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To the R’; Honourable Rnbcrt Earl of Sunderland,
Baron Spencer of Wormleton , Knight of the

Mot N oble Order of the Garter, and One of

the Lords of His Majelty’s moff Honourable Privy
Councel.

MY LORD,

A Slhave fgent a great part of my Life, in confi-
dering the Structure, Aétions, and Ufes of all the
Mufeles in Humane Body, which have been as well

delightful to me in the Contemplation, as very ufeful

to me in my way of Praifice ; So I am not without
fome Hopes, that my Labours may find a favoura-
ble R eception amongft all the Ingenuous Lovers
of thefc Studies, but efpecially with the men of
my own Profeffion, to whom the Knowledge of
this part of Anatomy is {o abfolutely neceflary, that
they can neither skilfully nor fuccefstully perform
many Operations in Chirurgery without it: And
tho’ My Lorp, atter all my Care to improve and
finifh this Undertaking, 1 am {ufficiently fenfible,
how unworthy this my laft Performance, is to have

Y our Great Name prefixt before it: Yet I have no Rea-

fon to doubt of Your Lerdfbips candid Interpretation

of what I have done, craving no Prote&ion againft
the Detra&ion of thofe cenforious Perfons, who
think to raife them{elves upon the Ruines of other
mens Credit and Reputation, and to be taken for
more fagacious Men, than their Neighbours, by ca-
villing and fnarling at other mens Works, with-
out making thofe fair and equitable allowances
which all men, who are liable to be miftaken, ought
to do to one another: To whom I {hall theretore
apply that of the Poet Martial,
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FREPFACE

Kind Reader,

Know it has more than once been difputed, whether an Aurhor may
be allow'd a Competent Fudge of his Own Writings ; and that tho’
as to the Building and Contrivance, he may be in the rights
(that being the Employment of his Own Genius) yet the Orna-
mental part thereof, as it is the Brar of Farcy, receives buta

very fmall meafure, if any at all, (either as to its own Merits or Failures)
from the Fudgment,

And firce I every where find, that he is not to be accounted an @»-
profitable Member of a Cemmon-weal, by whofe Care and Study others may
be rais’d, and enlarge on the fame Subjeét with much more Perfetion :
And tho' I may come abroad once more with an Ayr not agreeable to all
Humours (well knowing that it’s eafier to divert than pleafe) the firft
darting like Flafbes firiking on the Fancy, whilft the other more readil
yields to the Severify of Fudgment and Cenfure : Yet in this I am fatisfied,
as 1 have not Concern enough in me to write any thing in my own be-
half, or defence, fofhall I not ftudy the Gratification or Iteh of any Ad-
werfary whatfoever. And tho’Iam readily convinc’d, that the beft of
Authors may fometimes miftake, after his greateft Care and Study, yet I
do by no means think him the better Man, that makes this an Advantage
for carping at him: Altho’ I muft confefs, we live in an Age fo critical,
and fo fevere, that even the Softefi Ayrs are unpleafant to fome forts of
People, and very harfb and untunable to the Fars of others. And fince
1 am well fatisfied, that it has been my Misfortune to meet with fome
Enemies of the Plaiffer-box, who with mo fmall Confidence have fpread
abroad, (inhopes of doing me an Injury) that I am not Maffer of that
which I print under my own Hand and Name: Vet I can tell them,
tho’ I may want Wit and Parts to illuffrate my Writings, as fome Men
may do, yet I have more Homeffy than to impefe upon the Publick, or
break into any Man’s Prevince without his Leave ; in that where-ever I
have made ufe of any Awther in this my Difcourfe, I have nam'd him
either in the Elenchus or Defeription, or in my Obfervations, where there
have been moft occafion to mention him.

And fince nothing but a Command, which I could not reafonably dif-
obey, could have given me frefh Courage of coming abroad with this
Lait Edition of Mufcles, 1 could not think my Duty fully paid, till [ had
comply'd with the Defires of thofe Fenerable, as well as Learned Men, who
have engag'd me in it. And tho’ in its felf, I am well fatisfied, it may
carry but little Merit to fecure it from the fnarling of Criticks, (with
whom it's as natural to bark asto breath) yet being under the Zmébrage
of fo Impartial Judges, I think both it and my felf happily fhelter'd by
thofe, who beft underftand whether it carries any Intrinfick Value in i,

or not.
Ca) -
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Veins, to impors and export the Blood throughout all parts of the Body, |
and that notwithftanding the great Borefus, and many other Ingeni-
ous as well as Studious Artiffs, in our time, have bid fair for frefh No-
tions, and natural Conjeatares ; how the Nervesand drteries do furnifh
the Mufcles with Spirits and Blood ; and how the Peins and Lympha-
ducts do lend back the Bloods Superfluities and Lympha from them ; and
that the Branches of thefe Peffels being fo minutely diftributed through-
out each Mufcle, having their terminations fo fmall, and fo thin, and
{0 fubject to rend, that it is a matter of no fmall difficulty to trace
them to their terminations and infertions, And tho’ many other things
in Anatemy have been found out purely by the benefic of Micrafcopes, fcarce
otherwile to be difcover'd by the naked Eye, yer, at this day, I could
never read or hear of any that have found out, much lefs traced thefe
Vellels to their infertions, altho’ oft-times attempted, and carefully pra-'
fecuted, by the help of any Microfcope whatfoever. Now, that both
Nerves, Peins, and Arteries are moft certainly diftributed into each Mufcle
of the Body, isa Truth beyond contradi@ion; and if fo, it may reafona-
bly be allow’d and fuppos'd, that thefe their fmall Capillaries are inters
woven and intermix’d with each other before they do terminate ; and if
this be granted, then what BoreJus and others write hereof, it cannot be
fuppos’d an Abfurdity to allow, that they may terminate in Glands ;
and that if the ends of thefe Veffels be fo fmall, and fo thin, as not to
be thewn by the beft of Microfeopes, the Glands alfo, which are made
out of their Terminations, muft neceffarily likewife be very fmall, and
very fine, and by the fame reafon not to be traced or found out by the
help of any Microfeope. Nor will it feem irrational for any one to allow
that thefe Veflels do thus terminate, fince, as I faid before, the Glands
are made out of their Terminations, between which is kept up a certain
Communion with each other in thefe fmall Bodies: And if a Gland, as
is well oblerv'd, doth confift of an infinite number of very minute Vet
fels, and if the branches of Peins, Nerves, and drteries be divided be-
fore they terminate into an infinite number of moft invifible Twiggs,
(as is moft certain they do) when from any one Twigg of each fort is
derived a vaft number, and all thefe fo derived, are mi:% and interwo-
ven one with another, why may we not allow, at leaft meraphorically,
fince in their diftributions they do imitate the Compofition of Glands,
that they do terminate in fmall Glands. And thus far has the matter
been driven by Bolton, and others before him : I hope this may fpur on
others, in making a farther progrefs in the tracing them out towards
their Infertions and Terminations. I fhall only touch upon fome further
Annotations relating to the Nerves, Feins, Arteries, and Tendinous Fibres
mention'd in our following Difcourfe.

I begin with the Covering of the Brain, which is no otherwife thin a
contexture and co-unition of many fmall Glands, who have their Blood
allowed them from the Arteries, and Peins; by which they do difcharge
the fame; having alfo granted them Excretory Veflels, whence iffues this
their Liquor, which is feparated from the Blood, where they are feen
to gather and encreafe in little Bundles o'erfpreadiag thele Membrazes;
which as they are advanced in the Body of the Animal, they do divide
themfelves into various Branches, and fpread themfelves all over ir, fo
that there is fcarce one part thereot freed E{t;:)mm them. The Nerves afl-
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the learned have fuffered Shipwrack, and that imflead of bullying the World inro 4
Belief of your fingular Knowledge in this Matter, you oblige it with the leayncd
Bernulius bis Eﬁf of Mulcular Motion, becaufe you are ver confeiogis, that
what foever bas been [aid on that Subjeét by any One but himfelf, and che w5
famous Prodigie of Calealations of this Kind Alph. Borell, ought to be jor.
got among Plylofopers and Phyficians, as the moft charitable Offices can be Jone
to the Names of fuch Authorss and that indeed, fo preat and bard dn Under»
taking is only to be finijbed by men of the like Qualifications and Learning_ that
thefe Great Men fet firSt ont with s 1 will not have the ili Nature to bringe up-
on the Stage, fome Experinients that bave been very lately, but very ill mide. mi
a defign to clear up this Matter; ’tis fufficient that they are known, and therefore .
to come nearer to the ﬁﬂnmrgg Book, 1 do believe it is very Ingenuous, Honeft;
and well meant ; yos fﬂ!ﬂﬁ# the Plates af the Wﬁﬂ"kﬁ qf the fwmr Book,
only you make them carry their Names on each of their Foresheads, that, Jince Health
and Sickne(s generally proceed from them, jou may the more eafily perform your
Defign you have to [bew, from Your and other men of Pratice Obfervations bhow
they have been burt, and what Means have been ufed to reflore them to their
former bealthy Condition, which, to fay no greater things of this Undertaking,
will be of ufe mﬁ:‘: to young  Beginners, whatever advantage older People of
Moadefty may reap thereby. You eftablifh the Muftles tha bave different Offi»
ees for the various Performances in our Bodies, wnd wifely conclude, that fuch 4
Mufcle is burt, when fuch an Attion is empair’d or entirely defivoy'd : In Tumours
Jou [bew, that when they are of an extream Hﬂrdnefj and the Liguors are
more powerfully penn’d up, bow they bave been refolv'd, dand bow the Sragnating
Juices bave recovered thetr Motion; bow ulcerous Matter that is thin to 4 degree,
and did corrode the Fibres and more folid parts, bas been chang’d, brought to 4
berter ence, and is made more nourifbing ; bow Huts receiv'd in one pare,
produce Effects, that Alarum us more, ‘and in places Very remote from where
the Accident at firft bappened 5 bow Mufcles feem torally to be deftroyed, and yer
to grow up dgain, as I my [elf bave feen the Glutxi alinoft perfectly extirpated
by @ Camnon-Shot, and yet to recover in a very little time, con ering the Furt.
*Tis true, this is all done without either affigning the Caufes of Mulcular Mo-
tion, evincing the particular bigneffes of parts #}'S Sragnating Matter in fmall and
Capillary Branches of Arteries, and the Weaknels of the Propelling Power : You
do not difcover the Degrees of Meagrenels of the Blood's Lympha, or its des
‘eay of Spirits that maintain this Thinnefs of Matret and Undigeftion ; and
et your Work is very ufeful in telling us how far the Inftances you do recite,
bave fucceeded, and by this means may eftablifh or reform former Praltices, thy’
not fo certainly as when Hints are given th other Way: A further Proof of this
may be an Inflace of @ Gonorthaa I gave you, ivhich evidently proves, that this
fue of Matter, hoisfoever confiderable it has been feen, does only proceed from
the Yard, tho’ this very Reafon is brought by Aiithoss for the Impofibilicy of .
- its coming thence : The Experiment cftablifbes the Facx, aiid if on the other Way
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To the Ingenious |
Orlando Bridgman; Efquirés
| SON of the Learned
illiam B2dgmar, eiuire,

One of the Clerks to His Ma]ie{’cy’s moft Ho-
nourable Privy-Council ; Both Fellows of theR. S,

SIR, | j | . |
| H E Noble Thoughts of the Great Bernouillius, abot Muf; cu-
lar Motion, command the Efteem due to their Worth, withoys
any Name 5 except an Alloy of Englith, 2y none of the best

ffand’s, may want Protetion: the’ I'm convinc'd, that the Serce of

this Paper will make it Welcome from any-body that can pive the World
its meaning, AR I pretend to do in this Addrefs, isto ]ﬁb, that T am
glad of all Opportunities, even a Tranflation its felf, to acknowledge the
Obligations I have to your Family : but the rather, confidering the migh-
ty Improvements you daily make in Mathematicks, and other parts of
#/eful Learning, to recommend to you the reading of thefe Difguifitions ;
if at any time they may bave efeap’d your Sight, while you are_comparing
the Performances of the German Exuditi in their AGa Lipfiz, and the
Journals des Scavans, with ¢he Tranfalions of Our own Society :
dnd 1 dare promife, you'lf make Difeoveries fuitable to the Difficulties of
the Nece[fary Subjeé? of this Sheet, Buy if the fermenting of the
Animal Spirits with the Blood, in producing the motive Air, Jhould
prove too barfls to your nice Tafle ; it is but fuppofing fuch an Air (a is
very reafonable) without the way of making it , and the demonftyation
will retain its whole force, 1 am fancerely,

Your moft Aﬂ'c&iun:té -
- Humble Servane,
William Cockbur,

Yy _ The
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plain to any confidering perfon ; let it be put — a5 butit is evident from
the Mechanicks, that that power fhould be as great as if, inftead of the
curve thread A B, there were other two firait ones fubftitured touching

and ty’d inthe points 4and B, which fhould be drawn to the point of’

meeting in /, by two powers fand £, one Horizontal LI, and the other
Vertical X £, the former whereof is equivalent toall the Horizontal pow-
ers 8 E, and'this toall the Vertical B D taken tegether: Butall in B E
are equal to the whole » 4 x, which is = # » ; therefore the power L =
»y, and the power & = nx. Wherefore, that we may difeover the par-
tial power in 4, which is only requir’d to fultain the power Z, we muft
fay, ( as Mr. Parignon teacheth us ia his fundamental Propofition about
fulpended Weights) as the Sineof the Angle 4 1 B, or its compliment to
twoRights & 7 B, to the Sine of the Angle M 7 Bhe, as I MisvoM G,
orasGistoGBhe. Asdxistody, fo the power Z or ny is to the
partial power in 4, which therefore is found =222 Now, becaufé the
direction of the power X is the tangent & Zthis will all be fultained by the
point 4 ; and therefore, that we may have the toral and conftant power
in 4, which we put = 4, we mult add the power &, or » x, to the par=
tial power*72; and fowe fhall make out this differenc Equation L
- x=a, which multiphed by 4 x, gives nydy-taxdx=adx,
and by taking the Inregrals we fhall have half wyy < halfn» ¥ = aa,

Fx

ory y+xx=*=; which Equation fhows, that the propofed Curve
A B Cis circular, whofe Radius or Semidiameter = 7 2 ; which was to be

found. Wherefore if a Mufcle were not ftretch'd and drawn out in length
by the refiftence it isto overcome, its little Machines fhould be expanded
in perfect and entire Circles: but becaufe ic has always weiglits and re-
fiftences of its own, and of the Bones, to remove, befides thofe that come
from withour; therefore it is that thefe Mufcular Machines, which we con-
fider as Planes, never obtain a circular figure entirely, buta figure made
up of two equal Segments of the fame Cgirr:le, By the fame Propofition
of Parignonius the fuftaining power in B, or the power of firmnefs, which
is requifite that the Thread may not break, is found every where equal
to the fultaining power in 4.

(2) If we enquire into the proportion between the inflating and
Juftaining Force, or requifite Stremgth, of the Filie, b, e. if when
the powers in »or B A do encreafe or lofe, we would determine in
what proportion the fuftaining powers in 4 or B do get or de-
creafe, the Radii of the Circles ftill remaining equal : Let B A be put
= md r, and the fultaining power in 4 or B=4, and we fhall have the

Equation y y-fx x= 35'—”; But becaule the Radii are put equal, ‘:'. will

m
be = =, and thereforen m : : a 5, h.e. the fultaining powers, or requifite
ftrengths, of the Fibres are in the fame Ratie with the inflating powers:
which my Brother found out the fime way; as we may fee i the Rules
which he hath publifh’d in May 1692, in the Lipfwick Tranlations concer-
ning the Curvarur of a Sail. -

3) Thefe things being premifed, we may eafily reckon r]icprapam'm'

¢hat'’s berwixt the dilating power and the refiffences ; or how great an Ela-
fticity of motive Air is requifite at every fublevarion of equal refiftences,
upon which account almolit all Boredus’s Works was made Let theretore

B E A4 D be a Mufcular Machine, made up of two Segments of a Circle,’

Yy z BpA
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BDAand B E A, C the Center of the Arch 4 E B, and the Radii ¢ A,
¢ E being drawn, the former to the Extremity, and the other through
the middle of the Machine, fo that D E may be the greateft breadih
whichthe greateft length A B, or the Chord of the Arch 4 E B, or 4 D B,
cutsin two in R : Now becaule the Angle E 4 €= to theright, which is
—=RAC+ACR, the Angle £ 4 R will be =4 € R, and therefore
the Arch A E is the meafure of the Angle E 4 R, or the double BE 4
the meafure of the double £ 4 D. Wherefore the half length of the
Machine b e, of the Arch 4 E in 1ococo equal parts, and half of the
Angle of dilatation £ A R, being given, we may find the fublevation of
the refiftence z, it being double to the excefs by which the Arch
A E is more than its right Sine 4 R ; which is thus done : Say as
the circumference of a Circle to the Radins, h.e. 25 44 istoy, foisthe
number of the degrees of the Circumference 360 toa fourth §7 73, 7%
which will be equal to the Radius in degrees. Then fay as the number of
degrees of the Angle E A4 R, or the Arch £ Aisto 57 +1; fo thenum-
ber of the 100000 equal parts of the lengrh of the Arch £ 4 isto a
fourth, which will be equal to the number of equal parts of the Radius
A €, of which the Arch E A contains 100000: and hence we fhall have
the length of A R its felf, by i:fying that as the whole Sine is to the
Sine of the Angle E A R, or of the Arch E 4, fo the number of the
parts of the Radius A € already found is to a fourth, for this fourth is
equal to the number of equal parts of 4 R its felf, whereof the Arch
£ A contains 1ooooo: and therefore the double excels of the Arch 4 E
over and above the Sine 4 R now found, will be thedelir'd Sublevation
of the Refiftence 2. Q E I

(4) Now we have difcover'd the Sublevations, we fhall determine the
refpellive dilating force after this manner. We put before (N° 1) the
Curve power in any point, or rather in any differential ofthe Curve pref=
fing perpendicularly = # d s: therefore the dilating power, or the abfo-
lute Force of the Elaflicity of the motive Air, whereby the Sides of the
Machine are dilated, is expreft by », but by putting the fultaining Force
in any point of the Thread = a, we found before that the Radius of the
Arch of the Circle to which the Thread does bend to be = 2. Now, be-

caufe by the mention’d Propofition of #arignowius the Refiftence Z is tothe
Suftaining power in B, whole direion is the Tangent B F, asthe Sine of

theAngle E B D to the Sine of the Angle E B R,thereforeis a = === M:::::—;;

and fothe value of # being fubftitured in its place in the quantity } 2, we

fhall have the Radius (found by the mention'd way, which therefore we
hall call r) == MofthesncEE X, and therefore the abfolute force of the

n MoftheSine EB D ?
= ® | s Mﬂrt SE I B ﬁ
Elaflicity of the motive Air »— *2-2SEF0E  and confequently the

force, by which the half-fide of the Machineis preft, . e. n 4 E, will be

= 2222 j;:’; +a. By means of this Calculation, I have con-

triv’d a Table like that Boreflus made for hiﬁflil_gpnth:ﬁs; which, if coms
par'd with mine, there may be feen a vaft difference both as to the mo-
ving Force and the Sublevations: for, he makes them every where either
more or lefs than they fhould be.

Now it 1§ widcnt:zé this Table, that a Mufcular Bladder A E B D can
never be entirely of a Circular Figure, becaufe the abfolute force of the
Elafticity fhould be infinitely greater than the Refiftence, which cannot

be;
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afy— ax y=f x y, which fhews that the requir'd Curve is an Hyper=
E;J-::i;, and th'r-: .ﬂgp'iicme BG i.SFB is an Infinire,and therefore the 4!!;!’11.r::|':tp‘E
ten of the Hyperbola ; whofe Center may be had by producing the Afym-
ptoton GB o R, fo that B R may bea fourth Proportional 1o AF, F D,
and B F ; the tranfverfe half axis is equal to the mean proportional be-
tween B R and the double of AB. Hence it is evident, that the Elatticities,
but efpecially in a very condens’d Air, do encreale in a far greater propor-
tion than the Denfities themfelves ; for the Elafticity becomes at length
Infinite, when the Denfiry becomes as great as it can be, and yetisno
more than finite. d

Now ﬁnu!: w:.%:ve taken the ipenﬁtiiﬂs of momm the fame volume
proportional to the quantities of animal Spirits expe in producing ir
while they: ﬁ!rrmmt& with the Blood, and the Elatticities are proportional
to the Rehflences, we may conclude, that the very fame Hyperbola ACD
does allo determine the relation of Refiftencies to the quantities of expen-
ded Spirits, b.e. if C E,D F defiga the Refiftencies, A E, AF will denote
the quantities of expended Spirits. Now let v;fe volume of the Mufcular
Machine, or, which is the fame thing, let the volume of all the Machines of
a Muftcle taken together (which volume is relgftﬁmed by A B) be of ten
parts, B F or f= x, F D org = 100000, and if the quantity of animal Spi-
rits, b.e, AE or x be of x, zmérﬁﬂ'v 516, ?,3,_9, 10 parts, lt will be found
thal:cliaq:ﬁ]tim;f the ﬁmre', ;u; that u,thal:th;;?ghtmhcni:'d is
refpe@ively of 1234, 2778, 4762, 7407, 11111, 16666, 25926, 44444
100000 énfinite parts. This is the reafon that great weights (proporui g
nate to our Strength) may be raifed to the fame height with little more
trouble than ones: for 1am of opinion, that the whulcd%
about the performing of animal Metions proceedsentirely from the
of animal Spirits ; but the Spirits are confumed in a far lefler proportion
than the Weights to be rais’d. In cxample; if we are to raife any thi
of a double weight, it is not requifite that there budoﬁcqunﬁqlﬁ
animal Spirits employ’d ; as tis evident by this calculation ; whereby we
find bythehﬂgofa quanticy of animal Spirits, whichis as 8, there may
bea weight rais'd four times bigger than another quantity which is as 5 ;
tho' the wafte in that cafe be not indeed twice greater the wafte in
this, for they are as8tog, Thertfore the Difficultics alfo which we find
in lifting up Weightsare in this proportion.

The Figutes are on the next (de fhown,
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AN APPENDIX

OF THE

HearT and its UsgE:

WITH THE

CircuraTion of the BLoop, and the Parts
of which the Sangsinary Mafs is made, e

HE Great Architeflonical Ule of this Printipal Part,
is to mu:l?_tlelood to every Part of the Body,
for the vivifying and nourifhing of the whole, which
you fhall be beft able to underftand, when we (hall

have declared the Manner of this Conveyaace, and the Nature
of that which is conveyed: 4 4195843,

We (hall therefore firft begin, with (hewing the Certains
ty of the Truth of the (irculation of the | Wi by
the Motion of the Heart, then fhall declare what the
of Blood is, of what parts its Mafs doth confift, how it warms
and nourifheth the whole, and confequently in what Life is
properly faid to confift : The Action and Funion of every
part being beft underftood by its natural Figure, Frame and
Conftitution, _

That therefore we may demonftrate the proper Operation
of the Heart, We muft curioufly obferve the Parts and Vef-
fels hclb‘nginE to it, and not only of the Heart, but of the
Lings allo, which for this purpofe are faftened to it, and theres
fore ought to be confidered with it: Neither do I think
there hath been any greater reafon of the long Concealment.

of the Circulation, from the Difcovery and Knowledge of

man, than the looking upon the Heart and Lungs as parts of
diftin& Concernments ; for altho’ thé Circulation bé as true,
and fommetimes more manifeft in fuch Animalsas have no pro-
Lsngs faftened to the Heart, as in Fifhes: Yet in chofe
Animals with Lungs, there éan be no accurate Confiderati-
on of thé Heare, without them; becaufe ther¢ is no Coms
munication of one Ventricle of the Heart with the othér, but
by and thro’ them: Let us therefore firft confider che Frame
and Stru@uré of the' Heart, together with the Peffels diffe
| Zz: - minated’
















































