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ADVERTISEMENT.

HFE firft edition of this work was publifh-

ed in 1747. It was defigned as a correc-

tion and improvement of Boerhaave's Inftitu-

tions, by adding the new difcoveries of Mor-
gagni, Winflow, Albinus, Douglas, &c.

IN 1751, another edition was publifhed; in
which fome things were treated more fully, and
others more briefly, than before. The ana-
tomical defcriptions, particularly, were here
abridged ; fome new phyfiological difcoveries
added; and a great number of typographical
errors corrected.

A THIRD edition was publifhed in 1764. Here
the author conformed the order of his fubjects
treated of in his Firft Lines to thofe of his larger
work, and made the number of books contain-
ed in both equal; but did not think proper to
abridge his Firft Lines any farther, left they
{hould thus have become lefs fit for the pur-
pofes of a text-book.

Tue demand for this work {foon became {o
great, that an edition was printed at Edinburgh
in 1766, under the infpection of the then Pro-
feflor of the Inftitutions of Medicine ; who had
formed the phyfiological part of his lectures
upon a fimilar plan. The greateft care was
taken to have this edition as exact and free
from typographical errors as poflible; and it
was farther improved by the additon of an
Index,



Index, which may be confidered as an elegar
compend of the whole. _It was thought pr ﬂpc
however, to retain the erroneous numbers'of EhL
Imrdpmph*-. which had efcaped in the original
editions, for the more eafily referring from one
pLH.L to another, and that no confufion might
arife from ufing the different editions.

Or the laft mentioned valuable edition the
prefent 1s an exact tranflation, in which all
poflible care has been taken to give the true
meaning of the author, in a plain and eafy
manner : Aaundertaking to which the publifher
was incited by the confideration, that the tranf-
lation with which ftudents have been hither-
to furnifthed, not only was done from an old
edition, exceedingly imperfe@. in comparifon
with the laft one; but is alfo unneceflarily ex-
tended in the printing to double the fize of the
original, and of courfe proportionably enhanced
in the price.
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PHYSIOLOGY.

CHAPR, L
Of the Animal F1s R Es.

I. HE moft fimple parts of the human body
are either fluid or folid. The fluid parts,
being of divers kinds, we fhall hereafter
confider in their molt convenient places.

But here the folids, which make the moft fimple and

true bafis of the body, come firlt to be confidered be-

fore the hiltory of the other parts.

2. The filid parts of animals and vegetables have
this fabric in common, that their elements, or the
{malleft parts we can fee by the fineft microfcrope, are
either fibres, or an unorganized concrete.

3. A fibre in general may be confidered as re-
fembling a line made of points, having a moderate
breadth; or rather as a flender cylinder. And that
the more conftant or permanent parts thereof are
earth, is demonitrated from a calcination, or a long
continued putrefaction.

4+ Thefe earthy particles have their connettion and
power of cohefion, not from themfelves or a mere con-
tact,



2 : ANIMAL FIBRES. Cuar.l.

tatt, but from the intermediate glue placed betwixt
them. This we know from the experiments mention-
ed above (3.); and from the eafy experiment by which
a burnt hair, whole parts yet hang together, recovers
a degree of firmnefs by dipping in water or oil. Alfo
the remains of ivory or bone fhavings, whofe jelly has
been extracted, become friable, like bones which, by
long expofure to the weather, are converted into a true
carth very ready to imbibe water. But even bones
rendered friable by having their gluten extracted, will
recover their hardnefs when the gluten is reftored.
It is this gluten alone which holds togethér the more
fimple parts of animals.

5. That this glue 1s compofed of oil combined with
water by the vital attrition in animals, appears again
from the chemical analyfis of bones and hair; from
the jelly of bones, ivory, and horns; and from the
nature of our aliments themielves. Nor is there any
kind of glue that could more powerfully join the parts
of animals together; as we experience in fifh-glue,
and that of | Jumt,rfs or cabinet-makers, &c.

6. Larth} particles then(3.) cohering longitudinally, and
tied together by an intervening cohefive glue(s.), com-
pole firlt one of the leaft or molt fimple fibres, fuch as we
have a knowledge of rather from reafon than fenfe.

7. But the fibres which appear firft to the fight are
of two kinds. The firft kind of thefe fibres is lmcal
namely, fuch as have their length confiderably large in
proportion to their breadth ; and which, by difpofing of
the elementary particles in a right line, mult of courfe
lay them gencrally parallel with the contiguous fibres.
Examples of fuch ﬁhrts we fee in the bones, and moft
eafily in thofe of a feetus ; and likewife in the tendons,
ligaments, and mufcles : ::m]. we muft always remem-
ber, that the eye never reaches to the fmalleft fibres,
but to larger ones made up of the fmalleft, and like to
them in f{lendernefs, placed together in a redtilineal
courfe. That thefe are not different from the fmalleft
fibres, we are perfuaded by the moft accurate micro-

fcopes
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fcopes of Muyfe and Lewenhoeck ; by which the muf-
cular fibres, divided even to the laft, appear fimilar to
the larger, till at length they feem mere lines.

8. The fecond kind of fibres (7.) are thofe in which
the breadth is frequently larger than their length,
Thefe, when loofely interwoven with each other, are
called the cellular tunic; though the name tumic or
membrane is on many accounts very improper.

9. This cellular fubftance is made up of an infinite
number of little plates or feales, which, by their va-
rious directions, intercept fmall cells and web-like
fpaces ; and join together all parts of the human body
in fuch a manner, as not only fuftains, but allows them
a free and ample motion at the fame time. But in this
web-likefubftance thereisthe greateft diverfity, inrefpe
of the proportion betwixt the folid parts and intercepted
cells, as well as the breadth and ftrength of the little
plates, and the nature of the contained liquor, which
is fometimes more watery, and fometimes more oily :
and likewife in the mixture of fibres and threads; of
which in fome parts, as in the coats of the arteries,
there is a great number ; in others, as under the fkin,
fcarce any.

10. Out of this net-like cellular fubftance, com-
pacted bythe little plates concreting and preffed together
by the force of the incumbent mufcles and diftending
fluids, or from other caufes, arife broad and flat plates
or {Kins in various parts of the body, which, being ge-
nerally difpoled in a reéilineal dire@ion, are more
properly called membranes ; or, being convoluted into
cones and cylinders, pervaded by a flux of fome juice
or liquors through their cavities, put on the name of
veflels ; or elle, being extended round fome fpace that
13 in a plane parallel to itfelf, we call it a funic or coat.
But that tunics or coats are formed out of the cellular
fubftance is proved by ocular infpection, efpecially in
the aorta, fkin, pericardium, or dura mater, by mace-
ration; and the coats of the mufcles are thus evidently
of a cellular fabric, fimilar to that of other tunics.

b 2 The
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The famething isalfo proved from the eafy change of the
dartos, and the nervous membrane of the inteftines,
by inflation, into a cellular fubftance ; from the hard
and thick membranes about encylted tymors, and
which have their origin only in the cellular texture;
and, laitly, from that membrane which, being gra-
dually compaéted moft firmly together, forms the true
ikin lying under the epidermis, and being thence con-
tinued is partly refolved into the fubeutaneous cellular
texture which is filled with fat,

11. All the veflels with which we fee tunics com-
monly painted, are an addition to the cellular net-
work, and in nowife conflitute the nature of a mem-
brane, but are [uperadded to the membrane itfelf,
which is firlt formed of the cellular net-like fubftance.
Betwixt the mafthes or {paces of the inteftinal net-work
of veflels, perfectly well filled by the Ruyfchian art of
injection, we ftill fee that the white cellular fubftance
which remains greatly exceeds the bulk of the veflels,
although, by their preternatural diftenfion, they take
up more room by filling more of the fpace. But for
membranes compounded of fibres interwoven with ot
decuffating each other, I know of none fuch; unlefs
you will take ligamientary or tendinous fibres for them,
which yer are {pread only over the face of fome true
membrane,

12. This cellular web-like fubftance in the human
body is found throughout the whele, namely, where-
ever any veflel or moving mufcular fibre can betraced ;
and this without the lealt exception that I know of.

13. The other elementary fubftance of the human
body (2.) which cannot be truly called either a fibrous
or cellular plate, is a mere glue evafated and concreted,
not within the fibres, but in fpaces betwixt them. In
the bones this extravafated fubftance is manifeft
enough: for you fee the fibres very diftin& in the
bones of a feetus, in the intervals betwixt which you
perceive the vefiels running ; fo that every bone in the
tkull, on all fides, refembles the teeth of 2 comb. But

thig
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this fabric is fo altered in an adult perfon, that the juice -
being extravafated in the Ipaces betwixt the fibres, and
the intervals thereby filled up, as happens with the juice
of madder, plates are then formed of the teeth above
mentioned cemented together. The cartilages {eem
to be fearce any thing befides this glue concreted.

14. But here the courfe of nature feems to be fuch,
that cven the filamentary fibres (3.) are all firft formed
of fuch a transfuled glue. 'And that the membranous
or fcaly fibres of the cellular [ubltance (7.) are thus
formed, appears from thofe cellular fibres produced in
the thorax from a concreted vapour, which joins the
{furface of the lungs to the pleura; for thefe perfectly
refemble the true and natural cellular fubltance. The
fame appears allo from a comparifon of the feetus
with an adult 3 for the large fubcutaneous cellular fub-
fiance has in a feetus a2 mere jelly in its ftead inter-
pofed betwixt the fkin and mufcles, which laft we ob-
{ferve very firm in a feetus : from the morbid diflolution
of the membranes of the mufcles into a mere glue:
and from a fimilar change into glue or fize, made on
the {kin, tendons, and ligaments of animals, by means
of boiling water. This theory is alfo illuftrated from
clots of coagulated blood, the fanguincous membranes
of Ruyfch, Albinus’s membranes formed of mucus,
polypus, filk, and glue. Laftly, that the bones
themfelves are formed of compacted gluten, is fhown
from difeafes in which the hardeft bones, by a lique-
fallion of their gluten, return into cartilage, flelh, and
jelly ; fimilar changes are made on the bones of fifhes
and other animals by Papin’s digelter,

1 5. It feems, then, that a gelatinous water, like the white
of an egg, with a fmall portion of fine cretaceous carth,
firlt runs together into threads, from fome preflure, the
caufes of which are not our prefent concern. Such a
filament, by the mutual attration of cohefion, inter-
cepting {paces betwixt itfelf and others, helps to form
a part of the cellular net-like fubftance, after having
acquired fome toughnels from the neighbouring earthy
particles,
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particles, which remain after an expulfion of the re-
dundant aqueous glue. And in this net-like fubftance,
wherever a greater preflure is impofed on its fcales or
fides, they turn into fibres and membranes or tunics 3
and in the bones, laftly, they concrete with an unor-
ganifed glue (4.) Hence, in general, all parts of the
body, from the fofteft to the hardeft, feem to differ no
otherwife than as the latter have more of the earthy
particles more clofely compaéted together, with lefs of
the aqueous glue ; while in the fofteft parts there is
lefs carth and more glue,

C.HAP.  IL

Of the CELLULAR SuBSTANCE and its FaT.

16. TI-IE cellular fabric is made up of fibres and
plates (9.), which are neither hollow nor vaf-

cular, but folid ; although they are afterwards painted
by an acceflion of veflels. But the principal differences
of this fabric are the following. In fome parts of the
body it is open and loofe, being formed of long and di-
ftant plates; in others, it is thin and compact, being
made up of fhort fibres concreted together. I find it
thorteft betwixt the fclerotica and choroides of the eye,
and betwixt the arachnoides and pia mater of the brain,
ILalfo find it tender, but more confpicuous, betwixt every
two coats of the inteftines, ftomach, bladder, and ure-
ters; in the lungs, where it obtains the name of veficles
under the pulp of the glans penis; and between the fmall
kernels of the vifcera and glands. It is compofed of
longer fibres, where it is extended over the larger vel-
fels, under the name of capfule or vagina; as through
the vifcera, and particularly the liver and lungs ; and is
vaftly firmer in the veflels which go to the head and
joints, Its principal ufe is to bind together the contigu-
ous membranes, veflels, and fibres, in fuch a manner as
to allow them a due or limited motion. But the cellu-
lar
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lar fubftance, fo far as' we have hitherto defcribed it,
hardly ever receives any fat; it is moiftened by a wa-
tery vapour, gel atinous and fomewhat oily, exhaled out
of the arteries and received again into the veins. The
truth of this is eafily demoniirable from injections of
oil and water, either alone or with fith-glue, made in all
parts of the body. When this vapour is wanting, the
fmall fibres grow one to another, and the contiguous
membranes or plates are cemented into one, with a lofs
of threir motion.

17. The cellular texture is more lax, and formed of
plates rather than fibres, where it divides the mufcles
and all their fibres, even to the ultimate fibre ; where it
furrounds and fuftains the leaft veflels with their free
motion ; and within the cavities of the bones, where 1t
is alfo made up of bony plates, with membranous ones
intermixed. That is likewife very lax, which, under the
furface of the body, is every where interpofed betwixt
the mulcles and the fkin; but the laxelt of all is that
which furrounds the genital parts of the male with very
wide cells.

18. Into the empty fpaces of this cellular texture
(17.) is poured almoft every where in the feetus, firlt a
gelly, then a grumous, and laftly a clotted fat, all under
the fkin, and in its {mall hollows. It is cmnpuﬁ:d of an
infipid inflammable liquid, lighter than water, which in
a cold air concretes into a folid, efpecially about the
kidneys; and in graminivorous aninmla, in filhes, pf{:h
bably aHn in man, while they are alive, it is very nearly
fluid, although apt to be indurated. In it, along with
the ﬂi!, 1s united an acid falt in quantity almolt equal to
the fixth part of the oil.

19. “Through this cellular texture the blood-veflels
run and are divided ; from the arterial extremities of
which the fat is depofited and abforbed by the veins.
This paflage, from the arteries into the adipofe cells, is
fo free and fhort, that there mult needs be very large
mouths by which they open, and by which they give
admittance to injefted mercury, air, water, diffolved
fifl-
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filh-glue or jelly, and oil not excepted, which is always
very fluggifh in pafling through the veflels even of [i-
ving animals. Thele are fecreted not by any long duéls,

but by trmf.ljmu; on all fides through the whole extent
of the veflel; infomuch that, when an artery is filled or
injected with water, there is no part of the furrounding
cellular fubftance but what fwells with the moifture,
The warm fat, during the pulfation of the arteries, ca-
fily finds out the ["I.Illf.. paflages. How quickly it is LU!

lected, appears from the fpeedy renovation of it, by a
returning fatnefs after acute dileales.

20. But that this fat is ablorbed by the veins, we are
taught from the fudden effects which exercile of th”
mulfcles more efpecially has in confuming the oil of ver
fat animals; alfo from the confumption of our fat i in
fevers; from the cure of dropfies, where the water
transfufed into the cellular fubftance i1s in a2 manner

abforbed and thrown out by the inteftinal tube ; and,

laitly, from the tranfuding of water and oil from the
venous orifices, when injected by the fyringe. Whe-
ther the nerves are fpread upon t the "‘ldlpoiL cells, is a
queftion. Butitis certain they in moft parts run thr m.g'l
this fubftance, and hereby divide, in their courfe, into
the minuteft filaments, fo {mall that you can no longe
trace them by the knife. But then the fat is both infen-
fible and unirritable.

21. The intervals or fpaces betwixt the plates or
fcales of the cellular membrane, are every where open,
and agree in forming one continuous cavity throughout
the whole body. This appears from the inflation which
butchers, and likewile the furgeons of Ethiopia, make by
a wound of the fkin, and which raifes the-fkin all over
the body ; alfo from an ephyfema, in which the air re-
ceived by a wound of the fkin, being retained, caufes
a {welling throughout the whole furface of the body;
the paflage of bodies, put under the fkin, to a place re-
mote from that at which they entered ; the paffage of
pus, from an inflamed place to remote ulcers ; and, fi-
nally, from difeafes, in which a watery or ferous humour
18

e
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is depofited into all the cells of this net-like fubftance
throughout the body, and is emptied from them all by
afingle incifion. That none of the cellular fabric is ex-
cepted from this communication, appears from cafes
wherein the vitreous body of the eye has received the
flatus of an emphyfema; and agamn from difeafe, in
which the gelatinous ferum of a dropfy has been found
transfufed even into the cavernous bodies of the penis.

22, The great importance and ufe of this cellular
fubftance, in the animal fabric, muft be evident to all
who confider, that from this part alone proceeds the due
firmnefs and {tability of all the arteries, nerves, and
mufcular fibres of the body, and confequently of all the
flefhy parts and vifcera formed from thence ; and even
the figures of the parts, their juft length, cavities,
curvatures, flexures, and motions, depend entirely on
the cellular membrane, in fome places of a lax and in
others of a more denfe and hard fabric: That out of
this fubitance, joined with vefels, nerves, mufcular and
tendinous fibres (a great part of all which are before
formed of this fubftance only), all the vifcera, all the
mulcles and glands, with their ligaments and capfules,
are entirely compofed ; and that only from the different
Jength, tenfion, quantity or proportion of this the di-
verfity of our glands and vifcera arifes ; and laftly, that
this alone makes up by far the greateft part of the
whole body, as we are certain, although the whole be
not formed out of cellular filaments of this kind.

23, This fubftance hath a contratile power, diffe-
rent from that of irritability, which, though not de-
monftrable by experiments, for the moft part difpofes
the cellular fibre to fhorten itfelf after having been
ftretched. This power, excited by cold, renders the
fkin rigid ; raifes the hairs; draws up the fcrotum ; and,
after geftation, reftores the fkin of the abdomen, and
the uterus, to their former fize. The fame force, by a
gentle but continual contraétion, promotes the fecretion
of the fat, the liquors of the fubcutaneous and other
glands, and pus: in the veins and receptacles, it refifts

€ dilatation ;
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dilatation; and, when that is taken off, it reftores the
part to its former fize. In the feetus, this gentle force
is among the principal caufes of the change that hap-
pens to the body.

24. The ufes of the fat are various; as to facilitate
the motions of the mulcles in all parts, leflen their at-
trition againft each other, and prevent a ftiffnefs or
rigidity: it fills up the intermediate fpaces betwixt the
mufcles, with the cavities about many of the vilcera, in
fuch a manner, that it readily yields to their motions,
and yet fupports them when at reft : it principally con-
ftitutes the weight of the body ; condults and defends
the veflels: it gives an uniform extenfion to the fkin;
and, ferving as a cufhion to eafe the weight of the body,
renders the whole of a comely, agreeable fhape : it pro-
bably, by |11ihing with many of the humours, abates
their acrimony : it has a principal fhare in furmmrr the
matter of the bile; and, by tranfuding through the car-
tilaginous incrultations u!' the bones, it mixes with the
articular liquid, and by  ablorption ferves to fmear
their fibres : by exhaling through the pores of the ikin,
it keeps off the inclement drying quality of the air : alfo,
by exhalingin a living perfon from the me [Lnt{*r'l,r, me-
focolon, omentum, and round the kidneys, it lubricates

the furfaces of the vifcera with an m]},r emollient vapour ;
and, by interpofing betwixt their integuments, prevents
their hunwmp; one to another,

25. The fat is depofited into the cells of this fub-
ftance by ﬂ{*Lp reft of body and mind, and a diminifh-
ed force of circulation ; ; whence , being collefted in too
great a quantity, it proves injurious l‘n' comprefling the
veins 3 and, by caufing too tnmt a refiftance to the }m‘.rt
it makes a ptfrim {h f}rtvhrmthui, and liable to an apo-
plexy or droply. The fame humour is taken up by the
veins ; and, being rapidly moved along the arteries, is

confumed L*n. violent exercile, venery, uatchmqa cares
of the mmd a falivation, diarrheea, fever, !4ltzi1g, or
iuppu*atmn. When reftored to the blnod it increafes
acute difeafes, tinges the urine, and forms a part of its
fediment.
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fediment, After a fudden confumption of it, it is foon
renewed again from good juices, or healthy humours :
but, in a languid habit, a gelly, inftead of fat, is depo-
fited into the cells; and this caufes the dropfy we call
analarca, together with an external hydrocele or watery
fwelling,

CH: &7P. UL

Of the ArTERIES and VEINS.

26, HE membranes we fhall hereafter better de-
fcribe, each in its refpetive place. Of

thefe membranes there are feveral common to the ar-
teries ; which are long extended cones, whofe dia-
meters decreafe as they divide into more numerous
branches. But where the arteries run for fome length,
without fending off large branches, their convergency is
not very evident ; and at length, where they are called
capillaries,and wherever they give paflage to only afingle
red globule, they are either cylindrical, or very nearly
fo, from the imperceptible diminution ; but their trani-
verfe fections are every where and without exception
circular, when the artery is full. Where they fend off
large branches, the light or cavity is there fuddenly di-
minifhed, infomuch that they might be taken for a
chain of cylinders, of which every one is narrower
than the preceding. If you reckon them cones, then
the common bafis of the cone in all arteries is either in
one or the other ventricle of the heart; and the apex
of the cone terminates either in the beginning of the
veins, or in the beginning of the cylindrical part of the
artery, or in the exhaling veffel, unlefs it is cylindrical.
In fome places they feem to diverge or dilate; at leaft
they become there of a larger diameter, after they have
been filled or diftended with wax ; which poflibly may
arife from fome ftoppage of the wax, by whofe impulfe
that part of the length of the artery becomes more di-
C 2 ftended
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ftended than the reft, Examples of this kind we have
in the vertebral artery, at the bafis of the fkull, in the
iplenic artery, in the flexure of the carotid artery, ac-
cording to Mr Cowper’s injetions ; and, laltly, unlefs
all my experiments deceive me, in the fpermatic arte-
ries. [In all places, likewife, where the ramifications be-
gin, the diameter of the artery is a little increafed.

27. There is indeed no external coat perpetual and
proper to all the arteries ; but the office of fuch a coat
13 fupplied to fome of them by one fingle external and
incumbent integument, which in the thorax is the
pleura, and in the abdomen the peritonzeum. In the
neck, arm, and thigh, a fort of thicker eellular fub-
ftance [urrounds the arteries. The membrane of the
pericardium, which on all fides clofes round the aorta,
returns back with the veflels to the heart. The dura
mater imparts a capfule that furrounds the carotid ar-
tery as it pafles out through a hole in the fkull. But
the firlt true external membrane common to the arte-
rial tube in all parts of the body, is the cellular fub-

{tance, which in fome parts (as in the thorax) we fee

replenifhed with fat,

28. This cellular coat is, in its external furface, of a
more lax texture, painted with a great many fmall arte-
ries and veins ; and it has nerves running through its
fubftance, which are none of the fmalleft. There is
fometimes fo much of this cellular fubftance about the
artery as might occafion one to think it hardly belonged
to it as an external coat or lamella, but rather as fome
foreign net-work added to this veflel.  Thus we find it
in the arteries of the neck, groins, and fubclavians ; in
the mefenteric, cacliac, and hepatic arteries ; where it is
chiefly interwoven with long fibres. And thefe are the
vaginz or capfules of the arteries, formerly obferved
by fome eminent anatomifts,

29. As this cellular coat advances more inward, and
nearer to the light and capacity of the artery, it be-
comes more denfe, folid, and is tied more clofely toge-
ther by a kind of wool, and may be called the proper

coat
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coat of the artery. That there is no tendinous coat of
the arteries diltin& from this laft part of the cellular
fubftance, is evident from maceration, whereby the in-
ner ftratum of this arterious tunic changes into a cel-
lular fabric.

30. Within the former, and nearer the light or ca-
pacity of the artery, it has & coat of mufeular fibres,
which are in ge neral imperfect circles: that is to fay,
no fibre any where makes a complete circle round [ht:
veflel ; but a number of fegments conjoined together,
with their extremities turned off fideways, feem to form
one ring round the artery. Thefe fibres, in the larger
arterial trunks, form many ftrata, appear of a reddifh
colour, and are ramarkabl} firm and folid ; but in the
fmallﬂr arteries they are by degrees more difficult to
demonftrate, and feem to be wanting in the arteries of
fmall animals. 1 have never obferved them to run along
the veflel lengthwife. Under thefe membranes, but
pretty difficult to demonftrate, is an exceeding Thort
cellular texture, into which a chalky cnncrttmg matter

is poured when an artery oflifies.

31. The innermoft coat of the artery is thin, and fine-
ly polifhied by the influent blood ; fo asto form a fingle
mncruftation that every where lines the flefhy fibres,
which are not very continuous one to the other, and
prevents the blood from infinuating into the fpaces be-
twixt them. It is every where fmooth and without
valves ; although, from a fort of mechanical neceflity,
fometimes certain folds, raifed into a femicircle at the
origination of branches, form a projetting eminence;
as we fee at the branches produced by the arch of the
aorta. Yet, in arteries of the vifcera, the innermoft
coat is fofter, lax, wrinkled, and almoft friable, elpe-
cially in the dutus arteriofus.

32. The arteries themfelves bave arteries which are
more particularly {pread through their external cellular
coat ; and, [pringing on all fides from the next adjacent
fmall arterial trunks, form numerous branchy net-
works, which are all of them indeed very minute, but
plainly
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plainly appear, even in the foetus without injetion, to
be very numerous. There are alfo #erves which de-
fcend for a long way together through the furface of the
artery, and at laft vanifh in the cellular fubftance of the
veflel ; of which we have a fpecimen in the external
and internal carotids, and arch of the aorta. And from
thefe, do not the arteries {feem to derive a mufeular and
convulfive force, very different from that of their imple

1 elafticity? Does not this force thow itfelf plainly e-
il nough in fevers, faintings, palfy, and confumption, and
{ paflions of the mind? But the artery is in a manner

infenfible and unirritable; and if it is conftricted by the
application of poifons, it has this in common with the
il dead fkin.

3. The fections, or divifions, of arteries fhow them-
felves with a round light, or hollow capacity, becaufe
i they are elaftic; and this is the reafon why, from the
; {mall arteries of the teeth, hemorrhages are fometimes
i fatal. The aorta, indeed, of the thorax and abdomen,
i the carotids of the neck, and fome other arteries of the
I dead body, from their leffened extenfion, appear {ome-
{ what flat or deprefled ; but their round figure, or cir-
i cular fection, is every where reftored by injetion.
bi Their elaflicity is allo evident in that powerful com-
preflure, which a fegment of a large artery makes upon
fl the finger that diftends it, and which is much ftronger
it in a dead than in a living body. In the living body,
indeed, this force yields to that of the heart; but in-
| ftantly recovers itfelf, when the heart is relaxed, and
reftores the artery to its former diameter; and this
i makes the pu/fe, whofe full explication ought to be
preceded by an hiftory of the heart: at prefent, it may
1 luffice for us to fay, that all the arteries have this pul-
Il fation, although the fyftole and diaftole thereof can be
11 perceived by the finger, only in the larger, not in the '

! | fmaller ones naturally ; and in the ultimate infle@ion of
the arteries, the pulfe totally vanithes ; but, by an in-
_ creafed motion of the blood, even the lefler arteries
! i make a violent pulfation, as we fee in an inflammation,
| Thele
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Thefe veflels ftrongly contraét lengthwife, and are ren-
dered fhorter on diflection.

34. The flrength of the arteries is confiderable
enough : but as the dunfc, hard net-work of the outer
cellular coat refufes to yield to a diftending force, it
breaks without much difhculty, almoft cafier than the
coats of the veins; and from thence arife aneurifms.
But, in general, the trunks are, in all parts of the body;
weaker, and the branches ftronger, in their coats;
whence the impulfe of the blood may exert a confi-
derable effe€ upon the former, but lealt of all on thofe
of the limbs. From hence it is, that aneurifms are molt
frequently formed near the heart ; for, in the lower ex-
tremities, the {trength of the arteries, and of the veins
too, is much increaled, as well as in the fecreting or-
gans.

25. With regard to the courfe and general diftribution
of the arteries, nature has every where concealed them,
except in a few membranes. But fhe hath difpofed of
the trunks every where in places of fafety, becaufe
wounds cannot happen to the {maller of them without
danger, nor to the larger without lofs of life. The fkin
is fpread with numerous thort and fmall arterial trunks;
but the larger ones, defended by the fkin and mufcles,
creep aleng near the bones. In general, the arteries
are in proportion to the parts of the body to which
they are fent. The largeft go to the fecretory organs,
the brain, and {pleen; the lefler ones to the mufcular
parts.

36. The proportion of the light or cavity of the ar-
tery to its folid part is not every where the fame, nor is
it conitant even in the fame artery. This proportion,
in the firft place, is leaft of all at the heart, and in-
creafes as the arteries remove farther from it. Second-
ly, in a full-fed plethoric animal, whofe blood pafles
freely, and with great force, through its arteries, the
proportion of the folid parts of thefe veflels is lefs than
in a famifhed extenuated creature, whofe blood hath a
feeble motion.

37. From
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27. From the trunks of all the arteries branches are
fent forth, and from thefe again proceed lefler twigs
by a numerous divifion, of which you can fearce find
the end, though you may perhaps count twenty fubdi-
vifions of this kind. Here the lights or fections of any
two branches, taken together, always exceed the light
of the trunk from whence they come, in nearly a fef-
quialteral proportion, or as one and a half to one, or
fomewhat lefs, Alfo every trunk, juft above its divi-
fion, is fomewhat broader or more expanded. The
angles, at which the branches go out from their trunks,
are generally acute, either half right angles or nearly
fo ; to the forming of which angles, as we fee in me-
chanics, there is required the longeft projetion.  In-
ftances of their going off at right angles, or nearly fo,
we have in the lumbal or intercoital arteries; of their
going off in a retrograde or reflefted courfe, we have
one inftance in the coronaries of the heart, and ano-
ther inltance in the fpinal arteries, which are produced
by the vertebrals. But, generally fpeaking, thofe
which are efteemed retrograde or reflexed were fent
off, at their origin, in acute angles; fuch as the afcend-
ing artery of the pharynx, the defcending one of the
palate, the umbilical mammary arteries, and the nutri-
tious cnes of the large bones. Laltly, we often ob-
lerve large branches arifing under lefler angles, and
imaller ones under greater angles : but it is rarely that
we obferve two arteries of a large diameter run toge-
ther into one trunk. An example of this, however,
we have in that artery which is formed out of the ver-
tebrals : in the fmaller ones it is frequent, as in both
the {pinal arteries, and that of the fincipital foramen.
In many parts, the arteries have repeated alternate un-
dulations or flexures, as they run on in a fpiral courfe,
wherein we fee their diameter often confiderably en-
larged, asin the large inteftines, womb, face, fpleen,
lips, and iris. Even the ftraight arteries in other
places, if too much diftended, fall into ferpentine

flexures. Sometimes thf}? are fuddenly twifted into a
kind
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kind of circles, as the carotids under the mammillary
procefs.

28. The arteries are frequently conjoined one to
another by intermediate branches, in fuch a manner,
that the twig of fome certain artery fhall run to meet

ne of the fame kind from another neighbouring arte-
1y, and, by joining together with that, form one trunk.
Inftances of rhis kind we have among the large trunks
in the inteltines, among the middling ones in the kid-
neys, womb, &ec. and among the fmaller in all parts of
the body ; infomuch that there is no part of the human
body wherein the neighbouring arterial trunks, whe-
ther of the fame or of different denominations, do not
form anaftomoles or joinings one to the other by in-
termediate branches. Of rings diverging laterally
from the arteries, and returning again into themfelves,
we have inftances in the eye and brain. The extremi-
ties of the arteries, which are either cylindrical or near-
ly fo, fend off fmaller branches, which, for their ex-
tént, are more numerous, and generally difpofed like
a net ; fothat each branch, by its fmaller twigs, forms
anaftomofes with thofe of its neighbouring branches :
and thus we find itin all membranes. By this means it
happens, that, though the paflfage from the heart to
any part of an artery is obftructed, the blood may ne-
verthelefs flow through the neighbouring arteries into
ali the branches of the obftructed one. Thus a gan-
grene or languor of the part is very ftrongly prevent-
ed, and the obltrution is more eafily refolved by the
repulfion of the oblftacle into the larger part of the
trunk. '

39. Laftly, one of the leaft arteries is either chan-
ged by a continuation of its canal into a vein, in fuch
a manner, that the ultimarte little artery, which is ge-
nerally reflected, having furpaffed the angle of its re-
fle€tion, becomes now a fmall vein ; or elfe a branch,
fent out at right angles from the artery, is inferted un-
der a like angle into the branch of a fmall vein. Both

thefe kinds of mechanifm are demonitrated to us by
D the
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the microflcope, and the eafy return of injetions thro’
the veins into the arteries. And thele vafcules we fee
fometimes large enough to receive only one, and fonie-
times feveral blood-globules at a time. A large artery
is never oblerved to open into a vein,

. In the vifcera, we find the fmall arteries difpo-
fr:d nol: o much in net-works as in a different fabrica-
ture, wherein the fmall branches defcend very thick,
or in clufters, parallel to th > trunk, fo as to refemble
bruth-pencils, a variety of little trees or bufhes, fimall
ir:rpcrmj or threads, cm.u.dmb to the yarious KlHi‘?{}fl-
tion of the parts.

41. Sometimes the arteries end in another manner,
namely, by being converted into veflels of the fmaller
kinds, Thele are fometimes continuous to the arte-
ries and real artenial trunks, as will be obferved in the
ophthalmic artery, upon tracing the arteries of the tu-

nica L‘*m*nidr‘%, or the colourlels ones of the circle of

the uvea and iris.  That a net-work of pellucid arteries
1s continuous with the red branches of the ophthalmic

one, is evident from inflammations, and the rednefs of

the parts when relaxed by vapour or by cupping ;
from re pldmu, and the :111J:::fu:np1n:,a| experiments of
Licberkuhnius upon frogs, in which colourlefs glo-
bules were feen to pals from a red .ut{,rv into a lateral
veflel.  In a fabric of this kind the red blood is eafily
furLLd into the {maller veflels.

In other places the fmaller veffels feem to pro-
cucd laterally as branches from the trunks of the leaft
fanguineous arteries, and are drawn out into trunks
ftill fmaller. Thele are called excrefory dudls. It is
with difficulty that thefe veflels are filled with red
blood ; of this, however, we have examples in the
kidneys, the liver, and breafts. Indeed the blood,
when vitiated, penetrates the excretory duéts of tht
whole body, even without hurting the veffels, nor is
that aberration found to be productive of any evil con-
fequence after the diforder of the blood is cured.
43+ Another

ARTERIES.,  Cuarnlil
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43. Another termination of the arterial extremities
18 into the exhaling veffels ; and this is a manner of their
ending very irequently to be obferved in all parts of the
body. The whole fkin, all membranes of the human
body which form any clofe cavity, all the ventricles of
the brain, the anterior and pofterior chambers of the
eyes, all the adipofe cells and pulmonary veficles, the
whole cavity of the ftomach and inteftinal tube, thro’
which the air has a paflage, are all of them replenithed
with exhaling arteries of this kind. Thefe breathe out
a thin, watery, gelatinous humour, which, being col-
lected together by ftunding, fometimes makes no in-
confiderable quantity; and, particularly by difeafe or
death, is converted into a watery, but coagulable
tymph. The truth of this is eafily demonftrable from
the watery fweat that enfues after injeting the arteries
with that liquor warm. In fome places, indeed, they
exhale, not a thin vapour, but blood itlelf, as we fee
in the heart, the cellular fabric of the penis, urethra,
clitoris, and nipple of the female breaft; in all which
the blood itlelf is naturally poured out, Does not eve-
ry {ecretion that is made in true glands or hollow cryp-
t bear fome analogy to this exhaling fabric ?

44. Whether or not in all parts of the human body,
de the pellucid veffels arifing from the fanguine ones, and
carrying a humour thinner than blood, again fend out
other fimaller veflels to be fubdivided into {till leffer or=
ders? We feem, indeed, not to want examples of
this in the manner propofed to us by the molit cele-
brated profeflors. That the aqueous humour is fepa-
rated by very fine veflels, generated from the colour-
lefs arteries of the iris,is very probable. That the red-
coloured veflels in the cortical fubftance of the brain
feparate a juice, pervading the medullary fubftance, by
the intermediation of another order of veflels, we are
almoft certain.  And the like we are perfuaded from
an eryfipelas or yellow inflammation, arifing from the
yellow or ferous globules impatted into fmaller vef-
fels.

D2 45, It
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45- It may be l’ht"'l alked, If there are not yellow
arterious veflels of a {fecond Grder which fend off lym-
phatic ones of a third order, from whence by degrees
1till lefler kinds of veflels branch out? Such a fabric
does not feem agrecable to the very eafy ..:1.4"11‘IL‘.|1. that
is made by the blood, mercury, or wax, into the ex-
haling and perfpiratory veflels, orinto the uriniferous tu-
buli, with the adipole and puh nonary cells ; nor is it

. very difficult for the blood to {tray into the la&ifterous,

lymphatic, and lachrymal duéts, whither it fhould
feem not able to penetrate, if it went through any
other intermediate vafcular fyftem, finaller than the

blood-globules, which make the fame journey. Nor
can this fyftem be allowed by the great “pt:c'.“m t or

retardation that muit arife to the humours in a third,

and much more in the lefler orders of veficls,

46. The VE1ws, in many particulars, refemble
the arteries. There are {ix, of which two anfwer to the
aorta, and the remaining four to the pulmonary artery.
Their bafis 1s in the ventricles of the heart, and their
apices in the extremity of each branch, through all parts
:::f the body, excepting one inftance in the liver. And,
in a great number of parl they run parallel with the
arterics, one by the fide Df the other; but yet they
differ fmm the arteries in various refpedls.

47. The fabric of the veins is flender, every where
fmooth, difficultly feparable into diftinct coats or mem-
branes, ].LL the arteries; and the cellular texture fur-
rm,ndmg this fabric is very eafily diftended. This fa-
bric, both above and b“'nw the heart, s {urrounded,
except in one place, witl mufcular fibres. Every
where, however, it is i'uc like the cellular texture of
the arteries by which they are joined to the other parts
of the body., Notwithftanding this flender fabric, the
veins are every where il..iucmnlv firm, and do not
eafily burft with inflated air; being, in molt inftances,
ftronger than the arteries lhE‘Ii‘.'...'i.t"“"‘ But they burit
much more eafily in living. than in dead anus nals, as
appears from morbid inftances in the arm, face, leg,
thigh,
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thigh, &c. Nor do they fupport themfelves like cy-
linders after being divided, but they collapfe together,
fo as to make their light or capacity appear like a flit ;
except they are fuftained and hindered from collapfing
thus by fome fronger cellular fubltance placed round
them, as we fec in the liver and womb. They are but
flightly irritable, unlefs the ftimulus be of the chemical
or more acrid clafles ; for, in that cafe, they contralt
themfelves with a convulfive force greater than tha
of the arteries. They have no pulfation, if we may
erult all accounts, unlefls the venous channel is fome-
where obitruéted ; or when, in dying people, the
bluod is thrown back again from the right auricle into
the defeending and afcending cava, or when falling
back from the brain.

48. The veins are much larger than their corre-
fponding arterics, having the fquare of their diameter
often double or triple that of the latter ; and, in fome
places, almoft quadruple ; as near as the emulgents
and veflels of the kidneys. In general, however, the
diameter of the veins is to that of the arteries as nine
to four ; yet the capacity of the capillary veins but
little exceeds that of the arteries which accompany
them. They difer likewife from the arteries in their
divifion, having more numerous trunks and branches;
for to one artery in the limbs, we ufually meet with
two veins. The larger veins are alfo branched in a
more net-like difpofition, by forming more frequent
anaftomofes one with another ; for not only the {fmall-
er branches, but even the larger trunks, of the veins,
are conjoined ene to the other within its neighbour-
hood, upper with lower, and right with left, by appa-
rent inlets or inofculations. They afiect to run near
the furface of the body ; and through the limbs, neck,
and head : they run a long way covered with little
more than the bare fkin, which is a circumftance we
very rarely obferve in arteries ; and, for the fame rea-
fon, they often go out, in their courfe, to a confiderable
diftance from the arteries. For, in this cafe, the veins

follow
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follow the furface of the parts next the fkin, without
their correfponding artery, which, in the mean time,
defcends to a confiderable depth, attended in its courfe
by fome fmaller venous branch. In the fmaller branches
of the veflels, where they make net-like difpofitions
in the membranes and the internal fabric of the vifce-
ra, the veins and arteries commonly run contiguous
one with the other ; but here the veins have generally
a lefs ferpentine or infleéted courfe.

49. In the larger fanguineous veins, little valves are
found in great plenty. The innermoft membrane of
the vein, being double, rifes into the cavity of the vel-
fel like a curtain, ftretching itfclf farther along the
vein every way, fo as to form what may be called a
a kind of little horns ; but the bafis, which is the part
that fuftains the weight of the blood, is ltrongeft, and
grows out of the vein in the fhape of a circular leg-
ment, Thefe, joined with the fide of the proceeding
vein, intercept a fpace, of which the outer fide is the
vein itfelf, and the inner the valve, which, by its con-
vexity, ftands out within the bore of the vein; fo that
the parabolic fpace or hollow mouth of the valves al-
ways looks towards the heart : they are found in all the
fubcutaneous veins of the limbs, in thofe of the neck,
face, tongue, and in the wveins of the penis : at the
origin of the larger branches there are two, three,
four, and fometimes five of them together, while in
their fmaller branches they are only fingle. There are
none of thefe valves in the deep running veins of the
vifcera ; and, therefore, none in thofe of the brain, lungs,
heart, or liver, or through the whole fyftem of the ve-
na portarum, nor in the kidpeys or womb (except one
or two valves in the fpermatic vein); nor, laftly, are
there any in thofe fmaller blood-veins, which are of a
lefs diameter than the twelfth part of an inch. Some-
times, though rarely, they are found in the vena azy-
gos, and at the mouths of the hepatic and renal veins :
there I have feveral times obferved a fort of wrinkles in
the place of valves. In the fmaller venous branches

there

B
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there are a fet of long, ihar]) pointed or parabolical
valves, of a more extended figure as the vein is fmall-
er: ancl thefe make a greater 1L,ﬁ tance than the larger
valves, to hinder the blood from returning back upon
the pares.

so. 1he veins have their origin, as we faid before,
from the terminations of the arteries. They fome-
times arife by a continuation from the inferted branches,
or from a refletion of rrcurvui trunks of tln, fmalleflt
arteries. Others apain are either continued from veins
lefs than thofe which carry blood, or elfe receive addi-
tions and roots from them ; as we {ee, for nftance, n
the lymphatic veins of the thoracic duct. Others of &
bibulous kind take their origin from the abforbing
veins that are difperfed all over the furface of the
body, as in the chambers of the eyes, the cavities of
the inteftines, bladder, womb, brL.,H: peritonseum,
pericardium, and ventricles of I]]L brﬂm From thele
lue awatery fweat, by injecting the venous trunks with
that kind of liquor, which may be eafily imitated
throughout the whole human hnny* hence water, jel-
ly, or oil, diftil from the the vena portarum into the
cavity of thc inteftines ; hence alfo water, injeted into
the abdomen of a livi ”‘!5 animal, quickly \:’lllaﬂiu but
of thefe things we fhall {peak more largely in a proper
place.

5i. Not much differing from the former are thofe
veins which, arifing in all parts of the cellular mem-
brane, return thin vapours, dropfical waters, diffolved
fat, or extravafated and corrupting blood, and the poi-
fon of opium introduced into the cellular texture,
again into the mafs of the blood; or which take up
again and return the blood itfelt from the cellular fa-
bric of the penis, clitoris, or nipples of the brealts, af-
ter the venereal act. And that inhaling veins of this
kind open into all the glands, is highly probable ;
where, by abforbing the thinner IlLiI[G._u:, they leave
the remaining mafs of a thicker confiftence, of which
we have inftances in the bile, fperm, mucus, &c.

52, That
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s2. That there are veins of a fmaller clafr, but re-
fembling thofe which convey bh)cd, appears-irom the
fame experiments which demonftrate the p=llucid arte-
ries : thus, n the iris of the eye there ave {inall veins,
and not a few in the adnata tunica of that orgiin; nor
18 it to be doubted that, in a healthy body, iinall pellu-
cid veins may be found in the vitreous body of the eye
itfelf,

53. But, in moft parts ‘of the human body, are
found other veins, full of a reddith, yellowifh, or al-
moft pellucid i quor, coagulable by m,.!_ which =.-'r'|::-.=?.,

being formed of very tender coats, have a degree r::'“'

1rr|[.Lh|=.l} irom any chemical or very acrid fimulas.
They have very fru‘_[l.lt nt valves or partitions, which
make them in thofe places feem jointed or knotted
like a reed when they are turgid ; thefe, by degrees,

meeting together, either all or molt part of them empty
tfu,h contents into the thoracic du&t. They arife from
the cellular texture throughout the whole body, as I

long ago learned concerning the laétiferous vetle s of

the hrt:l{ia the vala efferentia of the tefticles, the lym-
plm:t 8 v.hu::h originate from the mefenteric gJam!fw
and as is now thown to be the cafe with the lymphatic
vellels of the tefticles, fpleen, and other parts. From
analogy, efpecially from hydropical appearances; it is
very p.o.uhle that they arife l.nh,.u from the large
cavitics of the body; nor is it improbable that this kind
of veflels receive a thin humour from veins of the
fmalleft fize. But all the lymphatics, in their Lm.J{L,
meet together ina pecvl ar kind of »::unwlm)tm, glands,
into which they enter ; and, from the fhape of veins,
becoming arterial, or like r::.‘:m erging cones, they di-
vide into fmall & n.“z.meq, and then proceed to mect to-
cether again in other little trunks,

4. Thefe glands thenifelves are only as it were
fmall clues of lymphatic veflels, conneéted together by
a cellular texture, into which the arterial liquour ex-
fudes, and is conveyed from the fame by the veflels
which ferve to bring back the lymph. They are co-

vered
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vered with a continuous membrane, almoft of an oval
fhape, and this whether they are fingle or heaped to-
gether : and they chiefly follow the courfe of the veins
through the whole trunk of the body, even to the tops
of the limbs ; running along the jugular and fubclavian
veins, the vena cava fuperior, the alpera arteria, gullet,
lumbal vena cava, vena porta, the iliac, hypogaftric, and
crural veins, the veins of the thigh, and likewife the
veflels of the ftomach, fpleen, mefentery, and mefo-
colon.

55. They are found [cated on all the furfaces of the
vifeera, in the thorax and abdomen; but are more
eahly difcovered in brutes. They run through the
lower part of the face, mufcles of the tongue, the ad-
jacent parts of the neck, and thofe parts of the upper
limbs which are neareft the trunk, as far as the bend-
ing of the elbow; throughout the whole length of the
mediaftinum, before and behind, and wherever we
find conglobate glgndules, either in the neck ot tho-
rax : the lymphatic veins are alfo fpread through the
whole lumbal region that is contiguous to the aorta,
the melocolon and pelvis, veflels and furface of the
tefticle ; and in the lower limbs, wherever they are
{fupplied with conglobate glandules, even to the knees.
Whether they extend further into other parts through-
out the whole body, or through the brain, eyes, hands,
feet, back, fore partof the peritonzum, &c. remains as yet
undetermined ; at leaft, there are not examples enough
in the human body upon which one can depend to
evince the truth of their exiftence. But they are eve-
ry where to be found upon the furfaces of the vifcera.
They are almoft every where colle€ted into bundles,
not far from the large blood-veflels, Thofe from the
inferior limbs, pelvis, and loins, run into one du&,
which is joined by another bundle coming from the li-
ver, fpleen, and ftomach ; and that trunk, at length,
becomes the thoracic dué, The fuperior veflels, from
the whole extent of the breaft, the head, and fuperior
limbs, empty themfelves into the fame duét towards its

X uppes
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' upper extremity, They feem, however, likewile to

: terminate 1n the red veins.

1 s6. Of what fervice thefe glands are to the lym-
phatic veflels is not well known. In the feetus they
are {welled with a milky ].r]_um, as allo the llﬁ'lnu*l and
glwhluuﬁ renales; but it is not certain whether this
| juice 1s poured out into the ce llular texture, It 1s ren-
! dered probable by late experiments, that fome kind of
| juice is prepared in thefe glands, which is mixed with
M the lymph; and that a thin humour, injeted into the
| arteries, likewile enters the ]m\hhancuﬂ ls. Byage,this
juice vanifhes ; and the j.)Ii‘liib themfelves bnm; dm,d
up, almoit totally difappear. A very fudden feirrhus
happening to thefe glands feems to be the caufe of their
decay.

ST B

The valves of thefe pellucid veflels (53.) are
compofed of two femicircular membranes, which give
way to the fluid that goes towards the i.ﬂ%:r trunks ;
1 fo that, by applying themf:lves clofe to the fides of the
veflel, they leave a free light or capacity through it.
But the fame valves, if the contained liquor is preﬂed
back towards the fmaller branches of the ve eflcl, being
i filled out therewith, fwell or expand, fo as to fhut up
the light of the canal.

- i s S

_ i G AL Y
i Of the CircurLaTioN or MoTion of the Broob
Wi through the Arteries and Veins.
, 5 58.! ! 'HE arteries and veins, which we have hitherto
1t deferibed, contan either blood or lymph. 1'he
i | red blood, whofe ﬂatun. we Thall explain when we come
| to treat u{ fecretion, fills the arteries and veins com-

! monly known, which we call red, or thofe of the firlt
order, and which have their origin in the heart.” Thefe
it fo fills in a'living perfon, that at fome times they
il are very loolely and imperfectly diftended by it, and
|5 at
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at other times they are rendered very full and turgid.
After death, the veins are found fuller of blood than
the arteries ; but lometimes, when the perion has been
dead a confiderable t:mc, tin {mall veins have been
found diltended with air. But the arteries of a dead
body commonly contain only a {mall quantity of blood.
59. This dtﬂfmhmr blood, then, is rapidly moved
thr uuérh all the veffels of a lmngf bnd}f The truth of
which is demonftrated to us from wounds, by which
the patient foon expires, from the lofs of fo much blood
as was neceflary for the maintenance of life; which
lDia of blood happens almolt inftantly from the larger
arteries, and fometimes very ﬁmdu]l} from the {maller
ones : but from the veins, unlefs they are fome of the
largeft, this lofs'of blood is more flow and difficult ; yet
ar¢ there not wanting inftances of fatal he |.mniwru
from wounds of the veins, i the inner corners of thL
eyes, and thofe under the tongue. Experiments made
upon living animals, fufficiently evidence the impulfe
and rapi 1:*3 with whlcn the blood is moved, particu-
larly Hmugh the arteries. In the larger trunks, it runs
moflt {wifily ; but, in the lealt of them, fom Lwh.h {flower.
And, in the larger veins, the blood’s Lt‘lLI‘]t} 15 lefs than
in the arterial trunks, in the fame proportion as the
lights or fedtions of the arteries are lefs than thofe of
the veins, i. e. twice or almoit thrice flower. Another
argument of the circulation, is the compreflure and re-
laxation of a vein, whereby the motion of the blood is
promoted from one valve to another. This motion of
the blood is, in the veins, uniform or equable enough ;
but, in the arteries, it is alternately greater when the
veflel i1s more di]mcd, and lefs when it is cunrraf‘[ed.

l.m is pi‘(:r'ﬁ.d by ocular l*]f,m::ﬂ:.ﬂn in living animals.
‘That the motion the blood. defcribes is a courle
through the fanguineous arteries into the veins, is difs
COV trcd from experience. . For, firll, it is certain, that
all the arteries and veins communicate or open one in-
to the other ; becaufe often, from one, and that a fmall
artery, all the blood fhall run even until death, and
E 2 make
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make all the fléfh exceedingly pale 5 ‘and this not enly
out of the wounded limb, but from the whole bedy.
Of fuch fatal examples we have a number, froman in-
ner artery of the nofe, from the gums, a finger, tooth,
cutaneous pore enlarged, from the lachrymal point,
from the wound of cupping on the fkin, and even the
bite of a leach. There are, therefore, of couric, open
ways by which the blood fpeedily flows from the venous
into the arterial {yftem,

6 1. That the blood, again, in the arteries, flows from
the heart toward the extreme parts of the body, is
proved by the microfcope, and by a ligature on the ar-
tery of a living animal. For whatever artery fhall be
ftopped by a ligature, a {fwelling enfues in that part be-
twixt the heart and the ligature, whillt the other part
is emptied beyond the ligature, which is the part of the
artery more remote {rom the h:_art: neither has it there
any pulfationj nor, if it be there wounded, will it yield
any blood. The leL effects which we fee follow from
a ligature, are likewife often produced by difeafe ; as
‘wht:l‘l fome tumour, by LumpltﬂurL or an aneurilm, in-
tercepts the motion from the heart, E xperiments: of
this kind have been made by us on moft of the arte-

ries ; anaftomoles, however, or the blood flowing

thmugh a nmghbnun-w hranu: or the retroceflion of

the blood in a dying animal, form exceptions to this
rule,

62. But for the courfe or motion of the venous blood,
it has been always more doubted Uf, almoll all thean-
cients have been perfuaded, that the blood in the veins
flowed through them, either from the heart or from
the hiver, to all'parts of the body.  Veryfew of them
have knnwn, that this was an error. Severaliof them
have, indeed, acknowledged it to be falfe in the pulmo-
nary vein. But that the blood did not move from the
heart in the vena cava was known to {till fewer anato-
mifts of the anci erhapb only to Andreas, Ce-
falpinus, and {tmm an cxtraor dinary accident) to Vefa-
lius,

é2. Dr

o

il
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63. Dr.William Harvey is the firlt; who experi-
mentally afferted the motion of the blood returning in
the veins to the heart, in fuch a manner as to render
the whole intelligible, and leave no room to doubt of
ie. - Andy firlt, the valves of the veins lead us to this
truth : foe the common ufe or office of thele valves is,
to determine the preffure that is given from any quar-
ter upon the nun, towards the heart, by allowing no
opportunity to the venous blood, that he!_b once r:*ﬂtLitL]
the trunk, which they mn.rff*pt to flow back to the
branches.  For, fince the cov ering f{paces of the valves
open apwards towards the heart, the blood enters into
and expands them. "Thus thofe parts of the valves
which ftand out with a free motion within the light of
the vein, approach each other towards the axis, until
the oppof fite fides, by meeting together, fhut up the
tube. This we know from mflations, ligatures, and
injections of the veins; for you never can force a li-
quor eafily into the veins by urging it againit, or con-
trary to, their valves, ihr.j; do not, indeed, every
where ﬂmr up the whole cavity of the \rtius : but where
they fhut not clofe, they always intercept the greatelt
part of the light,

64. Another office of the valves in the veins feems
to be for fuftaining the weight of the blood, that its
upper columns may not gravitate upon the lower ; nor
the blood, flowing thmugh the trunks, make too great
a feliffance Mmm[t that which follows it through the
brasichiesiic For if, from the flower return of the blood
into the veins, its weight or preffure fhall, in any part,
much exceed the impulle that drives it on, fo as to caufe
{fome part of the column to defcend by its weight ; it is,
in that! cafe, 1 ‘:ﬁr.wdin'ttiy catched, and fuftained in its
relapfe by the next adjacent mlw:, which hinders it
from urging againit the next fucceeding column, and
affords time :111& opportunity for: {ome mnngu:m-.
mufele, by its preflure or concuflion, to fend forward
the fau! column.  And this is the realon why valves
are placed in veins of the limbs and neck ; in which

parts
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| parts they are both more numercus and more robuft
than elfewhere. ~And this js the caufe of varices, when
the blood, entering the hollow valves, urges their folid
convexity downwards, and makes the vein dilate in that
part. Likewife, in mufcular motion, the valves occa-
fion the whole prefflure which the veins then fuftain,
to forward the due courfe of the blood towards the
heart,

65. Moreover, the valves, placed in the right ven-
tricle of the beart, have fuch a fabric, as we fhall here-

— i

1) after fee, that they freely permit blood, flatus, or wax,

1 to pafs from rhe venous trunks of the cava into the heart,

‘_ but deny any paflage from the heart again mto the
VEIns.

e

66. Again, lgatures, in a living perfon, may make
! the thing more evident. When the veins of the limbs
g are tied, either by defign or accident, with the limb it-
| felf about the hams, arms, ancles, or wrifts, the limb be-
! low the ligature fwells, the veins fill and diftend them-
|

it themliclves, and when opened make a free difcharge of
1 blood : but, at the fame time, nothing of this kind hap-
| pens above the ligature, nor are any of the veins to be
'5'!5 feen there. The fame phenomenon happens when the
I veins are comprefled by fwelled and fcirrhous glandules
il | in the vifcera; and from polypufes the veins are often
Il largely fwelled, or enlarged into tumours. Thefe liga-

tures will ferve to keep the blood in any limb round
which they are tied, that it may not return to the heart
and be loft through a wound in another part,

Hil 67. lhe experiments to prove this courle of. the
i blood, which have been made in living animals, are fhill
| more accurate. From them, even from our own, it
- appears, that, by tying any vein, in a living animal, near
the cava, or belonging to the pulmonary veins, that part

F

always fwells which is moft remote from. the heart, all
. below the ligature appearing diftended with the retained
| blood, while above and next the heart they are pale and
flaccid.  Lallly, if the arteries are tied at the fame time

with the veins, thefe laft remain flaccid and empty ; but,
upon
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upon removing the ligature from the arteries, the veins
are immediately filled. In like manner, the infufion of
poifons or medicinal liquors. thew, that, into whatever
véin \ﬁli'thuk} chemical acid u}uwrx the bload is driven
along with the force of the poilon to the heart itlelf.
But when, from this caufe, the brain is affected with the
narcotic virtue of opium, and the inteftines and ftomach
with the virtue of purgatives and emetics, this is a de-
monitration that the blood, with which thefe fubftances
were mixed, had paffed through the ramifications of
the veins to the heart, and from thence through the
whole body.

69. Another proof we have in the fransfuftons of
blood ; in which all the vital gore from the arteries of
one animal is urged into the veins of another exhauited
of blood, whereby the heart, arteries, and empty veins
of the latter become fo turgid and well replenifhed,
that they work the whole machine of the animal with
a remarkable degree of vivacity, or even caulfe it to la-
bour by a plethora.

=0. But that the blood pafles from the leaft arteries
into the leaft veins, we are clearly taught by anatomical
nﬁ'{?un, where, h\ one arterial trunk, we cafily fill all
the arteries and veins, almoit throughout the whole bo-
dy; provided the liquor be watery or very fluxile, fo
as to pafs eafily in the veffels of the head, nwi'tntcr}r,
heart, and lungs,

71. Lafttly, the microfcope has put the matter beyond
all doubt in tht pellucid tails, feet, and mefenteries, of
animals ; where we fee, that the blnnd brought to the
extreme parts by the arteries, is poured t,illu,r into {mall
veins, continuous with the reflexed artery, or elle goes
thmugh branches of the arterial trunk into the parallel
communicating vein, by which it gocs on to the parts
neareft the heart. This is the way in which the blood
pafles, as well into the leaft veins, which are capable of
receiving only one globule, as into thofe that are {ome-
what larger, being able to admit two or more glnhu es
to advance forward in" a breaft. ‘But, that there is no

ipuug}r
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fpongy. or parenchymous, interpofition. betwist the
teries and vems, in._the.general courfe of the cireulas
tion, is proved .both. from microlcopes and:injections:
For, if there were any fuch parench ywa o, hongy: maks
betwixt the arteries and ve msy the harden T‘:,; mjections
would (how it, by appearing extravafuted in a like uns
‘-f}.ttpr:n mafs.

The circulation of the blood is.itherefore. now
ff::.t"rcd as a medical truth by every one; namely, that
all the Blood of the human hm-i} is carried through the
gorta, from the left cavity nf ihl:_. heart, té the.extreme
parts or {:r:nnugmh ial br: anches; from
whence t]in. whole lntfw is ag,;lm tranfmitted into the
leaft veins, which convey it to the larger, and from
them into 1:hc cava and heart itle]f 5 in wlm,.. courte it
perpetually goes and returns dunmu‘ life.

730 Yet there are fome mﬂ.::ncr::, where, by paffions
of the mind, a fudden revulfion by copious blood-let-

ting, or a va ILulu convulfion, the blood has been forced:

to rt,u,d-; back from the huai ler into the largerarteries.
And, on the other fide, where an obllruction being
for un.u abowve the valves, the blood has been known to
flide back from the venous trunks into their fmaller
branches. But then thefe accidents are very momen-
tancous or {udaen, nd the blood foon returns into its
natural courle. ‘Thefe things bappen moft frequently
in the abdomen and vena portarum.

74 Lhe courle of the humours in the lymphatic
veins which have valves, appears both from the nature
of thofe veins, and from ligatuves : for every lymiphatic
vein nied, fwells betwixt the fmaller extremities of it
and the thoracic {‘.hu, but ‘Ln'ms Haccid betwixt the
faid duct and the ligature.  All the valvesin thefe, like
thole of the blood-veins, give a free paffage tor flatus
and mercury to flow to the thoracic duct: but they
make a refiftance, and often an obftinate one, to any
return the other way ; although fometimes t hf:;f have
bEEI‘l known to yield.

. The vapours that mmﬂ&n the whole cellular fubs
{tance,
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ftance; the fteams of the abdomen and other venters,
are all thus drank up'by the leaft pellucid veins, and fo
conveyed along to the blood-veins, that their contained
juices may pals on to the heart: and from thence it is,
that an cedema enfues when a vein is compreffed by a
ligature ; becaufe, by intercepting the courfe of the ab-
forbing veins by the ligature, the vapours {tagnate un-
abforbed. 1In the other {maller veflels, we can make
no experiments : but they appear conformable to what
we have faid, both by reafon and analogy ; and are Tike-
wile fupported by the experiments of water or other li-
quors, ablorbed out of the cavity of the inteftines, tho-
rax, and pulmonary veficles,

76. All juices, therefore, in the human body, are
drove out of the heart into the aorta; from whence they
are all returned again to the heart by the leaft veins
thofe humours only excepted, which are exhaled or
difcharged without fide the cavities of the body. To
complete this circle, it only remains for us to find out a
courfe for the blood, from the right to the left cavities
of the heart: but then this fuppofes us to be firft ac-
quainted with the hiftery of the heart, and the pulmo-
nary vellels.

o H AP N

Of the HEarT,

7% T HE fabric of the thorax, compofed of bones
and cartilages, in general refembles a truns

cated cone, as we fhall hereafter declare more at large.
The lateral parts of this cone are two membranous
bags, terminared above by an obtufe end at the firft rib,
where they lie very near together, and are diftinguith-
ed only by the interpofed cellular fubftance. The ob-
liquity of the plane, dividing thefe two bags, is fuch,
that the right is much the broadeft, and adheres in its
defcent all along to the whole middle of the fternum ;
. but,
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but, in its defcent, is inclined to the left fide, and comes
from the margin of the fternum itlelt; while the left
bag defcends, not from the fternum, but from the car-
tilaginous ends of the ribs.| The inner central fides of
thefe bags, oppofed one againft the other, make up
what anatomifts call the mediaffinum. Thele bags have
no where any communication one with the other; fo
that the right may be opened, and the lungs therein
may be deftroyed, without injuring the lefr. . But the
{fimple denfe membrane, which forms thefe bags, out-
wardly invefted with the cellular fubftance, is called the
pleura ; being harder than the peritonzum, efpecially
where it adheres to the back ; but is fomewhat fofter
in its fore part, and is almoft deftitute of fecling,. The
capacity of the mediaftinum, or that interval which lies
betwixt the right and left bag, broadeft above, and
likewife below, contains the thymus, and fome conglo-
bate glandules, fat, and veflels, and, in fome difeafes,
pus,
=8. Below, the fame bags, growing broader, depart
one from the other, and leave a capacity through the
whole middle part of ‘their extent, by which the faid
bags are divided one from the other. And this capacity
is that of the pericardium. But the bags of the picura
on each fide the pericardium, defcending both before
and behind it, terminate finally on the.-diaphragm, a-
bout the fifth or fixth rib; and on this their bafe is cut
off obliquely, fo that each cavity is before fhorter in the
fore part, as behind they defeend longer and lower, an
fuch a manner as to be hollow in the upper past.. With-
in thefe bags, then, play the dilatable lungs. - The back
parts likewife of thefe bags are more tender; and the’
they ly near to each other, are yet feparated by the eel-
lular fubftance, which terminates in the pericardium,
and includes the aorta, together with the cefophagus ;
and this we call the pofferior mediaftinum.., The trian-
gular produéions of the fides of the mediaftinum form
the: ligaments of both lobes of the lungs.
wq9. The pericardium, or third bag, which firft the
cellular
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cellular fubftance, and then the conjoined pleura, loofe-
ly cover'on.all fides as an outer coat, touches the {ter-
num indeed but by a very fmall part; fince the lungs,
when diftended, cover the heart almoft wholly before,
and interpole betwixt the fternum and pericardium in
their lower part ; and the mediaftinum, gradually de-
parting towards the left fide, forms altogether a narrow
nterval under the lower end of the thymus, clofe to
which the lungs meet on each fide : but this vital fitu-
ation you will alter or corrupt, unlefs you are very care-
ful in your manner of opening the thorax. The peri-
cardivm has a broad, but fomewhat rounding, bafis,
adhering to the tendinous part of the diaphragm, and
by a {mall part to the flefhy fubftance of the feptum on
the left fide, about the fifth or fixth rib, In young fub-
jects it adheres more laxly ; but, in adults, very firmly,
by the cellular fubftance fpreading broader to the right,
and narrower towards the left. It is fomewhat larger
than the heart; which, therefore, may move freely
therein.  This membranous capfule, or fence of the
heart, was never known to be abfent.

8o. Upwards the pericardium grows gradually nar-
rower, ending above the heart in an obtufe conical ap-
pendix, extended over the coats of the large blood-
veflels almoft to the upper edge of the fternum. It
adheres firft to the inferior branch of the right fupe-
rior ‘pulmonary vein ; then to the vena cava; after
that to- the aorta, on its acceflion to which it rifes high-
er up; then it adheres to the defcending trunk of the
fame veflel, and to the duétus arteriofus ; from hence
it is fpread upen the left branch of the pulmonary .
artery, then on both branches of the left fuperior pul-
monary vein. ' On the back part it is again attached
to'the right pulmonary vein ; then to the left finus, to
both pulmonary veins on the left fide, and to the auri-
cle of the fame fide ; from thence it proceeds a long
way from the pulmonary vein even to the inferior ca-
va, then to the feptum of the finufes, then to the in-
ferior cava. Befides, it goes to the pulmonary arte-

|
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ry, its right branch, dand the 4orta under the origin of
t"lf: large” Branches, in fuch''a manner as to furround
both arteries with a cvlindrical production’ 'of irs fubs
{tance, whence it appeurs like a kind of 'parrition be-
tw#en every two neighbouring veffels. - Thus“alfo it
contains the vena cava fuperior as in a ring, the ante-
rior and pofterior cavities of the pericardium being
freely continued between that vein and the aorta. In
like manner it furrounds the inferior cava. But this
fheath, by which the veflels are furrounded, preferves
its nature only for a fhort fpace, and immediately re-
turns to the heart with thofe larce veflels to which it
ferved as an external coat. It alfo fends'a cellular fa-
bric like a fheath, along with the great arteries and
veins, to the lungs.

81. The arteries of the pericardium are €ither from
thofe of the thymus, which accompany the upper and
lower phrenic nerves, or from the larger phrenic arte-
ries, from the branches of the mammarrés and 'media-
ftinals, the bronchial, cefophageal and pofterior me-
diaftinal arteries, or from the coronaries which inofcu-
late with the bronchials and others, The wenvus trunks
of the pericardium have a like origination, but appear
with moft evident anaftomofes from thofe of the right
into the others of the left fide. The werves of the pe-
ticardium are from the fuperficial branches of the car-
diacs.

B2. That which makes the proper fubftance of the
ptriﬂardium, is 2 ftrong, white, compa&t membrane,
more robuft than the aorta itfelf, through 'which the
nerves of the heart and fome iumll veflelsdefcend.
Its outer furface, being fpread with the cellular fub-
ftance, gives it tth a fomewhat rough'déppearance,
while ‘internalt iy it appears highly poli hm, and ‘moi-
{tened on all fides by a watcr}f vapour. Yhis vapour,
which we have, times without number, oblerved in
the living animal, compofes fome, though naturally a
very fmill quantity, of a water within the' pericar-
aivm ; owhich 3s- erther limpid, yellowith, or L:ufhﬂ“r

and
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and fubvifcid or gelatinous; | by difeale, it is fometimes
inereafed to an immenfe quantity; yer the exiltence of
fuch a water here is injudicioufly denied by fome,
The water of the pericardium is of a lymphatic na-
ture; becaufe, by the heat of fire, it hardens into a
jelly ; and from hence fmall fibres and a cellular fub-
ftance are often found, in fome difeales, mixed with
the natural vifcous humour which every where exfudes
from the heart and its pericardium. This liquor is fe-
parated, without any intermediate glandules, or any vi-
fible pores, from the fmall exhaling arteries of the
heart, auricles, and pericardium ; as may be proved
by a fumilar tranfudation of water or fifh-glue mjected
into the large arterics. : :

83. The ufe of the pericardium is to contain the
heart, along with this vapour ; and to fupport and
ftrengthen it asa fulcrum or prop, that, in contraétion,
the fibres of the heart may be drawn together without
diftorting the large blood-veflels, and that it may lels
fluGtuate like a pendulum every way by altering the pofi-
tinn of the body. For thefe reafons, we find it mn all ani-
mals that have a'true heart. A watery vapour here be-
dews the heart, hotter and quicker moved than other
parts, {0 as to hinder attrition and cohefion betwixtitand
the pericardium ; but, when this vapour is dried up or
deficient, the pericardium adheres either to fome one
part only of the heart, or to its whole furface, fo that
it fometimes feems to be entirely wanting.

84.Nature hath given a heart to moft animals, even to
many infects and worms: to others fhe hath denied it ; and
thefe are the moft fimple of all animals, although large,
feeing they are irritable throughout their whole body,
as, for inftance, the prickly hydra. To thofe animals
who have no heart, veflels are alfo denied.

85. The veins which carry back the blood from the
whole body to the heart, if we except thofe of the
lungs, are reducible to two. The cava is improperly
named in the fingular by anatomiils, fince it 1s no
where, or for 2 very fhort fpace, one fingle trunk.

The
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The lower of the two large veins, which is the biggeft
of them in mian, afcends: immediately above the dia-
phragm from the right fide, towards which it is a little
convex or gibbous, ta its union with the upper cava,
and, together with that in its back part, forms a mid-
dle partition betwixt the right and left finus ¢ but the
left fide of the venous tube degenerates into the right
auricle, whofe fibres are a continuation from thofe of
the cava. What we have here faid of the lower cava
1z alfo true of the upper.

86. Thus, by the meeting of the upper and lower
cava, a finus or cavity is formed with a CONVeEXity to
the right, and inwardly filled with ftrong, flefhy fibres,
detached betwixt the two fimple membranes, and va-
rioufly interwove. But the fame cavity, to the left
and fore part, dilates forwards into an almoft perpendi-
cularly oblong or oval form, and terminates above with
a blind-pointed end, which is free from adhefion with
the heart, and lies incumbent on the great  artery.
This cavity alfo, like the former, has plenty ‘of flefhy
fibres placed betwixt two very thin membranes, almoit
i a parallel pofition ; and thefe form 'a kind ‘of arch
extended from the right to the left edge of ‘the whole
cavity, and round the anterior half cylinder of this
cavity; and thefe mufeular arches are conneéted toge-
ther by fome of the leaft fibres. This anterior and
ftringy part of the cavity is called the auricle * but that
to the right and pofterior part is called the finus: it is
thin at the partition of the auricles, and likewile be-
tween the oval ring and where the vena cava enters the
heart. Im this appendix there feem to be three large
mulcles, the anterior, pofterior, and inferiof.

87. In the partition which feparates the two auricles,
the bafis lying in the middle between the tWwo venm
cavee is deprefled to the left fide, more on the upper,
and lefs on the under part; and, at its bafis, ‘the par-
tition is exceedingly thin. I'fhall call it the eval fofla. It
1s bounded on both fides by a flefhy column, by the
union of which an arch is formed at top, while the
thinner parts at bottom are turned backwards to meet
OIS
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one another. . This. 1 call. the sval ring; others, the
i hamus. %
88.. Where the lower, cava. opens into the right au-
ricle, from the tumid column. of the left fide of the fo-
ramen. ovale-arifes a moon-like membrane, naturaily
complete in its figure, and from-its thinnefs in adults
fometimes net-like : and this being extended round the
lower edge of the auricule, grows thinner all the way
as it is incurvated to the right ; but does not quite fur-
round half of the auricular circumference, the cavity
of which it ferves like a partition to divide from the
vena cava. - This is called Ewuffachius’s valve. The
oval foramen we fhall defcribe hereafter,

89. The blood of the two venz cave is propelled by

a mufcular force, in either vein, into this afrium or porch
of the heart, compofed of the finus and auricle. Thefe
veins, as far as they lie within the breaft, are endowed
with {trong and irritable mufcular fibres, by whofe con-
tractionthe blood is driven into the neighbouring auricle.
go. In like manner, the auricle, being irritated, is con-~
tractedonall fides. And firlt, by aconftriction of its mul-
cular fibres, the anterior femicylinder of the auricle is
reduced to a plane ; while the fame fibres, by their con-
traftion, bring back the middle arch towards the ante-
rior extremity or beginning of the hearr, and likewife
towards its pefterior extremity or finus. Then the aps
endix to the auricle defcends, and is contracted tranl
verfely by itfelf, while the lower part afcends ; and thus
the auricle becomes fhorter. Again, the left edge turns
evidently, to. the right, and the right edge a little to
the left ; and thus the auricle is rendered narrower,
Thus . the, blood of both cava, being mixed toge-
ther in the beginning of the heart now difincumber-
ed, is drove through the edges of the open valve, in
fuch a manner as to urge the valves of the right ven-
tricle clofe to the fides of the heart.  But the blood is
now hindered from returning again into the lower ca-
va, both by the contraftion of the auricle, the re-
filtance of the fucceeding blood from the abdomen,
i and
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i o and of the Enflachian valve ; and upwards it is hinder-
Al ed from afcending, both by the motion and weight of
the confequent blood. It is driven back, however, on
both fides, if there happens to be any obftacle in the

lungs,
9t. The fgure of the heart itlelf, in fome meafure,
refembles halt a cone, if the cone be fplit into two
\ longitudinally in the direction of its axis. It is alinoit
' triangular ; only the end of it is obtule, and the lower
fide of it is flattened in proportion to the diaphragm on
, which it lies incumbent, and is thereby fultained. But
i ’ the convex furface of the cone is fo inclined within
i | the pericardium, under the great blood-veflels, as fuf-
fices to place its thicker lemicircular curvature, which
modern anatomilts call its obtufe margin, direéted to the

7 i e R e

5 : upper and to the left fide of the breaft : in its lower

1 and anterior part, the heart is alfo extenuated into a

| I kind of edge, which is called its acute margin ; but the

il point is turned a little forewards. This is the general

i fituation of it in mankind ; but, in brutes, the heart be-

LAt ing almoft parallel to the larger axis of the thorax, its
'.-i apex or tips only extend to touch the diaphragm.

1) g2. The whole heart is hollow, having its anterior,

i formerly called its right ventricle, communicating into

mie right auricle and finus, which is broad, and fha-
ped hike the fourth part of a cone; not fo long as
the polterior left ventricle, but larger ; and it terminates
in the fhorter tip of the bifurcated apex of the heart.
The mouth of this ventricle, where it opens into the
auricle, is clliptical ; and terminated by a white gluti-
nous margin, more callous than tendinous : over this,
plates of mulcular fibres are fpread, and fome fat lies
outwardly upon thefe,

93. From this callous margin is extended, within the
. heart, a membranous ring, formed by a reduplication
TN of the internal membrane of the auricle, extended fo
i as to float within the ventricle, to which it was before
Ill continuous. But this fame ring, in that part which
1 Huctuates in the ventricle, is fo fplit or divided into
three
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three  unequl triangular portions, that you may, in
fome 'meafure,” give them “the name of valves, and
count'three of them in mumber, although they are, in
fact,” only continued parts from one broader ring.
Thele were, by the ancients, named #riglochines, or tri-
cufpid valves, :

94. That part of thefe valves which lies next to the
fides of the heart is ftrengthened by tendinous fibres,
which, meeting together in their courfe, are inferted
by very {trong cords, partly into the fides of the heart,
and partly imnto papillary or cylindric mufcles, which
arife ‘upward' from the left fide of the right ventricle
towards its righr fide. The largeft of thefe mufcular
eolumns is that which anfwers to the biggelt of the
valves, which is both the uppermoft and that which
anfwers to the adjacent mouth of the pulmonary arte-
ry. The leaft of them is the lowefl, and is fituated
before the acute margin.

95. The ufefulnefs of this valve is evident enough ;
for the right auricle (9o.) being contraéted, the blood
contained in the right porch of the heart, at the loofe ex-
tremity of the auricle, being impelled from the circums-
ference towards the axis, like a wedge, feparates the
pendulous portions of the ring, called fricufpid valves,
and prefles them to the {ides of the heart. Thus is
filled ‘the right ventricle of the heart, while the upper-
moft valve (94.) fhuts the pulmonary artery, leit the
blood, by the weak impulfe of the auricle, thould flow
into that artery; the blood thus received, and con-
fined within the right ventricle of the heart, is, by the
{trong contraction thereof, more powerfully expelled
into the artery.

96. The fenfible fleth of the heart, being irritated
by the quantity and “weight of this warm blood, is
thereby folicited to a contraétion : for that the heart,
being irritated; will contract itfelf in a perfon dying,
or even lately dead, is proved by injetions of water;
and inflations of air, whereby the heart, then quiefcent;
i3 recalled to its motion, ' ; T

3% ik G 97. The
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97. The heart’s motion is performed by mufiular
fibres ; the originations of which, in general, are from
rings formed of the cellular fubftance, compaéted into
a callous ligament, agreeable to the defcription given
in 9z. and with which all the larger blood-vefiels, at
their opening into the heart, are furrounded. From
thence the fibres which arife defcend gradually in an
oblique winding courfe towards the left fide, and for-
ward to the apex; in many diftinét plates, and fome-
times a little traverfing each other, the middle ones
being the moft tranfverfe, while the outermoft and in-
nermolt defcend in a ftraighter line. In the flat fide
of the heart (91.) there are few fibres; and fo thin,
that, when you have removed the fat, the cavity ap-
pears almoft uncovered. That which is called the left
ventricle is, however, very firmly invefted by the
fibres ; which, after furrounding the fame ventricle,
form a flight decuflation in the feptum cordis with the
fibres of the right ventricle, and are interwoven with
them. Some of thele fibres defcend into the cavities
of the ventricles, and form there the flefhy columns
mentioned at 94. Others, at the tip of the heart, are
wound in a vortical or whirling pofition, the two horns
ending by a {trong fafciculus or bunch in each ventricle.
A very thin and fmooth membrane covers the external
and internal furface of thefe fibres; but the external
membrane, efpecially where it is fpread over the coro-
nary veflels, contains much fat beneath it. I have, for
my own part, not been able to diftinguith any thing
more particular in the mufcular fabric of the heart,
with any tolerable degree of evidence; becaufe it is
the peculiar property of the fibres in the heart to join
together in branchy appendices or heaps, in fo {trict
union, that they cannot be feparated without lacera-
tion,

98. But there are feveral eminent anatomifts, whofe
ingenuity and communicative freedom 1 refped, who
have reprelented and defcribed thofe fibres difplayed
and feparated : namely, the external fibres of the

heart,
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heart, common to both ventricles, defcending to the
tip, and then, taking another courfe, to infert them-
felves into the feptum ; others again, at the tip, to
perforate the left ventricle, and return, in a contrary
courfe, to the bafis, along the inner furface of the faid
ventricle. But the middle fibres, betwixt the afore-
faid inner and outermoft ones, being varioufly inclined
towards the bafis, they form the feptum. And others
have given us figures and deferiptions of ftill different
orders of fibres, of which the outermoft run counter
to the innermoft, while the intermediate are tranf-
verfe, Which defcriptions, as they are not much dif-
ferent from my own obfervations, I fhall make no op-
pofition to, although I have never been able to fee this
difpofition of them fufficiently manifeft, and am ac-
quainted with great anatomifts who have not herein
been more happy than myfelf.

99. Thefe fibres of the heart, like other mufcles,
are furnifhed with zerves of their own, very numerous
and of various origin. The firft and uppermoft are
on the left fide from the ganglion of the intercoftal
with the uppermoft cervical nerve. With thefe are
joined others from the pharyngeal plexus of foft
nerves ; others, produced from the pharyngeal and
gloflo-pharyngeal ganglions, are mixed with them;
others alfo are added from the trunk of the intercoftal
nerves ; and others from the middle ganglion feated
on the {traight mufcle about the paflage of the thyroid
artery, which has branches both froin that uppermoit
nerve, and from the trunk of the intercoftal and phre-
nic nerves.  Others come from the recurrent nerve of
the cighth pair. The nerves of the heart, originating
from thefe fources, (wove together into a plexus, part-
ly before the great artery, in which the following ones
are mixed together; and partly forming feveral fmall
plexufes between the afpera arteria and the large arteries
going out of the heart,) form one or more plexufes out of
the nerves of the right and left fide; which plexufes are

G 2 commonly




44 HeE: AR T CHar. V.

commonly joined together, though fometimes they are
diltin¢t, From this fame plexus, or plexufes, other
nervous twigs pafs betwixt the aorta and pulmonary
artery to the right artery of the heart; others crofs the
pulmonary artery, and go betwixt it and the left auricle
to the coronary artery of the fame fide ; others behind
the pulmonary artery to the fame coronary; and
others, again, defcend very deeply behind the pulmo-
nary artery to the left finus and flat furface of the heart,
To the cardiac plexus, above defcribed, other large
nerves accede from the fifth and lower cervicals, and
fometimes from the phrenic nerve, and from a gang-
lion of the loweft cervical with the intercoftal, to which
join large roots from the loweft cervical nerves.  The
laft defcribed nerves, which are larger, fofter, and
more tranfverfely difpofed, -are partly mixed with the
foregoing plexus, and partly go to the lungs. Laftly,
there are fome {mall branches, uncertain as to courfe
and number, which join the cardiac plexus from the
rr:currﬁnl:and eighth pair of nerves ; and, making various
inofculations with the mttrmﬂtﬁs, are r.nn’rmmr.t d
with thole of the eighth pair. As for thofe nerves,
which fome eminent anatomifts have feen alcending
from the great abdominal plexus to the heart, through
the foramen of the vena cava, I have never been able
to find fuch ; although it is r:afv enough to difcover
the d1aphr1qmﬂuca in that place, having ganglions pe-
culiar to themfelves, of which thofe anatomifts make
no mention,

100. That thele nerves conduce powerfully to move
the heart, is the opinion of eminent anatomifts, from
a {:.D'lﬁd::mtmu of the common nature of mufe ELb ;3 and
from the increafe which follows in the heart’s motion,
by irritating the eighth pair of nerves, either at the
brain, or the fpinal medulla; and from the languors
that enlue upon tying thofe nerves, which proves fatal,
either fuddenly or within a few days, even though you
happen to make the ligature on but a fewof the nerves
that come to'the heart; forthe interceftal, and efpe-
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cially thofe from the ganglion of the upper thoracic,
cannot be tied. :
1o1. But that there are flill other caufes, befides
that of the nerves, conducing to the motion of the
heart, we are perfuaded from obferving its motion un-
dllhubed by the irritation of all the nerves i the living
animal ; from its remaining after the greatelt wounds
of the head, and even of the cerebellum and medulla
{pinalis ; likewife from its motion when torn out.of the
brealt ; moftly in thofe anmimals in which the lungs, be-
ing impermeable, make no refiftance to the heart’s mo-
tion ; for the motion of the heart is obferved to be ve-
ry x1g0mua in the feetus before the brain is well form-
ed, and likewife in animals wanting the head. And
all our experiments agree in th!s, that the quielcent
heart, in dead or dying animals, when irntated by
heat, cold, vapours, poifons, and efpecially the force
of impel Iu.l flatus, watery liquors, wax, or bload, or
on receiving an eleéric i'p.,lrL 1mde1atelv Cnntra&s
itfelf, by putting all its fibres into a rapid motion, by a
force i’nmthmcs common throughout the whole ht'arr,
and fometimes affeCting only a particular part of it.
102. Thusthen we fee, that there refides in the heart
a kind of impatience of ftimulus; fo that even in the
vifcus, when almoft dead, wrinkles, and motions of dif-
f::rf:.lt kinds, appear to be prf}pagatfd along its furface,
from places as it were irradiating from points: again,
the heart, when torn out and m]d, on being pricked,
inflated, or irritated, contraéts itfelf ; and its fibres, when
diffected, corrugate themfelves orbicularly, when there
15 neither nerve nor artery to bring it fupplies of any
kind. This irritability is greater, and remains longer,
in the heart than in any other part of the body ; feeing, by
ftimulating it, the motion of the heart may be renewed
at a time when that of no other mufcle can.  The heart
of the feetus is moft irritable, as well as larger, in pro-
portion, than in adults; and molt tenacious of its mo-
tion, even in the cold. That motion is peculiar to the
beart itfelf ; coming neither from the brain, nor -the
foul ;
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foul; feeing it remains in a dead animal, even when
the heart is torn out of the breaft; neither can it, by
any alt of the will, be made either quicker or flower,

103. It is, therefore, evident, that the ftimulus, oc-
cafioned by the impulfe of the venous blood, caufes the
heart contract itfelf; and that this contraion is con-
vulfive, made with great celerity, and a manifeft cor-
rugation of the fibres ; whereby the whole heart be-
comes tfhorter, thicker, and harder, fo that the left
ventricle is drawn fomewhat towards the feptum of the
heart, and the right one much more. The bafe alfo
advances towards the apex; but the apex more evi-
dently towards the bafis. This I have often obferved
with the greateft certainty in diffecting brute animals
fo that thofe learned gentlemen muft have fome way or
other been deceived, who have afferted, that the heart
is elongated during its contra&ion. But the heart does
not {feem to turn pale in fuch animals as have warm
blood. Even the feptum of the heart is rendered thorter,
and draws itfelf towards the bafis. By this aGion, the
flefhy parts of the heart {well inwardly, and comprefs
the blood, as they do the finger, when introduced into
its cavitics.  But that the heart is confiderably enough
emptied in this action, appears both from the event ; the
evident palenefs of animals whofe heart is white, as frogs
and chickens; and from the internal furface being tull
of eminences, which exa@ly anfwer to oppofite cavi-
tics, and to the thick reticular arms or columns inter-
rupted by finufes. Finally, the apex of the heart, be-
ing contracted a little like a hook, flrikes againit that
part of the pericardium next the thorax. Forwards,
there is alfo a pulfation from the left venal finus ; which
13, at that time, particularly filled. In exfpiration, the
heart ftrikes violently more upwards and forwards.
The truth of both thele we know by experiment.

104. The blood, which is prefled by the contracted
heart (103), endeavours to efcape in all dire@ions ; but
being driven from the mufeular fides, towards the axis
of the ventricle, by the reaction of what is lodged be-
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twixt the venal ring (93.)and fides of the heart, the loofer
ends of the faid ring are driven forwards and extend-
ed inward at the fame time. By this action upon the
whole circumference of the ring, it not only becomes
extended itfelf, but, at the fame time, throws back a
part of that blood into the right auricle which had
before defcended into the cone of the open valve,
wholfe fides, now approaching, fhut up the venous ori-
fice more clofely as the heart contraéts more ftrongly,
by whofe force the tricufpid valves, as they are called,
would be preffed reduplicated into the auricle, if the
mulfcular nipples (94.) or columns did not keep down
their edges, and hold them firmly by their contra&ion
(which is the fame with that of the heart) in fuch a
fhape, as will extend the annexed chords of the valve,
without injuring them,

105. But the nifus of the remaining blood, now re-
filted by the tricufpids, fecks another courfe; and,
whillt it derives the larger of thofe valves that is feated
to the right (94.), from the fide towards the axis of the
heart, this leaves open the mouth of the pulmonary ar-
tery, which it before covered ; whereupon the blood
prefling the valves in the mouth of the faid artery clofe
to its fides, it thus ruthes into it.

106. To defcribe this more particularly ; from the up-
per and polterior part of the right ventricle, a way leads
into the arfery, taken in as it were between the flethy
parts of the heart produced, and ftrongly conneéted to
it by a cellulous, callous ring, from whence the artery
alcends to the left backward, and difplays itfelf behind
the arch of the aorta. The ftrengthy of this artery is
not extraordinary, being much weaker than that of the
aorta, ' But from the inner furface of the artery, where
it 1s joined to the heart, three femilunar valves arife, by
a reduplication of the arterial membranes extended up-
wards, and towards the axis, in an arch that is flat or
obtule enough ; and thefe valves always fluctuate with
their edges at free liberty, in a parabolical thape. The
middle of the edges, in each of thefe valves, is gene-
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rally divided, fometimes in the feetus itlelf, by a fmall,
denfe, callous body, of a conical fhape, but made up of
inclined planes ; whereby each whole valve, in itfelf re-

fembling an half-moon, is thereby again Fuhtluu.{,:.i into

two lefs h'lu*lnﬂﬂl-h. Betwixt the two membranes of
the valve, appear fome mufcular or tendinous fibres,
partly in a tranfverfe pofition; fome of which hold faft
the valve to the next contiguous fide of the heart, leav-
ing fometimes fpaces betwixt them in a reticular man-
ner. Qther fibres alcend from the bafis of the valve;
and, by growing to the callous corpufcle, draw back
the faid valve, and open its concavity.

107. Each of thefe valves, in conjunétion with the
fides of the artery here dlﬂrg.ng intercept a Ipace,
which is blind or impervious downward ; but open up-
ward in a parabolical fhape, as we obitrwd of the
valves in the veins (49.) When, therefore, the blood
1s impelled from the fides towards the axis of the con-
tracting heart, it endeavours to efcape in the direftion
of the faid axis; and, by rufhing forth like a w Ldg{:
betwixt the valves, nrtf’ﬁ;:;». their loofe fail-like edges
againft the fides of the pulmonary artery, fo as to run
freely out of the heart.  The truth of this appears from
the plain fabric, from injeftions, and from ligatures,
whicl, by obitructing the lungs, will not fuffer the large
cavities in the right fide of the heart to be emptied,

108. The blood now received into the pulmonary
artery, goes on then to make its circulation through the
lungs. That artery is firlt divided into two branches;
of which the left, being lefs and fhorter, enters ﬂlrt-&ly
into the fubftance of the lungs : but t]!; right branch,
being larger and longer, pafles tranfverfely throngh the
arch of the aorta; and, after going a little way behind
the faid aorta, enters the correfponding lungs of the
fame fide. From each of thefe branches, by a multi-
plied fubdivifion, arife the very leaft arteries, fome of
which tranfimit the blood direétly into the ccntmur:d
fmall veins, and others exhale part of its aqueous juices
into the pulmonary cells. That the blood goes thus di-

rectly
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rectly from the arteries into the pulmonary veins, ap-
pears evidently from their ftructure ; alfo from a liga-
ture, which, intercepting the blood’s courfe, while the
heart and lungs ftill urge it, caules an aneurifmatic di-
latation of the artery; and from polypufes, by which,
the mouth of the pulmonary artery being obitructed,
the right cavitics of the heart become monftrouily en-
larged, and at length burft, while the left remain empty.
Laitly, from injeétions ; for water, fith-glue, and milk,
are very eafily forced from the pulmonary artery into
the vein, and from thence into the left cavity of the
heart, Tut the direct anaftomofes or final openings
of the arteries into the veins in the lungs, is proved

even to the fight by the microfcope, in frogs, &c.
109. Nor can the blood, which has once entered the
pulmonary artery, return back again upon the heart ;
becaufe the valves therein (106.) are of fuch dimen-
fions, that, when diftended, they perfeétly fhut up the
opening at the heart ; and are fo {trong, that they refift
a much greater force than the contraction of the pul-
monary artery, without being conftrained to yield,
However, fometimes, from a greater contraétile force
of the artery, they grow fomewhat callous ; or, from a
laceration of their outer membrane, a bony matter is
poured in betwixt the duplicature of the valves. For,
when the blood, by the contraéion of the artery, re-
turns towards the heart, it meets and enters the open
fail-like concavities of the valves (107.), which are, by
that means, expanded, and driven together towards an
axis in the middle : whence the valves, once expanded,
quite fhut up the mouth of the artery, fo as to leave not
the leaft {lit open ; for any opening that might be left,
is precluded by the fmall callous bodies remarked at 106.
t10. The pulmenary veins, of which we fhall fay more
hereafter, gather into larger branches, which, at lait,
terminate in four (feldom two, and ftill more rarely in-
to five) trunks; to which it has been cuftomary to
affix a name in the fingular, by calling them the pu/-
monary vein. Thefe enter the cavity of the pericar-
H dium,
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dium, from whence they receive an external covering ;

and are then inferted at angles into the fquare left or

pa;‘h-;nr finus, which is fometimes likewife called the

pulmonary finus. In this courfe the upper vens de-

fcend, as the lower ones afcend. DBut that thefe veins

bring their blood towards the heart, in the fame direcs
tion wuh the finus into which they open, 1s proved by

a ligature, which caufesa 't"rmfr.fm_r: or {welling, from

the blood TEH!I‘IE‘d betwixt the ligature and the ]ungf;

111. This phhnmnrr finus, which 1s almolt of a cu-
bical figure, being firmly built of divers bundles of
fibres running betwixt two membranes, has, forward
and to the right, one ﬁi'lj.\ll:' fide or partition, in com-
mon to itlelf and the right finus (86.); but, forward
and to the left fide, it goes into a conical appendix,
which is divided into procefles, or indentations, hke a
cock’s comb ; and, after two or three ferpentine turn.
ings, makes what 1s called the lgft auricle, incumbent
on the left antnclL, and pointing forwards. Some of
its fibres, as in the right auricle, by their h.hnwnh con-
trat it into the form n{‘ an '1*4;:‘1; {:-thf:rs1 coming from
the origin of the appendix, and inferted into its apex,
deprefs it.  This finus, with the left auricle, are fome-
what lefs than the right finus and auricle.

112, In this left ﬁ:*.u. the blood wcnt'-’; for the heart’s
relaxation ; at which tlmt_ the nifus of the blood im-
pelled againft the venous valves, and the contradting
ftronger force of the finus, grow lefs. Then the left
finus ftretches itfelf fﬁrwani acrofs the heart, is contract-
ed tranfverfely along with it, and the appendix becomes
evidently fhorter and narrower. Thus the blood is
driven into the left ventricle, in like manner as the right
auricle impelled 1ts blood into the right '-.Lntm.]ﬁ, [9:, )
For here, as before, a like membranous oval ring forms
prnciuctmns called mitral valves, of which there are u-
fually two only counted. Thefe valves are !DngLr and
ftronger than thofe of the right ventricle. They have
each a mufcular column, often fingle only, and joined
to the tendinous threads of each valve : but they arl:

much
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much ftronger than thofe of the tricufpids. And here,
more frequently than in the valves on the right fide,
callous knots, or cartilaginous humours, are found in
the tendinous {trings, at their originations from the
membranous ring.

& 113. From what has been faid, then, it appears, that
the fame blood is now arrived into the left ventricle of
the heart, which was a little before fent from the venz
cavz into the right auricle (89.), which drove it into the
correfponding or right ventricle (95.) ; by which, again,
it'was urged into the pulmonary artery (105.); and,
from thence, pafling into the pulmonary veins, was
conveyed into the left {inus (110.); and, out of this,
we here find it driven into the left ventricle (112.).
This courfe of the blood, from one fide of the heart to
the other, through the lungs, is called the pulmonary
or lefler circulation, and was known to many of the an-
cients. Itis proved by the increafed bulk of the pulmo-
nary veins on the left fide; and likewife of the right
cavities of the heart, on an obitruétion of the entrance
into the left ventricle.

114. The left, or polterior, and upper ventricle of
the heart, which is always firlt formed, and in a great
number of animals the only one, makes up that part of
its half-cone-like body, which we before called obtufe,
(o1.) It is fomewhat narrower than the right ven-
tricle, a little longer, rounder, and generally of a lefs
capacity within, For the contents of this ventricle are
about two ounces, while thofe of the right advance up
to three. Its fabric internally is reticular, but more
nicely wrought than in the right ventricle; and with-
in the mouth of the artery it is fmooth: but its force
1s confiderably greater, as the mufcular flefh that fur-
rounds it is much thicker, and almoft three times
ftronger. The feptum of the heart belongs moftly to
the left, but fome part of it alfo to the right ventricle :
the whole of it is reticulated in like manner; but folid,
and incapable of fuffering any inje@ed liquid to pafs
from one ventricle to another,

H 2 115, Again,
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115. Again, this left ventricle, being inftigated to
motion by the impelled blood, does, from the fame ir-
ritable nature before mentioned (103.) contra&, and
drive its contained blood with a violent motion in the
direction of its axis, and determine it towards the bafis,
at the time when the tip or cone of the heart is drawn
nearer to its bafis. And fince the apparatus of the
mitral valves 1s here the fame as before in the tricuf-
pids, the venous blood, now expanding the ring from .
whence they arife, removes that valve which lay againft
the mouth of the aorta, fo as to open a way for itfelf to
the artery ; in dilating the mouth of which, the faid
blood prefles the femilunar valves, there placed; againit
the fides of the aorta, into which it ruthes with a vio-
lent impetus. This is proved by ocular demonftration
in living animals, where the left ventricle fwells upon
fhutting the paffage into the aorta.

116. The femilunar wvalves of the aorta differ little
from tholfe in the pulmonary artery : ouly as the open-
ing is here greater, fo the valves are proportionably
larger and {tronger, and are not fo often diltinguithed
in the middle by thofe callous globules or little round
bodies. The fibres too of the valves, both tranfverfe
and afcending, are here fomewhat more confpicuous.

1 17. After the contraction of the heart, follows its rela-
xation or diaftole, in which it becomes empty, lax, and
foft, recovers its former length, the ventricles recede
from the feptum, and the bafis from the apex. But,
while it is in this ftate, the blood in the auricles, having
been as it were in a {tate of expe@ation, rufhes through
the openings of the valves of the veins, dilates the op-
pofite fides of the heart, and makes it at once longer and
larger, After the auricles have freed themfelves of the
blood they contained, they are in like manner relaxed,
and their oppofite fides remove from each other. Then
the blood, colleted in the venz cave and pulmonary
veins, fills the auricles by the contra&tion of the veins;
renders them long, broad, and thick, like the ven-
tricles ; and even diltends and fills the tooth-like pro-

cefles
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ceffes of the crefted margin. That the fibres of the
heart are not dilated, is proved from the junétion of
thofe fibres ; which, being tied together by their mid-
dle branches, cannot be feparated : alfo, by the diffec-
tions of live animals, in which the whole heart is fhown
to be contraéted.

118. But we muft now confider, that thefe motions
of the right and left auricle, with the right and left ven-
tricle, are not performed in that fucceflion in which,
for the fake of method, we have here deferibed them;
for both the auricles are contracted, while the ventricles
are relaxed : fo that the contradtion of the auricles pre-
cedes the contra&tion of the ventricles; as we are al-
fured from manifeft experiments on dying animals, and
on thofe whole living blood is cold. But both auricles
are filled together in the firflt inftant, as both of them
are emptied together in the fecond inftant; and both
the ventricles are contraéted together in the third in-
ftant, which is the fame with the firft ; and both ven-
tricles, being evacuated, are relaxed in the fourth in-
ftant, which is the fame with the fecond. Thofe who
have miftakenly taught otherwife, have not taken the
advantage of making a fufficient number of experi-
ments on living animals, That the auricle, near death,
malkes frequent palpitations, before the ventricle of the
heart performs one contrattion, is true enough, The
auricle with its finus forms one cavity, and both are fill-

ed and both emptied in the fame inftant.

119. But it may be afked, why the heart never ceafes
from its perpetual motion, through fuch a number of
years as there are in one’s life, through fo many days
as there are in a year, and through fo many hours as
there are in a day ; when, in each hour, the heart of a
healthy perfon contrads not much lefs than 5000 times
fo often are there fucceflive repletions followed  with
new contraftions, perpetually in the fame conftant or-
der. Nor is there any other mulcle, befides the heart
and diaphragm, but what becomes tired and painful,
by ating inceflantly, cven for a few hours, Different

anfwers
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anfwers have been given to this queftion by different
profeflors, founded either upon a comprefiure of the
cardiac nerves betwixt the large arteries, or upon an
alternate repletion of the coronary arteries and cavities
of the heart, &ec.

120. But to me the fimplicity of nature feems very
great in this matter. When the auricle is relaxed, it
15 dire@ly filled by the mufcular force of the continu-
ous great vein; and {o the heart alfo contrads itfelf,
when, in like manner, it is irritated by the blood driven
into it from the auricle. Therefore, the heart, haying
once received the blood, is contradted by that ftimulus
or irritable force, whereby mufcular fibres are excited
into contraction ; whereupon it cMiptics itfelf of the
blood, and, being freed from the flimulus thereof, im-
mediately refts or relaxes itfelf. But the heart being
now relaxed, the auricle is in like mannér irritated by
its contained blood, and by contrating fills it again ;
while the inceflant ations of the heart and arteries con-
tinually urge new blood into the right finus and au-
ricle. That this is the true ftate of the heart’s mo-
tions, is proved from aéual experiment or obfervation ;
whereby we plainly difcern the fucceffive repletions and
conftrictions made in the great vein, auricle, ventricle,
and artery, eafily feen in a weak or expiring animal ;
but more efpecially, and more evidently, in thofe ani-
mals which have but one ventricle in the heart ; as the
tortoile, frog, Mmake, fithes; and in the chick hatching
in the egg, which, inftead of a heart, has only one
crooked canal. The fame is alfo confirmed from the
refting'of the hearr, which follows upon tying the veins ;
and from the return of its motion, by removing the li-

gatures, or by the impulfe of wind or liquors injected ;
and, laitly, from the perpetual contradion of a frog’s
heart, round or upon a veficle of air inflating it ; which
air, urged into it by the veficle, it will alternately re-
ceive, and for many hours tranfmit into the common
air. The left ventricle firft ceafes its motion; then the
auricle of that fide ; then the right ventzicle ; after that,
the
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the right auricle ; and, laft of all, the pulmonary veins,
and vense cava. 'Whatm er motion is in the vena ca-
vae, ought to be attributed to the auricle repelling the
b]uc}.,] into both thefle veins, and which the heart, when
dead, is not capable of receiving,

121, Nor do I believe there 1s any, thing more re-
quirt-d to the heart’s motion, than a continual ftimulus
applied to a very irritable part. For, even in the ar-
ticle of death itfelf, the ve ry coldnefs of the limbs, which
the warmth of life has left, contraéts the veins, and
drives the blood to the h{,m*t- when the lungs, br:mrr
impermeable for want of rtl'paratiun tranfinit no b]ucd
to the cavities of the left fide. And, on the other
hand, the heart, after it js Lhomuglﬂ‘f emptied, re-
mains at relt. It may thus happen, that, inftead of
the vena cava and right auricle, the lait appearance of
life may be transferred to the left auricle and ventricle ;
if we fuppofe the right cavities to be empty, the left
may be irritated by the blood contained in them. But
if you derive the relting of the heart from the compref-
fion of its nerves, the motion of the auricles will be an
objection, becaufe their nerves are not u‘smprtﬂ'r:d An
example alfo we have in fith, and little chicklings in the
egg, where there can be no room for a compreflure of
the nerves. If, again, you deduce the heart’s reft from
a compreflure or occlufion of the coronary arteries,
this is contrary to experience ; fince they are not co-
vered by the valves of the aorta, and from a wound of
the faid arteries, during the hiluic of the heart, the
blood ftarts out to a great height,

122. Nor, with the ftrength of the heart, do I join
the ofcillations of the very fmall veflels, which 1s refuted
by experiments: nor the foree of u.t-:rnd] heat ; feeing
animals are found to live and thrive in the tu!dL{l re-
gions of the north: and though the contractile force
of the artery, and the weight of the parts and of the
atmolphere, aflilt the motion of the blood during the
diaftole of the heart, the fame powers refift it during

the fyftole ; fo that, indeed, by thefe means, the blood
18
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is moved no farther through the contradile arteries,
than even through the rigid arteries of the fmaller ani-
mals.
. But with what celerity, and with what force, the
aﬁlem‘.f drives forward the blood, is controverted, and
varioufly computed. The more modern writers have
railed their calculations upon a fuppofition that, for the
celerity to be determined, we are to admit two ounces
of blood to iffue out of the heart with fuch a celerity,
that the part of the pulfe, called its fjffole, makes one
third of the whole pulfation, and is finithed within a
w+v part of a minute; but the area of the mouth of
the aorta, they have eftimated o.4187 parts of an inch :
fo, by dividing the fpace filled by two ounces of blood,
(J 318 mt.l‘.lfsl) by the area or fetion of the aorta at its
mouth, [and length of its cylinder filled by two ounces,
VIZ. LTH—% the number thence produced divided by
sip the time in which the heart contraéls, they find
149 feetand twotenthsofaninch fwthcﬁncﬁ thro’ which
the blood runs in a minute, if it goes on in a cylinder
with the fame velocity it firft had from the heart. But
the incumbent weight of blood moved by the heart,
they have computed by the jet wherein theblood flarts
forth from the larger arteries in a living animal, being
feven feet five tenths ; and from the furface of the ven-
tricle, whofe area make 15 inches; which produce
1350 cubical inches of blood, or 51 pounds five ounces,
which prefs againft the ventricie of the contracting
heart. The heart, therefore, thus drives forward z
weight of gi ]munda, with a velocity by which it may
run through 149 feet in a minute; which foree it
exerts four thoufand eight hundred times in an hour,
124. Although there are many particulars here un-
thought of, which may render the eftimate incomplete,
and fuch perhapa as we may never get over; and
although the mouth of the diftended aorta may be wi-
der in a living animal, though the area of the ventricle
is of uncertain dimenfions, and the jet of blood com-
puted from an infufficient height; yet, if we confider
the
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the violence with which the blood ftarts from fome of
the lealt i’uﬂgulnu arteries in the living animal, although
we cannot eafily determine how much of the heart’s
fvi :w‘\, it affumes to itfelf, variationsin which will great-
]v alter the computation ; yet, in the mean time, it
will plainly appear, that the machine we call the he:lrt
1s a very powerful one. 'The truth of this is evident
from experiments, in which it appears to be very diffi-
cult to fill all the red blood-veflels by anatomical in-
jections, and qui'r:, impoflible to fill all the fmaller of
them : yet the heart, we {ee, not only gradually diftends
all the larger, the Iu.'ﬂ]rr and even the leaft veflels, with
blood, but alfo drives it forward through them with a
Cﬂ]lﬂht’....ht celerity., Even in the leaft arteries, the
blood is urged forward by the heart with fuch a force
as to make the alternate motions of that mulcle per-
ceptible. Likewife, in the veins and fmaller veflels of
cold animals, even while contained in the infeéts egg,
there is no other force befides that of the heart, by
which the blood is driven through their {mall veflels,
And, from fome of the leaft arteries, I have feen the
blood ftart forth feveral feet, the jet deferibing a para-
bola, whole height was four feet, and amphtmie of the
projection feven feet ; -and fome affert, they have feen
the blood afcend h‘mn the aorta to the height of twelve
feet.

. Moreover, that we may make a jult eftimate
of the heart’s force in living animals, we muft confider
what great refiftances that complex mufcle overcomes :
we mult compute the énormous weight there is of the
whole blood; a malfs, perhaps, of fifty pounds and
upwards : for all that quantity of fluids, once ftagnant
in a perfon lately drowned or fainted away, are eafily
put into their former motion by the heart only. We
muft again confider the great decreafe of the blood’s
velocity, arifing from the greater light or capacity of
the dividing branchts, (from whence the ratio of its ce-
lerity, even in the inteftines, may be computed to on-
ly a 24th or a 3oth part u{ its original impulle), abates
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two-thirds from the heart’s -force. And yet we fee
there are humours fwiftly moved through much fmall-
er veflels ; as, for example, in thole of the Sanétorian
perfpiration, which, in a fubterraneous cavern, I have
oblerved to alcend fwiftly in form of [moke or vapour ;
and the fame celerity of the blood in the leaft veffels of
little fithes, &c. is apparent to the eye by a microfcope.
Now, fince the fritions, in every machine, always
confume the greateft part of the moving forces ; much
more do they in the human body, whofe blood and
juices are fo much more vifcid or clammy than water,
and driven through veflels fo {mall, that they permit
only a globule at a time to pafs through, and even
hardly allow that without changing their figure : but from
fo {trong and extended a frition there muft neceffarily
follow a very great hindrance to the motion; whence
we may eafily underftand, that the force muft be very
great which drives fo fwiftly fuch a prodigious mafs of
fluids over fo many refiftances and decrements of the
moving forces. But aneurifims, and likewife arteries, are
burit by the force of the heart; and great weights are
clevated along with the human body by the force of
its fyftole.

126. The blood, being driven into. the aorta, imme-
diately finds the two openings of the coronary arte-
ries, which lie next the arterial valves, but above them,
or within the aorta; and, in confequence of this, it
ruthes firlt of all into the faid coronary arteries, by
which the heart fupplies itfelf with blood. Thefe arte-
ries are almoll conftantly two ; which going off from
the aorta next the heart at an obtule angle, the right
goes off between the aorta and puhpnngrg artery, and
the upper and left one between the left auricle and the
aorta. All the external arteries are furrounded with
much fat ; but their cavity is more intercepted with.
valves than that of other arteries. Thefe arteries com-
municate, by inofculations of the fmall branches, every
where about the feptum and tip of the heart ; but they
RO
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no where make a complete ring round the heart. They
terminate in a two-fold manner,

127. The firft termination of them is into the coro-
nary veins, whofe branches running in company with
thole of the arteries, have their trunks of neceflity dif-
poled in a different courfe. The great coronary wvein is,
therefore, a companion of the left coronary artery;
and is inferted with a large opening, fecured with
valves, or a number of little membranes, on the left
fide of the Euftachian valve of the right auricle : the
root of this furrounds the left auricle externally, and
then accompanies the fuperficial branches of the left
artery.

128, The other coronary vein (which you may
make a part of the former, fince they have both one
common infertion) defcends along upon the feptum of
the heart to its flat fide ; and may be properly called
the median coronary. The third bends tranfverd] y round
the furface of the right auricle; and then terminates
within, or at leaft very near, the large opening of the
coronary vein (127.)anteriorly. This vein fupplies that
part of the right ventricle which lies in the flat fide of
the heart ; and often receives thofe namelefs veins we
fhall hereafter defcribe.

129. There are ftill fome other anferior veins of the
heart; but one, more particularly large, goes along
the adjacent edge of the right ventricle, and, running
for fome length obliquely betwixt the membranes, is
inferted into the moft anterior part of the right auricle,
and fometimes into the trunk of the upper vena cava.
This anterior vein fends off another concealed one
through the root of the right finus; and, being again
inferted into the great coronary vein, it makes a com-
plete circle round the heart, like the arterial circle
which fome have defcribed, but has not yet been feen
by me.

130. But there are a great many more veins, un-
certain in their number, which belong to the bafis and
internal parts of the heart, to which the anatomift has

I2 feldom
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{feldom any accefs, becaufe they lie concealed betwixt
the origins of the large veflels : and thele open by num-
berlefs {mall moyghs into the right finus and auricle ;
and fome, but a few only, inte the left finus. Thus
1 have feen a particular vein, which, from a latent fi-
nus in the flefh of the right auricle, has afcended to-
wards the aorta and pulmonary artery, and inferted it-
felf on one fide into the greater coronary vein. Ano-
ther I have obferved, concealed betwixt the mouth of
the coronary vein and the aorta, inferted into the right
finus; and another through the remains of the oval
foramen, and feptum of the two finufes, inferting itfelf
into the right finus ; and others again belonging to the
venous valves ; befides which, there are {hll others too
numerous to defcribe. [ have obferved alfo a vein
arifing from the left finus, and inferted into the vena
cava,

131. There are ftill more, and much fmaller, veins
in the heart, whofe little trunks, being very fhort, can-
not eafily be traced by diffection ; and thefe o pen them-
felves by an infinite number of oblique finall mouths,
through all the numerous fovae or little finuofitics and
excavations obfervable throvughout the furface of the
right and left ventricle. Thefe are demonitrated by
injetions of water, wind, or mercury, made by the coro-
nary c'I.TtLI’IE":}:'I.ilLf}L-Ll it ve firft tied their corre ipm‘ldm
or accompanying coronary veins; or even by injecling
into the great coronary veins, after you have firll inter-
cepted the openings of their Jargeft trunks.  For, in
cither of thele cales, there are drops of the tinétured
water, bubbles of air, fpherules of wercury, rufhing
out through the whole extended furfaces of both the
ventricles of the heart: and this, without anv violence
that can be fuppofed fufhcient to break the vefiels.

But the paffage from the arteries into the cavities of

the left fide i1s more difficult.

132. There are fome who will have the coronary
arteries filled with blood, not by the contracting of the
heart, but of the acrta in its Hltur s Wl m,h“" y think
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mult be a confequence of the retrograde angle of the
blood’s courfe here, and the palenefs of the contracted
heart, with a fuppofition that the valves of the aorta
cover or clofe the mouths of the coronary arteries.
But the two laft of thele are difproved by experience ;
and the firft, or retrograde courfe, can only impede
or Jeffen, and not intercept, the flux into the heart :
for the injections of wind or mercury, into all the fe-
minal and biliary vefiels, demonitrate, that the large
retrograde angles, which the veflels often there make,
do not hinder the fluids from taking their natural
courfe, though they retard it. But a proof, {till more
evident, is, that the coronary artery has a pulfe at the
fame time with all the other arteries in the body, and
the blood ftarting from it makes a higher faltus at the
time when the heart is contracting(121.)

133. Concerning the reflux or return of blood from
the mufcular fubftance of the heart, there is fkill lefs
room to doubt: for all the coronary veflcls difcharge
their blood into the auricles and ventricles, either right
or left, (but lefs into the latter), by thofe larger (127,
128, 129.), and by the fmaller orifices (30.), as well
as by the leaft (131.), which fo eafily tranfmit the in-
jeftions, after you have firlt tied the larger coronary
veins. The circulation through thefe veflels feems to
be compleated in the fhorteft fpace of time that can be
in any part, from the great velocity the blood receives
from the heart itfelf, urging the fame through its own
fubftance. But that the whole contents of the veflels
are cleared in each contradtion, does not feem to me
probable ; for the blood-veflels of the heart do not
look pale enough in that a&ion to produce fuch an ef-
fect as an entire evacuation. There is a very free or
open paflage from the arteries of the heart into the cel-
lular {fubftance, or fat, which furrounds it. If you afk,
What are the ufes of thole leaft or fhorteft veins which
open obliquely through the furface of both the ven-
tricles (131.)? they ferve to return the blood of thofe

deeply
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deeply feated fmall arteries, which have no correfpond-
ing veins.

t34. The humours of the heart, which are thinner
than blood, return by the valvular lymphatic veins,
which accompany the coronary blood - veflels, and
alcend towards the thoracic duét and fubelavian vein ;

but are very rarely to be feen, althou gh I have obferved
them in brute animals,

CHAP VI
Of the Nature of the BLoop and Juices of the Human
Body.
138, HE liquor which is contained in the beat-

Ing arteries and their correfponding veins,
1s called, by one general name, the blood ; which, to aloofe
examination, appears homogeneous, or of fimilar parts,
red and coagulating throughout 5 and is obferved to
be redder in proportion to the firen gth of the animal:
in a weak and £ mifhed one, the blood inclines to a
vellow: it hath a whitenefs mixed with it, which
comes almoft totally from the chyle. But experiments
of diverfe kinds have fhown us, that diflimilar parts of
various natures refide in the compofition of this animal
liquor.

136. That fire is contained in the blood may be
proved from its heat, which, in human blood and that
of fome other animals, is from 92 to ioo degrees of
Fahrenheit’s thermometer, more than the mean de-
gree of atmolpherical heat, but lefs than the greateft,
Again, a kind of volatile vapour or exhalation conti-
nually flies off from the warm Juice, with a fort of
fetid odour coming betwixt that of the fweat and urine.
This vapour, being catched and condenfed in proper
veflels, appears of a watery nature, joined with a fmall
tincture of an alkaline difpofition,

137. Alter this vapour is gone off, the blood of a

healthy
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healthy perfon fpontancoufly congeals into a fciffile
trembling mafs ; and, with a lefs degree of heat than
that of boiling water, (viz. 150 deg.), it grows more
tough, like to a boiled egg. This toughnefs is greater
in feverith perfons thanin fuch as are in health. It fome-
times coagulates in the veins of a living perfon, and is
found clotted in wounds of the arteries. But even
within the veflels of a living perfon, and in one dying
of a fever, the blood has been feen, by the violence of
that diftemper, changed into a concreted tremulous jelly
throughout all the veins. The principal part of this
coagulated mafs is the craflamentum or erusr, which
has the red colour peculiar to itfelf, and gives it to the
other parts of the blood. This, if it be not kept fluid
by the attrition of a vital circulation, or fome fimilar
concuflion, runs confufedly into a compad, but foft
mafs, like liver, merely by relt and a moderate degree
of cold; as italfo does by the addition of alcohol, by
mineral acids, or by a heat of 150 degrees, of
which ¢8 is the blood’s heat in robuft people. It
18, either as a fluid or a folid, fpecifically heavier than
water by near an eleventh part; and, when freed
from its water, it is wholly inflammable. In a mafs of
healthy blood, one half or upwards is red cruor: and,
in_ ftrong laborious people, the ferum makes only a
third part; and is {till more diminifhed in fevers, often
to a fourth or fifth part of the mafs.

138. From this coagulum there feparates, at firft as
it were fweating out of its pores, but which afterwards
colle@ts in fufficient quantity to allow the concrete to
fink in it, another white, fomewhat yellowith, part
of the blood ; which again feems to be a liquor, con-
filting of homogeneous or fimilar parts, when it is not
really fo. This part of the blood is, in general, one
thirty-eighth part heavier than water, and almoft a
twelfth part lighter than the red globular mafs of craf-
famentum : this too, by an heat of 1 5o deg. or by mix-
ture of mineral acids or alcohol, and by a concuffive
motion, is congealable into a much harder cuagullum
than
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than the red cruor (137.); and forms an undiffolvable
glue, a flefh-like membrane, which at length fhrinks
up to a horn-like iuhﬂ.m:’:r:, or friable gum. From
thence are formed the pleuritic crufts or fkins, poly-
pufes, and artificial membranes. In this ferum of the
blood, befides the albumen, which will harden hke
the white of an egg, there is concealed a great deal of
fimple water, which even makes the bigger part of the
whole ; and fome quantity of a ropy mucus, capable of
being drawn into thréads better than the red cruor;
which laft, however, is not coagulable like the albu-
men, nr:tﬂmr by ﬁn_ nor by acids.

139. But, by putrefaction only, or the :.lm}.mw;
power of the air hot to g6 deg. c.qu.ll to the blood’s na-
tural heat, the whole mals, but efpecially the ferum,
diffolves or melts into a fetid liquor ; fitlt the ferum,
and then the cruor more flowly; tn]i at length, the
wholeé mafs, both of ferum and cruor, is turned into
a volatile anJ fetid eéxhalation ; leaving very few feces
behind., The blood' beéing a little di Molved by putre-
fattion, and' even before that, becomes fetid ; with
the h,tur afflumes an aikaline mvuru; and efervelces
with' aci ids. This property it afterwards lofes, the al-
kaline falt being deftroyed by putrefaction.  The pu-
trid blood cannot by any art be infpiffuted, as it 1s al-
fo very difficult to be refolved after it has hELI‘i coagu-
lated by fpirit of wine. By too fevere exercife, heat,
and malignant diforders, the cohefion of the blood is
diffiolved, and it aflumes’ an alkaline nature almoft.as it
from putrefaétion.

140. Belides thefe parts of which the blood appears
to confift, without fubjetting it to any violence, it
contains in its fubftance a'quantity of fea fa/t, which
is difcernable to the tafte, and fometimes vifible by the
microfcope. That there is earth lodged in the blood,
is- demonftrated from nutrition ; and from a chemical
analyfis, whereby the earth appears to lodge in the moft
fluid, and efpecially in the oily, parts of the blood.

By fome very late experiments, it appears, that a con-
fiderable
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fiderable quantity of ferruginous earth, eafily reducible
into metal by the addition of phlogifton, is contained
in the blood when calcined. Laftly, another part in
the blood is a7 in an unelaftic ftate, and that in a very
confiderable quantity ; the exiftence of which air in the
blood and ferum is proved by their putrefa&tion and
diftillation, or by removing the ambient air from them
by the pump. But we are not to think, from hence,
that the blood-globules are bubbles full of air, for they
are {pecifically heavier than the ferum,

141. By the admixture of neutral falts, the colour
of the blood becomes deeper and brighter, as by them
it is nejther diffolved nor thickened. It is fcarcely al-
tered by a weak acid. By fermented liquors it is coagu-
lated. Fixed alkaline falts have almoft the fame effeéts
as the neutrals. The volatile alkalies rather turn it
brown, and coagulate it. Alcohol and diftilled oils
coagulate it, as alfo vinegar. It does not effervefce
with any fait.

142. Chemiftry has, by various ways, fhowed us
the nature of the blood. (1.)When frefh drawn, before
it has time to putrefy, the blood, diftilled with a flow
heat, yields a water to the quantity of five parts in fix
of the whole mafs; which water has little or no tafte
or {mell, till you come towards the end of the opera-
tion, when it is proportionably more charged with a
fetid oil, as it draws nearer to a conclufion. (2.) The
refiduum, expofed to a ftronger fire, yields various al-
kaline liquors ; of which the firft, being acrid, fetid,
and of a reddifh colour, is ufually called the fpirit of
blood ; confifting of a volatile falt, with fome little oil,
diffolved in water, to the amount of one twentieth part
of the original mals of blood. There is an acid obfer-
vable in the fat, and likewife in putrid flefh and blood.
(3.) A little before, and together with the oil, that
next afcends in the diftillation, a dry wolatile falt arifes,
and adheres in branchy fleeces to the neck and fides
of the glafs ; and this in but a fnall proportion, lefs
than an eightieth part of the firlt mafs. (4.) The next

liquor
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B 'FF, liquor is that called oi/ of human blood, which afcends

it gradually thicker and heavier, is at firlt yellow, and
afterwards black, till at laft it refembles pitch, being
very acrid and inflammable, but in a {mall quantity,

- about a fiftieth of the whole mafs. (5.) There now re-
mains, in the bottom of the retort, a fpongy inflammable
coal or cinder of the blood, which, being kindled, burns
away, and leaves afhes behind. From thefe, by lixi-
viation with water, is obtained a mixed falt, partly fea-
falt, and partly fixed alkali, together with a {mall quan-
tity of fixed earth. This fixed falt is fcarce the five
hundredth part of the firft mafs, and of this only one
fourth part is alkaline: but, being urged with the moft
intenfe degrees of fire, the whole falt affords fome por-
tion of an acid [pirit; which we judge to arife partly
from the fea-falt in the blood, fome of which is demon-
ftrable even in the {pirit of blood; and partly from the
vegetable kind of the aliments, not yet digelted into an
animal nature. For which laft reafon, an acid is pro-
curable from- the blood of graminivorous ammals, as
well as from that of man. DBut the earth, feparated
from the lixivium by filtration, will, perhaps, make a-
bout an hundred and fiftieth part of the original mafs;
and contains fome particles which are attracted by the
loadftone.

143. From the preceding analyfis of the blood, it
evidently contains a variety of particles, differing in
bulk, weight, figure, and tenacity ; fome watery,
others inflammable, and moft of them inclined greatly
to putrefaction or to an alkaline nature. For the blood,
in a found healthy ftate, not injured by putrefattion, or
too violent a degree of heat, is neither alkaline nor acid;
but mild or gelatinous, and a little faltifh to the tafte:
yet, in fome difeafes, it is fharp enough, and comes near
to a ftate of putrefaétion ; as, for inftance, in the fcurvy,
where it corrodes through its containing vefiels ; and in
dropfies, the waters of which are often next to alkaline.
But the calx of the blood of infeéts is alkaline, and
effervefces with acids,

By
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144. By viewing frefh blood in a fmall glafs tube by
a microfcope, or by applying the fame inftrument while
it is yet moving in the veins of a warm living animal,
as a hen-chicken, or a cold one, as a frog, we perceive
in 1t red globules; which, doubtlefs, make that part
called cruor or craffamentum, mentioned in 137. If it
be queftioned, whether thefe are not rather lenticular
particles of the fame kind with thofe obferved by Lew-
enhock in fith, and lately difcovered in our own fpecies;
we confefs it is a point diffrcult to determine : nor have
I ever made a fufficient number of microfcopical expe-
riments on thofe globules which feem moft denfe and
convex.

145. The colour of thefe globules is red; and fo
much the deeper, and more inclined to [carlet, the
ftronger the animal is : and, in the fame proportion, their
number increafes, when compared with the quantity of
yellow ferum. Their diameter is very finall, being be-
tween r'ss and yges of an inch. They are faid to
change their figure into an oblong egg-like fhape,
which I could never oblerve with fufficient certainty.
They are alfo faid to difiolve into other lefler globules
of a yellow colour, which I have neither obferved my-
{elf, nor can eafily admit.

146. From the red part of the blood, fibres are ge-
nerated in abundance j from the ferum, in fmaller quan-
tities. They are procured by pouring the blood into a
linen cloth, and wafhing it gradually with a great deal
of water, or by beating it with a rod. In quantity, they
equal the 28th part of the whole mafs. Thefe are
formed of the gluten, and are not generated in a living
animal ; feeing they are neither to be perceived by the
microfcope, which yet fo eafily renders vifible the red
globules, nor yet does their long thread-like figure feem
adapted for receiving motion.

147. From the preceding experiments compared to-
gether, arifes that knowledge which we, at prefent,
have of the blood ; namely, that the craffamentum or
cruor is compofed of globules. The inflammable or

K 2 coms=
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combultible nature of ‘thefe globules is proved from
dried blood, which takes flame and burns ; as alfo from
the pyrophorus, which is generated from the human
blood : and from thefe, molt probably, arifes the greater
part of the pitchy oil that is obtained from blood by the
violence of fire.

148. The ferum of the blood, diftilled with a flrong
fire, gives over almoft the fame principles with the eru-
or, viz. falt, oil, and earth. It yiclds, however, much
more water, but no iron at all, Similar principles, but
with a lels proportion of oil and falt, are obtained from
the aqueous humours prepared from the blaod ; as the
faliva, and mucus.

149. The exa& mafs or quantity of blood, contained
in the whole body, cannot be certqm!y mmpu'c‘d The
weight of the mafs of humours, however, is much
greater than that of the folids; but many of them do
not flow currently in the circulation, as the glue er jel-
ly that lodges in moft parts, and the fat. But if we
may be allowed to form a judgment from thofe profufe
hzmorrhages that have been fultained without de-
ftroying the life of the patient, with experiments made
on living animals by drawing out all their blond, join-
ed with the bulk of the arteries and veins themfelves :
from thefe principles, the mafs of circulating humours
will be at lealt fifty pounds; whereof about 28 will be
true red blood, current in the arteries and veins; of
which the arteries contain only one fifth, and the veing
the other four.

150. Nor doesthe blood always contain the fame, or
a like proportion, of thofc eleme nts or principles above-
mentioned : for an increafed celerity, whether by labori-
ous and ftrong exercifes, a full age, fever, or other:
wife, augments the craflamentum, with the rednefs, con-
gealing force,and cohefion of the particles ; and the hard-
nefs and weight of the concreted ferum with the alkaline
principles are, by the fame means, increafed. On the
other hand, the ferum, and the mucus it contains, are
ncreafed by the contrary caufes, the morc as the animal

15
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is younger, lefs adtive, and fed more on a watery ve-
getable diet; by all which; the craffamentum of the
blood is leflened, and its watery part increafed. Old
age, again, leflens the craflamentum, and the gelatinous
part likewile,

151. From thele principles, but with a crmjumi't cons
fideration of the folid fibres and veffels, the different
temperaments of people are derived. Yor a plethoric
or fanguine habit arifes from an abundance of the red
globules ; a pblegmatic temperature, from a redundancy
of the watery parts of the blood : a: cheleric difpofition
of the humours {cems to arife from a more acrid, acid,
and alkalefcent property of the blood ; as appears from
thofe who live on flefh, and on the human {pecies, being
fo much fiercer and more paflionate than thofe who
live on plants or on vegetable food.. In the folid parts,
a great firmnefs; joined with an exquifite fenfibility, or
11Lrvuus irritability, difpofes to a choleric habit; a lefs
" irritability, with a moderate denfity, to a fanguine ha-
bit; and a lefler degree both of dmft} and irritability
are to be referred to a phlegmatic temperament. There
is alfo a kind of dull heavy temperament, in which there
1s the greatelt ftrength of body, Jnmcd with no great
degree of 1r1'|1:al;:|n:j,r In the melancholy, again, a
weaknefs of the folids is joined withthe higheft degr:,c
of nervous irritation or fenfibility.. But you muit be
careful not to take thefe temperaments as the fole and
limited (yltems or clafles of conftitutions ; which, in the
courle of nature, are found to be not only four, or
eight, but are really diftinét in numberlefs degrees.

152. The red part of the blood feems chiefly of ufe
to generate heat, fince its quantity is aln*‘q.s in pro-
portion to the heat of the blood. ~This being confined,
by the largenefs of the globules, within the red and firft
order of veflels, hinders them from collapfing ; and, in
receiving the common motion of the heart, by the
greater denfity of its parts, it has a greater impetus, and
fets in motion the lefler orders of humours. Nor is it
improbable, that the heart is more ftrongly irritated by

the
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the ponderous cruor of the blood. The globular figure
of its parts, together with their denfity, makes it eafily
pervade the veflels; and the quantity of iron it con-
tains, as well as of oil, perhaps increafes its power of
generating heat.  And hence it is, that the red part of
the blood being too much diminifhed by profufe bleed-
ings, there follows a ftagnation or leffened motion of
the humours in the fmaller veflels ; whence fatnefs, and
dropfy. By the fame rule alfo, a due proportion of
cruor is neceffary within the habit, to generate and re-
pair new blood. For, by large hemorrhages, we fee
the blood lofes its red or denfe nature, and degenerates
into a pale, ferous, or watery ftate.

153. Lhe coagulable ferum is more efpecially de-
figned for the nutrition of the parts, as will be hereafter
more apparent, Chap. XXXI. The thinner juices ferve
various purpofes ; as the diffolution of the aliments, the
moiftening of the external furface of the body, and fur-
faces of the internal cavities, to preferve the flexibility
of the folids, and conduce to the motion of the nerves,
the fight, &c. The faline particles feem proper for dif-
folving the aliment, and ftimulating the veflels. The
properties of the aérial part are not yet well known.
The heat produces fluidity, and is not eafily raifed to
fuch a degree as to coagulate the humours.

154. Therefore, health cannot fubfift without a denfe
and red blood, whofe quantity too much diminifhed
caufes a ftagnation of the juices within the fmaller vef-
fels; whence all parts of the body become cold and
weak. Nor can life or health fubfift without a fufficiency
of thinner juices intermixed with the red blood ; fee-
mg the cruor, deprived of its watery part, congeals and
obftructs the fmalleft paflages of the veflels, and kindles
too great a heat.

155. If it is afked, whether there be any difference
betwixt the arterial and venous blood ? we anfwer, that
fome difference there feems to be; the former having
lately fuffered the action of the lungs. But, in experi-
ments, I fcarce find any obfervable difference either in

colour,
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colour, denfity, or any other known diverfity. Other-
wife, however, I have found a moft evident difference ;
for the bright red colour of the arterial blood feems to
diftinguith it from the dufky dark-coloured bloed in
the veins ; but this, in the plain example of the hatch-
ing of a chicken, arifes only from the deeper ferics of
globules in the thicker vein. But we have not fufh-
cient certainty of a difference in the blood of different
arteries. However, the arterial blood is apparently of
a more bright or {plendid red; and having a greater
degree of fluidity and proportion of watery parts, may
fo far differ from the venous darker-coloured blood. But,
in this refpeét, it remains that we make further experi-
ments.

156. From one and the fame mafs of blood, driven
into the aorta, are generated all the fluids of the human
body; which, from their affinity one to another, are
reducible to certain claffes. The manner by which they
are feparated, ought to be accounted for by the fabric
or mechanilin of the glands themfelves. But we muit

firlt confider what the blood fuffers from its containing
vellels.

CHAP. VI
Of the Common OFfFicEs of the ARTERIES.

157. H E blood is driven from the left ventricle of
the heart into the aorta ; which takes its courle
firft a little towards the right, and then to the left, in
an arch that is very fharply bent : and here the mals of
this purple fluid ftrikes firft againft the right fide, and
is then refle€ted 'to the left {ide again of the aorta;
whence, flowing in a vortical or whirling motion, as
much as that full veflel will permit, it goes on through
the arteries, with an alternate collifion againft, and re-
percuflion from, their fides. The aorta {wells a little in
bulk at the place where it proceeds from the heart.
158. The
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158. The arteries are, inaliving perfon; afways full
of bleod ; fince the jet or {tream that ftarts from an ar<
tery, is. not mtcrrup*rnl by alternate ftops, while the
hz:zn‘t refts or relaxes itlelf, butit flows on in a ‘continu-
ed thread : add to this, that the microfcope fhews the
arteries, in living ay 1II;'|]dE$ to'be full, bothin their fyftole
and diaftole ; nor can the circular fibres of the arteries
fo far cm‘ttr.uﬂ: themlelves, as entirely to evacuate thefe
tubes. - Since, therefore, a new wave or column of
blood is fent into the arteries, already full, although it
bear a {mall proportion to the whole mafs contained in
the arterial {yftem throughout the body, hardly ever
exceeding two ounces; yet, by its immediate contaé
with the precedent wave or column, which moves flower
as it gets farther from the heart, it confequently. drives
the fame forwards, lengthens the artery, and makes it af-
fume a cylindric form, augments its diameter, prefles the
membranes clofer to one another, urges the convex parts
of the arterial flexures outwards, and caufes their; {piral
waves to be more ferpentine, as injections demonftrate
to ws. This dilatation of the artery, whereby its light
or capacity is changed from a lefs to a greater circle, is
called the puf.ff, the diaffole of which, is an ;hp'mﬁun
of the artery beyond its natural diameter. 'This being
the proper or charaéteriftic aétion of life, refults from
the heart only, and is in nowife natural to the arteries
left to themfelves. Hence, when the motion of the
heart s intercepted, whether by aneurifm, ligature, or
otherwile, there is no pulfation of the arteries/to be felt;
and from hence, too, there is a fudden ceflation of the
pulfe, by aw fmnd thmugh the heart, in a’living animal.
But the artery is proportionally more dilated, as the
wave of blood flows on before more flowly, and the
more the velocity of the new wave exceeds that of thE
former one.

159. The fjfole or contrattion of the artery follows thc
dilatation of it. For the heart, having emptied itfelf, and
removed the ftimulus of the blood, comes into a ftate
of relaxation and reft. But the artery, at this fame

time,
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time, by its innate elafticity, and contraile power re-
fiding in its circular fibres, irritated likewife by the fti-
mulus of the blood, contratts itfelf, and expels as
much blood as ferved to dilate it beyond its mean or
middle diameter : this quantity of blood is either for~
ced into the fmaller and fcarce-beating arteriola, or elfe
returned into the veins, from the refifting femilunar
valves of the aorta, which oppole the reaétion of the
blood from the neighbouring parts of that veflel. Sa
foon as the artery has freed itfelf from this wave or co-
lumn of blood, being no longer ftimulated by diften-
tion, it directly collapfes by its own proper contraétile
force, and is now again ready to yield to a new wave
or column of blood, fent into it from the heart;

whence follows a repeated dialtole,
160. ‘Ihat the arteries thus contract, and, by that
force, drive forward their contained blood, is proved
evidently from their ftrongly contractile nature; from
the apparent diminution of the diameter or dilatation
they receive from the heart ; from the evacuation that
follows, by the proper force of the artery itfelf, driving
out all the blood that is contained in the lateral branches,
betwixt two ligatures ; from the return of the blood to
the heart through veins whofe artery is tied, and fo can-
not propel the blood to the heart ; from the jet of blood
being greatelt when the heart is in its diaftole, as ob-
ferved by fome eminent anatomifts ; from the ftrength
with which the blood is thrown out of the tied aorta,
below the ligature ; from the evacuation which the ar-
teries make of their contained blood, even after death,
.into the veins, whereby thefe latter appear much fuller
than the arteries ; and, laftly, from the confiderable jet
or faltus of blood, that iffues from a large artery in an
animal, even after death, mounting to the height of
two feet : to which add, the convulfive contradtions of
the animal in which the artery is thus wounded, and
the remarkable clofings of the mouths of divided arte-
vies in wounds, and a fphacelation of the limbs from
L an
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an offification of the artery; whence the veins become
diftended. :

161, The mean {wiftnels of the blood’s motion be-
ing diminifhed in the time of the heart’s fyftole, but in-
crealed during its diaftole, is fuch as carries it through
a fpace fomewhat lefs than one foot in the fpace of a
fecond of time ; and the conftant plenitude 'of the ar-
teries renders it impoffible for us to perceive any fuc-
ceflion in the pulfes of different arteries ; whence all the
arteries of the body feem to beat at one and the fame
inftant, whilft the heart ftrikes againft the breaft : and
yet there is certainly a fucceflion in the fyftole of the
arteries, by which the aorta feems to contrat in the
fame order fucceffively, as it is filled by the blood ex-
pelled from the heart ; fo that the part of the artery
next the heart is firft conftringed, and thence, gradu-
ally, the arterial contraéting force proceeds to the ex-
tremities. An inftance of this we have in the intef-
tines; and the fame is evident to the eye'in infeéts, who
have a long filtulous and knetted heart, manifeftly con-
tracting in a fucceflion from the beginning to the end,
But the mind cannot diftinguifh the leaft points of time,
which are the meafures of this fucceflion, and amount
only to a few thirds of a fecond.

162. If it be afked, Where this pulfation ends?
we anfwer, In the leaft arteries, and cylindrical origi-
nations of the veins. We have already mentioned the
velocity with which the blood comes from the heart.
But that velocity continually deereafes. Certain we
are, (1.) That the lights or fections of the arteries, com-
pofed by the aggregation or fum of ‘their tranfverfe fec-
tions, as they divide farther, in their courfe, from the
heart, greatly exceed that of the aorta; fo that fince
the ratio, or lefs proportion of the trunks to their
branches, continually diminifhes as they make lefs ra-
mificarions, and this in a variable or uncertain ptro-
portion ; the difference of that ratio or proportion will
be the greateft betwixt the light of the aorta at the
heart, and the fum of the fections of all the fmall ar-

teries,
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teries, where they are leaft, in the extreme parts of
the body. Again, (2.) The proportion of the arterial
membranes or coats in thicknefs, with refpect to their
bores or capacities, is greater as the arteries grow
lefs ; and is largeft in the lealt of them, which tranf-
mit only one globule at a time. The truth of this is
proved from anatomy, and the forcing of air into th&
arteries, by which they burft always more difficultly a
they are lefs ; and from the calculation itfelf, by which
the magnitude of the lealt arteries is determined from
the globules diftending their two femicylindric mem-
branes. Add to this, (3.) The friction, of the juices
:'_hruugh the leaft vt:ﬂ‘::]s inflected and meeting toge-
ther in angles ; which irli’[mn even in the moft fluid
water, running through long pipes that are fingle, and
in a direct courfe, greatly diminithes the velocity, and
more in proportion as the tube is of a lefs bore ; while
again, as the artery is lefs, there are a great number
ot globules rubbing and grating againit its membra-
flous converging fides. And by the conical figure of
the artery, it happens, that the broader wave of blood
coming from the trunk is refifted in its paflage through
the narrower branch, and fo muft diftend it by force.
But moreover, (4.) The inflections and folds, or plates,
of the wveflels, greatly flacken the blood’s motion
fince always fome part of the impelling force is fpent
and loft in removing the convex parts of the folds,
and changing the figure of the inflected veflel. © The
angles likewife take off more from this force in propor-
tion to their acutenefs, or the more they recede from a
ftraight line. Laltly, (5.) The great vifcidity or tenaci-
ty ot the blood itfelf muft be confiderably allowed for;
fince, by reft only, it direétly hardens into clots ; and
fince it 1s trom the circulatory motion only of the blood,
that this mutual attraction of cohefion in its parts is over-
come, fo as to hinder it from adhering together, or to
the fides of the arteries; for fo we find it adhere in
aneurifms and wounds of the arteries, or elfe the glo-
bules clot together, as we fee ufually after death,
L 2 From
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From all which confiderations, you will obferve, that
the blood meets with the greateft retardation, in its
courfe, in the lealt veffels. And the oppofition it meets
with in the branches leflens the velacity of the blood
alfo in the trunk : the oppofition of torrents of: blood
to one another in the anaflomoles of veflels alfo de-
ftroys fome part of its motion. - We may eafily per-
ceive the amounts of this retardation will be very con-
fiderable, although it be difficult to make a juit efti-
mate of it. In the larger trunks, the blood of a living
animal flows with the rapidity of a torrent : but, in the
lealk branches, it creeps along very flowly ; {o that, in
thefe, it begins to put on a ftate of coagulation,
1t is alfo well known to furgeons, that a fmall branch
of an artery near the heart or aorta bleeds more dan-

eroufly than a much larger one that lies at a greater
diftance. The weight of the incumbent atmofphere,
of ‘the mufcles and flethy parts lying above the artery,
and the contratile power of the veflel itfelf, make a
refiftance indeed to the heart, but do not leflen the ve-
locity of the blood, feecing they give as much in the dia-
flole as they take away in the {yftale.

163. It is certain, however, from incifions made in
living animals, that the fingle globules of bload, which
move f{eparately in the fmall veflels, do nnt lofe fo
much of their velacity as, by calculation, they ought
to do. We muft therefore give fome other caules by
which this deftructive power of the blood’s motion is
leflened. . And, in the firlt place, it is certain, that
the lights of the branches do not bear fuch a propor-
tion to the trunk in the fmalleft veflels; their great
fmoothnefs diminifhes the friction. = The facility, like-
wife, with which the blood flows through rhe veins,
cxpedites its paflage through the little arteries which
immediately communicate with thefe veins, No great
efiect, indeed, can be expected from the weight of the
blood, or the force of the nerves, which are both ca-
pable of diminithing®and accelerating the motion we
fpeak of; but, in live animals, thefe have very little
ftrength,
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ftrength.  The power of dervation, whatever that is,
and the motion of the mufcles, are capable of pro-
ducing a new velocity,

164. The pulfe therefore enfues, becaufe the ante-

srior wave or column of blood moves on flower, while
the fubfequent or polterior wave comes falter ; fo that
the precedent i1s an obitacle to the confequent blood
(158.) But fince the force of the heart weakensasthe
blood goes on, and the contractile power of the arte-
ries increales, therefore the difproportion of celerity,
betwixt the antecedent and confequent waves or co-
lumns of blood coming from the heart, will be conti-
nually leffening, with refpect to the blood that is urged
on by the ' contraction of the fmaller veflels, till, arri-
ving at a part where there is no excefs or difference,
it 'will there ceale to make any pulfation of the artery ;
becaufe here the anterior and confequent blood flow
evenly, or with the fame celerity. But this place of
equality, in mation, cannot be in the larger and more
conlpicuous arterial branches : for in them, the wave,
laft coming from the heart, moves quicker than what
went before ; as is evident from the inflammatory pul-
fation of them, efpecially in: the fmall arteries of the
eye. - But, in the lealt red arteries, the pulfeat length
begins to vanifh. This is evident from the equable
motion of the: blood, often feen by a microfcope, thro’
the arteries af a frog. In the larger veflels, however,
fuch as may be about the fixth part of a line in
diameter, the pulfe is perceptible. But in the leaft
veins vifible to the eye there is no fenfible pulfation
or accelerated motion of the blood, whillt the heart
contracts, demonftrable either by the microfcope or any
other experiment. :

165. Even in the veins, the blood prefles againft
their fides, as appears from the furrows hollowed out
of the bones, and the fwelling of the veins on bein
tied. If it is afked, why the veins:do not beat? (for we
do net allow that to be a pulfe which happens from re-
ipiration, from the rejection of the blood from the right
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auricle, or from the mufcular part of the vena cava);
the realon of this feems to be, that the blood, when it
immediately leaves the heart, is more retarded in its
motion, than when it pafles into the {malleft veflels.
Hence, the fhort fpace of time by which the velocity of
the laft wave exceeds the foregoing, is greateft at the
heart, and grows gradually lefs, till at laft it totally
vanithes. This is illuftrated by the experiment, in
which a pipe, fixed in a leathern tube, and driving
forth water in a continual, but ftarting ftream, does,
by a fponge fixed round the mouth of the faid tube,
caufe the water to iffue forth in an even {tream, without
leaping, through the fponge : and the fame is evident
from another experiment, in which the fame thing
happens, by injetting the mefenteric arteries, with an
alternate impulfion of water ; for then the water flows
out through the veins, in one continued even {tream.
166. The puife is, therefore, the mealure of the
powers which the heart fpends on the blood ;, becaufe
it is the immediate and full eftett of thofe powers.
Hence, all things confidered as alike, the pulfe 1s foww
in the moft healthy people, where there is no ftimulus,
nor any unnatural refiftance to caufe the effect of a fti-
mulus, but the heart is at liberty to fend forwards the
blood with eafe. You mult except thofe cales where
there is fome obftacle, by which the blood is prevented
from entering the aorta. | For this reafon, the pulic in
afthmatic people is flow : the fame thing alio happens
from a debility or infenfibility of the heart, which the
ufual {timulus is not capable of exciting to contraétion,
A large pulle is caufed by fulnefs of the artery, joined
with a ﬂmng force of the heart ; a fmall pulfe by the
emptinefs of the artery, and a lefler wave of blood fent
fromthe heart, A bard pulie denotes fome obitacle or
ftimulus ; or elfe, that the heart’s force is increafed
with a greater thicknefs of blood, or a greater rigidity
of the artery. A quick pulfe denotes fome {timulus,
obftacle, or greater fenfibility or irritability of the heart.
It is beft felr where the artery lies expofed bare to I:I;.c
touch,
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touch, ‘upon fome refifting bone; but obftruions
fometimes render the pulfe perceptible, where /it 'is ne-
ver fo naturally. ' :

167. The pulfe is flower in animals as they are
larger or'more bulky; becaufe the heartis proportion-
ably bigger in the fmaller than in the larger animals,
and, as well as the other parts of the body, is more ir-
ritable in the former than in the latter; and becaule
the heart is obliged to drive the blood to a greater di-
ftance ; whence the refiftances or frictions feem to be
increaled, in the more bulky, over the force of the
heart.” Hence, fmall animals are more voracious; and
large ones, as the whale and elephant, eat lefs. The
pulle of a healthy perfon rifing in the morning, beats
65 in a minute ; but, after the fatigue of the day, it
will beat 8o in that time ; and again, by the night’s reft
or fleep, it will become gradually lefs frequent, till in
the morning you will find it returned to its primi-
tive number of 65. TFor the motions of the mulcles,
and aftions of the external and internal fenfes, the
warmth of the atmolphere, and the attion of the ali-
ments taken into the ftomach, urge the venal blood on
to the heart, which, being thereby oftener ftimulated,
makes more frequent contraétions, This is the caufe
of thole paroxylms or fits of increafe obfervable in all
fevers towards the evening. For fleep not only re-
tards the motion of the blood, but of all the other hu-
mours and actions in the body whatever.

168. A frequent pulfe is different from a fwift one;
and it'is poflible for the pulfe to be at the fame time
fwift and unfrequent. But it is difficult to obferve a
fwift pulfe. The frequent pulle is what is commonly
called a fewift one. It takes place in children, and be-
comes afterwards flower in perfons as they grow older.
The falient point beats r34in a 'minute : new-born 'in-
fants have their pulfe 120 in'that time; and from thence
down to old age it grows flower, to 6o in'a minute, A
feverifh pulfe beginsfrom g6 per minute; and we count
the pulfe has but a moderate celerity in‘fevers, or labo-
: rious
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rious exercifes of adult perfons, if it does not exceed
above 110 or 120 in a minute : but it is exceflive at
130 or 140, with which number people fcldom reco-
ver 3 nor have 1 ever obferved it exceed that number.
The pulle beats flower in winter, and quicker in fum-
. mer, by about 10 ftrokes per minute ; and under the
torrid zone, it grows quicker to 120, The different
pafiions of the mind varioufly accelerate, retard, and di-
fturb the pulfe. Whatever obftruéts the circ LITdLIU{l 18
alfo found to accelerate the pulie ; not from the laws of
hydroltatics, or on account of the canal being made
narrower, nor from the action of the foul; only the
heart being with more difficulty freed from the {timu-
lating blood, contralts itfelf more {trongly, and at
fhorter intervals. An irritation from an acrid blood is
the caufe of the frequent pulfe in fevers,

169. Through the leaft veins the blood moves on
very {lowly, partly by force of the heart, and partly
by the cantrad][t force of the arteries. The firfl is
proved by a renewal of the motion of theblood, in per-
fons drowned ; where, merely by exciting the aétion of
the heart, the whole mafs is driven forwards. But the
contratile force of the artery is proved by what is faid
(160.) But, after death, the blood continues to move,
in rﬂrr d”(‘} by its own gravity, and by the elafticity of
the air generated or extricated by putrefaction.

170. But the blood moves on falter in the larger
veins, For whenever the impelling powers remain fuf-
ficient, and the conveying fmall veflels are’rendered
narrower, the motion of their contained fluids muft of
courfe be accelerated ; fince the feélion of the wvenal
trunk is much lefs than that of all its branches, in the
fame manner as that of an artery is lefs than the {fam of
the branches into which it divides. Therefore, if the
motion of the venal blood loles nothing in 1ts way, the
proportion of its celerity in the vena cava, to its cele-
rity in the veins of the thirtieth divifion, will be thirty
times greater in the former, in proportion as the con-
junét lights of all the fmall veins exceed the light of the

cava.
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cava. In like manner too, the fnthon or attrition ot
the blood in the veins, and its contact with their fides,
dinninifhs

rp1. But fince the bload moves thus flowly in the
leatt arterial vedflels and incipient veins, and as the weight
of the blood itlclf, in many places, wonderfully hinders
its return to the heart, while, at the fame time, the very
thin coats of the veins have but lictle contractile power
to be expeted from them; therefore, nature has ufed
various precautions, left, from the flownefs of its mo-
tion, it thould any where ftagnate or concrete. To
obviate this, fhe has fupplied the veins with more watery
vapours and fluxile lymph than fhe probably fent by
the arteries, if we confider the great exhalation that is
made from the arterial bloed in the lungs.

172. She has, therefore, likewife placed the veins
near the mufcles, that, by the turgelcence or contrac-
tions of the latter, the veins may be prefled; and fince
any preffure upon the veins muft be determined to-
wards the'heart (63.), therefore all this force mult be ens
tirely employed in accelerating the return of the blood
to the heart. YFrom hence proceeds that wonderful
quicknefs of the pulfe (167.), heat, and rednefs of the
body, with a fhort and labofious breathing, that attend
mulcular motions or violent exercifes,

73. Moreover, thofe mufcles, which conftantly urge
or prefs violently the contiguouns vifcera on all fides,
that are contained in any of the common cavities, do
all of them powerfully promote the return of the venal
blood to the heart. Such an effeét has the conjunét
preffure of the diaphragm with the abdominal mulcles,

in refpect to the abdomen. Laftly, the pulfations of

the arteries, which run every where contignous and pa-
rallel by the fides of the veins, have no inconfiderable
effeét in promoting the return ﬂt the venal blood; fince,
as we have before fhewn, any impulfe aéting on the
veins can determine their blood to the heart only.

174. To thefe is added a force not yet fufhciently
known, by which- the blood is I::—rn::mght from a [J!&Lf.
M where
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where ‘it is ‘more comprefléd to one more lax, and
where it meets with lefs refiftance. In this'matter alio
refpiration is of great efficacy; in which the motion of
the blood into the lungs when relaxed is accelerated by
the power of derivation from all parts of the body: and
again, in exfpiration, it is driven into the tramks of the
veins in the head and abdémen. Hence the fwelling
of thé veins, and likewife of the brain, in the time of
exfpiration. The circulation is not indeed affifted by
thefe eanfes, but the blood is agitated and prefled. The
anaftomofes of the arteries contribute to the fame end;
for they render the paffage of the blood more eafy from
thofe places where it is obltructed, to fuch as are more
free.

175. By thefe means, the blood in a healthy perfon,
ufing ‘ufficient exercife of body, moves on with fuch a
velocity, as fuffices to deliver as much of the purple
fluid in every pulfe by the vena cava to the heart, as is
equal to what is fent out by that great artery the aorta.
But reft or ina&ivity of body, and a weaknels of the
contralting fibres of the heart and other mufeles, fre-
quently render this motion of the venal blood more dif-
ficult. Hence follow varices and the piles in women
with child; which latter is much occafioned from the
deficiency of valves in the vena porta,  And from hence
fpring even the menfes themfelves.  And when the
veins too flowly return their blood to ‘the heart, the
fubtle vapours from the leaft veflels irrigating the parts,
being thus refifted, or fearce able to return to the heart,
are obliged to ftagnate; whence proceeds that frequen-
cy of cedematous and pitting fwellings of weak people.

176. The time in which an ounce of blood, fent out
from the left ventricle of the heart, returns to the right,
and which is commonly reckoned the time in which the
greater circulation is performed, is uncertain, and dif-
ferent in every different portion of the body. If, how-
ever, you want to know about the ounce ot blood pro-
pelled in that quantity which we have mentioned, the
amount of it will be about 7% ounces in an hour, with

4590
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4500 pulfes; and the amount of the perfett circulations
will be about 2 4.

- 177: The effects which follow from the motion of the
heart and arteries upon the blood are various, which
anay be deduced and eftimated from the caufes them-
felves of thofe effets, if we compare together the blood
of a living and of a dead animal, that which is healthy
with that which is difeafed, and rhat which is nert or
too little moved, with that which circulates too fwiftly.
For we obferve, that, in the living, the blood is, (1.) Con-
fiderably warm or hot. (z.) It looks red, with a fort
of purple florid hue. (3.) It feems to be homogene-
ous or uniform, and alike n its parts ; though they are
really mixed, and jof different principles. (4.) It is
made upalmolt entirely of globules. (5.) It flows very
readily through the leaft veflels; freom whence being
drawn, {6.) It exhales a volatile vapour, which we
have already defcribed particularly. In the dead ani-
mal, which has not yet begun to corrupt or putrefy, we
obferve, (1.) That it has loft a great deal of its rednefs.
(2.) That it feparates into a more denfe and a more thin
fubftance. (3.) That it exhales no vapour. (4.) Be-
ing drawn out from the veins, it congeals either all or
the greateft part. But even in the living animal, when
very weak, where there is fome pulfe or refpiration,
though {mall, we find the blood cold, even to a confi-
derable degree. If, again, you compare the blood of
a human perfon unactive both in body and mind, with
the blood of one that is addicted to violent exercife,
you will obferve the latter has, (1.) A greater heat.
(2.) A more intenfe rednefs. (3.) A fubftance more
compadt, and [pecifically heavier. And, (4.) The vo-
latile parts more abundant. All which appearances
feem manifeltly the effeéts of the motion of the heart
and arteries, fince they proportionably increale and di-
minith with that motion, and difappear when that ceales.

178, That we may underftand the manner in which
thefe appearances are produced in the blood, we muit
confider what are the effets of the heart impelling the

M 2 fame,
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{fame; and of the arteries alternately comprefiing and
urging it forward. And firlt we fee, that the heart
drives the blood into the arteries with a very great ce-
lerity (123.) 'With a confuled or vortical motiony the
heart thus throws the blood into the crooked or inflec-
ted arteries, in fuch a manner, that the right globules,

expelled through the opening of the aorta, ”'I."]ht_ againit
theleft fide of the artery; front whenge 1}1 ing repelled,

they incline towards the right fide, whereby d]i the par-
ticles of the blood are agivated with a confufed or tur-
bulent and whirling motion. The blood thus impelled
againft the flexile and curved fides of the arteries, of
neceflity dilates or diftends them into a greater con-
vexity ; and laftly, in the fmaller veflels, capable of re-
ceiving only one or a few of the blood- ;:]nhnlcq, all the
{aid globules come fo ]n:lmamlv into contaét with, and
grate ‘1[;'I.t:|'l’[jf3 the fides of " the faid artery in all thew
points, that they are even obliged to change their fi-
gure in gaining a paflage into the veins,

179. But the arteries, by their elaftic force, realting
upon the impinging blood, repel the fame from their
fides towards the axis of h: It [19.]{ or capic ity and,
at lalt, tranfmit ev ery ﬁngh_ p,:rndc of 1t l]:][lll"]l r]lt‘
cu*cu]m mouths of the leaft veffels, by which the arte-
ries and veins Jmn together,

180. There is, therefore, a moft prodigious degree
of frittion, as ".‘LL“ of the blood-globules againlt the
fides of the nr:c_‘r]r:;:1 as of the arteries themlelves, con-
Eru{:hng round the blood like an ebfiacle; to which add,
the attrition of the particles of the blood:amongft each
other by the confufed and x'm‘T]L‘ﬁ] motion witly which

\ theyare propelled. The effets of this friction may be
computed from the vifcid and infl Lun'nmhu_ nature of
the blood itfelf, from the narrownels of theveflels thrp?
which it runs, and from- the Lrn”;: impwifion of the
heart, joined mth the ptmuiul reaction of the arteries;
to w mLh add, 1m: weight of the incumbent parts raifed
by the force of the art uu.l blood. ' This dfnction gene-
vates a fluidity in the blood, by perpetually removing

the
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the points of contaé in-its globules, refilting their at-
traction of cohefion,; mixing together particles of dif-
ferent kinds, which become more fluid upon mixture,
as we have an inftance in oil when triturated with wa-
ter, - It alfo augments the fphericity of the particles, by
breaking off their protuberances and little branchings.
But even thefe very finall particles tllf:m{'r,iu,s, which
are broken off from the large particles of the blood,
put on a round figure by their friction againit the fides
of the canals, and their rotatory mutlm among the
reft. By deﬁ::um},r herein, the blood coagulates in
the veflels before de ath; and from hence, the loft flui-
dity of ‘the blood is again reftored, by recovering the
motion of the heart, as we are mL.ght by experiments
made on living animals. It is a queftion whether this
nmﬂml of the h]ur;J, and the denfity proceeding from
it, is the caufe of the red colour of the blood, feeing the
rednefs is.in proportion to the denfity, and increales or
decreafes from the fame caufes. This feems to arife
from a mixture of the ferruginous with the oily part of
the blood.

1 81. We may alflo afk, whether the heat of the blood
does not alfo proceed from its motion ; feeing we ob-
{erve heat to arife from the motion of all kinds of fluids,
even of air itfelf, in our experiments ;3 but much more
does this attrition produce heat in the elaltic and com-
bultible animal juices, which are denfer than water, and
comprefled  with a confiderable force by cnmm&;k
and converging tubes. Is not the truth of this fui-
ficiently evidenced, by the blood’s being warm in thole
fith which have a la.rrrt* heart, and col ld in fuch 2s have
a fmall one? the generation of heat beingin propor-
tion to the fize of their bodies: from the more in-
tenfe heat of birds that have a larger heart, and more
frequent or quick pulfations? from the increafe of a-
nimal heat, that enfues from exercife of all kinds,
and even from bare friftion of the parts? from the
congelation of “all the humours of the human body in a
certain degree of cold, in v.lm:h a man grows (tiff,

though

e
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though he 'yet retains fome warm blood and is alive ?
and from the coldnefs of fuch people as have their pulfe
weak and obfcure? Nor does the heat at all arife at firft
from any degree of putrefaction in the blood, feeing
the humours themfelves, when left at reft, generate no
heat. Nor mult we explain an evident appearance
from the adtion of fuch an obfcure being as the wital
vwer ; and though fometimes the heat may be greater
when the pulfe is flow, and lefs when it is more fre-
quent, the difference may arife from the different dif-
pofition of the blood, from the different denfities of the
veflels, or the increafe or diminution of perfpiration.
182. The fame caufe allo hinders putrefadion, by
not fuffering the inteftine motion to be diminifhed, and
by diffipating fuch particles as have already begun to

. ‘be corrupted.

183. But the different natures of the feveral parti-
cles themfelves, which conjunétly make up the mafs of
blood, are the canles whereby, from one and the fame
ympetus of the heart, different effe@ts or confequences
are produced indifferent particles of the blood. Name-
ly, thofe particles move quicker, whofe greater den-
fity makes them receive a greater impetus, and whofe
apt figure or lefs extended furface makes them meet
with lefs refiftance in the fluid in which they move.
Thofe alfo are driven along more fwiftly, which, either
from their weight, or from the direction in which they
pals out from the heart, are urged chiefly into the axis
of the veflel.  Thofe again will ftrike againft the con-
vexities of the flexures in the arteries, which have the

~ greateft projectile motion 3 while the other parts of

greater bulk and tenacity, having lefs projeétile mo-
tion, will move fluggithly along the concavity of the
veflel.  And in this manner is the blood prepared or
difpoled for the feveral fecretions. ;
184. The fyffsle of the arteries renders the parts of
their contained fluids more denfe or compa&, while
they contract round the blood as round a folid ob-
ftacle, which being in fome parts vifcid and compref
fible
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fible, they drive and expel the more liquid parts into
the lateral mouths or duéts, at the fame time increafing
the points of contaét betwixt the globules themielves;
uniting together their more large and denfe fpherules,
and compacting the flat particles into denfer bodies.
But the denfity. of the blood is partly as the number of
globules, and partly as the denfity of the materials
whercof thefe globules are compofed.

185. Moreover, the mouths of the lealt veflels, per-
vious to only one globule at a time, feem to be a fort
of moulds to figure and break off the angular eminénces
of the particles in the blood, and bring them to a fphe-
rical figure; which at length they put on, and change
into perfect [pherules. Laftly, from hence arifes the
denfity of thofe particles; fince, of all figures, {pheres
contain the moft within a given furface.

186. The reticular diftributions and inofculations of
arteries remove any danger of obftruction;; fince in any
part of the artery, where the blood cohering begins to
form an obftruétion, a contrary flux is admitted, where-
by the obitructing matter is repelled to a larger part of
the trunk, and thus betwixt the reflux and the direct
torrent of ‘the blood the faid matter is broke and atte-
nuated, ' This mechaniim alfo fupplies the deliciency
from an irremoveable obftruction or the lofs of a veflel,
by caufing a greater diftenfion or enlargement of the
next adjoining or analtomofing veflel; as is proved by
experience in furgery, after tying and cutting a great
artery. The collifion of thefe oppofite torrents of blood
take fomething from its velocity; and the reticular di-
ftribution augments the friction of the globules.

187. As the quicker motions of the blood in the
trunks conduce to {anguification, fo the flower motions
of it, in the leaft veflels, have their effetts towards the
fecretions. In the larger arteries, we fee the different
particles of the blood are whirled about amongit each
other, with a rapid and confufed motion; but, in the
leffer ramifications, the progreflive motion of the blood
being diminifhed, the more loofe colourlefs particles

depart
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depart laterally from the more denfe and red globules,
while the E"'ttcr keeping on their courfe more firmly
along the axis of the veflel, expel the tormer Jateraliy
and to the circumference.  Thus the attradtive powers
of the particles in the blood increale, as their progref-
five mrmou abates; hence, the oily or fat pirmlﬁ arc
drawn one to another, and go oft by the open lateral
ducts which lead to the cellular fubltance, which par-
ticles we know are both grofs and fluggith: and again,
other thinner juices are fent off through lateral branches
of a much fmaller orifice, till at length little more than
the red blood alone remains to pals through the €va-
nefcent artery into the incipient vein. But all thele
particulars, whereby the blood is :111}}01{41 for the fe-
cl'-:fru:rns, we fhall confider diftinétly in the following
. chapter.

Cc HAP VL
Of the SECRETIONS.

188. HE clafles or tribes of humours which, be-
ing depofited or {trained off from the bloed
mto other veflels, are faid to be fecerned or fecreted,
feem reducible to four: of which the fr/? includes all
the vilcid and lymphatic juices, which are coagulated
by a heat of about 150 degrees, by alcohel, and by a-
cids; although generally, in the living animal, they
are capable of flying off in form of a vapour, and after
death are within the fame veflels compacted into a ge-
latinous thicknefs. To this clafs belong the vaporous
juices of the ventricles of the brain, of the pericar-
dium, pleura, peritoneum, vaginal tunic of the tefticle,
of the amnios, joints, and probably of the womb, with:
the juice -of the ftomach and nucl’cmcs, of the renal
capfules, and laftly the lymph itfelf commonly known
and called by that name,
189, The fecond clals is of thofe juices, of which
fome
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fome are exhalable, like the former (180.), but, be-
ing more fimple and aqueous, are neither to be cog-
gulated by fire nor by reificd Ipirits of wine; and
others do not exhale, but, being depofited in their
reipective excretory dudls, are expelled by fome com-
mon outlet, proper td a part of fome gland. To the
former of this clafs belong the perfpirable matter of
Sanctorius, and probably the internal peripirable mat-
ter of the epithelium and cellular fubftance, with patt
of the tears and watery humours of the eyes, To the
latter of this clafs belong the remaining part of the
tears, the faliva and pancreatic juice, that of the renal
capiules, and the urine.  The fweat feems to be 2 mix-
ture of the perfpirable matter and the fubeutaneous oil.
190. The third clafs, differing from both the prece-
ding, includes the vifcid, fluggifh, or ropy juices; but
fuch as are of a watery difpofition, and not congealable
mto a jelly, but hardening into a cruft-like or fcaly
fubftance, by exhaling their water. Thefe do not ef-
fervefce with any falt, and are contratted and made
thicker by acids. By lixivial falts they are diffolved,
By fire they are refolved into water, a little volatile
falt, and a little oil. Of this fort are all the kinds of
mucus in the human body, fpread through all the inter-
nal paflages for air, aliments, or urine, and the cavities
of the genital parts, liquor of the proftates, and feed.,
191, The fourth and iaf? clafs is that of the inflam-
mable juices, which, at their firlt formation, are indéed
thin and watery, but, by time, {tagnating and exhaling
their more watery parts, become a thick, oily, inflam=
mable liniment, often very bitter. To this clafs we re-
fer the bile, ear-wax, febaceous and oily liniment of
the {kin, the marrow in the bones, and all the fat of
whatever confiltence or in whatever part {eated through-
out the human body. To this clafs alfo belong caftor
and the yolk of an egg. And the milk idelf, o far
as it is butyraceous and inflammable, belongs to this

clafs.
192. Other humours, which we have defcribed as
N fimple,
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fimple, are compounded of the foregoing ones; as
milk is compofed of butter and water, and the lini-
ment of the joints of lymph and fat.

193. Thofe who confider, that in the blood are
found a coagulating ferum (137.), an exhaling water
142.), a fort of vifcid mucus (138.), and laftly an
oil {i42.), may thence begin to perceive the pofiibility
of a feparation to be made from the bleod of all the
foregoing claffes (188. to191.) of humours ; in as
much as we thus lee their conftituent principles are al-
ready in the mafs of blood itfelf. But in what manner it
is brought about, that oil is feparated from the blood in
one part, a watery liquor in another, or a gammy mu-
cus in a third, is a tafk that ftill remains to be explain-
ed, and requires a previous defeription of the fecre-
tory organs themfclves.

194. The coagulable juices arc feparated almoft
every where, from the arteries themfelves, into eonti-
nuous excretory canals, without any intermediate or-
gan or machine betwixt them. Fhe proof of this we
have from injeétions of fith-glue, water, and thin oils,
which very readily pafs the red arteries, and are pour-
ed out like unto fweat into all the cavities of the body
in which that coagulable vapeur is naturally found ; nor
do the inje&tions in this courfe meet with any interme-
diate knots or ftops from any hellow cavities or cclls.
Finally, the blood itfelf, being fo readily poured out
into molt of thefe cavities, without any permanent da-
mage, when irs courle is either much obftructed, re-
tarded, or urged with a greater impetus through the
arteries, fhows plainly that there is a fhort and open
way betwixt the red blood-veflels and thole excretory
ducts.

rgs. Another liquid, coagulable by acid Ipirits and
alcohol, is the albuminous humour of the joints. This
beine compofed of fat, medullary oil, and the exha-
Ying liquor, conftitutes an exceeding foft liniment, very
fit for lubricating the cartilages, and leflening the fric
tion. For fecreting this, there are appointed certain
conglo-
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conglomerate glands of a peculiar {truture, which are
fituated in the articulations of the bones, fo that they
may be moderately Cm‘npr*ﬂcd but cannot be crufhed.
lf;{’:r The ﬁrud:ure of thefe E«“”“‘ 15 peculiar to
themfelves. The larger clufters of glandular kernels
adhere, for the molt part, to the bone by a broad bafis
wrapped up in fat. From thence, being drawn out
into a kind of crelted edge, they pour out their liquor
from an exceedingly thin border, by open duéts, which
however I do not find very E"Liiln’.ﬂt Other lnﬂ:r ones,
placed every where in the capfules of the tendons, and
between the diverging fibres of the ligamentary cap-
fules of the joints, feem to be much of the nature of
fimple glands, and are turgid with yellow mucous ferum.

197. The uncoagulable juices (1 89.) of the firll fort
are fecreted in the fame manner with thole which hard-
en(188.); to wit, from the exhaling arteries, which
arife from the red fanguineous arteries, without any
antermediate follicle or cavity betwixt them. Thus the
veflels, which pour out the perfpirable matter through
the fkin and lachrymal ducts of the firlt fort, fuffer a
watery or thin gluey injeftion to tranfude fo readily
from the arteries, as leaves no room to doubt of this
truth. ~ And thefe fecretory duéts have alfo a confider-
able degree of irritability ; whence, by any {timulus
or contact of acrid particles, they difcharge more
juice in a given time, than what they diftil in'a {tate
of health.

198. But in the latter falival kind of that clafs, the
fecretion is made by means of corplomerate glandules,
which the ancients fo called from their clufter-like fa-
bric, and efteemed them almoft the only proper glands.
Thefe are compofed of roundifh lobules or clufters
(fomewhat like thofe in bunches of grapes, currants,
barberries, &c.) loofely conjoined together into larger
mafles by the yielding cellular fubitance, which, at
lalt, often forms a denfer coat or covering to the whole,
LkL as we fee in the parotid and maxillary glandules.
Through the intervals, betwixt thele g landular clufters
2 or
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or grape-like bunches, ran the arteries and veins,
which are here large or confiderable enough. But
moft of the conglomerate glandules feparate their juices
i {fuch a manner from the blood, and from thence dif-
charge it fo, that each kernel fends out an excretory
duct, whu,h joining with others of the fame kind,
furm ]1rg:r tru11k<; which at laft, in the manner of a
vein, end in one c;1'1¢1| which conveys the huniour,
f[’[“‘-l]“l[f‘f]. by the gland, to the part for which it is de-
ﬁgn* d, as the cavity of the mouth, inteltimes, furface
of the. eyes, &c. ‘There are, indeed, fome of thefe
glands in which the faid excretory duéls are either not
prefent, or at leaft not yet difcovered ; as we obferve in
the thyreoideal L:Llndilhs thofe called capfule renales,
and the thymus, unlefs we fuppofe thefe to approach to
the nature of cnng:ubaw glands.

199. The acin or kernels of thefe conglomerate
glands are each of them circumfcribed and limited by
a harder ftratum of the cellular fubftance ; by which
fubftance they are alfo fubdivided into lefler acinuli, as
is evident to the eye and by the microfcope. But it

nay be queltioned, How does this fubdivifion end?
"'I-‘l’m,.iw ror no 18 every fimple acinus or kernel hollow
m its middle, that, by receiving the humour tran-
fuding from the arteries into the follicle or cell, it may
be fent out thence by the excretory dué&? Whether
or no are we perfuaded to believe fuch a fabric obtains
from the fmall fhot-like ftones and hydatides bred in
thele glands, with the round feirri that fomerimes fill
the kidneys? Whether are the larger vifcera, appointed
for fecretion, of the nature of mnnin merated ghma'kP
Whether is t!m opinion made pr{n:m e fromthe morbid

round concretions formed in the liver, fpleen, kidneys,

tt[’clcles, and cortex of the brainj eor fromthe bunch-
like divifion or SppeEda wn'u'h thefe vifcera have
in younger animals? Wi cellular fubftance,
that furrounds the extreme \':}{LZU-.LS in all parts. does
not communicate by open areolee orcells, in which a
fecreted hamour is poured by thefe glandules?

200. In
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260. In fhort, none of thele arguments appéar true
ot conclufive, For the acmi, which are found mn thé
vifcera of brute animals, are component lobules, and

not elementary parts ; but are large and compounded,

for the conveniency ur:.n!" each l:mft The morbid con-
cretions. are almoft all of them a fort of placentul®
formed mn the Yoculi of the cellular fubftance, and take
up their feat even in the limbs themfelves, where theré
is not the leaft room to fufpeét any thing of a glandular
fabric; and are compofed, as to their matter, of oil,
earth, and vaporous particles, ‘extravafated into fome
of ‘the lealt interflices of the cellular fubftance, where,

{tarnating and comprefling the adjacént {'U”.fl{.!i,a, they
form: to 'fuunﬁ,’w:, proper membranous tunics. On
the contrary, the watery and fluid nature of the juice
fecreted in thefe glands (| 89.) is an argument that it
meets with no arrt,!’cmr:n* in the frpanuum nor places
of ftagnation in its way. For all the juices that reft
any time in the warm cavities of the human bo-
dy, which are full of abforbing veffels, are each of
them more or lefs infpiflated, and approach <ither to-
wards a mucous or ‘an oily difpofition. Morcover, if
there were any fuch arreftments, anatomical injeétions
would meet with more difficulty in paffing from the ar-
teries into the excretory duéts of thofe glands ; which,
under fuch circumftances, would be impervious to
thick injeftions, and thin ones they would exhale into
their cellalar fabric.  Yet we {ee that the fuperlative art
of great anatomifts hds not only conveyed inje&ions, but
even thick ones like wax, direétly from the arteries of
the falival glands, liver, &c. into their excretory dufls;
and this without filling up any intermediate knot-like
cavitics, which, according to the foregoing hypothefis
(199.), they ought to exhibit,

20t. Therefore the acini or kernels of thefe glan-
dules : 1pp".11 compoled merely of arteries and veins di-
vided and fubdivided, parted and connected by the in-
tervention of a ;rnr:ad deal of cellular fubftance, whofe
ftrata growing gradually more compaét or firm as they

enlarge
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enlarge, atlength fhow their contents moulded into a
fort of globular nut-like figure. In the belief of this,
we are confirmed by analogy in the lobes of the lungs,
the lobules of the thwmu-, "and from the ftru@ture of
infeéts; but more upr_u u]} the fabric of the teiticle, in
which we plainly {ee, that the lobules are formed of
excretory dults, connefted together in falciculi by a
very foft membrane. But tlh,v feem not to pour their
juices into a cellular fabric, which would interce ept or
make difficult the paflage to an excretory duét. The
late experiments allo of very eminent anatomiits have
fhown very fmall, white, cylindric veflels, to be the real
elements of the vilcera; and it is to be hoped that this
difcovery will be confirmed by future obfervations.

20z. Thin watery juices, neither coagulable nor
wholly evaporating, are likewife in other parts genera-
ted without the affiftance of conglomerate or kernelly
glandules, For thus the urine is Llnrpnﬁtfd from the red
or {anguineous arteries into membranous pipes, with
which th:‘:}i’ are maniteltly continuous, and form an
caly way, admitting air, water, and mercury, to pafs
in like manner. - And after the fame manner, though
lefs evidently, the nervous juice {feems to be feparated
in the brain. .

203. The third clafs, or mucous juices (190.) are in-
deed almolt every where fe parated into, and difcharged
from, finufes or hollow q]m1da+ Thefe true glands or
follicles have, in general, fuch a fabric as makes up an
ample cavity, every where circumferibed by a mem-
brane ; but in fuch a manner, that the fleth itfelf of the
part, to which the gland adheres, is often taken for
another clofe hemiiphere of the follicle. The faid ca-
vity or follicle is for the generality round: but fome-
times it 1s oblong, and {}bllquﬁt} cre meq betwixt the
adjacent parts ; as for example, in the U]‘Lﬂlnl of the
male, and in the follicles ot the finus muliebris. They
are irritable ; and when ftimulated by aerid fubftan-
ces, increale the quantity of their fecretions.

204. Into thele follicles or cells the lealt arteries (or

the
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the vafcular fleth furrounding each crypta or cell, and
compleating its convexity) open by producted extremi-
ies within the cavity of each crypta, into which they
diftil or exhale their refpeflive juice; where, being re-
tained from the narrownefs of the excretory duét, the
more watery parts are drawn up by the ablorbing veins,
which correfpond to and refemble the exhaling arte-
ries ; and thus the follicular or cryptal juices receive
a confiderable degree of thicknefs. "The truth of this
we are taught from the ftruure of the fimple follicles
obfervable in the tongue, in which both the importing
arterial dufts or pores, and likewife the excretory
mouths, are vifible to the eye ; and from the velvet-like
tubuli lining the {tomach of birds, in which a [ecretory
villofity manifeftly hangs in the cavity; and laitly, from
injections, which difcharge a colourlels wax inte the
fimple glands.

205. Whether the mucous cavity of fuch a glandule
be long or round, it has always an excretory duct,
which, for the moft part, is none of the lealt ; altho’,
in the round mucous glandules, the difcharging duét or
orifice be lefs, in refpecttothe referving cavity, than in
others. This difcharging orifice often opens into the
comnon large cavity, into which the mucus is to be
poured, without any intermediate duét ; for thusit is
in the back of the tongue, and in the fimple glands of
the ftomach and inteftines, where they have been de-
nominated crypte or cells by Ruyleh. ‘The finufes have
often the like fabric, opening without an intervening
dué, as in the urethra of the male.

206. Another kind of thefe glandules is, where
fimple follicles are folded up together in one common
covering, and open with their gaping orifices into one
common finus, without forming any true excretory
dué. This fabric we obferve in the tonfils.---Thele are
called conglutinated glands.

207. Other fimple glands of this clafs have an excre-
tory duil, by which they expel their mucus; namely, a
narrow, membranous, cylindric, fmall veilel, opening

with
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with 1ts re—ﬂtnor orifice into the Ca.nt’g. of the glandule,
and with its anterior orifice opening into the common
cavity for which its mucus is defigned, ‘Lhele excre-
tory ducts are of confiderable length in the {ubcutaneous
and {cbaceous glands, and in thole of the palate and
wind-pipe. . In fome parts alio, the pore or orifice, and
its dudt, are more eafily demonltrable, than the follicle
ot body of the gland 1delf; as in the noitrils, larynx,
rectum, e,

208. In others, again, an aflemblage of thefe duéls,
arifing each from its 1c',4hc*':1-: follicle, run together
into one, like the branches of a vein, fo as to torm a
confiderable excre tory capal, common to a pumber of
folicies. To this kind ﬂdm]sr the compound mucous
gldm s of the inteftines, fome of the iarger in the cavity
of the urethra, with the blind or impervious duét or {i-
nus at the root of the tongue; to -ﬁhlc:n1 m. brutes and
birds, add the fringe-hke tubuli of the ftomach, The
g]anﬂw of this fort may be called fimple ones compounded
or continuous : but where they lie only contiguous ong
to another, they may be called fimple r-fg_f?f{'l'"’lft’ or con-
gregated glaﬂdulm; as are thofe of the iauce s, ilo-
mach, inteltines, &c.

200. The mﬂ.nw'nui}]ujuic“ (196.) are feparated
by organs differing in their fabric. The fat and mar-
row are depofited, without the intervention of glands,
from the fimall mouths of the leaft arteries into the cel-
Jular coat or rather fubftance ; and the fame fat again
efcapes from under the fkin by fmall pares or dudls,
without the afliftance of any glandular {ollicles. But
the ear-wax, and the waxen or fuety liniment of the
fkin, are Ir}mralul by glands of divers kinds, Moft of
the febaceous E.lttmiuh.a are vifible enough, with an
open or naked mouth in the fkin, that leads immediate-
ly into the follicle, without any duct of confiderable
length; as we fee in the external ears, nole, rings about
the nipples, in the female nymphe, and the valley or
groove that runs betwixt them and the external labia, in

the clitoris, and in the male glans and prepuce. Thefe
differ
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differ but little from the crypte (205.), except in their
contained matter, which they feparate.

2 10. There are others of the febaceous glands, which
have an excretory duct of a confiderable length, like
molt of thafe in the fkin, which, being feated in the
cellular fubftance, have confequently a dudt long enough
to perforate the fkin, Thus we fee it is in the face
more evidently, where the length of the dutt is otten
to be meafured by the concreted maggot-like fubftance
prefled out; the bulk of which demonitrates, that a fol-
licle or cell lies under the narrower pore.

211, There are ftill other febaceous glands of the
kind mentioned 208. in which many cryptz by fmalk
duéts meet together in one larger excretory duct, Thus
in the face, in feveral places, there are large pores in
common to a number of fubjacent crypte. And of
this kind are thofe febaceous finks or little inteftines in
the eye-lids: and thus it is in the fecretory organs of the
mufk-goat, beaver, hyzna, civet-cat, and mufk-rat,
which gather their febaceous matter into one common
receptacle.

212. The milk, being a humour of its own particus
lar kind, formed of oil and watery juices intermixed, is
feparated by conglomerated glandules, whofe fabric we
deferibed at 198. Whether the fecretion of the bile be
glandular, is controverted ; but there are many argu-
ments to perfuade us, that the liver is a mere yalcular
fabric, whence the bile diftils immediately from the
extremities of the porta into the porr biliarii, or roots
of the biliary duéts, without pafling any cells or fol-
licles by the way: and in this we are more efpecially
confirmed by the Ruyfchian art of injetion, in which
the wax paflcs directly from the porta into the biliary
duéts, without exhibiting any intermediate knots or
ftoppages ; and therefore we fee the milk and bile are
both of them much thinner and more watery than the
fat, or the febaceous matter which thickens in follicles.

213. It now remains for us to inquire, how, from
one common mafs of the blood, the fame variety of pe-
O cubiar
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culiar juices are conftantly feparated, each in its re-
fpetive place; fo that we never fee milk fecreted i
the kidneys, bile in the thymus, or mucus in the fr:ba»
ceous Lhndum s. This problem, indeed, may be folved
by one who thall have previoufly anmrEd a thorough
knowledpe of the intrinfic fabric that ebtains in each
{fecretory organ. In the mean time, we thall here pro-
pofe what has been hitherto advanced with certainty o
that fubject from any known principles. whele truth
we are convinced of.

214. And, firft, the blood itlelf, from whenee any
liquid 18 to be 1ecrﬂﬂd, in the various parts, puts on
fuch a chara&er or difpofition there peculiar to itfelf,
that more particles, of a like nature with the humour,
abound in that portion of the bleed, which nature in-
tends to feparate from it. In the liver, the venous
blood arrives with a very flow meotion, full of oil, and
full of the femiputrid vapours of the inteftines. To the
tefticles, the bloed is brought flowly through very long
flender and infleéted canals, arifing at very fmall angles,
and pafling out of the abdomen through a cold tract
under the fkin. In the carotids, it is probable that the
ftronger, fpirituous, and denfe parts of the blood a-
fcend ; while whatever is more watery defcends mto the
abdomen and to the kidneys; alfo to the forming of
the falival juice of the pancreas, and the liquor of the
{tomach and inteftines.

215. Another preparation of the blood, towards fe-
cretion, is from its retardation in the ir:aft veflels:
whereby the red and denfer parts go on by themfelves
along the axis of the canal; while the other lighter
and more fluggifth or lefs moving particles recede to
the lateral openings or branches, fo as to enter the fe-
cretory orifices, which pafls out from the fides of the
faid vefels; and to thefe they adhere by their vifeo-
fity.

216. Thele orifices, though of different diameters,
are yet always {mall enouvgh, in their healthy and natu-
sal ftate, to refufe the red blood. Hence, therefore,

we
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we may conclude, that, being enlarged by an increafed
force of the heart, they every where admit a good deal
of the red blood from the fanguineous artery, which
they arife from, and open into, as we cannot with pro-
‘bability fuppofe them to be much lefs than the red glo-
bules. And hence the fame fecretory orifices or duéts,
which refufe thick injections of wax or fuet, do ne-
verthelefs generally admit thinner liquors injeéted into
the arteries. Therefore this is the firlt and molt fimple
mechanifm of fecretion; viz. that the light or open-
ing of the excretory dut may admit only fuch par-
ticles as have their greateft diameter lefs than the
diameter of the faid apening. From this reafon only
it is, that the yellow arteries convey off a pure liquor
from the blood, and that the uriniferous duéts exclude
both the red blood and coagulable ferum. But this is
net the fole caufe, fince the fame juices are generated
by large as by fmall animals.

217. Merely by this law, the fecreted juices may be
of many different forts: for thole whofe lights or tranf-
verle fections are the lealt, will receive only the thinneft
juices, as in the {mall veflels of the brain; and the
larger dutts will admit water and jelly, while the thick-
elt fat will enter the biggeft of all. Morecover, if a
number of feoretory organs are formed in a fucceflion
from one fecerning artery, each of them having large
mouths or duts; in that cafe, the laft which come out
from the faid artery will receive only the thinneft
juices. But if thofe, which are firft formed in order
from the {ecerning artery, have fmaller duéts, then the
laft only will receive the groffeft juices. It may be ob-
jected, that though the veflcls in a feetus are vaftly lefs
than in an_adult, yet the humours are the fame. But
thefe humours which are called fat, bile, lymph, and
urine, in the feetus, are vaftly different from the fat,
bile, lymph, and water, of a man.

218. From hence only it is, that the fecretions are
generally made immediately from fanguinecous arteries,
without pafling the ferous lateral omes, (45.) Thele
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all {eparate grofs juices § thick, coagulable, or watery;
as the fat, urine, juice of the (fomach and inteftines, &c.
But the feerctions of the ‘other thinner juices are made
not from fanguineous, but from fmaller pellucid arteries
arifing from the former ;' to the fecerning mouths of
which; not only no red blood, but ne ferum, fat, ot o-
ther -:*rru[ﬂ: juices, can have Ai]lll[ttd'ltt. Thus the more
thin and pure humours muft neceffarily be feparated;
as for example, in the eye
219. Perhaps the m;gf.:' which the fecretory branch
mt.hrcr;-pt:-. with its trunk, contmbutes fomnething to fe-
cretion. For it is eahly demonlirated, that at .}3_1‘11 and
retrograde angles, only thie vifcid and floggith juices are
expelled by the ftronger force of the particles Keeping
the middle of the canal; but the liguids which are
about to go off at half-right angles, are t'n'uﬂ: which
preferve their velocity, For, in living animals, the ve-
locity of the blood is greatelt in vefiels ‘of the acuteil
angles, and lefs in thofe of r ight anglesy a5 men of ve-
racity have obferved. ' That the effedt of thele angles
in the veflels is confiderable, with regard to the fecre-
tion, We are perfuaded from the ftrudtire of the body
itfelf’; fince they form different unJu‘» in-different parts
with refpect to their trunks, and in fome parts com=
pofe net-works.  For the ﬂn.ihc.ti veflels, in general,
refemble the branchings of little trees for fhrubs, the
trunks and arms of them every way fending out branch-
es, but in different angles ; fmall in the larde inteftines,
but Targer in the finaller inteftines.  Thus, in the fpleen,
the fmaller red arteries arife fo thick from their trunks,
that ‘they refemble a wifp or fprinkier; in the intef-
tines, they refemble pe mﬂ brufhes; ferpents, in the
Kidneys B g, in the liver; a ra-\.mT-;*d circle in ‘the
uvea; and; in 'the tefticle, a lock of hréarled up mntd
a button. ' But we defervedly receive it as a rule, that
the Creator never made 'this diverfity of fabric to 1o
purpofe. We have not as yet, however, any account
of thefe net-works thét can be fufficie n'lx depended up-
on, - Neither does there feem/'to be any affinity beétween
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the fabric of the veflely and the nature of the liquor
which it fecretes = and, indeed, thefe net-works are al-
moit fimilar to the veins, as if made rather for fhorten-
ing the ;nﬂ"a-rre of the blood in fome meafure, than tor
diverfi Hng the nature of the fecretion.

220. The inflexions of the fmaller veflels, as well
arteries as excretory duéts, greatly retard the motion
of the blooed ; in which, therefore, the greater part of
the force received from the heart is evidently {pent in
changing the figure of the veflels. The repeated in-
flexions, therefore, of the fecretory arteries increafe the
wicuht} of the jLilCt:, by delaying the flux, and giving
the parts more time to coédhere or attr&t‘,’t each other.
But a {traight courfe of the veflels increales the celerity
of their fluid, whence a copious and eafy fecretion ; but
then it makes the fecretion more impure, as we fee in
the urine.

221. That the fmaller arteries have different de-
grees of denfity or firmnefs, there is no reafon to doubt;
fince we aﬂuaih‘ find it fo by experiments in the larger
branches. But the denfer the capillary arteries, the
more they refift the light and flowly moving particles,
and jlc]d only to the more denfe ones that have a
greater unpttus. Irritability produces almoft the fame
efleéts ; for if the fecretory ftrainer has a very acute
1*'11ht|qm, it will reject the grofs humours, and tranfmit
the miore fluid ones: inftead of mucus in the urethra,
it will feparate a thin yellow ferum ; and almoft the fame,
inftead of the febaceous matter that lies under the fkim:
the quantity of fecreted liquor will alfo be increafed ;
as for example, in the tears. -~

222. Again, the velocity is greatly mcreafed, if the
heart is near ; if the artery is ﬂ:mnght, or if it is pro-
duced with a fmall angle ; alfo, when the excretory duct
ariles before the extremity of a larger arterial branch:
and it is diminithed, when the fmall {ecretory artf:ry
runs 2 long way capillary, whereby the blood lofes the
greater part of its ‘motion in friétion,  Finally, from
whatever caulfe the diverfity may arife, ‘a greater velo-
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<ity increales the quantity of fecreted liquor, and pro-
duces heavy, more grofs, impure liquids ; it alfo gives
a degree of fluidity to the fecreted liquors, as it pre-
vents the ftagnation, by which they might contra& a
vifcofity : but flownefs increafes the attration and vif-
cidity, and renders the fecreted juice more pure ; as the
fimilar particles, when brought together, can better at-
tract and join each other under a flow motion, fo asto
retain the larger canal, while the thinner parts go off
by the lefler lateral branches. From hence it is, that,
only the impulle of the heart being too much increafed,
all the fecretions are confufid.

223. Thele conditions nature is able varioufly to join
together or feparate, and impart to every ftrainer m
greater or lefier degrees; and thus, by various me-
thods, to modify the fecreted humours. Anatomy fur-
nilhes an example, if you fhall compare the {trainer of
the bile or femen, which are thick juices, with the
ftrainer of the urine and tears, which are fluid ones,

224. Y¥rom all that has been hitherto advanced, we
may now begin to perceive, that, fince the blood con-
eains particles of various kinds; fome fluggifh ; others
mucous ; others coagulable, but fluid; fome denfe
and red; fome watery and thin; others fat and grofs
(188. er feq.): among all thefe particles, thofe which
are the largelt and moft denfe, as the cruor, will go
on molt towards the axis of the veflel, fo as to pals
on in a continued courfe from the artery into the trunk
of the fanguineous vein {39.)

225. Thole particles which are grofs and {luggith,
as the fat, muft needs go off laterally by larger orifices
from the fanguineous artery, by fthort duéls; for long
ducts would make a ftop to fuch a fluggith juice as oil.
The phenomena of the adipofe fecretion (19.) agree
with this defeription. Such parts as are coagulable,
but {pecifically heavier than thofe which are merely wa-
tery, kept fluid only while the powers of life are in ac-
tion ; thefe pafs off laterally from the red arteries, into
the arteries which are not red, but continuous to thf1
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red ones, and fmaller ; whether thefe pellucid ones are
continued on in the nature of trunks, fending off other
finaller branches, like the lealt arteries (41.); or whe-
ther they exhale their.contents by a thort extremity, like
the veflels of 170.

226. 'Thin watery juices may evidently pals off by
any veilels continuous with the fanguineovs ones, or the
leficr ones (44.), provided they be only fimall mun'h
to refufe the groffer juices: and this, whether thn:*:',r
come out from the fides of the larger arteries; or whe-
ther by a long continued courfe, and fending off all the
grn{ﬁ,r juices by large lateral branches, they, at length,
end in a fmaller pellucid canal inftead of a trunk ; as for
example, in the eye. To the production of thefe juices,
the moft fimple fabric is fufficient ; even a' direét con-
tinuation of the fecretory artery itfelf into an excretory
duét, as we fee in the urine. Therefore, the dudts and
veflels have here a ftraight and fimple courfe, with few
or no inflexions ; and a proportionable velocity as yet
holds in the courle of their contained juices.

226%, Such juices as, being watery, light, but vifcid
at the fame time, are confequently fluggiflr and lefs
moveable ; thefe may be eafily fecreted by fhort nar-
row du@s of a lefs diameter than to admit the fat, and
appended to the fanguineous arteries : and, therefore,
it is evident, thefe will be feparated from the bl ood
niore abunddtltl}r in fome parts of the body than others ;
namely, where the velocity received from the heart’s
impulfe is lefs, the flexures of the artery more frequent,
and where the extent of the capillary artery thall be car-
ried to a greater length.

227. Whether or no ought we to afcribe to each
particular part, the ferments, pores, fpecific weights, or
filters filled with their own peculiar humour, and ad-
mitting nothing that is analagous to it, which deter-
mine the nature of the humours to be gumrated?
One who admits of thefe, ought to confider the oreat
difference there is in one and the fame juice, fe p:lT.lIt.d.

i the'fame part of the body, according to the difference
of
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of age, courfe of life, &c. The bile in a foetus is ge-
nerated [weet ; the femen thin, and without vermicles ;
the milk either none or watery 3 the urine warery, mu-
cous, and infipid ; the uterine mucus very white ; the
cutaneous veflcls full of red juices ; the watery jutces
reddith ; and the fat gelatinous. By the fame organs,
n an adult perfon, the bile feparated is tharp or acrid ;
the femen thick ; the milk utyraceous ; the urine yel-
low, thin, and alkalefcent ; the womb dilcharges a men-
ftrual blood, and the aqueous humour very clear. But,
-even in the adult perfon, how different is the urine?
at one time watery ; at another, thick or concodted;
m a fever, high-coloured and heavier, full of falts and
oils. The paflions of the mind, which make no other
change in the body than that of ftrictures in the nerves,
yet wonderfully change the face of the fecretions; and
expel even the blood and bile through the veflels of the
fkin. Add to this, the frequent difturbance of the fe-
cretions, and the changes to which they are liable from
flight caufes; fo that only an increafed celerity fhall
caule feveral differing liquors to be fecreted by one and
the fame organ: for blood has been known to pafs into
almolt all the paflages of the fecreted juices ; into thele
of the [weat, tears, mucus of the noftrils and of the
womb ; and into the laétiferous, feminal, and urinary
duéts, as well as the fat, A true milk has been feen
feparated by glands in the thigh. When the urine has
not been excreted by its natural courfe through fome
defeét of the kidneys, ureters, or bladder, it has pafled
by the fkin, exhaled into the ventricles of the brain, or
even into the whote cellular fabric. The perfpirable
matter of Sanctorius, however thin, is often by cold
driven through the nofe or kidneys; or, by the fame
caule, by fear, or by medicines, is depofited through
the excretory yilli of the inteftines. That exhaling vil-
cid juice, fecreted by the fame organ with the fat, from
which it fo much differs, into the cellular fubftance, is
depofited, takes place of the fat, is re-abforbed, and
alternates again with the fame, (18, &c.) A [alivation

fupplics




Cuar. VIII. SECRETIODNS. 10§

fupplies the place of the Sanctorian or cutaneous exha«
lation externally, and of the cuticular exhalation inter-
nally.  The bile, re-ablorbed, appears evidently flow-
ing in the veflels of the eyes. Nor does there appear
any thing in the fabric of any of the vilcera or glandules
that can fix or maintain the nature of the fecerned
fluid. The fpecific gravities of the vilcera and ftrainers
neither anfwer, according to the duthors who treat of
of them, to the fpecific gravity of the humours which
they fecrete’; nor are they at all.known by experi-
ments that can be depended on.

228, It now remains for us to dilcover, how the fe-
cretions, in a healthy perfon, become pure or uniform,
For all the juices that have been lately fecreted (with-
out excepting any, even the oil or fat itfelf) have a great
many watery particles intermixed ; fo that none of the
thicker juices feem capable of being formed, without
having a mixture of the thinner watery ones: how then
do the femen, bile, fat, mucus ,and other thick juices,
depofite their firlt watery ftate, and acquire their proper
vifcid condition and other qualities?

229. For this end, therefore, nature has' framed
glands, with large and fmall follicles or refervoirs, for
retaining the fecerned juices, from which the watery
parts are required to be feparated, to render the re-
maining part more {trong and vifcid. The mucus, at
its firlt depoﬁtmn, 1s thin and watery as yet, but little
differing from the perfpirable vapours or t-':ars in which
ftate it diftils into the cavity of the noftrils, w1nd+p|pe,
and inteltines. This is not cununuail}f u.lt{lhargmg, be-
caufe the excretory orifice is lefs than the retaining cell
or follicle (196.); and the excretory duét being fome-
times long and flender, at others repeatedly bent, and
turning backwards and forwards, or tran{mitted thro”
a hard cellular texture, or clofed by fome force equi-
valent to a fphinéter, fo retards the juice that it cannot
pals out but by the afliltance of a preflurey or perhaps,
riot without being irritated by the quantity or acrimony
of the juice, the follicle prefles out the liquor which

g incom-
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incommodes it, by a kind of periftaltic motion. This
appears from the morning difcharges of mucus by blow-
ing the nolfe, coughing up from the lungs, and by fneez-
ing after the noturpal ftagnation. In the mean time,
the patulent veins, extended into the cavity of the fol-
licle, abforb the more agueous parts from the thin mu-
cus, that it may become thicker as it is retained lon-
ger; but if, by the force of fome ftimulus, it be direéily
difcharged after it is fecreted, it comes out thin and
watery, Examples of this we have in the urethra, in
the noftrils, and in the ear-wax; as alfo in the bile,
which, at its firlt feparation in the liver, is watery, and
has but little yellownefs or bitternefs. It is, therefore,
retained by a large follicle or gall-bladder; and there
digelted or exalted by the vital heat, and its more thin
or watery parts exhaled or abforbed by the veins;
whence the remainder becomes more thick, bitter, and
oily. The fame mechanifm takes place in the femen ;
which, being referved in the feminal veficle, is there
thickened, fo as to be very vilcid after long chaftity ;
but in repeated venery it is expelled very fluid. In fome
places nature has made this receptacle two or three
times folded together in one and the fame organ, when
her defign was to form a very thick juice. Thus the fe-
minal paflage is in the teflicles reticular; in the end of
the epididymis, one large canal ending in a larger ve-
ficle: whence the veflels at the tefticle are narrow, and
fo again are the vas deferens and the proftatic du&.
Hence there are nowhere real glandules, except for
fecreting a vifcid liquor. And if a vilcid liquor has
been feparated from the arteries without a follicle, it al-
ways {tagnates in a large follicle. The femen, bile, li-

quor of the joints, and fat, afford examples of this.
230. A fecerned juice may be likewife changed in
its receptacle by the affufion of fome new liquor.
‘Thus the femen thickens by an affufion of the profta-
tic liquor; the chyle is thinned by mixture with the fa-
liva and pancreatic juice and that which diftils from
the villi of the ftomach and inteftines, and by an affu-
fion
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fion of the bile it becomes alkalefcent ; and again the
fynovia or albumen of the joints is tempered by the two
kinds of fat(193.)

231. Laltly, whatever is abforbed, can be of ufe
to the animal according to its nature, after it is taken
into the blood ; as the femen gives a furprifing ftrength
to male animals. For the moft part, likewife, an a-
crimony fimilar to that of lixivium is generated, and
which alfo hath its ufes, asin the bile and femen.

232. But the great ufe of the follicles and receptacles
of glands is to preferve the juice, of whatever kind it
be, for thofe times in which it is moft neceflary to be
employed in the attions of life. Thus the bile is re-
ferved for the time of digeftion, the femen for due
and lawful venery, and the mucus of the nofe is accu-
mulated in the might to temperate the force of the re-
fluent air in the day,

233. Therefore, as nature has in this way framed
machines by which the juices are retarded in the large
and [mall follicles, fo fhe has made others to expel
them at fuch convenient times. To fome glands fhe
has given particular mufcles for this ule; as in the te-
fticles of brutes, the urinary bladder, and the gall-
bladder: or elfe fhe has placed other mufcular ma-
«<hines round them, which, by afting at convenient
times, expel their contained fluids ; as, for example,
in the mufcular coat of the ftomach and inteflines.
In other parts fhe has added contiguous and incumbent
mulcles to promote the difcharge, as in the biventers
and mafleters of the lower jaw: or elfe fhe has again
joined to them a kind of nervous irritability, which,
being excited to ation by an unavoidable ftimulus,
opens the fhut paflages to the milk, feed, tears, &c.;
or being touched by fomething acrid, as already men-
tioned, diltils the liquor more quickly ; as happens to
the bile, liquor of the ftomach and inteftines, and to
the {ebaceous matter,

P2 CHAP
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CHAR IK
Of ResriraTiON,

234. T HE bags of the pleura (77, 78.) are f'x'lﬂi}'
filled b}r the fungs ; for fo we call the two

vifcera, which are diftinguifhed into right and left, in
fizure aniwerable to that uf the bags themfelves which
they fill, baving a broad bafis below, and being termi-
nated above at the firft rib by an obtufe point or cone.
The anterior face of them is flat, their fides convex or
round, internally or in the middle concave, forming a
concavity fufficient to contain the heart., The right
lung is L\rgtr than the left; and more irrm;en*ﬁr Ch-'-
vided, or halt cut through, into three diltinét lobes or
portions ; but the left lung is not {o often divided into
three. They are frecly fufpended by the great blood-
veflels, at liberty on all fides; unlels you call that a li-
gament which is made by the external membrane of
the pleura, departing to the lungs and to the bafis of
the diaphragm. Betwixt the lungs and pleura is found
a watery or rather ferous vapour, of a coagulable na-
ture, like that of the pericardium [Hz s which vapour
tranfudes from the furface of the lungs, continually in
the fetus, and not unfrequently in the adult. This is
fometimes increaled to a dropfy, or thickens to a kind
of fcbaceous matter; or laftly, concreting into fibres,
joins the lungs to the pleura,

235. The external membrane of the lungs is fimple,
and thinner than the pleura, although continuous to
it. It is fpread all over them, from the adhefion of the
great blood-veflels of the heart; yet fo as to be capable
of retaining wind eafily, without breaking, after being
feparated from the lungs. The fame membrane covers
the interflice or mediaftinum of the lungs, like a
bridge. It is joined to the lungs by a celiular tex-
ture,

236. The
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236. The firuture of the lungs is a heap of lobes
feparated from each other by intermediate intervals, 1n
which is extended a loofe cellular fubftance. The
firlt divifion of them 18 into two extreme lobes,
which are larger ; and one middle one, which is lefs;
ver cohering together : although afterwards they are
again fubdivided internally, through a long feries, into
Jeffer lobules down to the leait, till at laft the fmall lo-
bules terminate in very fmall membranous cells,
which, in adults, are varioufly figured, and full of air,
and communicate on all fides with one another.
Thele veficles of the lungs, therefore, do not receive
the air by a fingle orifice from the wind-pipe, as into
an oval grape or vial; but the air, exhaling from the
lealt branches of the faid wind-artery, is admitted in
fuch a manner into their irregular fpaces, that it freely
fpreads through them from any one part of the lungs
into: all the reft, and returns again in like manner.
"This is demonltrated by inflation, which drives the air
even through the leaft branches of the wind-pipe mto
the fimallelt lobes ; from whence it readily pafles into
all the refbk.  Nor, in man and fialler animals, is the
cellular fabric of the intervals {hut up from the veficles
of the lungs, nor are the lobes furrounded by any pe-
culiar membrane; for in the largeft, as between the
air-veficles and thofe cellular fpaces furrounded with
lobules, there is no commerce,

237. The airis driveninto thefe veficles thro’ the wind-
pipe, which arifes from the larynx (hereafter to be de-
fcribed), and from that only receives its air. "The firlt part
of this wind-pipe is fingle, and defcends along the fmooth
bodies of the vertebrz of the neck, partly flefhy and
partly cartilaginous ; namely, within the cellular {ub-
flance that furrounds the wind-pipe, follows a canal,

nade up by a fucceflion of cartilaginous and mufcular
rings. Thefe are thin and elaltic; flatter and thicker
in their foremolt part, but thinner in their pofterior
-extremities, which are conjoined together by {trong
tranfverfe
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tranfverfe mufcular fibres, which, adhering firmly to
cach extremity of the cartilage, complete the circle.
But the lowermoft circles are lefs ; the uppermoit of-
ten augmented by an appendix, the next again perpen-
dicular to the divifion.

238. The flefhy rings, alternately placed with the
cartilaginous ones, are made up of red mufcular fibres,
Some of thefe are tranfverfe, connecting the detached
ends of the annular cartilages; others defcend from
each upper to the next lower ring. But other muf-
cular fibres again, defcending downwards from the cri-
coide cartilage, and having reached below the firft di-
vifion of the bronchia, vanifh within the lungs, The
tranfverfe fibres contrad or leflen the diameter of the
wind-pipe ; the longitudinal ones render it fhorter,
Alfo within the lungs, betwixt the imperfeét rings,
is found a fort of mufcular fabric, but lefs uniform.

239. In the cellular coat which furrounds the mufe
cular one, but efpecially in the back part of it, a-
long the pofterior interval that is betwixt the carti-
lages, are placed numberlefs fimpie glands, which
open by very fmall dués, like pores, inte the cavi-
ty of the wind-pipe: by which pores they depofite a
watery and pellucid mucus into that cavity 3 which
mucus, being without the leaft acrimony, not coagu-
lable into a hard fubltance like the humour of the eye,
is of the greatelt ufe in detending thefe moft fenfible
membranes from being injured by an impure air, full
of particles, which, by their mechanical figure or che-
mical acrimony, might be very troublefome. Laftly,
the internal tube of the wind-pipe is compleated or
lined by a membrane, which is continuous with that
of the mouth, fmooth, foft, and very irritable, The
fame cellular texture furrounds it which anfwers to the
mufcular coat,

240. The veflels of this part of the whole wind-
pipe, in the neck, come from thofe of the lower thy-
reoids ; in the thorax, from other finall branches of
the fubclavian trunks, or the mammarics, vr the Zron-

- bials
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chials properly fo called. Its nerves are numerous
from the recurrent and intercoltal ones.

241. In the upper part of the thorax, the wind-pipe
is received between the laminz of the pofterior part
of the mediaftinum ; and at the third vertebra, or a httle
above, is divided into two fimilar branches refembling
the trunk itfelf, and formed like that of imperfect carti-
lages, alfo furnithed with fimilar glandules ; each of
which branches enters the lung to which it correfponds,
only the right is fomething fhorter and largtr than the
left. Having entered the IUI'IE_)S, the cartilaginous rings
change into fmgunuts, which become more and more
difform, gnomonic, .m"ular, triangular, and inter-
mixed with a larger portion of the membrane, till,
at length, the cartilages decreafing, the laft brunchts
of the bronchia become merely membranaceous.

2. Its lalt branches are invifible, which exhale
the air into the cellular fpaces of adult lungs, and like-
wile receive the watery vapours exhaling from the ar-
teries into the faid fpaces; from whence they are
thrown out by exipiration.

243. The blood-veflels of the bronchia are the arte-
rie ¢* vene bronchiales. 'The former are almoft con-
ftantly two; one coming from the upper intercoftal of
the aorta, which is diftributed either to the right only,
or to both the lungs ; the other, from the trunk of the
aorta itfelf, goes fo the left lunp;.. Sometimes there are
more than two bronchial arteries to be feen ; as when
there are three, by the addition of a fecond from the
aorta. But fometimes again there is only one artery
in common. The thoracic part of the bronchi-fituated
without the lungs, has its proper veflels from the aorta,
the fubclavian, mammary, or intercoftal. The bron-
chial veins are molt commonly two ; the right from the
VENa azygos, t the left from a }“}E'Ctlllll branch of the
fubclavian vein and the left fuperior intercoftal. Thefe
blood-veflels travel together with the branches of the
wind-pipe ; and defcend into their membranes in fuch
a mapger, that the puimonary arteries, in their way,
n-
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mofculate with their contiguous arteries, as the veins
likewife communicate with each other. There are fome
mitances where the pulmonary vein itfelf has given finall
branches to the lungs, to the wind-pipe; and to the fur-
face of the lungs.

244. But there are other larger veflels belonging to
the lungs, called the pulmonary artery (defcribed 106,
108.), and the pulmonary vein (110.)  The great ar-
tLr}', in the fetus larger than the aorta, and in the a:
dult but little lefs, has two branches; the right larger
but fhort, the left narrower and longer, In the fetus,
the trunk itfelf is continued into: the defcending aorta,

and is known by the name of duus arterisfus.  In an
adult, that trunk degenerates into a folid lizament, The
four pulmenary veins accompany the arte vial branches
and the ﬂip:.m arteria of the wind-pipe in their courle
through the lungs, furrounded with a good deal of
cellular fubftance ; which fubftance, being increafed, at
Jaft compoles the lungs themfelves.” Within this cellu:
lar fabric, and likewife upon the ultimate fpaces or
cells, the air-veflels and blood-veflels are fubdivided,
fpread, and interwoven like the mefhesof a net; and hiere
the {mall arteries exhale a plentiful vapour into their
cells, and the veins ablorb a watery vapour from the
fame cells. Hence water tinftured, the whey of mill:,
or athin waxen injn‘&imn b{*ing urged into the pu!mn-
nary artery, flows with a froth into the wind-pipe ;' or,
on the contrary, being urged from the wind-pipe into
the lungs, [t]i.} pm:_tr.m. into the pulmonary artery,
In like manner, injections pafs from the |w|lnmmr}"
veil to the w md pl]){" or from thenee again, they'may
be forced into the veins, Laftly, a hqu(}r :l!jt‘&ul hv
the arteries, readily enters the pulmonary veins; and
the rr_'vt‘ul:‘.

245. The lymphatic veflels, as in other parts, form
a net-work upon the furface of the lungs, from whence
there are branches conveying the lymph to the cavity
at the back part of the mediaftinum, and to the fmall
glands which lic behind the cefophagus, ﬁpﬁnmgl :;;
all
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Jaft into the thoracic du&. The anterior pulmonary
nerves are {mall, but the pofterior ones fomewhat lar«
ger: they come from a nerve of the eighth pair ; and
there are alfo fomne fmall nerves to the lungs trom the
recurrent, and likewife from the cardiac plexus, which
enter together with the large blood-vefiels. Hence the
lungs have but little fenfation 3 that of the little nerves,
however, divided after the manner of the bronchia, 1s
very acute. Nor are the lungs of an irritable nature.

246. The quantity of blood which enters into the
lungs is exceeding great, equal to (or even perhaps
greater than)that which is fent in the fame time through-
out the reft of the whole body ;3 which, theretore, de-
monftrates fome very confiderable ufe proper to this
vifcus.  And that this ufe depends manifeitly vpon the
air, appears from the univerfal confent of nature, in
which we fcarce find any animal without breathing ; al-
fo from the ftruéture of the lungs in the fetus, n
which, for want of air, they are ufelefs, receiving only
a fmall portion of the blood, which the pulmonary ar-
tery conduéts from the heart. We are now, therefore,
to {peak of refpiration, by which the air is drawn into
and expelled from the lungs.

247. The element of air appears, from the principles
of philofophy, to be an elaftic and fonorous fluid,
with a {pring which cannot be deftroyed. But the at-
mofpherical air, which we commonly receive into the
lungs, is impure, filled with a great quantity ol watery
and other vapours, alfowith falts and the univerfal acid,
with the fe=ds of plants and animals, and other foreign
matters, but in very minute particles ; fo thatit weighs
859 times lefs than water, and a cubic foot of air weighs
between 610 and 694 grains. This air, which furrounds
the earth on all fides, being prefled by the incumbent
columns of its own malfs, perpendicularly, laterally,
and in all diretions, enters wherever it meets a lefs
refiltance, and with a confiderable force, as appears
from experiments made with empty or exhaufted vel-
fels, and by the air-pump, fo thatits preflure on the hu-

man body is not lefs than 3000 pounds weight, It is
re-

& I=

- vy




——e———

114 RESPIRATION. Cuar. IX,

repelled chiefly by the pores of the membranes, which
yet are permeable by water : it likewife penetrates oil
or mucus with difficulty.

248. This air is excluded from all parts of the hu-
man body by the furrounding clofe fkin, which, even
when dried or tanned, is impervious to the air; but
more [o, as under the {kin is placed the fat, making an
equal refiftance to the narrow openings of the abiorb-
ing veffels. It, therefore, now remains for us to in-
quire, why the air enters the lungs of an adult perfon ;
for with this they are in a manner conflantly full,
and of courde are equally prefled, and refilting againit
the weight of the whele atmoiphere: but that the lungs
always contain air, is evident; becavfe, however clofe
you comprefs them, they will be ftill lighter than wa-
ter; and even in the fetus, after they have been infla-
ted but a few times, they always fwim ; whereas, before
breathing, they fink to the bottom of water, if they
have as yet not given admittance to the air.

249. The equilibrium of the air’s preffure being re-
moved in any place, it conftantly defcends or flows that
way where it is lealt refilted (247.). But air that is
denfe and heavy will defcend more eafily than fuch as
18 hight, whole force {carce overcomes that of the air
which is already in the lungs, nor is able by the fame
force to overcome the refiftance of the brenchia and
force by which the lungs comprefs the air contained in
them. Hence an animal lives better in a denfe thanin
a light air : although that kind of air is always molt
tolerable, which is pure at the fame time that it is light ;
fuch as that of the highelt mountains of the Alps.
Theretore, for the air to enter the lungs, they mult
make a lefs refiftance to it than before; namely, the
air, which is already in the cellular fabric of the lungs,
muft be rarified : but this effet will follow, if the ca-
vity of the thorax, in which the lungs are contained,
and which they exaélly fill, be dilated. Thus the air,
which is always in the lungs, expands into a larger
lpace, by which, being weakened in its fpring, it

makes
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males a lefs refiltance to the external air; and confe-
quently a portion of the i}lid external air defcends into
the lungs, fufficient to reltore the confined and rarefied
air, filling the lungs to the fame denfity with that of the
external air,

250. We mult therefore defcribe the powers which
dilate the thorax to preduce this effe€. The breaft or
thorax is a fort of cage made up of bones, mulcles, and
cartilages ; being almoft of the fhape of an oval tub,
fomewhat comprefled before, but behind divided by an
eminence, whole hoops are the ribs, which are of a re-
markable {trength. 1In the lateral p:ute of this cage are
placed the lungs; in the middle and lower part lie the
pericardium and heart ; after which it is taken up by
fome of the abdominal vifcera,

251. The bafis of the thorax is formed by a column,

a little crooked, and gibbous on the upper and back
part; and llkfwﬂr: in that part of the bafis which is up-
perinoft, the fame is very much behind the others into
which twelve vertebrae coalefce. They coalefce, how-
€ver, by the union of their bodies into a fingle column,
which is prominent in the forepart between the two ca-
vities of the breaft ; divides the right from the left; and
is plane in the forepart, and broad towards the fides.
A ﬂil-.:!'.t finuofity receives the ribs in that place where
the arch feparates from the body. They are bound to-
gether into one column, as well by the elaftic plate in-
terpofed between every two bodies, and coalefcing with
both; as by other ligaments and fpmes lying upon
one another, and tht joining of the I:hs, I}r which
means no motion can happen among thew without the
greateft difficuity, The fides of the breaft are made

up of twelve ribs. Thefe are in general bent in the
form of an irregular arch, having a great curvature la-
terally and backwar ds, but exter LJ.“’T in their forepart
towards a richt ine, The bony parts of the ribs lie
futhciently parallel with each other; the greatelt part
of the rib is bony, round, {md m;{ . backward, but

thin and flat forward. The other part forward is com-
Q 2 pleted
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pleted by a cartilage ; which in general continues the
figure of the rib, growing in a flat broad concavity of a
nature different trom the bony part ; and which does
not change into bone, unlefs in extreme old age.”

252. The polterior and bony thick part of each rib
terminates in a head; along from w hich, in the body of
the uppermoft and two lowermoft ribs, runs a cavity oc
groove, formed in the other ribs, betwix every two ad-
jacent margins, which lie one towards the other. The
vertebrae are tied to, the ribs by ftrong ligaments, of
which the principal fpread from each rib like rays into
the next adjacent vertebra, other ligaments tie th: trani-

verfe procels to the 'tubt,rd:: of the rib, and others tie
th:, ribs one to another and to the tranfverfe pmccif
at the fame time. Moreover, betwixt the angle of in-
curvation and the junéture wit h the vertebrz, each of the
ten upper ribs fend out a protuberance, v.lnch, being
articulated with the plain fide of the tranfverfe procels
of each vertebra, are fo tied by fhort and f{trong liga-
ments to that procefs, that the rib has liberty to make
a fmall afcending and defcending motion, but with a
confiderable degree of firmnefs,

253. Among thefe anterior cartilages, the feven up-
permoft reach to the fternum, and enter into the lateral
cavities, which are incrufted with a cartilage in that
bone, to which they are alfo made faft by ﬂmrt ]rg‘t—
ments. Of the five remaining ribs, the uppermoft is
faltened to the feventh preceding, ;md that to the next
lower, by a ftrong cellular texture, by which they form
a continuous margin, which is at iail lfo faltened to
the fternum. The fame are conneéted to one another
both by proper ligaments, and cartilaginous appendices
joined with them through the cellulofity: the two lower-
moft are free, and conneéted only with the mufcles.
Thefe inferior cartilages are united to one another and
to the {ternum by {trong ligaments,

254. The firlt rib is the fhorteft, but more folid
than any of the reft. = As they in].{w-. in fucceflion to
the feventhand eighth, every two and two ftretch them-
felves
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felves into longer and more moveable circles. The
eighth is the longeft of all ; and from thence, the lower
down they are, they grow continually fhorter.

255. The direction of the upper rib is defcending ;
but the fecond rib joins the fternum almolt in a right
angle, while the others afcend both to the vertebra and
to the fternum, but more to the latter. But the bony
part of the ribs is placed in fuch a dire&ion, that the
uppermoft have their fides in the fore part very much
declined forward, almeft tranfverfely, In the third ribs
it is placed almoil perpendicularly; in the middle ones,
it projects a little outward in the lower part. Befides,
the ftrength of the different ribs is very different. The
uppermolt, being fhort, rather grow into the fternum
than form a joint with it; and being tranfverfe, and
often as it were welded together, they make a very
ftrong refiftance. From thence the mobility increafes
downwards, till the loweft rib, adhering only to mul-
cles, has the moft eafy motion.

256. The fternum in general is a thin {pungy bone
altogether, one in adults, but is varioufly divided in the
fetus. Its upper and broader part refembles an octa-
gon; and is articulated with the clavicles, which are
jointed very clofely with the triangular head of the fter-
num, and with the firft rib on each fide. The other
part which is longer and narrower grows broad down-
wards, and its fides receive the ribs each into its pro-
per angular cavities, The lower part, which is lefler and
fhorter, imitates the obtufe figure of a tongue. This
is continued into a detached appendix, partly bony, and
partly cartilaginous, of a changeable figure, which they
call the enfiform cartilage ; and which is found of va-
rious thapes, fometimes being obtufe like 4 little tongue,
fometimes, pointed like a fword, fometimes bifid, and
fometimes perforated.

257. In order, therefore, to dilate the feat of the
lungs, and thus to put the body in fuch a ftate that the
external air may ruth into the lungs, it is neceflary for
the thorax to be elevated, For thus all the {ections ’;:rf

the
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the thorax form right angles, and its capacity is increa~
fed. This motion is performed by various mufcles,
which either operate conftantly, or only at certain times..
1The intercoftal mufcles, therefore, all of them aét per-
petually in elevating the ribs. By this name we un- .
derftand 22 mulcles; of which 11 are external, or next
the {kin; and as many internal, feparated from the pleura
only by fat or cellular fubftance, The beginning of the
outer infercoftals is at the pofterior articulation of the
ribs (252.); but the termination of them is in the ante-
rior bony part of each rib, at fome diftance from the
cartilage, in fuch a manner, that the remaining fpace
betwixt the cartilage and fternum to the mufcle is filled
by a tendinous expanfion. The direGion of thefe muf
cles is fuch, that the fibres defcend obliquely forward,
from the lower edge of the upper rib to the upper edge
of the lower rib, And that their action is to elevate the
11bs, all authors unanimoufly agree; becaufe they thus
defcend from the upper lefs moveable to the lower and
more eafily moveable rib, in fuch a manner, that their
lower point lies more diftant or remote from the hypo-
machlion or point of motion, which is in the coftal artl-
culation with the vertebrz, confidering the.rib as a lever.
258. But the internal intercoffals arife at {fome di-
ftance from the vertebrae, almolt at the outer tubercles
of the ribs beforementioned (252.). From thence they
proceed as far as the flernum, into which the upper-
moit of thefe mufcles are inferted above. The direction
of thefe is contrary ro that of the former, except the
anterjor part of the firft or uppermoft of them ; {o that
they defcend from the lower margin of the upper rib
backward, to the upper cdge of the lower rib forwards.
Therefore fome doubt of their adti n, becaule their
lower part is inferted into that portion of the rib which
is neareft its articulation with the vertebra. and which
therefore feems to be the leaft moveable: now: ver, they
elevate the ribs notwithitanding this ; for the great firme
nels or immnhiiity of the upper rib, exceeding that of
the lower, is evident from the articulation, weight, and
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ligaments there formed, which furpafles that mobility,
arifing from the greater diftance of the center of mo-
tion. This appears from the diffetion of living animals ;
in which we fee the inner intercoftal mulfcles operate in
the elevation of the ribs, and reit in the R!Lpﬂ. fhon of
them ; alfo from a flexible thread fixed to the rib of
fome human fkeleton, and drawn in the fame direction
with that of the fibres of the inner intercoftal muicles,
by which means the lower rib will be always approxi-
mated towards the upper. The greater firmnefs alfo of
the upper ribs proves this, as they ferve for a fixed
point to the lower ones: for the firlt or uppermoft ribs
arc from eight to twelve times firmer and lefs moveable
than the lower true ribs; but the difference of diftance
in them, from the center of motion, is fcarcely the twen-
tieth part of the dength of their whole lever. Laitly,
the elevating power of the internal intercoftal mufcles
appears plainly by experiment in a dead {ubjeét, whole
thorax, being raifed or inflated, thofe mufcles fwell or
contract.

259. By the aétion, therefore, of thefe mufcles, the
thorax is elevated, not altogether as one machine, nor
would rtﬁjirali{m be affifted by fuch a motion; but the
ribs turning upon their articulations, thc}uvn behind
they are but little moved, yet the fore-part of their ex-
tremities thereby defcend and form larger angles both
with the {ternum and vertebrz ; but frnm thence in the
middle of their arches, by a!undn 1g, their lower edges
are drawn upward. At the fame time, the fternum is
thruft out forward meore from the vertebrz and from
the ribs. Thus the ribs are both removed farther from
the vertebra, and the right ribs depart from the left;
and the diameter on both fides, betwixt the right and
left ribs, betwixt the fternum and the wr:cbrm 1§ in-
creafed almoft to two lines :*and therefore this ﬁnlargﬂ-
ment, following in every imaginable feétion of the tho-
rax, WIil fufhiciently dilate the cavity of the breaft. This
action of the ribs is more particularly complete in wo-

men, and in men who have no 1hurt;1-.:£a of breath.
Thele
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Thefe effeéts are produced leaft of all by the firft ribs,
but more by the following ones. In very ftrong in-
fpiration, the ribs defcend both behind and before ; and,
along with thefe, the flernum and the fpaces between
the cartilage are leflened. But this dilatation alone 1s
not fufficient for healthy breathing : nor is it fo confpi-
cucus or evident in men; although, in them, the in-
tercoftal mufcles, by retaining and elevating the ribs,
very much aflift the infpiration in a tacit manner, while
they afford a fixed point to the diaphragm, that the
whele force of that mufcle may be {pent, not fo much in
deprefling the ribs, as in urging down the abdomen.
The greater part, therefore, of the fpace which the
thorax gains in infpiration, arifes from the aftion ofthe
diaphragm.

260. By tbe diaphragm we underftand a mufcle
expanded in a curvilineal plate, by which, in general,
the pulmonary bags are feparated from the abdomen in
fuch a manner, that the middle and tendinous part of
the feptum is nearly the higheft, and {upports the peri-
cardium : its lateral parts, which arife from the folid
parts of the thorax and loins, are every where lower ;
but the loweft of all are thofe which lie moft backward.
The flefhy portions of this mufcle arife before from the
inner or poflerior face of the enfiform cartilage, and
from the feventh, eighth, ninth, tenth, eleventh, and
apex of the twelfth, rib ; after which follows an interval,
in which the naked pleura lies contiguous to the peri-
tonzum. From thence the mufeular appendices of the
diaphragm, which are much the ftrongeft part of it,
being colle¢ted on each fide into two, three, or four
round mulcular portions, arife flefhy from the tranf-
verle procefs en each fide of the firlt vertebra of the
loins, and from the fide of the body of the fecond ;
tendmous from the middle of the bedy of the fecond,
third, and fourth, and with cartilages placed between
them, always higher up in the left fide, but lower down
in the right.

261, All thefe fibres (260.),. becoming tendinous,

form
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form the centre of the diaphragm, which refembles, in
figure, an obtufe index of a fun-dial, having the middle
of the larger angle l'uppﬂr[inn‘ the pericardium, while
the lateral a 51"1“% or wings defcend backward, the left
being narrower than the .1”]1.. This centre of the dia-
phragm is more moveable ‘md at liberty than the reft;
except in the middle of its tendinous part, near the
flethy margin, where the incumbent hearr makes a re-
filtance; but the lateral parts and the flefhy portions
belonging to them are the moft moveable. The fibres
of this tendon form a moft beautiful web, principally
indeed on the upper part; which ftretches from the
flefhy part of each mulicle to the flefhy part of the op-
pofite one: thence remarkable inferior fafciculi arefent
off tranfverfely to the right and left, and alfo back-
wards, which laft portion is the uppermoft.

262. There are two holes in the diaphragm; of
which that on the right fide of its tendinous part is
fomewhat fquare, and circumfcribed by four ftrong ten-
dinous portions ; the left, which s ¢ I|pt1m lies betwixt
the right and left flefhy portions, which arife from the
middle of the bodies of the vertebrz of the loins: un-
der this opening they decuffate and crofs each other
once or ‘twice, but above they end in the tendon.
This left opening is therefore drawn clofe together
in the eontraction of the diaphragm, while it is pro-
bable that the other opening remains immoveable.
The tendons are but little changed in the motion of the
mufcles.

263. The ftructure of the parts, and the diffection
of living animals, demonftrate, that the flefhy portions
of the diaphragm, which on all fides afcend from the
ﬁrm parh to the tmdd]*‘ and more moveable portion of

t, do, by their contrattion, deprefs the fame, and by
that means draw downward the lateral bags of the tho-
rax, which contain the lungs (77.) ; and, by this means,
the perpendicular diameter of the thorax is confiderably
increafed. The flethy parts are more deprefled ; the
tendon lefs, both becaufe it is fixed to the pericardi-
R um,
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um, and becaufe its own fubftance does not contraét.
Even the celophagus and vena cava are contradted,
while the diaphragm exerts its action. So that the dia-
phragm almoft alone performs the office of refpiration
in a healthy man who is at reft ; as alfo in that thorax
whofe ribs are fractured, or the fternum burft, or where
the perfon will not make ufe of his ribs by “reafon’ of
pain.  The force of the diaphragm alfo, in Litl.a.tmfr the
brealt, is greater, according to the ca lculations that have

been nmdc, than all the reft of the powers which con-
tribute to refpiration. A f{trong infpiration is confined
to this place ; becaufe, during t ‘the height of the exer-
tions of the uhiphrdgm, the lowermoit ribs are brought
inwards, and thus far the thorax is ftraitened. Left
this ﬂmuld always happen, the intercoftal mulfcles inter-
fere in ordinary infpirations ; in very great ones, they
are inferior to the diaphragm. The phrenic nerve,
which is more eafily irritated than in moit other
mufcles, forces the diaphragm to perform its office.
The lungs themfelves are altogether paflive or obedient
to the action of the air, ribs, and diaphragm; to which
they are prefled into clofe contaét on all fides, as thro’
a large wound ; and when the thorax is denudated by
the knife, leaving its CH]}EICIH' entire, the lungs appear
filling out the pellucid pleura and dmp ragm,

264. Butin l.trg:.rmfpnr?nmls which receive a greater
quantity of blood driven into the lungs, and when there
is any obitacle or dlﬂlrult} oppofed to the attion of the
1unga themfelves ; in thole cafes, feveral other powers
confpire to clevate the thorax: which powers are in-
ferted either into the thorax, clavicles, or fcapule ; fuch
as the fcaleni mufcles, trapezii, cervicales delcendentes,
ferrati fuperiores, and pectorales; together with the
{mall elevators, of which a more ampic defcription may
be had from profefled fyftems of anatomy.

265, We have hitherto furveyed the powers which
are able to increale the capacity of the thorax in all its
three dimenfions (263 and 2 59. j By thefe the cavity
of the breat is r.hlat::d fo that it comprefles the lungs
lefs
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lefs than before : the lungs then ftrive to diffufe them-
felves over that fpace, fecing they are never deflitute of
air, which expands itlelf by its elafticity as foon as the
preflure is taken off.  Without that mulcular force, the
lungs bave no proper power of their own by which they
are capable of attracting air: and, even when they are
moft full of air, by having the alpera arteria clofed, the
animal vehemently attempts to infpire, by the efforts of
its intercoftal mulcles and diaphragm. - It therefore re-
mains, that the air (247.), which is a heavy fluid, and
prefled on all fides by the incumbent columns of the at-
mofphere, mult now enter the thorax by that greater
force which it has over the little rarefied air already in
the lungs; or yet more powerfully, if they contain no
air at all : but none if the air admitted through a wound
in the brealt prefles upon the furface of the lungs. - In
this action, therefore, which is called nfpiration, the
bronchia are every way increafed; both in length ‘and
diameter ; becaufe all the diameters of the thorax are
increafed :  but, in this at, the inflated lungs always
tollow clofely contiguous to the pleura, without leaving
any intermediate fpace. At the fame time, the pulmo-
nary blood-veflels, which are wrapped up, together with
the bronchia, in a covering of the cellular fubftance,
are likewile with them extended in length, and {pread
out from fialler into larger angles; by which means,
the circulation is rendered eafier through them. While
this is performing, the veficular fubftance, or flefh of
the lungs themfelves, filled out with air, increales thofe
fpaces through which the capillary blood-veflels of the
lungs make their progrefs ; whereby the veficular prei-
{fure, upon each other, and upon thofe veflels adjacent,
is leflened : thus, therefore, the blood will flow with
greater eale and celerity into and through the larger
and fmaller veflels of the lungs. Hence, a dying ani-
mal is revived by inflating its lungs, and facilitating the
paflage of the blood to the left ventricle of the heart;
and thus people feemingly dead by being kept a long
time under water, are again recovered. But as for the

R 2 preflure
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preflure of the air upon the blood in the lungs in this
action, it is fo inconfiderable as not to deferve our no-
tice, as being 300 times lefs than the force of the heart ;
nor_can. it ever urge the air into the blood, as it eafily
may be forced by art with a fyringe.

266. ltis by fome queftioned, whether there be not
air betwixt the lungs and the thorax ? and whether this
air, being rarefied in infpiration, is not afterwards con-
denfed, fo as to comprefs the lungs, and caufe exfpira-
tion 2 And they again afk, whether this opinion be not
confirmed by the inftances of birds, in which we find
this matter to be truly fo? But we fee every thing con-
curs to confute this opinion : for, immediately behind
the pleura, in living quadrupeds, as well as in dead hu-
man. bodies, the Jungs are contiguoufly vifible to the
naked eye, without any intermediate {pace berwixt
them; but the pleura being perforated, the lungs are
immediately, by the contiguous air that enters, prefled
together towards the vertebrz.  In birds, indeed, the
lungs, being pervious to the air, admit it into the cavity
of the thorax through large holes in their fubftance,
But in thefe there is a manifelt fpace betwixt the lungs
and the pleura.  Large wounds, admitting the air only
into one cavity of the thorax, diminifh the refpiration ;
but fuch wounds, as let the air into both cavities,
quite fuffocate or fupprefs the refpiration.  The thorax
being opened under water, fends out no bubbles of air
through the faid water; but in birds it does; becaufe
they have air in their thorax. The imaginable fpace
betwixt the lungs and the thorax is always filied up by
a.watery or ferous vapour, or elfe by the fame vapour
condenfed into a watery lymph. . If the lungs adhere,
they injure the refpiration but in a finall degree 3 which
ought entirely to ceafe, if it required an intermediate
air betwixt the lungs and thorax. Finally, the exter-
nal air, being admitted to any of the internal mem-
branes of the human body, deftroys their texture, if
they are not defended by a plentiful mucus ; of which
we can find none upon the furface of the pleura.

267. But
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267. But refpiration, whether by the admixture of
a fubputrid vapour, . or by fome other method, cer-
tainly vitiates the air, and renders it unfit either for in-
H.m:rf the 1.1'135 or fupporting flame ; and laftly, it de-
prives that element of its ¢ laftici ity. It is prubablt that
this J.ap sens from putrefadtion, feeing the air is ren-
dered peltilential by a crowd, and fevers of the moft
malignant kind are thus gmcramd in a few hours.
Seeing this is the cale, we are certain that the air is vi-
tiated in the lungs; lofes its elafticity; and thus cannot
keep the lungs diftended, fo as to tranfmit an increafed
quantity of blood throu; 1h the dilated pulmonary arte-
ries into the veins. Nor can the will dilate the breaft
beyond certain bounds, or afflift that paffage of the
blood in an unlimited manner. A f{tate of body there-
fore will take place, in which the blood cannot pals
through the lungs.

268. ‘Thus a new refiltance to the blood continually
commg from the heart is gf:n{‘t'”l.hd : and in long re-
tentions of the breath, as in making violent LII{H!'.&- the
venous blood, ::.hm:mily of the head, {tagnates before
the right ventricle of the heart whﬁn {hut, becaufe it
cannot evacuate itfelf into the lungs; and thus fwells up
the face with rednefs, fometimes burfts the veins of
the brain, nLLk, inteftines, kidneys, and laitly of the
lungs, and right auricle of the heart. This is the caule
of prodigious anxiety of mind ; this allo is the caufe
of death in comprefled air, in drowned people, and
fuch as are (trangled, which 18 much more [udden than
is commonly imagined. A living perfon therefore,
that he may remove thofe inconveniences which ﬂf:-w
from an obltrution of the paflfage of the blood, flack-
ens the powers of infpiration, and excites thofe of ex-
{piration, which free the breaft from an air too greatly
rarefied.

269. Thele powers are, firlt, the elafticity of the
ribs, which being drawn upwards out of their natural
fituation, as foon as the powers which elevated them
ceafe to act, fpontaneoully place themfelves fo. as to
make
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make more acute angles with the fternum and verte-
bree. To this end conduces likewile the elaftic force
of the bronchia and veficles diftended with air, which
ftrive to contradt themfelves. Hence exfpiration is per-
formed more eafily and quickly than infpiration; and
hence it is the laft adtion of dying people.

270. To this alfo contribute the oblique mulcles of
the abdomen, together with the ftraight and tranfverfe
ones, The former of thefe are, in one part of them,
faltened to the lower ribs; and, in another part, they
are attached to the os pubis and ilium, as a fixed point
with refpect tothe breaft. Thereforethe ftraight mufcles,
being contracted, deprefs the arch or convexity into
which the abdominal vifcera are thrull by the dia-
phragm, and bring the fame nearer to a {traight line :
at the fame time, the abdominal viicera are prefled
by thofe mufcles upward and backward againft the dia-
phragm, which alone is able to give way; and yield
up into the thorax, which at that time is rendered
ihorter. The oblique mulcles, for the fame realons,
comprefs the lateral parts of the abdomen, and urge
the liver and {tomach backwards, and prefs them to-
wards that place where there i1s the lealt refiftance,
Laltly, they draw down the ribs, which were before
clevated by the intercoftals.  The tranfverfe mufcles,
indeed, do not draw down the ribs; but they pull the
cartilages of the falle.ribs a little inward, and render
the whole capacity of the abdomen lefs, while at the
fame time they prefs the vilcera agamnit the diaphragm.
Along with thefe we may reckon the powers of the
fternocoftal and long intercoftal mufcles, which are
called depreflors. By this, joint force the fuperior ribs
delcend ; but the middle ones more, the uppermolt
lefs, the lowelt molt of all ; and the fame are brought
inwards by their margin: the cartilages alcend, and
retarn. into acute angles with the fternum ; and the
fternum (itfelf returns backwards with the ribs. By
thefe: means the thorax, contrary to its former ftate
(259.), 1s every where rendered narrower and HEDI‘H;‘,

0
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fo as to expel as much air out of the lungs as is fuffi-
cient to relieve the uneafinefs caufed by its retention
(268.)

271. In more powerful refpirations, when the infpi-
rations are made greater, the exipirations are likewife
increafed by the affiltance of fome other powers, as of
the facrolumbalis, longiffimus and quadratus mulcles
of the back and loins. - This force, by which the air
is blown out of the lungs through a tube, is fufficient
to carry a leaden bullet, weighing above a dram, to
the diftance of 363 feet; which force is equal to a third
part of the preflure of the atmofphere. But, in a
healthy perfon, the mulcles of the abdomen alone fuf-
fice to an eafy exfpiration, in which the lungs are not
fo much emptied of air as they are by a violent effla-
tion.

272. The effects of exfpiration are a compreflure of
the blood-veflels in the lungs, a reduétion of the bron-
chia into more acute angles, a preflure of the reticular
fmall veffels by the weight and contact of the adjacent
larger veflels, an expulfion of the corrupted blood from
the lungs; by which means part of the blood, hefita-
ting in the capillary arteries, is urged forward through
the veins to the left fide of the heart, while at the
fame time that part of the blood is refifted which
flows in by the artery from the right ventricle. Ix-
fpiration, therefore, will ftop the ealy paflage of the
blood through the lungs; and, when the whole thorax
is comprefled together, repels the venous blood into
the veins of the head, and fills the brain and its fi-
nufes.

273. In this manner a frefh necefiity follows for re-
peating the refpiration; becaufe the collapfed veflels of
the lungs refift the blood repeatedly expelled from the
right ventricle of the heart. And this makes another
caufe of death, in thofe animals which expire in veflels
exhaulted of air: for, in fuch, the lungs having the air
drawn out from them, appear denfe, [olid, and heavier
than water , whence they are rendered impervious to
the
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the blood. Of the fame kind is the death of thofe who
are killed by lightning, and perhaps by the noxious va-
pours of caverns, Thus, therefore, by the power of
a molt wife fabricature, the organs of exfpiration are
relaxed fo foon as that uneafinels is perceived which
arifes from the hindrance of the blood’s courfe thro’
the Eung'-". and thereupon the powers of in ipiration are
excited into ation, whereby the courfe of the blood
through the lungs is rende red free and quicker.

274. It is by fome queltioned, whether or no there
are not other caufes of alternate rdjmit.uian? whether
or no we may hope for any difcovery in this matter, by

comprefling the vena fine pari, the phrenic nerve, or
intercepting the blood fent to the brain? But thofe are
repugnant to comparative anatomy ; by which we al-
ways find the fame alternation in the |"Tf1t!lmf'r of the
animal, independent of any fuch nerve or vein. Whe-
ther or no refpiration is from the alternate contra&ion
of the antagoniit mufcles, among which thofe of ex-
piration relax the others of infpiration, and the reverfe?
But in this manner, all the mufcles of the human body
are perpetually in an alternate motion.

275. From what has been hitherto faid, it appears,
that refpiration is unavoidably and ‘lhlniurf‘h’ neceflary
to life in a healthy adult perfon; becaufe, whether the
lungs remain long in a ftate either of exfpiration or in-
ﬁnmnun (273. 278.), we fee death will be the confe-
quence. 'l'twn:fort' no animal, that has lungs like our-
lelves, after it has once breathed, and received the air
mnto the inmolt parts of the lungs, and by that means
brought a new and large quantity of blood to that vif-
cus, can fubfift longer “than a few minutes without the
ufe aml benefit of a free air; but it will either perifh,
or at leaft fall into fuch a ftate as differs from death
only in its being recoverable again by certain powers or
attions. In an animal lately born, this neceflity for air
does not take place fo mddfnly

276. But the ufe of refpiration is different from this
neceflity ; which nature might have avoided, either by

ufing
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ufing no lungs at all, or elfe by difpofing them in a man-
ner refembling thofe of the fetus. This ufe, therefore,
of relpiration muft be very confiderable, fince all ani-
mals are either made with lungs, or with gills as in fifh,
or elle with a windpipe difperfed through all parts of
the body.

277. In order to difcover this ufefulnefs of refpira-
tion, let us compare the blood of an adult perfon to that
of a fetus, and alfo with the fame vital fluid in fith. It
appears then in a fetus; that the blood is deftitute of
its florid rednefs and folid denfity ; and in the blood of
fith, we obferve, there is neither heat nor denfity, and
but little craffamentum contained in it; and, therefore,
all thefe properties, we are, by the nature of things,
perfuaded, the blood acquires in the lungs,

278. It may be afked therefore, Whether the blood
does not acquire its heat principally in the lungs? But
does not this arife from the alternate extenfion and con-
traction, relaxation and comipreffion, of the pulmonary
veflels (265. and 27:2.), by which the folid parts of the
blood are perpetually rubbed together, and clofely com-
prefled and ground together? The lungs therefore will
add to the office of the reft of the arteries, becaufe in
them the blood is alternately relaxed and comprefled
more than in any other part of the body. But even
when the lungs are obftruéted, ulcerated, and almoft
deftroyed, a morbid heat feizes upon the body : but in
the lungs the cold air very nearly touches the blood.

279. The denfity of the blood is, indeed, again pro=
moted in the lungs, partly by the copious difcharge of
the} watery vapour which is there feparated, by which
the relt of the mafs becomes fpecifically heavier. But
the fame effet feems to follow here, as in other arte-
ries, namely, from the attrition and preflure which the
blood here (uffers in being alternately retarded, acce-
lerated, and figured in its courfe through the modula-
ting tubes of the leaft veffels, which give a fphericity
and denfity to the particles; hence it becomes denfer,
as having more of the weighty globules, and lefs of the

S lighter
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lighter fluid. And, in this refpe&, the pu]mumrv vcm,
being {maller thdn its correfponding artery, 18 of no
imall ufe towards increafing the attraction of cohefion
betwixt the parts of the globules, fo as to comprefs and
bring 'thq m clofer to each other. Neverthelefs, cold a-
nim ﬂ ‘hich have very fmall lungs, have denfe and coa~
gula ble h:cmd, as alfo a chicken before it is hatched.
The blood alfo has a fhort paffage through the lungs:
through the whole body the p,uI.LpL E lmmr and the
artery weaker; the hLarr, by winch the blood is driven
forward, is alfo we 1krr

280. It is, therefore, queried by fome, Whether the
air itfelf is not received by the blood in the lungs, fo as
to excite neceflary v ibrations therein 2 Whether t11|~, does
not appear from the refiftance of bodies to the heavy ex-
ternal air ; and from the air found in the bleod- vriﬁ:]n,
m the cellular fubftance, and in certain cavities of the
human body ; alfo, from the craking oblerved by an ex-
tenfion of the joints; to which add, the air manifeftly
extravalated from the windpipes into the hearts of
certain animals, as in the locult; from ar coming out
ot the blood and humours of animals in Mr Boyle’s va-
cuum ; together with a neceflity of a vital ofcillation in
the blood itfelf; and, laftly, the increafed rednefs of the
pulmonary blood ?

z81. But that no claftic air is here received into the
blood, is demonitrated from the impoflibility of forcing
air into blood, if it retains its elafticity ; from the inutili-
ty of its reception, if the fpring of it thould be loft in the
blood ; from the perfect.immutability of the blood by
cold ; Irum the minutenefs of the inhaling veflels, with
the mucus that perpetually lines the fides of the veficles
in the lungs: to which add, the nature of the elaftic air
itlelf, which is very unapt to pafs through capillary vel-
fels ; with a n,pulimn of it by water, that hinders it
from pafling through paper, linen —:.Iuth, or [kins that
arc wetted by waters Again, the air being driven into
the windpipe, never paffes to the heart; or whenever
it docs, it is forced thither by fome great or unnatural
' violence:
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violence : but the permanent air in the veflels-and hu-
mours of the human body, from a ftate of inelafticity,
may become elaftic by putrefadion, froft, or an exter-
nal vacuum. But fuch permanent unelaftic air is in-
corporated with all liquors; and taken into our bodies
with the aliments, and with abforbed vapours, mixing
flowly and with fome difliculty. But there never were
any elaftic bubbles of air obférved in the blood of a li-
ving animal; and {uch air being inflated into the blood-
veffels of any living animal, kills it certainly and {peedi-
ly. Nor is there any great certainty of the blood in the
pulmonary veins being of a brighter red colour. Laft-
1y, though air indeed 1s ablorbed by moit of our hu-
mours, yet that ablorption is performed flowly, and
takes up the fpace of feveral days after the former air
has been exhaulted by the pump. It then likewife lays
afide its elaftic nature ; nor is there any reafon produced
why the air fhould Ezther be more {peedily abforbed by
the blood, or why it thould retain its claflicity after it
is fo abforbed.

282. Whether or not the blood is cooled in the
lungs ; and whether or no this feems to be true from
the death of animals in air which is hot to fuch a de-
gree as equals the heat of the hotteft breezes in the
moft fultry dog-days? Whether the pulmonary veins
are not, therefore, lefs than the arteries; and whe-
ther the defire of cold in people that are working
hard does not arife from thence? That the blood is
cooled in the lungs, is thus far true, in that it there
warms the contiguous air, and therefore lofes fome-
thing of its own heat. But that this was not the prin-
cipal defign of nature here, upon the blood, is evi-
dent; fince no one will fay, that the venous blood
is hotter than the arterial, although fome pronounce
the former to be fomewhat cooler; but nobody ever
obferved the left ventricle of the heart cooler than the
right. Since, therefore, the venous blood enters the
lungs; if it be there cold, it will follow, that the arte-
ries mult receive it fhill colder. But then here the de-
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grees of heat, which the blood communicated to the
air, are agam recovered by it. And, indeed, a perfon
may live in an air much hotter than the blood itfelf, of
which we have a familiar example in baths, and the
warm countries, The pulmonary artery in a fetus,
which does not refpire, is greater ; and the larger area
of the right auricle and ventricle of the lifa.rt 15 like-
wife much greater in a fetus; which feems neceflary tq
referve and retard the blood, as the pulmonary vein,
being narrower, accelerates it,

283, W ther or not is the rednefs of the bloed
from the air? This is contraditted by what we fce in
cold animals, which, though they are almoft encirely de-
prived of the ufe Df air, have blood equa lly red ‘with
that of warm animals ; f'mm the certain conneétion of
rednefs in the blood of frogs with their having plenty of
food, and a palenefs of it ulrh a want of food ; and from
the air, as we have juft now faid, being denied accefs to
the blood. Neverthelefs, rednefs is produced when the
air has accefs to the blood, by which means it is alfo
reftored after it has been loft; and, on the other hand,
it is deftroyed by the denial of the accefs of air. Whe-
ther or not may not a more fubtle element from the air
penetrate the blood, and be the caufe of its colour, as
light is required for the colours of plants?

285. Whether the ufe of the lungs is to ablforb a
nitre from the air to the blood? or whether the florid
colour, obfervable inthe furface of a cake of blood, be
owing to the fame caufe, while the bottom part l(IDI\.a
of a dark and blackifh colour? and whether or not this
is a prefervative againft the putrefa&ion of the animal?
remain as queftions with fome, That there is a kind
of volatile acid in the air is certain, fince that meeting
with a fuitable earth forms nitre; !nr 24 Titrous t*.irrh,
being exhaulted of its falt, and expoled again to the
air, becomes re-impregnated with more nitre.  Bur
thl:_ fame unnui.—]] acid, we know by certain experi-
ments, meeting with a d fferent fort of earth, forms a
m‘irriui'_u, falt, or alum, or elle fea-falt. For ‘the caput
mor-
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mortuum of fea-falt, which remains after the difhillation
of the fpirit, recovers fo much ftrength from the air, as
enables it to yield more fpirit by diltillation ; even in

fnow there 15 a cubical falt; but marcafite {fweats out a .

true vitriol ; and colcothar recovers again the acid ipi-
rit, which was drawn from it ; alfo fixed alkali, expofed
to the air, turns into a vitriolated tartar. This, there-
fore, cannot be the ufe of refpiration, becaufe thole
falts abound in too fmall a quantity in the air for fuch
ufes; and air is fittelt for breathing when pure in high
mountains, where thofe falts are the lealt to be found;
nor is there any nitrous falt as yet known to be found
in our blood.

286. If it be afked, Why tortoiles, frogs,lizards, fnails,
ear-wigs, and other infedls, live long without air? we
anfwer, That in them the lungs are given not {fo much
for the preparation of the blood, which they receive
but in a very fiall quantity, as for the ufe of (wimming
inthe water : and from hence 1t 1s that their Jungs are
immediately joined with the vena cava and aorta. But
infeéts, we know, draw the air in, and exhale it again,
through points in the fkin. If it be afked, why all a-
nimals perifh in air that is confined or not renewed,
although the animal be fmall, fuch as little birds? we
anfwer, Becaufe the air, which has once entered the
lungs, and been fouled by watery vapours, is rendered
lefs elaftic, and unfit for refpiration, by alkaline vapours:
not becaufe it becomes lighter; for the mercury falls
but little in air which has not been renewed, and which
has killed an animal. Hence it is that the animal fur-
vives longer in air that is more comprefled than that
of the atmofphere : for in that cafe there is a greater
proportion of the elaftic element, which takes up a
longer time to corrupt it. But, even in other cafes,
confined air is rendered deftruétive only by ftagnation,
and filling it with vapours. But the reafon why animals
fwell in an exhaufted veffel, is; from the extrication
and expanfion of the unelaftic air lodged in the blood
and other juices,

287. There
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287. There is a certain confent or proportion be-
tween the pulfe and refpiration; fo that, according
to the common courfe of nature, there are three or
four pulfes counted to one refpiration. - But if more
blood is fent to the heart in a given time, the num-
bers both of thé pulle and refpiration are increafed.
This is the reafon of the panting or fhort breathing in
a perfon that exercifes his body with any confiderable
motion ; whereby the venous blood is returned fafter
to the heart (142.) But it the blood meets with a
greater refiftance in the lungs, fo that it cannot pafs
frecly from the right into the left ventricle of the heart ;
then the refpiration is increafed, both in the number
and magnitude, to forward its courfe: and this is the
caufe of fighing, yawning, and wheezing ; of which the
firlt is a deep infpiration; the fecond flow, and very
great; and the third, a frequent and imperfeét one.
"The number of refpirations, however, does not always
increale with the pulle; of which we have an example
in thole fevers where the lungs are not affe&ed.

288. The mucus, which lines the fenfible mem-
branes of the air-veflels in the lungs, may become
troublefome both by its quantity and acrimony ; it has
been even known to caufe fuffocation in a dropfy of
the lungs. Therefore its quantity, adhefion, or acri-
mony, excites a cough ; namely, an irritation of the
relpirative {yltem, by alternate large infpirations, fuc-
ceeded by large and quick exfpirations, together with
fudden fhocks of the abdominal mufcles; by which the
mucus, and fometimes calculous matters, are expelled
from the lungs.

289. Laughter differs from coughing in its caufe,
which refides commonly in the mind, or at leaft con-
fifts in a certain titillation of fome of the cutaneous
nerves ; and, moreover, becaufe it is made up of im-
perfect quick exipirations through the contraéted glot-
tis, left the air thould be totally evacuated from the
lungs. Hence laughter, in a moderate degree, con-
duces to health; becaufe, in the time of one full in-
fpiration,
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fpiration, many fhort infpirations and exfpirations hap--
pen, and thus the concuflion is greater. Hence its dan-

ger of {tagnating the blood ; becaufe the exipiration is *

not full or entire, whereby the blood is admitted into
the pulmonary artery without being fuffered to pals
through it. Weeping begins with a great infpiration,
after which follow fhort alternate infpirations and ex-
{pirations ; and the fame is finifhed with a deep exipira-
tion, that is immediately joined by a large infpiration :
hence it has nearly the fame good and bad eftects ; and,
when moderate, it conduces to relieve the anguifh ari-
fing from grief. An hickup is a very great, fonorous,
and fudden infpiration. Sneezing confifts of one large
or deep infpiration, which is followed immediately with
a powerful and fudden exfpiration ; and the acrid mat-
ter is blown out by it in fome quantity from the no-
ftrils.

290. The additional or fecondary ufes of refpiration
are very many, It exhales, as an emunctory, parts re-
dundant, or even noxious, from the blood, which would
fuffocate if they remained in the air ; and the breath of
many people fhut up in a clofe place, impregnates the
air with a fuflocating quality. On the other hand, it
abforbs from the air a thin vapour, of which the ufe is
perhaps not fufficiently known. It is by this force that
the abdomen and all its vilcera are continually coms-
prefled ; by virtue of this, the ftomach, inteltines, gall-
bladder, receptacle of the chyle, bladder of urine, intel-
tinum reGtum, and the womb itfelf, difcharge their
contents ; by this aétion the aliments are principally
ground or diffolved, and the blood is urged through
the fluggifh veflels of the liver, fpleen, and mefentery.
It excites a kind of flux and reflux in the blood, fo that
it is alternately prefled back towards the extremities of
the veins, and a little after is propelled towards the
heart by an accelerated velocity, as into an empty fpace,
Moreover, infpiration ferves to convey odours with the
air to the organs of fmelling. By this, the air is mixed
with the aliments; which it conduces very much to
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break and diffolve towards a perfeét digeftion. Bur
even fucking, fo neceffary to the new-born ‘infant, is

“made by the ufe of refpiration, and forming a larger

{pace in the mouth, in which the air is rarcfied ; fo that,
by the greater preflure of the outward air, the milk is
driven into that part where it is lefs refifted. Laftly,
the voice itfelf is owing to the air which we breathe ;
therefore it may not be inconvenient for us, in this
place, to defcribe it more particularly.

C:How Pl X
Of the Voicke and SPEECH.

291. HE principal organ of the voice is the larynx ;

for, that being injured, the air paffes through
the windpipe without yielding any found. By the la-
rynx, we underftand an affemblage of cartilages, joined
into a hollow machine, which receives the air from the
fauces, and tranfinits it into the windpipe, having its
parts connected together by ligaments and mufcular
fibres. Among thefe cartilages of the larger kind,
thofe called the annular and Jeutiform are, in adults,
frequently changed into bone. ‘The anterior and lar-
ger part of this larynx, which lies almoft immediately
next to the fkin, is compofed of two cartilages ; one cal-
led thyreoides, the other cricoides 3 to which laft, the la-
teral parts of the larynx are fo joined, that the portions
of the cricoide cartilage are always fo much larger as
they are higher feated. The back part of the larynx is
firlt made up by the faid annular cartilage, after con-
neéted by the arytznoide mufcles. The epiglottis is
loofely connetted above the larynx with the thyreoide
cartilage, in fuch a manner, that it may be able to rife
up and fhut down. ' The blood-veffels of this part are
from the upper thyreoids ; and the nerves, below, aré
numerous from the recurrents; as above, alfo, there
are nerves coming from the eighth pair varioufly inofcu-
lating ;
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lating ; fome allo from the intercoftal. The former of
thefe nerves is remarkably famous for its arifing in the
thorax, and being afterwards infleGted round the aorta
and right fubclavian 3 and tor the origin which it gives
to lome of the nerves of the heart, as well as for the
experiment by which a ligature upon the recurrent is
found to-deftroy the voice.

292. All thele cartilages are connedted together by
various mulcles and ligaments, with a certain degree
of firmnels, to the adjacent parts ;3 and yer fo that the
whole is eafily moveable together, as are alfo its feveral
parts upon cach other, Particularly the feutiform cars
tilage, or the thyroidea anterior, is compofed of two
plates, which are almolt quadrangular, and inclined to
cach other in an obtufe angle, which is foremoft. Up-
on thefe cartilaginous plates are fometimes found two
apertures, one on each fide for the blood-veflels of the
larynx ; but are not very often to be obferved. The
upper ]t-mc-:-ﬂt.s of this cartilage, terminating without
any protuberance, are inclined upward and backward,
to their connedtion with the horns of the os }nnulas,
by ftrong ligaments, fometimes mixed with bone. The
lower parts of thefe cartilages are fhorter, and adapted
almolt with a flat furface to thole ot the cncmd{, carti=
lage; to which they are connetted with a very firm ar-
ticulation, by a {trong and fhort cellular fubftance, u-
niting them on each fide. The middle parts before,
being perforated with ftrong ligaments, are conneéted
by the infertion of them to thc middle of the annular
cartilage ; and likewile by cther ligaments above, de-
ft:t:ndm;; from the horn of the fcutiform erru]agt. mto
the upper part of the annular cartilage.

293. The croicoide cartilage is before thick, and
ftrong: it is increafed backwards, in form of a ring un-
equally truncated or cut through ; and, in its middle part,
is divided into two cavities by a protuberant line. This
18 firmer than the reft of the cartilages, and, in a manner,
the foundation of them : from this there are longitudi-
nal mufcular fibres and l1g:=.tmnts which defcend into

T the
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the windpipe (23
nected to the furface of thefe
cular plates, and rcceives the Lnuh 4S8 It Were into its

bag.

to the arytenorde cartilage.

n”"l

complex ficure, ||}L'IH:..L1]LI."'L"[]'I. dividing
Of thefe the lower is larger; :
moveable Junéture with the pro tuberant cricoide carti-
lage, by a
forih a procels forwards, which feparates
1s the inferior p:t]'t of the ventricle of the larynx.
They afcend upwards, of a triangular figure, with the
polterior angle hollow,
furrows or 11:|lu, and exrenuated upwards, ull
they are at laft finifhed or terminated bv a
cartilaginous head fixed on them.

fuftai

three

oval,
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8.)  The pharynx likewife is con=
cartilages by many mul-

Cuar, X1,

From this a fhort ligament comes in both fides

The two arytznoide cartilages are of a Very
into two parts.
wnd is connected by a
bafis moederately hollow ; and the fame fends

the glottis, and

the antertor convex, dnidctj by

a pretty thick,
The lower part

ot thefe cartilages is connetted by numerous mufcular

fibres,

partly tranfverfe, and ]mrih oblique ; of which

the different directions are vifible c‘!t{}LJHh but the ]'cpd,-

ration of them impracticable.
noide mufcles.
tilage departs from its companion er fellow
leaving
been (not very properly) by fome called the glottis.

ke

thyreoideal by tranfverfe li‘}_‘&l'ﬂf_l‘h? {uthciently ftrong
and elaftic, but covered with the common mucous
membrane of the
into the flat angle of tm:" t]]wund cartage (292.)

Thefe

each other

Thele are called aryrae-
In the upper part, the arytznoide car-
cartilage,
a cleft perpendicularly betwixt them, whiclr has

The arytanoide car tilage is connected with the

larynx, which ligaments are inferted

ils_,d] ients may be drawn out or ftretched from
r, by removing the contaét of their aryte-

noide cartilages, and may be again conjoined together
by placing the cartilages one to another: and this is
the true glottis, w m]a s continuous, but at a right
angle with the above-mentioned cleft (204.)

206,

under a notch,

From the fame angle of the thyreoid cartilage,
from a firm L{Ht"nm, and an erec

flender ftalk, is extended an oval cartilage, in its fore-
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part convex, behind concave, and railed up in fuch a
manner, by its elafticity, as to project confiderably
behind the tongue ; butis fo flexible or inclinable down-
ward, whenever the root of the tongue is prefled back-
ward, that, by its tranfverle pofition, it thuts up -all
paflage into the larynx, and defends it in fuch a man-
ner, that whatever is contained betwixt this part, called

the fpquﬂm,r and the arytenoide cartilages, ]-Jﬁ over
downward into the pharynx. The xI.E::}n tis is con-
joined to the tongue by pale membranous fibres, and
to the os hyoides it is connetted by many membra-
nous expanfions. DBut as for mulcular fibres from the
thyreo-arytznoidal and arytznoidal mulcles, it has ei-
ther none at all, or elfe {uch as are too minute to have
any effect upon its elafticity.

297. By the fides of the ligaments of the glottis
{295.), there arc two other upper and lofter liga-
ments, which go out parallel from the arytenoide
cartilage to the fcutiform one, which ligaments are
fomewhat lefs tendinous and lels -::i;L{i.ic_ Berwixt thefe
two ligaments, on each fide (295.), a peculiar ca-
vity or ventricle defcends, having the figure of a com-
prefled parabolic finus extended downward betwixt
the double membrane of the larynx, opening con-
ftantly with an elliptical mouth by the fide of the glot-
tis in the larynx.

298. Laftly, all the internal cavity of the larynx is
lined with the fame folt, fenfible, or irritable and mu-
<ous membrane, as we before defcribed in the wind-
pipe (239.) DBut this membrane is watered by a great
number of fmall glands. The uppermoft are fmall
fimple glands, aflembled together in a heap (208.),
feated on the anterior and convex part of the epiglottis,
upon the hollow furface of which they fend out various
openings, large finufes, and productions ; and others
are, in like manner, continued there in fmall hard
kernels. Moreover, upon the hollow anterior furface
and back of the arytenoide cartilages (294.), there are
fimall glandules placed on each fide of a loofe conglo-

R merate
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merate fabric, compofed of little round kernels, doubt-
lefs muciferous, Itﬂw*rr fome of their loofer parts ex-
tended on each fide as “low as the annular cartilage. In
the cavity of the ventricles, there are very many mu-
cous finufes. Laftly, ali the internal furface of the la-
rynx is full of large mucous pores. All thefe glan-
dules feparate a thin watery mucus, which yet has a
confiderable degree of v ifcidi ty.

299. 1t may be afked, If the thyreoide glandule has
a like ufe, and is of t]u: LDI‘I"’EO&HE!‘HE“ kind, but
foft and !nhuLir with many coverings, CD:]ﬁqu,[lﬂ}r
large or broad in its extent, but of a more tender fub-
ftance than the falival t!:,]‘mda: feated upon the thy-
reoide cartilage, and in part upon the cricoide carti-
lage and windpipe, along their fore-part, fo as to in-
Lnt'npd!:s the lateral hmu and fides of the thyreoides,
joined to 1ts let[”m on, which is narrower, by an
xﬁlmms, which is emarginated on the lower part, but
afcending upwards by a very thin procefs before, in its
middle part, as far as the os hyeides? This gland 1
full of a ferous, \?t]l{‘m]!h, and fomewhat vilcid hu-
mour ;: but whether ‘it emits the [ame into the wind-
pipe or into the cefophagus, 1s a queftion; at leait
there are no duéts certainly known to open into either
of them. Whether or not the juices are altogether re-
tained in this gland, and afterwards poured into the
veins in a manner refembling the fabric of the ths
mus, or whether it is of the mnquthre kind, is uncer-
tain.  Yet that the ufe of this gland is very confider-
able, may appear from the largenefs of the arterics
nh.qh it receives from the carotids and loewer fubela-
vians. The veins thereof return their blood nto the
jugulars and fubclavians. It has a peculiar mufcle,
not conitantly to be found, arifing from the edge of
the os hyor dr:w} and f}mftm.ﬁ from the lower margin
to the left of the thyreoide cartilage,” which defcends
without a fellow, {'].wr: ading its tendinous fibres over
the gland. Upon which alfo the fternohyoidei and
{terno-
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{ternothyreodei mufcles are likewile [pread or incum-
bent,

300. The whole larynx is fufpended from the os hy-
oides by the hrrq.mr:nh proceeding towards the fuperior
horns of the tln reoide cartilage, and perfecting that car-
tilage from the middle of its bafis to the conjunétion of
its plates. “The fame, together with the conjoined os
hyoides, is capable of being raifed confiderably, at leaft
half an inch abnvc its mean altitude. This 1s performed
by the biventer mulcles, together with the geniohyoidei,
genioglofh, ftyloglofi, {tylohyoidei, {tylopharyngei, thy-
reopalatini, hyothyreoidei; all or fome of which con-
fpire together in that ation. In this elevation the glot-
tis is prefied together or made narrower, and the liga-
ments beforementioned (295.) approach nearer toge-
ther.  But thus, by the afliftance of the action of the
arytznoide nm{‘cit s, together with the oblique and trani-
verfe ones, the glottis may be accurately clofed, fo as
refift with an incredible force the preflure of the ‘whole
atmofphere.

201. The fame larynx may be, in like manner, de-
prefled to about half an inch beneath:its ordinary fitua-
tion, by the {ternohyoidei, fternothyreoidei, and cora-
cohyoidei, as they are called; and, when theﬁ: are in
attion, alfo by the joint force of the: anterior and pofte~
rior cricothyreoidei. In this motion the arytznoide car-
tilages depart from each other, and render the glottis
wider, which is alfo drawn open laterally by the mul-
cles inferted into the fides of the arytznoide cartilages,
together with the crico-arytznoidei poftici and laterales,
and thyreo-arytzenoidei: thefe may alfo comprefs the
ventricles of the larynx (297.) on which they are incum-
bent; the particular cartilages which make up the la-
rynx can fearce be moved feparately.

302. From the larynx the air comes into the mouth
and noftrils. By the mouth, we mean that large and
irregularly fhaped cavity between the foft and hard pa-
late, both concave in the middle, and lower down parted
between the mufcles which lie under, and the lower

jaw,
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jaw.  The noftrils afcend forwards above the foft pa-
late; they are two broad cavities intercepted between
the feptum medium, the offa cavernofa, and various o-
ther bones. They are every where bony and cartilagi-
nous.

303. The tongue lies in the middle of the mouth;
and is a broad picce of fleth eafily changeable into any
kind of figure, and thus readily moved without delay to
every part of the mouth; molt expeditioufly direéted
into every fituation, and made to affume any fhape, by
its own flefhy fibres, and by the mulcles attached either
to itlclf or to the os hyoides which is joined to it by
many fiethy fibres and membranes. In the fore-part
thele come from the genioglofli and geniohyoidei muf-
cles; backwards from the {tyloglofli, ftylohyoidei, cera-
togloffi, bafioglofli, chondroglofli, and biventer; down-
wards, from the fternohyoidei and ceratohyoidei; up-
wards, from the ftyloglefii, {tylohyoidei, from the bi-
venters, and likewile from the mylohyoidei.

304 Hitherto we have given the anatomy. It re-
mains, therefore, that we demonitrate what aétion the
air produces when it is driven by the forefiid powers
(269, 270.) from the lungs in exfpiration through the
windpipe into the larynx, and from them urged out
through the glottis into the mouth varioufly configured.
“The conlequences or efleéts of this are, voice, {peech,
and finging. 'The voice, indeed, is only formed, when
the air is expelled with fo great a velocity through the
contracted glottis, that it fplits or makes a collifion up-
on the glottid ligaments, {o as to put the larynx into a
tremor, whici tremor is returned and continued or in-
creafed by the elafticity of thefe parts. Sound, there-
fore, arifes from the conjunét trembling of the liga-
ments (295.) together with the cartilages of the larynx
at onc and the {ame time, which we then call the voice,
and is of a peculiar kind or modulation in every fingle
clafs of animals, depending entirely upon the difference
of the larynx and glottis. But when a trembling is not

excited, the ex[pired air caufes a whifper,
305. The
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305. The ftrength of the voice is proportionable to
the quantity of air blown out, together with the narrow-
nefs of the glottis; and, therefore, a large pair of lungs
eafily dilatable, with an ample cartilaginous and elaltic
larynx and windpipe, and the free echo of the noflrils,
joined with a powerful exfpiration, all conduce to this
effect. Bur acute and grave tones of the voice, we obs
ferve to arife from various caufes. The former proceeds
from a tenfion and narrownefls of the glottis, and the
latter from a relaxation and expanfion of it. For thus,
in the former, a greater number of air-waves are fplit
in the fame time upon the ligaments of the glottis,
whence the tremors excited at the fame time are more
numerous; but when the glottis is dilated, the con-
trary of all this follows. And from the greater tenfion
of the ligaments, the tremors in like manner become
more numerous from the fame {troke. Therefore, to
produce an acute and fhrill voice, the whole larynx is
drawn upwards and forwards; and fo much the more
as the voice is required to be fharper, infomuch that the
head itfelf is inclined backwards, by which the powers
of the mulcles elevating the larynx are rendered more
full and effectual. The truth of this is confirmed by
experience, by applying the fingers to the larynx when
it forms an acute found; for then, to raile the voice an
oftave, you will eafily perceive it to alcend near half an
inch. Alfo the fame is evident from comparative ana-
tomy, which demonltrates the narrowelt glottis and the
clofeft approximation of cartilages in finging birds, but
an ample or broad glottis in hoarfe animals and fuch as
bellow or bleat. An inftance of this we have in whiit-
ling, where the voice manifeltly becomes more acute
by a contrattion or narrownefs at the mouth: alfo in
mufical inftruments, in which -a narrownefs of the
mouth or opening that expels the air, with a celerity of
the wind blown out, are the caufes of an acute or fhrill
tone.

306, Gravity of the voice, on the contrary, follows
from a depreflion of the larynx by the caufes (301.) al-

ready
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ready deferibed; to which add a broad glottis and a
very amp‘{, larynx. This is evident to the touch of the
finger applied to the larynx when a perfon fings, by
which the defcent of it is manifeltly perceived to be a-
bout an inch for every oétave: hence the voice of
males is more grave; and hence the lowelt degrees of
the voice degencerate into a mutenels or wlui'pyrim;
307. ih the whole difference of tone umng to the
If'tﬂth of the ligaments of the glottis, which is aug-
mented when the fcutiform cartilage is drawn forward,
and the arytznoide ones backward ? Is it according to
this rule, that the moft acute tones are preduced, which
arife from the ligaments being exceedingly {tretched,
and thus wibrating with great celerity? This has i‘:\,hn
confirmed by rt';jtutfd experiments made by eminent
men ; and fome late anatomifts have obferved, that,
when the chords or ligaments of the glottis are tenfe,
the peculiar voice of every kind of animal is produced
by blowing air into its ]an nx: that this voice was more
acute as the ligaments were more tenfe, and more
grave as they were flackened: that by {huttmg‘ the
whole ]I"‘dt‘!'tt'llt the voice was fupprdlut by {hutting
the half, the voice was rendered an oétave higher ; by
thutting a third part, a fifth higher, &c. There are not
wanting, however, doubts concerning this new thi_nrjr,
ariling Erum the L;ll[l[:l!,?!tl{}ilh and bony ftructure of the
glottis of birds, which of conicquumn muft be im-
mrjudl‘rh,dud not extenfible ; from the voice moit cer-
tainly htu}mmg more acute, 111 whiltling, from the mere
Cﬂntmulﬁn of the lips; from the example of women,
in which the lar}fnx is ﬂ:-!“m-, but the voice more acute,
than in men ; from experiments which fhow, that more
acute founds are produced by bringing the ligaments
of the glottis nearer into contaét with each other; from
the perfect want of machines, by which the ligaments
can be ftretched, and which may bring the fcutiform
cartilage forward from the annular one. But feeing it
appears from experiments, that a tenfion of the liga-
ments fuflices for producing acute founds, without the
con-
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contraction of the glottis, we may believe that the.dif-
ferent tenfion of the glottis contributes more to the dis
verfity of voice than the different diameter of it.

308. Singing is when the voice, modulated through
various degrees of acutenefs and gravity, is expelled
through the larynx, while it 1s trembling and fulpended
betwixt two contrary powers; and herein lies the prin-
cipal difference betwixt the chanting of fimple notes,
and the expreflion of words. Hence it appears to be a
laborious aétion, by realon of the continual contrac-
tions of the mufcles, which keep the larynx at an equi-
librium: and hence it is, that finging makes a perfon
hot; becaufe in acute tones the narrower glottis much
rctards the exfpiration, while at the fame time a_great
deal of air is required to give ftrength to the voice

(3:3_5.);, towards which, again, deep infpirations are ne--

ceflary. Hence likewife the windpipe is rendered very
dry, fiom the quicker paflage or current of air: to pre-
vent which, a great deal of mucus is required; and
therefore it is that there are fuch numbers of mucous
receptacles in the Jarynx, amongft which I am- firmly
of opinion the ventricles before deferibed (297.) ought
to be numbered.

209, Speech is performed by the larynx at reft; or
held in the fame place, in tones of voice differing but
little in acutenefls and gravity : but then the voice i
varioufly changed. or modulated by the organs of the
mouth. Canorous {peech has a variation in the tone or
cadence of the voice, together with a modulation of it
by the organs of the mouth at the fame time.

31o. All fpeech is reducible to the pronunciation of
letters, which differ in various nations ; but molt of
them are alike all the world over. Of thefe, fome are
called wowels, which are made only by an expreflion of
the voice through the mouth, without any application
of the tongue to certain parts of the mouth. But con-
fonants are formed by a collifion of the tongue againft
certain parts of the mouth, lips, and teeth. DBut to be
more particular in thefe matters is befide our purpofe,
18] which
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which will not permit us to expatiate upon the beautiful
art of pronunciation. That agt, as an extraordinary in-
ftance of mechanical knowledge, has fo accurately de-
termined all the corporeal caufes concurring to each
letter, that, by infpection only, with the afliftance of
touch, letters pronounced are underitood without hear-
ing them, and the attentive perfon is thereby taught to
imitate the fame fpeech by a like ule of the organs.

G H v P XL
Of the Brain and NERVES.

gIl. HE remaining aétions of the human body

we fhall confider according to the order by
which they receive the blood. The coronary arteries
we fpoke of Lefore, when we gave the hiftory of the
heart. Next to thofe, the carotids pafs out from the
aorta.

12. The aorta, which comes out from the anterior
part of the heart (157.), inorder to bend itfelf towards
the vertebrz of the thorax, forms there a confiderable
arch, by which it is bent backward, and towards the
left, in an angle that is round, but not very large.
From the convexity of this arch, three confiderable
branches arife. The firft afcends towards the right
fide, and is immediately fnbdivided into two large ar-
teries, of which the lowermolt goes on in the direétion
of its trunk, under the denomination of the fubclavian.
The other alcends according to the courfe of the wind-
pipe to the head, and is called the right carotid. The
left carotid fprings next from the fame arch, a little in-
clined to the left fide ; and the third, which is {till more
inclined to that fide, is called the left fubclavian, which
1s fomething lefs than the right. About the origina-
tion of thefe arteries, the next continuous margin of the
aorta is a little thicker and more protuberant. « But va-
iations from this courfe are rarcly obferved.

313. The
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. The carotid artery, furrounded with a great
dt:al c-t denfe cellulofity, together with the jugular vein
and nerve of the eighth pair, commonly afcends as
high as the upper part of the thyreoide cartilage, with-
out fending off any branches., There it divides into
two trunks. The anterior, called the external carotid,
which is rather larger and more in the direétion of its
trunk, fends off abranch called the fuperior thyresidea,
alfo the infleCted arteria /ingualis, and then the /abialis ;
and from the pofterior face of the carotid, the next ar-
tery which arifes is the pharyngea afc:mdt'ns, which,
befides the pharynx and muicles of the moveable palatt
fends likewile a confiderable branch in common with
the nerve of the eighth pair through the foramen of the
jugular vein to the dura mater, very near to the great
foramen of the occiput, at’ the bafis of the os petrofum,
and which is divided at the cuneiform procels of the
multiform bone.

314. Again, from the edge of the external carotid,
fpr.ngh the occipital artery; which fends branches not
only to the mufcles which give it a name, but like-
wife fends a branch through a peculiar foramen of the
dura mater in the angle which the os petrofum forms
by departing from the mamillary procefs, which artery
1s fpread through the feat of the cerebellum ; another
branch paﬂ%s over the atlas to the dura mater under or
into the fkull; and a third fometimes goes through the
fuﬂa_}uwuiarlam thedura mater. The nextartery, which
is the auricularis, goes to the back part of the ear, to
the temple, and to the membrane of the tympanum.

315. What remains of the external ‘carotid artery,
alcends through the parotid gland, to which having
gwtn fome branches, as well as to the face and eye-lids,
it fends out the :fmp-::-mf:r, which is confiderable. lh{r
trunk of the carotid, being inclined, conceals itfelf be-
hind the lower jaw, "under the denomination of maxil-
Jaris mterna.

316. In that place, it directly fends off a large trunk,
which pailes to the dura mater thmugh a peculrar open-
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ing of the broad and ptetygoide wings, feated at the
middle fofla of the brain ; from whence they are large
ly {pread through the temples and forehead within the
dura mater, as far as the falciform finus. Sometimes
this artery is double, and often gives out a branch
that is confpicuous to the lachrymal ghnd of the eye.
In the fame place, likewile, the maxillary artery enters
the upper part of the nares, by a threefold trunk, where
it is fpent, after having given off the branches call-
ed maxillares inferior and Juperior to the teeth, with
the infra orbitalis to part of the face and eye-lids, and
the palatina to the bone of the palate, with {mall
branches to the dura mater, and others through the
{maller pores of the great wings, with fuch as accom-
pany the third and fecond branch of the fifth pair of
nerves ; and laftly, together with the dura mater, filling
up the lower orbital fiffure.

316. But the other polterior trunk, commonly cal-
led the internal carotid (313.), alcends without a branch.
This artery, having firlt made a confiderable ferpentine
flexure, enters through a peculiar foramen in the os
petrofum, where it is furrounded with a caplule from
the dura mater, like that which comes out through all
the openings of the fkull: from thence it afcends up-
wards and inclined forwards, till, having penetrated in-
to the cavity of the fkull, it rifes up infleéted and in a
curvature, according to the direction of the fella equi-
na, in the middle of which there is a cavernous or hol-
low finus retarding the blood: from thence, having
given fmall branches to the fifth pair of nerves, it fends
others to the infundibuluim and dura mater, with one
larger to the eye; part whereof returns again through
a peculiar hole into the dura mater, which lics upon
the middle of the orbit. This is the rete mirabile of
beafts, but not of man.

317. But the trunk of this internal carotid pafies o-
ver the anterior part of the fella equina ; and being n-
curvated backward, and received by the arachnoide
membrane, giving branches to the pons and crura of the
brain,
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brain, with a circle to the choroide plexus, and one tha'
accompanies the optic nerve, it then divides into an an-
terior and pelterior branch.  The former, being con-
joined with its fellow artery of the nthLl’ fide by a

fhort inofculating hram,h, which fometimes [prings
from the trunk HLH, then incurvated backward and
upward, according to the dircftion of the os callofum,

and fpreads itfelf about the middle and hinder part of

the brain; where it fometimes fends branches to the
falciform procefs, and from the very orngin of the third
ventricle to the fornix and thalami. The latter, being
conjoined by a (mall inofculating branch with the ver-
tebral artery, unlefs that arifes from the undivided trunk
of the carot 1d artery, afterwards alcends a long way up-
on the fide of the brain through the Sylvian iu{h; and
the fame fends branches to the choroide plexus. All
the branches of the carotid, contained within the fkull,
are made up of more thin, {{::hd, and brittle membranes,
than the other arteries of the body.

318. But the vertebral artery, commonly arifing from
the fubclavian of the [ame iuie, (though the lLiL has
been fometimes feen to {pring from the trunk of the
aorta,) pafles on without giving branches, through a
place: of fecurity, till it enters a foramen in the tranf-
verfe procefs of the fixth vertebra of the neck; after
which, it continues with alternate flexures to afcend
through the oblique procefles of the other vertebre of
the neck ; from whence, at each interval, it fends off
fimaller branches to the muicles of the neck, and com-
municates with the lower thyreoideal : other branches,
again, fomewhar larger, go from it backward, together:
with each of the nerves, to the pia mater of the fpinal
medulla ; but before, th(: branches are larger, though
lefs numerous, to the fame fpinal medulla, and commu-
nicate by an analtomofis with its {pinal artery anterior-
ly. Laftly, growing lefs about the fecond vertebra, and
being inflected with a large curvature round the tranf-
verfe procels of the firlt vertebra, it there fends off con-
fiderable branches to two of the mufcles of the neck ;

allo
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alfo fmall branches it fends off in its courfe through the
great foramen of the occiput or fkull to the dura mater,
and the ad_r‘u:mt cavities that contain the cerebellum ;
after which, it goes on through the faid foramen i into
the cavity of the fkull. There afcending, according to
the courfe of the medulla oblongata, the right trunk by
degrees approaches nearer to the left, and is conjoined
together with it (in an extraordinary manner, hardly to
be found in other parts) into an artery called the ba/ili-
aris, which is fufpended in the pia mater all along under
the pons Varolii. From the vertebral drrtnu, before
th::y are conjoined together, or from the trunk produ-
ced after the common manner, pafs out branches, which
go to the lower furface of the cerebellum, and are deep-
ly inferted under the fourth ventricle to the inner fub-
ftance of the cerebellum. Thele fend off the fpinal ar-
teries. But there are fome inftances where they arile
conjunétly from a fingle trunk; or from the trunk in
one fide, and a branch in the other, Then the bafilia-
ris, befides branches to the medulla oblongara and
crura of the brain, gives the other lower arteries of
the cerebellum. Amongft the forefaid branches alfo
arifes an artery, which accompanies the auditory nerve,
Finally, the bafiliaris, at the forepart of the pons, di-
vides into two branches. One of thefe goes to the up-
per part of the cerebellum, to the fourth ventricle, to
the crura of the medulla of the cerebellum, the nates,
teftes, and pineal gland : in place of this; alfo, there are
two trunks The other is divided to the loweft part of
the brain at its polterior lobe, the choroide plexus, the
plexus incumhcnt on the pineal gland, that gland itfelf,
the thalami, corpora f{triata, fornix, and whole anterior
ventricle of the brain.

319. From the foregoing hiftory of the arteries be-
longing to the brain, it appears, that a very great quan-
tity of blood is in every pulfation fent to tius organ, In-
fomuch that it makes above a fixth part of the whole
blood that goes throughout the body, and derived from
trunks that are very near the heart, {pringing from the
con-
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convexity of the aorta. From hence it is probable, that
the ftrongelt parts of the blood go to the head, and
fuch as are molt retentive of motion. Is not this evi-
dent from the effeéts of mercurials exerting themfelves
almofl in the head only ; from the fudden force and action
of inebriating fpirits upon the head ; from the fhort flu-
por which camphor excites ; from the heat, rednels,
and {weat, which happen oftener in the face than other
parts of the body; to which add, the more ealy erup-
ruption of volatile and contagious puftules in the face?
"The well guarded paffage of thefe great and important
veflels, in their alcent to the head, defends them from
any great injury.  The frequent inofculations of one
trunk, with the other going to the head, as well as the
frequent communications of their branches amoog
themfelves, leflen any danger that might enfue from ob-
ftruction. Hence, when the carotids are tied, the ani-
mal neither dies, nor feems to be very uneafy. 'The
confiderable flexures of the vertebral and carotid artery
ferve to moderate the impulfe of the blood coming to
the brain, fince a great part of the velocity, which it re-
ceives from the heart, is thus fpent in changing the fi-
gure of the infle¢tions. To which add, that fome au-
thors do not improperly obferve that the arteries here
grow larger or fomewhat wider.

220. The hiftory of the brain deferyedly begins from
its integuments, Such a tender part, fo neceflary to life,
we oblerve providently furrounded on all fides, firlt by
a fphere of bones, confifting of many diltinct portions;
by which means it is rendered extenfible, at the fame
time that it is effectually guarded againit external pref-
fure. To the internal furface of this bony {phere, on
all fides, grows a very {trong membrane, compofed of
two plates fufficiently diftinét, which arefirmly attached
by an infinite number of fmall veflels, as by fo many
foot-ftalks, to the whole furface of the faid bones, fo as
to be nowhere eafily feparable in a healthy perfon;
thefe, being very thin and fmooth, adhere lefs firmly to
the bones, but more ftrongly to the futures, fo -:Elllt:d.
rom
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from their figure, which join the bones of the fkull one
to another. In younger fubjeéts, the adhefion of the
dura mater to the fkull is fuch, that the feparation of
it pulls off the fibres of the bones to which it is con-
nefted. In adults, many of the vefiels which it inferts,
being effaced, renders it more cafily feparable: yet it
1s not without fome force, even in thole, that the dura
mater can be feparated from the fkull. ~From the rup-
ture of thele veflels, which enter the bones of the' flull,
appear thole L'IDOHV drops which are oblervablé aftér
removing the cranium. Hence appears the vanity of
all that has been advanced concerning the motion of
the dura mater.  As to the motion which is remarked
by the writers of obfervations upon wounds in this part;
hat, being preternatural, was the confequence of the
beating of the arteries, (in a part where the refiftance
of the bone was now removed, while the'reft of the dura
mater next to the fkull fultained the force of the heart
without motion;) orof the brain fwelling during exlpira-
tion. f"LHI}Th"L[ part, which is pr mpn]x ‘the dura miate Ty
has neither nerves, nor fenfation or irritability.

221. The outer pﬂm of the dura mater, which ad-
heres to the bones of the fkull, 'is to lh-,:n inftead
of a periofteum, and fupplied with fmall nerves and
blood-veflels coming through all the holes of the
{kull; from v.nl:nl:::,, and f.gn its cohefion with' the
perioltia of the head, Ipine, and whole body, it has
received the name mater. The infernal plate of 'the
dura mater 13, in molt parts, continuous with the for-
mer : but, in fome fubjects, it recedes a little from it, as
in the great fphenoidal wings; and at the fides of the
fella equina, where a good deal of Blood is poured be-
twixt them; and they likewife recede thus upon the
fella equina itfelf: the fame plate, having left the outer-
moft, adhering firmly'to the bun'“s nf the fkull, de-
feends doubled t.::fwtlu r to form the falx, which ar:fcs
firlt from behind thL procefles Crlﬂ"l:-:a]h of the muld-
form bone, afterwards from the crifta itfélf, and from
the whole junctures of the bones of the forchead and
the
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the ;::Lr’irtais ; and laftly, it arifes from the middle of the
back part of the ncm;:u,ul bone, and, growing broader
backwards, is interpofed betwixt the hu‘mip]u_t‘m of the
bram; the more remote part of it forward hangs over
the corpus callofum, and that which is next in the back-
part s extenuated to an edge in the fame place. That
there are thining fibres in this part, difperfed towards
the mruumhnaq finus from the conjunétion of the ten-
< torium, in the (hape of branches and palm-twigs, is cer-
tain ; lmt it does not therefore follow, that thn} have
any mufcalar motion ; and betwixt thefe fibres i'rulm,tl*-
ly there is no m:;.mhr;mc only natural foramina are in-
terpoled.  The falx is |mt'1 joined to, and continued
from, the middle tentorium, which is n:xluu]u:i laterally.
‘In the fame manner, with fome difference of hnmtmn,
the faid falx fends out a fhort plate downward, which
divides the cercbellum, together with the ftrong tento-
ria or lateral produétions, which, arifing from the cru-
ciform protuberance of the occiput, are 1rtr:|l1::|{':dtmnla
wverlely l:u-t-..hi the brain and cerebellum, extended 2
far as the limits of the os petrofum, and connected m
the anterior r:l'l*midf: pmccﬂ&s leaving an oval aperture
for the medulla oblongata to ticic::nd freely. Thefe
productions of the dur.l mater {erve to prevent the parts
of the brain from prefling one another, in all fituations
and poltures of the body; and they likewife hinder one
part of the brain from bruifing the other, by any fhock
or concuflion, Hence it is, that in the more ative
quadrupeds, where a concuffion is more likely to hap-
pen, the brain and cerebellum are divided by a bony
ar tition.

322. In the external furface of the pia mater, not
far from 1.|'-t” finus of the falx, are placed {mall glanc !.Llﬁ‘t
feated in the reticular texture of the hard men lhf.lm,,
partly looking towards the finus, to whofe cavity they
are oppofed, in fuch a manner, that fome of them are
contiguous to the hollow of the finus; others are fo pla-
ced at the infertion of the larger veins into the pia ma-
ter, that, together with the former, they make wup ¢
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continued range or feries; fome are allo obferved in
the tentorium of the cerebellum, which are fometimes
foft, oval, and white, fometimes red, hard, and in ap-
pearance like wrinkles. But the vapour, which exhales
from the furface of the pia mater, is not {eparated by
thefe glands: for it is every where exhaled, even into
the ventricles, where there are none of thole glandulcs;
and it plentifully tranipires every where from the
mouths of the lealt arteries, as we {ee, by experience,
when water or filh-glue are injected, which fweat out
through every point in the furface of the dura mater,

323. The next covering of the brain, which is more
clofe to it, and prefles the whole furface of the brain,
as that does the cavity ot the fkull, has been denomi-
nated from its tenuity, arachnoides, 1. e. like a fpider’s
web. This very thin or tender membrane, being pel-
lucid like water, every way furrounds the brain, whofe
inequalities it climbs over, and according to its ex-
treme thinnels is pretty {trong, and furrounds the lar-
ger veflels in fuch a manner that the faid veflels feem
to run betwixt the pia mater and arachneides ; which
laft is, therefore, no part or Jamella of the pia mater,
from which it differs by fituadon, and is conneéted to
it. by a cellular texture after the manner of the fpinal
marrow, although it is refolved into a cellular nature
between the hemifpheres of the brain.

224. The third or innermoft covering of the brain,
which 15 foft and cellular, is properly the pia mater.
This immediately invelts the wlhole furface ot the brain
and [1}]:1',1[ marrow on all fides, 1s tender, and made up
of a vaft number of {mall veflels which are joined toge-
ther by a cellular texture: but thefe vefiels it fends into
the brain in a regular order, like little roots. This de-
fcends berwixt every furrow and fiffure of the brain and
cerebellum, and even infinuvates itfelf into the {pinal
medulla, and is the bond by which the little protube-
_rances of the brain are joined together. ‘This, being re-
ceived into the cavities of the brain, changes its fabric,
fo as to become foft and almoft of a medullary confift-
; ence,
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ence, more efpecially when the fubject that comes un-
der the examination of the knife has lain dead fome
confiderable time, yet then it is able enough to demon-
ftrate the veflels themfelves in its fabric,

325. The veins of the brain are not difpoled in the
fame manner with thofe in other parts of the body.
For neither have they any valves, nor do they run to-
gether in company with the arteries, nor have their
trunks the {tructure which is commonly obferved in the
other veins. The veins, therefore, which come out of
the innermoft cavities of the brain, thofe which are
fpread upon the ftriated bodies, the veins of the cho-
riode plexus, with the lucid feptum and the anterior
ventricles, are'collected together inte trunks which at
laft meet in one great vein, or often two, which, being
accompanied with many fmall arteries of the choroide
plexus, defcends backward to the partition of the brain
and cerebellum. In that place, it reccives veins arifing
from the pofterior and lower part of the brain, and
fome of the cerebellum, from whence the blood pafles
into a finus, which is a kind of vein included in a re-
duplication of the inner plate or membrane of the brain,
into which the veins, to fhorten their length, are gene-
rally inferted ; and this finuous vein generally defcends
to the greater finus on the left fide, though fometimes
it ends bifurcated, one branch on each fide. This is
called the fourth finus.

326. The upper and {uperficial veins of the brain are
large, and fpread in the windings with which the brain
on all fides abounds. With thefe veins, through the
whole furface of the bram, are inferted other veins of
the dura mater; and others, which enter by peculiar
orifices into the falciform finus. From thence the vens,
gradually colleGted together, pafs along, molt of them
forward, fome tew of them in a {traight direétion, and
others backwards ; of which thofe forward are the largett,
and open themf{elves, their extremities being obliquely
cut off, into the long falciform finus which is formed by
the right and left plate of the internal membrane of the

X 2 dura
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dura mater, which meet together below upon the upper
partof the l] ick of the falx. ¥rom thence it is of a trian-
gular figure, convex in its upper fide, beginning with
a {lender n:‘.ll’igi['l at the feat of the foramen cacumn, thar

18 placed above the criftagalli; from whence it alcends

and follows in the courle of the falx, until that joins the
tentorium : it is gencrally inclined to the right ﬁd{', and
takes the name of the right tranfverfe finus, which then
goes by a peculiar channel in the r_uf:..]um: and tempo-
ral ]mm tranfverfely to its incurvation at the opening
of the jugular vein; in which place 1-:*]1‘.*; much enlar-
ged, it receives Lm_ lower firius pet :n|=-=~ og=ther with
the mu!:tml ones, which are hereby difchar .qr;n intothe
wgular vein.  But the left lr“nw:lln i.mn refembles
the former; and is, like that, C:nh'm’t‘:l in a ]:‘l""'llll""
courle to the 1L1rr1|h' vein, into which it |~1.._Tt|£_. mfert-
ted on the ':irht fide, llnln continued as it were in a
trunk. Into it the Eu urth finus (22 .:,', ru:*-"?:t.‘z' with
the occipital one, ufually infert themfelves,

are fome inftances, where all tm:]u are difpoled in a dif-
ferent mmanner, h\' an mlertion of the longitudinal into
the left Et‘mﬁt e [mm and then the right tranfverfe
finus receives the {r‘urth and the m,!},u.u one. JAto-
ther times 1t is tqu.nh divided into two tranfverfe
trunks; and fometimes the middle finus joins the trant-
ver fe ONES., [.Li.. two finufes ;.',Ll{,} have tht.. h und fi-
milar and parallel to each other,

3“* There i1s a {lender and reunder finus, which

e
1

TUNSs .:llr:'dh’ F!u_ lower.and l.i.lul:_n'-l. 111:11'!’!':5 of the T‘J\
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fomewhat of an irregular figure, more refembling a
vetn, receving veins from the falx itfelf, and commu-
nicating likewife with the upper finus; it alio receives
vems from the adjacent hemifpheres of the bruin, and
irom the corpus callofum. Where the tento ~-'|1-- n joins
with the fore-part of the falx, this is commonly there
inferted mto the fourth finus.

228. The Jewwer verns of the brain, which lie next
to the bafis of the fkull; are variovfly inferted.  “Lhe

foremoft of them coming from the foili fylviana, col-
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letted together into fome trunks, are inferted into the
cavernous finus, or triangular interval, that lies at the
fide of the fella equina, betwixt the external and inter-
nal plate of the dura mater. Other veins, from the
pons itfelf, lcad into the upper finus petrofus. O-
ther polterior veins, which come from the polterior
lobes of the brain, are inferted in great numbers in-
to the traniverfe fimus that is feated within the tento-
rium.

229. The upper veins of the cerebellum, meeting to-
gether in large trunks, partly open themfelves into the
fourth finus, and in part into the tranfverfe finus, "The
lower veins, from the cerebellum and medulia oblonga-
ta, infert themfelves intothe upper finus petrofus; the
latter alfo into the tranfverfe procefs very near the place
where it coes out.

730. There are many finufes, befides thole belore-
mentioned. The moft anterior of them, which is com-
monly like a circle, is larger behind thanin its fore-part,
which is flenderer, and furrounds the pituitary glan-
dule betwixt the clinoide procefles, communicating with
the cavernous and with the lower petrofe finufes; like-
wile communicating betwixt thofe procefies and the ca-
rotid artery, and again, by the way of the fixth pair,
with the upper petrofe finufes behind the fifth nerve.
There are fome inftances where this finus receives
the ophthalmic vein; and fometimes the traniverfe,
joining to the cavernous finus, fupplies the place ot
this circular finus, or elle is prefent with it at the fame
tme.

231. The upper petrofe firus is conveyed backwards
in a cavity of the os petrofum, and takes its origin from
the extremity of the anterior fulcus of the os petrofum,
where it communicates with the cavernous finus, and
receives the infertions of the veins of the dura mater,
and fometimes of the anterior veins of the brain itfelf,

mentioned before (328.); then it is inferted into the
angle of the tranfverfe finus, where it begins to be
bent; fometimes alfo it joins the inferior {inus of the
pe-
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os petrolum.  Another vein, likewife defcending by
the os petrofum, is in like manner inferted into the
angle of the tranfverfe finus. The lower finus pe-
trofus, which is larger, goes round the root of the
bone of this name, and communicates with its fellow
behind the clinoide procels ; alfo twice it communicates
with the cavernous finus, and with the upper finus,
and is conjoined under the nerve of the fifth pair,
being finally inferted into the jugular foffa or cavity.
Moreover, it receives fome veins of the dura mater
from the bafis of the vertebr. To the fame outlet
alfo the occipital finus leads on each fide, which being
pretty large, goes round the margin of the foramen,
till, arriving at the falx of the cerebellum (321.), it is
fooner or later inferted, together with its fellow, for
the moft part into the fourth finus, and with that into
the left tranfverfe one, or into the longitudinal finus it-
felf, or laltly by a divided extremity into each of the
tranfverfe finufes. "This finus receives the lower and
polterior veins of the dura mater, and fome others from
the vertebree, 3

232. The anterior occipital finus is irregular or mul-
tiform, partly tranfverfe, and ps rtly defcending to the
great foramen, being varioufly conjoined with the lower
petrole finufes: from whence it pafles with the nerves
of the ninth pair; and eirher communicates, through a
peculiar foramen, by emiffaries into the outer vertebra
vein; or other branches, pafling out below, open into
the venous circles of the pinal medulla.  But the cz-
vernous finus of the dura mater (325.), being furround-
ed with a good deal of cellular fubitance, receives, be-
fides the forementioned finus (329, 330.), large veins
already defcribed ; alfo the ophthalmic, and principal
vein of the dura mater ; and tranfmits them with pecu-
har veins, t-’:gf‘rtht'r with the firlt and fecond nerve, and
third branch of the fifth pair, with a large artery of the
dura mater (316.) and the internal carorid (z16.): al-
fo it fends out other emiffaries through a foramen,

which is not conllant in the great wing, which form
11l=-
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inofculations with veins placed on the outfide of the
fkull leading to the jugulars, and efpecially with the
largeft pterygoidal plexus of veins belonging to the
nofe. In the fame manner, the veins of the pericra-
nium pafs through fmall holes in the parictal bones into
the longitudinal finus, as the occipital veins pafs thro’
the maftoide hole into the tranfverfe finus through the
anterior channel of the occipital bone, and the external
vertebral veins are inferted into the jugular finus ; and
others of the anterior occipital veins accompany the
nerve of the ninth pair. Thus there are an infinite
number of ways open to the blood; by which it may
pafs from the finufes, wherein it is often collected in
too great quantity, by various directions, according as
the part is more lax, or has a greater declivity. Hence
no violent fymptoms follow upon tying either or both
of the jugulars or other large veins.

333. The great quantity of blood which goes to the
brain, the greater impulfe with which it is fent into the
carotid arteries (319.), and the immunity of this part
from every kind of prefiure by a {trong bony fence,
joined with the flower motion of the blood through the
abdominal vifcera and lower extremities, allo the perpe-
tual exercife of the brain and fenfes, do all determine a
copious flux of blood to thefe parts, and fome other caufes
ferve to fill the head furprifingly with blood. Hence it is
that a rednefs of the face, a turgelcence and fparkling
of the eyes, with a pain and pulfation or throbbing of
the arteries in the head, are fo frequently followed with
a bleeding at the nofe, by violent exercifes or motions
of the body. TFrom hence, therelore, it is evident,
that, if the veins were of a thin and round ftructure in
the brain, they would be unavoidably in greater danger
of breaking, whereby apoplexies (to which, in their
prefent {tate, they are often liable) would be much
more frequent. To avoid this, therefore, nature has
given a different figure to the veins which carry out the
blood from the brain, by which they are more eafily
and largely dilatable, becaule they make an unequal re-

fiftance ;
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(iftance : their texture is likewife very firm, and more
difficultly broken, efpecially in the larger finufes, which
]mfu m the {‘.&ﬁ‘tu of trun]-.q for as to the fin r._r; of
the it[]-:-.r fort, they are v::r]:cr round, half cylindrical,
or of an irregular figure. Befides this, nature .'1;-.‘;
E)U'I.I"Lil.u :hc finufes by crofs-beams, u=tr:r'1;1fl_r made of
ftrong uu.m’l:r;uua, and detached “ m the right to the
left fu.L within the finus, which, in g ttL- ’;::L“L:'.n'.:n
they draw towards a more Luuu, an; ele, which s ca-
imh e of a larger dilatation, flrengthenin g and guarding
it from a rupture at the fame time, h'!'.c- has likewife N
thele veins, provided numberlefs inofculati
they open mu[u:ﬂ[}- one into another,
municate with the external veflels of the head and with
thofe of the fpinal medulla, by which means they are
L'H]tn;ll:.i:: of freeing themfe Ives more eafily whe never
they are MUETMH.‘L-J with blood, (332.)

334. It is by fome gueried, W hether a part of the
arterial blood is not poured into the finufes of the
brain ;

ons, by which
and openly com-

and whether hh; have not a pullation excited
from Hmt blood ? H iat they have no pu ..1”111 18 P aft
doubt ; becaule the dura Nidter cvery "l.i..l‘l. adheres firm-
ly to the fkull, but much more firmly in thofe parts
which are the i ats of the finufes. Indeed they receive
liquors injected by the arterics 3 but whether thofe
tranfude through the finall exh; ling arterial vellels, or
whether they Il!ll make a comy :-'U- circle through the
veins, as indeed is much more probable, we are not yet
1~1:.|...1u1 with experiments ¢ nough to d Lumn.n

222. Thus all the blood of tm* brain is finally con-
veyed 1r‘|1f1 the jugular veins, which are very dilatable,
and for that reafon wmnuni with valves to prevent a
return of the venous blood from the right auricle,
being at the fame time furrounded with a good deal
of cellular fubftance. For as to the bloed which goes
to the head by the vertebral veins, it is a VEr'Y Incon-
fiderable quantity ; but the ample jugulars anfwer in
fuch a manner to E[”* great upper vena cava in a di-
rect courfe, that they :l{JUTdT ic highway for the blood

l‘.i
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to return back to the heart. The branches of thefe
are commonly the fame with thofe of the brain; name-
ly, the veins of the brain, and thofe of the ['E.CE:.

236. The external ]ugular is a cutaneous vein of the
neck, which produces the temporal one, and is united
with thr._ internal jugular at the bafis of the lower j jaw;
and the fame fends a branch thrnugl 1 the os maxillare
into the tranfverfe finus. The internal vertebral empties
itfelf through the tranfverfe procefles of the neck into

the tranfverfe finus as often as the canal belonging to
it is opened.

337. The two lateral finufes of the {pinal marrow
run along its whole length, are joined to each ver-
tebra by a femicircular arch, and at laft are united with
the jugular and occipital finufes: they fend branchés,
however, to the fpinal marrow, joined with the ante-
rior and pofterior fpinal vein.

238. The veins form innumerable anaftomofes with
one dnother, that the blood may return with the great-
eft eafe from the head, of which the repletion is very
dangerous. The brain is allo: more ealily evacuated
in the time of infpiration, and fubfides during that
period when the fkull is opened, but fwells during
the time of exfpiration. Hence, blowing the nole,
fneezing, and coughing, are dangerous to thofe whofe
brain is {fwelled by retained blood.

339. Whether or not there are lymphatic veficls to
be feen in the brain, is by fome qm[hcmrd Indeed,
we read deflcriptions of them in the pia mater, and in
the larger choroidal plexus ; but, for my own part,
I have never been able to fee them, and pollibly there
are none to be feen, fince there are no conglobate
glands in the brain, ‘which are always near at hand
wherever any of thLiL veflels are to be found. As for
the various accounts which are given of the pituitary
glandule, of the infundibulum, and of the duéts which
lead from thence into the veins of the head, abforbing
and tranfmitting a water from the ventricles of the
brain, they are not fupported by anatomical experi-

b ments :
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ments : which make it more probable, that the vapour
which is fecreted into the ventricles of a healthy perfon
is, in like proportion, abforbed again by the inhaling
veins ; or, if any part abounds, that it defcends through
the hﬂtmm of the ventricles to the bafis of the ﬂ-.'.uH
and from thence into the loofe cavity of the fpinal me-
dulla. Thar this is the cafe, appears from palfies which
enfuc on one fide of the body after apoplexies ; and
from the bifid fpines or watery tumours in the lower
part of the fpinal medulla, fullawm-* in thofe who have
an hydrocephalus.

340. It now remains for us to fpeak of the encepha-
lon itfelf. But many are the parts included under this
general denomination. . By the brain, properly fo call-
ed, we underftand that upper and foft vifcus which is
contained in the fkull, and which is lodged by itfelf in
its fore-part; but backward it is incumbent over ano-
ther confiderable part, called the cerebellum, which lies
in the poiterior and lower cavitics of the occipital bone,
under the membranous tentorium, which parts it from
the brain. Its lower, middle, and white pu-"t'mn de-
{cending before the rer:.bfﬁum, 1s'in part called the pons,
and in part the medulla oblongata.

341. The figure of the brain refembles that of half
an egg, which is deeply divided longitudinally, but not
cut through above half way, into hemifpheres refem-
bling the fourth part of an egg. Both the upper and
lower furfaces are full of many gyri or convolutions,
which pretty deeply cut or divide the brain with round
ends or angles into undulated portions. But the largeft
1s that which afcends on both fides ontwards from thc
fides of the {ella turcica, and divides the hemifphere
into two lobes.  Upon the furface of the faid lobules
or portions lics the corfex, extremely foft, and inclined
from a yellow or red to a grey or afh colour, being the
moit tender of all parts in the human body: this in-
wardly is filled with the medulla, which is almoft per-
fectly white, but redder in the fetus ; in many places, it
18 pc:ric-ratcd by red arteries, which are more ﬁmpli
an
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and perpendicular, or {traight, than in other’ parts.
This medulla is more folid and more capable of fu-
ftaining its figure, notwithftanding it is very foft, and
abounds in a greater quantity than that of the cortex.
The greater pofterior branch of the carotid artery
(317.) firlt divides the right and afterwards the left
hemifphere of the brain into an anterior lobe, which
1s the larger; and a pollerior lobe, which is the lefs.

The fabric of the cortex has been a long time
controverted ; but it is now fufliciently evident, from
anatomical injections, that much the greater part of
it confifts of mere veflels, which are every way in-
ferted from the {mall branches of the pia mater, de-
tached like little roots into the cortical fubftance, and
conveying a juice much thinner than blood in their
natural ftate, although in fome difeafes, and by ftran-
gling, they often receive even the red parts of the
blood, more efpecially in brutes and birds. The re-
maining part of the cortex, which is not filled by any
injection, is probably either an affemblage of veins, or
of yet more tender veflels ; for noother diflimilar parts are
apparent in the cortex, whillt it is in an entire or natu-
ral ftate ; from whence one may conjecture fome part
of it.to be tubular, and the other part folid. As to
glandules making the fabric of the brain, that notion
has been difcarded by univerfal confent; norindeed
has there been any other opinion received with lefs pro-
bability than this.

343. Inorder to gain a knowledge of the nature of
medulla, we are to confider the anatomical ftruéture
of this part of the buman brain, compared with the
brains of brute animals and fith. Therefore this part
of the brain, which follows immediately under the
outer gyri or convolutions of the cortex, is of a white
colour, and becomes gradually broader and more a-
bL.ndmr' fo that, at length, it makes up the whole
oval fection of the brain, except only the gyrtiu the
furface, which makes the cortex. In this part, the

two hemifpheres of the brain, as before oblerved, are
13 divided




164 BRAIN axp NERVES. Caar.XI)

divided but half way through ; which hemifpheres here
continue their cohefion with the medulla in the mid-
dle. That part of the medulla which is extended un-
der the falciform procefs, but at fome diftance from it,
is called corpus callofum ; in the furface of which run
two parallel white ftripes, formed by the pulfation of the
arteries : thefe {tripes diverging forwards, and termi-
nated at the place where they mingle together in the
fore-part, are thence divided backwards. But the an-
terior extremity of this callous body is loft in the fub-=
ftance of the crura, coming from the anterior lobes of
the brain: the ]m{hrmr which is broader, with a
fhorter curvature in the fhape of a nail, is bmught in-
wqrdb, and the other column deflcends into the inferior
horn of the ventricle, whence it is continued along with
the longer one into the hippocampus. Moreover, the
whole furface of this callous body is ftreaked with tranf-
verfe fibres, which are continued, but extenuated, into
the next adjacent medulla of the brainitfelt, Lven the
interior fubftance of this body is of a ftriated nature,
and its lower furface has its future and fibres tranfverfe,
344- As to the remaining parts of the brain, aferu-
tiny is more difficult to' be made into them : for the
brain is not a folid body, but begins to be hollow in-
ternally from the lower part of its medulla, which is
incumbent upon the multiform bone, at which p];tv:::
the greater crus of the brain paffes out from it and
in this cavity the medulla is only covered with the p
mater, which alcends backward, and then turr‘.mH
continues its courfe forward and upwﬂrcL Nexty the
brain divides itlelf near the polterior extremity of its
callous body; and, at the fame time, {fends one of its
fhorter pofterior portions inte the poiterior lobe of the
brain, turning its extremity inward. But the anterior por-
tion 1s continued a long way by the fide of the callous bo-
dy, parallel tothe horizon ; and turning itshorn outward,
w!m,hthu:: grows broader,itis terminated in the anterior
lobe of ‘the brain. This cavity, of which there is one
in each hemifphere of the ‘brain, is called irs triangular
or




CiapeXi BRAIN anp NERVES; 163

or anterior. ventricle; and it is naturally filled with a
vapour, “which is frequently condenfed into water or
jelly. ;

345. This cavity is full, without any intermediate
fpace, by the clofe meeting together of the fides of the
upper and lower medulla. The lower fide or pavement
of this part is varioufly figured, In its forepart, it forms
a horn; below which there is a rifing moderately con-
vex, and of confiderable length, diverging backwards,
covered with a membrane that is extremely vafcular
and, being outwardly of an ath or grey colour, is called
the carpora flriata ; becaufe inwardly they exhibit to
the view, together with much cortex, alternate white
oval {treaks, parallel to one another, longer on the

back part; befides, as it were, lefler medullary fpots

and micze. More inwardly and backward, there are
two other fimilar eminences, more of an egg-like
fhape, towards the third ventricle and other parts,
moftly cinercous on the outfide, obfcurely ftriated,
and fo incumbent together, that they frequently co-
here on the upper part, where they are confounded
with the cortex : and thefe, continuing their courfe
through the horn of each anterior ventricle, defcend to
the bafis of the fkull, and there generate the optic
nerves, of which they are called the ¢halami. Betwixt
the faid {triated bodies and thofe thalami, lies an inter-
mediate, parallel, white, and {treaked medullary por-
tion, called the double femicircular centre, produced
from the anterior commixture, and frequently from the
crura of the fornix ; but efpecially from the medulla it-
{elf, before the thalami of the brain. 'This commixture
is broad, {trong, and joins together the anterior part of
the brain before the thalami. The double centre;
which is broadeft behind, arifes with many fibres, from
the junétion of the foot of the hippocampus with the
medulla of the brain.  But the corporaitriata, with-the
thalami, conftitute the medullary crura of .the bran;
which, in the bafis of the cerebrum, lie over the me-
dulla of the cerebellum, and are joined together at the

cxtremiuty
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extremity of the bridge above-mentioned. At the
place where they approach neareft to one another, each
fends out an hemifpherical mamillary eminence. The
fibres of the medulla of the brain itfelf, mixed together
with the medulla of the cerebellum, defcend into the
medulla oblongata ; and, being then colleted into a
bundle, they go to the corpora pyramidalia.

346. It 1s to be obferved, that the corpus callofum me-
dium projects or rifes up in the common axis or middle
of thofe ventricles. Behind, this body lies contiguous and
incumbent on the fornix ; but, before, there are two fi-
milar medullary partitions, which defcend from this body
the whole length of the corpora ftriata; and this part,
which in its middle includes an anonymous eavity, goes
under the name of /epfum pellucidum. This feptum is con-
tinued to the formx ; that is to fay, the four-horned me-
dullary tracts, which take their anterior origin from the
medulla of the brain, and fometimes the mamillary pro-
tuberances, and the commixture which we have mention-
ed ; and behind that, particularly under the thalami, and
often from the double centre and crooked line of the tha-
lami. This fornix is incumbent upon an interval of the
{triated bodies, and upon another interval of the thala-
mi: from whence it degenerates partly into a broad
thin fimbria; and partly nto another tubercle, which is
evidently continuous with the fornix and callous body
of an half cylindrical figure, and furnifhed with an ap-
pofite fimbria. Thele defcend into the lower anterior
horns of the ventricles; and at laft terminate outwards
by afort of convex fulcated end, imprinted by the gyri
of the brain, and terminated by a 'foot, having as it
were four furrows ; whence the name of bippocampus,
which-externally are covered by exceeding thin medul-
lary plates, but are inwardly of a cortical fubftance. At
the beginning of the divifion of the foot of the hippo-
campus, the tznia ends in two white {triz, 'along and
a fhort one, inferted into this foot and into the brain, or
onc inferted into'the inmoit part of the uaguis.. A like
protubcerance is continued in the poftérior horn of the
ventricle,
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ventricle, crooked inwards at its extremity like the claw
of a bird, to which a continuous column occupies the
hinder part of the bafis of the horn of the defcending
ventricle, which is continued with the corpus callofum.
Betwixt the departing pofterior crura of the fornix, the
medullary portion, which is behind the middle plexus
of the ventricles, and painted with tranfverfc and pal-
mated ftreaks, is called the p/alterium or harp.

347. Within the anterior or lower part of each of the
ventricles, begins the vafcular plexus, called choraides,
included in the pia mater only, it lying naked in the
reft of the cavity of the fkull, made up.of a great many
{mall arteries (317, 318.), together with litile veins ori-
ginating from the larger trunk (325.); all which nu-
merous veflels, joined together by the pia mater, re-
femble a curtain varioufly folded. With thefe are in-
termixed many fmall pellucid glandules of a round. fi-
gure, refembling hydatids. = It afcends from the bafis
of the brain, through the defcending horn of the vens
tricle, and thus is dilated as it goes upward ; but, thence,
becoming narrower, it goes on with the optic thala-
mus, to the polterior-extremity of the feptum lucidum.,
When thofe plexufes have reached the anterior extre-
mity of the thalami, being afterwards reflefted and u-
nited together into one very large valcular plexus, they
gradually defcend through the crevice of the third ven-
tricle as far as the pineal glandule, and then are conti-
nued into the pia mater of the poiterior lobes of the
brain. From this plexus, doubtlefs, proceeds the inter-
nal warmth of the brain, with its exhalation and inha-
lation.  But the choroidal plexufes become very broad
where the anterior ventricles of the brain begin to de-
fcend; and thence, contratting gradually downward,
they project their extremities to the ends of the anterior
ventricles, covered only with the pia mater,

348. Betwixt the thalami, applied one to the other
almoft with a plain furface, there is a natural fiffure ter-
minating the crura of the brain, which meet together
in the bafis of the fkull ; and this is called the third ven-
tricle.
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tricle. It leads by a declivity, like a funnel, forward
into a concave column ; which, though hollow in brutes,
is yet evidently lefs tubular in man, and conneéted to
the pituitary glandule.

349. This is comprefled on both fides, fimple, of un-
certain {tructure ; in the anterior part almoft round, and
ot a reddilh colour; the pofterior part lefs, cinereous,
broad traniverfely, covered with the pia mater of the
brain: it lies upon the proper impreilion of ‘the fella
turcica, and feems to be a kind of appendix to the
brain.

350. Backward, the thalami are conjoined together
m the bottom of the ventricle, by a medullary fafcia, or
pofterior commixture, and by a fmaller tranfverfe chord ;
from which a crooked white ftreak goes out on both
fides in the upper part, which lofes itfelf in the double
centre, in the anterior commixture, and fometimes in
the crus of the fornix.  On the fore and upper part,
the thalami {pring out of a protuberance, which is form-
ed by the triangular fornix lying between the two tha-
lami.

g51. This little eminence feparates the upper trian-
gular cavity of the third ventricle, filled up with the for-
nix in fuch a manner, from the inferior calamus ferip-
torius, that the cavity is continued both from the ante-
rior and pofterior extremity of the third ventricle, from
the top to the bottom. But even the anterior com-
mixture is a medullary ftreak which unites the thalami
before the anterior crura of the fornix.

252. Again, behind the thalami, thofe tranfverfe fi-
gured eminences of the medulla meet together, .which
conjoin the medulla of the right and left polterior lobes
of the brain. In this part, backward, are cut out four
oval eminences, which are outwardly fmaller, called the
nates and tefles, and which are of a fubftance inwardly
cortical, but outwardly medullary, Upon thefe is feated
a cortical glandule, fomewhat oval and conical, fpread
with many {mall veflels, into which the choroide plexus
here degenerates : this is the pineal glandule fo 11111th1
cele-
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celebrated, and fo frequently difeafed, and joined to the
brain by [mall foot-ftalks fent into the linea alba thro’
the thalami in their paflage forwards. Between this
eminence, on which thefe four protuberances are cut
out, and the crura of the oblong medulla, pafles a groove
or.channel in the fame direion from the third to the
fourth ventricle, manifeltly open, refembling an aque-
duct.

253. The whole medulla of the brain is, in its lower
part or bafis, colle¢ted together into two very thick
comprefled columns, diftinguithed in their furface by a
line running according to their length ; which have in-
ternally a cortical fubftance, and are the crura of the
brain. ‘Thefe, meeting together backwards, are cover-
ed by the fubjacent crura of the cerebellum, and are
inferted by apparent ftrata of fibres into the pyramidal
bodies of the medulla oblongata; and with the other
deeper fibres, which feparate the inner tranfverfe fibres
that come from the cerebellum from the preceding,
meet together with the medulla cerebelli to make up
the beginning of the medulla oblongata.

354. The cerebellum, as it is lefs, fo it is more fimple
than the brain. = It has two lobes, but no where deeply
parted, united above and below in their centre to a ring
of the fame fabric with itfelf, called the vermis, at the fide
of which there is a fmooth eminence of the fame na-
ture with the cerebellum itfelf. This part of the ence-
phalon contains a great deal of the cortex, with a lefs
proportion of medullary fubftance.  And here, likes
wile, the cortex is placed in the circumference, but
marked with gyri or convolutions, which are rather pa-
rallel to each other, o as to form circles. Thus the
fmall lobules or portions are diftinguithed, but not deep-
ly, and afterwards fend out each of them their medulla ;
which is, by degrees, fo collefted together in rays or
branches, meeting in one trunk, that the whole re-
fembles the figure of little trees. This medulla, col-
lected together into the large crura of the cerebellum,
and marked in the inner part with ferrated cortical lines,

Z inter-
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interwoven with one another, hath a threefold termina-
tion. One part afcends towards the bafis of the nates,
where 1t Jmm with the medulla of the brain under the
teltes ; but the right and left parts of it are joined to
each other by a tranfverfe medullary ftria behind the

3, fome diftinét fibres afcend outwards,
and join themlelves to the tranfverfe ones of the bridge,
Between thefe firlt procefles of the cerebellum, is
i't*'-;"-c".t'd a medullary lamina, behind the fourth ven-
tricle, fending forth fibres beyond the ;‘{':':L'L'f'u. Ano-
ther iJL:-E'{LUn delcends into the fpinal medulla, and ter-
minates in peculiar nail-like ;;n*hﬂ.} rances, which are
both anonymous, and have other cmrma! portions near
them. - A third portion, which s larger, and fituated
in the middle, goes tranfverfely downward under the
crura of the b“ua, which it embraces; and by twice
iIltL‘l‘tl]l‘ﬂ;ig u]tumutuf}' with their tranfverfe medullary
fibres (352.), it is in a great mealure confounded toge-
ther mrh them.

355. Thus is produced from the crura of the brain
defcending above thofe of the cerebellum, and from
the medulla of the cerebellum tranfverfely furrounding
that of the cerebrum, the pons, at firft almoft oval,
but more blunted on both fides s, deprefled in the mid-
dle, and infcribed on all fides with tranfverfle fibres.
Then the medulla oblongata, continuous to the pons,
15 internally variegated and ftreaked with a fubftance
like the cortex, and defcends of a conical (hape, in-
clined to the great foramen in the occiput. This me-
dulla has two pair of tubercles before the pons ; the
outermolt of the figure of an olive, and the mnun:nft
of a pyramidal fhape, for they leflen downward like
a cone; and thefe are IITLl'I'I;f‘ILl:I-.uCh' divided by a fulcus,
thrcun'h which the pia mater enters. But betwixt tha._
mtdulh and the worm-like procefs of the cerebellum,
is formed a cavity, limited by the four leffer prmd‘ls,
which as they afcend or defcend is at firft narrowe
but above the rubercles (35 4-) it grows broader, JLi
15 of a rhomboidal figure: it is called the frmm ven~
tricle,

narcs, From s,
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tricle. It is fhut in its back-part by the valvula magna,
or a medullary velum, uniting the pmuHLa going from
the cerebellum to tht. nates and vermis, and tranfverfe
ftria lying under the teltes, and ﬂ.mtmg the ventricle
behind, (354.) This ventricle has a moderately large
fulcus or turrow, having fwelled lips on each fide inferi-
bed on the medulla oblongata, and anfwering to the
canal that is covered by the nates and teftes, called the
agueduct (343.) In this laft ventricle, as well as in the
foregoing, is lodged the plexus rtm]mdm only lefs in
bulk, tegether with an upper fulcus called. calamus.
Each of thefe fulci is continued down along the me-
dulla fpinalis, both in its anterior and pofterior fide

more evidently in the former, but lefs fo in the i.;thLI'-

Tranfverfe fibres are derached in its upper part from
the right to the left fide, both of the medulla oblonga-
ta and fpinalis. But two or three of. the tranfverfe
ftreaks that arife from the eminences which intercept
a fulcus, are inferted into the folt part of the acouftic
nerve ; others go to the eighth pair, and others of the
fame kind afcend to the crus of the cerebelium.

356. All the medulla of the brain and cerebellum
gocs out from the fkull, through particular openings
towards certain parts to which it is deftined. The
finaller bundles of this medulla we call nerves ; but
the larger, defcending through the fpine, we call the
medulla fpinalis, whichisa continuation of that called
ﬁ'{Jfﬂ.’*Efﬁti{Q:ﬁ) But the nerves, which are bundles
of the medulla, and very folt in their origin, are com-
pofed of ftraight parallel. fibres in diftinét threads.
Thefe nervous cords, after they have gone forward
fome length, covered with the firm pia mater of a red-
difh colour, are afterwards united into amore tough or
permanent {tring ; and then, conjoined, divided, and
mm the neighbourhood of others like themiclves, they
haften through a cellular texture to their proper open-
ing in the dura mdter, and thence run down through
the intervals of the channels formed by that mem-
brane, till they meet with an opening in the fkull, out

L 2 of
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of which they pafs through the membranous funnel of
the dura mater. The nerve, having arrived without
the fkull, is commonly furrounded by the dura mater,
{o as to become very folid and firm. ~Thus it is in the
optic nerve, in the fifth pair, and in others; but in
fome again there does not appear to be any dura mater
furrounding the nerve, as in the olfadtory nerves, in
the foft portion of the auditory nerve, and the interco-
ftal. ' The nerves now defcend naked or lefs fenced
betwixt the mufcles, detaching their cords or threads
of which they are compofed, and are ftill made up of
the medulla covered by the pia mater. Many finall
threads of this kind are joined together into larger,
by the union of the cellular fubftance that furrounds
them, through which run many finall arteries and veins
intermixed ; and fometimes fat itfelf is therein lodged.
But in general the outer covering, conmmon to the
whole nervous bundle, is either derived from the dura
mater, or at lealt 1s a hard plate of the cellular fub-
ftance, wherein all the fmaller threads are contained
and united into one nerve, often relfembling a true
meinbrane,

257+ It is common to all the nerves of the head to arife
and pafs out from the lower part of the medulla of the
brdin.or cerebellum, The olfaclory nerve arifes with lateral
{ibres from the interval betwixt the anterior lobe of the
brain, but with direét fibres from the medulla of the
anterior lobe itfelf. A great part of the optic nerve
{prings from the thalami (345.), but fome part likewife
trom the crus of the brain, while the nerves decuffute
through its fubftance. The third arifes from the lowelt
crus of the medulla of the brain behind the mammillary
bodies. The fourth, which is either fimple or trifid,
fends a procefs from the fide of the cerebellum to the
teftes. The fifth arifes plainly from the peduncles of
the cerebellum itlelf, The fixth out of a lulcus (354.),
deep from the bottom of the pons betwixt that and the
medulla oblongata.. The feventh arifes with cne part
folter from the medulla oblongata, and by two tranf-
verle
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verle ftriz, from the fourth ventricle itfelf; and with
another part harder from that portion of the crus of the
cerebellum which lies next the pons. The eighth nerve
arifes from the interval betwixt the olivary and pyrami-
dal bodies or protuberances ; and, according to the
obfervation of other eminent anatomifts, from the
fourth ventricle likewife. The ninth arifes from the
corpora olivaria and pyramidalia. 'The tenth, by rea-
fon of its double root, is reckoned a nerwe of the neck,
going out with an arch, in comyj pany with the upper
and lower adjacent nerve. There is, therefore, no
nervous branch that arifes properly from the L‘LrLbL.-
lum, unlefs it be the fifth ; for the anterior nerves, the
olfadtories, optics, and third nerve, come from the
brain only ; and all the reft from thofe parts where the
medulla, both of the brain and cerebellum, are con-
joined mgfthu

358. The fpinal medulla is a kind of very foft me-
dullary rope or appendix to the encephalon, continued
down from the medulla ablnnmta, as low as the fecond
vertebra of the loins. In the neck its anterior and po-
flerior fides are flat, laterally convex, butin the back
it is four-fquare. It is largelt where it goes out from
the head ; from thence it is fmaller in the toj n)f the neck ;
m the lower part it is larger ; but [maller again thmugh
almolt the whole back ; thicker in the lower, oval, and
conical part of it ; and laftly it ends in tubercles. The
pia mater is a proper integument to this part as well as
tothe brain, fince it enters the foremoit fiffure deep-
ly, and divides the medulla almoft into two. The cor-
tical fubftance which lies within it is obfcure, It has
its anterior artery produced in the fkull, from the
branches of the vertebrals. This artery is retrograde,
and defcends through the whole length of the pia ma-
ter, perpetually making alternate finuous flexures, which
form: inefextations about many but not all n:-f the
nerves, with branches of the vertebral, intercoftal,
lumbar, and facrolumbar arteries; till at laft, being
covered with a peculiar coat from the pia mater, it
goes
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goes out and difappears at the coccyx. In like man-
ner the two pofterior arteries, which are lefs, arife and
are diltributed from the lower arteries of the cerebel-
lum, and are more {erpentine, and fre quently nofcu-
lated among themfelves. The { fpinal veins defcend, to-
gether with the arteries, from the brain itfelf, fending
out branches in like manner on cach fide, which ac-
company the nerves like fo many circular finufes, fixed
in the dura mater, and CC.«]'L'L:|'.L-.‘.|L!ttI]=L; to the number
of the vertebr®, all which fo communicate one with
another, that each has on all fides a dire@ confent
both with the uppermoft and lowermoft ; and, after
having fent out branches that join the vertebral, inter-
coflal, and lumbal veins, taey umite with thefe of the
facram. The uppermoft of thefe finufes inofculates
with the anterior occipital finule $ (332.)

359. But there is another covering, not fpread with

any veflcls, which furrounds the fwd med LJ[.J loofely

and at .ﬂ.dlitmu_ and is pretty i irm, of a watery clear-
nels, called arachnoides; and which being longer than
the pia mater, 1s Lx:um.,d to the bottom of the os fa-
crum, where the nerves, only defcending from the
medulla, are collected by it into a fafciculus. But in
what manner it goes out, together with the nerves, has
not been hitherto defcribed. Between that membrane
and the dura mater there exhales a vapour, which is
frequently condenfed into a reddifh water, and produces
a true droply.

360. Laltly, the dura mater, belonging to the { 'p'ln'tl
medulla,and ¢ mmnnui from rhat of th::u.n bellum, fur-
rounding the arachnoides, and from thence (l{.LLLlhnlI]L)
to the b:!ttn n of the os facrum, being larger at its begin-
ning, at the bottom of the !ILLL, and at the Imns,
but flenderer in the back, and being conneéted ulti-
mately by many ligaments to the os facrum, it at laft
difappears in a flender cone. - As the nerves pals out
through this membrane, it gives them an external co-
vering ; and directly thickens or fwells with them into
a ganglian, or hard, oval, reddifh-coloured knot. ’li"‘u
this
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this hard covering of the dura mater internally adheres
a ligament dénticulated at'the interval of each of the
nerves, which arifes from the fkull near the courfe or
paffage of the ninth pair of nerves, tying the arach-
noides to the dura mater by triangular productions in
each of the intervals of the nerves, and betwixt the
anterior and pofterior bundles of the fpinal nerves down
to the bottom, and twelfth vertebra of the back., Ex-
ternally there is a'fort of fat {furrounds the dura ma-
ter, and alfo lines internally the covering of the verte-
bra of the fpine, which by this means are fo adapted
like a tube to the medulla fpinalis, that the latter is
nat liable to be comprefled by the bending of it in any
poﬂtiun.

361. The fibres of the {‘pu nal medulla, in dropfical
fn]hj{&e. and in brute animals, appear very diltinét.
Thefe medullary fibres go out from the whole anterior
and pofterior fides of this long appendix ; after which,
the anterior cords are commonly wrapt up in the pia
mater, in which they converge together like rays into
a largcrfafctculm* to which alfo j join fimilar threads in
another bundle from the pofterior falciculi joining to-
gether into one nerve, which, pafling out through the
holes of the dura mater, produces a nerve betwixt each
two vertebrze. Thefe vertebrae are about 30 In num-
ber. In the neck, numerous radiated nervous fibres
compofe one large and almolt tranfverfe nerve. In the
back they delcend, in general, of a fmaller fize ; but fo
that the lower and larger ones are commonly joined
clofe to one another. The large and long lumbal ones
join to form the cauda equina, The lowelt nerves of
the os facrum are the leaft, the uppermoft ones large.
Many of the dorfal nerves, together with the lumbal
ones, and thofe of the os facrum, covered with their
proper membrane from the pia mater, accompanied
with their arteries, and inclofed in the arachnoides,
make up that rope which is called the conda equina.

362. Thole nerves are afterwards diftributed to all
parts of the body in a manner very complex, and not
here
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here to be deferibed. But we muflt not omit to ob-
ferve, that allthe fpinal nerves, except one or two in the
neck, have both an anterior and polterior trunk, This
is only fent to the mufcles. It produces a nervous root,
which | joining the other adjacent nerves, and having gi-
ven a fmall circle that proceeds from the fixth nerve of
the brain and the fecond branch of the fifth, comes
through the pterygoide canal, and forms one of the prin-
cipal nerves of the human body; which, communicat-
ing with almoit all the other nerves of the whole fyltem,
fengds out nervous branches to the heart and all the vif-
cera of the abdomen. The fame has as m: any g: mglia
as roots from the medulla, unlefs where man y of t:lr..m
join-into one ganglion. It communicates in various
places with the crural, brachial, and diaphragmatical
nerves, alfo with the ‘hh vagum and ninth pair of nerves.
The other priumr}, or capital nerve is the eighth or
vague nerve, arifing from the brain, and joining itlelf to
the intercoftal in the bottom of the neck, in the thorax,
and in the abdomen ; this pafles out of the fkull in
three cords, of which the larger fends branches to the
larynx, gula, lungs, and the cardiac plexus itfelf (¢9.)

alfo to rhﬁ ah:plmg_;u:., itomach, and liver. The third
of thefe is the pbrenic nerve, arifing from moft of the
lower nerves of the neck and arms; and fometimes, be-
ing increafed from the root of the {pinal nerve, it de-
fcends by the fide of the pericardium, and inferts itfelf
into the upper face of the diaphragm; but below it re-
ceives nerves from the great plexus of the intercoflal
nerve, Laltly, the acceffory nerve, arifing by many
fmall roots from the fix or feven uppermoft pofterior
nerves at the neck, and from the medulla Ubjf_‘mhdtﬂ,
joins the nerve of the eighth pair going back again into
the tkull, and feems, by this means, to make a confent
betwixt that important nerve and the fpinal medulla,
Morcover, the nerves of the limbs have at their origin
plexufes or knots, and are, on account of their length,
harder and firmer in their fubftance, and much larger,
than the great nerves which go to the vilcera: thofe
which
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which go to the hand, arife from the four lower nerves

of the neck and firlt of the back ; but thofe of the lower

extremity from the nerves of the loins and os facrum.
264. The nerves divide into branches like the blood-

- veflels, but in acute angles, and often in a courfe ma-

nifeftly retrograde, growing gradually fofter and lefs in
bulk, though fometimes they become thicker as they
recede from the brain, till at length their ultimate ex-
tremities, which are feldom vifible, feem to terminate
in a pulp, by depofiting the firm integuments with
which they were covered, after the manner which we
obferve in the optic nerve. But the reétilineal courle
of the fibres, continued from the brain itfelf, is fuch,
that it is never broken off by the divifion or {plitting of
a nerve into {maller threads, which only recede from
each other by an opening of the cellular fubftance that
tied them together. This appears from the diforders,
which are determined not to all, but only to fome fingle
parts by injuries of the brain; as a lofs of the voice,
deafnefs, dumbnefs, and palfies of particular mufcles.
They are conneéted in their courfe by the cellular fub-
ftance to the adjacent parts, but have hardly any elafti-
city ; whence they do not fly back after being divided,
but only expel, by the contraétion of their integuments,
the foft medulla which they include. But though they
are irritafed ever fo much, they are neither contracted
nor are they rendered fhorter during the motion of the
mufcles which they produce. A great many nerves are
fent into the mulfcles ; many of them go to the {kin ; but
fewer to the vifcera, and fewell of all to the lungs; none
at all to the dura and pia mater, arachnoides, tendons,
capfules, and ligaments, and laitly the whole {econ-
dary membranes. They make frequent inofculations
with each othér, or out of one trunk are parted into
many branches: and it is principally in thele meetings
of their branches, arifing from different trunks, that
the nervous ganglia are formed; namely, hard nervous
tumours, for the moft part replenithed with blood-vef-
fels, and included in a firm membrane, but of a ufe and

Aa ftruture
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firucture as yet not certainly known, in which the
{traight courfe of the nervous fibres is interrupted. The
nerves of the fenfes only are excepted from thefe gan-
gha or knots, together with the eighth pair; but they
feem in a manner eflential to the phrenic nerves, to the
fifth pair, to thofe of the limbs, to the fpinal and to the

intercoftal nerves, which lait are truly {pinal nerves.
365. Thus far we are taught by anatomy concern-
ing the brain and nerves; it remains from hence, that
we explain the phyfiological ules of thele parts. Every
nerve, therefore, that is irritated by any caufe, produ-
ces a fharp fenfe of pain. But we muft recken the
mind to be changed when any change happens to the
body.. It is the medullary part of the nerve which feels
the pain. If the nerve was endued with any peculiar
fenfe, that fenfe perifhes when the nerve is comprefled
or diffected : the fenfes of the whole body are loft by a
cmnprd"inn of the brain; and of thefe parts whofe
nerves originate below the feat of preflure, if you com-
prefs the fpinal marrow. If certain parts of the brain
are comprefled from which particular nerves arife, then
thefe fenfes only are loft which depend on the nerves,
as the fight or hearing. Thole parts of the body which
receive many nerves, as the eyes and penis, have the
molt acute fenfation ; thofe have lealt fenfibility which re-
ceive few nerves, as the vifcera; and thofe whigh have
no nerves, as the dura mater, tendens, ligaments, fecun-
dines, broad bones, and ligaments, have no fenfation.
3&6 It is not very obfcure, that all fenfation arifes
from the impreflion of a fenfible object on fome nerve of
the human body ; and that the fame is then reprefented
to the mind by means of that nerve’s conneltion with
the brain. But this feems to be falle, that the mind
perceives immediately by means of the fenforia and
branches of the nerves. For this opinion is refuted,
by the pains felt after amputation, the ceflation of all
pain when the nerve is comprefled, and the deftruétion
of the fenfes by difeafes of the brain, And that the ef-
fect of the fenfes is preferved in the brain, is evident
from
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from the lofs of memory which follows when the brain
is injured or compreffed; alfo from the delirium which
happens in fome difeafes, and the ftupor and fleepinefs
which happen in others.  We have already obferved,
that the dura mater has no fenfation.

367. Another office of the nerves is to excite mo-
tions, even the molt violent ones, in the mufcles.
When a nerve is irritated, the mufcle to which it goes
18 immediately convulfed ; or if it fends branches to fe-
veral mufcles, they are all convulfed at the fame time.
This happens during the life of the animal, and a little
after its death while all the parts are moift. By a great
irritation other mufcles are thrown into convulfions,
and afterwards the whole body. Nor is it m:(:t‘ﬂ'ar]r
that the nerve fhould be whole ; for even when itis cut,
an icritation of it will excite fimilar motions in the muf-
cles.  On the other hand, when a nerve is comprefled
or tied, a pally follows; for the mufcles which have
their nerves from that one lie unmoved, when they are
commanded by the will to a&. They alfo recover their
motion when the compreflion is removed, provided the
nerve has received no hurt.

268. Bat the medulla of the brain, being vellicated
or lrr:tattd deeply in its crura, dreadful convulfions en-
fue throughout the whole ; and this without any excep-
tion, whatever be the part of the brain {o affe¢ted ; nor
18 th ereanydifference in the brain, cerebellum, or corpus
callofum. The {fame confequences allo follow, if the
fpinal medulla be irritated. But if the encephalon it-
{elf be comprefled in any part whatever, there follows
thence a lofs of fenfe and motion in fome part of the
body, which muit be the part whofe nerves are de-
tached from the affected or comprefled quarter of the
brain.. This is clearly evidenced from experiments
which have been made on particular parts of the brain
difordered : as from thofe, for inftance, in which the
origin of the nerves are comprefled, tiu, voice is loft;
or the motion of one arm or leg, or one f(ide of the
pharynx, is abolithed. But in the injuries of the fpinal
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medulla, it is {till more evident, that thefe parts, which
receive their nerves arifing from the place injured in
the medulla, are either convulfed if that be irritated,
or rendered paralytic if it be comprefled. But when
any more confiderable or large portion of the brain fuf-
fers a compreflure, either from blood, water, fcirrhus,
an impacted bone, or other mechanical caufes, the
greatelt part, and then the whole, of the body lofes its
power of motion; of thofe organs which obey the will
when the malady is in a lefler degree, and of them all
when it is greater; all which diforders ceafe upon re-
moving the comprefling caufe. Laltly, i the {pinal
medulla, entering the neck, be injured, death imme-
diately follows; becaufe from thole parts principally
arife almolt all the nerves of the heart (99.)

369. Thele things being confidered, there feems to
be no doubt, but the caule of all motion in the human
body ariles from the brain with its annexed cerc¢bellum
and fpinal marrow ; and that it thence proceeds thro’
the nerves to all the mufcular parts of the body. The
caufe, therefore, of this motion cannot refide in the
parts lhr:mfc]u.::., becaule otherwile the moving caule
would continue to aét after being feparated from the
brain; nor would it be increaled hy irritating the brain,
or weakened by a compreffure of it.

370. Whether or not is there in the brain any principal
part, in which refides the origin of all motion, the end of
all the fenfations,and where the foul has its feat? Whether
is this prf_wtd by the frequent obfervation, that the fenfes
are fometimes LlllITL, and that motion likewife remains
tho’ the brain is grievoufly hurt. Isit in the corpus cal-
lofum? Or is this fhewn by the greater fatality of wounds
or difeafes in the corpus callofum ? Is this body fufh-
ciently connefted with the nerves? Are there any ex-
periments which deduce from thence the fifth, feventh,
and other nerves ! Doth not the fame or even greater
mortality of wounds in the medulla {pinalis prove the
fame thing ? Yet this is not the feat of the foul, feeing,
though it is. comprefled or even deltroyed, the pcrinu

will
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will furvive a long time, with the perfe& ufe of all his
fenfes, Nay, this opinionis oppoled by very many facts:
birds have no corpus callofum ; and wounds in that bo-
dy are not in the lealt more mortal than thole in other
parts of the brain, as appears from undoubted experi-
ments.

371. But neither is the power of the cerebellum
greater in éxciting the vital motions, nor are the pro-
provinces of vitality and animality diftinét ; nor does
the cerebellum produce the nerves of the heart and o-
ther vital organs, and the brain thole which go to the
organs of fenfe and voluntary motion, From the cere-
bellum the fifth nerve is molt evidently produced ; but
that goes to the tongue, pterygoide, buccinator, tem-
poral, and frontal, muicles, the lap of the ear, the eye,
the noftrils, all which are parts either moved by the
will, or deltined for fenfe. Again, the fame nerve, hike
the eighth, fends vital branches to the heart and lungs,
animal and voluntary ones to the larynx, and fenfitive
ones to the ftomach. Again, it is not even true, that
diforders of the cerebellum bring on fo certain and
fpeedy death. For certain experiments, even of our
own making, fhew that it has borne wounds and feirrhi,
without taking away life; nor is it much different from
the brain, only that it is fofter and more tender; and
laftly, we ‘have known, and that not very rarely,
wounds of the cerebellum cured. The pewer, how-
ever, of this part, in exciting convulfions, is fomewhat
greater.

372. Concerning the feat of the foul, we muft en-
quire experimentally.  In the firft place, it muft be in
the head, and not in the {pinal marrow. For though
this is obftruéted, the conftancy of the mind remains
the fame. Again, it appears, from the experiment of
convulfions arifing when the inmoft parts of the brain
are irritated, that it lies not in the cortex, but in the
medulla ; and, by a probable conjefture, in the cru-
ra of the medulla, the corpora {triata, thalami, pons,
medulla oblongata, and cerebellum. And again, by

another
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another not abfurd conjecture, where the origin of e-
very nerve lies, as the firlt origins of all the nerves ta-
ken together make up the fenforium commune. ‘Are
the fenfations of the mind reprefented there, or do the
voluntary and neceffary motions arife in that place?
This feems very probable.  For it does not feem pof-
fible, that the origin of motion can lie below that of
the nerve ; for although it fhould be affumed gratis, that
fome part of the nerve is immoveable, or infenfible,
yet that is altogether fimilar to the remainder of the
nerve.  Norcan the origin of motion (369.) be placed
higher than this; for fo it will fall within the arteries,
which have neither the faculty of fenfation nor of vo-
luntary motion. It, therefore, follows, that the feat of
the mind mult be where the nerve firft begins its for-
mation or origimn.

273. We come now to explain the manner in which
the nerves become the organs of fenfe or motion ;
which, as it lies hid in-the ultimate elementary fabric
of the medullary fibres, feems to be placed above the
reach both of fenfe and reafon: but we fhall, notwith-
ftanding, endeavour to make this as plain as experi-
ments will enable us. And firlt, it is demonftrated,
that the fenfation does not come through the mem-
branes from the fentient organ to the brain, nor that
motion is fent through the coverings from the brainin-
to the mufcle. For the brain itfelf lies deeperthan thefe
membranes, and receives the impreflions of fenfe, and
when hurt throws the mulcles into convulfiens, More-
over, it is certain, that the nerves arife from the medul-
la of the brain; the truth of which is manifeft to the eye
in all the nerves of the brain, more efpecially in the ol-
faGtory, optic, fourth and feventh pair of nerves, which
continue their medullary fabric a long way before they
put on the covering of the pia mater. _

274. %?1:lnlﬂl,thrrrfuru,llrx?:nqtnrclntntlus me-
dulla, what it is. It is a very foft pulp, harder in in-
fefts and foolith animals; but every where fimilar to

itlelf. It affeéts, however, to be formed into fibres, or
parallel
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parallel threads, lying. upon one another lengthwife.
That the compofition of it is fibrous, appears from in-
numerable arguments ; more efpecially to the eye in
the corpus callofum, in the ftriatum, and thalami of the
optic nerves; but {till more evidently in the brains of
fith, and efpecially in their thalami optici.  Again,
that the fibres of the brain are continuous with thofe of
the nerves, {o as to form one extended and open conti-
nuation, appears, by obfervation, very evidently in the
feventh, fourth, and fifth pair of nerves. Thereis a
great deal of oil in the medulla, upwards of a tenth part
of its whole weight.

375. But here a controverfy begins concerning the
nature of this fibril, which, with others of the like kind,
compofes the fubftance of the medulla and of the nerves.
That this is a mere folid thread, and only watered by a
vapour exhaling into the cellular fabric which fur-
rounds the nervous fibres, has been aflerted by many
of the moderns; but that, when it is {truck by a fen-
fible body, a vibration is excited, which is then con-
veyed to the brain,

376. But the phenomena of wounded nerves will
not allow us to imagine the nervous fibres to be fold.
For if an irritated nerve is fhaken, (and that happens at-
ter the manner of an elaltic chord, which trembles
when it is taken hold of,) the nerve ought to be made
of hard fibres, and tied by their extremities to hard bo-
dies : they oughtallo to be tenfe ; for neither foft chords,
nor fuch as are not tenle, or fuch as are not well faften-
ed, are ever obferved to tremulate. But all the nerves,
at their origin, are medullary, and very foft, and ex-
ceedingly far from any kind of tenfion: where they
pals through channels where they are well guarded,
they retain the fame foft texture, and are not covered
with membranes, as in the intercoftal nerves and the fe-
cond nerves of the fifth pair ; fome alfo are foft through-
out their whole length, whatever fize they may be of :
for example, the foft olfactory and acoultic nerves, from
which we would moft readily expeét a tremor; as in
the
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the cafe of found. Again, though the nerves are hard,
they are foftened in the vifcera, mufcles, and fenforia,
before they exert their operations.  Therefore, the
nervous fibres cannot poflibly tremulate in an elaftic
manner, neither at their origin, nor where they are
tenfe. But the fame, even in the proper and moft fa-
vourable cafes, cannot tremulate; becaufe, through
their whole length, they are firmly tied to the folid
parts by means of the cellular fabric ; for example, the
nerves of the heart are tied ro the great arteries, and to
the pericardium. Finally, that the nerves are very far
from all elafticity, is demonftrated by experiments, in
which the nerves, cut in two, neither fhorten nor draw
back their divided ends to the folid parts ; but are ra-
ther more elongated by their laxity, and expel their
contained medulla in form of a protuberance. Again,
the extreme foftnefs of the medulla in the brain, with
all the phenomena of pain and convulfion, leave no
room to fufpelt any fort of tenfion concerned in the
effelts or operations produced by the nerves,

377. Add to this, that the force of an irritated nerve
18 never propagated upward, fo as to convulfe the
mulcles that are feated above the place of irritation,
This is a confequence altogether difagreeing with ela-
fticity ; foran elaftic cord propagates its tremors every
way, from the point of percuflion, to both extremi-
ties. But if neither the phenomena of fenfe nor mo-
tion can be explained from the nature of elafticity, the
only probable fuppofition that remains is, that there is
a liquor fent through the brain, which, defceénding from
thence through the nerves, flows out to all the extreme
parts of the body ; the motion of which liquor, quick-
ened by irritation, operates only according to the direc-
tion in which it flows through the nerve ; {o that con-
vulfions cannot thereby afcend upwards, becaufe of the
refiltance made by the frefh afflux of the fluid from the
brain. But the fame liquid being put in motion in an
organ of fenfe, can carry that fenfation upwards to the
brain

184
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brain; feeing it'is refifted by no fenfitive torrent com-
ing from the brain in a contrary direction.

379. It is thercfore probable, that the nervous fibres,
and the medullary ones of the brain, which have the
{fame nature, are hollow. Nor is the objettion which
arifes from the fmailnels of thefe tubes, not vifible by
any microfcope, of any force againft the propofed ar-
guments ; to which add the abfence of a fwelling in a
tied nerve, which, in reality, is not fuficiently true ;
with other -r“-l:“tnh of the !:kc, kind, which indeed
{how the weaknefs of the fenfes, but imn. not any vali-
dity againit the real exiltence of a juice or fpirit in the
nerves. If they are tubes, it is very probable that
they have their humours from the arteries of the brain.

379. But concerning the nature of this nervous li-
quid, there-are many doubts. Many of the moderns
will have it to be L\trum]}' elaftic, of an etherial or of
an electrical matter ; but the more reafonable part
make it to be incompreflible and watery, but of a lym-
phatic or albuminous nature. Indeed it is not to be de-
nied, that we have many arguments ag“unl-t admltnng
uahu of thefe opinions. An eledrical matter is, in-
deed, very powerful, and fit for motion ; but thcn it is
not confinable within the nerves, fince it penetrates
throughout the whole animal to which it is communi-
cated, exerting its force upon the fleth and fat, as well
as upon the nerves. But, in a living animal, the nerves
only, or fuch parts as lmw: nerves running through
them, are affected by irritation ; and, therefore, this li-
quid mu*: be of a nature that will :11.1L.f it flow thmugh,
and be contained within the {mall pipes of the nerves.
And a ligature on the nerve takes away {enle and mo-
tion, lJLlr could not {top the motion of a torrent of elec-
triC'Ll matter.

380. ;‘L watery and albuminous nature 1s common to
moft of the juices in the human imdv, and may be
therefore readily granted to the _]Ltlt_‘ﬁ of the nerves;
like the water which exhales into the ventricles of the
brain from the fame veflels ; alfo, from the example of
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a gelatinous or ]wnph*uic Juice, which flows out in cut-
tlIl;__"" through the brain in fifh, and the nerves of larger
animals 5 to which add, the tumour which arifes in tied
nerves. But are thefe properties fufficient to explain
the wonderful force of convulfed nerves, obfervable in
the diffections of living animals, and even in the lefler
infe€ts, with the great ftrength of mad and hylterical
people?  Whether or no 1s not this dithculty fomewhat
leflened from the hydroftatical experiments of attrac-
tion in {mall tubes ; which, alt lmuwh it may explain the
ftrength and motion, is nevert li-.,lb.:. inconfiftent with
the ¢ L]L rity ?

28 1. ‘The nervous liquor then, which is the inftru-
ment of fenfe and motion, mult be exceedingly move-
able, fo as to carry the 1111}m,ﬂtum of fenfe, or com-
mands of the will, to the places of their de (tination,
without any ln.ln;u!nllﬂL delay: nor can it receive its
motions only from the heart. Moreover, it is very thin
and invifible, and deftitute of all tafte dnd {1 1*1_" yet
reparable from the aliments. It is carefully to bL di-
ftinguifhed from that vifible, vifcid ]u]uur = \]m]mg from
the veflels in the intervals L‘JL[WLLH the nervous cords.

382. That this liquor moves through tubes rather
than through a fpongy folid, we are perfuaded from its
celerity, and the analogy o of thL whole body ; of which
all the liquids, the fat excepted, run 1!1r~:u15h their pro-
per veflels.

182. Therefore, upon the whole, it feems to be cer-
tain, that, from 1]::, veflels of the LLJHL\ a liquor is fe-
Pdlzhtd into the hollow pipes of the JLJLIHJ, which are
continued with the {mall tubes of the nerves, even to
their folt, pulpy extremities, {o as to be the caufe both
of fenfe and motion. But there will be a twofold mo-
tion in that humour; the one flow and conftant, from
the heart; the other not continual, but exceedingly
fwilt, which s excited either by {LlliL or any other
caufe of motion ar ihing in the brain.

384, The fame nerves molt evidently prefide over
both fenfe and motion; as we are not allowed the two
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fyltems of motory nerves diltiné&t from fenfitive ones.
If fenfe fometimes remains after motion is deftroyed,
this feems to be becaufe much more ftrength is requi-
red for the latter. Dying people hear and {ee, when in-
capable of motion.

385. If it be aflked, What becomes of this nervous
juice, which cannot but be feparated and diftributed in
great abundance, from fo large a quantity of blood
pafling the brain very fwiftly, in comparifon of the
flower moving blood, from whence the milk is fepa-
rated in the breaft, and the urine in the lefler renal
artery, or by a comparifon with the mefenteric artery ?
It may be aniwered, It exhales probably through the
cutaneous nerves; the laflitude both with refpect to
fenfe and motion, which may be overcome by fpiritu-
ous medicines, fhews that this liquid may be both loft and
repaired. "u“fan} have judged, that it alfo exhales into
the various cavities of the body ; as that of the {tomach,
and inteftines. We may expeét fome part of it to be
reforbed, tlmt the nobleft humour of the body may not
be too quickly diflipated. That it nourifhes the body,
is incredible : it is too moveable to expect adhefion
trom 1t: thar is the office of a flow and vifcid hu-
mour.

386. But then, what is the defign of fo many protu-
berances in the brain? what are the particular ufes of
the ventricles, nates, and teftes ; with the diftinétion of
the brain from the cerebellum 3 and the communication
betwixt one fide of the brain, cerebellum, and fpinal
medulla, with their oppofite fides, by fo many tranl-
verfe bundles of fibres ?

387. The ventricles feem to be made of neceflary
confequence, and towards the greater ufe and diftine-
tion of the parts. And that the corpora ftriata or tha-
lami might keep their medullary parts from cohering
one to another, it was neceflary for a vapour to be
poured betwixt them; and the fame is true with re-
gard to the brain and cerebellum. Perhaps, likewife,
the neceflity of adminiftring a degree of warmth to the
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clofe medulla of the brain may be one reafon for thefe
cavities, by which the arteries enter, and are diftribu-
ted in great numbers. Perhaps alfo it was proper, that,
in the inmolt parts of the brain, fmall veffels only, with-
out any large ones, fhould enter. We may alfo fufpect,
that the foftnefs of the fibres of the brain requires fhort-
nefs, in order to fuitain their own weight.

388. The ules of molt of the protuberances we are
not utquaintcd with 111';1'“ El'n'L' 'r'm*m }L-t to lmrn I'rnm

mah 11.11.:115._‘ a brain hM that ui mankmt]. Tiur, 'm
thefe refpefts, we have little hopes of fuccefs, i parts
that are fo fmall, fo deeply, and fo diflicultly fitpated,
and hardly ever to be approached but by a wound foon
fatal. Whether thefe parts are fo many diftinct pro-
vinces in which our ideas are ftored up, and whether
this be confirmed by the protuberant thalami of the op-
tic nerve, are indeed queftions. But then moll of thefe
protuberances fend out no nerves at all.

389. As to the internal communication of ene part
with the other by ftrize or dutts; that feems to conduce
to the advantage of motion, and probably of fenfe like-
wife. Some of thele communications join the brain
with the cerebellum ; others join the {pimal meduila with
the nerves of the brain itfelf, as in the acceflory nerve ;
and molt of them join the right and left parts together,
as in the anterior commixture (245.), and in the two
pofterior (350.), in that of the corpus caliofum (343.),
in the f{trize betwixt a procels of the cerebellum and
teftes (354.); to which add the medullary crofs-bars in
the medulla oblongata and {pinalis (255.) For, trom
this ftructure, it feems manifeftly to follow, as well as
trom numberlels experiments and obfervations, that,
when the right fide of the brainis injured, all the nerves,
which belong on the contrary to the left fide of the
body become difeafed or p.;rulwc, and the reverle,
Mnrﬁmff:r by this contrivance, nature feems to have
provided, tilat i whatever part of the brain any njury
may happen, tllf: nerve that arifes from thence 15, bv
this
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this means, not always deprived of its ufe, For if the
faid nerve receives its fibres by communicating bundles,
as well from the oppofite as from its own hemilphere
of the brain, its office may, in fome mealure, be conti-
nued entire by the fibres whigh it receives from the
oppolite fide, even after thole of its own fide are de-
ftroyed. Accordingly we have numberlefs inftances of
wounds, and with a confiderable lofs of fubftance from
the brain, which yet have not been followed with in-
jury to any nerve, or to any of the mental faculties.
Many other lefs inequalities, {tripes, protuberances, and

- nical neceflity, with the pulfation of the veflels, and the
predlure or figure of the continuous incumbent parts.

390. We have betore declared, that the nerves are
the organs of fenfe and motion: we fhall therefore
proceed firft to explain that motion before we delcribe
the organs of fenfe; becaule it is more fimple, uniform,
and perpetually exercifed, even in the fetus, before any
of the fenles.

C.H AP, Al

Of MuscurLar MoTioNx.

39 1. HE organ of motion in the human body is
not fingle. And firlt, m every animal and

vegetable fibre, alfo in hair, feathers, in membranes,
the cellular texture, and in the humid mufcular fibre;
again, in animal and vegetable gluten; there is a con-
trattile power, which both refifts the lengthening out
of its fubftance, and, when the extending power is ta-
ken away, reftores the fibre to its former fize; nor
does this power ever ceale endeavouring to bring the
elementary particles into the clofeft contaét the mecha-
nifm of the part can admit. After death, even- for
many days, it does the fame, fo that the fibres of a di-
vided mulcle contralt towards each extremity, fo as to
leave
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leave a wide gap in the middle. An artery, when cut,
likewife contracts itfelf in length,

392, I call this force dead, becaufe it continues to
be efficacious after death, and fo is different from the
powers of life. In the living animal indeed it is fome-
what brifker : for, both from cold and fear, the fkin
1s moved, fo that it grows harder, and has its papillze
ereted, and along with this hardnefs contraéls itfelf in
length. Again, the cellular fibres are animated with
this perpetual nifus to fhorten themfelves, and always
tend to their own contraction. Hence, when the fkin
or any other membrane is extended, as foon as the
caufe of extenfion is taken off, it returns by a gentle
eflort to its former fhortnels. But it even fomewhat
refiits the attempt to perpetual diftention; and by a
gentle but continual acceflion of its own elements, pro-
pels the contained fat or water, or other bodics acci-
dentally introduced. The fame power alfo feems to
limit the excretion of vapour ; for the fibres and plates
of the cellular texture being preternaturally relaxed,
an immenfe quantity cither of fat or of watery humour
13 depofited in that texture. And this debility feems
to be the principal caufe of a true droply. The fame
caufe being always efficacious, and at work in the
heart, joints, and every where throughout the body of
the embryo, brings into nearer contaé the arteries,
auricles,and ventricles ; produces flexures ; and contradls
the heart, whenin a manner diffolved, into a cone. The
fame, by an unknown or hidden power, feems to form
the fhape of molt parts of the human body ; and while
it expels the gluten received into the eells, brings the
terreltrial particles nearer to one another, and gives
the proper folidity, curvature, and fituation, to the dif-
ferent parts.

393. It is the nature of this power to aét continual-
ly by a gentle but uninterrupted effort. It is common
for it alfo to be excited by poifons, in every membrane,
fibre, and cellular texture ; but never by cutting or
puncturing with an iron inftrument, Thefe are the
known
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known - properties of the red mufcular fibre. The
ftructure of this fibre, then, it is now neceflary for us to
cualﬁdt‘r.

. By the name of mufular fibres in the human
bm.v we call bundles of reddifh-colcured threads,
which perform all the motions of which we are fenfible
"ﬂrmn many of thefe fibres are colleéted together, an d
appear more evidently red, they are cal.w a mujcle.
The extreme fimplicity of th:, tabric in thefe parts has
been the caufe of the obfcurity that prevails in under-
ftanding how a fmall, foft, flefhy portion can produce
fuch {trong and ample motions as we {ee in man, but
more efpecially in the cruftaceous infeéls.

395. In every mulcle we meet with long foft threads
or fibres, fomewhat elaftic or ext Ln{ﬂm,, and almoft
leihnt!} difpofed parallel with each other ; and thefe
being furrounded mth a good deal of 1.r..1|ulaa {fubftance,
are by that faftened together into little bundles. Thofe
bundles, called /acertuli, are again tied together into
larger bundles, by a more loofe cellular net-work, which
contains fome fat ; and betwixt thefe we conftantly
perceive membranous partitions and ftripes of the cel-
lular fubitance, removing them farther from each o-
ther, till at laft a number of them, combined together
in a polture either parallel or inclined, are furrounded
with a more thin and denfe cellular membrane, conti-
nuous with that of their partitions; and this being a-
gain furrounded by a thicker plate of the cellular fub-
ftance, externally parts the whole from the adjacent
fleth, :md gives it the denomination of a fingle or entire
;-rmfa’e. In every one of thefe threads there : ppears a
lefler feries of filaments, which, by oblique c_-.t1<:ml les,
are cemented to others uf the fum, kind, forming toge-
ther a larger fibre.

296. The generality of the !'[‘ltlLILS, but more efpe-
cially thofe which are inferted into the bones, and fuL,h
as are prefled ftrongly by other flefhy incumbent parts,
do not confift of hbru altogether of one kind. For
the flefhy fibres (395.), hf:u*ij collected together, czw:l"
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the mufcle to be thicker in the middle, which 18 called
its belly : and the fame fibres, degenerating by degrees
obliquely at each end of the mulcle into a mére flender,
hartl, and fhining fubftance of a filver colour, in which,
meeting clofer ton'n, her, the cellular {ubitance inter-
pofed is thinner, 1!1nm r, and painted with fewer vel-
{els ; they then become indolent and diflicultly irritable,
and receive the denomination of a fendsn, by being col-
leéted together into a round flender bundie ; or elfe,
if it expands into a broad flat ﬂtrl—ac:‘, it is called an apo-
neurofis. The cellular texture which covers the whole
tendon is called its wagina or fheath, and refembles the
coat of a mufcle. For that the flefhy fibres truly change
into fuch as are tendinous, is evident from comparing a
fetus (in which there are very few tendons) with a child
of fome years growth, in which there are nany more ;
and both with an adult or old perfon, in which are the
greateflt number. Mufcles, which are not inferted in-
to any of the bones, have cmmmm]h no tendons, as
the fphiné&ers and mufcular membranes of the vifcera
and veflels. But thofe commonly end in long tendons,
which are required to pals round the joints and he ads
of the bones, to be inferted in thofe extremities which
are more moveable. In a fetus the mulcles are evi-
dently inferted into the pn:rim'h:um only ; but in adults,
where the periofteum is more clofely joined with tln,
bone itfelf, the tendons, being confufed with the peri-
ofteum, rh‘t{a together wll,h that even into the foveoli
of the lmn::.

297. The tendinous fibres indeed often lie in a
ftraight line with the flefhy ones, and are as it were a
continuation of them. But it 18 m:-‘r at all rare for the
flefhy fibres to be obliquely inclined to the tendon, and
to adhere to it, as the tendon itlelf grows thicker in
its progrefs by continually receiving new fibres.  This
is called a tendinous muifcle. Other tendons lie in the
middle betwixt two plates of fibres, forming an obtufe
angle with one another, at Irreguhr diftances, in their
defcent. There are mi’t&nces of numerous tendons
;_}fmmt::u
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pennated in different places formed into one mufcle.
‘Lhere are alfo other methods by which the tendinous
fibres are joined with the flefhy ones.

398. Within the cellular tunic that furrounds the
fibres, the arteries and veins are fubdivided into net-
works, which commonly form right angles, run in com-
pany, and moltly contiguous with each other ; and from
the fmaller of thefe veflels a vapour is exhaled into the
thinner cellular fubftance, asthe fat is alfo transfufed into
the thicker cellular fubftance ; from whence again they
are both abforbed. The lymphatic veficls, which run be-
twixt the mulcles of the tongue, with thofe of the neck,
face, and linbs, are difficultly demonfirated. But there
are alfo nerves more numerous than in other parts, di-
{tributed together with the blood-veflels throughout the
cellular fabric of the mufcle ; which nerves, however,
depofite their harder covering, and become foft, and
difappear before they can be traced to their ultimate
extremities. Thofe enter the mufcle in many parts,
without keeping to the fame place or fituation. In the
tendons they cannot be demonftrated. Nor are there
any mervous fibres invefting the mufcular bundles or
portions fo as to conftringe them ; for they, who have
given fuch a defcription, have feen nothing but the
cellular fubftance.

399. The fabric of the leaft, which are as the ele-
ments of a mufcle, being inveftigated by the microfcope
in man and other animals, has always appeared fimilar
to the fabric of the larger fibres; nor do they yield any
other appearance, upon which we can rely, than that
of the leaft threads joined one to the other by the in-
termediate cellular fubftance.  There is, therefore, no
foundation here for a feries of veficles, nor for a chain
of rhombs. It may be alked, whether thefe fibres are
hollow, whether they are continued with the arteries,
or whether the difference betwixt mulfcular and tendi-
nous fibres lies in the latter being rendered more denle
and beat clofer together by an expulfion of the fluids ?
That thefe are not probable, appears from the minute-
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nefs of the fibres, which are found lefs than the red-
blood globules, and from the whitenefs of a mulcle af-
ter the blood is wafhed out of it ; to which add the phy-
fiological reafons following, (411.) And, in general,
more {trength may be expected from a folid fibre.

400. A muicle therefore is endowed at leaft with a
threefold force. Tirlt, the dead one, in common to it
with other animal fibres. Another, which we have call-
ed the vis infita, and which has different phenomena
from the former. For it is more proper to life, and the
firlt hours after death, and difappears much fooner than
the dead one. Again, in molt cafes, it atts by alternate
ofcillations ; fo that, being driven hither and thither, it
fometimes contraéts the mufcle towards the middle :
fometimes.again it extends the mulcle from the middle
towards the extremitics, and fometimes alfo it has a rei-
terated motion. Moreover, it is manifeltly quicker, and
performs the greateft motions ; the dead force, only
fuch as are {mall and not eafily obferved. It is excited
both by the pricking of an iron inltrument, and in the
hollow mulcles by inflated air, by water, and every
kind of acrimony, but moft powerfully of all by a tor-
rent of eletrical matter. Laftly, it is proper to the
mufcular fibre, and is found in no other part of the
human body with the qualities abovementioned. But
we muft give a more particular explication of its phe-
nomena,

4o1. It is natural to every mulcle to fhorten itfelf, by
drawing the extremities towards its belly or middle.
But to difcover the moving power of a mufcle from the
fabric which we have defcribed, it will be of ufe to
confider the appearances obfervable in the muicular
contraltion. Every mufcle then becomes fhorter and
broader in its action. But this contraction ot its length
js various in fome more, in others lefs; and is very
confiderable, for example, in fome of the fphinéters, in-
fomuch that they appear to be contrafted more' than
one third of their extent, though this computation be
taken from an erroneous hypothefis.

402. The
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402. The inteftines are exceedingly tenacious of
their vis infita, as they continue to contraét themielves
long after they are taken out of the body, and even af-
ter they are cold. The heart is even more tenacious
than thefe, if you confider all things ; as is moft evident
in a young chicken, and in cold animals. Diflerent
mulcles are beft excited into action by different {timu-
li; as the bladder by urine,the heart by the blood, and
the inteltines by air. Though the nerves are removed,
or the conneétion made by them between the mulcles
and the brain cut off, the mufcles lofe but little of their
irritable nature. It appears alfo from the example of
polypi and other infeéts, that the fame irritable difpofi-
tion extends very widely through the animal fibres.
‘Thele creatures have neither brain nor nerves, yet are
exceedingly impatient of ftimulus, Laftly, we may ga-
ther this from the affinity of plants ; of which very many
flowers and leaves open or contraclt according to the
various degrees of heat and cold, fome even very quick-
ly, fo that they are nothing inferior in this refpeét to
animals. Neither does this depend upon weight, at-
traction, or elafticity, feeing it is feated in a foft fibre,
and vanithes when the fame grows hard.

403. But that the caule of motion is conveyed thro’
the nerves into the mulcles, is certain from the experi-
ments before-mentioned (367. et feq.) For the nerve a-
lone has any feeling ; this alone carries the commands of
the foul ; and of thefe commands there is neither intima-
tion nor perception in that part whofe nerve is cither tied
or cut, or which has no nerve. Moreover, on irritating
the nerve or {pinal marrow, even in a dead animal, the
muicle or mufcles which have nervous branches from
thofe parts are moft vehemently convulfed. When the
nerve of any mufcle is cut or tied, or the bafis of the
fpinal marrow comprefled, or that part of the brain
from whence the nerve has its origin, the mufcle be-
comes paralytic,and languifhes, and cannot by any force
be recalled into action fimilar to the vital one. But if
the ligature be taken oftf from the nerve, the force
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by which the mufcle is put into aétion is again reco-
vered by it. The nerve being irritated below the
place where it is cut, the mufcle to which that nerve
goes is contracted. This appears from numerous ex-
periments, efpecially thofe made on the phrenic and
recurrent nerves.

. This force is not the fame with the vis infita.
The former comes to the mufcle from without ; "..'."n'r::—
as the other refides conftantly in the mufcle 1*1::1 The
nervous power ceafes when life is deftroyed; after which
the thu.r, from certain experiments, ap purh to remain a
long time : it 15 alio Il,":npttﬂtd by hm’r a ligature upon
th{: nerve, by humngtlu. brain, or b} dnn]-.mrrunnw:
The vis mfm fuffers nothing fmm all thefe : it remains
after the nerve is tied ; and continues in thL mteftines
though taken out of the bmh, and cut in picces: it
appears with great ftrength in fuch animals as are defti-
tute of brain : that part {}E the body is moved which has
no feeling ; and the parts of the bu:h feel which are
without motion. The will excites and removes the ner-
vous power, but has no power over the vis injfita.

408. In the motion of the mulicles, w hether owing
to the wis infita or the nervous power, the fibres are
contracted towards the middle of its belly, and recede
from one another outwards: they are alfo diverfificd
with various tranfverfe wrinkles: the whole mufcle al-
fo becomes fhorter, and draws its extremities towards
the middle ; hence it draws towards each other thefe
parts with which it was conne&ed, in the re ciprocal ra-
tio of their ftrength : the mufcle alfo fwells by its con-
tradtion, brcnmuw hard at the Tame time, and as it
were inut‘allq its circumference on every fide. I have
never obferved it to turn pale. Whether on the whole
it iz increafled in bulk, or ac qmrt*q more in breadth tmrn
it lofes in length, 1s difficult to be known. It draws af-
ter it the Tr;"“rd“ﬂ'?- which are obfequious to its motions,
though of themfelves neither moveable nor irritable.
The whﬂk mulcle is alfo capable of htmg moved at
once, or only a part of it: if one extremity is fixed to
an
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an immoveable part, that only is moved which is capable
of yielding.

406. 1t it be demanded, Whether the arteries con-
duce any thing to mufcular motion ? and whether the
pally, which falls upon the lower limbs after a ligature
upon the aorta, be not an argument thereof 7 we an-
fwer, Not at all, further than as they conduce to the
integrity of a mufcle, or to the confervation of the mu-
tual ftructure and habit of the parts, which they fupply
with vapour, fat, &c: for the irritation of an artery
does not affeét or convulfe the mulfcle to which 1t be-
lones 3 nor does a ligature thereof caufe a palfy, unlefs
after a confiderable time, when the mufcles begin to be
deftroyed by a gangrene. Morcover, it is impracti-
cable to explain the motion of peculiar mufcles from a
caufe derived with an equal force from the heart to ail
parts of the body. Laftly, the influence of the will 13
confined to the nerves, without refiding in the arteries
or other folid parts of the body.

407. But the dire&t manner by which the nerves
excite motion in the mulfcles, is fo obfcure, that we may
almoft for ever defpair of its difcovery. And firflt, con-
cerning the vis infita, we do not indeed inquire ; as this
feems to be a more brifk attraétion of the elementary
parts of the fibre by which they mutually approach each
other, and produce as it were little knots in the middle
of the fibre. A ftimulus excites and augments this at-
tractive force, which is placed in the very nature of the
moving fibre. The other explanations are hypothefes.
As to nervous veficles fwelling by a quicker flux of the
nervous {pirits, they are inconfiftent with anatomical
truth, which demonitrates the lealt vifible fibres to be
eylindrical, and in no part veficular ; and likewife repug-
nant to the celerity with which mufeular motion is per-
formed, and with the bulk of a mufcle being rather di-
minithed than increafed during its ation. Agam,
the inflation of rhomboidal chains in the fibres is e-
qually repugnant to the celerity, to infpeétion, and to
anatomy ; they would alfo occafion an immenfe walte
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of {trength, and after all render the mufcle but little
fhorter. The nerves want that irritable nature which
is oblerved in the mufcular fibre. Finally, it is by no
means demonitrable, that the fibres, from fo few nerves,
can be {o numerous, or diftributed in fo many different
tran{verfe diretions, with refpe@ to the mufcular
threads, as thole hypothefes require to be allowed. A
complication of the nerves round the extremities or fi-
bres, o as to contraét them by their elafticity, is found-
ed upon a falle ftructure of the mufcular fibre, fuppo-
fing the nerves to be diftributed, where filaments of the
cellular fubltance only can be demonftrated. More-
over, the phienomena of animals which, having neither
brain or nerves, are yet very apt for motion, apparent-
ly demonftrate the intrinfic fabric of the mulcles to be
fufficient for their motion, without other affiltance from
the nerves. Other explanations, derived from Iphe-
rules full of air in the blood, fuppofe a falfe nature of
that fluid ; namely, a repletion of it with elaftic air, of
which it has none, (281.) The animal fpirits are not
of the nature of an eledric torrent.

408. If we may add any thing to thefe phenomena,
you may fuppofe the nervous liquor to be of a ftimulating
nature, by which means it forces the elementary par-
ticles of the mufcular fibre to approach nearer to each
other. The motive caufe which occafions the influx of
the animal {pirits into the mufcle fo as to excite it into
action, feems not to be the foul, but a law derived im-
mediately from God. For animals newly born, or
newly transformed, without any attempt, or exercife,
know how to execute compound motions very difficult-
ly to be defined by calculation.  But the foul learns
thofe things which it does, very flowly, imperfeély,
and by making experiments. That mufcle then is con-
tracted which in a given time receives more of the ner-
vous fluid, whether that be occafioned by the will, or
by fome irritating caufe arifing in the brain, or appiied
to the nerve,

409. But, tho’ you may conjecture the foul to be 1}}::

caule

198
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caufe of the nervous meotion, you cannot do the fame
with regard to that arifing from the vis infita. The
heart and inteftines, alfo the organs of generation, are
governed by a vis infita, and by ftimuli. Thefe power
do not arife from the m]l ; nor are they leflened, or ex-
cited, or fupprefled, or changed by the fame. No cul-
tom nor art can m 1kL thefe organs iLlLJ('LE to the u"T
which have their motions fmm a vis infita: nor can it
be brought about, that they fhould obey the commands
of the foul, like attendants on voluntary motion. It is
fo certain that motion is produced by the body alone
that we cannot even fufpet any motion to arife from d.
fpiritual caufe, befides that which we fee is occafioned
by the will; and, even in that motion which is occa-
fioned by the will, a ftimulus will occafion the greateft
exertions when the mind is very unwilling.

410. There {feems to be this difference between the
mufcles obeying the will, and thofe which are gover-
ned by a vis infita ; tmnu:l}', that the latter, being more
irritable, are very L.af-h excited into motion by a gentle
ftimulus ; as for inftance, the heart and inteftines;
which organs are molt manifeftly, and greatly, and
conftantly, irritable. On the other hand, the mufcles
which obey the will, are neither endowed with o great
nor fo durable a power of this kind. Hence, they ei-
ther ftand in need of the power of the will, ora ftronger
ftimulus ; by which, indeed, when thu are excited,
even thefe are animated to motion :*.L-.;.uhi’c the. will,
Thus it happens, that, in apoplexies, the mufcles which
obey the will, languifh, and become pm"'ﬂ*u , a5 being
deftitute of aIl influx from the brain; while the vit: 1
mufcles, having no oceafion for the operation of thé
brain, continue to be excited into contraction by their
ftimuli ;  the heart by the blood, and the inteftines
by the air and aliments.

411. The {trength of this aftion in the mufcles is ve-
ry confiderable in all perfons, but more efpecially in
thofe who are phrenetic, and fome who are called hnng
men; fince frequently, with the ufe of a few mufcles

only,
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only, they will eafily raife a weight equal to, or much
greater than, that of the whole human body itfelf, For
even in one who is in his fenfes, very flender mulcles
fufhice to elevate zoo or 300 P-E‘.ILIIH_!*.- ‘T'he mulcles ol
the back will even fuftain 3o00. Notwithltanding this,
we fee, that much the greater part of the force or
power exerted by a mufcle is always loft without pro-
r'_lucmfr any vifible effe@. For all the mufcles are in-
ferted nearer the point or centre of motion, than the
weights they are applied to; and therefore their adtion
is weaker , in the fame proportion as they move a fhor-
ter part of the lever, than that to which the weight is
applied. Moreover, in molt of the bones, efpecially
thofe of the limbs, the mufcles are inferted at very acute
angles; whence again the effeét which a mulcle exerts

in action, is proportionably lefs as the fine of the angle

thrr_cptad betwixt the bone and the mulcle is lefs than
the whole fine. Again, the middle part of all mufcu-
lar force is loft, becaule it may be reckoned as a cord
extended, and dr‘a.v.mh an oppofite weight to its fixed
point. Again, many of the mulcles arc feated in the
angle of two bones, from one of which arifing they

4 3 =]
move the other ; and therefore, that bone being moved,

they arc bent, and of courfe, like an infie€tsd cord, re-
qul.. a new force to extend them. Many of them j '_mi'?:
over certain joints, each of which they bend in fome de-
gree, whe :rt,h}f a lefs part of their remaining force goes
to bend the joint to which they are particularly delti-
ned. The flefhy fibres themfelves of the mulcles fre-
quently intercept angles with the tendon in which they
terminate ; from whence a great part of their force is
loft, as much as is equal to the difference or deviation
betwixt the fine of the angle of their infertion and the
whole fine. Finally, the mufcles move their oppoted
weights with the greatelt velocity and expedition, {o as
not only to overcome the equilibrium, but likewife to
add a confiderable celerity to the weight,

r2. All thefe lofles of power being computed, make
it evident, that the force exerted by mufcles in their
con-




Cuap, XIJI., MUSCULAR MOTION. 201

contraction, is exceeding great beyond any mechanical
ratio er proportion whatever; fince the effe@ is fearce
¢5 of the whole force exerted by the mufcle, and yet
only a fmall number of thefe mufcles, weighing but a
few pounds, are able not only to raife fome thoufands
of pounds, but alfo with a confiderable celerity, Nor
18 this to be reputed any defe& of wifdom in the Crea-
tor. For all thofe lofles of power were neceffary to-
wards a jult fymmetry or proportion of the parts, with
the various motions and celerities required by the muf-
cles to alt in different directions; all which have no
fhare in the compofition of engines mechanically. But
we may, however, conclude from hence, that the acion
of the nervous or animal fluid is very powerful, fince,
n an engine {o fmall, it can exert a force equal to fome
thoufand pounds for a confiderable time, or even for
many days together; nor does this feem to be otherwife
explainable, than by the incredible celerity by which
the influx ofthis fluid obeys the command of the will,
But how, or from whence, it acquires fuch a velocity,
is not in our power to fay; it is fufficient, that we know
the laws of its motion are fuch, that a given alion of
the will produces a new and determinate celerity in the
nervous fluid or juice.

413. The ealy and fudden relaxations of mufecles in
their motion are aflilted by the a&ions of their antago=
nift mulcles, Namely, in all parts of the body every
mufcle is counterpoifed by fome weight, elafticity, an
oppofite mufcle, or a humour adting againft the cavity
of a mulcle, by which it is expelled. This caufe, which
is a vis infita, continually operates as long as the mufele
alts; and fo foon as the additional celerity derived from
the brain abates, it reltores the limb or other part im-
mediately to its former eafy ftate, in which there is an
equilibrium betwixt the mufele and its oppofing caufe.
Whenever the antagonift power is removed from the
mulcle, there are none of them but muft contra&, ex-
tending their oppofites, by which the diftended nerves
excite an uneafy fenfe, and caufe a ftronger endeavour
D d towards
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towards recovering the equilibrium. Hence one of the
flexor mufcles being cut in two, the extenfor operates
even in a dead body; and the reverle.

414. But there are other means, by which the mo-
tions of the mulcles are rendered more fafe, certain, and
eafy. The large long mufcles, by which the greater
motions of flexure are performed, being included n
tendinous capfules or cales, drawn and tightened by o-
ther mufcles, are thus fecured and {trengthened ; for fo
the mufcle remains prefled againft the bone, in a {tate
of contraction, all the time that the limb is bent, and
avoids a confiderable lofs of its power. But the long
tendons, which are incurvated or extended over joints
in their motion, are received and confined by peculiar
bands, which retain them within their fippery channels,
and keep them from flipping out under the fkin which
diflocation of the tendon, whenever it happens, is at-
tended with a cramp of the mufcle, fevere pain, and lofs
of motion. The fame kind of guidance or diretion is
received by fome of the mufcles, which perforate others
in their courfe. In other parts, the tendons are either
carried round certain eminences of the bone, in order
that they may be inferted at greater angles into the
bone which they move; or elfe they are inferted into
another bone, from whence a different tendon defcends
under a larger angle into the bone to be moved.  In
other parts, the mufcles which are derived from conve-
nient fituations, have their tendons carried round in‘a
contrary direction by nature, fo that they pals into the
part to be moved as it were round a pully. Nature has
likewife furrounded the mufcles on all fides with fat,
which is fpread alfo betwixt their bundles of fibres and
the fmall fibres themfelves which lie contiguous toge-
ther; which fat, being prefled out by the turgefcence
of the mufcles and fibres, renders them foft, flexible,
flippery, and fit for motion.

416. Moreover, the power and adtion of one muicle
is determined by the co-operations or oppofitions of o-
thers, which ferve cither to hold firm fome part from

whence
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whence the mufcle arifes, or to bend it together with
the mufcle, or elfe to change its aétion from the per-
pendicular to the diagonal, by concurring to aflift its
force at the fame time. The mulcles allo affift one a-
nother, even thole which are {eparated at a confider-
able diftance, the firft keeping the bone firm which is
not to be moved, and out of which the fecond arife.
Therefore, the attion of no one mufcle can be under-
{tood from confidering it alone ; but all the others muft
likewife be brought into the canﬁduatmn which are
cither inferted into the mufcle itfelf, or into any of the
parts to which the faid mufcle adheres,

417. By thefe mufcles, varioufly confpiring and op-
pofing each other, are performed walking, ftanding,
flexion, extenfion, deglutition, and all the other ge-
{tures and offices of the feveral parts in the living body.
But the muicles have likewife fome common or public
actions, by which they are of ufe to the whole animal.
They haften the return of the venous blood, by prefs-
ng it out from the veins both of the mulfcles them-
felves as well as of the veins which lie betwixt them
for the blood in thefe veflels, diftributed betwixt the
turgid bundles of a contratted muicle, 15, by the valves,
determined towards the heart only: they likewife re-
turn the fat to the blood ; and fhake, grind, or denfi-
fy the arterial blood, and return it quicker to the
lungs. Again, in the liver, mefentery, womb, &c.
mf:‘v promote the courfe of the contained biood, bile,
and other | juices, fo as to leflen the danger of their ﬂag—
nation : they ferve alfo to increale the ftrength of the
ftomach, by adding their own {trength to it, whereby
d|gcitimx is promoted ; infomuch that all ﬁf{it'ﬂtﬂr}' and
imactive courfes of life are contrary to nature, and pave
the way to difeafes from a {tagnation ot the humours,
or from a corruption or :::rl.ldlnr of the aliments. The
large mulcles, which are gmtra]’i}r placed round any
of the cavities of the body, prope el the blood con-
tained in that cavity, and prefs it towards the heart,
But by too much exercife or aétion, the mufcles
Dd: them-
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themfelves grow hard and tendinous on all fides ; render
the parts upon which they are incumbent E‘lI’IllEI.gl'l‘lUllb,
or elfe change thofe which are membranous into a
bony nature ; increafe the roughnefs, protuberances,
and procefles, of the bones which lie next o them,
and excavate their flat parts ; dilate the cells feated in
the diplée; and bend the hcrm_s towards thefe parts.

418. The mufcle which the ftimulus has cealed to
irritate, or for the action of which the mind has no cec-
cafion, is relaxed, and grows foft ; its wrinklesare fill-
ed up, and grow plain ; its fibres are rendered longer,
receding from the middle towards the' fixed extremi-
ties; and its fwelling falls. Whatever is the caule of
additional contraction is then taken away ; but that re-
mains without which the mufcle never is as long as it is
alive. Nor is this the work of an antagoniit muicle,
although it may be affilted by it. It may be afked,
What becomes of the (pirit that is fent forth from the
brain? A part of it perhaps exhales; [ fufpect a part to
adhere to the fibre; and that thus it happens that the
mufcles grow ftrong with exercife, and. their brawny
parts become thicker,

CH A ZHL
Of the Senfe of ToucH,

419. THT other office of the brain and nerves is
to perceive ; that is, to fuffer a change from
the ations or impreflions of external bodies, and there-
by excite other correfponding changes or reprefenta-
tions in the mind,  We fhall, theretore, firft lead our
examination to cach of the fenfes parmuhr; and
then confider what i1s common to all of them, with
the changes which follow from thence in the common
{fenfory and in the mind,
420. Thefenfe of touch is underftood in a twoleld
manner. - For, by this term, in general, we call all

changes
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changes of the nerves, arifing from heat, cold, rough-
nefs, fimoothnefs, weight, moilture, drynefs, or other
affeétions of external bodies, in whatever part or organ
they are applied to caufe a change. In this fenfe, the
touch is afcribed to almolt all parts of the human bo-
dy, to fome more, toothers lefs; as in different places
of the body the nerves are more numerous and bare, or
covered with more tender membranes; and thus even
pain, pleafure, hunger, thirlt, anguifh, itching, and
the other fenfations, belong to the fenfe of feeling.

421, But, in a fomewhat different and more proper
acceptation, the fenfe of touch is faid to be the change
arifing in the mind from external bodies applied to the
(kin, more elpecially at the ends of the fingers. For,
by the fingers, we more accurately diftinguifh the tan-
gible qualities of things than by other parts of our body.

422, Indeed, this fenfe does not eafily diftinguifh
any particles by the fkin, which it does not touch. But
fince the touch is more peculiarly afcribed to the cuta-
neous papille, therefore the ftructure of the fkin is to
be firlt defcribed. That part, then, which is called the
true fhin, is compofed of a thick cellular net-work,
wholfe fibres and plates are clofely compaéted and in-
terwove together in an intricate manner, which renders
it porous, and capable of contrating or dilaung to a
furprifing degree. Its ftrata, when expofed to the air
by turning up the epidermis, become more clofely
compacted together ; the fame is infenfibly relaxed to-
wards fat, and is reflolved into a fofter cellular texture,
It is more tender in fome places, and in others more
hard. Within this fubftance run many fmall arteries,
which come from the fubcutancous ones, which, tho’
neither large nor of a very great length, are yet nu-
merous in fome parts of the fkin, which look red, as
in the cheeks; but in other parts they are fewer in
number. The veins arife in great numbers from the
fubcutaneous net-work, and the nerves likewile in the
fkin are very numerous; but they vanifh fo fuddenly,
that it is very difficult to trace the ultimate extremities

of




BQ) W Gyl Cuap. XIII,

of them. Betwixt the fkin and mufcles is placed the
cellular fabric, into which the fkin is infenfibly refolved,
in moft parts replenifhed with fat, the little eminences
of which prefs upon the fmall hollows of the fkin ; but
in fome, as the penis, red part of the lips, &e. it 1s de-
ftitute of fat. There are very few parts in the body of
man where the fkin is immediately joined to the mui-
cular fibres without any f[eparation by fat or cellular
fubftance ; for, though the dartos of the teiticle has no
muicular fibres, it is not without the cellular fubftance.
There are fome places, indeed, where tendinous fibres
are inferted into the fkin; as in the neck, in the palms
of the hands, and [oles of the feet.

423. Throughout the whole furface of the fkin
moft parts of the body, but with fome difficulty, you
will find it to have a rough appearance after the cuticle
is taken off ; but in the human body thele are fo ob-
tufe, that, mﬂcih you underftand them to be very mi-
nute granulations, they are raifed hardly any wvifible
hf.gl.t above the fkin. DBut in the ends of t‘ht’ fingers
there are larger round papi/le feated in cavities of tht,
cuticle, and receiving nerves very difficultly feen;
namely, a little mount or protuberance formed of Inmll
11*511']5, with one or more [mall nerves wrapped up to-
gether in the cellular fubftance. Thele, in the lips
and glans penis, after long maceration, AH‘JLEI‘ villous
or down-like ; and are feen molt evidently of all in the
t{}"lf‘ruc, from the fabric of which. we conclude, by a-
nalogy, with refpec to the other cutaneous papilla.

424. Over the furface of the fkin is placed another
covering, which is not fo hable to be imjured by the
air, and which coheres with the fubjacent fkin by an infi-
nite number of finall bloodlefs veflels, and by hairs which
pafs through its {ubftance. The outer furface of this
covering, as it were of an horny fabric, is dry, infen-
fible,-and not fubjeét to putrefaction ; but bux.t_r delti-
tute of veflels and nerves, it appears in a particular
manner wrinkled and fcaly, and is jeined to the fkin by
a kind of net-work. This is called the epidernmus or
cuticle,
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cuticle, which is perforated by an infinite number. of
pores, fome larger for the fweat, and others finaller
for the perlpirable vapours, out of whofe dudis, ex-
panded and cemented by the interpofition of a con-
denfed glue, the fubftance of the cuticle is probably
compofed. By prefure or burning, the cuticle srows
thicker, by the addition of new pl:;;.tt':-; or fcales, form-
ed betwixt the fkin and thofe which lie outermoft ; and
this is called a calfus. But even naturally, in Blacks,
the cuticle has two diftinét plates. '

425. The mner furface of the cuticle is more fofi
and like a pulp, fomewhat like an half fluid or a con-
creted mucus ; whence, by macerating fome time in
water, it {eparates from the former, difliculdy in Eu-
ropeans, but eafily in the Blacks, where it is truly mem-
branaceous, folid, and feparable, as in the palate of
brutes.  This {urface of the cuticle lies incumbent on
the fkin itfelf, whofe papillz, in thofe parts where they are
to be found, are received into the foft cuticular alveoli
or {ockets. Thisis commonly called refe Malpighianum,
although it be certain there are no perforations vifible
through it, like thofe of a fieve.

426. That this reticular body is compofed of a hu-
mour, tranfuding from the furface of the true fkin,
feems wvery probable. Asto the fabric of the cuticle
wlelf, 1t is obfcure ; for fince it is both caft off, or re-
generated, infenfible, and deftitute of veflels, it does
not feem to belong to the organical parts of the body.
Whether is it the outer part of the Malpighian muecus
(425.), coagulated and condenfed by the air and by
preflure ; after being perforated with a number of ex-
haling and inhaling dués, the mouths of which are
cemented together by the interpofed condenfed glue ?
and. whether or not are we perfuaded to this opi-
nion by the mucous expanfion upon the membrane of
the tympanum ? to which add, the diffolution of it
in water, obferved by the more eminent anatomifts :
which experiment is by others denied in the cuticle of
Blacks.

427. More-
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27. Moreover, to the hiitory of the fkin belong
the fimple glandules, which are feated in very many
places under the fkin in the cellular fabric ; from
whence perforating the fkin by their excretory dugt,
they pour out a folt half fluid lIniment, Other feba-
ceous glandules, partly fimple and partly compound,
generate a dry white liniment, of an harder confiltence
in the face, but more oily in the groins and arm-pits,
with which the {kin being ancinted, fhines, and is de-
fended both from the air and outward attrition.  They
are found feated in all parts of the body that are under
a neceflity of being more immediately expoled to the
air, as in the face, where there are a great number of
the compound. fort; or wherever the fkin is liable to
any great attrition, as in the arm-pits, nipples, groins,
glans, penis, nymphz, anus, and bams. They fre-
quently fend out hairs; If it be atked, Whether thefe
follicles are feated in all parts of the fkin? we anfwer,
That, although anatomy does not every where demon-
{trate them, yet it feems probable that they are in no !
part abfent, as may appear from the fordes collected
about the whole furface of the body, feemingly of the
{cbaccous kind.  But there is another fort of liniment
or oily ointment poured out upon the fkin from the fat
itfelf, by its paiticular pores, without the intervention
of glands (209.); and this more efpecially where the
{kin is clothed with bair, as in the fcalp.

428. Again, both the bair and nails are appendages
to the fkin. The former are fcattered over almoitthe
whole furface of the body, the palms of the hands and
H {oles of the feet excepted ; in moit parts thort and folt;
but longer upon the head, mouth, cheeks, and chin,
with the brealt in ‘men 3 alio, upon the forepart of the
limbs, in the arm-pits, groins, and pubes. They arile
from the cellular texture lying under the fkin, originat-
ing from a little bulb which is membranous, {trong, val-
- cular, and of an oval fhape, and more lax towards the

cellular texture, (and from this bafis the hairs are aug-

mented by veflels); in which little bulb another bulb
lies
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lies hid, at firlt roundifh, but afterwards cylindrical,
and furrounded with blood. In that fecond bulb lies
the hair, laid over with a fat humour. The hair,
with both irs C}'“T!d!'il"ﬂ fheaths, comes to the cutaneous
hole 'y FOCS out uurmf’tl the fame pa ﬁd‘rji’ and forces the
f;ndtnun into a fimilar (heath ; from whence the in-
corruptibility of the hair: and tht:l‘: the cover cannot be
feparated farther from the cortex; but the filaments,
and fpongy and cellular matter, are continued :l;ruunlmu[
the whole length ‘of the hair. The hairs grow natu-
rally in the cellular fubftance under the fkin ; but, by
difeafe, they are fometimes formed within litl."_ fat Uf O~
ther parts. They grow continually ; and are renewed
again, after h”wg cut, by a mntruisun of their medul-
lar‘l.' ﬂmll.mu from the tkin nutw.1r¢.l, under a produc-
tion of the cuticle. When the hairs are deititute of this
medulla in old people, they dry up, fplit, and fall off.
‘Their' colour is from the | juice, which fills the internal
cellular texture, They feem to perfpire through their
extremities, and poflil ;I} thmuglmut their whole fur-
face; as we may conclude from the conftant force of .
protrufion in their medulla, which, in the plica Poloni-
ca, wants a bouridary to terminate it. To which add,
the lominous ftreaks or rays that come out from the
hairs of an animal eleérified. The fubcutaneous fat, or
oil, feems to follow, and tranfude through the medul-
lary traét and pores of the hairs.

429. The nails are of the nature and fabri¢ of the
cuticle ; like which they are allo infenfible, and renew-
able after being cut or fallen off. They are found
placed upon the backs of the ends of the fingers and
toes, which they fupport, to make a due refiftance in
the apprehenfion of objeéts, having the nervous papil-
lary bodies, that ferve the organ of touch, placed under
their lower furface. They arife with a fquare root, in-
termixed with the periofteum, a little before the lait
joints, from betwixt the outer and inner ftratum of the
fkin ; and pafling on foft, go out by a lunar cleft in the
external plate of the fkin, where the cuticle returns

K & back,
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back, and is partly laid over the outfide of the nail, to-
gether with which it s extended forward as an outer
covering. The nail itfclf is of a foft tender fabric where
it firft arifes, partly covered by the fkin; but, by age
and contaét with the air, it in time hardens into a {olid,
horny, and elaftic bedy, compofed of long hair-like
threads, cemented together by interpofed glue, and di-
ftinguifhable from each other by intervening fulei or
furrows, by which one may be able to fplit them into-a
number of lefler orders. The nail thus formed, ex-
tends itfelf to the extremity of the finger; and is, in
this tra&, lined all along internally within its concave
furface, by an expanfion of the true fkin, and fubjacent
periofteum intermixed ; the filaments of which arife
firlt fhort, and are afterwards continued of a greater
length, till they become longeft of all at the extremity
of the nail to which they cohere. Thele are moit inti-
mately conneéted into the root of the nail. Over the
outer furface of the nail, fome part of the fkin is again
at liberty, and lies under the nail, and diftinét from it,
and has its own epidermis. A furrowed net-work is
interpofed betwixt the fkin and nail, which is alfo eafily
feparable and foft, for the protection of the papille ;
from thence the furrows grow gradually harder, fo that
at laft they can fcarce be diltinguithed from the nail.
‘The tendons do net reach quite fo far as the nail.

430. The cellular fubftance is without fat, except in
a few places to allow a neceflary motion to the fkin.
Where it is replenifhed with the fat, it ferves to defend
the warmth of internal parts from the cold air ; to ren-
der the fkin moveable upon the mufcles; to fill up the
cavities betwixt the mufcles themfelves ; and to render
the whele body white and uniform. The fkin, cuticle,
and its Malpighian mucus, ferve not only to limit the
external bounds of the body every where; but likewile,
where they feem to be perforated, pafling inward, they
degenerate by degrees. Yor the cuticle is manifeltly
extended into the anus, urethra, vagina, cernea of the
eye, auditory paflage, mouth, and tongue; mor 18 it
wanting
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wanting even in the ftomach itfelf and inteftines; al-
though, by the perpetual warmth and moifture, its fa-
bric be altered, and extended or relaxed into their vil-
lous covering. Thus the true fkin is continued into
the internal fabric of the palate, tongue, pharynx, no-
ftrils, vagina, &c. where it degenerates always into a

white, thick, pulpy, commonly called nervous, coat of

thofe parts.

431. What has been hitherto advanced, is fufficient
to enable us to underftand the nature of touch. The
papillze, feated in the larger winding ridges at the ends
of the fingers, regularly difpofed in i;'-:ral tolds, are, by
the attention of the mind, a little raifed or {_!‘{‘L}Ld ; as
appears from frights or fhiverings; as we fee in thf:
n.pp]r:s of women, in the handling of tangible objeés,
and by hight fndmn ; Whereby, receiving the impreflion
of the objeét into thut nervous fabric, it is thence con-
veyed, by the trunks of the nerves, to thL brain. This
is what we call the fouch, whereby we become fenfible
chiefly of the roughnels of objeéts; in which fome per-
fons have fo fharp a fenfation, that they have been
known to diftinguifh colours [W t{mdunq the furface
only. By this fenfation we perceive heat, when it ex-
ceeds in bodies the heat of our fingers; and weight
likewife, when it prefles more than is ufual. Humidity
we judge of by the prefence of water; floftnefs, by a
yiclding of the objeét ; hardnefs, from a yielding of the
ﬁngf:'r; figure, from the limits or rough circumfcribed
furface ; diftance, from a rude_calculation or eftimate
made by E.‘{]}E‘ritt‘r{,t. to which the length of the arm
ferves as a meafure = fo the touch ferves to corred the
miftakes of our other fenfes ; but yet it fometimes errs
itfelf, and then the other fenfes thew themfelves to be
true guid.::s to the animal without that of touch.

‘I'he mucous body of Malpighius moderates the
a&mn nf the tactile UJJLO: and ;}I]t[LI'\"La the foftnefs
and found ftate of the papille. The cuticle excludes
the air from withering and deltroying the fkin; quali-
fies the impreflions of bodies, fo that the y may be only
Eez fufficient
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fufficient toaffet the touch, without caufing pain : and,
therefore, when it 1s become too thick by ufe, the fenfe
of teeling is either lolt or lefiened ; but if it be too thin
and foft, the touch becomes painful. The hairs ferve
to defend the cuticle from abrafion ; to preferve and in-
creale the heat; to cover and conceal fome parts, and
render the membranes of others irritable, which nature
required to be guarded from the entrance of infects;
and perhaps they may ferve to exhale fome ufelels va-
pours, or afford a paffage to the exhaling oil. The
nails ferve to guard the touch, that the papilla and ends
of the fingers may not be bent back by the refiftance
of tangible objefts : at the fame time they increafe the
power of apprehenfion, and aflift in the handling mi-
nute objects. In brute animals, they g:i]cx1l|v ferve as
weapons of offence ; and might be of the fame ufe to
man, if they were not cut uﬁ.

433. But thele are not all the ufes of the fkin.
For one moft important office of that covering is
to exhale from the body a large quantity of humours
and other matters to be carried off by the air. Ac-
cordingly, the whole furface of the fkin f{weats out a
vapour by ‘an infinite number of imall arteries, ecither
coiled up into papilla, or fpread on the fkin itfelf, which
pafs out, and exhale thmugh corn!‘pmldmg pores of
the cuticle 3 although the courfe or direciion of the
veflels which pour out this vapour be changed in pafiing
from the ikin to the cuticle. Thefe ex! mlmg veflels or
arteries are eahly demonftrated by an inje€tion of wa-
ter or fifh-glue into the arteries ; for then they {weat
out from all parts of the {kin an infinite number of finall
drops, which being transtuled under the cuticle, ren-
dered impervious by death, raie it up into a blifter,

34 In a living perfon, this exbalation is many ways
demonltrable. A clean looking-glafs, placed againft
the warm and naked fkin, is quickly obfcured by the
moiit vapour. In fubterraneous caverns, where the
air 15 more denfe, it more plainly goes off into the air,
from
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from the whole furface of the body, in the form of a
vilible and thick cloud.

35. Whenever the motion of the blood is increa-
fed, while at the fame time the fkin is hot and relaxed,
the fmall cutaneous pores, inftead of an invifible va-
pour, difcharge fweat, confilting of minute, but vifible
drops, which run together into larger drops by jeining
with others of the fame kind. But thole parts chielly
are fubjeét to fweat which are hotteft ; that is to fay,
where the fubcutaneous arteries are arg{:ﬂ: and have
a greater action from their refiftance, as in the head,
breaft, and foldings of the ikin. The experiment be-
fore mentioned (433-), together with the fimplicity of
nature herfelt, jomming with the vifible thicknels or

cloudinefs of the cutaneous and pulmonary exhalation
(434.), fufficiently perfuades us, that the perfpirable
matter and fweat are difcharged through one and the
fame kind of veflels, and differ only by the quantity and
celerity of the matter. But together with the {weat is
intermixed the humour of the febaceous glands (427.)
and the fubcutaneous oil, which being more plentifully
fecreted, and diluted with the arterial juice, flows out
of an oily and yellow confiltence, and chiefly gives
that fmell and colour to the fweat for which it is remark-
able, Hence we find it more fetid in the arm-pits,
groins, and other parts, where thole glandules are moft
numerous or abundant, Both blood and fmall fand
have been known to proceed from the fkin along with
the fweat.

436. Concerning the nature of per/piration, we are
to inquire by experiments, and by analogy with the
pulmonary exhalation, which more frequently and a-
bundantly peripires a vaporous cloud of the fame kind,
more elpecially vifible in a cold air. That what flies
off from the body in this exhalation is chiefly water,
appears from experiments, by which the breath, being
condenfed in large veflels, forms into watery drops.
Agreeable with this, we find the obfcuring vapour
condenfed by a looking-glafs to be extremely fubtle, fo
as
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as wholly to fly off again from'it ; and the fame is con-
firmed by the obftructed matter of peripiration paffing
off by urine, or frequently chianging into a diarrheea
atid Fron'the ealy patlage of warm m.um&. in-the form
of peripiration by a !10: air, or elle by the urinary pal-
fages in a cold air.  The water of thefe vapours is
chiefly from what we drink, but is in part fupplied
from the inhalation of the fkin. Fre quently, even the
particular {mell of the aliments may be plainly percei-
ved in the per{piration ; and there is alfo an admixture
of the eledtrical- matter in every perfon, but in fome
it i1s more evidently lucid.

437. But that there are; befideswater, fome volatile
particles intermixed of an:alkaline nature, is evident,
as well from the nature of our bloed, as the confider-
able mifchiefs which follow from a réetained perfpira-
tion, This volatile alkaline matter arifes from the
finer particles of the blood, atténuated by perpetual
heat and triture, and changed into an acrimonious na-
ture; | Thele afford the feent whieh'is clofely followed
by dogs, who would not know their mafters unlels fome-
thing ﬂf a particular nature p':*n'me(l from each perfon.

435 The quantity of our perfpiring moifture is ve-
ry large, whether we confider the extent of the organ
by which it is {eparated, the abundance of vapours de-
rived from the lungs only ; or barely take a review of
the experiments made by Sanétorius, in which five
pounds out of eight, but by other experimentsina colder
country from fifty-fix to thirtv ounces, of the food and
drink taken into the hﬂd} ina natural r.".n ,were found to
fly off by perfpiration only, exclufive of any of the vi-
fible difcharges, and without making any adc dition to the
weight of the bady; but from this weig -ht you muft de-
duq:.:: that of the faliva, mucus of the nth and {weat,
But the cutaneous t}:h’l]atlnn i$ even mut‘h larger than
this ; fince it is not only throws off fuch a quantity of the
mdlgf_ﬁul food and drink, but likewife \.‘r]‘]cl:l' is added to
the blood by the way of inhalation (442.), which enter-

ing, often in a very confiderable quantity, is thus again
expelled,
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expelled.  But different difpofitions of the air, and of
the human be-ly, caule great variations in thole mat-
ters, - In warm countries, in the lummer-months, and
in young exerciled perfons, more goes off by tranfpi-
ration from the body, and lefs by the urine. . But in
cold climates, during the temperate or winter {ealons,
in aged or inactive perlons, more goes off by the urine
than by the infenfible difcharge. But in temperate
countrics, making a computation throughout the whole
year, fo mthmb more 18 perfpired than what p“ﬂLS off
by urine ; and joining together all the experiments
made in different conntries, “both excretions are almofk
alike. The difference of time after feeding does alfo
i fome mealure vary the L]ﬂ.ltltlt‘v' tranfpired ; but in
general it is moft copious at that time when tlu greater
part of the digt[t{:d nourifhment is conveyed into the
blood, and therewith attenuated {o as to be fit for ex-
halation. It is naturally diminifhed in fleep, even in
the warmer climates; but it is increafed by the heat of
bed-cloaths.

439. In general, a plentiful and uniform perfpira-
tion, with {trength of body, are g_rr:md figns of health ;
for whenever it abounds from too great weaknefs, it is
obferved to do more mifchief than none at all, if the
writings on that head are fufficiently to be depended
on. It is thus a fign of health, becaule it denotes a
free pervious difpofition of the veflels difperfed through-
out the whole body, together with a complete digeltion
of the nourithment, the greater part of which is per-
fectly attenuated intn a vapour. When it 1s diminifh-
ed, it indicates either a conitrition of the fkin, a
weaknels of the heart, or an inperfeét digeftion of the
aliments., Perhaps. in too great a perfpiration the
nervous {pirits themlelves are evaporated. This dii-
charge is, by moderate exercife, increaled to fix times
that of anidle perfon, even to an half or whole pound
in an hour, aided by {trong and open veflels, by warm,
watery, and vinous drinks, with animal !uud of an e ufy
digeltion, and a heavy, temperate, or moderately warm

alr,
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air, affifted with joyful afe&tions of the mind. The
contrary of thefe either lefien or fupprcis the prrﬁura-
tion ; as thick fkin, a moilt air, or a cold and dry one,
with reft, more frequent bathing than ufual, or from
a diarrheea fuddenly arifing, and laftly from a nervous
concuflion from a mmgruabln affedtion of the mind.

However, the continuance ol life does not depend on
a ﬂ:rupuious exatnefs in the quantity of this difcharge,
which is fo cafily increaled or diminifhed by flight
caufes ; which is fhut up by paints in many Indian na-
tions, and is inconfiderable in many animals without
any fenfible i injury. When it is fupprefled, it does a
prudl rious deal of mifchicf in fevers of a bad kind;

at hurts chiefly by its putrefcent qualities, which are re-
tained by fupprefied peripiration.

440. The fweat is evidently of a faline naturc; as
appears both from the tafte, and from the minute cry-
ftals which fhoot upon the cloaths of fuch as work in
grlafs-houfes ; as avell as by diftillation, which fhows the
fweat to be of an alkaline nature. Hence it is, that by
this difcharge the moft malighant mattér of many dil-
eafes is thrown off from the body. But, in reahty,
fweat is always a preternatural or morbid diicharge,
from which a perfon ought always to be free ; unlefs
by violent exercife, or other accidents, his conftitution
is for a fhort time thrown into a difeafed ftate. Nor is
it unfrequent for {weats to do confiderable mifchiet in
acute difeafes; by wa{hng the watery parts, and thick-
ening the reft of the blood, at the fame time that it
renders the falts more acrimonicus. By a too violent
motion of the blood, the fweat is rendered extremely
fetid 3 and is fometimes even red, or mixed with blood
itlelf : being eletirized, it fometimes is lucid,

441. The ules of pf.ri"prmtmn are, to free the blood
from its redundant water, and throw out thofe par-
ticles which, by rt*pt,:ll:f_‘d circulations, have become
alkaline or otherwife acrimonious; and poflibly to ex-
hale therewith an extremely volatile oil, prepared from
the fame blood. The faime perfpiration likewile qutftlh
6
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fies and foftens the cuticle, which is a neceffary medi-
um extended before the tender fenfible papille

432. But the fame fkin that makes this exhalation
into the air, 15 likewife full of fmall veflels, which in-
hale or abforb thin vapours from the air, either perpe-
tually, or at leaft when it is not very cold ; more efpe-
cially wheh the air is damp, the body unt"{ermiui the
mind oppreflfed with g"ut or both under cumhrmns
contrary to thole which creale perfpiration before-
mfn*umrd (438. Thefe veins are demonftrated by
anatomica []}t_(_'f.]ﬂl'l’-"- which, if thin or watery, fweat
through Tlh_m in the fame manner as through the ar-
n.m:, if it was watery and thin :. moreover, the ma-

nifelt operation of medicines in the blood, which were
exhaled into the air, or applied to the fkin, prove the
fame ; fuch as the vapours of mercury, turpéntine, faf-
fron, Bath-waters, mercurial plaiters, tobacco, colo-
quintida, opium, cantharides, atfenic, with the fatal ef-
feéts of contagious or other poifons entering through
the fkin; as i the venereal infe¢tion : to which add,
the living of animals almoft withour drink in hot iflands,
which abound with moift vapours 3 from which, how-
ever, they fweat and pifs plentifully enough. T, aftly,
fome extraordinary morbid cafes have demonftrated
this, in which a much greater quantity of urine has
been difcharged than the quantity of drink taken'in
in which you may believe that the moft open paffages
ferved for inhalation ; that new ones were generated, is
not credible. The proportion of this inhalation is diffi-
cult to affign ; but that it is very great in plants, more
efpecially in the night-time, appears evidently from cer-
tain experiments,

443. Thefe cutaneous veflels, both exhaling and in-
haling, are capable of contrattion and relaxation by
the power of the nerves. 'The truth of this appears
from the effects of paflions of the mind ; which, if joy-
ful, increafe the circulation, and relax the exhaling
veflels, fo as to yield eafier to the impulfe of the blood ;
from whence, with a fhortening of the nerves, there
F f follows
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follows a' rednefs, moifture, and turgefcence of the
ikin. 'Thofe paflions, on the contrary, which are for-
rowful, and retard the circulation, contratt the exha-
ling veflels ; as appears from the drynefs and corruga-
tion of the fkin, like a gogfe-/kin, atter frights; and from
a diarrheea caufed by fear. But the fame affcéhions
feem to open and increafe the power of the inhaling
veflels, whence the variolous or peftilential contagions
are eafily contracted by fear.

C.H AT «21¥Vs
Of the TasTeE,

444 RO M the fenfe of touch, and its organ, there
1s but a fmall difference or tranfition to that
of the tafle ; which appears by certain experiments to
be feated in the tongue chiefly ; for even fugar applied
to any other part of the mouth, excites fcarce the leaft
fenfe of talte in the mind: neither will any other fapid
body, unlefs it contains fomething vehemently penetra-
ting ; in which cafe the palate, root of the tongue, u-
vula, and likewife the cefophagus, are affected with the
talte. That fenfation which is fometimes excited in the
{tomach, cefophagus, and fauces, by the regurgitation
of the aliments, feems alfo to belong to the tongue, to
which the fapid vapours are fent back, uncommenly
acrid and penetrating: and even that fenfe which is
fometimes occafioned in the {tomach, ecefophagus, and
fauces, from a rifing of the aliments, feems allo to be
owing to the tongue, to which the taftable vapours are
conveyed.
445+ Only the upper and lateral edges of the fongue
are fitted to exercile the fenfe of talte. But by the
tongue we underftand a mulcular body, broad and ful-
cated in man, and lodged in the mouth, whofe pofte-
rior and lower parts are varioufly connetted to the ad-
jacent bones and cartilages, while it remains moveable

11}
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in its anterior and upper part. In thofe portions of the
tongue, which make the organ of tafte, the fkin grows
to the adjacent mufcular fibres, being continued from
the fkin of the face and mouth; only here it is always
loft and pulp-like, from the perpetual warmth and
moifture. From this fkin arife innumerable nervous
papille, of a more confiderable bulk here than in other
parts. Of thefe there are feveral kinds: the firlt of
them are difpofed in a rank on the back part of the
tongue, on each fide of the foramen czcum. Thele,
furrounding that opening like a circle, are for the moft
part like an inverted cone, having a deep finus in their
middle ; but are otherwife hard, and but indifferently
difpofed for tafting, although you can eafily trace the
nerves to them, There are fome other papille of the
fame kind found fcattered before thefe upon the back
of the tongue.

446. Thele degenerate into a kmd of papille tike
mufhroomsy' lefs and flenderer than the former, of a
very cylindric and {omewhat oval figure, placed at
{ome fmall diftance from each other, upon the upper
furface of the tongue, where they grow fharper point-
ed as they lie more forwards, and are molt numerous
on the fides of the tongue. The third fort of papille
are of a conical figure, which abound moft in number
among the former, and are fpread largely over the
tongue. Thefe have their apices fomewhat inclined and
fluctuating before, towards the tip of the tongue; thefe
are likewife moft numerous in the fides of the tongue,
though there are fome alfo behind the blind foramen.
They are highly fenfible, and make the true organ of
tafte : other papillae liec between, which are partly coni-
cal, and partly fhaped like threads; and fome of the co-
nical ones are greater, and the others grow always lefs
and lefs. :

447. Thefe papillz have doubtlefs fmall nerves de-
tached into them, befides numerous veflels, although
they are difficult to trace; for we obferve, that larger
nerves go to the tongue, than almoft in any inftance
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which we have in other parts. For befides the nerve

of the eighth pair, which, being one of the |1r]nuipu\ of

the three branches, deeply enters the bafis of the tongue,
covered by the cerato- -'h.iim near the os hyoides,
there is alfo a confiderable nerve that goes to the
tongue and its mulcles, from the ninth pair; which ba-
ving inofculated with ihr, firft nerve of the neck, and
with the large cervical ganglion, it fends a branch
downward, and frequently '|“H1b» the eighth pair; but
conftantly communicates with the fecond and third of
the neck, from whence s branches alcend to the mul=
cles arifing from the fternum, and frequently commu-
nicate with the phrenic nerve; after which, the reft of
1ts IIUI‘lk goes to the tongue, This communicates, by
many branches, with the fifth pair in the cerato-glof-
fus, and is more efpecially fpent in the genio-gloflus.
Laitly, the third branch of the filth pair baving fent up
0r rCfEI?Ld T.hl’ Ll]l—d {?'I “ = t\ ]I'I.“n.“]lll'.ll .H"..]. IE,._ Ly Ll U-.l.nl
branches to the internal pterygoides, with'thie maxil-
lary and fublingual glands, pafles with its principal
trunk behind the ceratp-gloffus, where it joins the ninth
pair, and enters the tongue deeply, in- company with
the artery; together with which it 18 extended to the
tip of the tongue, where it becomes cutaneous. To
. this nerve, therctore, if there be any prerogative or
preference, the fenfe of taite is to be more cipecially al-
feribed, which 1s confirmed from obfervations on fome
difeafes. Laftly, the nipples or papilla: of the tongue
are of a hard texture, each papilla having its pulpy fa-
bric made up by a number of fmall nerves, arteries, and
veins, conjoined or wound up together by a firm cel-
lular fubftance into a button, or protuberance, of
which many are required to make up one large papilla.
448. The arterial and venous down which runs be-
tween the papille are for the purpofes of exhalation;
and have nothing to do with the tafte, farther than that
they feparate from the blood a liqam fit for diffolving
falts, and keeping moill: the papille proper lor talle :
this liquor they pour out on the back ol the tongue,
On
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On the upper and back part of the tongue are feated
many fimple, round, muciferous glands, having one or
more open outlets, which are completed, by an hemi-
fpherical membrane, and the flethy part of the tongue.
Seme of thele open into the obfcure, blind, and uncer-
tain figured hollow, which is placed in the middle be-
tween the largelt papille (445.), and commonly con-
tains fome of them,

449. Over the papille of the human tongue is fpread

E. 221

- only a fingle inucous and femipellucid covering, which

ftrictly adheres to them, and ferves them as a cuticle.
But, in brute anmimals, a perforated mucous network
receives the papille, which are in a2 manner wrapped
up in cales or caplules of this mucous body covered
with the cuticle.

450. Under thofe papille are fpread the mufcles
which make the flelhy body of the tongue; which are very
numerous, and hardly extricable in the human tongue:
in the lower part, it is in a great meafure made up of
the genio-gloffus mufcle extended outwards from the
meeting of the chin, and diftributed like rays into the
fubftance of the tongue. The upper and Jateral parts
are compoled of the ftylo-gloflus, whofe fibres run to
the tip of the tongue; which in its middle part, betwixt
the former mufcles, is compoled of one proper to itfelf,
called /ingualis; which arifing from before the pharynx
and origin of the ftylo-gloflus, only lower, goes out
forward, and, terminating betwixt the faid genio-glof-
fus and ftylo-gloffus, makes up a very confiderable
part of the tongue. The back part of the tongue
is made up of the fibres of the cerato-gloflus, which
alcend wpward and backward; which ends between
the ftylo-glofius and lingualis, being included between
them: and to this is joined the chondro-gloflus, a
mufcle entirely different, which arifes from the fmall
bones, and next adjacent bafis of the os hyoides;
from whence pafling outward, with its lateral portions,
covered by the genio-gloflus, it joins the ftylo-gloffus,
and difappears in the tongue. By the a&ion of thefe
mulcles,
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mufcles, the whole tongue is moveable in all diretions,
and capable of figuring its own fubltance, fo as to form
a hollow, by the elevation of the ftylo-gloffi; which it
again flattens by the cerato-glofli, but contraéts itfelf
into a narrow and almoft cylindrical figure, by the tranf-
verfe fibres from one fide to the other, together with
which there are many other orders of ﬁbrfs,mrm mixed
with a thick fat ; fo that they cannot be traced in the
human tongue.

1. The arteries of the tongue are numerous. One
that is larger and deeper afcends in a ferpentine courle
from the outer carotid, and extends to the tip of the
tongue ; and a lefler fuperficial artery, incumbent on
the fublingual gland, either arifes from, or inofculates
with, the pl:‘ﬁtl‘.‘d:!‘lg_j. Behind, there are various fmall
branches derived from the polterior labials; and from
the branches proper to the lips, or thofe of the tonfils.
The veins of the tongue are varioufly wove, and difh-
cult to defcribe ; fome of which, lying deep, accompany
the nerve of the ninth pair; and others, that are fuper-
ficial, accompany the mental artery, and, inofculating
with the former, fends out the ranular vein: but all of
them meet together in a large vein, which is one branch
of the internal jugular coming from the brain. = Thele
veins variouflly communicate with the adjacent net-
works '[}Llungmfr to the tonfils, pharvnx, t]l}rm]{l{f gland,
and fkin; and in the back of the tongue, before the e-
piglottis, there is a communication betwixt the right
and left fide of the venal plexus. 1find lymphatic vel-
fels rather in the neighbourhood of the tongue, than in
the tongue itfelf,

452. Lhe papille of the tongue, which are larger
and fofter than thofe of the fkin, perpetually moilt, per-
form the office of touch more t':h:qu'aﬁt:-.'!}-' than thofe of
the fmall and dry cutaneous papille; and from hence
the tongue is liable to a fharper degree of pan: more-
over, naked falts are not otherwile perceived than under
a fenfe of moifture, or of pain. But the papilize of the

gongue being t’ﬂ.li‘ﬂd a little protuberant, to pertorm the
otfice
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office of tafte, from falts diffolved in' water, or faliva,
and applied againlt their tips or fummits, are affcéted
in a particular manner ; which being diftinguifhed by
the mind, and referred to certain clafles, are called fa-
vours or tafles, either four, fweet, rough, bitter, fa-
line, urinous, fpirituous, aromatic, or pungent and a-
crid, of various kinds, infipid, putrid, and others re-
fulting partly from pure falts, and in part from an in-
termixture of the fubtile animal or vegetable oils, va-
rioufly compounded and changing each other. If it
be inquired, Whether the diverfity of flavours arifes
from the different figures which are natural to falts ?
and whether this does not appear from the cubical
figure in which fea-falt thoots, the prifmatical figure of
nitre, or the particular configuration of vitriol, fugar,
&c.? we anfwer, That this does not feem probable,
for even taftelefs cryftals have their particular configu-
rations ; and the taite arifing from very different falts,
and differently qualified obje&@s of this fenfe, are too
mucli alike each other, and at the fame time too incon-
inconftant or changeable, to allow fuch a theory ; as for
example, in nitre.  I'he mechanical reafon, therefore,
of the diverfity of flavours, feems to refide in the intrin-
fic fabric or appofition of their elements, which do not
fall under the fcrutiny of our fenfes.

453. But the nature or difpofition of the covering
with which the papillee are clothed, together with that
of the juices, and of the aliments lodged in the fto-
mach, have a confiderable fhare in determining the
fenfe of talte ; infomuch, that the fame flavour does not
equally pleafe or affeét the organ in all ages alike, nor
in perfons of all temperatures; nor even in one and the
fame perfon at different timed, who fhall be differently
accuftomed in health or varioufly difeafed. In general,
whatever contains lefs falt than the faliva itfelf, feems in-
fipid.

454- The fpirituous parts, more efpecially of vege-
tables, cither penetrate into the papill themfelves, or
clfc are abforbed by the adjacent pile or yilli-of the
tongue;
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tongue; as may appear from *m: fpeedy recruntal of the
ftrength by vinous or aromatic liquots of this Kind, even
before they are received into the ftomach.

455. Nature defigned the dificrence of taltes to be
felt by the tongue, that we miglit know and diftinguifh
fuch foods as aré¢ moft falutary: for m ¢ gener: al, theré is
not any one kind of aliment healthy, that is of a difa-
preeable tafte 3 nor are there any il L!fl d that are fit
for our nourithment. For it mult be oblerved, that we
here take no notice of excefs, by which' the moft
healthy food may be prejadicial. * In'this mannér na-
ture has invited us to take neceflary food, as well by
the pain called hunger, as by the pleafure arifing from
the fenfe of tafte.  But brute amimals, who havé not
like ourfelves the advantage of learning from each other
bu inftruction, have the facuity of Lll{iithu‘ﬂll"lf"’ fla-

/jours more d(’t“lnltth{, by which they are admonithed
malul‘mn cautioufly from pf_nl"n'rmua or unhealthy food ;
and therefore it'is that herbivorous cattle, to which
a great diverfity of tmxmu‘; plarts 13 Dﬂcr::d among it
their food, are furnifhed with fuch large and long pa-
pillze of fo elegant a ﬂrudurt in the tongte, of which

we have lefs ne -:J
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456. O the fame ufe, likewife, of diftinguifhing
pujudtu.al imm falutary mod the fenfe of

fmelling conduces; by which we even di[‘l;qw and are
admum!};c d to .uuui before it comes to our tafte,
what might be ﬁt‘!erJL dawgt rous: and thus we dre
u;[punll],r enabled to avoid any thing of a putrid ten-
dency in our vituals, which is to us of a moft peftilent
nature, and IL‘m[‘: find out what are grateful and
wholefome aliments ; although continual practice, even
in this faculty, has alfo rendered it more ufeful and ac-
' quitted
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curate among brute animals than in ourfclves., For
men who have been brought up wild by themfelves,
without debauching the fcent by a variety of fmells,
have been obferved moft ¢ ertainly to retain that ﬁu;.u!rv
Finally, the powers and virtues of medicinal plants are
hardly to be better known than E:j.! the fimple tv:[l::nun},r
of tafting and fmelling. TFrom hence it is, that in all
animals thele organs are placed ufft:tht:r ; and from
hence the f..ll'LHIT]‘T is ftronger, and the nrgans larger,
in thofe animals which are to feck their prey at a con-
fiderable diltance, or to reject malignant plants from
among thole that are fit for food.
57. The fenfe of finelling is performed by means of
a loft pulpy membrane, full of pores and fmall veflels,
which lines the whole internal cavity of the noftrils, be-
ing thicker upon the feptum and principal convolu-
tions, but thinner in the finufes. Within this mem-
brane are diftributed abundance of foft nerv fethrm]gh~
out the middle of its fabric, from the firlt pair (357.),
which defcend thmug.,h the holes of the os crlbmlum
into the feptum narium ; but in fuch a manner, that
it is very difficult to trace them to their extremities and
into the feptum. Other lateral nerves come from the
fecond branch of the fifth pair and its branches, from
that which lies tranfverfe in the pterygoide canal, and
from another which defcends through the canals of the
palate; and fome from the infra-orbital-branch in the
maxillary finus, from the dental branch, and from the
anterior nerve of the palate. Morcover, the fore-part
of the feptum has a fmall twig from tih, ophthalmic of
the firft branch belonging to the fifth pair. i
458. The arteries which go to the nofe are many:
from the internal maxillary branches; from the three
nafal ones, to wit, the upper ,and both ethmoidal
branches; allo from the irontzl, nafal, and fide
branches; from the lefler ophthalmic branch of the
internal carotid ; from branches of the palatine artery ;
from the infra-orbital within the finufes; and from
the fuperior dental one. It is proper to thele arteries
G g very
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very calily and very plentifully to fweat out blood,
without any confiderable illiill";‘ to the veflels them-
felves. Hlﬂ VEINS run lw!‘tﬂ er in com pany with arte-
ries, and form a large p]fcuh by uniting upon the ex-
tCI‘Tﬂl pterygoide  mulcle, and communicate with the
finufes of the dura mater ; from whenee they open to-
gether into the outer branch of the internal jugular.
The arteries fupply the nourifhment, warmth, and mu-
cus, neceflary to thele parts.

459. The neceflary reduction of the human head to
that of a round ’fmur:, has in us given to the organ of
{melling but a fmall extent of furface ; but to enlarge
this the more, nature has made the internal parts of the
nofe varioufly hollow and complicated, in a furprifing
manmer. Firft then, by the nares we underfiand the
multiform cavity *mm. ) hr;_{lm-. before from the noitrils,
and, extending tranfverfely backward over the roof
of the palate under the os cribrofum, terminates at
the cavity of the fauces. This cavity is divided into
two by a fepfum or partition of bone, which defcends
above trom the plate of the cribrofum, but below is
formed by the vomer, and in its fore-part is completed
by a triangular cartilage, whofe furface is largely extend-
ed and very fenfible.

460. Moreover, the lateral furfaces of the nares are
increafed by the fpiral volution of the offa turbinata ;
the uppermolt of which are fmall turns or folds of a
{piral figure from the upper part of the os cribrofum.
The middle fold belongs to the fame, fomewhat ob-
long like a fhell, internally convex, externally con-
cave, rifing into an edge on each fide ; all over rough
with hittle finuofuies or exc: avations, dvd inwardly fill-
ed with fpungy cells or recefles; the whole hunrv fuf-
pended in a tranfverle ]}uhtmn and fupperted b}f par-
ticular eminences in the bones of the palate and upper
jaw. The lowermoit turbina, fomewhat like the mid-
dle ones, do like them refemble the figure of a limpet
fhell, but longer; for the moft part divided from the
inrmcr, but fometimes conjoined by a bony plate,
which
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which is molft frequently of a membranous nature.
‘This bony appendix, being extended upwards in a
fquare form, ferves to complete the maxillary finus.

461. I'rom hence the cavity of the nares is enlarged
or dilated by various finufes, which are a fort of re-
cefles or appendages to the whole.  And firft, the
frontal or uppermolt finyfes, which are not always pre-
fent, are of an irregular figure, intercepted betwixt
the anterior and polterior plate of the frontal bone,
where it forms the fuperciliary protuberances ; and
thefe, being not found in a fetus, feem to arife from
the adtion of the corrugator and other mufcles, which
draw the anterior plate of this bone outward, fo as to
increale the diploé into large cells, in the fame manner
as we oblerve in the maftoide procefs, Thefe open in
the upper part of the nares into the interior cell of the
os papyraceum. There are inftances of their being
totally wanting, and growing after the birth.

462. In the fecond place come the ethmoidal finufes;
which are four or more on each fide, in the outer part
of the os cribrofum, like the cells of an honey-comb
completed above by the cellular middle part of the os
frontis, and before by the os unguis; behind by the
bone of the palate and {phenoid bone; from whence
they open by many fmall tubes, placed one above ano-
ther in a tranfverle pofition, isto the upper part of the
nares. With thefe are continuous the cellsin the pave-
ment or bottom of the orbit, and thofe engraved in the
o3 planum and maxillare are continued from them
outward. In a third piace, this finus is contiguous on
cach fide with the cavity or finus of the multiform bone,
extending largely on each fide towards the os cribrofum
and palatinum, which is itfelf formed ina dry prepara-
tion, by a cartilage of large extent in the fetus, and
by a folid bone, which gradually widens under the

fella turcica, with an ample cell, either fingle or di-

vided ; and opening forward, by its aperture or fora-
men, into the fuperior part of the meatus narium.

463. The lait, lowermoft, and biggelt finus, which
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in a fetus is inconfiderable, but in an adult very large,
15 that formed in the bone of the pper _,-rrz*'u by feveral
thin bony plates. The opening of this into the nofe
is betwixt the os unguis, bone of-the palate, and the
proper lamella or plate which accedes to it from th
bottom of the os turbinatum. Which opening is 1|::|
much leflened by the furrounding membranes, as to
form only a moderate round aperture in the fpace be-
twixt the middle and bottom of the os l'lrmnginim:t.
But it likewife fends forth an hellow appendix, tending
forwards, under the orbits which the os planum, un-
guis, and papyraceum complete, communicating like-
wile with the ethmoidal cells, and open behind the o-
{lium lachrymale.

464. The nerves of the nofe, hr:inq almoft naked,
rcquutd a defence from the air, which is continually
drawn through the noftrils and bIm&n out again by the
ufe of refpiration. Nature has therefore fupplied this
part, which is the organ of finelling, with a thick in-
fipid mucus, very fluid inits firfl leparation, and not
at all faline, but In the air condenfing into a thick dry
cruft, more confiftent here than in other parts of the
bﬂfh. By this mucus the nerves are defended from
drying and from pain. Itis poured out from many {mall
arteries of the nollrils; and depofited partly into nu-
merous cylindrical L:L]Lih:, and partly into round wifible
cryptee or gells feattered all over the noftrils. The fame
flows out all over the farface of the olfaltory mem-
brane, which is therewith anointed on all fides. In
the {e ptum runs down forward a .t')]l”' (inus to a confi-
derable length, which is common to many muciferous
pores: this mucus is accumulated in the night-time;
but, in the day, expelled by blowing the nofe, or fome-
times more 'mmziulw b} imu’m ; and may offend by
its excels or tenuity, or irritate h‘-.’ too great thicknefs
the very fenfible nerves, from whence a feezing is
excited for its removal. But the finufes: of this part,
which abound with mucus, are this way variouily eva-
cuated, agreeable to the different poftures of the body ;

by
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by which always fome of them are at liberty to free
them{elves, whether the head be ere, or inclined for-
ward, or laterally ; yet fo, that generaily the maxillary
and fphenoidal finufes are more diflicultly emptied than
the reft. Moreover, the tears defcend, by a channel
proper to themlelves, into the cavity of the nofe, by
which they moiften and dilute the mucus.

465. 'l'o the extreme parts of the nares or organs of
imelling, is prefixed the nole; lined inwardly with a
membrane of the fame nature; and compofed of two
bones,and ufually fix cartilages, two of which are continu-
ed together nto the middle feptum (459.) Thefe carti-
Jages render the nofe moveable by its proper mufcles,
o as to be railed and dilated by a mufcle common to
the upper lip, and to be contrated together into a nar-
rower compafs by the proper depreflor and comprefior
mufcle pulling down the feptum.  Thus it forms an
air-engine, which, for the reception of fmells, can take
air in a larger quantity by dilating; then contralting
again by elafticity, when the air is afterwards abundant.
ly thrown out.

466. The air, therefore, filled with the fubtle and
ivilible effluvia of bodies, confifting of their volatile,
oily, and faline particles, is, by the powers of refpira-
tion (265.), urged through the nofe, fo as to apply the
faid particles to the almoft naked and conltantly foft ol-
factory nerves, in which a kind of feeling is excited,
which we call /imelling : and by this fenfe we diftinguifh
the feveral kinds of oils, falts, and other matters, diffi-
cultly reducible to clafles, which hereby we perceive in-
diftinctly 5 whence they are difficultly recalled to me-
mory, though the odours already eftablithed are fuffi-
cient enough for our purpofes. = This fenfe ferves to
admonifth us of any pernicious putrefadtion ; of any
violent acrimony ; or of'a'mild, foapy, and ufeful dif-
pofition in bodies. And as falt, Joined with an oil, is
the objelt of tafte; fo a volatile oil, aided with falts,
ferves to excite fmells : whence the affinity of the two
fenfes, which conjunétly affift and move each other, may
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be eafily underltood. But volatile particles chiefly
are diftinguifhed by {mell, and fixed ones by the tafte ;
perhaps becaufe the thick mucous cuticle, fpread over
the tongue, intercepts the action of the more fubtle fa-
line effluvia from acting upon the tafte, which yet eafily
affet the fofter and lefs covered nerves of the internal
nofe. We are ignorant of the reafon why fome {inells
pleafe, and others difpleafe; and perbaps cuftom may
have fome effect in this cafe.

467. Smells have-avery ftrong a&tion, but of fhort
continuance ; becaule they are applied immediately, by
the moit minute particles, to nerves which are very near
to the brain itfelf, and almoft naked ; from thence too
proceeds the force of poilonous vapours, and the re-
trefhment from agreeable odours, by which fome per-
fons are effectually recalled to themfelves out of a dead
fwoon, or even alter drowning. . From hence comes
that violent fneezing, which often arifes from acrid par-
ticles ; and a loofenefs or purging of the bowels, from
the fmell of fome medicines, with the power of particu-
lar antipathies. From hence is derived the pernicious
effeéts of exceflive fneezing, more efpecially blindnels,
from the near confent or fociety of the nerves. But
amongft the various parts of the nofe, the feptum, and
more efpecially the os turbinatum, have a confiderable
fhare in the organ of fmelling: fince thele are parts
multiplied in quick-fcented animals, {o as to form beau-
tiful {pires in hounds and other. quadrupeds; and in
fith, who fmell by water, they are formed like the teeth
of a comb, in an elegant manner.

CrH A Py Bk
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468. S the fenfe of fmelling diftinguithes the fmall
bodies which float in the air, fo that of hear-

ing pereeives the elaftic tremors or impulfions of the air
itfelf.
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itfelf.  Therefore, we obferve the fenfitive organ of the
ear to be compoied in a dilierent mamm* from that ot
any of the other fenfes; as it is made 1.11:: for the molt
part, either of hard bones, or elaftic cartilages and mem-
branes, which are the moft exquifitely enabled to re-
ceive and communicate the neceflary tremors.

469. The external part of this organ, called the au-
ricle or outer ear, 18 a cartilaginous funnel, connetted,
but with a fort of mobility, before and behind, to the
bones of the temple, by mecans of a ftrong cellular
plate, and likewile by its own proper: ligaments and
mufcles ; but the mobility of this part is diminifhed by cuf-
tom. ll]la cartilage is of a very compound figure ; in
general of a kind of oval figure, yet marked with {pi-
rals ftanding up, and hollows interpofled, to which o-
ther hollows and ridges correfpond in the oppofite fur-
face. The outer eminence, called befix, begins above
by a loofe tape, is carrlud round at liberty about the
edge of the upper part of t the cartilage, upon the pofte-
rior fide of which it terminates in the fame loofe man-
ner.  Within the body of the cartilage, furrounded by
the former, arifes a biturcated eminence, meermgr toge-
ther in-one, called the anthelix, which tefminates in a
{mall and ﬂwrt tongue called t]u: antitragus. 'The re-
maining part of the ear, called the concha or fhell, is,
before, hollow ; behind, convex; growing gradually
deeper, with a crooked line or ridge running through
its middle, under the denomination of the concha,
which is immediately joined with the meatus auditori-
us; before which ftands a round moveable appendix of
the cartilage, as a defence, called the tragus.

470. This whole cartilaginous body of the outer ear
18 only lurrounded by a thin fkin, and an empty cellular
fubftance ; it is replenifhed with many {ebaceous glan-
dules, which fupply an ointment. This part is gover-
ned or dire¢ted by certain mulcles, which gumﬂll} lofe
their ufe and aéion, from the cuftom of binding the
head in children, which we are otherwife to fuppofe they
were defigned by nature to perform. ‘The uppermoft

of
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of thefe mufcles arifes thin from the frontal and from
the aponeurofis of the cranium; whence it is broadly
ipread over the aponeurofis of the temporal mufcle, and
is inferted into the anthelix, or neighbouring helix, ac
the fide of the anonymous cavity. lllf.‘ pofterior
mufcles, which are two or three, more or lefs, are more
robuft than the former in a tranfverfe pnﬁtm.h and,
arifing from the fame aponeurofis, are inferted into the
convex part of the conch near the maftoidal bone ; the
cavity of which conch they, doubtlefs, are ncﬁgnﬂd to
open or enlarge. The utt*rmr nlu!"._:f- is one of the
lealt, which, bL‘Iﬂ’" fpread upon thie aponeurofis of the
ttmp[}rah is inferted almoft rrfsmu.rk]}r into the origin
of the helix and neighbouring concha. But the lefTer
mufcular portions, which, t]'wufrn fhort, and not very
confpicuous, look of a red c-JJmlr, are probably of ule
to make fome change in the figure of this part. The
traniverle mulcle of the outer ear, which, for a long
way, conjoins the helix with the anthelix, ferves to
open the auricle.  The antitragic mufcle, defcending
from the root of the anthelix to the antitragus, ferves
to widen the entrance of the conch. The tragicus,
which lies upon the tragus, opens the entrance to the
auditory paflage; and the fmall mufele of the larger
notch or incifure, that lies betwixt the two carﬂlugcs of
the auditory Imiﬁrrc forming the tragus and antitra-
gus, {erves to bring them nearer toge t!tt'l and to ren-
der Th:.. meatus itlelf more tenfe and elal tjr* The re-
maining mufcles, the longer or larger, and the lefler of
the helix, have hardly any’ great uf“ unlefs it be to
tighten or brace up the rrm.h; es whenever we attend
or liften to the hearing of weak founds; and, by draw-
ing together the cartilages, they likewife render the
auditory paflage more firm.

471. Vo the concha is conneéted the meatus audito-
rius, fomewhat of a round comprefled figure, leflening
as it bends inward ; for a confiderable part bﬂnv, and
bent forward in its middle. But, in its anterior and
outer part, it is, in fome meafure, made up by three
mlpt.ritft
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imperfect rings, arifing from the concha and tragus,
and united together, and to the bone itfelf, by interme-
diate flelh, membrane, and cartilage, Upward and
backward, the meatus is completed by a mere mem-
brane. ‘I'bis is the ftate of it in adult perfons; for, in
the fetus and new-born infants, the meatus is wholly
cartilage, and becomes afterwards, in part, a bone by
degrees. '

2. Through the auditory paflage are continued
the cuticle and true fkin, gradually extenuated and ex-
actly ftretched over-the furface of the bone, by which
it is rendered extremely fenfible of any itching pleafure
or pain; and, being replenifhed with irritable hairs, is
by them admonifhed of any fordes or wax abounding,
and guarding from the entrance of fmall infeéts. But,
in the cellular fubftance under the {kin, which is here
more firm, and makes up the greater part of the miem-
brane (471.), in a fort of reticular manner, are feated
numberlefs round follicles or cells of a yellow colour,
which pour out their contents by fhort duéts into the
cavity of the auditory paffage ; at firlt of an oily con-
filtence, but afterwards it becomes more thick, bitter,
and inflammable like wax. This liniment defends the
fenfible fkin and membrane of the tympanum from in-
juries of the air, and keeps out or catches any fmall in-
{ects; but, when accumulated in too great abundance
in thofe whio are flothful or uncleanly, it may be the
caufe of deafnels, or a difficulty of hearing.

473. Into this funnel of the ear the fonorous waves
of the air flow, which, from principles of mechanics, it
muft of courfe colle@t together. The elallic air only
receives fonorous tremors or impulfions ; and transfers
them, either alone or principally, much after the fame
manner as we fee water, without air, transfer any im-
pulfe that is given to it. From henee, the found is in-
crealed in air that is condenfed, and is loft in a veflel
emptied of its air.  But the medium receives thefe tre-
mors, either from fome body ftriking againft it, or from
the air itfelf colliding againft another body, or laftly
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from the collifion of two bodies againit eachr other in
the air. ‘But the body which produces found, ought to
tremble or vibrate in all, even the leaft of its parnr.,lrcs,
fo as to form alternate arches rifing up from the former
{traight furface, and returning beyond the fame; the
curve line of the fame exceeding that of the founding
body. From fuch a tremor, the contiguous air is beat
into waves, whereby the par*w of the air that lie outer-
molt are comprel fed and fly back again fo {oon as
their elaft mt} gets over the :.npuHc* whence the air flies
again towards ‘the fonorous body, where 1t 18 now more
loofe and rarefied, to be there again comprefled by im-
pulfion; and in the fame manner the anterior and outer
portion of air, furrounding that which is impelled, is,
by the action of the latter, mmprrﬂiuﬂ and removed far-
ther from the trembling bu dy, yet fo as to return cl{:,jdltl
in its proper time by thL force of elafticity, driving its
contents to the tremulous body for the exciting ul
new wave, Thefe ofcillations or impulfions of the air
are required to fucceed each other with a certain velo-
city; and, in order to render them audible, they muft
not be fewer than 30 in a fecond of time.

474. Acute founds are, in general, yickded from bo-
dies that are hard, brltti:., and viole mh fhook or flruck;
but grave founds are from the contrary. Thole '[Hi.ll'lli‘:-
mn 5_\LT'|{|11! are called acute, which are produced trom
hore NUMErous tremors in an qu_t.-_li time ; and thofe ob-
tufe, which are pr oduced from few tluno*‘s As to any
medium betwixt acute and grave Emltmx there 15 none
but what is arbitrary, Cords, or other bodies, that
yield the fame number of vibrations in a given time, are
faid to be unifon; as thofe which make L.{mhl the num-
ber of ofcillations in that time, are faid to }’tt']il a tone
that is an oftave or eight notes higher; and other pro-
portions betwixt the numbers of the E'Il‘-'t tions have
different names afligned to them. The fhorter cords
produce fharper tones, and the reverfe, in a proportion
diretly as their lengths ; as thole .which are more
{tretched afford fharper founds in'a fubduplicate pro-
portion
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portion to their tenuity, or to the weights or powers
by which they are {tretched. Experiments to this pur-
pole are very-eafily made with a monochord, or a feries
of chords ftretched with weights.

475. The found, thus produced, whether acute or
grave, {trong or weak, is carried through the air with
a celerity equal to about 1038 Paris feet in a fecond,
and that with an uniform velocity, without abating in
the larger diftances. But a coentrary wind, caufling the
vibrations to extend more flowly, retards the progref-
fion of found about +: eof its velocity. So likewile den-
{ity and drynefs of the air increafe the found, as a rare-
taction and moifture ot the air leflenit. Hence, in fum-
mer time, founds move {wifter ; and in Guinea, it has
been oblerved to pafs at the rate of 1098 Parifian feet
in one fecond of time,

476. The found, thus every way extended, meets
~with certain particles in all adjacent bodies, evenin wa-
ter and mercury, to which it communicates fimilar tre-
mors or vibrations, not only fuch as are in unifon with
the original tone, and which yield a found in a more
particular manner f{enfible, but alfo it excites tremors
lefs fenfibly, even in the other parts of bodies, which vi-
brate in the various proportions of the fcale. From
hence it s, that every found, which we hear, is 2 mix-
ture of the original tone, produced by the trembling
body, in conjunétion with fecondary tones generated
trom the elaltic tremors of the furrounding bodies.
The ftrength ot found is increafed, if one audible or
primary tone follows tlie other fo clofely, that their fuc-
ceflion cannat be diftinguifhed by the ear; but if they
follow cach other fo flowly as to be diltinguifhable by the
car, they produce an echo ; but to produce this, re-
quires an mterval of fix thirds of a fecond of time, or
the diftance of 55 feet betwixt the reflefting or echoing
body and the ear.

477. Sounds, being elaftic, are refleted from hard
bodies in angles equal to thofe of their incidence. But
the fame found, ufhered into the open air, and dilating
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through an immenfe fphere, grows proportionably
weaker: but if it be uthered thmugh a tube, n a cy-
lindrical fhape, the ftrength of it is more confined toge-
ther ; or elfe, by being colleéted into the L:)CL:; of a pa-
mhuia or LHII}rh, it becomes increafed, as we ubfm e
in {peaking-trumpets, from which the vcic::: goes out
parallel to the focus of the parabola, without fcattering
the fonorous rays.

478. Therefore the fonorous waves of the elaftic air,
being driven into the cartilaginous funnel of our ear,
which is naturally inclined forward and outward in an
high fituation, are repelled and collected l'-".lj:.lLtilf.l‘ by
:thf:rnatt: ruﬂncuom {mm its elaftic fides, into the cavi-
t}; of the cnﬂclla hnm whence it procee Lh t]1ruugh :.u,

Cuar. XVIL.

funau* ni t]lL outer ear is arg]:.rt]mn the hg ht or fec-
tion of the auditory paflage. "Through T.lllh paflage,
however cylindrical, the fame force is continued en-
tire forward, and increafed by new refonances, excited
from the percuflion of the elaftic cartilages and hard
bones, fo as to mix imperceptibly with the primitive
found.

479: Morfm'f_‘r, the bottom or end of the faid audi-
tory paflage i1s terminated internally by a thin mem-
1)1::[‘11': called the membrana tympani ; whi ch, in adults,
1s of a roundifh figure, and placed with an obliquity ;
but fo that from its upper ap pendix it proia:(;"rﬂ In-
ward like a fhield, whillt the part which lies above its
middle projeéts into the cavity of the meatus like a
thield. . This membrane of the tympanum 1s compofed
of feveral plates, the firlt or outermolt of which is white
and mucous; the other is a true fkin, continued from
the membrane of the meatus, and of a vafcular texture ;
the third is a dry, rattling, fplendid, and pellucid
membrane or plate, without blood-vefiels ; and thein-
nermoit is t.u vafcular 1 JLrluir[cum of the "!,I.H_.'Ikt{‘.r["i. pal-
fage and tympanuom, mtl 1 a tender cellular texture ly-
ing between. This rm:nmrdm, is mot naturally perfo-
rated with any opening, fo far as I have been be.bdm

il
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3

difcover, and the tranfmiflion of fmoke is fabulons. It
18 L{}l].{t'!.'l‘l.ﬂi.? fo {tretched in the fulcus or groove of the
bony ring, in which it 1s contained, proper to the fetus,
and after the birth coalefcing with thL reft of the os pe-
trofum, that there is no part of the human body to be
found more tenfe or more tremulous than this. - Upon
the furface ot this Inrinmanc, and more efpecially upon
its conical cavity pointing inward, the {fonorous waves
ftrike, after they have received their laft reflections
from the auditory paflage, by which the elaftic fabric of
this membrane is forced into ofcillation.

480. This membrane is ftretched over a cavity of
the os petrofum, called the tympanum ; which is, for the
moft part, of a roundith figure, but not rf:gui;u])f fo;
being divided in ltb middle mtu two by a promontory,
and in the adult is increafed backward by the cells of
the maftoide bone, which are abfent in the fetus. But
allo, m its upper and anterior and polterior part, the
tympanum has hollow cells, and is lined with a vafcular
membrane, receiving {mall branches from the internal
carotid, and from a branch of the artery of the dura
mater, which laft pafles through a fiffure in the aque-
duct, and it has others from the external arteries of the
tympanum and from the ftylo-maftoidea. It is common-
ly full of a mucus, poured into it from the Euftachian
tube, and is divided by various membranes into a kind
of cells, namely, by productions of the periofteum to
the little bones.

481. Within this cavity, three of the larger bones of

bearing, together with a fourth which is lefs, are ful-
pended moveably. And firlt, the malleus or hammer
lies with its upper round head refting upon the conca-
vity’ of the tympanum, from whence the -handle of it
is extended down, along the membrane of the tympa-
num, betwixt the ]}]'dlc‘s of it : having reached as low as
the middle of the membrane, it tcr ninates by a very
clofe cohefion, with a broad extremity a little incurva-

ted outwards. - The fame bone is, moreover, connec-

ted and f{uitained by a peculiar ligament of its own,
joining
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256 HEARING. Cuar. XVI,

joining it to the longer leg of the incus; and another
membrane ferves as a fecurity near the longer procefs
of the malleus. This bone drives outwards the mem-
brane of the tympanum, which is fpread over the
fhorter and conical procefs of its handle. From the
fame place of this bone a I}man, long, and flat procefs,
goes out forwardinto a fulcus of the tUhE. It is articu-
lated with the incus by two heads, having protuberant
lines with a fulcus in the middle, and all of them ob-
lique.

482. In the malleus are commanly defcribed three
mufcles: the firlt and internal of which, called tenfor
tympani, being the largelt, is lodged in a particular
groove within the tube, with which it proceeds paral-
lel; and, rifing from the procefs of the multiform bone
between the paflage of the cerebral carotid and the hole
of the artery of the dura mater, bending round a pully,
is inferted Lw ts tendon refle Ltn& outward and downward
into the h:,ynmn;ruf the handle. The fecond mulcle arifes
from a fulcus in the fame h_l]h , but L\,_erLh thorter
than the former, and carried back almeft in the fame
manner, but without being refieted: it adheres by a
confiderable extent to the longer procefs ; and the
fame is fulpected to be but little different from the red
pulpy membrane. The third mulcle of the malleus,
which arifes from the auditory pdf'df*t.ﬁ. pafles thro ugh
a notch in the broken or mttrru[}tui ring of the tym-
panum, and is inferted juft by the fhorter procefs into
the malleus; and this, which is by fome faid to relax
the membrane of the tympanum, has never been feen
with fufficient certainty neither by mylelf, nor by the
moft eminent anatomifts. For the reft, by means of
the tenfor of the malleus, the membrane of the tym-
panum is difpofed for the hearing of weak founds ;
as the other mufcle ferves to moderate in too violent
{founds, by drawing the malleus from the incus; by
which therefore the propagation of the fonorous tre-
mors is interrupted. If the membrane of the tympa-
aum be broke, or the bones of hearing diflocated, the
perfon
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perfon becomes at firft hard of hearing, and afterwards
perfectly deaf ; this part being the feat of that flight
hearing which is propagated through the bones of the
{kull.

483. The malleus returns the tremors imprefled
upon the membrane of the tympanum to the incus,
which 15 a fhort thick little bone, articulated with the
tormer behind by a broad furface, with two fulci and
amiddle eminence. The fhorter leg of this bone, whofe
little body is bifurcated, being fufpended by a liga-
ment, is held firm into a fulcus proper to the bone.
Another longer one defcends parallel to the malleus ;
and, by a fomewhat crooked extremity, is adapted to
to the fourth orbicular bone which it receives, convex
on one fide, flatter on the other, and refting upon the
ftapes, to which its protuberances are imparted.

484. The flapes, aptly enough fo called from its fi-
gure, lies inclined, but more backward than forward,
with a hollow head that receives the incus, from whence

proceed two little crooked legs, the polterior one of

which is largelt : but below, its oval bafis is occupied
by an aperture of a correiponding figure, commonly
called the feneftra cvalis. Here the legs, which are
fulcated inwardly, are conjoined by a tenfe membrane
affixed to the hollow bafis. This bone of the ftapes is
covered by its own mulcle, which being included in a
bony papilla or cafe, fends out a fmall tendon, which
13 inferted under the incus into the head of the ftapes.
Hence it feems to draw the ftapes, that it may lie higher
up, under the back part of the feneftra ovalis, and pafs
out of it before. Thus the nervous pulp of the vefti-
bulum is prefled by the bafis of the ftapes, and by the
air of the tympanum. The whole courfe or feat of the
{tapes is feparated from the reft of the tympanum, by a
membrane proper to itfelf,

485. A [mall roundifh oval-fhaped bone, here and
there greatly excavated, is here fixed to the longer leg
of the incus, and from thence goes to the fmall head of
the ftapes,

486, There
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486. There are various channels which pafs out from
the cavity of the tympanum. Above the two la arger
bones behind the polterior leg of the incus, is a finall
cell, a kind of appendix to {|1" tympanum, L}i the figure
of 2 gnomon.  Behind that, the fmall cells begin in the
os petrofum, above the n':l_.m:l::rdf prn-:,u_ih_ Below
thele, that procefs is excavated in an adult by various
{fmall caverns.

487. From thence the proper canal, going out for-
wards from the anterior extremity of the tympanum,

emerges from the bones lying between the os multifor-

me and the offa temporum 3 and is joined into a corre-
{ponding t]i.ptlfal and div erging cone, partly membra-
nous, and in part made up of cartilages of a variable
ftructure : it opens by a very ample elliptical aperture,
turning mwtini and forward behind the nares, into the
cavity ::ui the fauces: it is lined: with a porous mem-
brane, full of crypta and mucous cells, continued from
and like unto the membrane of the nares. Thisis the
tube which, by the a¢tion of the circumjacent mufcles,
may be comprefled and clofed, and probably a little re-
laxed and opened again, by the circumflex mulfcle of
the moveable palate. By this canal the infpired air
enters into the tympanum to be changed or renewed,
and the furrounding mucus of the little bones and o-
ther parts are this way depofited : nor is it at all impro-
bable, that the air enters by this tube, to fupport the
tympanum, when it is pulml inward b» the more vio-
lent iuum!:«, for founds themfelves, received into the
mouth, are this way conveyed to the organ of hearing.
In infpiration, the air prefics the membrane of the tym-
panum outward: and from thence proceeds that clafh-
ing or whifpering noife, by which the hearing is obfcu-
rui when the mouth is held wide open in }uwnngf
for then the air entering more abundantly through the
cavity of the tube, to the tympanuim, refifts the tremors
of thf: external air.

. Two other paflages lead from the tympanum
to the labyrinth, or innermoflt chamber of the ear.

And,
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And, again, the feneftra ovalis (484.) not covered by
any membrane, leads into the veftbulum ; which is a
round cavity, formed in a very hard part of the os pe-
trofum, that lies near the inner part of the tympanum.
In that cavity are three recefles; of which the upper
one is clliptical, the lower one circular, and the third
like a furrow. There is a nervous pulp in the veftibu-
lum, diftinguithed from the parietal bone by the vapour
furrounding it. Into this open the five mouths of the
three femicircular canals, the foramen ovale, and the
paflages of the nerves and arteries,

489. In the fetus, thefe are formed of a diftinét hard
thell, which, being furrounded with a fpungy bone, are
lodged in a cavity of the os petrofum ; which, in adults,
is extremely hard, extended into fegments fomething
larger than femicircles, which have an ample opening
betwixt them. The larger pofterior and lower of thefe
circles, is perpendicular ; alfo the middle and upper one
is placed towards the perpendicular: but the outermoft
and leaft is horizontal. The inner mouth or aperture
of the uppermolt of thefe meets with the upper open-
ing of the pofterior ring, and both join into one.

490. But the cochlea is a part ftill more wonderful,
feated in- an inclined pofture within the atterior por-
tion of the os petrofum. Into one part of this cavity
opens the veftibulum ; and into the other the fenefira
rofurida of the tympanum, which is concealed behind a
protuberance in the bottom of the tympanum. The
cochlea itfelf is made up of a nucleus of bone, of a co-
nical figure, with its apex inclined inward; divided by a
middle fulcus, both through its bafis, and through its
whole length ; and perforated with innumerable fmall
foramina into the tubes, which are called fcale, termi-
nating in the middle of the fecond fpiral. About this
nucleus are wrapt two turns and a half of a canal ; which,
in the fetus, is made up of a diftinét fhell-like fubftance,
peculiar to itfelf; and, in the adult, is united nto one,
with the adjacent bone: and this winding canal dimi-
nifhes gradually in a conical figure, from the two fore-
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mentioned openings towards the tip of the nucleus. It
15 bilocular, or made up of two apartments, divided by
a partition called Jamella fpiralis. 'This, at its larger
end, is borry, and extended out of the nueleus, at right
angles, into a cavity ; is ftriated, and every way wrapt
up by the internal periofteum as in a caplule.  Ano-
ther external part hereto belonging, is a membrane,
u"!;iclt likewife divides the canal : thus there are formed
two diftinét femicanals, called feale. The interior and
poiterior of thele canals lnigma from the fenellra rotun-
da, where it 1s [hut by a membrane, and is called the
Jeala tympam ; the other begins belore, from the vefti-
bulum, from which it has its name. In the tip of the
cochlea is formed a third cavity, thaped like a funnel.
Into this the fpiral lamina terminates by a mnembrana-
ccous extremity, but fo that the funnel communicates
with them by a {mall hole on each fide; but, in many
bodies, it alfo communicates with the cu.wn' I the buc-
ket that is filled with-the nerve.

491. The blood-veflels of the outer ear come from
the temporal, or proper auricular branches; thofe to th
membrane of the tympanum are either from the tem-
poral, from the ftylo-maltoideal, or from both ; thofe of
the meatus auditorius come from the former j thofe to
the tympanum were defcribed (480.); and the veflels
belonging to the veltibulum, cochlea, and femicircular
canals, are from the vertebrals and ftylo-maitoideals.
The induftry of late anatomifts has difcovered veflels
of a particular kind, proper for carrying back liquids
from the veftibulum into the tranfverfe finus, from the
cochlea into the cavity of the fkull.

492. It now remains that we defcribe the nerves de-
ftined to the [enle of hearing, of which the principal is
that called the feventh (357.) This nerve enters into
the internal auditory finus of the os petrofum, in the
blind end of which it divides, The fmaller part of the
nerve is fent upward, through the opening of a canal
m the finus; whence pafling tranfverfely, it is after-
wards bent behind the tympanum, In this part defcend-

ing,
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ing, it gives off a branch through a peculiar channel to
the tympanum, which afcends betwixt the malleus and
incus, and goes out of the tympanum, through a fiffure
behind the articulation of the lower jaw, afterwards in-
ferting itfelf into the nerve of the tongue (457.); the
reafon of which fecret communication is obfqure, but
{erves to explain the confent of the teeth {et on an
edge by tharp founds, a removal of their pain by burn-
ing the ear, &c. The reft of the nerve, elcaping by the
fides of the ftyloide procefs, is diftributed through the
external ear, the parotid gland, a large part of the face,
and upper part of the neck, both cutaneous and muf-
cular ; and in the face forms numberlefs inofculations,
both betwixt its own branches, as well as with thofe of
the firft, fecond, third, and fifth pair; and it likewife
communicates with the eighth pair, and the third cer-
vical pair. But to the immediate organ of hearing it
lends cither no branches, or at leaft very fihall ‘ones.
‘The outer ear again receives other nerves in its fore
part from the third branch of the fifth pair, and in its
back part to the fecond and third of the cervicals.

493. Butthe /ot portion of the auditory nerves arifes
larger, but more oblcure, from the fourth ventricle of
the brain itfelf (357.) and enters by very minute threads
through exceeding {mall holes of the inner auditory fi-
nus, which go in part to the veftibulum, and in part to
the furrow of the cochlea. The branches in the vefti-
bulum form a pulp-like tender membrane, which is e-
very way extended thro’ the femicircular canals,  The
other part entering the furrow of the cochlea, has an
obfcure termination.

494. With refpedt to the nerve which is diftributed
through the veftibulum and femicircular canals, there
is no doubt but it is ftruck by the tremors of the ex.-
ternal air, propagated to the ftapes; from whence the
tremors immediately pafs through the oval feneftra, to
prels upon the naked pulp of the nerve. That part of
the nerve which enters the cochlea, is altogether ob.
icure in its termination., It is probable, that fmall
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branches from thence pafs through the little foramina
(490.) to the periofteum of the cochlea, and to the
membranous part of the fpiral partition. Do the tran{-
verfe nervous filaments pafs out from the nucleus of the
cochlea, all the way fucceflively fhorter through the fpi-
ral plates? Is it the organ of hearing? Thefe are que-
ftions, which we are yet hardly able to refolve from a-
natomy; though this feems repugnant to the courfe
which we obferve nature takes in brute animals, in
birds, and in fifhes, who all hear very exquifitely with-
out any cochlea. HHowever this may be in the human
body, it is there probable, that the fpiral plate, fpread
full of nerves, is agitated with tremors from the ofcilla-
tions of the :11(:'11111';;11{: of the tympanum, by which the
air in the cavity ot the tympanum is agitatad, fu as to
prefs the membrane of the round feneftra, ‘\-‘-h ch again
agitates the air contained in the cochlea.

495+ The preceding conjedture is indeed L]ngﬁl;
fince the fpiral plates make up a triangle, ending in a
fhort point towards the tip, by which it may be concei-
ved to contain an infinite number of nervous cords,
continually fhortening in their length; and by that
means adapted to an harmonical unifon or confonance
(474.) according to the variety of acute and grave
founds, fo as to tremble together at the fame time with
molt of them; namely, the longeit cords in the bafis of
the cochlea, with grave founds; and the fhorteft cords
nearer the tip or apex, with the fharper founds. Whe-
ther are founds perceived in the middle femicircular
canals, when thefe alone are found in all clafles of ani-
mals? Are they detained in thefe canals, in the cochlea,
and by the membrane fufpended through the veftibu-
lum? This feems probably the cafe.

496, From what has been faid, it appears, that the
c.g.{m: waves or tremors of the air arrive through the
outer ear and auditory paflage, to the membrane of the
tympanum; which bein g inj mu]., and not repaired, the
hearing is totally deftroyed. Thisfeemsto be ftretched,
for hearing weak founds, by th= mufcles of the malleus,
From
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From this membrane the found is conveyed through
the fmall bones to the veftibulum; for thefe bones be-
ing deftroyed, the hearing is again abolithed. The
bony fides of the veftibulum, by their tremulation, agi-
tate the fmall quantity of aqueous fluid furrounding the
ngrvous pulp. It feems to be ftruck by the nervous
pulp fufpended in the veftibulum, and that tremor to
be continued through the continuous pulp of the
cochlea and femicircular canals. Of more than this
we are not certain: but, by undoubted experiments,
tremors, and even elaltic founds, communicate them-
felves b:r the internal Euftachian tube, and through all
the bones of the fkull, fo as to imprefs their force upon
the auditory nerve,

497. The diftinttion of founds, doubtlefls, proceeds
from the celerity of the tremors excited in the hearing
nerve, according as they fucceed each other more fwift-
ly or flowly, in a fhort time; in order to which, it is
not neceflary the mind fhould number them ; it is fuffi-
cient that fhe perceive their numbers to be different, and
that this difference excites a variation in her thoughts
and ideas thence arifing. - Whether the harmony or
agreeablenefs of founds arifes from the number of parts
founding together in unifon ? and whether the mind,
ignorant of herfelf, numbers the degrees of confo-
naiice, fo as to pleafe herfelf in a majority of them?
thefe are queltions denied by the moft expert mufi-
cians, ‘'who make it appear, that there is an agreeable-
nefs, and that very confiderable, in founds approach-
ing thelealt to a confonance, and which lies in-a pro-
portion very difficult to determine.  Why do founds
often become too fharp for the ear? Our auditory
nerves feem to be ftrained upon the [piral plates, in
fuch degrees as to be in danger of breaking, after the
manner drinking-glafles may be broke by fharp founds,
and as the hearing is fometimes almolt loft for a while
by the violently fhrill whiftlings of the inhabitants of the
{Canary 1iflands,
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498, S'the organ of hearing perceives the tremors

of the air, fo the fight perceives thofe of
light: and as the firlt confifted chiefly of bony organs
capable of making a refonance; here, on the contrary,
the greater part of the eye is compofed of pellucid hu-
mours capable of refraéting the more fubtle medium of
light : but the complexity of this organ was neceflary
for the defence of its tender parts, and from the diver-
fity of the feveral humours, to be contained each in
their proper integuments.

499- Qutwardly, a defence is afforded to this organ
by the eye-brow or fupercilium, which is a protube-
rance of the fkin, fultained by mulcles, at the bottom
of the forebead, full of thick hairs, lying over one an-
other like the tiles of a houfe; and capable of being
pulled down by the ation of the frontal, corrugator,
and orbicular mulfcles, {o as to afford a fhade to the eye
in too ftrong®a light. After this office is finifhed, the
eye-brow is raifed again, by the infertion of the frontal
mulcle, thin and flefhy, immediately under the conti-
nuous fkin, faftened to the cellular membrane of the
{kull, which is of a fhining fubftance, and not far diffe-
rent from the nature of an aponeurofis, which, being
of a long quadrangular figure, is drawn backward by
the occipital mulcle. A depreflion of the eye-brow
ferves alfo to exprefs concern of the mind; as an ele-
vation of it denotes the mind to be in a ferene quiet
ftate. This guard alfo conduces to throw off the {weat
and retained duft, or the infefts which might fall into
the eye.

500. The eye-lids, or palpebrz, are placed ftill nearer
guards before the eye. Here the folds of the fkin,
which are thinly extended, from that of the face, run
out
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out in a confiderable length, and are refleéted back
with the cellular fubftance interpofed betwixt the outer
and inner plate; the latter of which becomes then a thin
valcular membrane, and therefore of a red colour, ex-
tended belore the globe of the eye, and fpread in its
toremolt part upon the {clerotica, under the denomi-
nation of conjunctiva tunica. This prodution of the
fkin is every where covered by another of the cuticle,
even where it s clofely conjoined with the cornea. The
upper eye-lid is larger and more moveable : the lower
15 fmaller; and rather oblequious to the motion of the
other parts, than moved by any particular forces of its
own. ‘Lhe nerves, which give fenfibility to the eye-lids,
are numerous, from the firll branch of the fifth pair,
and likewife from the fecond, and from the hard branch
of the feventh pair ; they abound with arteries from the
ophthalmics, and from the branches of the tempo-
rals, internal maxillaries, infra-orbitals, and others of
the face.

so1. That the eye-lids might fhut together more
exacltly, they have each of them a cartilaginous arch,
called farfus, upon their margins, which meet toge-
ther. It is flender, of a lunar figure,= extenuated
outward, and ferves to hinder the eye-lid from falling
into wrinkles while it is elevated or deprefled. The
clevation of the upper eye-lid is performed by a mufcle
arifing from the involucrum of the optic nerve gradual-
ly fpreading, and extended by its expanfion to the tar-
fus, This elevator is confiderably affifted in its action
by the frontalis, and by various connetions with the
orbicularis drawn up or dilated by the former. The
upper eye-lid is depreffed by the orbrcudaris mufcle;
which is broad and thinly fpread round the orbit, under
the {kin of the eye-lids, to each angle of the eye, which
ferve as fixed points to this mufcle ; and it adheres to
the os frontis, where that bone joins the upper jaw,
and then its fibres are inferted into the os frontis and
neareft parts of the upper jaw. The fame muflcle ferves
to clevate the lowgr eye-lid, and covers the eye in fuch
A
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a manner that no duft or light can enter it in fleep.

The lower eye-lid is deprefled by a double portion of

fibres, inl ferted into the upper ]E[L

so2. Finally, that the protuberant margins of the eye-
lids might not injurioufly beat againft each other, the
ctita or rails of hair are placed 1|Jrr:.m Ing outwards, in a
row, from the edges of the eye-lids, ot different iuwtln
w l‘th by crofling each other make a blind or fhade. Thefe

e of ule in more diftintt vifion, by excluding the ex-
traneous rays, when we require a diftinct reprefenta-
tion of any objeét.

503. That the eye-lids rubbing againft each other
might not grow together, they are fuppht;u with a row
of ,r”mr*.:rrm glandules, firlk noticed by Meibomius ;
namely, about thirty little gut-like cells or more in L.L:_l
eye-lid ; placed in rru.Lr.,ll according to the length of
the ]nl, without ever branching, but LU:l‘I]]{}lLd of pe-
culiar blind finufes, which end at laft in one larger fer-
pentine duct, opening by a mouth in the margin of the
eye-lid itlelf. Thele difcharge a foft liniment, which
mixes and wathes off with the tears.

so04. But the perpetual attrition of the eye-lids a-
fcending and delcending againft the globe of the eye,
is prevented by the g|1iz|1!|'ff wamour called fears ;
which preferve alfo the tendernefs. of the membranes
and of the cornea, and ferve to wafh out any infeéts
or other fharp Lu.pdlt_‘lu. Thefe form a faline pellucid
liquor, that may be evaporated, and never ceales to
be poured over the anterior furface of the eye; but ne-
ver runs over the cheeks, unlefs collected together in
a larger quantity from Ium-:, caufe. This |Et1utlr IS €X-
haled partly from the arteries of the conjunctiva, as we
fee from an imitation of nature by injefting watcr : and it
is in part believed to proceed from a gland feated ina
recefs of the orbit of the os frontis, fomewhat hard, and of
the conglomerate kind ; intermixed with fat, and paint-
ed with many blood- veffels from the nphthahmc-. and

internal maxillaries ; and interfperfed with many fmall
NErves

=
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nierves arifing from a peculiar branch of the firlt trunik
of the fifth pair.

505. I'rom this lachrymal glandule in horned cat-
tle defcend three, four, or more vifible duéts, which
open on the inner fide of the conjun&iva, upon the
eye-lid. In man thefe ducs are lately found out, ac-
cording to credible authors. The feparation of the
tears is increaled by the more frequent contraftion
of the orbicular mufcle, either from irritation, or foine
forrowful paflion, by which means the tears are urged
over the whole furface of the eye and conjunéiva, which
they waih.

506. After the tears have performed their office,
fome part of them flying off into the air, the reft, thac
they might not offend by their quantity, are propelled
by the orbicular mufcle, towards its origination next
the nofe; to a part which is the lowelt of the palpebral
margins.; which not being furrounded by the tarfus,
does therefore not meet exaétly together, Here a ¢a-
runcle full of febaceous hairy follicles, of an oblong
figure, interpofes and feparates the meeting of the
eye-lids, at the fame time furnithing a liniment to thofe
parts which have none of the Meibomian duéts, Be-
fore this part is extended a finall portion, like a little
eye-lid; which, delcending perpendicularly, joins the
true eye-lids, and is larger in bealts than in men ; but
at the beginning of this fpace, betwixt the eye-lids, in
which the tears are colle¢ted, both in the upper and
lower margin, a little papilla ftands out, having each
of them one opening, furrounded by callous flefh,
which are perpetually open, unlefs when convulfively
clofed. "This opening, which is called the punéum la-
ehrymale, drinks up the tears from the finus in which
they are collected ; and this partly by tubular at-
traction, and partly by impulie from the orbicular
muicle. If thefe points or openings are obitruted, the
tears run over and excoriate the cheek, '

507. From both points proceceds a fmall duct, both
from the upper and the lower eye-lid, much wider than
: Kk the
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t ik the opening itfelf, but thin, and included in the fkin;
| one of which goes downward above the caruncle, and
the other goes more tranfverfcly inward and under
it : thefe both join together, and are inferted by two
e mouths near the uppermolt part of the lachrymal fack:
| thus it is called a cavity, formed in the os unguis and up-
F.- : per jaw, lined with a membrane, which is at firlt cellu-
i lar, but harder, and as it were of the nature of an apo-

neurofis ; then by another red and pulpy one, continu-

ed from the membrane of the nares, pervious to the

exhaling dew, and fomewhat of an oval figure. From
i | the fame facculus is continued'a duét, which defcends
i a lietle backward into the nares, opening there by an
h" oblique oblong aperture at the bottom of the meatus,
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covered by the lower os {pongeofum. Through this
paffage the fuperfluous tears defcend into the nole,
which they in part moiften (464.) A mulicle is by fome
afcribed to this fack; but it is not yet fufficiently con-
firmed.

508, The globe of the eye, comprefled before, but
longer than it is broad, is feated in the cavity of a bony
orbit, which is almoft of a conical figure, made up by
feven bones which are in the back part; and on the
inner-fide perforated or interrupted by larger fffures,
from whence the bones, widening forward, defend the
cavity on all fides. But as this is larger than the eye
itlelf, the excels is on all fides occupied by a very foft
fat, furrounding the globe of the eye, that it may both
fill and have a free motion within the orbit.

s09. The eye begins from a confiderable nerve, by
the expanfion of whofe coats thole of the eye itfelf are
compofed. The origin of this optical nerve we have
already defcribed (357.) Its progrefs is acrofs the
crus of the brain, where it joins with its fellow nerve
il from the other fide, and coheres therewith for a confi-
derable length by a large portion of medullary fub-
it ftance ; fo that the right goes to the right eye, and the ;
i Jleft to the left eye, yet not without fome conjunction of |
it of both medullary fubftances. The nerve, tlu:rcil;rc,
| taus
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thus enters the orbit a little infleted, of a figute fome-
what round, but comprefled ; and is inferted intothe
globe of the eye, not in the middle, but a little near-
er to the nofe.

sto. The nerve having reached the eye, depofitsthe
inner plate of its dura mater, which it received in the
opening of the fphenoidal bone : and this being ex-
panded and rendered thicker, makes up the firlt coat of
the eve, called felerotica. The other outer plate of the
dura mater, receding from the former, makes up the
periofteum of the orbit : but the pia mater, which is
in this nerve very diftin and full of veflels, expands
itfelf as before, fo as to form a thin dark-coloured li-
ning to the {clerotica. The remaining inner medul-
lary part of the nerve, continued from the brain, but
divided inte filaments by the cellular fubftance, is con-
tracted into a deprefled white conical papilla; after
which it is again expanded upon the inner membrane
of the eye, fo as to form the retina.

st1. The feelerctica is in general winte, tough, and
furnifhed with few veflels, refembling the nature of the
cutis or fkin, of a figure completely enough globular,
but comprefled or flattened before, and of a preater
thicknefs backward. To the fore-part of this globe, cut
off circularly, is prefixed obliquely a portion of a more
convex but lefs {phere 5 pellucid, and made up of many
fcales or plates, replenithed with a clear water and pel-
lucid veflels, very difficult to demonflrate ; infenfible,
and almoft circular, yet broader at the nofe than to-
wards the temples : it is termed the cornea, thro® which
the light paflesinto theinmolt part of the eye. This greedi-
ly imbibes water, and fweats it out again. Before the an-
terior and flatter part of the fclerotica, and alfo before the
cornea, the conjunétiva is detached from each of the
eye-lids, and clofely conjoined to the fclerotica by a
proper cellular fubftance, that may be inflated (500.);
which is replenifhed with veflels, partly red, and part-
1y pellucid continuations of red ones.

s12. The origination of the chorsides is from the cir-
K k2 clm-
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cumference of a white circle, tLr'm'munq the fubftance
of the optic merve, in that part where the retina and
the central artery are expanded from it, and perforate
it by many fmall foramina. From hence it fpreads
within the fcle rotica, concentrically adhering thereto
by a cellular fubftance and many veflels, which enter
from the choroides into the felerotica. This membrane
1s outwardly of a brown colour, but inwardly of a mere
ruflet brown or almolt black, both which colour and
{urface are feparable by maceration; the innermolt may
be diftinguifhed by the name of Ruyfech ; but grows
white thmuﬂ age. When this has r‘-.!r_m;u:f itfelf
as far as the beginning of th