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eMarch 28, 1683,

"n Rdered, that the Three Anato-
mic Letlures read on the 19, 20,

and 21 days of this prefent Month, in

the Theatre of His Majefties Royal

College of Phyficians in London, by

Dr. Walter Charleion, Fellow of the

fame College, be forthwith Printed,
and Publifhed.

Tho, Coxe, Prefident.
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PRALOQUIUM.

PR A SE S, mandatum tuum, nt ad Saxum hoc
anatomicum hic- denuo volvendum me accingerem,

ad obfequinm paratis accepiffems 5 mox apud me ultro ci-
trog; agitare capi, gfﬁ)dﬁfﬂﬂ? argumenti genns pre cateris
mihi [eligerem, quo & Excellentix tne expectationi ali-
guatenns [atisfacere poffem, fimnl & ceterorum ¢ Dotifli-
mis meis CDlIegiS (gffﬂmm hic ﬁ.s:rrem video tota wrbe
delibatum ) anfenitationi prolixins gratificari. Plurima
guiddm tunc temporis anxis ac in diver[a diftracte fefe
offerebant menti, nec ad graticm vulgi conciliandam for-
taffis incommoda :- Sed Principum virorum, quos in cele-
berrimo hocce Theatro placide confidentes-venerabundus
afpicio, erudita curiofitate pror[us indigna judicabam om-
nia., Tandem verd animo [e meo ingeffit [ummum illud,
necdum etiam Medicorwm vulgo [atis intellectum Natnre
myFerium, Sanguinis, nempe, motus Circularis : quo de
quidems plerique omnes Ps{fjf’fm gefﬂéfmr garrire; pancos ta-
men veperias, qui de canfis ejufdem, de conditionibus atq;
“circumftantiis, & (quod caput eftrei) de ratione Mecha-
nica cogitarunt unquam & (quod ferio dolendum ) ad-
buc panciores exiftnnt, quimal [e habentibus confilinm.
daturi, ve[picere [oliti fint ad fidiffimam illam morbis five
acutis, five chronicis medentium Cynofuram: His ego
igitur adeo pudendam, adeo etiam valetudine adverfa lan-
e ntibus Pfriquﬁzm RURC AErnm ut eXcntiam incuyiam ;
atque aliquod remedinm illorum infcitie adhibeam : me-
cuim [Fatuiy arreptd hic nuper demandate mibi provineie
gccafione, dewveris, hos ¢ff, Mechanicis caufis, quibus in
orbem perpetud [anguis movetnr, pro ingenioli mei tenni-
tare.

C V M non ita pridem, Clariflime, Ornatifliméque
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Praloquium.

tate, inquirere.  Affulfit quippe animo [Pei [eintillula que-
dam, ex iis, queiftdde quaftione apud vos dicenda habeo,
Incis nonnibil afferri pofle ad eam penitis explicandan,
Ruamobrém, ne fpem alwifle videar inanem,” permiff
veftro primum agam de Sanguinis per venas ad Cor ye-
currentis wmotu rapidifimo, itemque de caufis iftins tante
welocitatis : dt:iné[pc Cordis ipfius conformationem Orga-
nicam pﬂ:ﬁm!abﬂr : o poltremo conabor caufas cordis
Pulfationem efficientes, qua haltenus omninm elufiffe vi-
deatur Anatomicorum [olertiam, explorare. Hee autem
dwm viritim enucleare molior, clavioris doirine gratid,
demonfirationes aliquot Mechanicas, ad iaflitutum mewm
apprimé facientes, ex Alphonfi Borelli, omninm qups-
quot hoc [eculo noftro floruére, Mathematicorum facile
Solertiffimz, fcriptis mutnabor ; omittendo interea catero-
rum fere omnium, qui poft Harveum zoftrum de Civeyi-
tione Sanguinis confcripfernnt, opiniones; idgue ne aut
tempus fruftra couterere, aut memorie veftre fidelitati
i;jﬁ&fre cenfear, Habetis itague, Auditores A quiffi-
M, prefentis mei [ummans confiliz, earumque gu€ digere
aggrediory feriem. Quam dum ingenii toto impetu per-
Sfequi contendam, noloexiftimetis, me mibi veritatis ar-
bitrium. arrogare, Semper equider vernm quere ; quin-
etiam, Seneck illuflri exemplo animatus, quera [ive in-
veniendi [pe » tantum abeft nt credam, effe me aliis docen-
dis parem. Neque etiaim aded [ums mihi Suffensts, ut cy-
J4[Gram expeitem conatibus meis applaufum, Novi enim,

Mud animum solicibue quanzdifficile fit, & diligentie laudem, [imul & g¥atism
i shudivs @gram. celeritatis mereri.  Caterum wnum illud me folatnr, - quod

solabur ac Peficik) queo

anr u{i Il i " = # W
L Mfiﬂ'ﬁ“‘_z apudk prudentes viros, quibus non ignotum, quam fit ar-

wm enb, I"H‘-d
wnkabi , Laudem afferye,

ferme rebus [ud matwrd difficillimis venia fit prolixior

aunimy nOVIs antoritatens, obfcuris lncem, dubiis fidems
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PRALECTIO I

Of the Circular Motion of the Bloud, and the
admirable EfteCts thereof.

of various Ferments, congenial to and perpe-

tually refident in the various parts, principally

in the Vifcera of Sanguineous and more per-

fe&t Animals, {eemed to many of the Pirzuofi of this
our inquifitive age; that they have not doubted to
afcribe tothem a powerful energy and neceflary in-
fluence in all the divers Motions, all the Mutations,,
all the Conco&ions,all the Secretions,and other opera-
tionsinftituted by Naturein {fuch Animals, either for
theconfervation of them in their {ingle beings, or for
the propagation of their refpettive Species. Nor is-
it eafie for us to name any particular funétion, any-
a&ion, though really -and manifeftly Organical,
which the Sectators of)ihis Hypothelis will not pre-
fently attribute to fome peculiar Ferment lurking and
operating inthe part, by which that action is done, .
and conferring ( forfooth ) fomewhat of eflicacy to-
ward the doing of it : as if the organical conftitution
of that part were infufficient to the funCtion and ufes-
for which it was defigned, without the help and co-
operation of a Specific Ferment ; or as if the whole
Animal Oeconomy depended upon no other Harmo-
ny butthat of numerofe Fermentations. Ina word,,
they make them only not Omnipotent. As Heracli-
" 4743

SD plaufible and favourable hath the Hypothefis
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2 Of the Circulation of the Bloud.

Diogen. Liert, Hﬁ the Epﬁﬂﬁﬂz dreamed [?mﬂm 4«13;5&:1: eval :5 diees
o oiva Herd- prgyay wipn ] that all places are full of Spirits and Die-
mons, that prefided over human attions: So thefe
Gentlemen imagine all the parts of Animals to be
full of Iknow not what Spiritual Ferments, that by
occult influence regulate and diverfifie their functions.
And this Comment many have endeavoured to affert
by their Writings, with as much confidence, as if
the verity of it were evident, cither from cogent rea-
fons, or by Autopfy : when in truth thc}; are no
more able to prove by {olid Arguments, or by fen-
} fible demonftration, the exiftence of many of their
imaginary Fcrmcnmtwcllquﬁrs or Spirits in the dif-
{eCted parts, to which they are pleas’d 'to confign

ﬂwr imrcmpwﬁﬁ%}thcm, than Heraclitns was able to exhibit to mens

1Y Phed pag- light any one of his Damons. 1 fay, many of their
*‘f *“rﬁmﬁﬁ

imaginary Ferments ; 1do not fay, asy. Becaufethe
,,,j cven the fmﬂ"“& Acid Phlegm found in the Stomachs of various ~Ani-

| A § {J’I
nak to Tﬁ‘{ .::fi :’:"4{ J]‘IEIIE:, ma}r perhaps fo far emulate the nature of ‘a
ing [7 A

o) 'dygeshivum M heFerment, as to deferve the fame name. - For being
Wﬂf endowed with an incilive, penetrating, and dif-
sure (a5 for TeHR folving faculty ; ‘tis not 1mpr0babiﬂ but it may con-
i?ﬁ"} ot e digedton duce to the diffolution and liquation of folid meats,
¢ aliments were mM9eand rooether with the drink, lerve, as a fit ,Tlffe:zﬁm-
Gy wn "“‘fﬁ {i’;:;f;,,, um, to.extralt the laudable "and alimentary parts of
k‘;zy““jﬁ;” i ffrrnes ith-:m ad modum tinéfure,  But this liquation of folid
| fﬁ; skewld B¢~ meats in the Stomach, feems to be effected by mo-
frome va Fftirf‘:’f: tions placid, gentle, and 1mpercepnblﬁ in the ftate
Sémf" “.gdl :1’*;’!’ Ao <of health; not by thole violent commotions and ‘ir-
Nmf Jut Har weuldrequiet agitations that always proceed from, and ac-
ot Eind m-E‘ «frm H‘mmnpzmy Ferments properly {0 call'd, during cheir
,?(,,rfmq £ ; #d u, _working : as all men that enjoy gum{ health, -feed
Lom fw { « ause I0berly; and keepa regular courfe ot diet, may eafily
,% whd‘c; oblerve in thﬂm[ehes And therefme this -Acid
5l e 3 7 g *#Phlegm cannﬂ&pmwclly, and in Philofophical ftriét-

‘aﬂ!.{. f.-_’-l .“ .;.fq'_qj- m_ .F‘E. 5 ; oyt il fed‘.& F‘{Pif mqu_' f—?-E 5o Very H'Eﬁ
m
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Of the Circulation of the Bloud.

nefs, be referr’d to the family of Ferments. The
fame may with equal reafon be faid alfo of the Bife
and Pancreatic juice commixt in the Dwodenum. The
may perhaps conduce fomewhat to the farther at-
tenuation and exaltation of the Chyle ; they may
alfo promote both the {eparation of the Nutritive
from the Excrementitious parts of the fame Chyle,
and the infinuation and permeation of the former
through the coats or membranes of the Guts into the
milky veins: all this they may do, and yet not by
way of Fermentation, whereof there is neither ne-
ceflity, nor fenfe 7z fatn fanitatis; and to argue from
a preternatural ftate toa natural, is a Paralogim.
Now if neither of thefé two {o much celebrated Fer-
ments, hath any more right to that denomination,
than what is precarioufly derived from {ome remote
and {lender analogy or {emblance imagined to be be-
twixt their nature, qualities, and effetts, and thofe
obferved in genuine and true Ferments; as certainly
neither of them yet appears to have : What ought we
tothink of all the reft of invifible Ferments fuppofed
to relide in_places, where hitherto they have never
been found ? Why may we not, till they fhall be by
Anatomical and other convincing experiments {hewn
tous, believethat they have exiltence no where, but
in the brains of fancyful men? Formy part, Iblufh
not, «even in this venerable Affembly of moft Learned
men, where I have as many Judges as Auditors,
openly to profefs my felf to be of this belicf: becaufe
de non apparentibus, & de non exiftentibus eadem ratio
¢ff; and becaufe I have heard an eminent Member
of this firft and more ancient Royal Society, a man
renowned over all. Europe for- his Philofophical and
Anatomical Writings, deliver this judgment of the
muitiplicity of Natural Ferments fancyed to be inb tglﬂ
vt




Of the Circudation of the Bloud.

~body of an Animal, that they were a new-found a/j-

Foan, Alpbon|.
Borcllus de
Matu Animal,
part.2. pag. 76.
Wikifius, de
Ferment.

lum igmorantie. 1 fay, of Natural Ferments; lelt
what I have faid fhould be detorted to the exclufion
of Preternatural Fermentations, which I do not de-
ny tobe incident fometimes to the bloud and other
humours of the body, more fignally in Fevers, and
fome other acute difeafes: though perhaps not {o
often as vulgar Phyficians imagine.

What I have hitherto {aid, may perchance fecem
to fome of my Awdirors to be a digreflion; and the
may beapt to think, that I'have made my firft flep in.
a wrong path. Tam therefore obliged, in my own
defence, to advertife them, that having propofed to
my felf toenquire ftrictly into the natural neceffity or
Mechanical reafons of the Motions of the Bloud ; and:
finding the aforefaid Comment of Ferments lying,
like a block, inmy way: I thought it concern’d me-
rather to remove than. to leap over it, and leave it for
others toftumble at. For, {ome thereare, andthofe.
too, men whofe names are defervedly celebrated for
their profound knowledge both in Anatomy and the-
Mathematicks, whoin their books have profefledly
taught, zhat even thebloud it (elf, the feat of life, a/fo
undergoes acertain natural Fermentation in the heare,
lungs, and grearer arteries, ws mecelJary to its perfeition
arnd vitality. A doltrine, which to me ( I'profefs )
{feems very improbable, and inconfiftent with. the -

* wifdom of Nature.

Improbable ; Firft, Becaufe of all the various li-
quors found in the body of an Animal, iz fatw Natu-
rie, the bloud {eems of it{elf leaft prone to Fermenta-
tion ; which is incident chiefly, if not {olely, to new
and multy liquors : whereas the greateft partby much
of the bloud 5s'0ld, and by repeated Circulations well

defacated !



Of the Circulation of the Bloud. ._;

defzcated in its proper Emunétories, and by infenfi-x 1
ble tranfpiration ; and b}f confequence needs no Fer- Hat f;m an Fosd s B
mentation¥ True it is indeed, that new Chyle ignat=reiy. neap’ SN
-ever now and then brought into the rivulet of thcﬁif"?umiﬁ'nq wer
bloud,out of the commonc ciftern thereof, by the d«iFusmte 25; nahure |

: : . - : Rot . Boyl . W i
thoracicus and the Swbclavian vein, for a recruit : but'“?“m =2 ol ol

in a quantity fo {mall (afew drops pcrhaps at ONcCe ; #uman Hous F : w?: |
for more will not be found to bear a juft proportion,sas/ - 7 et ] 44
either to the capacity of the common Recepracleof the 2% ;5"#3";;“ é;fj
Chyle, which is but little, or to the narrowne(s offrem fuman 51

the Pipe leading from thence to the Swbclavian vein )2 Yimose ot fﬁm‘*":{'e :
as cannot in reafon be thought fufficient to perturb’™™y ’;"’Jﬂﬁ‘fﬁ'ﬁv_; 1
and excite a fermentation in the bloud, with which itmentlive fm feqaers: LS
is mixt. - If a greater quantity of Chyle were mixte ¢ am the lof &n =i}
with the bloud at one time; certainly the bloudraged #5 e & this) ~
would foon lofeits native purple, and put on the white ﬁp;% am. nef 5;:f o
livery of the Chyle, efpecially in the defcending parg/ o there /s 3‘7}% N |
of the Venacava, where the commixture is firft made :”“E’”“hf ;; rﬂ' e
which yet no Anatomift ( for ought I know ) h:lthg:f:»};ﬂ;‘ oother | i
ever obferv'd.  Secozdly, When Ferments arecom- ;.. , nbof the |8
mixt with liquors confifting of heterogencous parti-g,/y . having never
cles, they are generally {low in exerting their power,fou M? ‘if L [-
and by degrees infinuate and diffufe their aftive par- #e Houd or L7701 |2K
ticles through the whole mafs, before they can {o far that rﬂ:ﬂ}f’f“‘{ me
prevail, as to raife an univerfal commotion and tuJ‘i”'(ﬂ*i"r-""“f" ”: &
mult in them ; as common experience teftifies: but"’”i o ﬁ,:: 1 T
the newly commixt Chyleand bloud arein a moment,fent Sperd - ¢
at molft in the {pace of a few pulfes of the heart, rapt -
out of the e#a cava, firftinto the right Ear,and then
into the right Ventricle of the heart ; fothat here is
no morwla, no competent {pace of #7me given, to ex-
cite ap actual fermentation.  Thirdly, Here is want-
ing al{o convenient place. To all Fermentations is
required fit room, wherein the liquors may have li-
berty to undergo an impetuofe commotion and agitas
B 2 tiont




Of the Circulation of the Bloud.

tion of all their diflimilar and contrafting particles 5
nor will the Muft of Wine it {elf ever ferment, if itbe
kept in clofe and ftrong casks, as appears from the
making of Stum : but the Vena cava, the Heart, and
Arteries are fill'd with bloud even to diftention, till
by their Syffole they {quirt it forth, and then in the
next moment they are replenithed. W hat room then
is left for the bloud to ferment in? Seeing therefore
that the bloud is by its own conftitution unapt to fer-
ment, as bearing a greater analogy to the nature of
Milk, thantothatot Wine, whatever the Willifians
have faid to the contrary ; and fecing that neither the
{mall fupplies of Chyle which it daily receives, are
{ufficient to induce, nor the {hortnels of the time in
which it pafles through the precordia, nor the want
of convenient room, permit a fermentation: what
reafon have we to allent to their opinion, who teach;
that a fermentation of the bloud is neceflary to its
perfeGtion and vitality ? efpecially if we farther con-
fider, that the {fame opinion is alfo

Inconfiftent with the Wifdom of Nature, W hofe cuftom -
always is, to inftitute the moft dire&t and compendi-
ous methods, for the attainment of her ends ; norever
to ufe many inftruments, where one may {uffice, to
effe what fhe hath defign’d : abhorring to multiply
things, without inevitable neceffity. To this her ad:
mirable Wifdom then it isinjurious, to imagine, that
when fhe hadordained in thebloud a certain placid,
regular, and benign motion, by which all the hete-
rogeneous ingredients or conftituent parts of it;fhould
be {0 agitated among themielves, as by their mutual
confli€t to produce an alternate expanfion and con-
traltion, from whence a vital heat refults, and upon
which original life continually depends: fhe fhould
notwithftanding inftitute afecond inteftine motion, to
be..




Of the Cireulation of the Bloud.
be at the fame time,in the fame {ubjeét performed,viz.
a Fermentation ; which{eemsunneceflary at beft, and
which probably mightnot only hinder, and impugp,
but alfo deftroy the former. A Fermentation would
indeed raife a tumultuous agitation of the fame difli-
milar elements of the bloud: but fuch as would be
violent, irregular, and of afardifferent manner from
the Vital Mication. But not to infift' now upon the
manifeft difparity of thefe Two Motions, which may
more opportunely be colle€ted from what I {hall {foon
fay of the genuine and true one; et itbe fuppoledat
prefent, thatboth may operate in the fame manner,
and produce the fame effeéts in the bloud, as to the
attenuation and comminution of the groffer, vifcid,
and unagile'parts; and the facilitation of the expan-
five efforts-ofithe Spiritual; volatileor elaitic : yet ftill
it will remain to be inquired, why Nature fhould in-
_ftitute Two Motions, whereeither of the two might:
fingly do her work as well, if not better. If there-

fore any defendent of thisopinion, whichi I havelere,
en paffant; imptgned; fhall vouchfafe fo far to illu-
minate my gloomy underftanding, as to folve this
Problem : - I'fhall acknowledge the favour, and rex
cant my oppofition of it. Mean while, T~ will ful
ad the farther confideration thereof, and now ad-

drefs my felf to the more important part of my pre-
fent province, the true and undonbted Motions of the
Bloudyviz. the Mication, andthe Circulation: by both
which, thoughdivers intheir origines-and kinds, yet
mutually helping each other, an% conducing the one
to the accenfionasit were of original life, the other
to the diftribution of influent life, the bloud 1s perpe-
tually moved in.the veffels that contain it.
By the FORME R ofthefe, the wiral fpirits, or
if you pleafe the elafick partisies of the bloud; now:
paffling:



Of the Circulation. of the Bloud,

pafling through the Ventriclesof the heart, from their
own natural force or expanfive energy, endeavour to
expand or unbend themfelves ; while the groffer and
vifcid parts refift that endeavour to expanfion,by com:
prefling them, Hence inftantly, and by natural ne-
ceflity, arifes a certain Colluiation or mutual ftriving
betwixt the expanfive motion or endeavour of the Vi
tal Spirits, on one part, and the renitency of the
grofler parts of the bloud, on the other. And from
this Collactation, an aitual heat is quickly excited or
kindled in the bloud : actual heat being nothing elfe
butan expanfive luCtation of the particles of the bod
or fubject in which it is, as I profeffedly labour’d to
evince from various inftances, and a ftrong chain of
propolitions, when I firft had the honour to fit in this
Chair, Moreover, becanfe this expanfive luation
is not violent, nor unequal, nor irregular, nor con-
fequently noxious or hoftile to the nature of the bloud ;
but on the contrary always (iz ffatu N atwre)moderate,
equal, regular, amicable, and tending not only. to
the confervationof the bloud, butalfo-to the exalta-
tion of all its faculties and operations ; and becauf@ it
proceeds from an internal principle, from the energ
of thevital fpirit contain’d in and ruling the bloud,
or (ifthis be more intelligible ) from the Elafticity of
the aereal particles commixt with the bloud : . there-
fore the brisk motion or heat thence refulting, is alfo
vital, For in that very expanfive motion of the
bloud, doth the formal reafon of /ife originally con-
fift : which- Theorem alfo I have formerly, in this
place, endeavour’d to explicate andeftablifh. This
admirable motion, from the various notions or con-
ceptions which Learned men have formed of it in
their minds, hathacquir’d various zases, By fome it
is call'd moties fanguimit inteftinus five [pontanens, bE
cau
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caufe it arifes from an internal principle, the expan-
five endeavour of the fpirituofe, or elaftic parrs of
the bloud, andro diftinguith it from the circular mo-
tion, which is imprefs’d by an external Movent, /=,
the Heart. By others, Motus fermentationis vitalis,
from the fimilitude they fancyed between it and com-
mon fermentations: but improperly, for the reafons
by me juft now alledged. By others again *, wmotus * Alpbonf. Pe- |
ofcillazorius, from the refemblance it hath of the Of¢jl. 74 demen
lation or {winging of a Pendulum, whofe motion de- '
fcribesa Cpeloid ||, and byothers®, Micatio fangninis,| Chriffianss
the panting, orreciprocal expanfion and compre(fion #geris, de
of the partsof ‘the bloud. ©Of thele denominations, i ofcitrerii,
the two laft feem to me more fully and emphatically part. 1.
than thie reft to fignifie the nature and manner of the J’“’f;’,i};
thing denominated; as equally comprehending the @ imeftin. &
double motion in afingle appellation.. Wherefore [ Charicton, 0cs-
intend hereafter to ufe thefe promifcuoully,when there malis cxercisas,
{hall occur to me any occafion of meationing the fame %
motion. Meanwhile, I proceed to

The LATER motion, the CIRCULATION .of
the Bloud ; the moft noble and moft ufeful of all mo-
dern inventions,firft obicurely hinted ( asfome think)
by Cefalpinus, butafrerward with prodigious fagacity, In Exercitan
moftexa& judgment, and happy diligence inveftiga- Peripe-
ted, and with fuchconvincing evidence demonfirated
by our immortal Dr, Harvey, that now the verity
thercofis no longer doubted of in the world.. T wifh
the fame were as well underftood, asit is generally
acknowledged : and left T'be thought only to wifh this
excellent: knowledge, and of {o great importance to-
Phyficians, I'will now again domy beft devoir to ex-
plain fomuch of the myfiery, as I my {elf have for-
merly left notfufficiently explicated : omitting to-re-
cite what is vulgarly tanght in the Schoolsand Books

' oft
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of Anatomifts,and touching only thofe things, which
have been either pretermitted, or not rightly ex-
plicated by others, concerning the Caufes, Mechanical
modesand circumftances of this life-conferving motion,
There intervenes ( ye know ) a double pauie or re-
{pite, whichby Anatomifts is call'd pers/yFole cordis,
between the two contrary motions of the heart ; one .
betwixt the diaffole and the [yffole, another betwixt
the /y/fole and the diaffole : and this ofabfolute neceffi-
ty, becauleitis impoffible, that the fame body fhould
perform two contrary motions, without a morula or
{pace of time, how fhort foever, be interpofed betwixt
them. Ye know alfo, that the force impelling the
bloud, which is the Compreflion of the heart, doth not
alt continually, but interruptedly or per wices, fhort
and almoft ifochronic or equal quiets interpofed : So
that the bloud exprefs'd by the (}marr, doth not flow
thence ina continued courfe, asrivers and fountains
do, that are without intermiflion carried on by the
weight of their waters ; but gufh forth and ftop alter-
nately, though this viciffitude be exaltly regular, and
proceeds in a conftant order. Now thefe things confi-
dered, it may feem confentaneous to conclude, that the
motion of the bloud cannot be continuns, fince two
paufes or quiets are interpofed betwixt every two pul-
{ations or Syffoles of the heart, during each ofwhich
the motion ceafes: buton the contrary ought tobe e-
fteem’d and call'd an interrupted and mixt motion. And
yet notwithftanding the verifimilitude of thisconclufi-
on, Idcubt not to ﬁy down and expofe te your exami-

nation this
Firft PROPOSITION,

That the blond is carried in around through the bodyof an
Animal, in & troly-continwed, and never interrupted mo-
2iom, i A This
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This perhaps may found like a Paradox: but that
fhall not a-whit difcourage e from afferting it, while
I remember that remarkable fentence of Minntins Fe-
lix (in Octavio) Ineft & in incredibili verum, & invers
[imili mendacinm., :

Though it be true and evident, that the heart doth
not, inthe time of its paufes, exprefsany Bloud into
the Arteries;yet it is not true, thaethe bloud contain’d
in the Arteries, in the 77fcera,inthe habit of the body,
and in the Veins, doth at the fame time ftagnate, and
ftop its courfe ; but on the contrary isalways carried
ofi in its journey, though with unequal velocity.
Firjt, the Verity of thisappears in the drreries. For
the afflux of bloud from the heart being wholly inter-
cepted, either by a Ligatureapplied to the aortaat its
original, er by cuttingout the heart it felf, as is com-
monly doene in Frogs and Vipers; we fee, that ne-
verthelefs the bloud wherewith the Arteries were
fill'd, isby degrees {queez'd out, fo that they are foon
after left altogether empty. And doubtlefs this ex-
inanition of the Arteries happens, becaufe they by
theis own {pontaneous motion conftringe themfelves,
and contracting their Circular Fibres, exprefs the
bloud into the habit of the parts: andareat the fame
vime comprefs’d alfo by the contrattion and tenfion,
or the periftaltick motion of all the Muicles of the
Body. From the obfervation of this vulgar Phzno-
menon, viz, the emptinefs of the Arteriesin dead bo-
dies ; the Awcients perhaps took occafion to believe and
teach, that not bloud, but only Vital Spirits are con-
tein'd in the Arteries.  Second/y, this appears allo
in the Weins. For, that the bloud doth continually
flow on in them likewile, not'only when it is urged
forward by the Arterial Bloud purfuing it, but even iint

; the
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tlie time of the hearts paules; is evinced from this,
that then the bloud runs on through the trunk of the
Vena cavato replenifh the right Ventricle of the heart.
Bu: why do Imif-fpend rime in alledging reafons to
prove a truth that is manifeft to {énfe in Phlebotomy ?
no fooneris a Veinopen’d, than the Bloud fipws forth
with a {wift {tream, and while the wound isopen, con-
tinues to flow without paulfes or interruption, whick
is a demonitrationof the thing propofed, vis. of the
continual motion of the Bloud in the Veins.

Being thusaflured of the effet, let us proceed to
inveltigate the Canfes ; which are not equally evident,
nor can we hope certainly to {olve this Problem, with-
out.enquiring the Mechanical reafon of the continual
motion of the Bloud through the Veins. This there-
fore I will now attemptto do. Fhat Nature hath in-
ftituted no immediate Communication betwixt the
Capillary Arteries and the Capillary Veinsy per ana-

{toméfin, is manifeft to fenfe, apd now acknowledged

by all Learned Anatomifts: and thereforeit cannot
ftand with reafon to imagin that the Bloud in its Cir-
cular courfe is emitted immediately out of the Ar-
teries intothe Veins, thele vellels being feparate. And
though we opine, that thereis {ome {ecret commu-
nication betwixt the extreme Orifices of the Arteries
and thofeof the Capillary veins, by the intermediate
Spongy {ubftance of the flefh, #7fcera, and glandules,
or by the Cribrofe {ubftance of the Bones, as by the
Pores of a Pumice ftone : yet we are {till to feek, by
what motive force the bloud may be carried on from
thofe intermediate Porofities, and infinuated into the
veins.  Firff, becaule ’tis confentaneous, that the
impulfive force,whereby the Syfole of the heart {quirts
the Bloud into the Arteries, is by degrees weakned,
and at length languid in thof¢ ftreights of the extreme -

vellels,.
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veffels, and of the intermediate Porofities. ~ Secondly,
Becaufe the Orifices of the Capillary veins cannot con-
tinue alwaysopenand dilated ; their conliftence being
not hardand bony, but mﬂmbr:mo{u:, {oft and {lippe-
; fo that they are apt to be clofed -by conniving,
and confequently to hinderthe ingrefs of the bloud
newly arrived. Thirdly, Becaufe here we can have
no recourfe to the mmprﬂ}?w.z of the Vifcera, and the
Mufcles, whereby the bloud (hould be {queez’d
into the Orifices of the Capillary veins; for we fee,
that the bloud is fuckt up by the Capﬂlaw veins, not
only when the Mulcles are invigorated and upon the
ftretch, butalfo when they arequiet and relaxed, and
do not exercife their compreffive power ; asis moft evi
dent in fleep, when the Cércularion proceeds without
intermiffion. This isconfirm’d from hence, that in
the Brain, in the Medullary fubftance of the bones,
where no cnmnru'{mn can be admitted, the Capillary
veins receive the bloud as freely asin the fofeer flefh it
felf. Seeing then that the effeé# cannot be denied, viz.
that all the bloud effafed out of the Arteries is after
abforptand carried off by theVeins,to be broughtback
again intothe heart; and feeing alfo that thisis not
effelted by way of fffrr«:c?mff, “there being no fuch
thing as attraction in Nature, as I have more than
once elfewhere proved: we are compell’d to affert,
that the Bloud is imbibed by the Capillary Veins for
the fame reafon, and by the fame Mechanick aftion,
by which Syphons, Sponges,  Filtres, Chords, and
all Porofe bodiesare penetrated by water with which
theyare moiltned: which power is no other than the
gravityofthe fluid ic felf, which isaugmented by the
rmpetws of its proper mﬂnon, and by the impulfe com-
municated to it from external force. Sothe ‘motive
force of Gravity, which the bloud can want no more
Cz2 than
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than water can, when it finds the fmall chanels of the
Capillary veins open.( for they can never be {o clofely
conftringed by the flagging and connivency of their
thin membranes, as to [eave no entrance fora fluid ;
as appears in the Pores of Ropes. how hard foever
twifted ) muft of neceflity overcome the weak refift=
cuce of the ftreights in all Filcres and Porofe bodies :
and confequently the bloud'may be infinuated into the
Capillary veins by a- Mechanic altion like that of Fil:
tration. «If this propofition be true, the greateft diff-
culty occurring in the whole myftery of the Circula-
tion of the bloud, 1s now atlength {olved. |

The bloud having in this manner pafled the afore-
faid ftreights, and entred into the Canales of the
imall veins, by the fame motiveforte, whereby it was
infinuated ( for fuch an ingrefs is not poffible without
motion ) may be advanceda little farthier in its way by
its proper force, and by external force, and-alfo by the
impulie of the new bloud following behind ; as we fee
water fuckt up by a Filtre, to be carried on tothe end
of the lift. Afterward, becaule many fmall veins
meeting together, make one wider dwéfus or pipe; and
becaufe in this larger pipe the former impulfive force
of neceflity grows more and more languid and faint
by degrees, and by confequence the motion of the
bloud is retarded : therefore it {tands in need- of fome
auxiliary forces, tobecarriedon thereft ofitsjourney.
Thefe are, Firft, theforceby which the Circular Fi-
bres of the Veins, that naturally have a periftaltic
virtue, contralt themfelves always .after they have
been ftretch’d, asall Nervofe and other zexfile bodies.
are obferv'd to do:  Secowdly, The Compreflion of
the Veins by the weight of the Circumambient air
or Atmofphear, and the Elaftic virtue of the air in-
ipired :  Thirdly, The Tonic motion of the Mufcles,
when,
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when they a&t ; together with the various mot.ons of
the Zifcera, and of humours difcurrent through the
body ; all which more or lefs comprefs the veins. Now,
that the manner how: this compreflion promotes the
continual decurfe of the bloud in the Veins, may be
the more fully and clearly underftood ;. I'will take li-
berty to lay down this

Second PROPOSITION:

That by the artifice of the Valves, the Comprelfions of the
Veins protrude the Blowd toward the heart. with a mot:-
on doubly [wifter; mot indeed in a-continual flux, but
with listle panfesinterpos dy and with unequalvelocities.

Ly

We here behold inthe Crural vein {lit open- frony Figure I:

end to end, certain Falves placed at unequal diftances:
in the infide of the Vein: which for demonitration

fake are accurately reprefented in this Figmre expos’d Fignre I1].

tofight.. Thefe 7alves ( yedee) are nothing but half
pockets of a membranofe {ubftance, or little bladders
affixt to the [ides or walls of the Vein, and relembled
by AONMP. and BON QR. They are found
fometimes fingle, fometimes in pairs placed .one op-
ofite to the other, andaterally touching each other ;
as at N O. the convex tops of which:pair refpect the
Capillary beginnings of the Veins beyond H L; but
the Orifices of their cavities: P.O, R-O, open toward
the heart, have refpect to the parts I K. Now Iam
todemonitrate, thatfrom this firucture and fituation
of the Valves, itisneceffary that the Bloud be pro-
truded toward . the heart. Imagine then, that the
{ame portion of the Vein HM QL is. replete witl
bloud ; and becaufe by the circular Fibres of the Vein

itlelf, and by theambient Mufcles,and perhapsalfo by
the




16

of the Circulution of the Bloud.

the gravity of the Atmofphear, one part of the Vein
is conltringed after another all along ; it muft be, that
the lateral walls S T come nearer to each other 'to-
ward V: and then the Vein {o girded will lofe its Cy-
lindrical form, and be turn’d into two little funnels,
HV L, MV Q; which are lefs capacious than the
former Cylinder, and therefore the bloud which was
contained in thefpaces VH S, and VLT, will be
expelld out of the Orifice H L; but the remaining
quantity of bloud contained in the {paces V S M, and
V QT, will befqueez’d without the Orifice MQ,,
toward I K. TItappearsthen, thatfrom the above-
mentioned compreflion of the fides or walls of the
Vein,the bloud isexpre{s’d in equal quantity to the op-
pofite parts ; and this would certainly happen, if the
Valves were removed.. But becaufe to the walls of
the Vein withinyM P, QR, are faftned two Valves;
it is neceflary, that the bloudimpuls'd by a compre(fi-
on made in ST, be forced through the narrow chink
N O; becaufe the yiclding fluid contain’d in the cavi-
ties of the Valves, and urged by the advenient bloud;
is conftringed, -and thruft out of them ; and’ then in-
ftantly the fides of the Valves, that before touched
eachother, N O, receding one from another,leave an
open way, by which the flux ofbloud coming on from
MS T Q, may be infinuated, and pafs forward be-
yond A B.  Again, after the bloud hath paffed the
confines of the Valves P O, R O, there neceflarily
follows a reftriGtion of the little chink N O. For,
the bloud it felfmuft, by reafon of its heavy bulk, and
fluidity, fill thelittle baggs of the Valves, and {o their
{oft and pliable fides being dilated till they mutually
touch, ought clofely to fhut the rimuia N O.
Moreover, becaufethe Vein is not conftringed in all

-its partsat the fame time, but part after part fuccef:

fively ;
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fively ; therefore after the bloud is transfert’d beyond
the Valves within the lictle funnel AB C D, thL:qu
lows a conftri€tion of the walls A D, B C, inthefame
time, in which S T 15 not conf{tringed. And becaule by
reafon of the clofe fhutting of the vimula N O, halfthe
bloud, that was contain’d in the {paces E A ('_r FBG,
cannot flow back toward A B, finding the obltacle A
O B fili'd with bloud, and retain’d !;n,a the Valves ; it
is compell’d witha reflex motion, like thatof a Ten-
nis-ball rebounding from the wall,to flow toward DC :
and {ince by the fame compreflion, the Bloud that was
contain’d inthe fpaces ED G, FCG, is Piﬂtlu ded
beyond D Cr.irithereforea dD‘Ib!L(]I_UﬂtIt‘,f of bloud 1s
in the:fame time, in which the Lﬂmpreﬁmn 15 made,
expelled through that fameaperture D'C ¢ but when
a double quantity of a fluid is in the{ame time emitted
at the fame Orifice, 1t muft run out with a double Ve-
locity. ' Thus is our Propofition verified. And as to
fingle Valves; from what hath been faid of the ufe of
dmlblc, it may eafily and genuinely be inferred, that
they alfo help to promote the courfe of the blc}ud
though but half fo much as the double. Wherefore
Natures wildom  is. admirable in placing fingle
Valves both at lefs diftance one above another, and
for the moft part where the Cavity of the Vein is .
a little narrower, or wherea lef® Vein laterally exo-
neratesit felfinto a greater : in botlr which cafes the
-1ece1ﬁt}r of thisdemonftrated acceleration of the mo-
tion of the Bloud, feems to be lefs.  Imrthe trunk of
the Vena ceva no valves are found ; aswell becaufe of
its ample Cavity, asbecaufe of its contiguity to the
trunk of tlle[great Artery, by whole pulfations it can~.
not but be fomewhat compre($’d, and confequently
the Bloud flowing thmuginr proportionately promo--
ted. Inthe Fu wzular veins alfo none have yet beenob-
ferved 5,
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{erved ; probably becaufe in them the bloud defcends
fwiftly enough, from its own weight and Auidity. Tn
fmall veins they are not placed ; unlefs in the Coronary
veins of the heart, juftat the place where they empty
themfelves into the right Ventricle of the heart : and
of thefe too the ufe is, not to promote the courfe of
bloud, of which there is no need in {o fmall a circuit ;
but only to prevent the reflux of it out of that Ven-
tricle, inthe /y/fole ofthe heart, asappears from their
fituation, and from theirconformation. Nor arean
found in the Arteries, in which the bloud,with migh-
ty force impulft by the conftriction of the heart, and
of the Arteries, needs no additional machine to ac-
celerate its motion : except thoft that are placedin the
inlet and outlet of the left Ventricle, to obviate the re-
gurgitation of the bloud intothe arreria venofa, and
out of the sorta into the left Ventricle ; and the two
very little Valves fited inthe two Coronary Arteries,
at their origine from the 4orts, to prohibit the regrels
ofthe bloudinto the aorts. @ - .-

If this Artifice of the Valves affixt within the veins
be fo neceffary to promote the refluxof the bloud to-
ward the heart; certainly he that firft diftovered
them, .deferves to be remembred with honour. ~ Bug
who was that fortunate man? -

Fabricins ab Aquapendente put in his claim to the
glory of the invention, as wholly due to himfelf; in
thele very words. ~ De his itaque’ [ oftiolis nempe ve-
narum |locuturus, [ubit primum mirari, quomodo oftiola
hec, adhane ufque etatem, tam prifeos, quim recentiores
Anatomicos adeo latwerint ; ut non folim nulls mentio de
ipfis faéta fit, fed weque aliquis prins hec viderit, 9;;&;;;
Anno Domini Septuagefimo quarto fupra millefimum &
quingentefimum, quo & me [umma cumlatitia inter diffe-
candnim obfervata fuere.

But
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But Padre Fulgentio profefsly afcribes the invention
to that prodigy of Wildom, Learning, and Virtue,
Padre Paolo the Venetian : at the fame time openly ac-
culing Aquapendens of dilingenuous arrogance and
theft, for challenging to himfelf the honour of having
firft difcovered the Valves, to which he had no right ;
and for ftealing the glory due only to Father Pawl. The iz parvis
fence of his impeachment is this. ¢ The whole Tra- Paui,
“ &tate concerning the Eye, which paffethunder the
““.name of dguapendens, or at leaft fomuch of it as con-
““tains new and rare Speculations and E xperiments, is
“ the work of Padre Paolo ; whereof I have had {peech
“with {fome, thatwere eye-witneffes, and knew that
““a due part of the praife was not attributed to him
“.that deferv’d it all. But much more in another mat-
“ ter of more moment, which was the finding out of
“ thole Valvule, thole inward fhuts or foldsthat are
“within the Veins. Of whichargument I do not
‘“find, that any, either ancient or Modern, hath
““ made mention ; becaufe it was a thing unthought
“of till thefe times, when Aguapendens moved the
“queftionin a publick Anatomy. But thereare ftill
“living many eminent and Learned Phyficians,among
“whom are Santorio,and Pietro Affelineoa Frenchman,
“who certainly know, that it wasno Speculation, nor
‘ invention Dfxi"gzmpmdﬁm, but of Padre Paolo. Who
“ confidering the weight of the bloud, grew into an
“ opinion, thatit could not{tay in the Veins, except
‘ there were fome bunch to hold it in, fome folds or
“fhuttings, at the opening and clofing of which
“there was given a paflage and necellary Aiquilibrinm
“to life. And upon his own natural judgment he
“{et himfelfto cutemg with more accurate obfervati-
““on, and {o found out thofe Valves, &,

D Having
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Having thus faithfully recited the Pleas of thele two
great men, I leave it to you to decide the controver-
fie, and to fix the Laurel on the head of which of the
Competitors you pleafe. For my part, ifmy judg-
ment were confiderable, I fhould declare my {elf on
Padre Peolo’s fide, as to the invention ; andallow to:

Aguapendens the honour of being the firft that by wri-
ring made the thing known to the world. Under-
{tand me, I befeech you, only of the Valves them-

{clves, not of the rrwe ufe of them, which neither A4
guapendens, nor the Father had the happinefs to dif-
cover. _

Not Aguspendens ; becaufe of the two #fes by him
aflign’d to thefe Valves ( which he moft improperly
named Offiola ) namely the corroboration of the Veins,
which might otherwife be by the bloud every where
diltended and broken into warices ; and the rerardatios
of the blond in the Veins, that {o all parts of the -bod
might have time to take in their due {hares of b[Duc{
for their nourifhment, and not have their meat ( for-
footh) fnatcht away before they have fill'd their bel-
lies : of thefe two mighty ufes, I'fay, neither is true,
and both are raifed upon this Suppolition, that the
courfe of thebloud is out of the greater and fuperiour
Veins into the {maller and inferiour; which 1s moft
evidently falfe even by the teftimony of the fight. But
left I be thought, either not well to underftand, orto
mifreprefent his meaning ; T amobliged to recite his
own words. Nam cim in varicibus, in quibtes ayt lax-
aviy aut rumpi Oftiolapar eft, plus minufve dilatatas fem-

er venas confpiciamms 5 dicere proculdubio tuto polfummus,
ad probibendam quoque venarum diftenfionem fuifle Oftiola
aSummo Opifice fabrefacta,c7c. Thus far then I have done
him no wrong. He proceeds. Erat profeito neceffaria
Ofioloruwm conftruitio in artuum. venis, que non exigua,

fed
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Jfed vel magne, vel moderate funt magnitudinis ; ut [ii.
licet [anguis ubique eatenus retardetur, quatenus cuique

particule alimento fruendi congruum tenspus detur, quod

aliogui propter artuum declivem [itum confertim ac rapids
fluminis inflar in artuum extremitates univerfus conflue-
ret, accolligeretuy, idgue tum harum partinm tumore, tum
fuperpofitarum marcore. Here al{o I have faithfull y in-
terpreted his words, and ye fee that he thought the
contrivement of the Valves neceffary to retard the
motion of the bloud, becaufe he took it for granted,
that the bloud defcended through the greater Veins
into the lefs: grofsly erring in both opinions. For,
that the former is falfe, we have {een demonftrated
from the conftruttion and fituation of the Valves
themfelves : and that the /atter al{o is falfe and abfurd,
is known to all who underftand any thing of the Cir-
culationof the Bloud. To thefe errors he hath in the
fame Page added a #hird much more extravagant:
which s, that the bloud isby a flux and reflux perpe-
tually carried forward and backward in the Arteries.
For, attempting to give the reafon, why Nature hatls
framed no Valves in the Cavities of the Arzeries, he
faith ; Arteriis autem oftiola non fuére neceffaria, meque
ad diftenfionem prohibendam, proprer tunice craffitiem, ac
robur 5 neque ad [snguinem remorandum, quid fanguinis
fiusus refluxufque in Arteriis perpetns fiat, It appears
then, that this famous Anatomift, who in many
other things deferved well of the Commonwealth of
Phyficians, had no juft title to the honour of havin
firitinvented the true and genuine ufe of the Valves:
nay, that he underftood no more the Mechanic reafon
of their conformation, than if he had never heard of
or {een them.
Nor 1n truth did Father Pas/ ( whom yet I never

can meantion without fecret veneration ) ifthe afore-

D 2 recited
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secited account, and what follows immediately after,.
given by his moft intimate friend during his life, and
after his Hiltorian, Fulgentio, betrue and full. For
in Fulgentio’s narration of the manner how the Father-
came firft to find out the Palves, thereisthis palfage,

“ And upon his own natural judgment he fet himfelf
“ to cutting with more exquifite oblervation, where:
“ upon he found out thole Va/vele,and the right ufe of
¢ them; whichdo notonly {top and hinder the bloud

“ from dilating it {elf by its weight into the Veins (as

¢ weobferve in fome crooked and {well’d knots ) but

“alfo that bloud running up and down with fo much:
¢liberty, and in{o great quantity, it might eafily fuf-

¢ focatethe natural heat of thofe parts, which oughe

“ toreceive their nourithment from it. Whence itis.
plainly apparent, that the Father allo attributed a

double ule to the Falves: one, the very fame with

the former dreamt of by Agwaperdens, who probably

borrowed it of the Father ; viz. toprevent the dilata-
tion of the bloud into Farices, by ftopping its impe-
tuous motion up and down in the Veins: theother,
quite contrary to Aquapendens’s fecond ufe, wiz. to pre-
venta furfeit of the parts upon-too much bloud, and an

extinction or {uffocation of their natural heat by thae
excefs ; whereas Aguapendens fear'd they would be fa-
mifht, if the Valves did not detain their food, as Tan-

talus is feign’d tobe. Now if thefe were truly the Fa-

ther’s Sentiments concerning the Valves, certainly he
had no right conception of Natures defign in making-
them; asmay be colleGted from the precedent demon-

{tration of their true ufe.

To come then to a.conclufion, and draw all the lines-
of this {crutiny toa point ; finceitis evident,that nei-
ther Father Pax/ himfelf, nor his difciple dguapendens
fad a right notion of the proper ufe of the Valves ;-

and’
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and that both believed the bloud to flow out of the

reater Veins into the lefs, which the Fabric and f{i-
tuation of the Valves plainly contradiét : it neceflarily
follows, that neither of them could be Author of that
much more noble and more- difficult invention of the
CIRCULATION of the bloud;, which it was mo-
rally impoffible for any man- to deduce from their ab-
furd opinions concerning the ufe of the Valves, and
the glory of which is wholly due to that incomparable
man Dr. HAR VY. Who by admirable Sagacity of
Spirit, by numerofe Experiments and Obfervations
Anatomical, and by affiduous Meditation, perhaps
alfo by the fecret Manuduction of Fate, that had re-
{ferved the fecret for his knowledge, attained at length
to the invidiofe felicity of finding it'out, and revealing
it to the world. T wonder therefore that fome men of
not obfcure names in the Catalogue of Anatomifts,
have fhewn themfelves {fo ungrateful and envious to:
ward this immortal man, astoalcribe this divine in-
vention to Padre Paolo: 1 mean, Foh.Walens and Tho.
Bartholinus. The former of whom doubted not to write
thus. Virincomparabilis Paulus Servita Venetus Falvs-
larum inwenis fabricam obfervavit accuratins, quam mag-
nus- Anatomicns Fabricius abAquapendente poffea edidit;
¢ ex ea Valvularum conftitutione aliifque experimentis
hunc [anguinis motum [ puta Circularem Jdeduxit egregioq;
[eripto aflernit, quod eriamnum intellizo apud Venetos af-
fervaric  Ab hoc Servita edoifus vir doitiffimus Guliel-
mus Harveius [anguinis hune motum accuratins indaga-
wit, inventis anxit, probavit firmits, & [uo divelgavit
nomine, The other had the confidence to affirm,
that Veflizgins had communicated to him; as-a fecret
never toberevealed (forfooth ) to any third ‘perfon,
that the Circulation of the bloud was the invention of*
Eather Pawnl the Servite, who had written a book of it;
which

Toh. Waleus
epift. 1. de mo--

tu (byli 5

Sanguinss

Thom. .Bar. '
tholin, epift.

Medicinal.cen=
eur. 1 epifl.26. -
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which was in the cuftody of Fulsentio at Venice. To
refute this palpable fition, to what I have alread
faid of Father Pan/'signorance ofthe right ufe of che
Valves, Ineed add only this, that if Fulgentio had had
in his hands any fuch Manufcript of the Fathers, as
thefe Detraltors have imagined; ‘'tis wonderful
ftrange he fhould never {o much as mention either that
or the Circulationin his whole Hiftory of the Father’s
life ; when of all the fubtle Speculations and difco-
veries of natural fecrets by him attributed to the Fa-
ther, nothing would have {fo much conduced to the
propagationof his glory, asthat.  Here therefore
I putan end tothis long digreflion, to which the ne-
ceffary contemplation of the Valvesgave an inviting
occafion, and which, being intended only to dorighe
to the venerable memory of Dr, Harvy, "all lovers of
truth, aswell as all Members of this Noble Society
will (I prefume)ealily pardon. .-,

Having inquired into the velocity of the motion of
the bloud in the Veins,and the mechanic caufes there-
of; let us next confider the velocity of the motion of
the fame bloud in the Arteries, For the clearer under-
ftanding of which I lay down this Third Propofition,

PROPOSITION IIL
That the Arteries of an Apimal, their confbrittion or puul-

fation being complete, do not vemain wholly empty of

Bloud,

Evident it is even to fenfe, that all the veins of a

Sanguineous Animal taken together, are larger or

more capacious, perhapsin a quadruple proportion,
than all the Arteries put together : and the whole maf‘;
0
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of bloud runs through all both Veins and Arteries,
which mafsin full-grown men commonly exceeds not
18, or 20 pints : and though the Veins, by reafon of
their traniparent coats, always appear full of bloud,
yet aman may doubt, whether the Arteries allo be
~always full ; thatis, whether they only give paffage
to the bloud in the time of the pulfation, and then in
the time of their quiet remain wholly empty, or not.
To refolve this doubt therefore, Iay, thatthe Arte-
ries, if' they were wholly empty in the intervals of
their pulfations, then being laid naked to the fight,
they would appear conftringedand lank, like chords
extended :- but our eyes affure us, that onthe contra-
ry they retain their round and plump figure, and be-
ing prefs’d by the finger refift che preffure ; neither of
which can poffibly confift with a total exinanition.
Again, the Veins being laid naked, if, after the pul-
fation of the heart, the Arteriesremain'd empty ; then
certainly would the pipes of the Veins by the quantity
of § pintsof bloud crouded into them more than what
they are proportion’d to contain, be diftended at
leaft a third part more than they ought : but this is.
fenfibly falfe, for their coatsare not diftended beyond
their ufual rate. Ergo, the Arteries are at no time
wholly empty.

Moreover, in Animals whofe Arteries are tranfpa-
rent, as.in Snakes, Vipers, Eels, Froggs, ¢. we
may from their Purple or bluifh colour perceive the
Acrteries to be full of bloud. W hich is alone fufficient
toevince, that the Arteries do not remain empry after
the pulfation of the heart, but contain at leaft a 4%
part of the whole mafs of bloud, which in a man is.
about 5 pints.

Yet farther,the Arteries,in the moment of their pul--
fation,are highly turgid, when yet not above 3 ounces .,
ofy
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of bloud is emitted into them by the 8yfole of the
heart. Therefore, if before the Syfole the Arteries
were wholly empty, a fpace 2o times greater than
their bulk is, would inevitably be filled by the 3 ounces
of bloud emitted by the heart : but this certainly is im-

poflible without fucha rarefa&ion ofthe bloud, which

no man of .common fenfe will admit. Therefore to
replenifh {0 greata vacuity in the Arteries, there muft
come into them five pints of bloud, either from the

‘heart, or back, out of the Veins : but neither of thefe

1s poffible in nature. |
Let usadd, that 3 ounces of bloud emitted by the

Syftole of the heart, cannot fill a fpace greater than

half a foot of the next Arteries to the hearr.  There-

fore, if the Arteries were empty before the §y/ffole;

truly all the relt of the Arteries would remain empt
alfo in thefollowing Syffole ; and confequently could
not beat at the fame time with the heart, and the Cir-
culation of the bloud through them would be inter-
rupted or difcontinued, contrary to the mechanic ne-
cellity thereof.

In fine, weare convinced by common experience,
when an Artery, whether it be great.or {mall, is curt,
the bloud is in every pulfation {quirted out with
mighty violence. Now it is impoflible this {hould
happen, unlefs all the Arteries were full of bloud all
along from their beginning totheirend ; becaufe the
violence of the ftream of bloud gufhing from the in-
cifion, hath no other efficient caufe, but the protru-
fion of the bloud coming on behind and urging-the
antecedent. But inthe following pulfation there is
an acceffion of no more than 3 ounces of bloud;
which cannot by its quantity replenifh half the capa-
city of the Arteries. Therefore unlefs there remain,
after every pulfation, s pints of bloud in the Arteries,

they
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they cannot be made turgid again in the following pul-
fation. Sothat nothing is more certain or more evi-
dent than this, that ina living Animalthe Arteries
are never empty. Luod erat oftendendum.

From the precedent Theorem naturally arifes
this Confectary :

That after the pulfation of the heart, there remains
in the Arteries the 4¢4 part of the whole mafs of bloud
conteined in the body of an Animal; and in a man
commonly about § pints : and that the proportion of
bloud expreffed by the Syftole of the heart into the Ar-
teries, is about one twentieth partof the bloud con-
tain’d in them. Asalfothat 3 ounces of bloud ejetted
eut of the heart into the Arteries, fill a {pace in the
Arteries next to the heart no greater than half a foort,
namely {o mugh as is triple, or quadrupleto the lati-
tude of the #Wentricles of the heart.

PROPOSITION.

That the motion of the Bloud in the Arteries, is threefold
Jfwifter than the motion of the Heart, that impells the
Blond

Becaufe in the {ame time are abfolved all thefe moti-
©ns, viz. thedilatation of the Pores of the heart, the
reftriction of its Cavities by the fwelling inward of
the walls of the Ventricles, the expulfion of the bloud
contein’d in the Ventricles, the motion of the expulled
bloud in the Arteries, and the promotion of the mals
of bloud przexiftent in them, caufed by the urgency
of the new bloud coming on out of the heart :all thele

altions, I fay, are performed in the {ame time.
E And
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Andit appears, that the three former operations
are performed with the fame velocity in the heart, be-
caule the Fibres of the heart, by realon of their abbre-
viation, are with the fame motion moved through the
fame {pace of the amplitude of the Ventricles,through
which they are moved by reftringing the fame Ven-
tricles, and {quirting out the bloud that was conteined
in them. And the twolaft operations likewife are per-
tormed wich the fame velocity. For look how much
fpace the bloud expelled out of the heart runs through
in the Arteries, jult {0 much fpace muft the mafs of
bloud przexiftent in them be driven through, in the
fame time ; becaule one part of the bloudmuft give
way to another urging it forward,as faft as that comes
en behind.

But if the motion of the conftri€tion of the heart be
compared with the progreflive motionof the bloud in
the Arteries ; then doubtlefs they u—*m—; be found
to be of equal velocity : becaufe the for otion,viz.
of the conftrition of the heart, is made through a
[pace equal to the latitude of the Ventricles of the
heart, which at moft excedes not 3 inches breadth:
but the fpace through which the 3 ounces of bloud
exprefled out of the heart, run in the Arteries, is equal
to the length of half a foot. Therefore the {pace will
be triple at leaft to the {pace of the former motion :
and yet both thefe motions are performed in the fame
tume. Ergo, the motion of thebloud in the Arteries
1s threefold fwifter than the motion of the heart, that
caufes it.  Quod erat propofitums.

I add this remark, that the motion ofthe bloud in
the Arteries is always the fame, whether the three
ounces of bloud emitted into them out of the hearr,
exallly fill the {pace dilated in them ; or whetherany
partion of it be after their repletion expell’d out of
them,
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them. Forin bothcafes, the bloud praexiftent inthe
Arteries, is jult fo much promov r::d in its courfe, as
3 ouncep new.lv emitted tahc up of {pace, which run
thrmu’rh more of length than halfa foot. & .

Here I cannot fairly decline to encounter a vulgar
error, that ftands in my way. Whichis, That the
bloud 1is expelled out of the Orifices of I Arteries
into the fubftance of the Parts, by no other caufé but
the conftriction of the Heart. Tr; refute which I will
affert this

PROPOSITION,

That the canfe expelling the Bloud out of the Arteries,
#not the Syftole of the Heart alone, but the conft r;ﬁn e
or periftaltic motion of the Arteries themfelves natural-
ly and neceflarily ﬁirremma their expanfion,

To the pulfation of the heart two efielts are fubfe-
quent, viz. the repletion of the Arteries by the bloud
emitted into them, and the expulfion of the fame
bloud out of them into the habit of the parts. Now
certainly thefe two Deratmns cannot be parﬂjrmu
rogether or at the fame time; becaufe the former is done
by dilatation, and the other by conftriction of the fame
Arterles, which two contrary motions cannot be co-
incident. Wherefore it is of abfolute neceffity,that the
repletion of the Arteries be precedent, and the evacu-
ation be fubfequent.

But the repletion cannot be made without a violent
diftention of thetranfverfe or circular Fibres of the
Arteries, and we all know, that all the Fibres of vel~
fels, nolefs than thofe of the Mufcles, of the Guts,
Stomach, Tendons, Membranes,and thelike Fibrofe

E 2 parts,
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parts, naturally refift diftration, and havea power-
of contrafting themfelves after extenfion. Yea more,

we fee that all Fibreseven intheir natural pofture are-
fomewhat upon the ftretch: for when. they are cue,

they inftantly {horten themfielves toward both ends :

which would not happen, if they had been conftituted

in a middle ftate betwixt laxity and extenfion, as a

Bow unbent is.quiet,{uffering neither contraétion nor

diftrattion of'its parts.

Now if all Fibres even in their natural ftate fuffer
fome degree of ftretching ; certainly when the Arte-
ries are replenifhe with bloud, their cavity muft be
dilated ; and in the dilatation of their cavity, their
tran{verfe or circular Fibres muft fufler much more
ftretching, than they did before. And becaufe to this
dilatation of the Arteries a conftrittion immediatel
{ucceeds, which is not poffible to be effe¢ted without
an abbreviation of thecircular Fibres of the Arteries ;
and becaufe thatabbreviation or contraétion is conna-
tural totheFibres themfelves: therefore it is impoffi-
ble, that the Arteries, after that uiolent ftretchin
caufed by their repletionrand turgency, fhould not ex-
ercife, by natural neceffity, that mechanic-power they
have of contralting themfelves, by vertue of their
eircular Fibres girding them inward : and equally im-
poffible, that the Arteries fhould {o contrat them-
felves, without expelling at the fame time out of their
Orifices, the bloud thatdilated them. Whenee. itap-
pears beyond difpute, that the {pontaneous conftri&ti-
on of the diftended Arteries is the caufe of the expul-
fion of the bloud out of them into the fubftance of the
parts ; contrary to their opinion, who afcribe this
expulfion only to the Syfole of the heart. &, -

The
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The natural method ofacquiring Science, ye know,
is to begin from things more known, and then to ad-
vance to things lefs known ; to procede from-effelts
to their caufes. Seeing therefore that we-are now
certain that the bloud in Animals is carried by a per=
petual circular motion through all partsof the body ;
our next bufine(s is to enquire, whatare the Casfes of
this admirable motion, as well the ffza! as the effici-
ent.

I begin from the fizal ; it being a queftion worthy
our confideration, why or to what esd Nature, all!
whofe counfels and a{{ions are ordained by an infi-
nite wildom, hath inflituted this rapid Circulation-of
the bloud:

Conftantitis even from common experience, that
whenever the bloud is quiet or ceafes from motion, .
whether within or without the body of'an Animal,
the red and grumofe part of it foon curdles, and is-
{eparated from the {erofe or albamer: and {o the con-
ftitution or contexture of'it is diffolved and corrupted :
whereas on the contrary, while the bloud continues
in perpetual motion within its veflels in the body of a
living Animal, {0 long the-ordinate: mixture of its.
elements, due temper, and vital conftitution of it is
conferved ; for mechanical reafons in our enfuing dif--
courfe to be explained.

It feems then, that fuch a mixture ofthe conftituent
parts of thebloud, upon which the vitality of it doth
neceffarily depend, cannot be otherwife conferved,
than by a continual agitation and-concuflion made in+
the veffels, firftby the heart, with {trong force im=.
pelling the bloud through the Arteries ; then, that im-

ulfive force languifbing, by filtration in the fpaces.
mtermediate betwixt the Arteries and Veins; nexe:
il
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in the Veins, by the conftrittion of their circular
Fibres, by the compreflion of the Mufcles, and the
Vifcera, and the infpired air. All whichcompreffions
would not {uffice, were not Palves placed commodi-
oufly within the Veins, by which the motion of ithe
bloud 1saccelerated, and a farther conquaffation of it
made.

And here we meet with a fair occafion to refle&t
upon the mutual dzafomifes of the Capillary Veins,
and the infrequent diftribution of Pafvesinone and
the fame Vein: for both thefe contribute alfo their
proportions toward the end now under our difquifiti-
on. For, the texture of the Veins being indeed lax and
{oft, yet{uchasmay by virtue of their circular Fibres
be conftringed and contratted : hence it is, thatby the
bloud regurgitating in thofe trats of the Veins, that
have no Vaives, by thegreat quantity and force of its
regurgitation or recoiling, thelowelt part of the Vein
ismuch dilated ; and on the contrary the higheft part
is contratted : Sothat the bloud being by this reflux,
though inobiervable, agitated and conquaffated, may
revive its due commiftion, and conferve its vital con-
{ticution, Irappears then, the defed# of Valves alfo
hath its ufe. Within the cavities of the Aiserses (as
1 faid before) no Valves are placed, becaufe the grand
force, by which the bloud is impell’d through them,
is more than fuflicient toconquaffate and commix it,
by wedging mnas it were the more fluid albugineous
particles among the red grumole particles, that from
both fortscomixt per minimas moleculas ( as they ﬁ;,}r )
and yet mutually reluftant, the Vital Mication, or
Ofeitlatory inteftine motion of the bloud may be con-
tinued. = So then here is neither need of, nor place for
a Fermeuntation. Now from the confideration of thefe
things premifed, I conclude, that the Circulation of

the
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the Blond was inflituted for the confervation of its vequi-
fite temper and vital conffiturion : Which was to be
inquired, and which leads usto

The admirable effeits and bencfits arifing to the
Animal Oeconomy from the fame Velocity
of the Circulation of the Bloud ;

W hich being certainly {o great, that the whole mafs
of bloud runs its circular race in the twentieth part of
an hour, or thereabouts, evenina fedentary and fe.
date man ; as hath by many been demonftrated from
the quantity of bloud commonly contein'd in the
body, from the number of Pulfes made inan hour,
and from the quantity of bloud exprelt by every pulfe
of the heart: and wehavingalready feen whatadvan-
tage redounds to the bloud it felf from this velocity :
our curiofity {purs uson to enquire allo, what other
{copes or ends Nature may probably be conceived to
have propofed to herfelf;, when fhe inftituted this
fo rapid motion; or what emoluments and benefits
from thence redound to the Oeconomy of the whole
body.

Of thefe the fi7/# fcems to be this, thatin every pul-
fation of the heart, a great quantity of bloud is effufed
and protruded out of the Capillary Arteries into the
habit of the parts, for their refocillation by inflrent
Jife ( of which I have formerly difcourfed copiofely in
this place. ) For, by how much fwifter the motion of

any liquor or other fluid through a pipe or canale is,.

fo much a greater quantity of it is, inequal time, ef-
fufed at the Orifice thereof’; as hath been ingenioufly

1 I ¥ = r ¥ ""; I-: ‘"l-
demonfirated by B.Caffellus: and therefore the bloud £ 4¢3+

Jinxit.

is, like afull and rapid torrent," impelled" into'the
Pores-of the flefh and ¥ifcera...
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The fecond is the energy of the [troke, with which
the bloud projetted by the heart, dafhes againft the
{fame extreme parts: whichenergy is compofed of the
degree of velocity, and of the quantity of bloud im-
pulled, as that excellent Mathematician Jo. Alphonfus
Borellus hath fully demonftrated. By this ftroke it is,
that the newly emptied and conniving porofities of the
Mulcles and Pifcera are forced open and replenifhed
vith the impulfed bloud, that communicates to them
vital heat and frefh vigor: and that the torpid, ufe-
lefs, and excrementitious particles there remaining,
are protruded and expelled, partly through the pores
of the skin, partly through veffels deftined to their
tranfportation and expullion. So that by this rapid
rufhing in of the bloud, nature attains to not only a
reviving of the folid parts of thebody, butalfo to the
expurgation of the bloud it felf from its unprofitable
and excrementitious parts, in the Emunétories or-
dained for that office.

A third advantage is, that by the fame rapid ve-
locity of the bloud, and its vehement intrufion into
the narrow meatns of the parts; the current thereof
diflodges, rinfesaway, and carries with it many other
amoveable particles of various kinds, Saline, Sulphu-
reous,¢. principally the reliques of the nutritive
and nervofe juices brought thither from the brain;
which though unprofitable now to the refection and
invigoration of the parts in which they were left, may
yet be of fome ufe to recruit and conferve the Crafis of
the bloud, and to expedite the fecretion of its excre-
ments. This artifice of nature we may more eafily
comprehend, by obferving, that the foreign particles
now mentioned areextricated and rinfed away by the
bloud, not in ample veflels, but after the egrefs of the
bloud out of the Capillary Arteries,in the intermediate

{paces
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fpaces betwixt them and the Capillary Veins, where
end innumerable fmall Canales, fome of which bring
in the nutritive and nervofe liquors, others export the
fuperfluous and lefs profitable particles of thems
which {mall pipes are, like the Capillary roots of
plants, almoft every where diffeminated into the
Hefhy parts, into the Vifeera, and ( moft frequently )
into the glandules. And this feems to be done, to the
end that io many particles of thefe fpiritual and noble
juices, being rinfed away by and commixt with the
the bloud, may advance and conferve the due con-
fiftence and conftitution of it.

Now of thefe three confiderable benefits, no one
feems to me poffible to be attained otherwife than by
the perpetual and rapid motion of the bloud. - W heré-
foreTam not deftitute of a rational ground to fupport
my conjeture, that for thefe ends Nature thought
fit to inftitute the {wift metion of the bloud in its
Circulation. ¢ *.-

But what may we conceive to. be the reafon that
induced Her to inftitute al{o {o multiplied a repe-
tition of this courfe of the bloud through the
fame ways ?

A River, we know, though the waterbe in a con-
tinual flux, is yet {till the fame river, becaufe the
elapled partsarecontinually fucceeded by new waters
coming on with the fame degree of {peed to fupply it.
But to maintain this perpetual fucceffion and fupply,
upon which the identity of the river neceffarily de-

. -»pends, there is required, either an immenfe quantity of

waters from a {pring to feed the current, or the fame
elapled water muft be brought back again to the foun-
tain whence it flowed, that {6 by perpetually reiterated

I circul-
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circuitions the courfe of the river may be conferved,,
o kil defuiir, .odwhichotherwife would foon fail and ceafe. %
W e vedit. Seneea  Weare thennolonger toadmire that Nature,having
W .. cuet. 1310 defignedto I::rmF the river of bloud with a moft rapid
@ ~——— 7 courlethrough the whole body of an Animal, forthe
| various ends above explained ; and refolved to make
that courfe perpetual, during the life of the Animal :
made ufe of the fame expedient,véz.to repete the circui-
tion of the fame bloud without intermiffion. For the
whole mafs of bloud commonly found in thebedy of a
man, not exceding 2o pints ; and that quantity not {uf-
ficing tomaintain the courfeabove 5 or 6 firft minutes.
of an hour : left the current might ceafe, and fo lifeallo
fail, it was neceffary that the circulation.of the fame
malfs of bloud fhould be continually reiterated, for the
confervation of life.

Befides this neceflity, there are many admirable ufes.
and advantages which Nature brings to an Animal,
by often repeating the period of the circuition of the:
bloud through the fame ways. Forifthe Circulation
were not in this manner reiterated,the bloud could not
be defzcated from its biliofe excrement in the Liver,
nor (according to the vulgar opinion ) fromthe mattee
of Urine in the Kidneys ; nor couldeither the Chyle be
commixt with the bloud in the heart, or the Lymphabe
brought to temper and dilute it in-the Veins : nor could
various other operations neceffary to the Animal ceco-
nomy be performed. All which it were not difficult for
me to deduce from this repeted circuition of the
Bloud, if the {hortnefs of the time appointed to me for
the adminiftration of my prefent provinee,did not ob-
lige me to pafs by all collateral difquifitions,and to persuwe-

&% my principal Theme, the Motion of the Bloud.
From the final caufes of which I will therefore ina di-
refkorder procede to the Efficient. & *.*

PR &-
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Of the Heart, and irs Pulfation.

O meafure the DivizeWifdom elucent inevery

Organ of an Animal, by the fhort line of Az

man Reafon, 1s deLdL\Ercmc folly : and yet

I doubt not to applaud and follow the coun-

{el of Erafiffratwes,who (as Galen relates ) adviled Phy-
ficians to folve all the attions naturally donein the body
of an Animal, by Mechanic Pffzzwlb:’{’.f, fo far atleaft,
as the dim ltbht of my limited underftanding may
ferve to guide me in my refearches, For not to depfznd
upon the authority of Plato, who faid, ©e¢: aia y€ar-
perpe, that God always w orks b by Gcemcrr}r orof his
greateft difciple 4r fﬂm!f who from thence called God,
Nevesomeguy 72 xoops, the Mechanic of the world : we
have the greater authority of the Sacred Scripture
itfelf, that God hath framed all things in zmmber,
we.'gf_rr and meafure. Whoever ther efore intends with
due care to ftudy any part of his works, mult therein
chiefly confider number, weight, and meafure, /. e, the
Mechanifm of it : ntherw:ﬁ, in the end he will find his
mind rather fwell'd with opinion, than fill'd with
knowledge. Why then may not we, who are Chri-
{tians as well as Nitural Philofophers, take thofe parts
ofan Animal to be Machines or Engines, which evi-
dentreafon, and chiefly fenfe fhew to o be fuch ? or who
hath pmhlbuﬂd us to inveltigate the formal reafon

and manner of their operations ! s ? Teis not mote certain,
F 2 thfu
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that no mortal can know enough of Gods works ; than
it is, that the more weare able to difcover of his wif:
dom, power, and goodnefs difcernible in the mirrour
of his Creatures, the more we fhall find our {elves ob-
liged to admire, love, and adore him. Equally cer-
tain it isalfo, that no kind of devorion is more accepta-
ble to hini, than that which procedes from knowledge
of his infinite: PerfeCtions: and that the Saerifice of
Praifes offer’d up to Heaven from the mouth of one,
who has well ftudied what he commends, are more
futable to the Divine Nature, than the blind applaufes
of the ignorant. Wherefore, fince weare now come
to the Efficient caule of the before defcribed motion of
the bloud, which our {enfes plainly fhew, and all
learned Anatomiftsacknowledge to be the Pulfation of
the heart; and fince it is equally manifeit, that this
Pulfation isan ation intirely Mechanick: letus atten-
tively contemplate and confider the Mechanifin of the
heart, from whence that altion neceflarily proceeds,
For the true reafon and manner of the Puliation beins
known; our difquifition of the motion of the Bloud
will be complete, and we fhall {o.much the more ad-
mire and laud the skill of the Divine Engineer, who
contrived and made the Mashine of the heart of o
finall a bulk, and yet of fo.ftupendous power and
force. Nor ought we to defpair of finding: what we:
{earch for : becaufe though the Heart of man be to us
infcrutable, astoits {ecret thoughts and referves ; it
feems notto be infcrutable, as toits Fabricand Con-

formation. 1 will therefore endeavour to explain the

(tructure of it.

Thatthe Heart is a Mufcle of the fame nature with:
the Mulcles ofthe Limbs, isapparent to the fight,and
will be moreapparent, ifthe Carnofe Fibres of. it be

plumpt:
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plumpt up by boyling. For then we may plainly per-
ceive, that it is compofed of robuft flefhy Fibres of the
fame Prifmatical Figure, ofthe famecolour, and con-
fiftence, and tenacity, as theFibresof other Mulcles
have: and therefore the Fibres of itarein like man-
ner inelongable, and refift diftraltion; they, as thofe
of other Mufcles, {pontaneoufly contralt chemfelves
after extention, may be {fwell'd, and acquire hardnefs,
when they att in the Pulfation of the heart. So far the
refemblance holds.

But yet the Fibrofe conftitution of the heart djfers
from that of all other Mulcles, in rh#, thatthe Hefh
of the heart is firm, hard, uniform, of a deep ruddy
colour; norare the prifmatic columns feparated from
the little membranes and innumerable Tendinofe
Fibres, asthe Fibres of the other Mulclesare. Befides,
the difpofition and configuration of the Fibres of the
heart is extremely divers from that obferved in all
others. For here the Fibres are neither dirett, nor
parallel among themfelves ; but curve and fpiral,and:
in wonderful manner varioufly interwoven and impli-
cated, not by a Texture like that by which Wicker.
Baskets are nfade, as Pefalins imagined them to be,
but difpofed with a more admirable artifice. For, im-
mediately under the outward membrane invelting the
heart, from the Bafis of the heart, and fromthe Cir-
cular Tendinofe Orifices of it, in which the #enz Cava
andthe Vena Arteriofz are terminated ; as alio fromx
the beginnings of the 4orfa and arteria venofa,is propa-
aated a fFratwm or Layer of Carnofe Fibres, whichare
almoft “zquidiftant among themfclves, and tending
dire@ly from the Bafis toward the Coneof the heart;
where varioufly infle€ted and contexed, they are re-
fleGted toward the Cavities or Ventricles withiln the
1Cart..
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heart. Under this ffratum lye other Layers of Fibres
defcending obliquely and fpirally,which ftill more and
more inclining toward the Cone, before they arrive

‘thither, are decuffated, and interwoven among them-

felvesand with other orders of Fibres, and thence
turned toward the irifide of the heart, they are partly
reflelted, in oblique fpires, and as it were fillets run-
ning tranfverfe, toward the bafis of the heart, and
partly feem to compofe the internal columns, to which
the little chords of the three-pointed and the mitral
valves are faltned ; while other fome of them being
tranfyverlly woven together,form the Sizus of the right
Ventricle.™ That this concife defcriptionis yet true
and agreeable to Natures original, in the tralts and
contexture of the various orders of Fibres, of which
the Mufcle of the heart is for the moft part compofed ;
will foon appear to any that hath skill, patience, and
(what I dow want ) leifure to unravel them Layer
after Layer. And as for others whofe curiofity is not
urgent enough to induce them to take that pains, I
refer them to the concordant teftimonies of thofe
Learned Anatomifts of thisage, who have profeffed]

written {ingular books of the firu&ure of the Heart :
I'mean the famous Marcellns Malpighins « who feems
to have been the firft that accurately unravell’d the
threds of the glome of the heart, at Pifa, Anno Domixi
1657.) Dr. Lower, and Laurentius Bellinws, and Ni-
chol. Stewo. From which Authors though Gerardus
Blafius of Amfterdam hath colle€ted whatever he hath
delivered concerning the Heart in his Rhapfody en-
titled Arnatome Animalinm: Yet he hath not blufht in
his Chapter de Corde, to fhew himfelf uncivil and un-
grateful toward the Second, in thefe words : Gezerals
huic fabrice cordss, particularia waria, una cum figuris,

Calpar Bartholinus, diffut, de Corde, addere [ velle pro-
miLEIL
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Of the Heart, and its Pulfation..

mittit : confultnm adeogue videtur, ea, que Lowerus
fuse exhibet Trait. de Corde, pro non editis habere, maxi-
me cumveleadem qua Stenonius fradiderat, contineant
vel, Authore diCto Bartholino, ervonex plurimas. In
which Paragraph of bale detraftion, malice and falf
hood contend for fuperiority {a palpably, that the Au-
thor refutes himfelf. For if Dr. Lower’s book con-
tains nothing new, nothing but what Steso had before
taught in' his of the fame fubjett ; Why did not Bla-
Jius trace him in his thefts, and bring at leaft fome par-
ticular inftances of his ufurpation? Which he ought
to have done,to convict the perfon whom he accufed of
being a Plagiary. Nay, WE}' did he tranfcribe into
his own Chaos of Collections Anatomic, the different
defcriptions and judgments of Ste#o and Lower, con-
cerning the fame things? Whence alone it is moft
evident, that the /s#ter owed not what he wrote to the
induftry of the former. - Andas for the other part of:
the calumny ; viz. that Lower had deliver’d many
things erroneons : 1would fain ask of Blafius, wh y then
did not you fet a black Afterifc upon,and confute thofe
errors fingulatim, but leave them to infet the minds
of young Students in Anatomy ? or rather why did
‘ you propagate them, by filling whole fheets with
| Lower’s texts and do&rines,as trueand worthy the Rea-
- ders belief ? But whither has my zeal for our honour’d
| Collegue’s reputation tranfported-me ? I now remem-
ber, that I fit not here to wipe off thedirt that either
| envy orill nature has thrown upon any member of
| this moft Learned Society, the meaneft of whom is
nuch more able to vindicate himfelf, than I am.
Nherefore deprecating your difpleafure againft my
digreffion, I refume the tliread of  my difcourfe.
Among the above defcribed various,and fometimes
contrary orders of Fibres, whicl, by their I,hirzid con-
VOoLutionsg

|
|
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volutions and mutual interfetions, feem to give to the

heart its circular and Conical Figure, in which it is
not refembled by any other Mulcle whatfoever ; are
difleminated in great multitude {priggs of Nerves, de-
rived from the szterior branchof the Eighth pair, pro-
perly named par wagwm : all which pafling betwixt
the arteria pulmonaris and the aorta, firltbeftow many
{maller furcles upon the Awricule on each fide, and
then implant themlelves into the Fibrofe {ubftance of
the heart in divers places. The manner of which
their implantation is plainly vifible in the heart ofa
‘Calf, Lamb, or other new born Animal, whileit is yet
warin.

But becaufe in things Anatomic, the Eye isa better
inftrultor than the Ear; Ihave caufed to be accurate-
ly reprelented in this Figure, the whole Syftem of
Nerves pertaining tothe Heart and its Ears; to help
both the underftanding and memory of younger
Students, for whofe fake chiefly Le€tures were at firft
initituted in this College.

FIGURE II1.

In this Figure, 4.4, 4 A, reprefent the Nerves of
the Eighth pair cut off: which though derived from
the fame origine, are yet, in a man after they have
pafled out of the Skull, divided into two Trunks ; of
which the exzerior, denoted by B B, is call’d the Ix-
sercoffal branch,becaufe inits defcent toward the parts
of the lower belly, it receives many Spriggs of other
Nerves fhooting forth between the ribs from the Spi-
nal marrow, as auxiliaries; and the interior, named -

par vagum, from its various windings and turnings,

firft diftributes divers furcles in its paflage downwards
to the heart, then fubdividing itfelf into more threads,
18
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is diffeminated into the #7fzera contein’d in the atdo-
ween,

D D, The plesins of the former or intercoftal branch,
call’d ramus Cervicalis, becaufe in man it is fited on
each fide in the middle of the neck.

E E, The plexws of the Nerves of the /ater branch
Or par vagum,

F, The Cardiac plexss, in which are terminated
{maller Nervofe tendrels, GG G, arifing on each fide
from the plexus cervicalis of the intercoftal nerve.

# H, Surcles of a confpicuous nervé fhooting forth
from the plexus of the par vagum, and terminating it-
felf in the plexus Cardiacus.

11, Many nervole produétions from the plexns of
the par vagum, diftributed to the Pericardinm, to the
vr::ffgis conjoin’d tothe heart, and to the ears ofit.

K, Remarkable {urcles of nerves from the plexus
Cardiacus, which pafling betwixt the arteria pulmona-
ria, M, and the aorta N, are terminated in the {ub-
ftance of the heart.

L L, Two confiderable Nerves fent from the par
vagum to the heart; which are varioufly combined,
as it were by mutual inofculation, both among them-
felves, and with Nervofe branches iffuing from the
plexus Cardiacus; to the end, doubtlefs, that both
might be ftrengthned by that union, Thefe feem to
be the principal of all Nerves pertaining to the heart,
and molt likely to convey influence from the brain to
the heart (whatever that influence be) to invigorate
it, and maintain it in perpetual motion ; probably by
{upplying the heart with fiuccus nutritins in great plen-
ty.

0000, The Mufculofe fubftance of the heart, in-
to which the faid Nerves are inferted.

G in
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In this manner hath Nature furnifhed the heart of
man withftore of Nerves; thereby providing for its
firength and continual motion. = Nor hath {he much
diverlified her work in the hearts of Brutes. For all
the difference that hitherto hath been obferved in
them, asto the Nerves, is only this; that befide the
produttions that come from the Nerves of the Eighth
pair, ina place fomewhat higher, and are diftributed
to the heart; in moft Brute Animals there are more-
over very many {priggs fhooting from the fame
Nerves, where they pals above the heart, and receive
as auxiliary fupplies, nervofe furcles pafling betwixt
the ribs from the Spinal marrow; which are fent
down dire@ly intothe fubftanceof theheart, asifthe
more caflily to convey fome influence into it. Nogreat
difference this : and yet the caufe that induced Nature
to makeit, maybe great. Whatitis, is difficult to
findout. It may probably have fome refpett to the:
prone pofture of Brutes, which being horizontal, muit
caufe the ponderofe machine of the heart to {wagg,
and the coneto point, not toward the midrif asinerett
man, but toward the Stersum : and theréforein them
there might be need of moreauxiliary Nerves to affuft
the hearts motion in that pofition. But whatever
may be the truereafon, I do not aflent to their con-
je@ure, who fay, thatbecaufe the heads of beafts look
downward, therefore the providence of Nature hath:
furnifhed their hearts with more Nerves, left Animal
Spirits fhould not in fufficient fwarms be fent every
moment from the prone head into the heart of a
Brute,that pofition of the brain(forfooth) rendring the
tranfmiffion of thefe Spirits more difficult and flow.
And the reafon why I'do not affent to this witty con-
jeCture, is becaufe neither the Authors of it, nor Elﬁl}f

otier
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other man whofe writings I have read,have fufliciently
proved, thatthere are {uch things as dnimalSpiritsin
rernm naturd. In fomebooks indeed whole Common-
wealthsof them are found, fothat ye can hardly pafs
along without meeting crouds of them. ButtillI fee
their Exiffence otherwife than precarioufly afferted ; I
am juftly excufable if T doubt thereof.

The Heart being thus compofed of many myriads of
ftrong Fibres of various orders, by moft denfe con-
texture compact ; and of various Nerves inter{perit:
it required to be continually cherifhed with due heat
as well withont as within. W herefore the Heart having
no heat but what it receives from the bloud, in which
only the true Calidum innatum, the lar familiaris re-
fides; Naturehath furnifhed it with two Arzeries, for
its own peculiar ufe, divided almoft from their origine
into two trunks ; the Orifices of which- open them-
felves near to the beginning of the aort4, immediately
without the Valvule Semilunares. They are fitly called
Coronary Arteries,becaule their trunks do not prefently
enter into the parenchyma or fubftance of the heart,but
firft make their fo4 or circuit,the more commedioully
to difperfe their branches, round the balis of it, in
manner:of acrown, orrathera Diadem : and though
from their very original they divide, and recede the
one from the other to the oppofite regions of the heart ;
yet they meet again in their extream branches, and by
mutual Auaffomifes or inofculations communicate be-
twixtthemfelves, : fo that'if any liquorbe injeéed into
either of them, it will ina momeént appear to- diffufe it
felfalfo through the other. And this mutual Commu-
nication feems to be defign'd to a good end. For fince
the neceffity of influent heat or life isequal in all parts
of the hearr, 'that fneceflity ‘could not be 'more com-
modioufly fatisfied any way,”than by thisCArtifice ‘of

2 mutual
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mutual inofculation betwixt the extremities of thele
two Arteries.

No fooner hath the bloud thus imported; commus-
nicated its vital heat to the {ubftance of the heart, than
it is thence exported by the two Coronary Veins, which
in like manner encompafling the heart, and:by their

- numerofe emiffary furcles imbibing the bloud effufed

out of the Arteries, reduceit into theright Ventricle,
thence to be brought through the Lungs back again
into the left. Sothat here is a private circulation in-a
{mall circuit, inftituted for the peculiar benefit of:the
Heart. As the extreme {urcles of the Coronary Arte-
ries are mutually inofculated, fo alfo are thofe of the
Coronary Veins, as is apparent: from ocular infpettis
on. For, if you take the heart ofa Calf or any other
very young Animal ( for in fuch thefe veffels are moft
eafily difcernable’) and with the back of a- pen-knife
gently impel the bloud from one fide- of the heart to:
ward the other, you fhall {ee it flow out of the Vein
of one fide into that of the other, and wice versi. Nop
is it to be doubted, but that inall other parts of the
body there is the like mutual communication per aza-
omiéfin betwixt Capillary veflels of the fame kind.

Belides the propet vellels ofthe heart now defcribed;
there are annext to its bafis alfo two Subfidiary Mufcles,
hollow and round, from thence call’d dwricule cordis,
framed with no lefs art-than the Heart it felf; though
of lefs bulk. For they are compofed of robult Fibres.
too, and difpofed in the fame order ; and as their mo-
tion precedes that of the Heart, {ohavethey Nerves:
from {urcles of the Eighth pair before they reach to:
the heartit {elf. Belides, their intermediate flefhy:
Eibres,which form little mufculofe colurens, are elonged
to-oppelite 7 edons, Forthe Tendon at the-balis ofthe:
Heart is. common alfo to the ears of it;, and ﬁ:gxes.
Lhem
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them for a fulcrum or prop ; and on the other part of
the right Ear, where it refpelts the Vena Cava, 1t is
firmed by a harder and Tendinofe circle: betwixt
which twoTendons the Fibres tending to each are ter-
minated ; as appearsin the right Ear of a human heart
inverted. Of thele Ears, the rightis always greater
than theleft. Perhaps-becaufe the flux of the bloud
being lefs rapid out of the Fens Cavainto the right
Ventricle of the heart, thanout of the Arreria Venofa
into the left, whither it is impell'd by the comprefir-
on of the Lungs, and by the coincident elafticicy of
the infpired air : it was therefore'requifite, the capa-
city of the rightEar {liould be proportionately larger,
toreceive and transfund into thie right Ventricle a
quantity of bloud fufficient to fill it. For evident it is,
that the office of thefe Ears is, like-that of funnels,
to tranfmit the bloud into the Ventricles of the heart.
For the fame reafon, the trunk of the Vena Cava,
when it approaches to the heart, participates fome-
what of the nature of a Mufcle. For thereit is furni-
fhed with flefhy circular Fibres, by which it is con-
{tringed, and confequently the bloud running through
the canale thereof is urged the fafter into the right
Ear: inthefame manner as whena gut or bladder 1s
outwardly conftringed by the hand, the liquor there-
in contained is exprefled, and its regrefs hinder’d.
Wehave now {urvey’d the Struéfnre of this admira-
ble Machine the Heart; at leaft fo much thereof*as
may {erve to render more plainand intelligible what T’
am about to fay concerning the Aéion thereok. To-

which I now pafs. & .-

Evident it is bothto the fight and totlie touch, that
in thea& of Palfation, the whole flefhy fubftanceof’
the heart is ftretcht, and hardned with very great®

torces,
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force, as all other Mulfcles are, when they a& : and
certainly this tenlion and induration arifes from the
very Structure of the heart. For the Fibres of the co-
lumas of it, and their cylindrical fa/eienli or combina-
tions, havenot their ends faftned to Bony or Tendi-
nole props, as moft other Mulcles have ; but relying
only upon, and having both their beginning and end
in the pendulous heart itfelfiare retain’d by an inftable
foundation orhypomoehlinm,yet with tenacious firmnefs.
Hence it comes, that the su#7gency of the Fibres of the
heart feems not to have been ordained by Nature for
the traétion and approximation of their extreme terms -
but on the contrary, that there might be made a de-
curtation or fhortning of the Fibres, that by their fivel-
ling they might reftringe and leffen the hollow perime-
zer, and fo, like a Prefs, fqueez out the bloud therein
contein'd, jult as boys Spirt the ftones of plums by
comprefling them ftrongly betwixt their thuinb and
fore-finger. ‘This is evinced from hence, that in ever
Pulfation or Tenlion of the heart,the bloud contein’d in
the Ventricles is with very great violence Squirted out
into the Arteries, as water is Squirted to great di-
ftance out of a Syringe by the embolus or rammer. But
more evidently by putting your finger into a hole made
by incifion in the heartof a living Animal.For in every
Syftole of the heart, you fhall feel your finger pinched
all round about, as by a pair of pincers, by the fivoln
andindurated flefh of the Heart. Though therefore
the external fuperficies of the heart be not in the 'Pul-
lationaugmented ; yet certainly the whole flefhy: firb-
ftance of it is at that time truly fivell’d up, and in-
creafed, and indurated.

Here I have affirmed two things difficult to be con-
ceived, more difficult tobe proved. 'The oneis, #has
the decarration of the Fibres of the heart, which ﬂf?.‘-‘ s

effected
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effeited in its alt of Pulfation, dothby leffening the cavi.
ties of its Ventricles, expreffthe blond contein’d in them,
The other is, that though in the fame Pulfation, the
ontward [uperfice of the heart be not angmented, yet tha
whole flefby [ubfanceof it is [0 enlarged, astofilla greater
[pace than before. W herefore, fince this attion of the
heart cannot beclearly underftood, unlefs the Mecha-
#ic reafons of both thefe Propofitions be firft explained ;
and fince that work hath been done to our hands, with
great labour of mind and profound judgment, by that
excellent Mathematician Jo. Alphonfies Borellus, in his
fecond Volumn de motu Animalinm ; not |D!"1g (ince
publifhed: T chufe rather, in {0 obfcurea way, to
lead my Auditors of the Younger fort by his brighter
Torch, than by the Glow-worm light of my own un-
derftanding. Omitting then the Lemmeata or intro-
ductory propolitions by him premifed to his demon-
ftrations of the Mechanic reafon of the Ation of the
Heart: 1 will venture to make my felfan Interpreter
of fo much of Ins Theory concerning that abftrufe
{ubjett, as feems to me requifite: to the explication
thereof: referring thofe, who fhall not be fatisfied
withmy Epitome, to the book it felf, in which the
argument is treated at large, and more Mathematico. 1
begin from his 47#» Propofition.

Let usreprefent to our imagination a glome or bot-
tomof fmall twine or thred, 4 B R hollow within,
compofed not of one thred, but many, and thofe teo
tied to a ring, or the femidiameter of theglome 4 ET
R, fixed,and tothe fuperfice of the cavity ; and wound
about Concentrically, or Spirally. Now if the cavi-
ty be filled by {welling of the threds by their humetta-
tion, -the internal threds 02, muft be corrugated
ar {hrivelled up unequally, always the more increafing

their:
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their wrinkles or folds, by how much the nearer th
come tothe Center ; and the external Figure of the
glome will remain unaltered.

FIGURE 1V. FIGURE V.

Becaule in-a Rope of Hemp, whetherthe Rope be
made of a fingle twine, or compofed of many twines
twilted together Spirally, the external Spires do in
the fame order ftri¢tly embrace and bind down the
internal Spires, fo that they cannot be removed out of
their places ; we {ee that ropes are equally by hume&a-
tion fwelled, contrated, and fufpend equal weights.
Therefore in like manner glomes of thred, compofed
of one or more threds, 4 B R, ought in the fame man-
ner to be {welled, and their cavities MO L2, to be
filled by that fwelling. For the beginnings and ends of
their Spires are with equal firmnefs retein’d in the
fame places, whether they be mutually knit by con-
tinuation, or whether they be tied or faftned to the
rings or other firm places of the glome, asin the 475
Figure, For, inboth cafesthe threds are the fame, of

the

!



Of the Heart, and its Pulfation.

the fame form, difpofition and thicknefs; and theex-
ternal threds by their Tenfion fpirally gird in and em-
brace the internal ; therefore they muft become, in
the fame manner, thicker by a few drops of water, and
confequently in the fame proportion corrugated; al-
ways {0 much the more fhrinking into little wrinkles,
by how much the nearer they approach to the Centre ;
and their external Figures will remain of the fame
bulk and magnitude.

To accommodate this to our prefent Theme; 1fay,
that when the Porolities of the Fibres of the Multle of
the Heartare by internal humetation dilated, the ca-
vities of it ought of neceffity to be filled by the flethy
{ubftance ofit, without variation of the external Fi-
gure thereof.  For, becaufe the Heart is a glome hol-
low within, compofed ofinnumerable Fibres, Spongy,
very ftrong, and not extendible in length; which
Fibres are faltned to the Tendinole rings of the four
orifices of the heart, and fpirally involved and con-
texed : and becaufe all thefe Fibresare by internal hu-
me€tation fwell’d no otherwife than the twines of a
rope, and the threds of a glome are made to f{well,
and become turgid by a few drops of water infinuated
into their pores : Therefore by the fame neceffity, by
whicha glome contexed of threds is transformed in-
wardly, muft the cavities of the heart be filled, the in-
ternal Fibres of it being corrugated, and fhortned un-
equally, always augmenting their {wol'n wrinkles,
by how much nearer they approach to the Centre of
the heart ; the external Figure of the heart being the
‘while neither augmented, nor diminifhed. And thus
is the difficulty of the /larter of our two Propofitions
{olved,

s ? L et
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Let us therefore in the next place refume the con-
fideration of the former,viz. That the conftriction of the
Ventricles of the Heart cannot be made by the force of the
contraltion of its Fibres.

If, according to the common do&trine of Anatomifts,
the proper actionof allM ulclesbe a Contradtion oftheir
Fibres ; then it may feem confentaneous, that the
proper attion of the Mufcle of the heart {hould alfo be
a contraction of its Fibres : and becaufe the heart is
not tied or bound to any joints, as moft other Mulcles
are, forthe bending of them, butought enly to con-
{tringeits own Ventricles ; let us {ee, whether the
Ventricles of it may beconftringed by a {imple con-
trattion of its Fibres, or not. And Firft, if the Heart
be like toa glome compofed of threds {pirally invo-
lute; itis manifeft from what hath been faid, that
Fibres, when theya&t, cannot poflibly exercife their
force by their contraction, and by drawing their ex-
treme terms towards the middle ; becaufe by a cor-
rugation or {hrinking up into wrinkles of their length,
they muft rather be relaxed. Therefore as a weight
hung on to a lax cord cannot be raifed thereby, while
the cord continues lax : So by Fibres lax and corru-
gate cannot the oppofite walls of the Ventricles of the
heart be violently drawn together, and conjoyned,

Secondly, but if we [uppofe, that the Fibrofe Spires
of the heart are not wound about fertwose, with turn-
ings and windings quite hometothe Ventricles, but
extended in a direct courfe into the Ventricles, and
there bound together into thofe fafeieuli or {heafs,
which compofe many little Cylinders or cords: then
indeed a man may think, that by fimple contraftion

of
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of the Fibres thof¢ little Cylinders may be totally fhort-
ned, and {o the oppofite walls of the heart be brought
to meet together. But this is evidently impoffible ;
becaufe in fuch a pofition there muft neceffarily be ad-
mitted a corrugation of the whole concave fuperficies
of the heart intercepted betwixe the bafes of thole little
columns or cords; and therefore innumerable Fibres
there contexed mult be crouded up together, and in
like mannercorrugated, Ze. relaxed; and by confe-
quence could notact by their tenfe contraftion ; which
is repugnant to the fuppolfition.

Belides, in the right Ventricle of the heart are
found but very few of thofe little Cylinders or co-
lumns : and therefore this fubterfuge can have noplace
there.

Yet farther, a total decurtation of thole fame co-
lumns or cords could not be made, unlefs the lengths
of the Spires ending in the columns themfelves, ran
out betwixt other Fibres, as into [beaths, or about
pulizes ; neither of which contrivances is to be found
in the heart. Forthe Fibres ofthe heart are with de-
cuflated dire€tions contexed, and {oclofely and firmly
bound among them{elves ; that they cannot by various
and contrary motions {tare out of their places, and
runout among other Fibres embracing them.

In fine, that the Tenfion of the heart cannot be
folved by a fimple contraltion of its Fibres, as heréto-
fore hath been commeonly imagined, may be fufficient-
ly evinced even from this, thatthe éw/k of the Mulcles
of the Limbs, which when they alt, are truly con-
traéted,is fenfibly diminifhed rather than augmented ;
but the bulk of the heart, while it alts, is sugmented,
fince the Cavities or Ventricles of it are filled up by
the flefhy fubftance, theoutward figureof the whole
heart being at the fame rime unchanged and undimi:
H 2 aifhed:



54

Of the Heart, and its Pullation.

nifhed. W herefore the proper ation of the heart is

not performed by contraction of its Fibres. Quod erat
probandum.

Hence arifesthis Corollary ; That the cavities of the
Heart are conftringed, not becanfe the lengths of the Ven-
tricles are [bortned, but becanfe their fide-walls are brought
nearer each to the other, {0 as almoft to touch,

T his appears from the very pofition and configuration
of the Ventricles of the Heart, and from its operation,
For, the left Ventricle, difletted from the bottom to
the top,is (ye fee) extended through the whole length
of the heart, from the Bafis down to the Cone, which
ends into a fharp pointed and {lender wall : and fince
the external figure of the heart, ‘while it beats, is not
{hortned; therefore neitheris the length of this cavity
diminifhed,that is to fay, the Bafis of the Cavity is not
brought nearer to the Cone ofit. Befides, the Bafe and
Cone of the heart cannot at all beinflated and incraf:
fated ; becaufe the Bafe wants Fibres, and is intirely
deftituteof flefh, as being wholly occupied by the four
ample Orifices of the Veins and Arteries: and the
wall of the Cone is very thinand flender. Therefore
the Cavity cannot be filled by inflation of the Fibres
of the Bafisand Cone of the heart. It remains then of
abfolute neceflity, that the Cavity be filled by infla-
tion of the fide-walls of the heart, which are very thick,
full of Fibres, and therefore eafily capable of inflation.
Laftly, as was faid before, ifa man put hisfinger intoa
hole made by incifion in either of the Ventricles of the
heart of any Animal yet living, he fhall perceive a
{trong conftrittion of the fide-walls,but none of the Ba-
fis and Conetending to their approximation one to-

ward theother. By this Cosfedfary thus verified,weare
led to underftand The
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The Mechanic reafon of this Operation.

That: by Mechanic neceflity- the Cavity of the
heart cannot be fhortned, may be farther proved thus.
Becaufe a Contraction of the heart cannor be made,
but by a Contration of its Ribres; therefore thofe
parts of it, that- want Fibres, will not be capable of
Contration : but of that immenfe multitude of Fibres
defcending from the Bafis of the heart, not {omuch
as the thoufandth: part attains to the-Cone ( becaufe

if they {hould be there connetted, they would, being

accumulated Fratum fuper ffrato, make the acuminate
and thin wall of huge depth or thicknefs : whereas
now that wall is very flender, in fucha fituation ) and
allthe reft of the Fibres, thatarefpiral, are woven
together, and refleGted into the heart with a trani-
verfal Circuit before they reach to the Cone:. Ergo

they will not be able to draw up the Cone of the heart

toward-the Bafis.; and by confequence, the length of
the cavity of the heart-will not be {hortned.

But the Caxfe by which the fide-walls of the Ventri-
clesare brought to meet, is this. Becaufe almoft all
the innumerable Fibres of the heart are wound ob-
liquely and tranfverl{ly about the fides of ir, and of
them are compofed very many Layers one above an--
other; like Membranes. But when the Fibres of ani;

Layerare inflated or huffed up, they, touching each.

the other laterally, and lying inone Superfice, will of

neceffity croud and prefs each the other laterally ; and |

{o thrult each the other out of their places, and urge:
them farther, viz. fidewaystoward the Bafis, and to-
ward the Cone. W herefore the interval betwixt the.

Bafisand the Cone ought to be rather augmented. But:
becaufe the other external Fibres obliquely encom--
pafling
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pafling and clofely girding the tranfverfe, and iner-
fecting them decwffatim, hinder their elongation and
protuberance ; it comes to pafs, that of neceffity the
inflation of the Fibres ought to caufe them to fiweéll
imwardly toward the cavities ; and fo the infides of the
walls being puft up, muft be brought nearer together.

Moreover, the feptum cordis, or partition-wall of
the Ventricles, confifting for the moit pare of tranfe
ver{e Fibres, will not be fhortned by their inflation,
but the thicknefs of itis much augmented : and the
outward walls ought likewife to be inflated inwards
towards the internal cavities ; therefore the infides of
the oppofite walls ought to meet, the Bafis remaining

always at the fame diftance fromthe Cone. Quod eraz
offendendum.

Hence we may deduce this genuine Confe&ary,
T hat the meeting of the oppofite infides of the walls of the
Ventricles of the beart, is the fole and immediate caule of
the expreffion of the bloud, that was conteined in thens, into
the Arteries. For,the fh'clling or incraffation of thefe
oppolite walls being all inward toward the Centre of
the heart, and withal fo great, as to fill up the caviries
of the Ventricles ; it is neceffary that the bloud con-
tained in the cavities, being on all fides vehementl
comprefled, give way and flow forth through the aper-
tures or Orifices by Nature provided for its efflux: the
refiftence of the fluid bloud holding very little propor-
tion to the mighty force of the folid compreffing ie.
But {0 grand an intumefcence of the flefhy fubftance
of the heart could not orherwife be made, than by a
agreat {welling and turgency of its Fibres: and there-
tore we may infer, thatthe shickneff of the Fibres of
the heart is, in the a& of Palfation, doubly greater
than in the dzsffole. This being granted, I confider,
| that
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that the externa/ Fibres of the heart exercife very great
force, not by fhortning themfelves, but by refifting
diftraCtion ; ( as theiron hoops of a hogshead ) that
the perimeter of the heart be not augmented ; and at
the fame time they are inflated in their Comcave part
or under fide, as we have faid, the threads of a glome
are : and in like manner the énternal Fibres, when they
are fwell'd and incraflated, exercife very great force
by making folds and turgid wrinkles, {o tenfe and
rigid, that they do the office of wedges, by which not
cnly the cavity of the heart is filled up, but the bloud
therein conteined is by vehement compreflion {quirted
out, by a motion very much refembling that, by which
we {pirt Plum-ftones, with our Thumb and fore-
finger comprefling them behind.

But the flender flefhy Columns holding in the oppo-
fite walls of the Ventricles of the heart, arc at the
fame time alfo incraffated, and withal thortned ( their
Fibres being {well'dand corrugated ) to help fill up
the cavity. Yet they exercife greatelt force, to per-
form the office of wedges. They exercife none towards
the drawing together the oppofite walls of the Ventri-
cles, becauie themlielves are lax, by reafon of the
corrugation and {hrinking of the length of their Fibres :
and befides this, they could never exaltly conjoyn the
oppolite walls, becaufe being of a mufculofe conftitu-
tion, they cannot be totally fhortned, the nature of
the Mufcles being fuch, as fuffers not contrattion
greater than the third part of their length. Yet it can-
not be denied, but thefe mufculofe Columens {erve, as
eords, to retain and conferve the due difpofition of
the internal parts of the heart, and to prevent the im-
moderate diltenfion and diftrattion of the Ventricles,
which too great a quantity of bloud rufhing into them
out of the Veins, might otherwile caule.

Einally,
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Finally, the Papille, or little flefhy teats ftanding u
within the Ventricles,and to which the membranole
fhilaments of the #riangular valvesof the heartare faft-
ned, doalfo at their partin this Scene : notonly b
-admitting the like inflation of their Fibres, but alfo
by firmly ereffing themfelves, adinflar penss.

All thefe things are verified in the left Ventricle,
and in the Ears of the heart; but in the right Veneri-
cle, where is not found an equal number of Columns,
the conftrictionis made by incraffation of the external
‘wall, namely by inflation and decurtation of the Fibres
thercof, fothat the hollow crookednefs ofit, by fwel-
ling inward, comes near to a Plane, and the Arch
within becomes ftreight, Alfo the inflation and fiwel-
ling of the Septum cordis, or middle wall of the heart,
of great thicknefs naturally, contributes not a little
to the repletion of the right Ventricle. For hence it
15, that the Convex fuperfice thereof doth become
more prominent and ftretched out, whence that fpace
refembling the figure of a concave Lens, is filled up,
and the wallsmutually touch, the circuit of the Len-
ticular cavity remaining ftillthe fame.

Now this whole operation is exaltly conform to the
inftitute of Nature, which primarily fills and ampli-
fies the Pores of the Spongy Fibres by the humeéta-
tion above explained ; from which the attains to a
double effe€t. For, in the Muftles of the Limbs that
{welling of the Pores of the Fibres,produces a fecunda-
ry effet,which is the decurtation of the Muftle,and the
itrong trattion of the joynt: but in the bears, from
thevery inflation of the Fibres, and confequent in-

.craffation of the walls, fhe effects the repletion of the

Ventricles. But the Machine is the fame in both,
namely, the force of a wedge dilating the Pores of the
Fibres, : -
But
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But that this expreflion of the Bloud out of the heart
is not made by a Spiral contorfion or twifting of the
heart, fuch as that by which. water is commonly
{queez’d out of a wet napkin, as fome late Writers

* have thought, iseafily tobe proved. Iacknowledge.
it to bemoft true, that the expreffion of the bloud out c.

of the heart, no lefs than the wringing of water out of
a wet cloth, is made by conftri@ion of the Cavities
and Pores, which werefilled by the fluid: but at the
fameitimeI deny, that fucha confiriCion is made in
the heart, and fuch anexpreflion of the bloud thence,
by the fame caufe, the fame Organs, and the fame
Mechanic attion, by which water is fqueez’d out of
wreath’d Linnen. For, in a Linnen cloth, before its
Contorfion, the threds were all lax, and therefore
they admitted many Interftices, that might be filled
with lietledrops of water. Afterward, the cloth being
{trongly twilted, the threds are forced to make many
circuits about the twift, of almoft the fame altitude,
and fo they muft not only be much elonged in thofe pro-
lix Gyres, butalfo extenuated and ftretch’d; and con-
fequently their {ides being made {mooth by. extenfion
of their f}c’sids and wrinkles, will mutually touch, and
their inter{tices vanifh, whence the littledrops of wa-
ter that were in them before,will prefently be{queez’d
out. Butinthe heart, the repletion of the Vencricles
is performed in a manner far different from this. For,
in the alt of Pulfation, the bulk of the heart is not ex-
tenuated or diminifhed, but rather augmented in «
double proportion, nor are the Fibres of the heart
elonged, but rather contrafted as the nature of all
Muicles requires. The fame Fibres do not mutually
touch, nor are their interftices fill'd up by reafon of
violent traftion and extenfion, but of their inflation.

I Not-
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Notwithflanding this, we are not to think, that the
Spiral difpofition of the Fibres of the heartis of no ufe.
For, they ferve to the irm binding or hoopingas it
were of the walls thereof, that the faceand conhgu-
ration of the heart may continue {till the fame : which
Nature hath provided for alfo by Girths of other Fibres
wound round about from the external Tendinofe Ori-
fices of the Veflels of the heart, to the Columns with-
in, and withadmirable Artifice decullated and woven
together. And thus we have made good our Propofi-
tion. That the proper Action of the heart is the Con-
{tri¢tion of its Ventricles, and the confequent com-
preflion and expreflion of the bloud contein’d in them ;
not by a Contorfion of its Spiral Fibres, but by an in-
flation and corrugation of them.

Here fome perhaps may be willing to propole to
me this queltion. If itbetrue, that in the Syftole or
a&t of Pulfation, neither the exterior Superfice of the
heart is augmented, nor the Cone of it drawn up to-
ward the Bafis; both which we have afferted : how
then comes. it, that in every Syltole, the Cone of the
heart knocks agsinfl the lefr [ide of the breaft

Which may be thus dnfwer’d. Becaule the heart is
hung in the middle of the Brealt by {trong Ligaments,
and yet in every 8yffole is brought to touchand firike-
the infide of the Breaft; theretore it is neceffary that
this bedone, either by a dilatation of the heart, or by
local motion and tranflationof it, or by erection of the
whole, or by flexion and incurvation of the Cone
thereof. Andasourobfervationand experience rejefts
the three former caufes of this Phenomenon, {0 it ob-
liges us to embrace and acquielce in the laft. Where-
fore it remains only that we inveltigate the Mechanic
reafon
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reafon ofthis effect. Which feems to depend firft upon
the difpofition of the Fibres of the hemt For, wefee
that a crooked gut tied about with a thred, and not
wholly fill'd w Ith water, is by the w mrrHtDFt 1€ water
extended direly or in a firait line: but if the water
be impelled toward ecither end by compreffion, then
the gut becomes crooked again, as the nature of it
exatts, and the other pcndu]z}m E‘:{tlﬁm ty will be e-
re&cd, and ftrike again{t your hand held a little over
it. This plainly follows from the curve figure of the
membrane of the gut, which is longer in the convex

part, and fhorter in the concave. Sointhel eft part of

the Ventricle of the heart, the lefe wall isthorter, lefs
flelhy, and lefs crooked, than the two walls that make
the right Ventricle. Wherefore in the Syffole of the
heart, the Cone of it ought to be eretted roward the
left ﬁdt: of the breaft, and to frike again(t it, more
or lefs {trongly, aecording to the degree of violence
with which it is ereGted. This may be fomewhat help-
ed alfo partly by the erettion of the heart lying ob-
liquely, partly by the fituation and difpolition of the
Fibres, which are wound about ﬂhhqnely and {pirally
from the right fide of the Bafis of the heart toward the
left fide of the Cone ; whence in the a&t of Pulfation,
when the Fibres are fhortned, the Cone may be a
little diftorted and erected by the fafciculree or combi-
nation of Fibres, forwards toward the left fide, ,md
fo the Percuffion may be made.

Seweca (as ye may remember ) in epif. §7. moft
clegantly defcribes, firft the inevitable Aorror that in-
vaded him while he was paffing through the duftand

darknefs ( a darknefs fo thick, aseventobe {een) of

the Crypta Neapolitana, now named the Grot . of

Paufilype, in the way between Naples and Purzole:
52 and
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and then the chearfulneff ( he calls it alacritatens incogi-
tatam ¢ injuffam’) that returned to his mind upon the
firft fight of the reftored light. The fame furprifing
alacrity, methink, I now feel within my felf, after
my pallage through the no lefs darknefs, in which Na-
ture had, through a long Series oFagcs,*%nmivcd her
i great {ecree of the Motion of the Heart,"made more
BT . o} evident harobicure by the duft of mens various opinions.; and m
flitic Groud mthe viing arriving atthelight of knowledge, both what is the
i i’“‘;’ﬂjr " ",‘:;;’Q_‘-hprc‘:pﬁi' Action m";h-e. Heart, and by what Mechanic
Wsencs | the heart oo neceflity that Aétion is performed.

Wl the qrear Clashic Engtne L F I

Wt fyives w, beingie4. In theardor of thisalacrity, I:proceed to the,ufe,

W fy rhe Vera cava, ¥ and a&ion of the Ears of the Hearr, and.of its Palves.
W T:ja:'ru,-rﬂ_' entng }f_'J':IE Eér,r
Pi }iiT¢ dovhe v owgﬁ'

L
i

.iihﬁw._l_“;{{? motion sf-  Theend of the Ve Cava; which is conjoyned-to
Wirhe heavt depend -the heart, is ( as hath been faid before) ingreater Ani-
" ion a superior mffuzmals, Mufenloferoundabout, thatthe trunk of it may
f-'i Lemel by e nerves,  heconftringed as Sphinifersareclofed by virtue of their
i LJh where e b ety aiecular Fibres. But theend of the Pena Pulmonarss
'lr{iﬁiﬁ"‘f J“:*’“"’f";ﬁ"}‘”f" wants the like fulciment, and therefore cannot con-
Eﬁf-k?"'*m #20 Y fringe itfelf. Then both thefe Veins end into. the
i {1,*' Wi metmAuiculofe Ears, which are hollow, like little bags
pyehensibie - wa_-_ﬁ_.i’j_ﬂ? . fides of the-h A ;1 hof
R iﬁe:&ﬁq}ccd to the fides of the heart ; and whofe ﬂ'rpﬂ:ure
E:?H'm‘i naq: :f-; much refembles that by which the left Ventricle of
Repory "o 5 . 3 s - -
;l e O -~ theheart is contexed-in the hollow partof it. For the
i Ears alfo confilt of flefhy Fibres interfeting each
i other like a St. Andrews Crofs,which withinare bound
‘ together into many little Cylindrical Columms, and:
trenches conneCting the fides of the bags. To thefe
Ears {uccede three membranesin the right Ventricle,
and twoin the left; whichareof avery firong con-
texture, of a triangular figure; the bales of  which
are clofely affixed to the whole Circuitof the Tendon
of the Orifice of the heart. Then the. aree or middle

fpaces

]
]
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fpaces of thefe little membranes are branched within
the Ventricles of the heart into many little Tendinofe
Strings or cords, which are faftned to thetops of the
papille or teats that ftand pointing upwards, placed on
the oppofite fide. Now this admirable ftructure being
known, let us enquire the defign or ufeot it.

Firft the extreme part of the Fera Cava {fcems not
to be made Mulculofe for {trength, left it fhould be
broken by the current of the bloud rufhing in; but
rather by its conftrition to protrude the bloud into
the oblique Séaus of the right Eer, and torender the
fame turgid. Which a&tion is helped by the periftal-
tic conftri¢tion of the whole trunk of the Vena Cava,
and by the compreflion of the Mulcles and /ifcera
of the whole body, as was yelterday demonitrated,
when we conlidered the motion of the Bloud. Hence
#t comes, that the bloud impelled through the open
aperture of the Ear, fills the cavityof it, and then
runs into the right Ventricle: and by the like necefli-
ty the bloud flows - out-of the Vewa pnlmonaris into the
left Ear, and thence into the left Ventricle of the
Heart.

No fooner are the Ears filled and diftended with
bloud, but they both at the fame time conftringe them-
felves, by a contra&tive and compreflive altion com:
mon toall Muftles, refembling thatofa Prefs ; in this
order,that firft by {hutting their apertures they hinder
the regrefs of the bloud /into the {fame Veins outof
which it came in: then by the great force of .com-
preffionthey {queez it into tﬁe Ventricles of the heart,
until they be filled and made turgid.. To thisattion of

the Ears immediately fuccedes the compreffion of the -

prefs of the Heart itfelf, by which the bloud itfelf, by

reafon ofits abundance, inflating and diftending the
triangnlar and mitral valves, exaltly fliuts the Orifices -
or.
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Of the Heatt, und its Palfation.

or mouths of the Veins, and {o prevents its own re-
colling into them. Whence it is of abfolute neceffity,
that the fame bloud be exprefled into the Pulmonary
Artery or Vena Arterialis, and into the aorta, Thele
are the Actions and Ules of the Ears and Valves of the
heart, firft dilcover’d by our immortal Dr. Harvey,
and [ince confirmed by various experiments of other
excellent Anatomifts. Being then certain of the Phe-
nomena, 1t remains only that we endeavour to explore
the Mechanic caufes of them. :

In the fir/f place, becaufle the Ears of the heart are
Mulcles, round, hollow, and compofed of flethy Fibres
wound about Spirally, and interfeting each the other
decuffatim ; and becaufe they end into little colwmans
and trezches, inthe fame manner as the left Ventricle
is framed : therefore muft they operate by the fame
Mechanic neceflity, and Artifice, by which the heart
operates,viz. by the force of a Preff, and bywedges in-
linuated into the Pores of their Fibres, they muft be
fwell'd, and foconftringed, and confequently exprefs
the bloud contein’d in them.

Secondly, That the conltriion of thefe Ears, ought
to precede the contrattion of the Ventricles of the
heart, though both motions feem to be performed at
one time ; may be thus demonftrated. For, if this be
not true, then either the Ears, and Ventricles of the
heart areconfiringed in oneand the fame moment of
time, or the heart is firft conftringed and then the
Ears. It the firff, becaule the triangular walves have
no ufe before the heart is conftringed, nor after the
conftriCtion of it is complete, becaufe the fhutting of
the Valves would be in vain, when the bloud cannot
fiow back ; and flow back it cannot before the heart is

Con-
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conftringed, becaufe then the bloud is not ‘-,Lt in” the
Ventricles, and fo cannot be nan]lLd by the Syfole
of the heart ; and after the conttrittion ofthe h:‘:‘a.h,
the expulfate bloud can much lefs Hlow back : there-
fore it is neceflary, thatat what time the Ventricles
are conftringed, at the {fame time the Venole orifices
ought to be exattly {hut by the Triangular Valves,
that the bloud may be impelled, not backwards but
forwards into the Arteri és. Lam: if at EI at fame time
the Ears were confiringed, they would inevitably vo-
mit out the bloud contein d in them into the Ventri-
cles, and fo open theclaufure made by the triangular
Valves, becaule they are fo Lhifmﬁd, as to be opened
and dilated by the very coming of the bloud. W here-
fore at the fame time the bloud would be im; pell’d by
the Ear into the heart,and repell’d by the heart : and
fo thefe two contrary motions would mutually de-
(troy each the other,and both be in vain. Belides, when
ewooutletsareat the fame time open in one Ventri-
cle of the heart, ‘the whole compreflive force of the
heart 1s dl‘rldﬂd into two equal pares, which impell
the two halfs of the bloud, one backward, the other
forward into the Arteries .and therefore \Idmr{: would
foolifhly by a double endeavour attain but half her
end. We may add, that the triangular Valves would
be wholly ul—i:IL.{s, fmu, they would then (wrgente ne-
ceffitate) be open, when they c:rught to be fhut:
W herefore it feems impoffible, that the Ears of the
heart, and its Ventricles {hould be conftringed at the
fame time.

Butif wefuppofe the natural order tobeinverted,
z;e. that firlt the Ventricles of the heart are conftrin-

ged, and thenthe Ears comprefled; this would be:

much moreabfurd : for half ofthe leud contein’d in
the Ventricle would flow back into the Ear on: both
fides open, and thence into the Vein.. It

65
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It muft therefore be confeffed, that the conftri&ion
of the Ear ought to precede, and then immediately
ought the conftrition of the Ventricle to fuccede’;
and then all the operations procede regularly and
compendioufly. For the Ear being compreft, firft the
regrefs of the bloud into the Vein is hindred, next
the bloud is exprefled out of the Ear into the cavity
of the heart; Thirdly, the Orifice of the heart is
fhut by the conftringed Ear; Fourthly, the Ventri-
cle of the heart being filled with bloud, and diftended,
the Membranes of the triangular Valves are expanded.
Theleattions being in this order of {ucceflion done,
then in the fifth place follows the {welling of the
heart, by which all the bloud in the Ventricles, which
cannot, by reafon of the double claufure, flow back,
is forced to run forth by the open doorofthe Artery.

Thirdly, it isobfervable, thatthe a&ion of the rig/u
Ear differs from that of theleft; becaufe the bloud
ought to flow out of the Arteria Venofa or ( as fome
callit) the Vesa Pulmonaria, which is very ample,
into theleft Ventricle of the heart, witha f%:rift cur-
rent, by reafon of its gravity, and of the compreflion
of the Lungs. For thisreafon, alittle Ear is fufficient
to tran{mit the bloud fo fwiftly running into the left
Ventricle: and, withthe help of the mitral Valves,
alfo exaltly to fhut che aperture of the heart.

On the contrary, inthe right Ear, the flownefs of
the blouds influx ought to be compenfated by the am-
plitude of the Canale. And moreover, becaufe the
right Ear ought not only to clofe the Orifice of the
heart, butalfo to impel rapidly the {low-paced bloud
into the right Ventricle : therefore Nature hath made
the Mufcleand cavity of the right Ear ftronger and
larger, than thatof theleft.

Fourthly,
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Fourthly, We may farther gratifie our curiofity,
by confidering the manner how the triangnlar Valves
exaltly fhut the Orifices of the heart ; which (eems to
bethis. Becaufe thefe Membranofe Valves have their
bafes faftned to one pare of the circular Tendon of the
Orifice of the heart, as flags are faftned to their ftaves :
and their other fides are by many Tendinole Filaments
or ftrings faftned to the flefhy teats in the oppofite part
of the cavity of the Ventricle, as Webs of Linnen ex-
pofed to the Sun are kept upon theftretch by many
{fmall cords tied on each fide : Hence it comes, that
by the ftream of bloud ruthing in, the cavities of the
Ventricles are dilated ; and {o thefe Membranofe
Valves, which before were lax, and flagged, are
drawn and expanded tranfverily, {0 as to fpread them.-
felves through the whole fpace of the Orifice. Neceffa-
ry itis therefore, that the points and fides of thele
Triangular Valves, thus drawn by the little cords de-
cuffated, fhould be conjoyned, and being conjoyned
make one Conical fuperfice, greater than the plane of
the Orifice, or of the circle of the bafis of the fame
Cone. After this, follows the Syfole of the heart,
when the infides of the Walls of the Ventricles are
united, and therefore thofe little cords of the Valves
are at the fame time relaxed, and united alfo : and o
the faces of the Triangular Valves themfelves mult be
united, and acquire a Sinuofe or embowed figure, their
Superfice not diminifh'd, becaufe their membranes
are not contratted. Whence it comes, that the bloud
filling the Ventricle,doth by repelling the membranes,
and inflating them, bow them, asthe Sails of Ships
fwelld by the wind, are bowed into a hollownels.
Again,fince thofe membranes thus embowed are trans-
fer’d toward the Tendinole Orifices of the heart, the
K round
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round area of which they far exceed : therefore it is
neceffary, they fhould exactly {hut thofe Orifices, be-
fore the Syffole of the heart is complete. Wherefore
it is alfo neceffary, that thebloud contein’d in the ca-
vities of the Ventricles, fhould by the procels and
continuation of the conftriétion of the heart, until a
cotal union of their walls be efletted, be all expreffed
thence through the dr#eriofe Orifices, which are then.®
open to give It free egrels.

Fifthly, I the claufire of the Ears did not precede,
thofe little and thin Valves would not beable to refit
that mighty violence, withwhich the bloud compie't
by the heart invades them, and otherwife would cer-
tainly breal them : therefore to fecure them, provi-
dent Nature hath put a flefhy forsix or Vault,viz. the
conftringed Ear ; that fhe might with a double door
fhut the ample Orifice of the heart.

Hence naturally arifes this remarkable Corellary;
that the acion of the Ear is lomger in timg, than the
Syftole of the heart. For, the conftrittion of the Ear
begins, -while the heare doth not a&t ; andends in the
Gme moment; ia which. the Syffale of the hears is
complered.

Finally, Ttis worthy obfervation, that in the dr
serial Orifices or outletsof the heart, thereis no need
of the like ;sipjpdmrw, to prevent the regrefs of the ex-
pulfed bloud:into the Ventricles. For after the exit
of the bloud, and after the greateft part of it is ex-

ulfed without the Capillary Arteries, it cannot be

wapelld back again ; as well becaufe it is not urged

by the forceofian Antagoniit Mulcle of equal {trength
with the heart, as becaufe it is alseady expelld outof
the
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the extreme Arteries. Wherefore Valves of little
ftrength are fufhcient here, {uch asis proportionate to
the force, which the not-intire fulnefs of the Arteries
can make, whichis very inconfiderable. And there-
tore the Semilunar Valves are far weaker, than thole
Triangular; but yet ftrong enough to hinder the re-
gurgitation of the bloud expulfed by the heart.

Thus have we run through all the proper attions
and offices or ufes of all the parts of this incomparable
Machine of the Heart, in their natural order; and
found them all to be plainly Mechanic, i.e. neceflarily
confequent from the ftrutture, conformation, fitua-
tion, difpolition, and motionsof the parts, by which
they are refpettively performed.

If the Mechanifm hath been by us rightly explica-
ted ( as [ am perfwaded it hath ) in the precedent dif-
courfe, noman has reafon longer to believe, that the
manner of the motion of the heart is a thing to hu-
man wit wholly imperveltigable. Probable it isthere-
fore, that when that excellent Anatomift, and our
worthily honour’d Collegue Dr. Lower {aid, Cam #i-
mis arduum [it de vatione, qui Cordis motus perficiatur,
quicquam rite concipere 5 atque Dei [olims, qui [ecreta
ejus vimatuy, motum quoque cognofcere, prerogativa (it ;
in o ulterins perfcrutando operam mon perdam : he was
out of modelty willing to limit his own curiofity in
that particular, but not to fet bounds to the future
difquifitions of other men, & .-.

Lik, de Corde
cap. 1.







PRELECTIO- 1L

Of the Efficient Caufes of the Pulfation of
the Heart.

Elighted with the Contemplation of the
Strufture of this Mafter-piece of Nature the

Heart, I have fometimes revolved the Books

of the moit Celebrated Authors, who have
profefledly written of Architeiture, and of Hydraulic
Engines ; in {earch of fome example of a Machine,
that might be, at leaft ina few refpets, compared
withit. Ofmany that occurred, that which feemed
to me to come neareft in fimilitude to this inimitable
Prototype of Nature, was the Hydranlic Mint at Sego-
via, mentioned rather than defcribed by that every
way Noble Gent. Sir Kenelme Digby, in thele words,

» This Engine,. or rather multitude of {everal En- Treifeof To-

diesycbap. 23,

» gines, to perform different Operations, all condu-
» cing to one work,. is {0 artificially made, that one
» partof it diftendeth an Ingot of Silver or Gold into
» that bredth and thicknefs, as is requilite to make
» Coin of: which being done, it delivereth the Plate
» it hath wrought, untoanother, that prints.the Fi-
»gure of the. Coin upon it, and from thence it is
» turned over to another, thatcuts itaccording tothe

» Frint,‘inm due {hape and weight. And{aftly, the.

» feveral pieces fall intoa referve, inanother room,

» where the Officer, whole charge itis, findeth trea-.

» {ure ready Coined, . Eor




Of the Efficient Caufes

For betwixt this Engine and the Heart, I fancied
fomething of Similitude, at lealt in the few particu-
lars following,.

Firft, Asthe defign or ead of the formor, was to
Coin mony, which is the bloud of all States, as well
Monarchies as Republicks, for the fupportof the Go-
vernment : {0 the office and work of the ditrer s to
{tamp the chara&er of Vicality upon the mafs of bloud,
for the maintenance of life in all parts of the body, and
regulation of the whole Animal ceconomy.

Secondly, As the ome is moved bya ftream of Water,
fo is the other by a current of bloud, as vo ts diaffele
at leaft.

Thivdly, As the Artificial Engine was compofed of
many lefs Machines, each of which performed its
proper office by a diftin{t operation ; yet all confpired
to one commonend : So the Natural, being alld corhr-
plex, confiftech of various fmaller Machinés, ziz. the
Ears, Valves, Ventricles, Mufculofe flefh, Fibres of
different orders, Chords, Columns, Papille, ¢, all
which have their peculiar funtions and motions ; yet
{o combined, that they all co-operate to the Vital mo-
tion or heat of the bloud, and diffufion of the fame,

Fonrthly, By the Se¢ovian Engine Ingots’ of Silver
were diftended toa bredth and thinnels requifice o

make mony : by the bears and its Ears vehemently
conftringing themfelves, and repeting their ftrokes,
the Silver Chyle, or publick revenue of the Animal,
is attenuated,its vifcid and grumofe parts diffolved,the
cruder parts concolted, and all by conquaffation and
compreffion fo perfectly commixt with the bloud, as
to be fir to make good and cutrent bloud. '
Fifthly, From the Minrengine the new fampt
Coin was quickly cransferred into a receptacle in &iﬁb—
ther
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ther room, thence tobediftributed, by orders ofthe
Mint-mafter: From the Heart is the new Coined
bloud inftantly tranfmitted into the Arteries, to be
diftributed, according tothe ordinance of Nature.

Sixthly, As the various partsof the greater Engine
were {0 fituate, difpofed, and connelted, as that if
apy one-of them were by chance difplaced, broken,
or hindred in its motion and aétion, prefently all the
reft mult fail to procede in their relpettive operations,
and the work of making Coinceafe: Soin the much
more fubtile and myfterious Machine of the heart, if
any the lealt part, though but the chord of a Valve,
be broken, or arreiied in its motions, all the reft will
foon be at a ftand, and the grand work of making
the bloud vitalbe atanend.

Thus far,methought,the Parallel held fairly enough,
and I was not ill plealed with the ramble of my 1ma-
gination : but when I had attempted tocarry on the
refemblance a little farther, I {oon difcovered the 44/~
parities to be {0 many, and fo great, that it was im-
poffible to reconcile them intoa juft Analogy. W here-
upon, condemaing the extravagance of my fancy, I
{oberly concluded, that zhe Heart of an Animal s an
Engine never tobe imitated by human art : and I-found
my {elf more inclined to applaud the judgmenc of that

rodigy of Mathematical knowledge, Archimedes ot
E}'?‘Jﬁ'ﬂ_ﬂf, for never attempting to counterfeit the mo-
tions of the heart, than to admire his wit fhewn in

making a Sphear of Glafs (Athan. Kircher deniesthat pe Magnae
any part of it was Glals, but only the out-fide, that lis-‘e

men might difcern the wheels and motions within )
which reprefented the perfe&t order and motions of
the Celeftial Bodies; and which Clasdian deflcuibes
in ong of his Epigrams,

MNow
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Of the Efficient Caufes

Now if we defireclearly to underftand this inimi-
table Excellency of the Machine of the Heart, and in
what Proprieties of it the fame doth chiefly confift;
we fhall be obliged well to confider two things,neither
of which hath yet been explicated by us, and with-
out a due explication of both which, all that we have
hitherto faid concerning the motion of the Heart, will
be maimed and unfatisfaltory. Thele are, the Mighty
and incredible Motive force of the Heart, by which it
exprelleth the bloud out of the Ventricles: and the
Efficient Canfes of its Motion. Things {o worthy to be
known, that I need not deprecate your impatience,
moft Candid and accomplifbed Auditors, if 1 detain youa
few minutes longer, while I enquire into them.

Astothe FIR.S T therefore, viz.

T he admirable Motive force of the Heart,

Since the round and Conical Figure of the Heart
doth not permit us to attempt the meafuring of its
Motive power by the {fame way, by which the moft
Learned Alphonfus Borellus hath with ingular fagacity
meafured the forces of very many other Mufcles of
Mans body, namely by weights {ufpended by them;
and fince therefore in thisdifquifition, we cannot from
the effect procede to the knowledgeof the caufe: we
are compelled, from fome other $ig# toraife a pro-
bable conjeCture, whence we may inveftigate the
greatnels of theefle@. Andthis Sign fhall be the §i-
militude and dnalogy, which the Mufcule of the heart
feems to hold to other Muftles of the fame Animal.
Let us then with the fame excellent Mathematician
Borellus(in whofe footfteps I now again tread) fuppofe,
that all, even thelealt Fibres, or little Machines of

the
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the fame, or divers Multules, in the fime Animal,
are equally {trong, and exercife an equal motive force,
in the fametime, in the ftate of health. And becaule
equal bulks oftwo Muftles contein equal multitudes
of the lealt Fibres, it follows, that if we have fore-
known the total motive power of one of the two equal
Mulcles, we f{hall be able thence to conje@ure, what
is the total power motive alfo of the other. Therefore
the flefhy bulk of the heart being of almoft equal
magnitude to the bulks of one of the Tempora/ mufcles,
and of one of the Mufferers ; and Borellus having de-
mouftrated to us the total motive force of thofe two
mufcles: we may probably infer, that the motive
force of the heart is equal to that, which thofe two
mufcles {hutting the mandibl- exercife.

Now becaufe no intire Fibre of thefe two muftles,
is lefs than two inches long ( taking all the Fibres one
with another, that the excefles of the longer may
compenfate the defelts of the fhorter ) and becaufe in
an inches fpace of every fingle Fibre, we may ima-
gine more than twenty little Machines, or R homboid
Pores contained, like the links of a chain ina Watch,
or the Mefhes of a Net ina row one above another ;
let us notwithftanding fuppofe no more than ten final-
left Fibresto be conteined in that fpace : therefore in
the length of every one of the Fibres that compofe the
faid two Mufcles, there will be conteined more than
twenty of thofe moft minute Machines. And fince the
weight of 150 pounds may be fufpended by one fincle
Stratum or Layer of thefe {mall Machines of the fame
Mulcles : thercfore, that we may have the whole
force that Nature exercifeth in thofe Muftles, the
force of that one Layer,viz.that which is able to fuftain
150 pounds, ought to be twenty times multiplied.
W herefore the whole force that Nature exercifes, to
L dilate
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Of the Efficient Caufes

dilate all the Rhomboid mefhes or pores of the faid
tewo Muiftles, when theyaét, is greater than the force
of 3000 pound weight, and would, if applied to the
oppofite end of the beam of a balance, preponderate.
If then every moft minute Fibre of the Heart ex-
rcifeth, in the Syffole of it, a force equal to that,
which every Rhomboidal Machine of the Temporal, or
Mallezer mufcle makes, when they act, as molt cer-
tainly it doth, the motive power of all Fibres of
the Muftles, in the fame Animal,inthe ftate of health,
being equal ; and if the multitude of leait Fibres con-
tein’d in thofe two Muftles, be equal to the multitude
of moft minute Fibres contein’d in the Mulcle of the
Heart, as the vifible equality of their ‘magnitudes .
warrants us to fuppofeit to be : we may thence deduce
¢his conclufion; that the force;, which all the moit
minute Fibres of the heart, when they are {welld,
exercife to conflringe the Ventricles,.e. when they act
all together, exceeds the force of 3000 pound weight,.
and would preponderate, ifit were applied to the con-
trary end of the beam of a jult balance. Ruod erat de-
monfirandum. And thus have I given you a {ummary
of what Borellus hath from a long chain of moft inge-
niofé Propofitions and Theorems in fineinferred. I

gome therefore tothe

A D
-

SECOND and laft confiderable propofed to be
inquired, viz. the Efficient Canfes of this {o wonderful
Motive force of the Heart. Thefe feem to be no more
than two: of which one is immediate, the other me-
diate,

As to the the former, viz. the immediate caufe of the-
hearts Motive Power ; we are not toexpect to learn,

gither what it is, or whence it procedes, from the
dottrine.
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dottrine of the Ancients. For, they having obferved,
that the heart was not, as all the other Muﬁ.!m of
the body are, moved <4 aréz!rmm voluntatis, at the
command of the Will; not only named the motion
of thofe Voluntary, and thﬁ motion of this Natural, as
they had good realon todo; but alfo conceived and
taught, the caufe of the motion of the heart to be di-
vers from the caufe of the motion of the reft of the
Mulcles,and accordingly conftituted and affign’d to the
heart a certain blind and unintelligible Pf’.!"ffnfn Facut-
ty, whereto alone they afcribed as well the diaffole, as
the Syftole thereof ; which they had no juft reafon to
do. To evince this their palpable error, I will aflert
this '

PROPOSITION,

T hat the immediate Motive r:.amﬁ of Fthe beart, #s the
very [ame with that, by which the U:;,(E,{ s of
the Limbs are moved Volustay ily.

Firft, ii; is moft evident to fenfe, that the Mufcle of

the heart is compofed of the fame conftituent parts
with all other Mulfcles, ziz. of bundles of carnofe
Fibres of the fame Tendinofé and Contrahible fub-
ftance, of the fame prifmatic Figure, in the {ame man-
ner dlfpoﬁtd Layerupon Layer, bound down by mu-
tual contexture, in the fame manner inter{per/ed with
branches of Nerves, F’t&l‘lcd to Tendons,and enlivened
by bloud irrigating them out of the Arteries. In a

word, there 1s no {enfible difference or difparity, the
T‘ugurc of the whole heart excepted; w hich yet doth
not diver(ifie the Organic nature of it, no more than
the diverfity of Figures ‘among other Mufcles, doth
make them of a different nature. Then if we rz‘mfdler:
L 2 the
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the aftion of both the Heart and all other Mulcles, we

fhall find, that as well the Fibres of the heart, as

thofe of all other Mulcles a& by contraction of them-

{elves. If we delcend to the immediate motive caufe,

and the Mechasic mode of their operating ; from

what we have already faid, it 1s manifeft, thatitis as

impoffible for the heart to be inflated and moved by an

incorporeal Faculty,or by Spirits,or by the bloud alone

however violently rufhing into it, or by the fame

bloud to what degree {oever rarified in its Ventricles,

or by a Fermentation, conflitt,and difplofion of Acid

and Saline juices met together in the heart : as it is

~ for the Mufcles of the Limbs to be regularly moved by

gn musculic veli 1e¥the fame caufes. It remains therefore, that as all

Wl o | quos FTATHM B L er MufCles are moved by contraltion of their Fibres

8 e quebus JUT 4o Pores of them being filled and diftended; fo alfo.

o ersos Ak perpens’ion - et - : i £

".'_, E’“j::” wsminare licekit ismoft probable, that the proxime or immediate

i i‘*’:; Lovasnentis inservizcaufe of the motion ( I mean only the Conffriction’) of

B ) quorum f'-ffr"'r:l"“,“jtim Heart, is the dilatation or diftenlion of the

WL, correpts 2 0 “Dores of its Fibres, which caufes their abbreviation or

f*ﬂF pol Jubrar mAOTTLEVERTUTL 0 &ion, 7. e. the Syffole of the heart. But what the
. enbnys - AU MUSECS . b B R :

1 e mobns nok forMediate Caufeis, by which the Pores of the Fibres

| Eﬁfili;mwm- masalosas are dilated to the abbreviation of the Fibres them-

N orum mffakiome, gu od {elves, we fhall after a few minutes enquire, In the

f

{pderigz arvibrankury meantime, I will lay down thisother
I sed ill(n licakura Stue€ :

': ,-'{g:hh"‘i".ﬁ-'-‘."-ir“"'{ "i”m PROPOSITION,

e Ll transvers LU ks
| | :'1111_.:'-"#

i F 0 A LA 1_ .| l: - |
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Since itis a truth known to all men, that we can
move what Mufcles we pleafe of any Limb, and con-
tinue their Motion as long as we pleafe, and ftop it
when.
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when we pleafe : but the Motion of the Heart is not
{ubic& to the Empire of our Will, but, like that ofa
Mill, perpetual, whether we {leepor wake : and fince
even without our knowledge or perception, the heart,
asagitated by a certain natural neceflity, makes moft
vehement and almolt momentany ftrokes or jerks al-
ternately, fhort and Ifochronical or equally tempo-
raneous paufes interpoled betwixt them; nor ever
either much varies that conftant Rhythm of its pulfe,
while we are in the ftate of health, or intermits the
fame during life: therefore certainly there muft be
{fomewhat of difference between the mediate caufe of
the hearts natural motion,on one part ;and the mediate
caufe of the voluntary motion of all other Mufcles, on
the other. Befides, inan Egg, from the firlt daysin-
cubation of the hen, the puniéfum Saliens, and then the
Veficuls pulfans exhibite to our fight this dance of life
already begun,when we cannot conceive it tobe poffi-
le,that therefhould be in that firft rudiment of the fa-
#us any fenfation of good or evil,any will to purfue the
good oravoidtheevil; and when nothing of the brain
1s yet formed. Nay more, in the heart ofa Viper taken
out of the body, and putinto warm water, the Pulfa-
tion is obferved to continue many hours, when by rea-
{fon of the abfciflion of the Nerves, all commerce be-
ewixt the Brain and the Heart being extin&t, no fen-
{ation, or ele&tion canbe imagined toordain and com=
mand that motion. W herefore we are obliged to con-
fefs, that thefirff and mediaze caufe of the hearts Pul-
{ation is in fome refpect or other, divers from that
whereby the other Mulcles are incited to motion, at
the command of the Will.
But to explore wherein this nice difference may moft
probably confift, isa work of {o great difficulty, that I
wifh it were poffible for- me to revoke the temerarious.

promile:
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promife I made toattempt it: nor fhould I have cou-
rage enough to carry me {o much as one ftep farther,
if I did not derive it wholly from the well known Can-
dor and benignity of my moft Learned Audstors. For,
the remaining part of my way, though fhort, is yet
dark, and rocky, with Precipices on both fides: and
all the light I can expect, muft be from afew Sparks
ftricken out of my Flinty {ubje&t by the force of con-
jecture. If therefore 1 chance to ftumble, or err;
humanity will oblige you, rather to put forth your
hands to fupport, or gnide me,than to deride my blind-
nefs. In hope of this favour I will venture to procede

Certain it is,that the firft and mediate Caufe of the
Motion of the Heart, as well as that of the motion of
theother Mulcles, whatfoever, it [hall at length be
found to be, isderivedto it by the Nerves from the-
Brain. For, as ifthe Nerve inferted into any Mufcle be
{tri€tly comprefled by a Ligature, or cut off, the power
of motion in that Mulcle is prefently intercepted, or
totally deftroy’d ; as common experience witneffeth :
Soif the Nerves of the Eighth conjugation be either
{trictly comprefs’d by a Ligature round about,or cut off,
in the neck ofany Animal ; there fuddenly will enfiiea
vilible change in the Motion of his Heart ; witnefs
the memorable experiment made by Dr. Lower, and
recorded in his excellent Book de Corde, where he af-
firms, that the heart, which before reciprocated its
Morions moderately and R hythmically, prefently after
the Ligature had been made upon the faid Nerves, be-
gan to palpitate and tremble, and by degrees grew
more and more languid, till the poor creature died,
which was within two days. Other experiments con-
firming thefame thing, I mightalledge, ifit were not
univerfally acknowledged by Anatomifts, that the

Motive
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Motive force of the heart depends upon fome m"ILrenhe
from the Brain. And 1mf.:1n" *chn,frwj one of the moltac-
curate affirms, that NMJ]L made the Cerebellur as a
Storehoufe of Animal Spirits chiel 13 for the ule of the
Heart, that the J"L”[DL"D.] of it might be perpetually
maintained : faying, Promotu Cordss pr. tjazeﬂ-:?.ﬁ‘rm)-"
dula & _ﬁhmzﬁuf natura, wt, preter Nervorsm propa:
q.?ij’f.f .ri{'.t"-!".l”{P 17 f."ffr!- .-? .r.ﬂ'_f[. ﬁffffr"f"f ” P?Qﬂ'ﬁhﬁ:i?ﬁ’f,}fgﬂﬁi-
tuum animalinm inflaxn, Cer ebellums f’”}/ erl,w:‘r‘, gei) ff peren-
Je eor -’ﬁﬂ PF .C-'ﬁ.a— pluaris ’H’.If ez 1&'&'{”.-;1';”0{" FTEYIE ...fl "*j S po=
.r’.?.ir”ﬁfi e conft m“‘ 'rrt'nt ntia adeo rﬂf: naet, r** i :’,,:r;;m.r;;,
zrfff uxets vel minimo te m;;r ris mRomento 4mpedl. :,nr 0L its
efues #llico deficiaz, But why have I recourfe to the au-
thority of men, when Nature herfelf, inher conitant
procefs of forming the parts ofan Lxr,raf:l on, leems to
teach us, that forne influence ( whatev er it be) ) de-
rived from the Brain tothe Heart, 1s dbiulut{:ls; ne-.
ceflary to the incitement and perpetuation of the Mo-
tion of the Heart. For, the Braix 15, in a great part,
pcrhﬂcd before the heart; though thofe two Mem-
ber S, ob communem ﬂ,‘ﬁff; FIECE] i Jfrm;f:r?’: be almoft con-
genite; And I have good caufe to believ e, that the
exordinm of the Brain, is that Collignamentum, which
isfirft feeninan Egg &H:L'r the firlt days Incubation of
the Hen; and which, by the fame warmth continued,
doth in a fhort time concrf.tf:, and is condenfed into
a thicker {ubftance, that is {foon invelted (as every
vifcid humor iswont to be ) witha thinfilm or mem-
brane, and fhoots forth from- itfelf lictle Nerves, as
branches, every way. From the obfervation of which

Corde, eap. 2,
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that incomparable man SirGeorze Ent doubted not g iiisise,
publickly to declare himfelfto be of this opinion, that psg.

not the Heart, but the Brain, 15. the fountain of life.
His wordsare thele, Cor gnim (ati arbitror’) non eft
fons vite ( gui cerebro peculiaris eff ) fed vivulus duntaxat
accef[orinzs.
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accefforins. W hich yet is no new opinion, but afcribed
by Galen to Erafiftrates, who faid : Omninm, gue in
corpore [unt, principinm effe Cerebrum, apparet: and
aflerted by Hippor, whom Cenforinus introduceth
rightly teaching, Caput primo fieri. Now whatcan we
with equal probability conceive to be the reafon why
Nature finifhes the Brain before the Heatt, as this T
have here given, viz. becaufe the Heart, even from
the beginning, hath need of {ome influence to be
tranimitted from the Brain to it, for the incitement
and continuation of its motion, as well as for the Nu-
trition of its fubftance ? the latter of which benefits
is common to the heart with all other parts of the
body.

Secondly, It is highly probable, that the Brain is,
not only the Laboratory, but alfo the common Prosm-
ptuary of the true Swecws nutyitins 3 and that the Nerwes
are the Canes, or Filires through whofe long and nar-
row Pores the fame rofcid Nutritive If-:{um' is gently
diftributed toall parts, for their nourifhment; both
which Propofitions have been formerly with many
conliderable arguments drawn as well from experi-
ments Anatomical, as from reafon, afferted by
Sir George Ent, Dr.Gliffor, and (if it be lawful for
me to put my {elf into the fame period with fuch ex-
cellent men ) my felf. This therefore being fuppofed,
it 1s not unrealonable to think, that this rof¢id, bal-
famic and fpirituole liquor, by many called Swcens
Nervofus, being for the moft part in {ufficient plenty
in the Brain, doth at all times touch, and foak into
the open Pores of all the Nerves thence elonged ; but
more copioufly into the Nerves that extend them-
lelves into the Fibrofe fubftance of the Heart ; becaufe
the Heart is furnifhed with many more and larger
Nerves than any other Mufcle of the whole body.

And
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And becaule the extremely narrow cavities of the
Nerves are full of a {pongy medullary fubftance, and
continually wet with the fame rofcid liquor creeping
through them : therefore the liquor cannot flow out
of the lower ends of them, into the Fibres of the
heart, otherwife than guttatim, drop after drop ; as
all liquors, chiefly fuch as have any thing of vifcidity,
flowly creepalong the threds of Filtres, and when
they at length arrive at the end, fall down in equal
drops, with equal paufes betwixt the precedent and
the fucceding drops. Farther, becaufe the diftilla-
tion of each drop 1s almoft momentaneous, not per-
{evering ; thence it feems to come, that the conftri&ti-
onof the heart is performed and finifhed in a mo-
ment, and a paufe fuccedes in the nexe moment, till
a fecond drop comes to caufe a fecond conftrittion,

.and fo forward. And fince in the Brain, or foun-+y

tain of this rofcid liquor, there is alway plenty to
maintain a perpetual fucceffion of drops ;" and the li-
quoritfelfis (in theftate of health ) always of the
{fame temper and conliftence, and the narrow Canales
1n the Nerves always equally retard its defcent and
effflux : therefore it feems neceffary, that the times of
quiet, or the paufes intervenient betwixt the drops,
{hould be ¢qual, fo long as the liquor retains the fame
degree of fluxility, or is not hindred by greater vio-
lence.

But if it happens, that the liquor is becdimeeither
more thinand fluxible than'is fit (as commonly it
doth upon debauches' with Wine or’ other ftrong
drinks ) or Saline, Acrimonious, Acid, or of any
other vitiousand irritating quality ( as oftenit is vi-
tiated i many maladies, chiefly in Scorbuto invetera-»

t0) or fallinto a Férmentation ( which I have reafor et %= i
to conjeCture it always dothin Fevers, and more emishes deeses

M _neatly
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nently in the Small Pox, the matter of which feems
to be, not thebloud, but the Sueens natritinsir: a pe-
culiar manner corrupted, and critically tranfmitted
from the Brainthrough the Nerves into the habit of
the body ) or beagitated by any fwift motion (as in
the more violent paffions of the mind, and chiefly in
anger, it is) inall thefe cafes the motion and diftil-

ling of it into the Fibres of the heart maft be accele-

' rated proportionately, and confequently the §yfoles

of the heart will bemore frequently repeted, and the

K %.0n. ”;”:?,,-mjgpauits intercedent berwixt thern will bgic as thofe in-
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N, Tpag 460 ) zonsust-variousand numerofe differences of Pulfes of the hearrt,
S cucum norvesum se-and endeavouring to folve them rationally by this
Wil ¢ 00 acriovem, Eﬂ@_Hj’PﬂIf}t’ﬁJ‘, which alone is capable to doit: but the
' jh& nomint nerves EPhorenels of the time appointed for my fieting in this.
B M or srrifaniem, s lace, forbids me tomakeufeof the occalion.
B s e gfe promen @ ! |
B f_f‘"‘“;a ﬁi"'_” Nervofus out of the ends of the Cardiac nerves, we
1 !u& deson® febtidis - 1o various familiar examples. ‘Wefee, that Spon-
i N vculd ® ges, Filtres, and even Glafs tubes of very {mall bores,.
i f”"ffm' {M-T’,ﬁ” though they be continually replete with water or ‘any
e ™ aku Sancits) Pragi her liquor ; yet the liquor doth not flow out of their
Jower ends or orifices, inacontinued courfe, as water:
Cpulsum agibek; ¢ - gufhes out ofa fountain, or out of the cock of'a Ci-
gfm pl ane viriflus ftern; but by drops, with zquitemporancous ftops.
W ula, cov w _ﬂrﬁpauﬁ:s betwixt the drops. The true caufe of which:
L ceferius Z:J enbizffeCt feems to be this ; the great narrownefs of the
UL, moevebt. Quaré Canales, which impedes the free permeation of the
Bl Ao wl‘kft-flﬁﬁs ¥ liquor, the little particles, or molecule of the liquor
W ehomentus oV mo=heing notexattly fmooth, but villofe and vifcofe : and
A v eatur wﬂ_*‘!"“’ rex therefore they are forced to creep along with a {low
W jirihr ) nest wh $uctn, ce through the cavities of the tubes, whofe fuperfi-
| Juy ille nervosss, adiges oichin areequally full of lietle afperities too 5 fo.
' Midtl.:hq:ﬂhu-; d & {iHle-that:
vy candiacis militlamr. Cum febrili« camﬂ%: non 1ﬂE= g
P s?alu samabakis, nast m .‘:dlynz ale , WB‘MB‘I?L m_ai::.t:‘. corhis <
II takur m 51#.&!_ a , Succus ‘mfﬂ'i #5? £ vaem. , cking ﬂacﬁ"
| doontius m cordis nevvey ;

 linhons. Boreus Tp}*vcnien_t betwixt the drops, fhorter.® And here a
B o animal fair occalion offers it{elf to me of expatiating 1nto the
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of the Pulfation of the Heart.

that they mult, as they pafs aleng, be put intoa ver-
tiginofe motion, and interrupt their courfe, and con-
fequently fall out of the lower end of the Sponge,
Filtre, or Tube guttatim. Now lince the Nerves are,
like Indian Canes, compofed of Filaments running
their whole length i diret lines, a medullary and
{pongy fubitance, and many little interftices interja-
cent betwixt the Filaments, with a thin coat invelt-
in% them ; andfincethe fuperfices of their little Ca-
nales within, muft thereforebe full of fimall afperities :
it is neceflary, that the Swecws Nervofws, whole con-
fiftence is not much thinner than the whiteof an Egg
well beaten, fhould pafs through them with a.flow and
interrupted courfe, and at length fall out of theix
lower ends i drops, with equal paufes between the
drops. Where we find a parility of Canfes, we mayright-
ly expelt a fimilitude of effeis.

Here I fee two formidable Diffiguities ffanding, like
Romantick Giants, in my way, to deterr me from
proceeding : and I cannot, without fhame and infa-
my, decline to encounter them.

Oneis, That after the Cardiac Nerdes are ant aff, and
the heart itfelf taken out of the body, the Pulfation of it
continnes for fome time. ~Ta remove thisitherefare, I
fay, that the cavities of the Nerves annext to the
heart may-remain ftill full of, and: turgid with-the
rolcid Swecns Nervofws, which being' hindred. - from
regrefsby theit fpontaneous: contraction toward the
heart, andikept in a ftate of fluxility by the yet laft-
ing warmtli of the heart, may for fome time be in-
ftilled into:the Fibresof it, and by {welling of them
gaife them to confiringe the Ventricles, -as before.
‘Then the heart being irritated by the prickof aneedle,

M 2 Oor = =

s

-, -

e e e T
T R "
- ny



86 Of the Efficient Caufes
or fome fharp and pungent liquor, may be able, by
its periftaltic conftrition to {queez out the few re-
maning drops of the rofcid liquor. Which being
done, the Pulfation ceafeth for ever. To the blowd,
this effe€t ought not to be al&r?ed; for after‘all re-
liques of it have been, with warm water and a Sy-
ringe, wafhed out of the Wentricles, and fqueez’d
out of the Veffels ; the Pulfaticn notwithftanding
will continue for fometime: Nor can it be with more
reafon afcribed to Comvulfions of the heart; becaufe
all convulfions are diforderly, and unequal both in
the times of their girds, and in thofe of their inter-
miffions: whereas in this cafe the Pulfations are re-
gular, and iochronicaly’ with equal paufes, ' !Nor to
the Heast communicated by the bloud to the hedre
before it was exf{eted, and not yet quite extinct ; bes
gaule that borrowed heat foon vanifhes, and no ex-

“ternal heat will revive the languithing Pulfation
after all the rofcid juice hath been expreftout of the
ends of the Nerves leftin the heart. Nothing then re-
mainsto folve this Phesomenon, but thé inftillation
of a few drops of our rolcid liquor into the Fibres of
the heart, to {well them, and {0 urge them to con-
ftriCtion of the Ventricles. e
The other Difficulty is this. Why isthere not a Pul:

fation after the [ame manner alfo inall the Mufcles of the

Limbs.; [ince their Fibres are of the fame nature in all

vhings,. their difpofition and direifiononly excepted ; fince
the Orifices of the Nerwe;perreinmg to them, are in the

Brain as opento admit and imbibe the Succus Nervofus

there elaborate and provided for them ; and fince the [ame

Nerves are equally (pongy and permeable in their conffis

tution, and[o apt totrassfer that liquor, as the Orifices
of the Caxdiac Nerves are toreceive; or their Canales to,

. » ' . : srazsfer
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transfer it ? If the whole apparatusbethe fame on both
parts, whence comes it, that the fame efteCt i not pro-
duced inboth?

At this Goliah T have in my Scrip three Pebbles to
throw ; and though my arm be weak, I will not de-
{pair of hitting him in the forehead. Fir/f therefore
I fay, that it 1s not yet certainly known to any mor-
tal man, by what mediate caufe the Mulcles of the
Limbs are moved at the command of the Will ; whe-
ther by fimple contration of the Originals of the
Nerves inferted into them, or by the immiffion of the
Succus Nervofus more copiofely and fiviftly at the time
of their being put into ation: though the Mecha-
nifm of their Fibres make it more probable, that
they are moved by immiffion of fome liquor from the
Brain, by which the rhomboid mefhes or pores of
their Fibres being all.at the fame time {well’d and di-
lated,  a contrattion of the whole Mufcle muft in the
fame moment be effe¢ted ; and therefore I prefer this
opinion to the former, and have followed it in many
places of this rude Difcourfe. But yet this opinion:
hath not led me to a difcovery of the Caulfe of the
difference, this prefent difficulty compells me to hunt
after. Should I imagine 7a/ves affixt by Nature to the
Orifices of the Nerves of the Mulcles, as Mo#/. Des
Cartesdid in'the bodies of them ; though fuch anarti-
fice be not impoffible, yet, befide that no fuch Valves.
have hitherto been found in the Brain, I fhould {till
be to feek for a Caufe to open and {hut them ad arbi-
trium voluntatis, and {o fhould be put toa ftand inmy
difquifition. Which to.avoid, {ome other Organical
contrivement; fuch as may be not only poffible, but

robable alfo, and facile, :and fit to untie this Gordiaz
ot,, mult be excogitated.. ' Letit then be {hppoged;_
1 1af
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that in the Brain the Orifices of the Nerves thence

elonged to the Mulcles of the Limbs, and their Ca-

nalesarein fuch a peculiar manner formed, as at no
time to take in and convey into the Muicles, more of
the rofcid liquor than what is fufficient to nourifh
them, and recruit their vigor ; unlefs when, at the
command of the Will, uncE:r whofe jurisdition they
properly are, the Nervesbeing twitched up or con-
velled at their Originals, both their Orifices are di-
lated to receive, andtheir Canales rendred more per-
vious to tran{mit, in a moment, into the Fibres of
the Mulcles to be ufed, a greater portion of the {ame
invigorating liquor, viz. {0 much as is requilite to
{well them up, by replenifhingtheir pores, and force
them to contration, which is the common: a&ion of
all Mulcles. On the other part, letit be fuppofed, that
in the Brain Nagure hath framed the Originals of the
Cardiac Nerves, by a different Artifice, namely fuch,
as that not only their'Orifices may always be open to
imbibe, but alfo their Canales fo eafily pervious to
tranimit therofcid liquor, as that withoutany Velli-
cation, without any Convulfive motion, the fame li-
quor may, merely by the plenitude of the Canales
?h-::mﬁ:l-uﬂs, be eftuled gmttnlatim into the Fibres of
the heart, tocaufe the alternate conftriCtion or Pulfa-
tion of it. Anditis the more lawful for me to. fup-
pofe this difference of ftrutture in. Nerves ordained
for differentufes; becaufe it is above all: doubt, that
the Oprick Nerves have a peculiar fabric. and: con=
texture, wherein they differ from the Auditory, and
all other Nerves infervient to the reft of theexternal
{enfes ; and that the Organ of every fenfe hath;its
nerve of a peculiar conflitution, accommodate to the
nature of its proper objett: though thofe differences
confiltin fuch minute and fubtle artifices, as have

hitherto
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hitherto ¢eluded our moft curiofe refearches, though
aflifted by the beft {ort of Microfeapes. Why then
may it notbe thought, that Nature hathgivento the
Cardiac Nervesallo a conftitution divers from that of
allother nerves: elpecially when their Funétion and
office is different fromthat of all other nerves, and no
lefs than the Pulfation of the heart, i.e. the confer-
vation of life itfelf depends upon that difference? I
am not, I confefs, fohappy, ‘as certainly to know in
what fingular Artifice the difference dothconfift : but
am notwithftanding fully convinced, there is fome

difference. And if {fo, why may not the difference:

confift in fuchan Artifice, asthatwhich I have here
{uppofed and defcribed ; fince the fame is not only
poflible, but facilealfo, and fufficient to produce the
effett required, ziz. the perpetual inftillation of the
rofcid liquor drop after drop into the Fibres of the
heart ? If this be granted, the mighty Difficalty is
folved. Ifnot, I fay

Secondly, That the multitude of Nerves elonged
from the Brain to the Heart ought to be confidered.
What reafon can we imagine Nature to-have had,
when fhe furnifhed the Heart with {o many nerves
more thanare inferted into any two,nay three Mufcles
even of thglkft rate? Certainly fhe did it, either
for the more exquifite Sexfe, or for the more copious
mourifbment, or for the ftronger motion of the heart ;
for no fourth caufe can be found. The firffis impro-
bable ; becaufe itdoth:not appear, that the Heart
excells any other Muftle in the fenfe of touching or

feeling : and becaufe there feems to be no neceflity of:

itsbeing endowed with much of fenfe, whether we
refpett the adtionof it, which is not perception, but
Pulfation, andthattoo with.incredibleviolence, {uch
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as 1s inconfiftent with delicate and exquifite fenfe;
or whether we reflelt upon the fecure Situation of i,
whichis inthe Centre of the cavity of the Thorax,
where it hangs free and defended on all fides from
harm and offence, either from within, or from with-
out. The Second alfo is improbable; becaufe the
bulk of the heart holds nojuft proportion to the mul-
titude of nerves infertedintoit; and there are many
Mulcles of far greater magnitude, which yet are
e .4 Plentifully fupplied with nourifhment by much fewer
| iT"rgjfr“r'fn nerve a4ef  perves, The third therefore is true : and by confe-

it

W copiose per oY -i::"' quence ferves to difintangle our Hypothefis from the
e ]' G_flu_(. "}'f" ; ; i . ; 3
e e sk chords of the Difficulty propofed. For, fo great a

B e amfjen Ji {sewe Dumber of nerves importing into the Heart much

= dxin mobui il seracmore of the nutritive liquor, than canbe thought ne-
¥ F— B

A ;IM‘L’ conducask, guaz cellary for its nourifhment ; of what ufe can the over-
g;,-i tonss 4ifrosam efus subplus be, unlefs to maintain the perpetual motion of
B dhantoan spok dmmage 2 And in this alfo there is a manifeft difference

E',' 1'.';_ [+ peviundint, ‘Ka
| , 13._,';1

Mf betwixt the Heart and all other Mulcles ; and fuch

HEs , .a difference, as may be brought for one reafon, wh
NE# e e | no other Mufcle but the Heart hath a Pulfation. 3¢

i Thirdly, 1 fay, that the aptitude of the Heart to

\ Pulfation doth conlfilt in its proper Fabric and confor-
L mation, inits Conical Figure, in its cavities within,
i in the difpofition and configuration of iﬂ':’rfibrﬂs, ina
| word, in its whole Mechaniim, which I have for-
merly defcribed, and which is far different from the
Mechanifm of any other Mulcle whatfoever. ' Sothat
if there were no fingular Artifice or knack in the
{tru€ture of the Cardiac Nerves, or if thefe nerves
were fewer in number: yet might the heart be apt
tor Pulfation, of whichall other mufcles are incapa-
ble, as wanting the like Mechanic conformation. No
wonder then, if Pulfation be proper tothe heartonly,
' though
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of the Pulfation of the Heart.

though the Fibres of all other Mulftles be of the fame
nature with the Fibres of the Heart; though the Ef
ficient Caufes of the Motion of all other Muftles be
the fame with thofe of the Motion of the Heart;
and though they, as well as the heart, a& by the
contraction of their Fibres. Now if no one of the
three Reafons here by me alledged, why the motion
of Pulfation is not common to all the reft of the
Mulcles taken fingle, be thought fufficient: yet if
ye pleale toconjoyn and twift them all cogether into
a triple chord, ye may then perhaps find them
ftrong. enough to pluck up the propofed Difficulty
by the roots.

But hold, aminute or two. Have Inot, through
haft, or want of due circumfpe&tion, run my felf
into the Bryers of a contradiGtion? DidI not, inmy
laft Propofition, affirm, that the Mediste Caufe of
the natural Motion of the Heart differs, in fome re-
{pedt, from that by which all the reft of the Muftles
are incited and invigorated to voluntary motion?
and have Inot, in the Paragraph immediately pre-
ceding this, faid, that the Mediate caufe both of
the Motion of the Heart, and of the Motion of all
other Mulcles, is one'and the fame, viz. the Succus
Nervofus depved from the Brain? Where thenis the
difference prefumed ? I anfwer therefore; that the
difference lies not in any change or alteration of the
nature and qualities of the Swecuws Nervofus itfelf,
which Igrant to be the fame wtrobique, onboth parts :
butonly 1n the divers Modes of its effufion from the
Brain. Into the heart, I fuppofe it to defcend
through the Cardiac nerves, gently, flowly, and by

N way
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way of inftillation, drop after drop: but into the
relt of the Muftles, I fuppofe the fame to be immit-
red with great force and velocity, {wiftas Lightning,.
ar the command of the Will. And this feems to be
fufficient, to conftitutea difference, where the {fame
caufe, uled by Wature diverfimode, and in Organs of
different conformation, produceth fo different effects:
and confequently to extricate me from the Bryers. & .~

From which as well as from the former impedi-
ments, being nowat length free ; Ecome in the next
place, to eftablifh the grand Pillar, upen which the
whole weight of this my rude ftructure relies: thatis,
to make it appear to be not only paffible, but alfo-

probable, thata few little drops of liquor inftilled into

the Fibres of the heart, fhould only by caufing them:
to {ell, or by dilating their Pores, abbreviate
them with a force great enough to make a conftriction
of the heart. ‘This if I fhall be able todo, I fhall not
defpair of finifhing my Buildingas Lat firft defign-
ed: for the remaming part of my work willbelittle
and ealie.

 As for the Poffibility of fo great aneflett from a
caufe that feems to be fo. weak and inconfiderable ;
that may be without much difficulty proved from the.
jult Analogy or fimilitude of this effett to many
other as great, if not greater effefts commonly ob-
ferved toarife from the like Caufes: For, Mechanic
Examples of this kind areevery where {0 obvious to
{enfe, and fo numerofe, that only to enumerate them
would be a task hard and tediofe. Out of fo vaft a
multitude therefore, I will, for brevitie’s fake, :g:-

lett:
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le€t only two, fuch asare not enly pertinent and ad-
zquate to my {ubjelt, but alfo in themfelves eminent-
ly remarkable.

The Firff is of a new Cable, which upon wet-
ting will very much (well or become thicker, fhrink,
and fhorten itfelf; beyond the belief of any but a
Mariner. And Galilens hath well obferved this {wel-
ling, and the confequent abbreviation of a Cable, to
be of {o great efficacy, that the violence ofa Tempelt,
the weight and jerks ofa loaden fhip of 1000 Tuns
burden, and the current of the Sea, cannot by their
united forces extend the Cable toits former length.
This ye will confefs to be admirable, that a little
water infinuating itfelf into the Pores of the threds, of
which the Cable is compolfed, {hould dilate thofe little
and indifcernible Pores with fuch prodigious force,
as not only to {well the clofe and hard twifted Cable,
but to countervail, nay exceed the aggregate of
the forces of a furious wind, a ftrong current of
the Sea, and the weight of {ogreat a Ship with its
whole Fraight. Yet common experience teftifies
this to be true.

The Second Example will perhaps raife your ad-
miration to a higher degree, being of-all of this
kind that hitherto I have ever read or heard of, the
mofgmemorable. It is this: In Rome there ftands at
this day an Obelisk of one folid ftone, a kind of Ophite
or fpotted Marble, anciently confecrated to the ho-
nour of the great Fulius Cefar, and erefted in the
Cirque of Nero: but in the Year of Our Lord 1586.
removed into 2 more eminent place, at the vaft

b Ne2e charge
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charge of Pope Sixtus Quintus, and by the admirable

skill of Dominicus Fontanus, an excellent Architeét

and Engineer. This ftone is in height 170 feet,

above the bafe ; inbreadth, atthe bottom, 12 feet,

and at the top 8, mn weight 9586148 pounds:

and the weight of the Cables, Chords, Pullies, and

ther moveable inftruments ufed in raifing it, amount-

ed to 1042824 pounds, according to the computa-

Advorarion. 2d tion of (_E:'m’_géﬂ.; Drandivs, The r':;mm-'iﬂg and ereti-

Solimi memors= o of this Obelisk was thought to be fo rare a
biltz, part, 1. . )

fol. 331 work of Art, that the Engineer, beflide the great

: mafs of treafure he received for a reward from his

Holinefs, thereby acquired to himfelf immortal re-

nown ; no lels than 56 Learned men having fince

profeltly written, to delcribe his Machines then

comment, in Uled, and to celebrate his praifes; as Monantholius

| 18 Ariflor. 2e- relates. But all their praifes notwithftanding, he

hanic.¢ap.19- olgfed no fmall part of his honour to Fortune, or

| ., rather toa Carter, that ftood by, an idle Spe&ator.

I q{e@ were disbur: Bor the Engineer, a little miftaken in his forecaft of

;H%ﬁi Vg‘j}f (ke /., the ftretcching of the Cables and Ropes, found,

G 7" awhen he came to fet the ereCted Obelisk upon the
I! 'I

: :
e f;’“;‘“;‘f J o Pedeftal, that he had not raifed it high enough by
| : ﬁ? ihmeﬂﬁfmm ;m2 Or 3 inches, and toraife it higher with thofe Ma-
L oheved fherewm Sronchines {0 fireecht, was impoffible. Confounded
l‘_ fﬁe‘ﬂ:':e e arin ;ﬂﬂwith fhame and defpair by this unforefeen faileur,
b Emiddte of “he begun to meditate flight, to fave his life, which
b .‘fa tomber, goo. menhe had pawn’d to the Pope to be forfeited, if id
o o '70 horses; 4% potaccomplifth the difficult work he had undertaken :
r*;}—_ﬂmg,_ fim golf nal hen, as good luck would have it, out of the croud
o 14 en of vulgar gazers comes a Carter, and advifes him tor
Ji T o minicug _’ﬁ:;‘::;‘“‘f eaufe all his Cables and Ropes to be wet with water.
il r‘;r::}:!;”:’:i; <. moliwedt? Dich done,, the Ropes quickly {well’d and fhortned
h "frﬁ}m;mg}'f,' : pﬁfqpuf Rema’ fya nglulit | ffrf..i antss j!;:Aem jnuﬂa; ‘fthﬂfm
R dhibail opéyr 4 se omines fHongenlos B seffem | Lquos Se . '
| i (mt.fﬁ"anﬁl nehis  ad mm&__ﬂrmg_.@ﬂi@ -!M‘J g
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them{clves fo, that they lifted up the Column to a
due height: and then the overjoy’d Fontanus with
eafe placed it upon the: Pedeftal. Now if ye fhall
be pleafed to reflet upon this Example, and to con-

{ider, that a little water, only by dilating the Pores’

of the threds of the Cables and Ropes, fivell’d and
{fhortned them with force great enough to over-
come the immenfe gravity both of the Obelisk, and
of themfelves, with the relt of the Mechanic appa-
rat#s then ufed ; which gravity hath been computed
to your hands: I am confident, you will no longer
think it impoffible for a few little drops of liquor
diffufed through the Fibres of the Heart, and like
wedges dilating their little Mefhes or Pores, {o to
{well and abbreviate them, dsto caufe a conltrittion
of the Ventricles, and that too witha force (if Bo-
relles his eftimate be right) exceeding the force of
3000 pounds weight,

And as for the Probability of this propofition;
that cannot be obfcure to any man of common
fenfe, who fhall confider, firf#, the near fimilitude
that is between the thredsofachord, and the Fibres
of the heart, in Figure, in tenacity and ftrength, in
aptnefs to {well, and confequently to fhorten them-
felves upon hume&ation, and in the faculty of re-
ftoring themfelves to their matural tone after exten-
fion : and #ben the little or no difference betwixt wa-
ter and the Swecus Nervofus, as to the power of in-
{inuating into, and dilating the Pores of bodies na-
turally apt to fwell and fhrink. For, fince the two
Agents, viz. water and the Swccns Nervofus, are
fo alike in their efficacy, as to thedilatation of the
Pores
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Pores of Tenlflile bodies; and fince the two Pari
ents allo, viz, thethreds of a chord, and the Fibres
of the heart, have {o full a refemblance in their
nature: it is highly probable, if not neceflary, that
like effects fhould be produced by them. And this
probability is the greater, becaufe of all other Effi-
cient Caufes hitherto excogitated by Learned
men, to {olve the grand Phznomenon of the Pulfa-
tion of the Heart, none can be given, which iseither
{o intelligible, or {o congruous to the whole Mecha-
nifm of the Heart, as this which I have in this LeGure
endeavour’d toaflert.

But this Chair doth not make me a Judge. To
hear and determine, Moft Excellent Prefidens, and
my molt Learned Collegues, is your right ; which I
ought not to ufurp. I will therefore firlt (to ecafe
your memory ) reduce into few words the heads of
what I have deliver’d, concerning the Efhicient
Caufes of the Motion of the Heart ; and then hum-
bly, and without referve, fubmit all parts of my
Difquifition ( for I pretend not to know, but only
to inquire truth ) to your examen and judgment.

The fumm of the Precedent Hypothefis is this.
1 fuppole ( Firff) Thatthe immediate Efficient of
the Pulfation or Conftrition of the Heart, is the
abbreviation of the Fibres of it, arifing from the di-
latation or expamfion of their Pores or little mefhes.
( Secomdly,) That the Mediate Efficient, is the Sac-
ons Nervofus, derived from the Brain, through the
Cardiac Nerves; which being inftilled into, and
diffufed
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diffufed through the Fibres of the heart, fills and
dilates their Pores, and by neceflary confequence
abbreviates them, with force fufficient to make
the Syffole or conftriction of the Ventricles, and to
exprels the bloud contein’d in them.  (Thirdly,)
That the fhort quiets or paules interceding betwixt
the Syffoles of the heart, arife from equal paufes
or intermiflions betwixt the drops of the Swcens Nervo-
Sfus inftilled into, and {welling the Fibres of the Heart :
and that as the times of the droppingsare equalamong
themfelves, {o arealfo the Syffoles of the Heart ifo-
chronic or zquitemporaneous.  ( Fowrthly,) That the
motion and guttulation of the Swecws Nervofus into
the Fibres of the Heart, being accelerated or re-
tarded, by whatfoever caufes; the &8yfoles of the
Heart mult be more or lefs frequent proportionate-
ly thereto.

Which things, if ye now at length {hall judge to
be confentaneous to right reafon, agreeable to the
Anmmal Oeconomy, congruous to the Organical
ftrutture of the Heart (toall which I have been
eareful to adjuft them ) andin fine confiftent among
themfelves: then I fhall with affurance conclude,
that the Heart 45, as all Automata are, moved by Me-
chanic neceflity. Which is, what I propoled to
demonftrate, even without that incredible diplo-
fion of Saline and Acid (piritsin the Heart, firft 1ma-
gined by Dottor Willis, and fince aflerted by a
man of much greater Erudition, and more {olid
judgment, namely Aiphonfus Borellus; as neceflary
to be fuppoled, in order to the Solution of this
great Problemeof the Pulfation of the Heart, and

that:
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that of the motion of the reft of the Mufcles. Which
pretty conceit, I will firlt revive in your memory,
by reciting a few of Borellus’s own words faithful-
ly; and then offer to your confideration the rea-
fons that haveinduced me to rejetit.  Reffat igitur,
faith he, quid ficut omnes mufculi contrabuntur, infla-
tis veficulis eorum pororum; [fic quogue immediata caufa
tenfionis Cordis, erit inflatio veficularum pororum ejus,
faita a fermentativa ebullitione tartarearwm partiums
fanguinis a [ucco [piritucfo ex orificiis nervoruws in-
ftillato, &c.

The Reafons that diffwade me from affenting to
fo greata man, in this matter, arethefe: )

Firft, We have the teftimony even of our fight
( the moft certain of all our fenfes ) that inan Egg,
after a day or two’s incubation of the Hen, the
Prnitum [(aliens firft, and then the Pefienls pulfans
are agitated by a manifeft Pulfation, in the Centre
of the Colliqguamentum or genital humour, which is
a pure and homogeneous liquor; even before an
the leaft fign of bloud can be difcerned. - Here there-
fore the {uppofed immediate caufe of the Hearts
motion, wiz. an inflation from a Fermentative ebul-
lition of the Tartarous parts of the bloud; meeting
and confli€ting with the fpirituofé juice inftilled out
of the Nerves intothe Heart, certainly can have no
place. Forat that time, inthe Egg, neither Heart,
nor Brain, nor Nerves are yet formed, nor is any
part of the Colliguamentum converted into bloud: ¢
canfarum in verum natura nonduwm exiflentinm, nulli
dantur cffeitus. Befide, the fame Peficwln pulfans is
from
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from the beginning of the change of the genital [i-
quor into bloud, not only the Conceptacle of it,
but alfo the Ewxgine that givesit motion ; and there-
fore the new made bloud can contribute nothing to-
ward the Pulfation thereof.

Secondly, If not only the natural motion of the

Heart, butalfo the Voluntary motion of the reft of

the Mulcles, procede from an explofion of mutu-
ally hoftile {pirits concurring and combating in them,
as Boreflusaffirms : why have not all other Mulcles,
as well as the heart, a perpetual Pulfation in them;
when the famebloud, and the fame Succws Spirituofies
perpetually concur inthem, no lefs than in the heart ?
And what dominion could the Soul have over the
Mufcles of the Limbs, to exercife which of them
fhe pleafes, and as long as fhe pleafes, and give
them relt when fhe pleafes ; if they were agitated
every moment by Squibbs or Crackers breaking
within them ? certainly {he could never moderate
fuch violent and tumultuofe explofions. - Befides, it
is wonderful ftrange, if thefe explofions be madeina
Mufcle, when it atts, that wefhould never perceive
it to be diftended or heaved up outwardly ; but that
on the contrary,-we fhould plainly perceive, the
Mufcles, inallvoluntary motion, to be {trongly con-
ftringed iawardly, to be minorated, and become
harder ; which 1s a certain indicium, that they are
moved ina manner quite contrary to inflation,

Thirdly, Such an explofion made in the heart,
might indeed caufe the Diaffole of it, by inflating
and diftending 'the  Ventricles: “but would I-nndi:r

O ' the
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the Syffoleor conftrittion of them inwardly, which
is requifite to the expreflion of the bloud. For, the
fuppoled explofion confifting, like that of awram ful-
minans, or Gun-powder, 1n a motion expanfive ;
would of neceflity dilate the cavities of the heart.

Fourthly, If an explofion of Acid and Saline li-
quors meeting, commixt, and warring in the heart,
be the immediate efficient of its motion ; it is con-
{fentaneous to infer, that where the ingredients of
this explofive mixture are more copiofe, there the
explofions ought to be more frequent; ¢ & contra.
But in fucking infants, who being nourifhed only
with milk, cannot reafonably be thought to have
much, if any thing of Acidity inthe nutritive ‘juice,
or of falenefs in their bloud, the Pulfe of the heart
is notwithftanding, even in the ftate of health, at
feaft doubly quicker or more frequent, than in full
grown men, nay {uch who delight to feed on falt
meats, and drink plentifully Fresch and other fub-
acid Wines. Ergo, ’tis highly improbable, that
the Pulfe of the heart fhould be the effett of fuch
explofion.

Thefe are the reafons that moved me, when I
came to this inftable bogg, to withdraw my judg-
ment from the condu& of Borellus, whom L'efnre I
had fo clofely followed; and to divert into a pri-
vate way, which feem'd to promife me {moother
and firmer footing ; and which notwithftanding I
will not commend to others, unlefs your approba-
tion fhall encourage me to pave it. Meanwhile,
the hour-glafs admonifhing me to referve, tillImeet

with
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with fome other opportunity, what may be farther
alledged to confirm the precedent explication of
the Efficient Caufes of the 8yfole of the Heart; I
will now add no more than three fhort Advertife-
ments, and r-:ﬁfgn you up to the more profitable,
and more pleafant entertainment of your own better
thoughts.

The Firft is, that” is probable, thatin every Dia-
Jftole of the heart, the few and lictle drops of the
Succws Nervofus, which by wedging themielves into
the {mall Rhomboid Pores or mefhes of the Fibres
of the Heart, and fo dilating them, caufed the im-
mediately precedent S§yffole; are by the reftitutive
motion of the fame Fibres, {queez’d out ofthofe Pores
intothe Parenchyma of the Heart, whence they are
abforbed and carried off with the bloud by the Veins;
and fo make room for the next {ucceeding drops, to
caule the next Syffole, and {o the Syffoles and Dia-
fRoles of the heart come to be alternately repeted, and
¢he Circulation of the bloud to be perpetuated, This,

101

1 fay, is probable; becaufe Nature hath iaTticuted

the like abforption of the redundant Swecws Nervofus.

by Veins in many other parts of the body ; moreemi-
nently in the upper part of the neck, where the Fs-
gular Veins imbibe whatever humour diftills from
the bottom of the Brain, as Dottor Lower exprefsly

Lil, de Corde

affirms, and with good reafon ; in thefe words, Hu- cap.é. ubide

mor omnis € cerebro proventens im Vends Jugnlares
seforbetnr. 1 had heretofore, I confef, a thought,
that the humour contein’d in the Pericardinm might
have noother fountain but the reliques of the Swueewus
Nervofus exprefled out of the Fibres of the Heart Iiu

O 2 the
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the Diaffoles, when after violent Tenfion they exer-
cife their natural faculty of reffitution: But when E
had feen, thatthe liquor found in the Pericardium is
eafily capable of coagulation either by heat or cold,
{o as to become like gelly of harts-horn, or the white
of an Egg hardned by boyling, as the Serus of the
bloud will do ; and obferved the variouslittle Glands
{eated about the Bafis of the Heart, for which I
could find no other equally probable ufe, as to inftil
the Serum into the Peréicardium, to facilitate the mo-
tion of the heart, which molt certainly that liquor
doth ; as the humor inftilled out of the glandule /-
crymales upon the outfides of the eyes, ferves ta
moiften and make them more eafily moveable every
way : when I had, I fay, obferved and confidered
thefe things, I rejeted that thought, and embraced
this, of the abforption of the reliques of the Swecws

S Pericardium ipzNervofus by the Veins of the heart. 3¢
Sgum . glandulam Qfse,

The Secornd is, that the Diaffole of the Heart, is
caufed partly by the Relaxation of the Fibres of it
fpontaneoully reftoring themfelves to their natural

L porpetud se "““‘-‘5'}:ni’cure and length, as all other Texfile bodies are
' oafsert .2 “’ﬂ'—‘" wontto do, after ti'hey have been diftended: partly

by the force of the bloud rufhing outof the Earsinto
the Ventricles of the Heart, and replenifhing them.
‘W herefore the Wifdom of Nature is admirable alfo
in this, that fhe ordained thefe Two Caufes of the
diaftole, viz. the relaxation of the Fibres, andthein-
fluxof the bloud into the Ventricles, to be exa&ly
coincident, that with united forces they might co-
operate more efficacioufly. Whence itappears, that
in the diaftole, the Heart is not wholly. Pafive, as

all
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all Anatomifts hitherto have believed it to be. For,
unlefs the Fibres didreftore themlfelvesto their for-
mer longitude, which 1s a  zatural affion, at the
fame time the influx of the bloud happens; certainly
therecould be no room toreceive the bloud, becaule
the infides of the Ventricleswould continue to touch
each the other, and {othere could be no diaffole,

E. :

The Thirdand laft is,that it appears from the whole | |
Series of this dilcourle, that the Pulfation or Con- |, o qumuﬂi
ftriction of the Heart hath its force from that Me- X. 7y ¢ "l Few
chanic power, which iscalled the Wedge™ and that the- r-;-l;*ﬁ;“'{. He mokim!

A

‘ . AC U L
bloud is exprefled out of the Heart by virtue of ano- fif.ﬂ, D eart Hy 2 fo7

ther Mechanic power, which is named the Prelum j, o cnt Ky ofhesit
or Preff: and confequently that the Heart itfelf is, .0, 70 cntimabe in |
as all Awtomata are, moved, not by Spirits, nor [, words-Demen
by a Pulfifick faculty, nor by rarefaltion of the bloud,. sanquinic_miremif
nor Ebullition or Fermentation of the bloud; nor by / «firar_ %tﬁ%fx
explofion of Salineand Acid fpirituefe liquors, but by ?_'_*_" étwﬁ |
Mechanick neceffity. Which from the beginning I '?IH:;"EE *Hﬁm}m )
hoped I {hould be able fairly to prove. e sei dilal ot i
== e i
If the fuccefs of my endeavours hath not been an- ?f:ffff;:ff {Tﬁ&g E
fwerable tothat hope; I will not go about to exte- — fum aqua parhised B
nuate the blame of my faileur, by citing examples 5 u# funis f_a_ﬂg_gﬁ;i :
of much greater Wits, whichhave beforemein vaini ex . 4r *fr‘_t'jjgi_iﬂlf? ]
attempted to reveal the fame fecret of Nature: buteunt ._;f:__ngijj__ﬁ&ﬂ_tﬁ.ﬁ '
confolate my felf with this, that my Fudges arenulys funem tisem 2288 1
men no lefs beloved for their exemplary candor andjrafunt, wiexpen®™ §
humanity, than honoured for their excellency in- allscifatar. De mixh e
kind of Learning ; and whoneed not be put in mind, ¢t#s pradh .t
That Truth is a tree, whofe root is in Heaven, andf*j- """
of which even the wifeft of us dim-fighted Mortalshere

U.[J'DII |
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upon earth fee nothing but the fhadow of its branches.
I will therefore conclude this inelaborate Difquifi-
tion with that memorable faying of the Prince of
Ciceroin Con- Roman Orators ; De his fatuar #ﬁﬂ{f?ﬁffgrffi ur liber,

folatione. LQuid antem verius fit, Dews ipfe viderit : hominem qui-
dem fcire arbitror neminem. & .°.

Y Le&ures, fuchastheyare, much Honour’d

Aunditors, Ye have with obliging patience

heard. Be pleas’d, I beleechye, to hear alfo, before

ye rife, aword which I have to fpeak in my own

defence. Were it not indecent to compare {mall

X things with great, I {hould venture perhaps to ad-
vertife you, that the reafons which induced me to

artempt a reformation of the Borellian Hypothefis of

~ the Motion of the Heart, which Dottor Harveyhim-
;Trpz?j dedi- felf call'd the Suz of the Microcofin ; feem to have
aio fonguin. fome kind of Analogy to thofe, which moved the
Prince of Aftronomers, Tycho Brake, to dillike the

Ptolemaic Syftem of the Macrocofm or greater World,

and to excogitate a new one of more probability

and neatnefs. For, as Tycho animadverting, that

the Celeftial Orbs had been by Prolemy diftributed
unhanfomly ; that {o many, and fo‘great Epicycles

were in vain imagined, to explicate the retrograda-

tions of the Planets, and their various refpects to

the Sun ; and that the equality of the Circular moti-

on was meafured, not from the Centre of its proper

Circle (as it ought) but from the Centre of ano-

ther Eccentric Circle, againft the firft principles of

Nature and Art: invented a new Syltem exempt

from all thefe incommodities, whichis in truth the

Coper-
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Copernican inverted. So I conceiving, that in the
Borellian Hypothefis, anﬁ’]ﬁxplmﬂan of 1 know not
what Saline and Acid materials in the Heart, was
not only in itfelf extremely improbable, and incon-
gruous to the Wildom of Nature ( which always
conftitutes certain and regular Caules to produce
certain and regular EffeCts) but allo unneceffarily
{uppofed to {olve the Phxznomenon of the Hearts
Pulfation : {fet my dull Brain on work to reform ir,
and {foon invented another, that{eems both free from
thofe inconveniences, and moreagreeable to the Or-
ganical Stru€tureof the Heart, to which above all
things it was requifite I fhould endeavour to adjuft
it. This Ithought my felf obliged to fignifie, left
any here fhould believe, either that I have ufurped
to my {elf this whole Syftem of the Motion of the
Heart, from that moft excellent Mathematician 4/
phonfus Borellus, whofe Memory I highly honour ;
or that I lay claim to more than a Candid attempt
to reform it. & .-.

Mrhi antem ji[?uid {iferius E.,g;;‘itwu-_, quam
rei  difffcutbas postulak; extusahvnem merefiur -
J_(-}"' wltreriores Coguanones ex cedere Vvetak japién=
}-ﬁum m Menandm f?lam:«i'l;':.fm :
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EPILOGUS.

 contraxi ; nondum tamen diflolutam video conci-
onem. Refiftamus igitur hic parumper, Auditores
Ornatiflimi, fi vobés ita wvideatnr; & ad [tupendam
illam, cujus rationems Mechanicam hafenns tam anxid
inquifivimms, Cordés fabricam feriv refpiciamns. Inde
enim, etiamfi alia omnia in univerfitate rerum deeffent
Divinz ArchiteCture documenta, cuivis hominum pro-
nm eft inferre, & quam [it immensa illius, ceterornmaue
omninm in hoc Mundo adfpectabilivm CONDIT Q-
RIS folertia; quamque parnm ab immedicabili cim
animi tum mentis [tupiditate olim abfwerit Epicurus, Qu:
Animalia cafu quodam; in prima rerum procreatione,
genita ﬁuﬂ% vecorditer cenfuit: ¢ opinatus eft confe-
quenter, totam in its membrorum varietatem dearticula-
tionemque non aliunde, quam ex Atomorum fortt fortu-
na, poft infinites inter fe in [patio infiuito vortices, ita
concurrentinm, atque commiftarum difpofitione extitiffe.
Luamobrem neque ullam fuifle intelligentis Naturx pru-
dentiam, que offa, cerebrum, cor, nervos, venas; que
ocnlos, manus, pedes, viftera ; quae cetera omnia confor-
mans, ad fines certos, [en funétiones partibus congruss
reffexerit . fed fingnlas partes jta delineatas, co-aduina-
tafque fuifle quadam materie necelfitate ( taltbus nempe,
ac_tali modo concurrentibus Atomis)) ut fi nullins deinde
usas future participes fuiffent. O yidiculum fubtiliffimi
vareroquin Philofophi [Euporem !
) P

P RALECTIONUM quidem vels jam tandem
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Epilogus.

Pudendum profects, [i contemplans palatinm, quod fit

fundamento [ecurum, telto concinnum, parietum [ymme-

trid congruwm, exteriore [0rma decorum, interiore com-
modum., fenefbrarum. conftitutione [alubre fimul, & il
[uftre ; cunitis denique partibus abfolutum, ¢r elegans ;
dicere non andes, Epicure, fortuna ex(Eruitumy f[edarte,
¢ confilio : intuens vero Hominis corpus, in quo omiuid
neque exquifitins formariy neque congruentins collocarky.
neque utilins' deftinari, neque [peciofis  exornaré: qud-
cunque tandens arte potui [Jent caufam illius cacam repi-
tas, expertemque confilit?  An nom, cum oporteat de
canfa ratiocinari ex effects, ejufque conditiontbus 5 cols-
gamns neceffe efty ex [citiffimo opificio [cientiffimum Opifi~
cem ¢ ex uftbus partinm tam a pofitis, canfam ad illos
deftinantem intelligentiffimam in eramuns 2 Ac funto for-
tuns (e interdum vices ; non tamen, [i- pickoris [pongia
in tabulam temere impact a,. equs (pumam [emel expreffit,
ideo quotquot vides pictas tabulas, confimili cafu funt
elaborate, Et nifiid [it, qua fronte id dicis de Natu-
12 operibus, que tam perfecte, tam conflantery, non pin
quntar, [ed animantur ¢ Nempe Leuxis, aut Polycle-
vus habetur tibi valde peritus, cwin alignod Nature opus
imitatus adumbratione, [uperficieque tensus fuerit - &

D EU M, Parentéemve Naturam, [en quocnnque nomi-

e dicas ArchiteGricem ilam caulam, ignorafle putas

quidnam ageret, cuim inicrnan; vivaniy VEramque ac ini-

mitabilem molita fuerit conftructionem ¢ Obftupefcis Myr-

mecidas opufculorum fabricatores, nec potes illum [atis

mirari, qui pulicis corpufculum [cite reprafentaverit : &
o tamen in admirationem non rapit ea caufa, que ani-
asalcudum santulum tanté energia donarit gme innume-
ra 07 ana.in t&m eXigua Materia tam diftinite expre(ferit ;
g



Epilogus.
gue crus ipfins tamtulum articulis diftinxerit, pilifgue e
cruftuld conveftierit 5 que os probofcide armirit, & in-
tus ventrem, acinteftina, principe(que partes difpofuerit ;
que venas, arterias, nervos, mufcnlos, [Piritus, & ce.
tera tam mnlta ad nntritionem, witum, [enfionem, ima-
ginationem, appetitum, motum neceflaria fic concluferit,
ut tamen unwmguodque horum [uam regionem, munufque
Junm, citra cujufquam alterins interturbationem obti-
meat?  Denique landas Dzdalos, Architas, Heronas,
ob folertiam, qua panca quedam machinamenta excoyi-
tant, paranty componunt, [uwis includunt antomatis :
¢ non commendas Summum Artificem, qui quot An:
malia, tot fabricatur automata, non mortus illz, non
brevi 4 motu fmpnﬂra ff:fﬁz,ur,i:: ; fed omnia viva, atque
durabilia ; fed [uos ex [e motus obenntia, [ed inmumeris
( non unis,pancisve ) Machinis fic difpofitis, ut incom-
prehenfibile fit, quantam in [ingulis feorfim, quantam in
omnibus conjunctim, [olertiam, [apientiam. adhibuerits
O animum ex atomis veré concretwm, & ignorantie te-
nebris oppletum 5 cujus vecordie mederi, ne AlClepiad
quidem conceflum exiftimo! Luis enim, nifi Margite

* Fultior, infpecta femel cujnflibet Ani-

malis , maxime wvero Hominis fabrica
per anatomiane patefaita, extemplo
admiratione raptus, non exclamaret
eam Cicerone |, » In univerfo anmi-
» malis corpore quid eft, in quo non
» Nature ratio intelligentis appareat?
2 Omnia enim, que quidem ant extra
D ceypuntur, ant intusinclufa funt, ita
 mata, atque italocata [unt, ut nihil eo-

* Quo prodigiole vecordiz vocabus
lo Alexandrum mugnum appellica-
vit Demafbberes. Quam vocem info-
lentem exponens Swidas, deducic 4
Margite quodam infigni fatuo, qui
ultra quings numerare non poliec;
& quum  Virginem duceret, eam
nonaufus eft atringere, né illa ma-
trirest indicarer. Videlis Erafmuns
n Adag. in Margite.

§ Genag,Deor. |, [ecunde,

» yum [wpervacaneum (ity nibil ad vitam retipendam #oz
» pecelfarinm ; & quantum ad hominem [pectat, ex ejus na-

2

Ninra




Epilogus.
» tura debet intelligi, nec figuram fieumague memémmm;
M pecingenii mentifque vimtalem effici potuifle fortuna :
De Benefl6. aut cum Seneca non diceret, » Scio equidem, fcio,non effa
Hicde revie 7 hominem tumultuarinm o incogitatum opus ? Id autem
deri meretr f7 zmero nature lumine fuit olim Ethnicis cognitum. atque
Eﬁ::an'akllsr per(pectum; nos profeits, quibus ex Mofaica . creationis.
te oci & ma- &{,@aria clarior. lux @ﬁ#ﬁﬁﬂj me‘f:":i nedum fﬂgfﬂff Sum-
]llrr‘:E X mum erga Nwmen eflemus, nifi [umma cum animorups
nlinat. weneratione immenfam ipfius Sapientiam, Benignitatem,
Potentiam perpetno. agnofceremus.. DEQ igitur tex
Opt. Max. Creatori noftro it lans, honor, & gloria, qui.
tam mirabili nos fEructura formavit, & .*. '
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