated to the Air, and loft by a
Body heated and placed in a Wind
blowing uniformly, will be as the
Heat and Surface of the Body taken
together directly; and as the Heat

of the Wind inverfly, that is, h will,
SH
be as—.

Cor. 1. If the Heat of the Wind
be given; the Heat which is com-
municated to the Air, and loft in
the Body, in a given Time, will be
as the Surface of the Body, and as
its Degree of Heat when firft ex-
pofed to the Wind, taken together.
If A be given, h will be as SH.

Cor. 2. If the Degree of Heat in
the Body, when firft expofed to the
Wind,
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Wind; be given; the Heat com-
municatedito the Air, and loft in the
Body, in a given Time, will be as
the Surface of the Body directly,
and as the Degree of Heat in the
Wind inverfly. If H be given, h
; S

will beas—.

Cor. 3. 1f the Surface of the Body
be given; the Heat which is com-
municated.to the Air, and loft in
the Body, in a given Time, will be
as the Heat of the Body, when firit
expofed to the Wind, direétly; and
as the Heat of the Wiad inverfly.

If S be given, h will be as i;— >

~ Cor. 4. If the Degree of Heat in
one and the fame Body, or in diffe-
rent Bodies of which the Surfaces
are equal, be given, when firft ex-
pofed to the Wind; the Hear which
the Body or Bodies will communi-
cate
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cate to the Air, and confequently
lofe, in a very fhort given Time,
will be inverfly as the Heat, or di-
reétly as the Coldnefs of the Wind,

If S and H be given, h will be as 3.

b e i T e e b e e e e e

ProrosiTtion XXIV.
TH E Life of Animals s preferved

by acid Parts of the A, mix-
tng with the Blood in the Lungs:
Which Parts diffolve or attennate the
Blood, and preferve its Heat ; and by

both thefe, keep up the Motion of the
Hearz.

I fhall prove the Truth of this

Propofitson, from a Series of Experi-
ments and Obfervations,

Firff then, Animals die, when
they are deprived of Air by ﬂ:qp-—

Plﬂg
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ping the Wind-pipe, or putting
them in an Air Pump and drawing
out the Air.  And they likewife die
foon in a fmall Quantity of Air fo
clofely confined, as to have no Com-
munication with the reft of the At-
mofphere: Small Birds cannot live
above three or four Hours in a
Quart of fuch Air; and a Gallon
of Air included in a Bladder, and
by a Pipe alternately infpired and
expired by the Lungs of a Man,
will become unfit to preferve Life
in little more than one Minute of
Time.

Hence it appears, that Air is ne-
ceflary to preferve the Life of Ani-
mals: And likewife, that a conftant

Supply of frefh Air is neceflary to
that End.

Secondly, A Candle goes out,
glowing Coals and red-hot Iron
ceafe to fhine, and Animals die, in

the

A treatise of the animal oeconomy ; the second edition, with additions - page 195 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=195

192 A Treatsfe of the

the Air-Pump on drawing out the
Air. A’Candle goes out, glowing
‘Coals and red—l%ot Iron ceafe ‘to
‘fhine, and Animals die, in a fmall
‘Quantity of Airfo clofely confined,
as'to have no Communicatien with
the reft of the Atmofphere. Ani-
-mals die in ‘Air rendered effete
‘burning Coals or Candles in it till
“they are extinguifhed, and glowing
Coals ‘ot ‘Candles are -extinguifhed
in Air rendered effete by Animals
breathing in it till they die. Hook
found, that if ‘Air rendered effete
be blown on live Coals, it produees
“no other Effe&, than to blow off
the Afhes and put out the Fire; and
‘that the more you blow, the more
“dead is"the Light, and the fooner
is the Fire quite extinét;-infomuch
that in a very little Time, the Coals
“become  perfeétly black without
emitting the leaft Glimpfe of Light
or-Shining : ‘At which Time, if ?:f:
B
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Blaft of freth Air be blown upon
thofe feemingly dead, extin&, and
black Coals, they all begin to glow,
burn, and fhine afrefh, as if they had
not been at all extin& ; and the more
frefh Air is blown upon them, the
more they fhine, and the fooner
are they burnt out and confumed:
And Animals putinto fuch effete Air
{foon die, tho’ for fome Time they
breath, and move their Lungs as
before. The Medium found in
Damps, is prefent Death to thofe
who breath it; and in an Inftant,
extinguifhes the brighteft Flame,
the Shining of glowing Coals, or
red - hot Iron, when put into it.
Common Air, by paffing thro’ red-
hot Brafs, red-?:,lot Iron, red-hot -
Charcoal, or the Flame of Spirit of
Wine, becomes unfit to preferve
Life, and the Shining of Fire and
Flame,

Bb Hence

A treatise of the animal oeconomy ; the second edition, with additions - page 197 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=197

194 A Treatife of the

Hence it appears, that frefh Aig
preferves Life in Animals by the
very fame Power, or by the Opera-
tion of the very fame Parts, where-
by it preferves Fire and Flame in ful-
phureous and unétuous Subftances,
when once they are kindled.

Thirdly, 1f two Parts of com-
pound Spirit of Nitre be poured on
one Part of Oil of Cloves or Ca=~
raway Seeds, or of any ponderous
Oil of Vegetable or Animal Sub-
ftances, or Oil of Turpentine thick-
ened with a little Balfam of Sulphur;
the Liquors grow fo very hot in
mixing, as prefently to fend up a
burning Flame: If a Drachm of the
fame compound Spirit be poured
upon half a Drachm of Oil of Ca-
raway Seeds, even 2 vacuo, the Mix=
ture immediately makes a Flath like
Gunpowder: And well-recified Spi-
rit of Wine poured on the fame

compound
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compound Spirit flathes. Common
Sulphur and Nitre powdered, mix-
ed rogether, and kindled, will con-
tinue to burn under Water, or
vacno, as well asin the open Air.

Now fince Air is neceflary to pre-
ferve common Fire and Flame in
fulphureous and unétuous Subftan~
ces, when once they are kindled ;
and it appears by thefe Experiments,
that Fire and Flame may both be
produced and preferved in fulphu-
reous and unétuous Subftances, by
acid Particles even without Air; it
follows, that Air preferves Fire and
Flame by means of acid Particles:
And fince it preferves the Life of
Animals, by the Operation of the
very {ame Particles whereby it pre-
ferves Fire and Flame; it likewife
follows, that it preferves the Life
of Animals by its acid Particles.

Bb:z Fourth-
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Fourthly, The Venal Blood is of

a deep purple Colour, and the Ar-
terial Blood of a bright red, in all
Parts of the Body except the Lungs;
and in them the Blood is of a dark
purple Colour in the Pulmonary Ar-
tery, and of a bright red in the
Pulmonary Vein. Hence it follows,
that the Blood changes its deep
purple Colour into a bright red, in
the communicant Branches of the
Pulmonary Artery and Vein which
are {pread on the Veficles; and that
it changes its bright red into a deep
purple Colour, in the communicant
Branches of the Arteries and Veins
of other Parts. If Blood be drawn
out of a Vein, its Surface, which is
contigyous to the Air, will acquire
the fame bright red Colour which
the Blood acquires in the Lungs;
and if this red Surface be cut off
with a fharp Knife, the blackith
Surface
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Surface of the remaining Blood,
being now touched and aéted upon
by the Air in the fame Manner as
the firft, will acquire the fame Co-
lour as that did; and the fame
Change of Colour will be made in
the Bottom of the Cake, if it be
-turned upwards in the Cup, and ex-~
pofed to the Air; and if Blood juft
drawn be ftirred and agitated, till
the Air be intimately mixed with
it throughout, its whole Subftance
will foon acquire the bright red Co~
lour of Arterial Blood. Ifthe Wind-
-Fipe be ftopped with a Cork, and
ome Time after the Operation
(when the Air which is fhut up in
the Lungs is made effete, that is,
deprived of its acid Parts) Blood
be drawn from the Cervical Artery,
it will have the fame dark purple

Colour as Venal Blood.
Now fince from thefe Experi-
ments, the Air muft touch Venal
Blood
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Blood drawn out of the Body to
change its deep purple Colour into
a bright red, and the acid Parts of
the Air caufe the fame Change of
Colour in the Blood in the Lungs;

it will follow, that there muft be a
{ike Contaét of thefe acid Parts with
the Blood in the Lungs. And fince
1 have fhewn, that Air preferves the
Life of Animals by its acid Parts;
it will likewife follow, that the Life
of Animals is preferved by acid Parts
of the Air mixing with the Blood
in the Lungs.

Fifthly, The bright red Colour
acquired by the Blood in the Lungs,
from its Purity and Intenfenefs, is
the Red of the fecond Order of Co-
lours in the Table of Sir /faac New-
ton’s Opticks, p. 206 : But the black-
ith or deep purple Colour of Venal
Blood turns into this -bright Red,
without paffing through the Co-

lours
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lours of Blue, Green, Yellow, and
Orange; and therefore, muft arife
from the Indigo and Purple of the
third Order, and not from the In-
digo and Violet of the fecond: And
confequently by that Table, the
tinging Corpufcles of the Blood are
leﬂ%:ned in ti')nc Lungs.

Hence it appears, that the acid
Parts of the Air diffolve or attenuate
the Blood in the Lungs.

Oil of Vitriol and Water poured
fucceflively into the fame Veffel,
grow very hot in the mixing. Agua
fortis, or Spirit of Vitriol, poured
upon Filings of Iron, diffolves the
Filings with a great Hear and Ebul-
lition. And the Acid of the Air
conftantly apply’d to fulphureous
and un&uous Subftances, when once
they are kindled, continues to dif<
folve them with the Heat of Fire
and Flame.

From
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From thefe Experiments we learn,
that it is the Nature of Acids to difs
folve Bodies ‘with Heat; and theres
fore, fince 1 have fhewn that the
Acid of the Air diflolves the Blood;
it muft be allowed, that it warms
the Blood at the fame time it dif-
{olves it.

When Animals are deprived of
the Acid of the Air, the Pulfe in
lefs than one Minute of Time be-
comes {mall and quick; as maybe
obfcrvedin a Dog, when his Lungs
are made flaccid and without Mo-
tion by laying open his Thorax.
Upon emptying my Lungs of Aif
as much as I could, and ﬁwn ftop-
ping myBreath ; my Pulfe has grown
fmall and quick, with a kind of
trembling convulfive Motion, in lefs
than half 2 Minute of Time. And
Thrufion obferved the Pulfe to grow
{maller on an Intermiffion of Re-

fpiratiﬂll,
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.fpiration, and greater again on fte=
peating it. : L d
- Hence it appears; that the Mo-
tion of the Heart leflehs immedi=
ately on Animals being deprived of
the Acid of the Air; and confe=
quently, that this Acid by diffolving
or attenuating the Blood and pre=
ferving its Heat, keeps up the Mo=
tion of the Heart.

Therefore the Propofition is true;

ScHoLiuM:

. ‘The Motion of the Luiigs it
breathing is no otherwife neceflary
to the Life of Animals; than as by
this Motion the Lungs receive 2 con~
ftant Supply of frefh Air.

- For Hook; after he had laid operi
the Thorax of aDog, cutaway his
Ribs and Diaphragm; and taken off
the Pericardium, kept him alive be-
fore the Royal Society of Londor

Ce above
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above an Hour, by blowing frefh
Air into his Lungs with a pair of
Bellows. It was obferved, that as
often as he left off blowing, and
fuffered the Lungs to fubfide and
lie ftill, the Dog prefently fell into
dying convulfive Motions, and foon
recovered again on renewing the
Blaft. After he had done this fe-
veral Times with like Succefs, he
pricked all the outer Coat of the:
Lungs with the {lender Point of a
{harp Penknite, and by a conftant
Blaft made with a double pair of
Bellows, he kept the Lungs always
diftended and without Motion; and
it was obferved, that while the Lungs
were thus kept diftended with a con-
ftant Supply of frefh Air, the Dog
lay ftill, his Eyes were quick, and
his Heart beat regularly; but that
upon leaving off blowing, and fuf-
fering the Lungs to fubfide and lie
ftill, the Dog prefently fell into dy-

ing
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ing convulfive Motions, and as (oon
recovered again on renewing the
Blaft, and fupplying the Lungs with
frefh Air.

2. The Motion of the Lungs in
breathing does not change the Co-
lour of the Blood in that Part.

For Lower, on opening the Pul-
monary Vein of a Dog near the left
Auricle of the Heart, when his
Lungs werekept diftended and with-
out Motion by a conftant Supply of
freth Air, obferved the Blood drawn
to have the fame florid Colour, as
the Arterial Blood of other Parts.

Farther, If the Motion of the
Lungs changes the Colour of the
Blood from a dark Purpletoa bright
Red; Ifeeno Reafon, why the Mo-
tion of the Mufcles when continued
for fome Time fhould not keep up
that red Colour in the Veins; and
confequently, why under ftrong
Exercife Venal Blood (contrary to

C¢s Expe-
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Experience) fhould notbeof abright
red Colour, For a ftrong and vi-
gorous Motion of the Mufcles muf}
undoubtedly contribute as much to
referve the bright red Colour of
Arterial Blood, as the Motion of
the Lungs contmbutes to produce it,
. The Death of Animals and
Extméhon of Flame in a confined
Air, are not caufed by 2 Diminution
of its Elaftmty
For there is fometimes as greata
Diminution of Elafticity in the Air
in violent Storms of Wind and Hur=
ricanes, as there is in a fmall Quan-
tity of confined Air at the Tlme
whcn Animals die and Candles
out in it; and yet no fuch Eﬁ‘e&s
follow, Farther, If Animals die
and Candles go out in a conﬁned
Air, from a Diminution of its Ela-
ﬁacuy then thefe Effects would not
be produced in different Quantities
uf confined Air, until its Elafticity
was
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was equally diminithed in them:
But it has been found by Experi-
ments, that at the Time when Ani-
mals die and Candles go outin two
different Quantities of confined Air,
there is a greater Diminution of
Elafticity in the fmaller Quantity
than in the greater : And therefore,
Life and Flame are not deftroyed by
a Diminution of the Elafticity of the
Air. Thisis farther confirmed from
an Experiment mentioned above;
For if effete Air, however forcibly
blown on live Coals, extinguifhes
them in like Manner as it does
when in a State of Reft; then the
{fame effete Air, which in a quicfcent
State cannot preferve Life, will not
be able to do it when it is prefled
into the Lungs with any Force,
even a greater than is fufficient to
fwell the Air-Veflels to their ufual
Magnitudes : And therefore Ani-
mals do not die in a confined Air,

from
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from the Veficule not beinlg fuffi-

ciently dilated on account of a Di-
minution of the Elafticity of the
Air. A Diminution of the Elafti-
city of the Air is no otherwife hurt-
ful, than as it hinders the Veficles
from being fufficiently dilated, and
thereby hinders the Blood from re-
ceiving its ufual Quantity of Acidin
a given Time: On which account,
the Blood will not be fufficiently dif-
folved and warmed in the Lungs;
which will make Refpiration quick

and uneafy, but cannot caufe fudden
Death, i3

ProrosiTion XXYV.

F bealthful Bodses be cloathed alike,

“ and placed in a Wind blowing uni-
Jormly, or move gently along in a calm
and flill Air with the fame uniform
M. aﬁéan;
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Motion ; and 1f Heat be generated
in their Blood by the Acid of the A,

as faft as it 15 loft by beng commun:-
cated to the Air in thetr Lungs and as
their Skins: The Heats generated in
their Blood in a fbort grven Time, will
be as the Sums of the internal Sur-
faces of therr Syftems of Aw-Veffels
and external Surfaces of their Bodres,
and as the Degrees of Heat in their
Blood, taken together, direflly ; and
as the Degrees of Heat wnthe IWind or
calm A mverfly. If S, s denote the
Sums of the fard Surfaces of rwo
bealthful Bm’ie:,- H, h zhe Degrees
of Heat inthetr Blood when they are
Sfirft pfac’d in the Wind, or begin to
move in a calm and ﬂdl Awr; A, a
the Degrees of Heat in the Wind or
Air; and G, g the Heats generated
in their Bhod by the Acid of the A

in a [hort gren Time: 1 fay, that
G g SH sh

gt 1‘_- T-
For
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For fince the Bodies are fuppofed
to be cloathed alike; the external
Surfaces of their Bodies will be alike
expofed to the Air; and the inter-
nal Surfaces of their Syftems of Air-
Veflels are always alike expofed to
it, on account of Refpiration ; and
fince it is the fame thing to move
gently along in a calm and ftill Air
with an uniform Motion, as to {tand
ftill in a Wind blowing with the
fame uniform Motion : It is evident,
by the 23d Propofition, that the
Heats commiinicated to the Air and
loft in the Blood of healchful Bodies
in a very fhort given Time, will be
as the Sums of the internal Surfaces
of their Syftems of - Air-Veflels and
external Surfaces of their Bodies,
and as the Degrees of Heat in their
Blood, taken together direétly ; and
the Degrees of Heat in the Wind ot
Air inverfly: But by Suppofition,
the Heat is generated by the Acid it:f

the
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the Air as faft as it is loft by being

communicated to the Air in the
Lungs and at the Skin: And there-
fore, the Heats generated by the
Acid of the Air in the Blood of
healthful Bodies in a fhort given
Time, will be as the Sums of the
internal Surfaces of their Syftems of
Air-Veflels and external Surfaces of
their Bodies, and the Degrees of
Heat in their Blood, taken toge-
ther, direétly ; and as the Deggees of

Heat in the Wind or Air, inverfly;
X SH sh
thatis, G.g:: e a

Cor. 1. 1f the Degrees of Heat in
the Blood of Bodies under the Cir-
cumftances fuppofed in this Propo-
fition, and the Degrees of Heat in
the Wind or calm Air be refpective-
ly equal; the Heats generated in
the Blood by the Acid of the Air

~ ina given Time, will be as the Sums
Dd of
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of the internal Surfaces of the Syf-
tems of Air-Veflels and external Sur~
faces of the Bodies. If H=h, and
A=a; thenwillG.g::S.s.

From fome Experiments made
with a Thermometer at the fame
Time and in the fame Place, I have
found the Heats of the warmeft Parts
of the Skin, and confequently the
Heats of the Blood, to be nearly
equal in healthful Bodies of all
Ages, notwithftanding the Limbs
of old Bodies are confiderably cold-
er than the Limbs of young Bodies,
or Bodies of a middle Age: Andif
by a larger Experience, this fhall
be found to beuniverfally true; then
will this Corollary obtain in all
healthful Bodies in the {ame Place
and at the fame Time: And as thefe
Experiments were made when the
Bodies were at Reft, and the Air
{till and calm, fo this Coro/lary will

likewife
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likewife obtain nearly in Bodies at
Reft in a calm and f{till Air, in the
fame Place and at the fame Time:
And granting this, and fuppofing
the external Surfaces of the Bodies
to be proportional to the wholein-
ternal Surfaces of their Syftems of
Air-Veflels, and thofe whole Sur-
faces to be proportional to the in-
ternal Surfaces of all their Veficles
through which the Acid of the Air
pafles into their Blood; then will
the Heats generated in a thort given
Time in the Blood of healthful Bo-
dies, in the fame Place and at the
fame Time, be as the internal Sur-
faces of all the Veficles of their re-
{pectiveSyftems of Air-Veflels: And
if the Veficles attract the acid Pares
of the Airin Proportion to the Mag-
nitudes of their internal Surfaces,
(as I have fhewn the Blood-Veflels
to act on the Blood by attractive or
fome other Powers, in Proportion

Dd 2 - to
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to the Magnitudes of their internal
Surfaces) then will the Heats gene-
rated in the Blood by the Acid of
the Air in a fhort given Time, be
as the attractive Powers of all the
Veficles.

Cor. 2. If the Degrees of Heat in
the Blood of Bodies under the Cir-
cumftances fuppofed in this Propo-
fition, be equal ; the Heats generated
in it by the Acid of the Air in a
fhort given Time, will be, as the
Sums of the internal Surfaces of the
Syftems of Air-Veflels and external
Surfaces of the Bodies, directly, and
as the Degrees of Heat in the Wind
or calm Air,inverfly : If H=h, then

WHIG?E”%E'.

If by the Zhermometer it {hall be
found, that the Degree of Heat in
the Blood of healthful Bodies 18
: ' ' much
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much the fame at all Seafons of the
Year, and in all Climates; then by
this Corollary, more or lefs Heat will
be generated in the Blood of the
{ame Body in a given Time, as the
Air is colder or hotter; which can-
not be, unlefs the Air when it is cold
abounds more with this Acid, than
when it is hot : And that it does fo,
appears from Fire burning beft when
the Air is coldeft, and worft when it
is hotteft. Now if the Air be cooled
by the fame Acid which generates
Heat in the Blood when mixed with

_it; then as the Air abounds more
or lefs with this Acid, it will be
colder or hotter; and more or lefs
Heat will be both generated and loft
in the Blood, in a given Time.

By the 242b Propofitzon, the Acid
of the Air diffolves or attenuates the
Blood, at the fame Time it gene-
rates Heat in it; and the Diffolu-
tion or Attenuation will be greater

or
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or lefs, as more or lefs of this Acid
is :mxecl with the Blood in a given
Time: And therefore the Blood
will be more diffolved or attenuated
in Winter than in Summer, in cold
Countries than in hot.  And if the
Want of a fufficient Diffolution or
Attenuation of the Blood be the
Caufe of Malignaut Difeafes; Bo-
dies will be more fubject to fuch
Difeafes in Summer and hot Coun-
tries, than in Winter and cold Coun-
rries.

This is the general Law of the
Attenuation of the Blood, and Heat
generated in it, in a given T1me on

bupli\oﬁtmn that the Degree of I—Ieat
in the Blood is given : However, it
may fometimes happen, that the
Attenuation of the Blood and the.
Heat generated in it, may not be
proportional to the Degree of Cold-
nefs in the Air.  For the Air may
be fo excefhvely cold, and fo great-

ly
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ly faturated with this Acid, that the
mutual Attradtion of its Particles,
arifing from their Clofenefs to one
another, may hinder them from be-
ing drawn into the Blood in as great
aQuantity, as when the Air abounds
lefs with them: And whenever this
happens, the Fluidity and Heat of
the Blood will be deftroyed fafter
than they are generated; and if this
continues for any Time, it muft of
Neceflity put an End to Life. The
Cafe here is much the fame as in
Oil of Vitriol, and fome other A-
cids; which from their too great
Strength will not diffolve Metals fo -
quickly, nor raife fo great a Heat,
as the fame Acids when made weak-

Pro-
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ProrosiTion XXVIL

F bealthful Bodies, fituated alike;
whofe Hearts and Lungs are free
from the Influences of all difturbing
Caunfes, have the mean Capacities of
thewrSyflems of Air-Veffels proportion-
al to the mean Capacities of their Sy~
zems of Blood-Ve[fels, and the mean
Numbers of their Infpirations in a groen
Time proportional to the mean Num-
ers of their Pulfes i that Time; the
mean Quamtuies of frefb Air nfpi-
red, will be as the mean Quantities of
Blood which flow thro thetr Lungs in

the grven Time.

Since by Suppofition, the Bodies
are fituated alike with refpe& to the
Horizon, and their Hearts are free
from the Influences of all difturbing
Caufes; the mean Capacities of the

Syftems of Blood-Veflels will be las
the,
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the mean Capacities of correfpond-
ing Veflels, that is; asthe Squares
of their mean Diameters into their
Lengths, or into the Lengths of
the Bodies ; therefore, the mean Ca-~
pacities of the Syftems of Blood-
Veflels of Bodies of two different
Lengths, will be asD*L and d’l, D
and d denoting the mean Diameters
of any two cotrefponding Veflels,
and L and | the Lengths of tlie Bo-~
dies: Since likewife by Suppofition,
the mean Capacities of the Syftems
of ﬂir-VE[TEFS are as the mean Ca-

acities of the Syftems of Blood-
_%f:ﬁ'els ; the mean Capacities of the
Syftems of Air-Veflels of Bodies of
two different Lengths, will be as
D*L and d*l, when the Bodies are
fitting, and their Hearts free from
the Influences of all difturbing Caun-
fes: And fince alfo by Suppofition,
the mean Numbers of Infpirations
dre as the mean Numbers of Pulfes
E e in
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in a given Time; the mean Quana
tities of frefh Air infpired by health-
ful Bodies of two different Lengths,
will be as the mean Capacities of
their Syftems of Air-Veflels, and
mean Numbers of their Pulfes in
that Time, taken together, that is,
as D*'LP andd’lp, P and p denot-
ing the mean Numbers of Pulfes in
the given Time: But by the f#f

Corollary of the 14th Propofition,
N4

P.pi: e -}T-: And therefore, the
Quantities of freth Air infpired in
a given Time will be as D*V and
d’v, that is, as the mean Quanti-
ties of Blood which flow thro’ the

Lungs in the given Time.

The mean Numbers of Pulfes and
In{pirations ina Minute, of healthful
Bodics of three different Lengths
in the Morning when they were fit-
ting, were 65, 72, 116, and 17,

19,
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19, 30. Hence it appears, that
the mean Numbers of Pulfes and
Infpirations in a given Time, are

roportional to one another in

ealthful Bodies, when they are
fituated alike with refpect to the
Horizon, and their Hearts are free
from the Influences of all difturb-
ing Caufes: And if from Experi-
ments it {hall be found, that the
mean Capacities of the Syftems of
Air-Veflels are proportional to the
mean Capacities of the Syftems of
Blood-Veflels; then will this Pro-
pofition be true in healthful Bodies.

Cor, x. If this Propofition be true;
the mean Quantities of freth Air in-
{pired in a given Time by health-

1 Bodies, will be in Ratios com-
pounded of the duPlicare and fub-
duplicate Ratios of the mean Dia-
meters of correfponding Blood-Vef-
fels, that is, as D*vD and d'vd.

Eeaz For
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For V. v::vD. vd, by the 7welfih
Propofitron: But the Quantities of
frcfﬁ Air infpired in a given Time,
areas D'V and d°v, by this Propo-
fition : And therefore, the Quanti-
‘ties of freth Air infpired in a given
TimewillbeasD*vDandd*vd.,

Cor. 1. 1fthis Propofition be true;
the mean Quantities of Air inf{pired
in a given Time by healcthful Bo-~
dies of different Lengths, will be
in Ratios compounded of the fimple
and fubquadruplicate Ratios of the
Lengths of the Bodies, that is, as
LxL*and Ixl*, ForD.d:: L% 1% by
Cor. 4. Prop. 12; and by Confe-
quence, D* yD. d*vd :: LxL*. Ixl':
But the mecan Quantities are as
D* vD and d* vd, by the laft Corol-
lary: And therefore, they will be
asLxL*and 1xI7,

Cor.
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Cor. 3. If this Propofition be true;
the mean Quantities of Air infpired
in a given Time by healthful Bo-
dies of different Lengths, will bein
Ratios compounded of the dupli-
cate Ratios of their Lengths, and
of the fimple Ratios of the Num-
bers of their Pulfes in a given Time,
thatis, as L*Pand I'p.  For by this
Propofition, the mean Quantities of
Air infpired in a given Time are as
D*V and d*v: Butby Cor. 4. Prop.
xi, B d% La L, and by G, 1,
Prop. 14, V.v:: LP.1p: And
therefore, the mean Quantities of
Air infpired in a given Time will
be as L*P and I*p.

Cor. 4. 1f this Propofition be true;
the Quantities of frefh Air infpired
in a given Time in Proportion to
the whole Quantities of Blood, w'iall

e
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be as the Numbers of Pulfes in 3

i
given Time, For 1~ -}—r SRp, by

Vv D=V d:
DY OY P
DR D S

And therefore,

SE G-
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SECTION IIL

Of Digeftion and Nutrition, Secre-
tion, and the Difcharges of Hus

sman Bodzes.

D A AP
Of Digeflion and Nutrition.
SOIPR IR PEPIPERPPCPOE L CRGRER

ProrosiTioNn XXVIL
T HE Nourifbment of Animals

changes 1ts Texture tn their Bo-

dies, 1l 1t éaeceme.s like therr folid and
dm"afik Parts.

For the folid and durable Parts

of Animal Bodies grow out of their
Nou-
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Nourithment ¢ But their Growth ig
from an Addition and Adhefion of
like Parts: And therefore, the Nou-
rifhment of Animals changes its
Texture in their Bodies till it be=
comes like their folid and durable
Parts.

Cor. 1. Hence it appears, that
Animals will not be rightly nou-
rifhed, when their Nourifhment does |
not change its Texture in their Bo-
dies till it becomes like their folid
and durable Parts.

Cor. 2. Hence it appears, that the
Nourifhment, by changing its Tex-
ture in the Bodies of Animals, be-
comes more dry and earthy than
it was before; otherwife, it would
not be like their folid and durable
Parts,

Pro-
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Prorosttion XXVIIL

[ H E Texture of the Nourifbment
15 changed in the Bodies of Ani~
mals, by a gentle Heat and Motion,

The firft remarkable Change in
the Texture of the Nourithment is
made in the Stomach : Inthis Bowel
the folid Parts of the Food are dif=
folved and intimately mixed with
the Fluids, This Mixture is ufually
called Chyle.

Some, from obferving that Fluids
have a Power of diffolving Bodies,
havethought thar a Fluid in the Sto=
mach diffolves the Food and turns it
into Chyle: But as it does not ap-
pear from Experiments and Obfer-
vations, that there is a Fluid in the
Stomach endued with fuch a Power;

F £ this
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this Opinion is without Founda-
tion.

Others, from obferving the great
Strength of the Gizzards of Fowls,
and that there is commonly Gravel
found in them, have imagined, that
the Food is diflolved in the Sto-
machs of Fowls, and confequently
in the Stomachs of all Animals, by
Attrition or Grinding. But if this
Opinion be examined, it will like-
wife appear to be without Founda-
tion. . For the Food of Fowls is
moftly Grain, all Sorts of which
are hard and covered with tough
Skins ; and therefore, before this
Food can be diflolved and turned
into Chyle, it muft be foftened, and
its Skins ground off; the firft of
which is done by Warmth and Moi-
fture in the Craw, and the fecond
by Attrition in the Gizzard. By
thefe Conttivances, the Food of
Fowl is prepared and fitted for Di-

geftion ;
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geftion; as human Food is by
Cookery and other Ways of pre-
paring it, and by the grinding of
the Teeth. Butif we {hould grant,
that the Food of Fowl is dif%olved
and turned into Chyle by Attrition ;
it will by no means follow, that
Food is fo diflolved and turned into
Chyle in a human Stomach, which
has no Gravel in it, and has but ve-
ry little Mufcular Strength in Com-
parifon of the Gizzards of Fowls.
There may be many different Con-
trivances in different Species of Ani-
mals, to foften, grofly divide, and
Erepare their Food for Digeftion ;

ut it will not from thence follow,
that their Food is digefted or turned
into Chyle by different Canfes.

The Food is diffolved and turned
into Chyle by a gentle Heat and
Motion. Heat makes many Bodies
fluid, which are not fluid in Cold.

Ff2 Lead
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Lead is melted by a Heat eighe
times as great as the external Heat
of 2 human Body ; Tin, by a Heat
{ix times as great ; Wax, by a Heat
twice as great; and Bones, with the
Addition of a little Water, are dif=
folved in a Digefter by Heat in a
little Time. If the Heat of the |
Stomach be nearly equal to that of
the Blood, it may be fufficient, when |
the Orifices of the Stomach are
pretty exactly clofed, to diffolve the
Food in a few Hours, and turn it /
into Chyle; efpecially when it is
aflifted by the Motion of the Sto-
mach, which by agitating and mix-
ing the Food will contribute to this
End, TFor fince Heat can diflolve
folid Bodies, and nothing is found
ina human Stomach, befides a gentle
Heat and Motion, which can dif-
folve the Food and turn it into
Chyle; it will follow, that the Food
_ is
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is digefted or diffolved, and turned
into Chyle, by a gentle Heat and
Motion,

The Chyle in moving through
the Inteftines is farther diffolved
by Heat and Motion : And the fineft
Part of this Fluid being conveyed
into the Blood, is {gill faretivxer
changed by the fame Caufes, name-
ly a gentle Heat and Motion, till it
puts on the Form of Blood, and, at
laft, becomes fit to nourith the Bo-
dy, by being made like its folid and
durable Parts. The Growth of the
Chicken in the Shell out of the
White of the Egg, is a ftrong Proof
of the Truth of this: Forhere is ma-
nifeftly nothing, befides a gentle
Heat and Motion, to change the
White of the Egg, fo as to con-
vert it into Blood, and render it fit
Nourifhment for all the Parts of an
Animal Body,

Cor,
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Cor. Hence Animals will not be
rightly nourifhed, when the Tex-
ture of their Food is not rightly
changed in their Bodies by Heat and
Motion ; which may be owing, ei-
ther to an Unfitnefs in the Food for
fuch a Change, or to Degrees of
Heat and Motion unfit to effe it.

532553225388 558558
ProrosiTion XXIX,

HE conflituent folid Parts of
Animals, according to their fe-
veral Natures, are endued with pe-
culiar attralime Powers of certamn
Magnstudes or Strengths ; by which
hey draw out of the Fluids moving
2hro them like Parts in certain Quan-
asties, andthereby preferve their Forss
and juft Magnitudes.

For
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For without attra&ive Powers
agreeable to their Natures, the
conftituent folid Parts of Animals
cannot draw like Particles out of the
Fluids moving through them; and
confequently, cannot preferve their
Forms: And unlefs thefe Powers be
of certain Strengths, they cannot
draw thofe Parts in fuch Quantities
as are proper to preferve their Mag-
nitudes: And therefore, the Propo-
fitzon is true,

Cor. 1. Hence Bodies will not be
rightly nourifhed by proper Food
changed by juft Degrees of Heat and
Motion, when the attraétive Powers
of their {olid Parts are changed, ei-

therin their Natures or in their Mag-
nitudes.

Cor. 2. Hence Animals of the
fame Species will grow fafter or

flower, out of the fame Nourifh-
ment
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ment rightly changed by Heat and
Motion; as the attractive Powers
of their folid Parts are ftronger or
weaker. And univerfally, their
Growth in a given Time will be
greater or lefs; as the attractive
Powers of correfponding Parts are
greater or lefs; or as the Fluids mo-
ving thro’ thofe Parts abound more
or lefs with fimilar Particles, that s,
with Particles rightly fitted to be at-
tracted by thofe Powers.

General ScuoLiUuM.

I have fhewn that the Nourifh«
ment of Animals becomes more d
and earthy in their Bodies, and that
this Change is effected by a gentle
Heat and Motion. How a gentle
Heat and Motion caufe this Change
in the Nourifhment, may be under-
ftood from what Sir Ifaac Newton
has delivered concerning the Na-
ture of Salt. This great Man, find-

ing
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thg from Experiments and Obfer-
vations, that Salts are dry Earth and
watry Acid united by Attraction,
and that the Earth will not become
a Salt without fo much Acid as
makes it diffolvable inh Water, has
given the following Account of the
Formation of Particles of Salt.
¢ As Gravity makes the Sea flow
round the denfer and weightier
€ Parts of the Globe of the Earth,
“ {o the Attraction may make the
watry Acid flow round the den-
fer and compa&er Particles of
Earth for compofing the Par-
ticles of Salt. For otherwife the
« Acid would not do the Office of
¢ a2 Medium between the Earth and
common Water, for making Sales
diflolvable in Water; nor would
Salt of Tartar readily draw off
“ the Acid from diffolved Metals,
““ nor Metals the Acid from Mer-
cary. Now as in the grear Globe

G g “ of
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< of the Earth and Sea, the denfeft
¢ Bodies by their Gravity fink down
in Water, and always endeavour
to go towards the Center of the
“ Globe; fo in Particles of Salt,
“ the denfeft Matter may always
endeavour to approach the Cen-
ter of the Particle: So that a Par-
ticle of Salt may be compared to
aChaos; being denfe, hard, dry,
and earthy in the Center; and
rare, foft, moift, and watry in
the Circumference. And hence
it feems to be that Salts are of a
lafting Nature, being fcarce de-
ftroy’d, unlefs by drawing away
their watry Parts by Violence, or
“ by letting them foak into the
‘“ Pores of the Central Earth by a
gentle Heat in Putrefa&tion, until
¢ theEarth be diffolved by the Wa-
“ ter, and feparated into fmaller
Particles, which by reafon of
their Smallnefs make the rotten

‘“ Com-

1114

[ 11

[ 42
(44
{c
(49
[ 14
€C
¢
144
£(
149
(44

(44

ic
£

A treatise of the animal oeconomy ; the second edition, with additions - page 238 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=238

AnximaL OEconoMmY. 23§
“ Compound appear of a black

¢ Colour. Hence alfo it may be
¢ that the Parts of Animals and
¢ Vegetables preferve their feveral
¢ Forms, and aflimilate their Nou-
¢ rifhment; the foft and moift
¢ Nourifhment eafily changing irs
 Texture by a gentle Heat and
¢ Motion, till it becomes like the
““ denfe, hard, dry, and durable
¢ Earth in the Center of each Par-
“ ticle. But when the Nourifh-
f* ment grows unfit to be affimi-
¢ lated, or the Central Earth grows
“ too feeble to aflimilate it, the
¢ Motion ends in Confufion, Pu-
¢ trefaction and Death.” Newt.
Opt. p. 361,362,

Hence it appears, that to render
the faline Part of the Aliment fit to
nourifth the folid Parts of Animals
and Vegetables, part of the fuper-
ficial watry Acid mauft by Heat and
Motion be drawn off from the Par-

Gga2 ticles
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ticles of Salt; by which they will
become more denfe, hard, dry and
earthy, like the folid and durable
Parts of the Bodies. And, accord=-
ing to the different Degrees of Heat
and Motion in the different Species -
of Animals and Vegetables, the
watry Moifture will be drawn off in
different Proportions, foas in each
Species to render the Particles like
the folid Parts of the Bodies of that
Species.

And farther, if we confider that
Water is a very fluid. taftlefs Salt,
and that Animals and Vegetables,
with their feveral Parts, grow out
of Water and watry Tinétures and
Salts; we may from what has been
faid underftand the Manner in which
the Nourifhment of Animals and
Vegetables is changed by a gentle
Heat and Motion, till it becomes
like the {olid and durable Parts of
their refpective Bodies,

' of
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Of Secretion,
T T TG T IO T YD ST YT TG T T G TCY

Prorosition XXX,

"7 H E Glands in the Bodies of Ani-

L mals, according to their feveral
Natures and Difpofitions, are endued
with peculiar attrattrve Powers by
which they fuck in various Juices from
the Blood.

"That the Glands of Animals have
fuch attractive Powers, I fhall prove
from Experiments and Obfervati-
ons.

“ 1f two plane polithed Plates of
* Glafs ({uppole two Pieces of a
¢ polithed Looking-Glafs) be laid
together, fo that their Sides be
ﬁarallel and at a very fmall Di-

ance from one another, and
then their lower Edges be dipped

¢ into

Ll

€
€
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« into Water, the Water will rife
¢ up between them. And the lefs
¢« the Diftance of the Glaffes is, the
¢ greater willbe theHeightto which
« the Water will rife. If the Di-
¢ ftance be about the hundredth
¢« part of an Inch, the Water will
“ rife to the Height of about an
“ Inch; and if the Diftance be
¢ greater or lefs in any Proportion,
¢ the Height will be reciprocally
*¢ proportional to the Diftance very
¢ nearly. The Weight of the
¢ Water drawn up being the fame,
whether the Diftance between
the Glafles be greater or lefs; the
Force which raifes the Water and
¢ fufpends it muft be likewife the
¢ fame, and fuffer no Change by
¢ changing the Diftance of the
o Glaﬂ%s. And in like Manner,
““ Water afcends between two Matr-
“ bles fEDlimEd plane, when their

¢ polifhed Sides are parallel and at
11 a

o
({4

(44
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a very little Diftance from one
< another. And if {lender Pipes
« of Glafs be dipped at one End
into ftagnating Water, the Wa-
ter will rife up within the Pipe,
and the Height to which it rifes
will be reciprocally proportional
to the Diameter of the Cavity of
the Pipe,and will equal the Heighe
to which it rifes between two
¢ Planes of Glafs, if the Semidia-
“ meter of the Cavity of the Pipe

be equal to the Diftance between
the Planes, or thereabouts. And
thefe Experiments fucceed after
the fame Manner zz vacuo as in
the open Air, (as hath been try’d
before the Royal Socery,) and
therefore are not influenced by
the Weight or Preflure of the At~
mofphere.” See Newr. Opt. p.
366, 367.

Now fince the Rife and Sufpen-
fion of Water between two Glafs
Planes

£
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Planes and in {mall Glafs Pipes, ate
not owing to the Preflure of the At=
mofphere; they mult be caufed by
an attradtive Power in the Glafs,
proportional to the Weight of Wa-
ter Elﬂ:ained byit. Let H;h denote
the Heights of the Column of Wa-
ter [uftained between the two Glafs
Planes and of the Cylinder fuftained
in a fmall Glas Pipe; B, p the
Breadth of the Column and Peri=
phery of the Cylinder; andD, d
the Thicknefs of the Column and
Diameter of the Cylinder : And
then the attraéive Power which
fuftains the Column will be asHBD,

-1%; and the

attractive Power which fuftains the
Cylinder, will be as ?, or as—z-,

. b

or as p, becaufe h is as -
Hence it appears, that thé at-
tra&tive Power which fuftains the

Water

or as B, becaufe H is as
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Water arifes only from thoﬁ Parts
of the Glafs whici; are contiguous to
the Surface of the elevated Water;
or more truly, from the Parts of a
narrow Surface of the Glafs, whofe
lower Edge touches the Surface of
the Water, and whofe Height is the
fmall given Diftance to which the
attractive Power, with which Glafs
attra&ts Water, reaches; and there-
fore, the attraltive Powers of the
Glafs Planes and fmall Glafs Pipe
will be as 2B and p. But the Pow-
ers are as the Weights fuftained by
them, thatis, 2 B. p:: HBD. qu:
Whence HD will be equal to?; and,
when D is equal to g, H will be e-

qual to h.

“T'his Power varies in one and the
fame Pipe,or becomes different when
exercifed on different Fluids. For
one and the fame fmall Glafs Pipe

H h will
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will fuﬁain different Weights of dif-

ferent Fluids, as appears from this
Table.

IWtighmJ

Gil of Vitriol 1. 1 | 17245 | 18969
Warter p. 6. Sal Gem p. § 73| 10921 | 18893
Water p. 6. Sal Gem p. § 72| 10642 | 183
Water p. 8. Common Salt p. 3 67| 1ogq7 | 17
Water p. 6. Salt-perre p. § 10447 | 17864
Spirit of Vitriol 63| 11860 | 19331
German Spa-Water 75| 1ot | 17604
Commeon Water cold 10000 | 17500
Common Water boiling kot 64| 9781 16040

. Heights | Denfi
Fluids. g

gl i ol
=g
ol

.
-4
-y

1.

Good Blood 1. 64| 10400] 170
Serum of good Blood 1. 65| 10300 m'gg
Serum in a Dropfy 1. 65| 1o171| 16782
Urine 1. Go| 10270 16433
Saliva 1. §4|1c1o0| 15554
Milk of a Cow 1. 4210279 | 14596
Gall of an Ox f. 2 | 10335 12402
Small Beer 1. 44| 10111 | 14559
Cyder 1, 3 |mo1r1) 13144
Vinegar 1. 23|1o0279| 12643
Common Ale 1. 3 |Iozoo| I2360
Red Wine 1. 1f| 9930| 11410
Punch 1. 12! 10of5y| 11261
Oil Olive 1. 14| 9izo| 19408
Oil of Turpentine o. 81| gagq| 97487
Zal Volatile Oleofum o. 84| 8774] 3370
Brandy o. 75| v320| Ggge

Spirit of Wine refkified
Spirit of Harts-horn

324| Go76
. 44 | 98o2] 14114

- O
h
~
T

In
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In the firft Column are the Names
of the Fluids, in the fecond the
Heights to which they rofe in one
and the fame Glafs Pipe, in the third
the Denfities of the Fluids, andin
the fourth the Weights fuftained by
the fame Pipe. 1 obtained the
Weights by multiplying the Heights
into the Denfities. For the Weights
of Cylinders are as their Magnitudes
and Denfities taken together, oras
their Heights and Denfities taken
together if their Bafes be equal:
Bur the Bafes of all the Cylinders
of different Fluids fuftained by one
and the fame Pipe are equal: And
therefore, the Weights of fuch Cy-
linders are as their Heights and
Denfities taken together.

Hence it appears, that one and
the fame Glafs Pipe attra&s different
Fhiids with different Degrees of
Force. It attra&s Spirit of Vitriol
more ftrongly than Oil of Vitriol,

Hh 2 Qil
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Qil of Vitriol more ftrongly than
Water impregnated with Salt, Water
imprf:ﬁnated with Sal Gem and Nitre
more {trongly than common Water
cold, common Water cold more
ftrongly than the Animal Fluids and
common Water made boiling hot,
the Animal Fluids more ftrongly
than fermented Liquors, fermented
Liquors more ftrongly than Oils,
and Oils more ftrongly than ardent
Spirits.

So then, if equal Quantities of
all the Fluids of this Table were
mixed together, the fame Glafs Pipe
would fuck in differenr Parts of this
heterogeneous Fluid in different
Proportions. It would fuck in
more Parts of Water impregnated
with Salt than of Oil or ardent Spi-
rits. The Parts leaft actracted
would be driven off, to make way
for thofe which are moft attraéted
to enter into the Pipe; asin a Fluid

where
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where the Force of Gravity alone
takes place, the lighter Bodies are
forced to afcend, to make way for
the Defcent of Bodies which are
heavier.

Sir Ifaac Newton has proved from
Experiments, that the Particles of
Light attrac ardent Spirits and Oil
more {trongly than Water : And by
Confequence, if we fuppofe a fmaH
Pipe to be formed out of Particles
whofe artracting Powers are the
{fame with thofe of the Particles of
Light, and one End of it to be
dipped into a heterogeneous Fluid
compofed of equal Quantities of
all the Fluids of this Table intimate-
ly mixed together; fuch a Pipe
would attraé& the Parts of Oil and
ardent Spirits more ftrongly than
thofe of Water, and fuck in more
Parts of the two former than of the
latter. ‘The Fluid therefore drawn
out of the heterogeneous Fluid 1b)r

this
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this Pipe, would be different from
the Fluid drawn out of it by a {mall
Glafs Pipe; for two Fluids will be
different, when they either confift
of different Parts, or of the fame
Parts mixed in different Proportions.

Now fince Pipes of different Na-
tures draw off &Ejﬁ'erent Fluids from
one and the fame heterogeneous
Fluid; it follows, that the fecerning
Pipes of the Glands, according to
their-different Natures and Difpofi-
tions, fuck in various Juices from
the Bleod, which is a heterogeneous
Fluid confifting of a great Variety
of Parts. And confequently, the
Propofition is true.

EX X F I F KX FIE R EIRX

Prorosition XXXI.,

IF Human Bodies bave the fame
R Number of correfponding Gfamff?
F
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if thofe Glands have the fame Num-=
ber of corvefponding fecerning Pipes
arifing out of correfponding Blood-
Ve[felsy if the Léngths of corre/pond-
ang Pipes be as the Lengths of the Bo-
dies, #f the Bodies be fitnated altke
with vefpelt to the Horizon, their
Hearts be alike free from the Influ-
ences of difturbing Caufes, and theiwr
Blood alike fatnrated winh Parts fit
for Secretion ; the Quantities of Hu-
mour difcharged by corrvefponding
Glands in a grven Time, will be in
Ratios compounded, of the [efquipli-
cate Ratuws of the Diameters of cor-
refponding Blood-Ve[Jels, and of the
Subduplicate Ratios of the Forces which
move the fecerned Humours through
corve/ponding fécerning Pipes, dirett-
ly; and of the fubduplicate Ratios of
the Lengths of the Bodies, inverfly.
If Z, z denote the Quantities difchar~
ged by rwo corvefponding Glands 1n a
gven Time ; F, f the Forces which

move
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move the Humours through two cora
refponding fecerning Pipes; D, d the
Diameters of two correfponding Blood-
Veflels ; and L, | the Lengths of the

Bodes; 1 fay, that Z.z:: D VELE.
df

d V-
For, allowing the Suppofitions
made in this Propofitzon to be true,
it is evident, that the Quantities of
Humour difcharged by correfpond-
ing Glands in a given Time, will
be as the Quantities difcharged by
any of their correfponding !gecern-
ing Pipes in that Time: But the
Quantities difcharged by corre=
{ponding fecerning Pipes in a given
Time, will be as the Squares of their
Diameters, and as the Velocities of
the Humour flowing through them,
taken together; or as the Squares of
the Diameters of the Blood-Veflels
out of which the Pipes arife, amih as
e
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the Velocities of the Humour fow-
ing through the Pipes, taken toge-
ther; becaufe the Diameters of the
Pipes are as the Diameters of the
Blood-Veflels out of which they
arife; and the Velocities of the Hu-~
mour flowing through correfpond-
ing Pipes, will by Pﬂ?. 1. be in
Ratios compounded of the direct
{fubduplicate Ratios of the Forces
which move the Humour through
them; and of the inverfe fubdupli-
cate Ratios, of the Diameters and
Lengths of the Pi|Pes, or of the
Diameters of correfponding Blood-
Veflels and Lengths of the Bodies:
And therefore, the Quantities of
Humour difcharged by correfpond-
ing Glands in a given Time, will be
in Ratios compounded of the du-
plicate Ratios of the Diameters of
correfponding Blood-Veflels and of
the fubduplicate Ratios of the Forces
which move the Humour thro’ cor-

| refpond=
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refponding fecerning Pipes,  dire&t-
ly; and of the fubduplicate Ratios
of the Diameters of correfponding
Blood-Veflels and of the Lengths
of the Bodies, inverfly; that is,
F f F
Z.z::D'vi- dz-/(ﬁ. But D‘v’ﬁ.
d: V{—f—; '3 Dv’%. d*/gl—f: And there-

DF df
fore, Z.z::D Vi d\f-l—.

Cor. 1. 1f this Propofition be true,
and if the moving Forces of corre-
{fponding fecerning Pipes be as their
Diameters, or as the Diameters of
correfponding Blood-Veflels; the
Quantities of Humour difcharged
by correfponding Glands in a given
Time, will be in Ratios compound-
ed of the duplicate Ratios of the
Diameters of correfponding Blood-
Veflels direétly, and of the fubdu-
plicate Ratios of the Lengths of the
Bodies inverfly, And the mean

Quan»
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Quantities of Humour difcharlged in
a given Time, will be in the fubdu-
plicate Ratios of the Lengths of the
Bodies. If F. f:: D.d; then will
¥z ET % And fince by Cor,
4. Prop. 12. the mean Diameters
of correfponding Blood-Veflels of
Bodies of different Lengths, are in
the fubduplicate Ratios of the
Lengths of the Bodies ; if D, d de-
note the mean Diameters of cor-
refponding Blood-Veflels of Bodies
of different Lengths, and Z, z the
mean Quantities of Humour dif~
charged by correfponding Glands
ina given Time; thenZ. z::vL.
vl

Cor, 2. If this Propofitron be true,
and if the moving Forces of corre-
fponding fecerning Pipes be as the
internal Surfaces of the Pipes, that
15, as their Diameters and Lengths

I1iz taken
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taken tzgcther, or as the Diameters
of correfponding Blood-Veflels and
Lengths of the Bodies taken toge-
ther ; the Quantities difcharged by
correfponding Glands in a given
Time, will be in the duplicate Ra-
tios of the Diameters of correfpond-
ing Blood-Veflels.  And the mean
Quantities difcharged by corre-
{ponding Glands in a given Time
will be as the Lengths of the Bodies:
IfF.f::DL.d1; thenwill Z. z:;
D% d, And, fuppofing D, d, Z, z
to denote mean Diameters of corre-
{pending Blood-Veflels of Bodies
of different Lengths, and mean
Quantities of Humour difcharged
by correfponding Glands in a given
1ime; thenZ.z:;L, ], _

Cor. 3. 1f this Propofition be true,
and if the moving Forces of cor-
refponding fecerning Pipes be as the
Capacities of the Pipes, or as the

Capa-
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Capacities of correfponding Blood-
Veflels; the Quantities of Humour
difcharged by correfponding Glands
in a given Time, will be in Ratios
compounded of the duplicate and
fubdu?licatc Ratios of the Diame-
ters of correfponding Blood-Veflels.
And the mean Quantities of Hu-
mour difcharged by corrcfi)onding
Glands in a given Time, will be in
Ratios compounded of the fimple
and fubquadruplicate Ratios of the
Lengths of the Bodies, If F. f ::
D:L. d*l; then will Z.z:: D*vD,
d*vd. AndfuppofingD,d,Z,zto
denote mean Diameters of corre-
fponding Blood-Veflels of Bodies
of different Lengths, and mean
Quantities of Humour difcharged
by correfponding Glands in a given
Time; then, fince the mean Diame-
ters of correfponding Blood-Vef-
fels of Bodies of different Lengths
are in the fubduplicate Ratios lof

tne
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the Lengths of the Bodies, Z.z ::
LxL*. I,

Cor. 4. 1fthis Propofition be true,
and if the moving Forces of corre-
{ponding fecerning Pipes be as the
Capacities of the Pipes, or as the
Capacities of correfponding Blood-
Veflels ; the Sums of the Quanti-
ties difcharged by all the correfpond-
ing Glands, or any given Numliver of
them, in a given Time, will be in
Ratios compounded of the dupli-
cate and fubduplicate Ratios of the
Diameters of correfponding Blood-
Veflels: For, fince the Difcharges
of any two correfponding Glands
are in thefe Ratios; the Sum of the
Difcharges of all the Glands, or of
any given Number of correfpond-
ing Glands, will be in the fame Ra-
tios. If S, s denote thofe Sums, then
S.s::D*vD. d*vd. Andif§,s,D,d
denote the mean Sums of the Dif~

charges
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charges in a kgiven Time and mean
Diameters o corrcfpondin g Blood-
Veflels of Bodies of different
Lengths, each Mean being taken
from a confiderable Number of Bo-
dies of the fame Length; then,
fince the mean Diameters of corre-

{ponding Blood-Veflels are in the
fEJ duphcate Ratios of the Lcngths

of the Bodies, S.s:: LxL* IxI%,

of
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T i e R A e e A o e A o
Of the Difcharges of Human Bodies.
FEPPEPP R R R F PR R R PR PR RS R TER

ProrosiTioNn XXXIIL

TH E Mean Quantsies of Food
and Difcharges in a natural
Davy, taken from all the Food and
Difcharges of a Month, are nearly
equal in bealthful Bodses.

For I have found by ftatical Ex-
periments, that tho’ the Food and
Difcharges of healthful Bodies be
rarely equalin fingle Days; yet the
mean Quantities in a natural Day,
taken from all the Food and Dif~
‘charges of a Month, are always
nearly equal. And therefore, the
Propofition is true,

Cor.
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~ Cor. 1. If N, n denote the mean
Quantities of Food in a natural
Day of two healthful Bodies, taken
from their whole Quantities of Food
in'aMonth; 4nd P, U,S; p, u, s,
the mean Quantities of their Per-
ffPiration, Urine, and Stool, taken
rom the whele Quantities of thofe
Difcharges in a Month; then by
this Propofition, N is nearly equal
to P+U+S, and n nearly equal to
ptuts.

Cor. 2. If a healthful Body at all
Seafons of the Year take daily the
fame Quantity of Food in every
Month, taking one Day of the
Month with another ; the dailySum
of the Difcharges in every Month,
taking one Day of the Month with
another; will be likewife nearly the
fame at all Seafons of the Year.

K k And
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And therefore, if either Perfpfra—
tion, Urine, or Stool be greater in
fome Months of the Year than in
others; the Sum of the other two
will be as much lefs : Otherwife the
Sum of the three could not-be
given.

The Truth of thefe two Corolla-

ries will farther appear from the fol-
lowing Table. -

Months
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This Table was made from a
Coutfe of Statical Experiments. The
natural Day was divided into three
Parts, Morning, Afternoon, and
Night ; the Morning contain’d fix
Hours from eight to two, the After-
noon fix Hours from two to eight,
and the Night the remaining twelve
Hours. 1 oEferved the Food and the
Difcharges in thefe three Parts of .
the Day, every Day for eight Months
together ; and with the Means ta-
ken from all the Food and all the
Difcharges in the feveral Months,
I compofed the Table: From which
it appears,

Firft, That Perfpiration and U-
rine vary in their Quantities at dif-
ferent Seafons of the Year, and that
as on¢ encreales the other leffens.
In April and May they were nearly
equal, only Urine exceeded Perfpi-
ration a little in Apr#/, and was ex=
ceeded by it a little in May. In

| the
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the three Summer Months, Fuse,
FJuly, and Augufl, taken one with
another, Perfgiration exceeded U=
rine in the Proportion of about
to 3. In Offober and November they
were nearly equal again, only U-
iine exceeded Perfpiration a little
in November. At the End of this
Month I was interrupted, and hin-
dered from carrying on the Expe-
riments throughout the whole Year,
as I at firft intended; but I repeat-
ed them for about ten Days in cold
frofty Weather, and found that U-
rine then exceeded Perfpiration as
much as Perfpiration exceeded U=
rine in Summer.

Secondly, That Stool is but a fmall
Difcharge when compared with Per-
{piration and Urine, and is but little
influenced by the Seafons of the Year
in healthful Bodies. It was a little
larger in May than in the other
Months, from a gentle Diarrbea, for

about
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about twenty Days in that Month,
And it was a little lefs in Ofober
and November, from the Quantity
of Food being lefs in thofe Months
than in the others.

Thirdly, That the daily Food and
daily Difcharges taken from all the
Food and all the Difcharges of a
Month, are nearly ciual at all Sea~
fons of the Year in healthful Bo-

- dies, only the Difcharges fall a little
{hort of the Food in Autumn, and
exceed it a little in the Spring. The
Difference between the Food and
Difcharges at thefe Seafons, arifes
from Perfpiration being more dimi-
nifhed in Autumn by the Cold of
the external Air, than Urine is in-
creafed; and more increafed in the
Spring by the Warmth of the Air,
than Urine is diminithed. Urine
takes up fome Time at thefe Seafons
to have its Increafe and Diminution
made equal to the Diminution and

| Increafc
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Increafe of Perfpiration. And hence
it is that Bodies grow heavier in Au-
tumn and lighter in theSpring ; and
by Confequence, that they are a
little heavier in Winter than th
are in Summer. The Change of
Weight in Spring and Autumn is
not great in healthful Bodies, and
probably does not exceed above
three or four Pounds; for I have
known an Increafe of five or fix
Pounds to have caunfed a Difeafe in
the latter End of Autumn: But an
Increafe of four Pounds in two
Months is at the Rate of about an
Ounce only in a Day: And the
fame Increafe in three Months is at
the Rate of only about two third
parts of an Ounce in a Day, taking
one Day with another.

A Change is continually made in
the Weight of a growing Body ; but
if we confider the Quantity and
Time of its Growth, we fhall find

: 1Ls
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its Focd and Difcharges in a riatufal
Day to bé very nearly equal. For
if a Child newly born weighs 12
Pounds, and in twenty Years (which
I fhall fuppofe to be the Time of
growing) come to weigh 168
Pounds ; the Food will exceed the
Difcharges in a natural Day, taking
one Day of the whole Time of its
Growth with another, by fome-
thing more than the third part of
an Ounce, *Tis true a healthful
Child from its feeding plentifully,
{leeping much, and wanting Exer-
cife, grows much more the firft
half Year than it does afterwards in
the fame Compafs of Time; and
yet cven then there is but lirtle
Difference between the Food and
Dilcharges in a natural Day, taking
one Day with another. For if its
Weight when it is born be doubled
in the firft half Year, the Food will
exceed the Difcharges by little more

than
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than an Ounce in a Day taking one
Day with another. 1 flereforc the
Food and Difcharges in a natural
Day, taking one Day with ano-
ther, are nearly equal in growing
Bodies. _

And we may likewife obferve a
great Chan%e to be frequently made
in the Weights of grown Bodies in
the Compafs of a few Years; but
if we confider the Quantity of the
Change, and the Time in which it
is made; we fhall find little Diffe=
rence between the Food and Dif~
charges in a natural Day, taking
one Day of that Time with ano-
ther. For if a grown Body gain
in Weight 5o Pounds in five Years
Time, the Food will not exceed
the Difcharges by half an Ounce in
a natural Day, taking one Day of
that whole Time with another.

LI« Pres’
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o | e o R R
ProrosiTioNn XXXIIL

SUppsy?rfg the fame Things as are
I fuppofed 1 the 31t Propofition
and 1ts 3d Corollary ; and that the
Quantitses difcharged by Stool m a
natural Day, vaken from the whole
Quantities of that Diftharge n a
Month are i the fame Proportion
as the daily Difcharges of other cor-
vefponding Glands taken from thes
whole Diftharges n a Month ; the
Sum of the Difiharges by Per[pira-
tion, Urine, and Stool in a natural
Day, taken from therr whole Quan-
vities in a Month, will in bealthful
Bodes of different Lengths be in Ra-
2105 camrpauﬁded of the duplicate and
Sibdupiscate Ratios of the Diameters
of corve(ponding Blood-Veflels, that
&, P+U+S. ptuts::D*yD. d*vd.

For
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For the Sums of Perfpiration and
Urine in a natural Day, taken from
their whole Quantities difcharged in
a Month, are in that Proportion by
the 42b Corollary of the 31/f Propofi-

* twn: And the Quantities difcharged
by Stool in a natural Day, taken
from the whole Quantities of that
Difcharge in a Month, are by Sup-
pofition as the daily Difcharges of
other correfponding Glands taken
from their whole Difcharges in a
Month: And therefore, the Sums of
the three Difcharges in a natural
Day, taken from the wholes of their
refpetive Quantities in a Month,
will be in the fame Proportion, that
is, P+U+S. ptuts:: D*vD.d* vd.

Cor. 1. If the Diameters of cor-
refponding Blood-Veflels be in the
fobduplicare Ratios of the Lengths
of the Bodies ; the Sums of the Quan-
titics of Perfpiration, Urine, and

13 Stool
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Stool difcharged daily by healthful
Bodies of different Lengths, when
each Quantity is taken from the
whole ofthat Difcharge for aMonth,
will be in Ratios compounded of the
fimple and {ubquadruplicate Ratios
of the Lengths of the Bodies, 1f D,
d::vL.vl, then will P+U+S. pu+ts:

L+L* 1415

If this Propofitzon obtains in
healthful Bodies; this Coro/lary will
alfo obtain, when the Diameters of
correlponding Blood-Veflels arein
the f{ubduplicate Ratios of the
Lengths of theBodies. 'They are
in this Proportion in perfeétly re-
gular and well-proportioned Bodies,
when they are {ituated alike with re-
{peét to the Horizon, and their
Hearts are free from the Influences
of all difturbing Caufes; and the
mean Diameters of corrrzfpondmg

Blood-Veflels of all healthful Bo-
dies
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dies of different Lengths, when each
Mean is taken from the Diameters
of thofe Veflels in a confiderable
Number of Bodies of each Length,
are likewife in the fame Proportion
And therefore, the mean Sums of
the Quantities of the Difcharges in
a natural Day of healthful Bodies
of different Lengths, when the
Quantity of eacﬁ Difcharge is
taken from its whole Quantity in
a Month, will be in Ratios com-
pounded of the fimple and fubqua-
druplicate Ratios of the Lengths of
the Bodies : But thofe Sums of the
Difcharges are equal to the mean
Quantities of Food in a natural
Day, taken from the whole Quan-
tities of Food in a Month, by Cor.,
1. Prop. 32: And by Confequence,
the mean Quantities of Food in a
natural Day of healthful Bodies of
two different Lengths, will be in
Ratios compounded of the ﬁmphjel
and
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and fubquadruplicate Ratios of thofe
Lengths. This Proportion obtains
nearly in the Royal and Blew-Boys
Hofprial. For upon inquiring into
their Food I found, that taking one
Day of the Week, and confequent-
ly one Day of the Month, with
another, the Quantities of Food
taken daily by Bodies whofe Lengths
are 69 and 54 Inches, are rog and
85+ Averduposs Ounces: But thefe
Quantities of Food are nearly in
Ratios compounded of the fimple
and fubquadruplicate Ratios of the
Lengths of the Bodies; only the
FODE of the Boys compared with
that of the Men, is greater than in
this Proportion by about 52 Ounces
in a Day; which may be owing to
the Food of the Boys being fome-
thing more liquid than the Food of
the Men, and to their ufing more
Exercife. IntheFood of the Boys,
the liquid part is to the folid part a

little
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little more than 3 to r; andinthat

of the Men a little more than 2%
to 1.

The Lengths | Whole Quan-
Lengths of | into the biqua- | tities of Food
the Bodies in | drate Roots of |or Diftharyes
Inches. the Lengths. |ina natur
Day in Aver-
dwp. Ounces.

72 2097 IL§
69 1988 109
66 1881 1024
6o 1670 91
54 1463 8o
48 1263 69
42 1069 582
36 882 48
30 702 38
24 J3z 29
18 371 20

This Table in its third Column
contains the mean Quantities of
Food, or mean Quantities of the

Difcharges,
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Difcharges, in a natural Day, of
healthful Bodies of the Lengths fet
down in the firft Column. 1 com-
puted it by the fecond Column,
which contains the Produ&s of the
Lengths and biquadrate Roots of
the Lengths of the Bodies, taking
109 Averdupors Ounces as a proper
Quantity of Food for well-propor-
tioned Bodies 69 Inches in Height,
on Suppofitien that the liquid part
of the Food to the folid is in the
Proportion above-mentioned. The
Food of very young Children, as
being wholly liquid, fhould be
more than is afligned them by this
Table; but what the exact Quan-
tity is I know not for want of Ex-
periments.

Cor, 2. If this Propofition be true,
as it appears to be ﬁy the laft Co-
rollary ; the Sums of the Difcharges
by Perfpiration, Utine, and Stool,

in
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in a natural Day, taken from their
whole Quarntities in 2 Month, will
in Bodies of equal Lengths be in
Ratios compounded of the fimple
and fubquadruplicate Ratios of their
Quantities of Blood. For the Squares
of the Diameters of correfponding
Blood-Veflels are as the Quanti-
ties of Blood in Bodies of equal
Lengths, thatis, D* d*:: Q. q; and -
the Square-Roots of the fame Dia-
meters, are as the biquadrate Roots
of the Quantities, thatis, vD. vd::

(Il". q"*': And therefore, P+U+S.
pta+ts:: Q_x Qf, qxq‘_*_

For Inftance, if the Quantities of
Blood in two healthful Bodies of the
fame Length be as 3 to 2, then
P+U+S. pruts:: 19741, 118912,
If the Length of the Bodies be fix
Feet, and the Quantity of Food in
a Day of that Body which has the

M m greater
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greater Quantity of Blood be 116
QOunces; the Quantity of Food in
a Day of the other Body will be
about 7o Ounces.

EXEXEXRX XXX ZX R 22X

ProrosiTioN XXXIV, Problem V.
T O determine the Proportion of

Perfpiration to Urine, at diffe=
rent Seafons of the Year, at different
Times of the natural Day, under
different Kinds and Degrees of Ex-
ercife, . Bodies of different Ages,
and Bodies nourifbed by different
Kinds of Food.

L Perfpiration with refpe&t to
Urine is greater in Summer than
in Winter. It was near three times
as great in the Body from which
the Tablein p. 2 59 was made, and
it is generally greater, tho’ not in

the
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the fame Proportion, in healthful
Bodies. A warm Air warms the
Skin and increafes Perfpiration, and
a cold Air cools the Skin and leffens
Perfpiration; but as Perfpiration in-
creafes or leflens, Urine on the con-
trary leflens or increafes by that
Table. The Proportion of Per-
fpiration to Urine is regulated by
the Heat of the Skin; and as far as
the Heat of the Skin is increafed
or leffened by the Heat or Cold of
the external Air, the Proportion of
Perfpiration to Urine will be in-
creafed or leffened by the Heat or
Cold of the external Air. Accord-
ingly, I have obferv’d Perfpiration to
have been only equal to, nay fome-
times to have fallen fhort of, Urine
in the Summer-Time, in Bodies
which have been little expofed to
‘the Heat and Cold of the external
Air. And as far as I can judge
from the Obfervations I have made,

Mm 2 this
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this chiefly happens in Bodies whofe
Skins are natusally cool by a fpare

Diet, or a languid Motion of the
Blood, or both.

II. From the Table p. 259 it
appears, that Urine is always great-
" er in the Afternoon than in the
Morning; that Perfpiration during
the warm Seafon is lefs in the After-
noon than in the Morning, and that
both are greater in the Day thanin
the Night. But as the Man from
whom that Table was made, walked
fome Hours every Day, and gene-
rally more in the Morning than in
the Afternoon ; we cannot fromthat
Table determine thefe Difcharges,
or their Proportions to one another,
at different Times of the Day, in
Bodies which are ac Reft. To ob-
tain thefe nearly, I took the Quanti-
ties of Per{piration and Urine dif~
charged by two healthful Menlgi
an
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and D, in the feveral Hours of the
Day for four Days together in very
hot Weather, and with the mean
Quantities of the Difcharges in
thofe Hours, compofed the follow-

ing Table.
B D
Per{pi- Perlpi-
Hours, | ration. | Urine. | ration. | Urine,

6 €4 oz | 2 I
7 1% I 12 | x

3 % 1 | 1}

9 | 2 13 | s {4 1ds
10 2 1% Ivs | X
1I I¥ | X 15 1 I
Iz 23 I | I

1 25 % ¢ | ¥

2 2 1 15 | ¥

3. 351 |1% | 2 |¢®

4 | 23 | 2 1t | 13

5 2% 2 ¥ | 1

6 23 2 2  §

7 2 |2 2 I

8 | 2+ |25 | 2 1

) 23 Iy ¥ | 1%
o "2 ' L3§ |-xf Ut

B took
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B took 86 Ounces of Food in a Day,
and D only 63 : They both eat their
Breakfaft at cight a Clock in the
Morning, dined at two, and fupped
at cight at Night. It is to be ob-
ferved, that the Numbers corre-
{ponding to the Hour 6 in the Mor-
ning, are the mean Quantities of
Per%Piration and Urine which were
drawn off from the Blood in every
Hour of the Night, taking one
Hour with another.

Setting afide Exercife, and fuppo-
{ing the natural Day to be divided
into three equal Parts, Morning,
Afternoon, and Night, and the Mor-
ning to begin at fix a Clock; the
Quantities perfpired by B and D in
the Morning, Afternoon,and Night,
were nearly by this Table, 16, 20,
15,and 13, 14, 16; and the Quan-
tities of Urine made by thefe Bodies
in the fame Times, were nearly 9,
15,75,and 8, 8%, 9. The Proporti-

ons

A treatise of the animal oeconomy ; the second edition, with additions - page 282 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=282

Anrmar OEconoMmy. 179

ons of Perfpiration to Urine in thefe
Times, were 177, 133, 200, in B;
and 162, 164, 177, in D. Hence
we learn, that the Proportion of
Perfpiration to Urine, is greater in
the Night when Bodies are at Reft
than in the Day-time; thatthere is
no great Difference in this Propor-
tion in thefe Times, in Bodies which
eat {paringly and drink but little
Wine, which as the Cafe of D;
and that in Bodies which eat plenti-
fully and drink Wine, this Propor-
tion is often lefs in the Afternoon
than in the Morning, which was
the Cafe of B. Wine in moft Bo-
dies increafes the Difcharge by U-
rine; and as that Difcharge increa-
fes, the Proportion of Perfpiration
to it will neceffarily leflen ; unlefs
Perfpiration beincreafed in the fame
Proportion as Urine is increafed,
which I believe very feldom hag-
pens. Hence we may judge Ofi the

’ro~
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Propottion of Perfpiration to Urine
at different Times of the natural
Day, in Bodies which are at Reft;
and at the fame time fee, that not=
withftanding the Inequalities of this
Proportion in different Parts of the
natural Day, the Proportion of Per=
{piration to Urine in the whole na-
tural Day, is nearly the fame atthe
{ame Seafon of the Year in health=
ful Bodies; it was nearly 162 inB,
and 168 inD. -

1L, The Proportion of Perfpi-
ration to Urine, is increafed by all
thofe Exercifes which increafe the
Motion of the Blood and warm the
Skin. Two Men of nearly the fame
Height and Weight walked a Mile
in half an Hour, and in that Time
each perfpired about 3% Ounces,
which was about three times as much
as they ordinarily perfpired in the
{fame Time in the Heat of Summer
with-
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without Exercife. This Degree of
Exercife gave a glowing Warmth
to the Skin; it did not make them
fweat, but would have caufed a gen-
tle breathing Sweat, had it been
continued much longet. The fame
Men walked above two Miles in half
an Hour, and in that Time one per~
{pired nine Ounces, and the other
eight, which was about eight times
as much as they ordinarily perfpired
in the fame Time in the Heat of
Summer without Exercife. This
Degree of Exercife made them fweat
rofufely. A third Man, who was
fat and much taller than either of
the others, walked two Miles in
half an Hour, and in that Time
Eerl' ired thirteen Ounces and a
alf, which was about nine times
as much as his Summer’s Per{pira~
tion in the fame Time without
Exercife. And a Boy feven Years
old, who without Exercife perfpired
N n half
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half an Ounce in half an Hour in
the Heat of Summer, by walking at
fuch a Rate as gavea gentle Warmth
to his Skin, but did not make him
{weat, perfpired about three times
as much in thefame Time. Atthe
Beginning of the Exercife of Walk-
ing I have obferved, that Urine has
been increafed as well as Perfpira-
tion; but on centinuing the Exer-
cife, Urine in a very little Time
has decreafed, and grown lefs than
it was before the Exercife, from the
large Difcharge which was made
by the Skin. If we fuppofe the
Quantity of Urine not to be leffen-
ed by Exercife, as it may not in
Perfons who by Drink fupply the
Lofs which is made by Perl%iration,
then will the Proportion of Perf{pi-
ration to Urine be 6 to 1, in Perfons
who walk at fuch a Rate as to give
a glowing Warmth to their Skins
but not to caufe Sweat, and 16 to I

in
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in Perfons who walk at fuch a Rate
as to {weat profufely, on Suppofi-
tion that the Proportion of Perfpi-
ration to Urine is 2 to 1 in the Heat
of Summer. The Exercifg of Ri-
ding increafes Per{piration, but nei-
ther {o fuddenly, or in fo great a De-
gree, as the Exercife of Walking,
as appears from the following In-
ftance. A healthful Man upwards
of ninety Years of Age, who com-
monly without Exercife difcharged
four or five times as much by Urine
as he did by Perfpiration, obferved
that in the Night, after riding fe-
veral Hours the Day before, he al-
ways perfE_ired as much as he dif~

- charged by Urine. In this Cafe
therefore, Perfpiration to Urine was
increafed by Riding in the Propor-
tion of 4 or § to 1.

1V. The Proportion of Perfpi-

ration to Urine 1in Bodies of diffe-
Nna2a rent
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rent Ages will be greater or lefs, as
the external Heat of the Body is

reater or lefs; But the external
Heat of the Body is lefs in old Bo-
dies than in others: And therefore,
the Proportion of Perfpiration to
Urine will be lefs in old Bodies
than in others, In the old Man
above-mentioned, this Proportion
was lefs than in Bodies in the Vi-
gour of their Age in the Heat of
Summer, in the Proportion of 1 to
8orie.

V. The Proportion of Perfpira-
tion to Urine in Bodies nourifhed
by different Kinds of Meats and
Drinks will be greater or lefs, as
thofe Meats and Drinks are fitted
to warm or cool the Skin by warm-
ing or camlin[% the Blood, and in-
creafing or leflening its Motion. As
to Drinks, Water and watry Liquors
drunk hot warm the Skin and in-

creafe
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creafe Perfpiration ; and drunk cold
cool the Skin, and increafe Urine.
Three or four Quarts of Chaly-
beate Waters will pafs off by Urine
in many Bodies in lefs than three
Hours Time. Wine and other fer-
mented Liquors drunk cold and in.
large Quantities frequently pafs off
very quick by Urine, but not alto-
gether fo quick as cold Water; and
drunk hot they increafe Perfpira-
tion. Water impregnated with Nitre
is colder and more diuretick than
plain Water. As to Meats, thofe
which are dry and warming increafe
Perfpiration ; and thofe which are
moift and cooling increafe Urine,
Ripe Apples increafe Perfpiration,
as appears from the following In-
ftance. The old Man above-men-
tioned, whofe Perfpiration in the
eighty-fixth Year of his Age was
not above th part of his Urine, by
eating three quarters of a Pound of

mellow
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mellow Apples at Night with Bread,
brought his Perfpiration to be near-
ly equal to his Urine, lefs only in
the Proportionof x3to16. That
this Change in Perfpiration was
owing to the Apples, appeared from
hence, that on leaving them off,
his Perfpiration grew lefs, and re-
turned to what it was before he be-
gan to eat them,

From thefe Inftances it appears,
that the Proportion of Perfpiration
to Urine, is increafed or leflened b[y'

‘Meats and Drinks, as they increafe
or leflen the Heat and Motion of

the Blood.
o

SE C-
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$5255 5565882588558
SEC.T'1TON IV,
LR R R R R R R AR Rk

Of the Effects of various Fluids, of
Age, of different Kinds of Wea-
ther, and of Exercife, on animal
Fibres.

9700 750w 350 055 0e €050 3500 3508 @035 00
ProrosiTioN XXXV.

T F an animal Fibre be extended by
a Force atling uniformly upon i,

ats Serength will be direétly as that
Force, and inver(ly as the Extenfion
caufed by it in a groen Time: And if
the Fibre be of a given Sore of Maz=
ter, and its Extenfion caufed by the
Force in a given Time be finall; s
Strength then will be very nearly as
O o the
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the Square of its Diameter direllly,
and as its Length imverfly. If S de-
notes the Strength of a Fibre, F the
extending Force, E its Extenfion cau-
fed by the uniform Afiwn of that
Force in a grven Time, D 1ts Dia~
meter, and L its Length ; then Swill

be as %‘,- and if the Fibre be of a
given Sort of Matter, and its Exten-

fion be fmall, then S will be very
nearly as PL_

For the Strength of a Fibre will
be greater, when either a great-
er Force is required to extend it
thro’ the fame Space, or the fame
Force is required to extend it thro’
a lefs Space, in a given Time: And
therefore its Strength will be as the
extending Force directly, and as
the Extenfion caufed by the uniform
Action of that Force in a given

Time
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Time inverfly, that is, S will be
as % And by meafuring the Dia-

meters and Lengths of Hairs, and
taking their Extenfions caufed by
the uniform Ac&ion of Forces in a
given Time, I found that in {mall
Extenfions the Ratio of the extend-
ing Force to the Extenfion caufed by
it in a given Time, is very nearly
equal to the Ratio of the Square of
the Diameter of a Hair to its

Length; that is,fg— is very nearly
equal to %— Therefore the Pro-
pofitson is true,

Cor. If the extending Force be
given, the Strength of a Fibre will
be inverfly as its Extenfion caufed

by the uniform A&ion of that Force
inagiven Time. If F be given, §
will be as -;— .

O o2 I ex-
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I examined the Strengths of dif-
ferent Kinds of Fibres, namel
Hairs, Fibres of Silk, and Ncrves
of Animals; and Hndmg them all
to be affected by the fame Fluids in
like manner but in different De-

rees, I chofe human Hairs as the
teeft for Experiments, and from
them compofed this Section.

TheHair Iufed in compofing the
two following Tables, was that of
a healthful young Woman 2 2 Years
of Age. And in orderto difcover
how it was affected by different
Fluids, I ufed fuch Hairs only where-
of equal Lengths were equally ex-
tended by the fame Force in a given
Time, that is, fuch whereof a
Length of 10 Inches was extended
by a given anght through 5 Divi-
fions of a Scale, in which an Inch
was divided into 40 equal Parts.
And when 1 had wet one of thofe
Hairs with fome Fluid for one Mi-

oute,
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nute, I took its Extenfion when wet
in the Divifions of the fame Scale.
And having got thefe two Exten-
fions, and fuppofing E ta exprefs
the Extenfion of the wer Hair; its
Degrees of Strength when dry and

when wet, will be as—:_- and %, by

o 5
this Cor. or as 1 and §-,oras1ocooo
§0000Q '

and ——. And therefore the
Strength of the dry Hair being ex-
prefled by 100000, its Strength
when wet with that Fluid, will be
exprefs’d by E—%:E.

I meaflured the Extenfions of the
Hairs by means of an Apparatus
thus contrived. ABCD reprefent-
ed a Ruler, whole Length AD is
about two Feet, its Breadth DC
about three quarters of an Inch,
and its Thicknefs CV one quarter
of anInch. The upper End is re-

| ceived
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ceived into a Block, fo as that the
Ruler hangs perpendicularly to the
Plane of the Horizon. IKL is a
fliding Plate of Brafs {o contrived,
as that it may be fixed any where on
the Ruler by means of a Screw M
prefling the Plate of Brafs NO a-
gainft the Side BCV. From the
Middle of this {liding Plate proje¢ts
a fmall Cylinder reprefented at r,
having an Hole drill’d thro’ it at
right Angles to its Axis and to the
Horizon; and theAxis of the Cy-
linder receives a Screw which pref-
{es againft the Center of its Bafis.
The lower End of the Ruler is faced
with a thin Plate of Ivory feven
Inchesin Length ; each Inch is di-
vided into 40 equal Parts, ab, bc,
&c. and each of thofe Parts by
means of a diagonal Scale into four
others. pRqis a fmall piece of
Brafs 8 Grains in Weight, having
a Groove on its upper Past, where
it
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it is pierced with a very fmall Hole
in order to receive the End of 4
Hair under the Screw o; and pq re-
prefents ah human Hair for cutting
the Divifions on the Scale PC.

Having pafs’d one End of an Hair
thro’the {mall Hole at R jand faften’d
it by turning the Screw o, I drew the
other End by help of a fmall bearded
Wire through the Hole in the Cy-
linder r; and fixed it by the Screw
n, f{o as always to have an Interval
of 10 Inches between thofe Screws.
Then on the Groove of the Brafs
pRq I hung a Scale with a Weighe
W, and obferved the encreafed
Length or Extenfion of the Hair
when dry in two Minutes of Time,
caufed by the uniform Aéion of the
given Weight of 300 Grains, which
was the Sum of the Weights of the
Scale, of W, and of the little Brafs
pRq. If this Extenfion either ex-
ceejerl or fell fhort of § Diviﬁoniﬁ}f'

e
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the Scale, the Number pitch’d upon
for the given Extenfion of a Hair
when dry, I threw this Hair away
and try’d others, till I met with one
which had exacly that given Ex-
tenfion. Ithen took off the Scale,
and gently rub’d the Hair from End
to End with a Feather dipp’d in fome
Fluid, and continued £ms wetting
it for one Minute; at the End of
which Time, I put on the Scale
again, and obferved the Extenfion
reduc’d in two Minutes, the Hair
Eeing kept wet, by gently rubbing
it with the wet Feather all the Time,
Sometimes I got the given dry Ex-
tenfion by taking a Mean of two or
more dry Extenfions which were
near it, and the wet Extenfion cor=
refponding to it by taking 2 Mean
of the wet Extenfions of the fame
Hairs. And after I had found the
Extenfion of a Hair wet with Water
to be 35, its Extenfion when dry
being
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being 5: I frequently did not take
the dry Extenfions, but took the Ex=
tenfions of Hairs, firft wet with Wa=
ter, and afterwards, when they were,
dried, with other Fluids. And if
the Extenfion of 4 Hair wet with
Water, was a few Divifions either
above or below 35, I got the true
Extenfion of a Hair wet with fome
other Fluid correfponding to the
Extenfion 35 when wet with Water;
by this Analogy. As the Extenfion
greath or lefs than 35 isto 35, fo
is the Extenfion correfponding ta
that greater or lefs Extenfion when
a Hair is wet with fome other Fluid,
to the Extenfion it would have had
when wet with that Fluid, had its
Extenfion when wet with Water
been 35. Thus I got the Exten-
fions of Hairs, and from thofe Ex=

tenfions compofed the following
Tables,

Pp TABLE
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TasLe L
e ole = H‘
E ER Ry
ZSIRRLE
SEliBlas
Dr-!,r 5 100000
Werwith Mutton Suet melted §ie go3g
Fatof a Tutkey mehed 5t | 97561
il Olive 51 | 96154
Oil of Turpentine 75 | 97238
Oil of Fennel 5% | 95238
Burter melted o 5y | 95238
Salt of Tartar per deliquium 6] 79365
A {trongz Solution of com-
mon Salt ¥ 6% | 74074
Spirit of Wine re&ified 7 | 71428
Rum f i of | 52631
A ltrong Solutisn of Sal-
armoniac } = | 52631
Good Brandy rc‘ fFoooo
A ftrong Solution of Sal-gem 125 | 40000
A ftrong Solution of Niwre 10 | 25000
A firong Solution of fineSugar 20 | 25000
Meath 125 | 22222
Cream of Cow’s Milk r3d- 21450
Juice of Mazzard Chervies 245 | 20272
Gravy of roaft Beef 26 19231
Cow's Milk skim'd 16 19231
A ftrong Solution of Green
Vitriol } w 1B5ab
nice of a ripe Nectarin 278 | w8116
uice of a Lemon :.% 17857
uice of a ripe Peach : | T
A firong Sclution of Alum 282 | 17544
French Claret 9 | 17241
A ltrong Solution of Salt of
T'artgr } 91 | 16949
Vinegar ' 10l | 16940
Tuice of common Cherrics 101 | 16040
Sheep’s Gall 10 16666
Juice of a green Apricock joi | 16393
Juice
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TasrLE L

B o = o

I

22|28 55

SEEE ES
Wet with Juice ot aripe Apple 5 [30F | 16303
Juice of raw Beef 31 16129
Gravy ot roaflt Veal 31 16129
Boyl'd Water, when cold 31 16129
Gravy of boyl'd Mutton 31 16129

Juice of Rasberries . 31 1612

{uicc of Billberries 3L o154
uice of Currans 3z | 15625
Juice of Goofeberries 3z | 1y62f
Juice of Pasfley 32 | 1§6ag
Dewin June 32 | 1538y
wice of raw Turneps 327 15290
| uice of Sorrel 32% | 15267
Juice of a very ripe Apricock 33 15151
uice of raw Carrots 33 | 17151
wice of Cucumbers 33 15141
uice of Purflain 33 15151
uice of Lertice 33 IFIfI
uice of Mint 33 151§1
Juice of Fennel 33 15151

A ftrong Infufion of Mul- x

tard-ieed in Warer } 33 15078
Juice of raw Onions 14 14706
Juice of raw Potatoes 14 | 14706
Juice of raw Cabbage 345 | L4402
Water cold 35 | 14285
Juice of raw Parfneps 35 | 14285
uice of Dandelion 15 | 14285
iuice of Sage 355 | 1418
Tuice of raw Selery 367 | 13888
Juice of Warter Crefles 37 13714
Juice of Scurvy-Grafs 38 | 13158
Spiritof Sal-armoniac 7% G896
Warer hot Ho 6250
Spirit of Vitriol 87 | 5747

P pP 2 TABLE
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OssErvaTIONS o the Tables,

04f: 1. ANimal Fibres are ftrong-

er when they are dry,
than when they are wet with any of
the Fluids of thefe Tables.

O4f 2. By the firlt Table, Fats
and Oils ftrengthen animal Fibres
out of the Body more than ardent
fﬁ-irits; ardent Spirits ftrengthen

em more or lefs, asthey are more
or lefs rectified; Cream of Cows
Milk ftrengthens them more than
skim’d Milk, and fermented Liquors
more than cold Water : But ardent
Spirits and fermented Liquors of all
Kinds are compofed of Oil and Wa-
ter united by Fermentation, the Wa-
ter, by means of fome faline Spirits
with which ’eis impregnated, dif-

folving
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folving the Oil, and volatilizing it
by the A&ion; Cream of Cows

- Milk contains more oily Parts than
skim’d Milk ; and even Water is not
void of oily Parts, forafmuch as out
of it grow all vegetable and animal
Subftances which contain fuch Parts
in their Compofition: And there-
fore it is rational to artribute the
ftrengthening Powers of all thefe
Fluids to their oily Parts.

0b4f. 3. Dew, which is compo-
fed of watry Vapours condenied,
{trengthens animal Fibres little more
than cold Water : But Salt of Tartar
per deliguium ftrengthens them
much more than the ftrongeft Solu-
tion of the fame Saltin cold Water:
And therefore this Salt in deliqua-
ting draws fomething out of the Air
befides Water. What that is, may
be gathered from Prep. 24. and
the following Chymical Experi-
ments
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ments and Inferences drawn from
them. :
¢ A Solution of Silver in Agna
“ fortss poured upon Copper, dif=
“ folves the Copper and lets go the
“« Silver; a Solution of Copper
¢ poured upon Iron, diflolves the
“ Iron and lets go the Copper; a
“ Solution of Iron poured upon La-
¢ p1s Calaminaris or Zink, diffolves
“ the Lapis Calaminaris or Zink
¢ and lets go the Iron; a Solution
“ of Zink poured upon Chalk,
¢ Crabs Eyes or Oyfter-fhells dif=
¢ folves the Chalk, Crabs Eyes or
““ Oyfter - fhells and lets go the
¢« Zink; aSolution of Chalk, Crabs
““ Eyes or Oyfter-fhells mix’d with
“ Spirit of Sal -armoniac, unites
“ with the Spirit and lets go the
““ Chalk, Crabs Eyes or Oyfter-
 fhells; and this Mixture poured
“ upon Salt of Tartar per deliquium,
‘¢ diffolves the Salt and lets go the
 volatile
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“ volatile Spirits. Hence the acid
¢ Particles of Agua fortss are at-
tracted more ftrongly by Cop-
Ecr than by Silver, and more
rongly by Iron than by Copper,
and more ftrongly by Lapss cala-
mimarss or Zink than by Iron,
and more ftrongly by Chalk,
““ Crabs Eyes or Oyfter-fhells than
““ by Zink, and more ftrongly by
Spirit of Sal-armoniac than by
¢“ Chalk, Crabs Eyes or Oyfter-
¢ fhells, and more ftrongly by Salt
of Tartar per deliquium than by
Spirit of Sal-armoniac.
Hence it appears, that Salt of
Tartar per deliquinm ateracts Acids
more {trongly than Metals do, or
any Body we know of : But the Air
abounds with acid Particles, by Prop.
24 : And therefore the watry Moi-
fture imbibed from the Air by this
Salt when it deliquates, muft necef-

Qq farily
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farily be ftrongly impregnated with

acid Particles.

And if the Acid of the Air be the
fole Caufe of the great Excefs of the
ftrengthening Power of Salt of Tar-
tar per deliquum above that of the
ftrongeft Solution of the fame Salt
in Water, as I think it muft be al-
low'd to be; then fuch as receive
moft of that Acid into their Blood
in a given Time, will, ceterss pari-
bus, have the ftrongeft Fibres. Hence
animal Fibres are {trongeft in frofty
Weather, are ftronger in Winter
than in Summer, in cold Countries
thanin hot, in dry Weather than in
moift, and in Winds which blow
from the North and Eaft, than in

Winds blowing from the Soxth and
Wefl.

04/ 4. By the fecond Table, Spi-
rit of Sal - armoniac and Sheep’s

Gall,
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Gall,leflen theftrengthening Powers
of Oils, ardent Spirits, Cream, and
fermented Liquors; and the Spirit
leflens them more than the Gall:
But by the fecond Obfervation Oils,
ardent Spirits, Cream, and ferment-
ed Liquors have their ftrengthening
Powers from their oily Parts: And
therefore Spirit of Sal-armoniac and
Sheep’s Gall muftleffen the ftrength-
ening Powers of thofe Fluids by pro-
. ducing fome Change in their oily
Parts. HenceGall in the Inteftines
of Animals, leffens the ftrengthen-
ing Power of the oily Part of the
Aliment in its Paffage thro’ them.

04f. 5. The Fats of Animals are
rather more ftrengthening than Oil-
Olive, which fhews that the oily
Part of the Nourifhment regains in
the Blood that Part of its ftrength-
ening Power which it lofes in the In-
teftines by being mix’d "with the
Qq:2 Gall:
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Gall: But the Acid of the Air has
a very great ftrengthening Power,
by 04/. 3 ; and the Blood: of Ani-
mals has a conftant Supply of this
Acid by means of Refpiration, by
Prop. 24: And therefore it is ratio-
nal to attribute the Recovery ofthe
ftrengthening Power of the oil
Part of the Nourifhment deftroy’d
by the Gall in the Inteftines, to the
Acid of the Air.

Andif Oil, when its ftrengthen-
ing Power is deftroy’d or greatly lef~
{ened by Gall, can recover it again
by being mix’d with the Acid of the
Air, we may allow this Acid to be
theimmediate Caufe of the ftrength-
ening Powers of Qils and all Fluids
abounding with oily Parts. For
Spirit of Sal-armoniac very ‘much
leflens the ftrengthening Powers of
Oils and Fluids abounding with oily
Parts, by the fecond Table: But this
Spirit attracts Acids very ftrongly Ilnljr

the
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the Experiments in 04/ 3: And
therefore it is rational to think that
it leflens the ftrengthening Powers
of the faid Fluids by drawing of an
Acid from their oily Particles; This
Acid muft be the I{me with the vo-
latile Acid of the Air which enters
the Compofition of all vegetable
and animal Subftances ;: And confe-
quently Oils and Fluids abounding
ing with oily Particles, have their
ftrengthening Powers from the A-
cid of the Air united with thofe
Particles, And that animal Fibres
have their Strength from the fame
Caule will be thewn in the next Ob-
{ervation.

04/, 6. Spirit of Sal -armoniac
ufed alone weakens animal Fibres
much more than cold Water; and
it weakens them gradually, that is,
if they be extended fucceflively be-
ing f{uffered to centract after every

Extenfion,
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Extenfion, they will grow weaker
in every fucceeding Extenfion for a
confiderable Time. For an Hair
kept wet with this Spirit, was weak-
er in the 2 yth Extenfion than in the
firft in the Proportion of 1 to 2 ; and
another Hair f(ept wet with it, was
weaker in the 6oth Extenfion than
in the firft in the Proportion of 10
to23, I try’d this laft Hair four
Days after when wet with the fame
Spirit, and found that it had not
recovered any part of its loft
Strength in that Time; but was
then as weak in the firft Extenfion,
as it was in the 6oth in the firft
Trial. Hence Spirit of Sal-armao-
niac gradually weakens the Power of
the Caufe upon which the Strength
of animal Fibres depends : But this
Spirit from its attraling Acids very
ftrongly,greatly leffens theftrength-
ening Power of oily Particles by
drawing off the Acid of the Air from

them,
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them, by 04/ 5 ; and animal Fibres
contain an Acid in their Compofi-
tion, forafmuch as they contain
Salt; and Salt is compofed of Acid
and Earth united by Attradion, as
Sir [faac Newton has fhewn, Opz,
p. 360 : And therefore Spirit of
Sal-armoniac gradually leﬂ{‘)ns the
Strength of animal Fibres, by gra-
dually drawing off an Acid from
their earthy Parts, upon which A- -
cid the Strength of Fibres depends.
This Acid muft be the fame with
the Acid of the Air, becaufe Ani-
mals have a conftant Supply of this
Acid both from their Food, and by
means of Refpiration.

0bf. 7. The Juices of Water~
Crefles and Scurvy - Grafs, weaken
animal Fibres fomething more than
cold Water, but much lefs than Spi-
rit of Sal-armoniac; and they pro-
bably do it, as that Spirit does, by

drawmg
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drawing off a fmall Portion of the
Acid from the earthy Parts of the
Fibres.

0%/ 8. Spirit of Vitriol weakens
animal Fibres gradually, like Spirit
of Sal-armoniac. For a Hair Eept
wet with this Spirit was weaker in
the 12th Extenfion than in the firft
in the Proportion of 71 to 15. The
Way this Spirit weakens animal Fi-
bres may be this: The earthy Part
of a Fibre may attract this Spirit
more ftrongly than its own Acid
from whence it has its Strength, and
not being able to hold both, may
let go its own to clofe with this, and
fo lofeits Strength. The Cafe here
is much like that defcribed by Sir
Ifaac Newtonin thefeWords.“When
“ Spirit of Vitriol Poured upon
“ common Salt or Salt-petre makes
“ an Ebullition with tEe Salt and
““ unites with it, and in Diftillation

“ the
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“ the Spirit of the common Salt or
““ Salt-petre comes over much eafier
¢ than it would do before, and the
 acid Part of the Spirit of Vitriol
¢ ftays behind; doesnot this argue
“ that the fix’d Alcaly of the Salt
““ attracks the acid Spirit of the Vi-
“ triol more ftrongly than its own
 Spirit; and notbeing able to hold
“ them both, lets go its own?

Opt.p- 353.

05/ 9. Rectified Spirit of Wine
ftrengthens animal Fibres at firft
much more than cold Water; but
if Fibres be kept conftantly wet with
it, they will grow weaker in every
Extenfion for fome Time. For a
Hair kept conftantly wer with ir,
was weaker in the 24th Extenfion
than in the firft in the Proportion
of 26 to 7; but it was then ftronger
than if it had been wet with Warer

in the Proportion of 35 to26: So
' R r ;hat

A treatise of the animal oeconomy ; the second edition, with additions - page 315 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=315

312 A Treatife of the -

-that tho’ Hairs wet with this Spirie
grow weaker and weaker in every

Extenfion, yet as far as I have try’d

they never come to be fo weak "as

when wet with Water, The Rea-

fon may be, that the {pirituous Part
~of this Fluid evaporates much fafter
than its watry Part : For this will

leave the Hair more faturated with

Water and lefs with Spirit in ever

focceeding Trial, and fo gradually

weaken it, tho’ never fo much as

cold Water. TheStrength of a Hair

wet with this Spirit in the firft Table,

was taken from the firft Extenfion,

in which we may fuppofe the Hair

to be moftly faturated with this Spi-

rit.  But the Strengths of Hairs wet

with Spirit of Sal-armoniac and Spi-

rit of Vitriol were taken from t]i'lf:

laft Extenfions of the Trials 1 made,

as they ought to be, on account of

the Change made in the Texture of

the Fibres by thofe Spirits, :
04f.
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0bf. 1o. Spirit of Sal-armoniac
and the Gall of Animals fcarce al-
ter the ﬁrengthening Power of the
{trongeft Solution of common Salt
in Water ; which argues that the
acid Part of common Salt is more
ftrongly attracted by the Alcaly of
that Salt, than itis by Spirit of Sal-
armoniac and the Gall of Animals,
Hence common Salt is of avery per-
manent Nature, and a great Pre-
ferver of animal and vegetable Sub-
ftances from Putrefaction when they
are {aturated with it,

04f. 11. Spirit' of Sal-armoniac
and the Gall of Animals mix’d with
Salt of Tartar per deliquium, en-
creafe its ftrengthening Power; and
this they do by imparting fome A-
cid to that Salt. For Salt of Tartar
per deliguinim attradts Acids more
ftrongly than Spirit of Sal-armouiac
does, by the Experiments in 04/ 3 ;
Rr:2 and
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and confequently, by the fironger
Attralion, it nef only retains its
own Acid, but draws fome Acid
from the Salts of the Spirit and
Gall, and has irs ftrengthening

: Powm encreafed thereby.

04f: 12. Vegetable Juices taken
one with another, ftrengthen ani-
mal Fibres fomr:tlnng more than
cold Water. The Juices of Fruits
ftrengthen them fomething more
than the Juices of Roots or Herbs;
and the Juices of green Fruits a httlf:
more than the Juices of Fruits which
are ripe. In general, ngetable
Juices ftrengthen lefs than the Gra-
vies of flefh Meats, and Water lefs
than fermented quums whence
Perfons who live upon ﬂth Meats
and fermented Liquors have, cere-
vis paribus, ftronger Fibres than Per-
fons who live upon Vegetables and
Water.  Air is much wogfe, from

putrld
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putrid Vapours and Exhalations, in
Cities than in the Country; on
which account, a Diet of flefh Meats
and fermented Liquors taken in
moderate Quantities, is more ne-
ceffary in Cities than in the Coun<
try, to ftrengthen the Fibres and
preferve Bodies from Difeafes. Frefh

~ Air is a great Strengthener of the
Fibres, and a great Preferver of ani-
mal Fluids from Putrefaétion; and
confequently does not require fo ge-
nerous a2 Diet to keep Bodies in
Health, as an Air corrupted by pu-
trid Vapoursand Fxhalations.

04/ 13. So then, by the fore-
oing Obfervations, animal Fibres
em to have their Strength, and

Fluids their ftrengthening Powers,
from the Acid of the Air, united
with their component Particles by
virtue of its firong Attraction.

The
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The Acid of the Air and other
acid Spirits, feem to have their at-
trattive Powers from the Particles
of Light united with their compo-
nent Particles.. For Sir [/aar New-
zon has fhewn from Experiments and
Obfervations, that both Acids and
Light . attract fix’d Bodies more
ftrongly than they do Water, that
the attra&ive Powers of the Parti-
cles of Lightin Proportion to their
Quantities of Matter are exceed-
ingly great; for Inftance, the At-
tration of aRay of Light in Pro-
portion to its Quantity of Matter,
isabove 1000000000000000 times
greater than the Gravity of a Body
at the Surface of the Earth is in Pro-
portion toits Quantity ot Matter,
and that Light enters the Compofi-
tion of all Bodies; from allwhichit
is rational to areribute the attractive
Powers of acid Particles to the Par+
ticles of Light united with them,
ar From
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From the immenfe Attra&ion of the
Rays of Light in Proportion to their
Quantities of Matter, Sir /faac New-
ton makes the following Inference.
¢ Tanta autem vis in Radiis, non
poteft non ingentes effectus ob-
tinere in illis materiz particulis,
quibufcum in corporibus compo-
‘¢ nendis conjunéti fint; ad efficien-
 dum, ut particulz illz fe invicem
attrahant, et inter {e moveantur,
And he exprefles much the fame
Opinion in Q«. 30. of his Opricks
in thefe Words. ¢ Are not grofs
‘¢ Bodies and Light convertibleinto
one another, and may not Bodies
receive much of their A&ivity
“ from the Particles of Light
¢ which enter their Compofition?
¢ For all ix’d Bodies being heated
¢ emit Light fo long as they con-
tinue fufficiently hot, and Lifght
mutually ftops in Bodies as often

(11 as
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¢ a5 its Rays ftrike upon their Parts,
“ as we fhew’d above,

0bf. 14. Mr. Hales in his Vege-
table Staticks has thewn that volatile
Salt of Sal-armoniac diftill’d abforbs
true permanent Air, or deftroys
part of its Elafticity : But this Salt in
Spirit of Sal-armoniac attra&s Acids
fo ftrongly as tobeable todraw them
off from Metals and Earths diffolved
by them, by the Experiments in
O4f. 3; and the Particles of true
permanent Air are of a fix’d and
earthy Nature: And therefore it is
rational to think, that the volatile
Salts of Sal-armoniac diftil’d ab-
forb true permanent Air, or deftroy
its Elafticity, by drawing offan Acid
from its component Particles. And
if fo, then the fame Caufe which
gives the Particles of fix'd Bodies an
attractive Power when they touch,
whereby
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whereby they ftick together, gives
them a repulfive Power whereb
they fly or endeavour to fly afunder,
when by Heat or Fermentation they
are removed to fmall Diftances from
one another.

2222223325 2325822202
Prorosition XXXV

ANémai Fibres by Age encreafe in
Denfity and Strength, and le[fen
a little in Magnitude.

#3500 205500 205500 05300 8300 )5 500 500 w500
Proof by EXPERIMENTS.

fxperémmr I.
THE mean Strengths of the Hairs
of three Females of the Ages
8,22, §7 Years, were as the Num~
bers 10309, 17967, and 25000,
{ when
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when the Hairs weredry : And fingle
Hairs of thefe Perfons of the fame
Strength when dry, were of the
Strengths 7812,14285,and 22222,
when they were wet with cold Wa-
ter. The mean Denfities of thefe
Hairs were 10390, 11470, and
12947, the Denfity of Water being

10000. And their mean Diameters
I I

I
were 50, J7pand o part of an

Inch,

Exp. 2. The mean Diameter of
the Hairs of 4 Girls, whofe mean
Age was feven Years and a half, was

I e
735 part of an Inch, and their mean

Denfity 10348. And the mean
Diameter of the Hairs of 4 old Wo-
men, whofemean Age was 58 Years,
‘was ;;-g part of an Inch, and their

mean Denfity 12692. Therefore
the Propofition is true,

Cor.
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Cor. 1. The Strengths of animal
Fibres in Proportion to their Denfi-
ties, are lefs in young Bodies than
inold. Forthe mean Strengths of
the Hairs of the three Females in
the firflt Experiment in Proportionto
their mean Denfities, are as the
Numbers 99220, 156643, and
193095.

Cor. 2. The Strengths of animal
Fibres in Proportion to the Quanti-
ties of Matter in equal Lengths of
them, are lefs in young Bodies than
in old. For the mean Quantities
of Matter in equal Lengths of the
Hairs ufed in the firlt Experiment,
computed from their mean Diame-
ters and mean Denfities, are as the
Numbers 11544, 11414, and
10568 ; and their mean Strengths
in Proportion to their mean Quan-
titics of Matter, are as the Numbers
89301, 157412, and 236563.

' S{2 ScHo~
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ScHOLIUM.

From Fibres growing ftronger as
Bodies grow older, without any In-
creafe in their Quantities of Matter ;
it is evident that the Power which
makes the Particles of Fibres to co-
here and refift extending Forces,
muft arife from fome very fubtile
Matter, whofe Particles are endued
with very great attractive Forces;
which fubtile Matter can beno other
than Light. For the Particles of
Light, trom their exceeding Small-
nefs, may enter the Compofition of
Bodies in great Quantities without
fenfibly increafing their Weights,
and, from their ftrong attractive
Powers, may make the Particles of
the Bodies with which they are uni-
ted cohere or ftick together with
great Force. Hence Fibres will
grow {tronger perpetually as Bodies
advance in Age, from their ftill get-

ting
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ting more and more of thefe active
Particles from Food, Exercife, Fire,
and that great Fountain of Light
the Sun; and confequently Bodies
will grow old fooneft, whofe Fibres
by the aforefaid Ways get the great-
eft Quantity of thefe acive Particles
into their Compofition in a given
Time. The Truth of all which
appears from the following Obfer-
vations. Old Woods burn more
vehemently than young Woods of
equal Drynefs, which argues that
they contain more Light in their
Compeofition. Plants abound more
with Oil and lefs with watry Juices,
in Autumn than in Spring ; but Oil
contains much more Light in its
Compofition than Water. Women
fooner leave off Child-bearing, and
Bodies grow old fooner,in hot Coun-
tries than in cold. Plants of the
fame Kind fooner come to their full

Growth and wither fooner in fun-
thiny
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thiny than in fhady Places. And

violent Exercife brings on old Age,
which confifts in an univerfal Hard-
nefs of the Fibres, as Sanfforius has
obferved. This Hardnefs of the Fi-

bres caufed by violent Exercife, may
arife chiefly from a greater Quanti-

ty of Light imparted to them in a

given Time, by a greater Quantity

of Food and a greater Quantity of
the Acid of the Air. For the watry

part of the Food muft communicate

Light to the Fibres on account of
their attragting it more ftrongly
than Water does, by 04/ 13. Prop.

35. Andifthe Acid of the Air be

of a watry Nature, and differ chiefly
from Water in containing much
more Light in its Compofition than

Water does, as from {fome Obfer-

vations is obvious to colle&, then
this Acid will do the fame as the wa-
try part of the Food, and for the

fame Realon; and granting this,

fuch
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fuch as take moft Food, and acquire
moftof this Acid byRefpiration,in a

iven Time, muft, ceteris paribus,

ave the ftrongeft Fibres: But fuch
as ufe violent Exercife, take more
Food and more frefh Air than
others: And confequently they will
fooneft acquire that Strength and
Rigidity of the Fibres wherein old
Age confifts. |

T HE Fibres of Animals are flrong-
er or weaker, asthe Awr abounds,
lefs or move withwatry Vapoursor pu-
trid Exhalations, ormore or lefs with
acid Particles, or asit s colder or botter,

1. The Fibres of Animals are
ftronger or weaker, asithe Air a-
bounds lefs or more with watry Va-
pours. For all Sorts of Fibres, a'nd
moftother Bodies, are drier or moift-

er
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er as the Air is drier or moifter;
Woods fhrink and become lighter
in dry Weather, and fwell and grow
heavier in wet Weather; and I have
found Hairs {tretched with a very
fmall Weight to be fhorter in dry
Weather :%Jan in wet, in the Day
than in the Night. A Friend made
aHygrofcope of aPiece of Spunge
throughly dried and counterpoifed
by 2a Weight equal to it in that State,
and obferved in general, that from
the Sun-rifing the Weight of the
Spunge decrealed till Noon or alittle
after, and, if the Weather was not
moift, {tood there till towards Eve-
ning, when it began to increafe, and
increafed confiderably inthe Night;
that when the Window was left open
in the Evening or Night the Weight
increafed more; that it increafed
very much even in the Day on wafh-~
ing the Koom next to the Clofet
where it hung, tho’ the Door was

kept
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kept lock’d; and that it always in-
creafed in wet Weather and decrea-
fed in dry Weather. And it has
been found by ftatical Experiments
that human Bodies are lighter in dry
Weather than in wetWearher,which
argues that the Fibres of Animals
are affected by the Weather as other
Bodies are, or that they are drier or
moifter as the Air abounds lefs or
more with watry Vapours : Butdry
Fibres are ftronger than wet Fibres
by 7ab. 1. Prop. 35. A Hair was
ftronger when dry than when wet
with cold Water in the Proportion
of 100000 tox14285. IwetaHair
with cold Water, and then fuffer’d
it to dry, and found it to be ftronger
in the feventh Fxtenfion than in the
firft which was made immediately on
leaving off wettingit, in the Propor-
tion of 71 to 34; which fhews that
wet Fibres grow ftronger as they
grow drier: And therefore the Fi-

Tt bres
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bres of Animals are f{tronger or
weaker, as the Air abounds lefs or
more with watry Vapours.

2. The Fibres of Animals are
{tronger or weaker as theAir abounds
lefs or more with putrid Exhalations.
For Salts become volatile by Putre-
facion, by Schol. Prop. 29 ; and
confequently when the Bodies of A-
nimals and Vegetables are diflolved
by Putrefaction, their Salts become
volatile, and afcending into the Air
deftroy fome Part of its Acid and
leflen its Elafticity, by virtue of the
great Power wherewith they attrac
acid Particles, and on both thefe
Accounts thofe Salts weaken the Fi-
bres of Animals more or lefs, asthe
Air abounds more or le(s with them.
There may likewife be Differences
in the Natures and Powers of thefe
putrid Salts, by which when mix’d
with the Blood of Animalsthey may
aét very differently both upon it and

the
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the Fibres, and (o caufe Epidemick
Difeafes of various Kinds. But the
Effets arifing from the different
Natures of thefe Salts, Ileaveto be
determined by farther Experiments
and Obfervations,

3. The Fibres of Animals are
{tronger or weaker astheAir abounds
more or lefs with acid Particles. The
Truth of this appears from the Ob-
fervations on the 7ables of Prop. 3 5.

4. The Fibres of Animals are
ftronger or weaker, as the Air is
colder or hotter, For Cold con-
denfes animal Fibres as well as other
Bodies by bringing their Parts near-
er together, and Heat rarefies them
by removing their Parts to greater
Diftances from one another: Buc
the nearer the Parts of Fibres are to
one another, the greater are the at-
tractive Powers of thofe Parts, all
Attradion being ftronger at lefs Di-
ftances than at greater; and the

T £ 2 greater
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reater the attradtive Powers of the
Parts of Fibres are, the greater is the
Strength of the Fibres: And there-
fore the Fibres of Animals are
ftrengthened by Cold and weaken’d
by Heat, and confequently are
{tronger or weaker as the Air is
colder or hotter. . Accordingly I
have found Hairs to be ftronger in
Winter than in Summer, and they
are much ftronger when wet with
cold Water than when wet with hot
Water, by 7ab. 1. Prop. 35. There-
fore the Propofition is true,

252854 282235258332225
ProrosiTtion XXXVIII.

N F dry Fibres of different Strengths

L be wetted with Water, or Fibres

wet with Water of different Strengths
be dried; vhe Loffes of Strength of the
Joirft i Proporton to their Strenaths
when dry, and the Gains of Strength
of

A treatise of the animal oeconomy ; the second edition, with additions - page 334 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=334

AxiMAL OEconoMmy. 331

of the feécond 1n Proportion to their
Strengths when wet, will each of them

be lefs in fironger Fibresthan inweaker.

Proof by EXPERIMENTS,

FIVE Hairs were extended by a
given Weight in equal Times,

thro’ the Spaces 3, 4, 5, 6, 7, when
the Hairs were dry; and thro’ the
Spaces 7, 12+, 36, 60, 89, when
they were wet with Water. Their
Strengths computed from thefe Ex-
tenfions,were as the Numbers 3333,
2§00, 2000, 1666, 1428, when
the Hairs weredry ; and asthe Num-
bers 1333, 800, 277, 166, 112,
when they were wet. And their
Loffes of Strength by being wetted,
were as the Numbers 2000, 1700,
1723, 1§00, 1316; which Num-
bers likewife exprefs the Gains of
Strength which tﬁe wet Hairs would
have acquired by being dried; for I
have found that Hairs wet with Wa-
ter
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ter recover the fame Degrees of
Strength by being dried, which
they lofe by being wetted. And the
Lofles of Strength of the dry Hairs
by being wetted, in Proportion to
their Strengths when dry, were as
the Numbers 6coo, 6800, 861y,
9003, 9215: And the Gains of
Strength of the wet Hairs by be-
ing dry’d, in Proportion to their
Strengths when wet, were as the
Numbers 1 500,2125,6220,9036,
11750. Therefore the Propofition
is true. .

Cor. Hence we fee the Reafon
why Perfons of weak Fibres are more
affe¢ted by Changes of Weather
from dry to wet and wet to dry, than
Perfons of ftrong Fibres. For thofe
muft certainly be moft affected by
thefe Changes, whofe Fibres alter
moft in their Strength with refpect
to the Strength they had before the
Changes happened. Accordingly

we
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we often find Perfons of weak Fibres
complain of Lownefs of Spirits and
Pains at the coming on of wet Wea=
ther, but feldom obferve Perfons of
ftrong Fibres to be troubled with
thofe Complaints.

o totaolabeatlatoateadadet
ProrosiTion XXXIX,

IF the fame Fibre both dry and wet
be extended and contratled alter-
nately for fome Time, 1t will in both
thefe .S'm!es lofe Part qf i#s Strength by
this Motion; and the Lofs in a given
Time in Pr@amm v0 the Strength at
the Beginning of the Motion, w;f! be
lefs when the Fibre is dry, than when

it s wet.

Proof by EXPERIMENTS,
'[ Extended a dry Hair by a ngwen

Weight five times fucceflively,
taking off the appended Weight af-
ter every ExtenlE ion, and fuffering

the
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the Hair to contract as long as it was
extending, which was two Minutes
of Time. The firft Extenfion was
s and the laft 5%, whence by the
firft Propofitzon the Strcn‘gth of the
Hair in the firft Extenfion was as
20000, and in the laft as 18181
and the Lofs of Strength by the Mo-
tionas 1819, and tEe Lofs in Pro-
portion to the Strength at the Be-
ginning of the Motion as gog, Af~
ter this, Iwet the fame Hair, and
kept it wet during five other Exten-
fions, the firft of which was 64 and
thelaft93. TheDegreesof Strength
correfponding to thefe Extenfions,
were as the Numbers 1562 and
1075 ; and the Lofs of Strength by
the Motion in this State of the Fibre
was as 487, and the Lofs in Pro-
portion to the Strength at the Be-

ginning of the Motion as 3118.
I extended another Hair 7 times,
both when it was dry and when it
was
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was wet with Water, and found the
firft and feventh Extenfions to be 6
and 6% when it was dry. The
Strengths correfponding to thefe
Extenfions were as the Numbers
16666, 14815, and the Lofs of
Strength by the Motion as 1851,
and the Lofs in Proportion to the
Strength at the Beginning of the
Motion, as r11. When thefame
Hair was wet, the firft and feventh
Extenfions were 85 and 102. The
Strengths correfponding to thefe Ex-
tenfions were as the Numbers 1176,
980, and the Lofs of Strength by this
Motion was as 196, and the Lofs in
Proportion to the Strength at the
Beginning of the Motion, as 166.
Therefore the Propofition is true.
Cor. Hence we have one Reafon
why {pare dry Bodies are not fo foon
tired by Labour and Exercife, as Bo-
dies which are grofs and phlegma-
tick, For the Fibres of the former
Uu are
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are drier than the Fibres of the lat-
ter; and confequently, by this Pro~
pofition, lofe lefs Strength in a given
Timein Proportion totheir Strength
atthe Beginning of the Motion,than
the others do: But thofe Bodies muft
certainly bear Labour and Exercife
longeft without Fatigue, whofe Fi-
bres lofe lealt Strength in a given
Tin.cin Proportion totheir Strength
at the Beginning of the Motion. A-
nother Reafon why the former can
bear Labour and Exercife longer
without Fatigue than the latter, is,
that they have lighter Bodies to

move, and {tron ger Mulcles to move
them.

$62 05 10> 205500 053 0v ap{i0m @0 50> 0550 0500 455
Prorosition XL.

T HE Contrattion of a Fibre in a

grven Time, 1n Proportion to its

Extenfion caufed by a groen Weight

in the fame Time ; 15 fomething lefs in

ﬁrang_er

A treatise of the animal oeconomy ; the second edition, with additions - page 340 sur 342


http://www.biusante.parisdescartes.fr/histmed/medica/page?38122&p=340

AvximarL OEconomy. 337

[fironger Fibres than in weaker, both
‘when the Fibres are dry and when wes
with Water.

Proof by EXPERIMENTS.

Exp. 1, HE Extenfions in 2 Mi-
' nutes of 2 dry Hairs of

a Girl 8 Years of Age, werez, 21,
and their Contra&tions in the fame
- Time were 6%, 20. And the Ex~
tenfions of the fame Hairs when wet
with Water were 72, 118 ; andtheir
Contractions 71, 117. And the
Contractions in Proportion to their
refpective Extenfions, were as the
Numbers 9464, 9523 when the
‘Hairs were dry, and as the Numbers

9895, 9915 when they were wet
with Water.

Exp. 2. The Extenfions of 2 dry
Hairs of a young Woman 22 Years
of Age were 4+, 8; and their Con-
tracions in the {ame Time 4, 73:
And the Extenfions of the fame

Uuz Hairs
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" Hairs when wet with Water were 1

~92; and their Contrations 142,
91:. And their Contra&tions in
Proportion to their refpective Ex-
tenljiJons were 8888, 9375 when the
Hairs were dry, and 9417, 9918,
when wet with Water.

Exp. 3. The Extenfions of 2 dry
Hairs of a Woman 57 Years of Age
were §, 13+, and their Contra&ions
in the fame Time 4%, 12:. And
the Extenfions of the fame Hairs
when wet with Water were 222, 77,
and their Contra&ions 113, 753,
And their Contra&ions in Propor=
tion to their refpective Exten£0n$
were as the Numbers gooo, 9444
when the Hairs were dry, and as the
Numbers 9666, 0838 when wet
with Water.  Therefore the Pro-

pqﬁ.’:ﬁan is true. m
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