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1. Part o} 2 Letter from Mr Lewenhock, con-
cerning the circuylation and globules of the

Blood in Butts,
Delph in Holland, July 9. 1700.

Uring this Winter, 1 have often obferved the

Boys locking for mlal‘ living Butts in the
Smdlts that are fold jat by my Houfe, in order to
throw ’em into water, and entertain themfelves with
beholding the u"-common motion of thas little Fith
when it fmms as being ditferent from that of all o-
ther Fifhes.

This put it in my head to look more narrowly into
thofz little Fifhes, fome of which were fo {mall, that
the whole Body, bating the Tail, was no longer than
an inch.

Having often examin’d ‘em with a Magnifying-glafs,
in order to fee the circulation of the Blood, \mth
which I am much delighted) and the variety of its
motion, notonly for my own fatisfattion, but thatof
feveral Learned Gcntle*neﬂ, to whom I thew’d the {ame,
my thoughts were again pointed upon thofe little par-
tidles which enticle the Blood to its red colour, which
1 formerly aflerted to be flat and oval.

The greatelt motion of the Blood obfervable thro

the I'ms) was on cach fide of the many little fingle
Bones plac’d among the Fins 5 where the Blood vefleis
were {o large, th aat twenty ﬁvv of the above-mention’d
particles coul Id pafs in a Brealt 5 but dwindled as they
drew nearer to the extremity of the Fins, fmall Veffels
being all along etaci'd from the Arzeries.

On oue fide of a little Bone runs an Artery, and on

the
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the other a Vein, correfponding toit; and befides, [
faw a Vein and an Artery lying fo clofe together, as
it their coats had been united.

From the above-tnention’d Artery, f{maller Veflels
arife acrofs the Membrane between the little Bones,
and when they’ve run out the breadth of three.or four
hairs, are again united in one Vein.

Thefe {mall Veflels receive about two or three par-
ticles of the Blood at once,efpecially if theFifh lies (till,
and confequently its little Bones clofe one to another.
If it exercifes its little Fins. in {wimming, the diftance
between the- little Bones are enlarged, the interjacent
Membranes {tretch’d out, and the Blood Vefiéls that
run acrofs themi, efpecially thofe in the Tail-fin, arc
drawn out fo as to be above twice as long as be-
fore. '

I found it very eafy to extend the Tail-fin, and ac-
cordingly having {tretch’d..it to a. breadth equal to
what .the Fith gives it in the {wimming motion, in_
order to obferve the motion of the Blood in the thus
extended Veflels, I found that, whereas, when the
Fith did not move, . the fmall Veflels receiv’d two or
three particles in a Breaft's the:fame Veflels now
ftreccht out along with the Tail-fin which they run
actofs, not only admit no more than one particle ,
but Jikewife the particles do not move {o faft as in the
extended Veflels 5 and in fome places thefe very par-
ticles are #> disjoyn’d, that one or two particles may
lye in the Intervals,

In this obfervation, I could not find that the par-
ticles were perfectly oval, but met with 'em {ometimes
round, and fometimes in a {hapele(s figure. The oc-
cafion of which, to my mind, 1s this : The little Vef-
fels being ftretcyd to an' unwounted length, become
narrower, and by confequence the particles being ve-
ry pliant, arc prefs'd and fqueez'd onr of their circalar
form. To
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To fatisfy my felf further, I cut off a piece of the
“Tail from f{cveral little Butts, in order to view the
Blood out of the Vellels:- For-Iwas not fatisfy’d that
the particles in the Blood of Fifhes were naturally
oval nay, I rather fancy'd that in their perfect ftate

they ‘4 come nearer to a round than an oval form 3
going upon this pofition, that the Blood of Fithes con-

{itts of fix little globular Bodies making up the parti-
cles, as well as that of men and other Animals 5 5 forl
could obferve feveral Particles broken in 4, 5, and
fome few in fix pieces 5 and, what I look’d upon as
very remarkable, 1 faw oval, and other f gurcs become
roundifh, and at lait perfe&ly round.

To trace the matter further, I took the Blood run-

ning from a living Salmon, when it is cut in pieces,
ard pm 1t 11t0 a Glafs tube not larger than a mall
Quill

In a (hort time the Blood in the tube congeal’d, but
when it became partly fluid again, I put itinto a {inal-
ler Glafs tube, and having placd it before my eye, the
particles being in motion, appeard fome of ‘cm flat
oval 5 and others, which prefented themfelves to the
eve fideways, feem’d -a little thick, and thofe whofe
{ile did not direttly face the eye, feem’d a little broad-
er, without the leaft appearance of any globular
form.

The Blood of a Salmon appears blackifh, by reafon
of a greater number than-ordinary of the redaing par-
ticles,

{ put fome of the fame Blood upon a very clean
Glafs, and where the particles lay thin, perceivid ‘em
oval, nay, in_icveral ovals I defery’ d lietle Globes,
and in fome tew, particularly fix Globcs.

Where the(t little Globu lar Bodics were crowded in
upon one another, the particles of the Bicod were
congeal’d together, {0 that no ovals could be difcern’'ds

.nay,
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nay, the particles {eem'd to be huddl’d up together
{o as that {ix of ’em had made a compound Body.

I purfwd this new Inquiry fo far, by reafon that 1
had been for fome time concern’d, as if in {fome for-
mer Effays of this nature I had been guilty of a miftake,
in making the particles of the Blood of Fifhes to be
round, and not oval, fince all that look’'d upon ‘em
with my Glafles took ‘em to be {uch.

I've formerly {aid, and do fuill affirm, that I have
feen the Blood circulate in Veflels fo {mall, that if a
particle of Sand were divided into ten hundred thou-
fand parts, one of thefe little parts could not pafs the
Blood-veflel, tho *twere to be fuppos'd to beas pliable
as a particle of Blood.

I tried all poffible means to difcover the oval par-
ticles of Blood, when it circulates freely in the Veins;
and for that end pitch’d upon the {malleft Blood-veflels;
but notwithftanding the niceft enquiry I could make,
T could not fatisfy my felf upon the point : for {ome-
times I met with an obfcure dark particle, fometimes
with a much clearer one 3 and when I caft my eye
upon the {malleft Veffels in which the Blood did not
move, and feveral Veflels that I difcover'd upon the
extremity of the Fins, the particles were quite undone,
{o that I faw nothing but a fimple ftagnating Liquor,
which was a little tin&ur’d with a bilious colour.

Heretofore the oval particles of the Blood in Fithes,
were delineated by the Engraver, according to my or-
ders, without feeing them himfelf 5 and I likewife
mix'd the blood with water, by reafon that various
redning particles hinder a nice view : But for further
{atistaction both to my felf and others, I've this time
given the Engraver the Magnifying-Glafs, with the
blood of the Salmon upon it, that he may defign ‘em
more exadly according to their appearance to his
oW EYCS.

SOff Fig.
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Fig 2. ABCD reprefents the oval particles of the
Blood of a Salmon that weighed above thirty
pound.

A B reprefents the particles that appeared flat and
broad, but did not face the eye direttly.

Thofc about Ccame ftrait upon the eye, and for
the moft part had a little clear fort of a light in the
middle, larger in fome than in others, which the En-
graver has done his utmoft to imitate.

Thefe particles are heavier than the (fo call'd) fe-
rous Liquor, in which they {wim ; and which toge-
ther with the particles conftitutes the Blood : Upon
which account I ordered it {o, that the particles of the
Blood finking downwards very flowly, gave the En-
graver the opportunity of feeing thoufands of them
falling gradually to the bottom.

Had I gone immediately to work, and defign’d ‘em
my felf according to my own fight, I had made them
twice as big as they are, from whence we may ga-
ther the difference between the eye of one man and
that of another.

I likewife put upon a magnifying Glafs the Blood
of a very {mall Butt, which was not mixd with any
Liquor, only the particles lay in their own juice, which
is called the Serum or Whey of the blood.

Thefelaft mention’d particles are reprefented fig. 3.
between E and F.

Tho thefe laft particles are defigned {maller than
the firlt, yet it muft be underftood, that I could not
obferve any difference in their Bulk 5 and I am firmly
per{fwaded there i1s no difference in the bulk
of the blood particles, {o that the red making in the
blood particles in a Whale, are not to be fuppofed
greater than thofe in a {mall Fifh.

5t (G231

1
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I likewife placed thefe particles of the Blood of a
little Butt, pafted upon a clean Glafs, before a Mag-
nifying Glafs, where they ftand magnifyed to the
above-mention’d degrec; in order to be capable to
oblige any Gentleman with the fight, tho ‘twere on
;he cloudieft day in Winter, without any artificial

ight. ‘

Thefe particles which are diftinguithed by little
fhining f{pots in the middle, are delineated fig. 4. be-
twixt Gand H.

Moreover, I put the blood upon the Glafsto a
greater Magnifying Glafs, the thinner moifture arifing
from the (fo called) ferous matter, and the oval-like
Blood being exhal'd ; fo that fome {mall oval parti-
cles were to be feen, that were fo far from running
together, that they did not touch one another, and
plainly difcoverd themfelves to confift of fix little
globular particles, which the defigner has imitated, to
the utmoft of his power, in fig. 5. betweenTand K. -

In purfuance of this new Obfervation, I apply'd my
feIf to view the circulation of the Blood witl  Glafes,
more magnifying than any I have yet vfed 5 whichat
laft I have fully compleated 5 as well as the evidence
of the oval particles. Now the greater the magnify-
ing Glafs is, the fwifter does the circalation of the
Blood appear in the Veflels. Having retarded this
motion , I imploy’d two or three feconds of time in
obferving the little Veins, and found that in f{everal
fmall Veffels the oval particles were {fo undone, that I
could neither fee them nor thofe of which fix had made
up a particle of Blood 5 but only a fimple fluid mat-
ter, with a faint colour running along the Veflels sbut
in a large Artery at the Tail, the Blood mov'd fo {low-
ly, that I could eafily difcern that the particles in that
Veflel were oval 3 nay, not only fo, bat T likewife
perceived more clearly than before, the little Globes,
Sfif 2 that
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that make up the oval particles, if not always, at leaft
for the moft part.

"Tis eafie to conceive how fix little globes, which
are pliant and always in motion, and driven one up-
on another, fhould fettle entirely in the fafhion of a
bowl. Thus Fig. 6. reprefents the firlt coalition of
the fix little bullets into one, five of which are pre-
{ented to our view, and the fixth with-held from the
fame.

I have made up fuch a globe as is reprefented in fig,
6. of {ix Wax bullets put together, in order to thew
them to thofe who enquire narrowly after the form
and compofition of the little globubar particles of the
blood ; adding withal, that 1 am certain each of thefe
little globes is at leaft compounded of fix and thirty
others.

Thefe little bullets being mov’d and fqueez'd toge-
ther, and being at the fame time pliant, and pack’d up
mnto one compleat round form, reprefented fig. 7.

From fuch a Scheme we may conceive how the glo-
bular parts of the blocd of man and other animals ac-
quire a roundnefs ; but how the oval particles are
compounded of the fix globes is not cafily appre-
henfible,

I have afferted formerly, that every one of thelittle
globes, fix of which make up one globe, does confift
of 6 other globes ;5 and the more we divide {uch a
globe of blood by our imagination into fmaller and
{maller parts, the little parts that enter into the com-
pofition will {till be unconceivably leffer. I've won-
der’d to hcar fome offer to trace fuch things to the firlk
beginning 5 for my part, fuppofing I could difcover
the figure and fhape of parts lefler than a globe of
blood by a thoufand millions, T fhould ftill be far from
reaching the firlt conftituent parts, ’

As
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As I afferted above, that the particles of blood are
by a preflure {o disjoyn’d, and united with the fuid
matter in which they move, that the whole appears as
a fimple moifture ; fo we may eafily imagine, that
when a horfe firains, and prefles his breaft in drawing
a heavy load, the globes of blood are undone, aund
taken down in the midft of the veflels where the great-
eft preflure comes, and as it were confounded or uni-
ted with the fluid matter, call'd by Artifts Serunms.

I have alfo bethought myfelf, that perhaps the un-
done particles, when freed from the above-mention’d
{training, may return to their former figure, juft as
when a piece of the fat of an Ox or Sheep is laid in
fuch a heat, that its particles, which come very near
to the globes of the blood, are undone by the fire, and
turn intoa clear cryftalline liquor, vifible by a Magni-
fying-Glafs : So foon as the melting heat is gone from
the fat, it prefeatly returns to its former globular parts;
and this will happen whenever it is cold again, tho ye
melt it ten times or oftner.

I have often fancy'd, and been fully per{fwaded, that
no venous blood could become arterious, without be-
ing firlt in the heart : But forafmuch as the contrary
appeard to me in one of my Experiments, which I
made purely for my own diverfion, I have a firong
mind to give an account of the {fame.

Thele blood-veflels are defign’d a little larger than
they appear’d to me ; and in the middle of the fmali
veflels a {mall {pace is left white, which otherwife
the particles of blood would alter, to the end that the
motion of the blood may be the better perceiv’d.

Let us imagine A B in fig. 8. to be a vein, in which
the blood (look’d upon thro a Magnifying-Glafs) pafles
with great celerity from B to A.

Out of this vein run two little branches, v 'z. C and

D. which unite between E and F-
Now
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Now {uppoiec HI to be an artery, in which the
blood moves upwards with cqual {wiftne(s from
Hto L

Out of H I arifes a venous Spring, delineated in
K, F, L.

The blood moving from K to F, joyns the other in
F 3 and by this means part of the blood coming from
the artery is thrown into the vein, as pafling from F
to G 5 and tothe beftof my obfervation, a quantity
of blood, juft equal to that carried from K F to G,
moves from C E to F, and dire&s its courf{e upwards
from F to L : fo that whatever - arterious blood pafies
thro F K and F G, an equal quantity of venous blood
pafles back thro C E and F L.

Tho the dele&table wvaricty of the blood’s motion
was formerly apparent, yet this experiment pleas’d me
beyond the others, by reafon that 1t afforded me a ve-
ry clear perception of the above-mention'd variety, and
befides this union of the blood veflels was not formerly
come to light.

"Twas feveral years that I had not feen the feed of
a Cock 5 and now the thought being come into my
head, I view'd the feed of two {everal Cocks that were
not yet arriv'd at their full growth 5 in order to trace,
as much as poffible, the length and fingular narrow-
nefs of the tails of the little animals in the male feed.
But I could not compafs my end, notwithftanding 1
try’d ’em fometimes living, and {omectimes dead. How-
ever, I am certain that the leaft of the tails of thofe
animals is more than 10cco times {maller than one hair
apon my hand 5 tho I cannot fay that I faw it di-
{tinctly.

IV. 4
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