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At a Meeting of the Royal Society,
O&tober 28, 1742,

IMPRIMAT UR,

M. Forkes, P. R. S,




TO

Martin  Folkes, E/7

P R-EE &1 DDE N T,

And to the

COUNCIL and FELLOWS
OF THE

Rovar Sociery or Lonpon.

GENTLEMEN,

N Attempt to excite in Man-

kind a general Defire of fearch-
ing into the Wonders of Naruse,
will, I perfuade mylclf, be accepted
favourably by you, whofe Endeavours
for the Advancement of Natural
Knowledge, according to the Pur-
pofe of your Inftitution, are efkeem-

ed by all the World.
A 3 It




EDICATION.

t is fomething more than an hun-
dred and twenty Years fince the
Microscore was happily invented ;

and to the valuable Difcoveries made

—

hereby, we ftand indebted, as the
ollowing Sheets will thew, for a great
Part of our prefent Philofophy. In
{fuch a Length of Time, it is howe-
er proba u?;, many more Advantages
nnght have been reaped from it, had
not fome Difficulties and Difcourage-
ments }11‘(:»‘(:‘:’1'&3:_1 1ts geintrt--.l Ufe.
At the Beginning it was confined

to very few; who, making a Secre

of it, endcavourec all ‘they could to

Fro g ‘.-‘ [ £ g . w =3 ¢

keep it to themfelves'; and, when it
tee] : " e 2 4- iy -1

became a little more publick, the

Price was fixed fo high, that the moft
) " i3 a ([ o IOTS R S= sy R L, W
Curiousand Induoitrious, who have not

always the greateft Share of Mo:m}r,

could not conveniently get at it.
%
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DEDICATION. vii
Of late Years, indeed, the xpence
has been much lefs ; but then new
Difcouragements  have ftarted up
from Miftake and Prejudice.

For Many have been frighted from
the Ufe of it, by imagining it re-
quired great Skill in Optics, and
Abundance of other Learning g, to
comprehend it to any Purpofe s’
whereas nothing is really needful
but good Glafies, good Eyes, a little
Pradtic (_, anc i a common Underftand-
ing, to diftinguith what is feen 3 and

~ e s U
a LOVL‘ of Truth, to give a faithful

1 p B '\‘ o i S
Account thereof. Others have con-

fidered it as a mere Play-thing, a

Matter of Amufement and Fancy
l «1 . A7 | i
only, that railes our Vonder for g
Moment, but is of no farther Ser-
= - 9 = . ) e & |
vice : which Miftake they have fall-

4
en 1nto, from being unacquainted

A 4 with




viii DEDICATION.

with any Principles whereby to form
a right Judgment of what they fee,
Many, again, have laid the Micro-
fcope afide, after a lictle Ufe, for
want of knowing what Objeés to
examine, where to ﬁm‘}, how ta
prepare, and in what Manner to ap-
ply them. T he Trouble of mana-
ging it has alfo frighted fome.

g
ot
Q

But we are now fo fortunate as

have this Inftrument gre

reatly improv-
ed amongft ourfelves, the Apparatus
made much cafier as well as more
ufeful, and the Price confiderably
1 1 o Y 7
reduced. The Solar or Camera Ob-
e o, Pl Rl 1 | PRSI TOF,
feura Microlcope, and the Micro-
'S that have

-ﬂ’-" N {'vw " v.\‘-"-pu; ~ h'll\;._ 4
fcope i1or viewing OUbdDied
I o g

no Tranfparency, by

e~
Y
HILAS
|_J
-
et
-t
2
-
In--
=

a
ftrong refleéted Light upon t?‘cm, are
alfo new Inventions, from whence
great Things may be expected.

Nothing

Lo
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Nothing therefore is now Want
ing, but a general Inclination to
employ thefe Inftruments, for a far~
ther Difcovery of the Minute Won-
ders of the Creation ; which may not,
perhaps, improve our Knowledge
lefs than the grander Parts thercof,
Bears, Tigers, Lions, Crocodiles and
Whales, Qaks and Cedars, Seas and
Mountains, Comets, Stars, Worlds
and Suns, are the CariTaLs in
Nature’s mighty Volume, and of
them we fhould not be ignorant:
but whoever would read there with
Underftanding, muft make himfelf
Mafter of the Jitzle Letters likewife,
which occur a thoufand Times more
frequently, and, if he does not know
them, will ftop him fhort at every
Syllable.

The likelieft Method of difcover-
8 ing
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ing Truth, is, by the Experiments of
Many upon the fame Subje&; and
the moft probable Way of engaging
People in {uch Experiments, is, by
rendering them ealy, intelligible,and
pleafant. To effe& this, is my En-
deavour in the following Treatife

which may ferve

e
<

o | =l “-,‘nnﬂr ad = #
s the nepreienta-
1
{

tion of an O »JJLCL for the Inftrument
I am recommending ; {mall, indeed,
and f{eemingly of no Cenfequence ;

but what, upon Examination, will

4 .
be found, perhaps, to contain as
i

o WA Teovtr olieA
much bulkier: for, to drop the Allu-

fion here, I am certain, that with

LA oy
half the Pains I could have made 1t
P

['hink me not {o prefumptuous, to
A

dream of inftru&ing you, in Matters
vou are much better :.10{1..1;11311&11 with

=
tnan



DEDICATION. xi
than I can pretend to be; but give
me Leave to requeft the Favour of
your Concurrence, in my Defire of
explaining, to thofe that are igno-
rant, a Science that may prove of the
moft eminent Service towards the
Advancement of True Knowledge,
and in which every body that has
Inclination and Opportunity may be
able to do fomething.

Excufe my Miftakes, forgive my

detaining you thus long, and permit

me the Honour to be, with all pofii-

ble Refpe& and Veneration,

GENTLEMEN,
Your moft Obedient

and devoted Humble Servant,

Henry B aker.
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THE

INTRODUCTION.

S22 N this inquifitive Age, when the
gt% I ;‘% Defire of Knowledge has f{pread
Shakss itfelf far and wide, and we fit not
down contented, as heretofore,

with the Opinions of ancient Times, but
refolve to examine for Qurfelves, and judge
from our own Experience ; it may not, per-
haps, prove unacceptable to point out fome

Proper Subjects of Enquiry.

The Works of Nature are the only Source
of true Knowledge, and the Study of them
the moft noble Employment of the Mind of
Man, Every Part of the Creation demands
his Attention, and proclaims the Power and

You. L 2 Wifdom




xviii  The INTRODUCTIO N.
Wifdom of its Almighty Author. The
{malleft Seed, the minuteft Infe&, thews the

.Skill of Providence in the Aptnefs of its

Contrivance for the Purpofes it is to ferve,
and difplays an Elegance of Beauty beyond
the utmoft Stretch of Art.

The Wife in all Ages have been fenfible
of this Truth ; and, as far as they were able,
have ftudied and enquired into the Recefles
of Nature; but for Want of proper Helps
have frequently been miftaken. As certain
Principles muft firft be learned ere we can
become Mafters of any Science, fo in the
School of Nature, we muft begin with the
Minutie, the f{mallet and moft uncom-
pounded Parts, erc we can underftand the
larger and more confiderable.

The Ancients, having only their naked
Eyes to truft te, werc uncapable of any
great Difcoveries of this Sert: but we are fo
happy, that, by the Help of Glaffes, we can
diftinguifh and examine Objedts many Thou-
fands of Times lefs than what the fharpeft
Eye, unaffifted, can difcern.  In fhort, Mi-

CROSCOPLS
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crRoscopes furnith us as it were with a
new Senfe, unfold the amazing Operations
of Nature, and prefent us with Wonders
unthought of by former Ages.

Who, a thoufand Years ago, would have
imagined it poffible to diftinguith Myriads
of living Creatures in a fingle Drop of Wa-
ter? Or, that the Purple Tide of Life, and
even the Globules of the Blood fhould be
{feen diftinétly, rolling thro’ Veins and Arte-
ries fmaller than the fineft Hair? That Mil-
lions of Millions of Animalcules fhould be
difcovered in the Semen Mafiuiinum of all
Creatures? That not only the exterior Form,
but even the internal Structure of the Bow-
els, and the Motion of the Fluids in 2 Gnat
or Loufe, thould be rendered Objedts of
Sight ? Or, that numberlefs Species of Crea-
tures thould be made vifible, tho’ fo minute,
that 2 Million of them are lefs than 2 Grain
of Sand ?

Thefe are noble Difioveries, whereon a
new Philofophy has been raifed, that en-
larges the Capacity of the human Soul, and

a2 furnithes
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furnifhes a2 more juft and fublime Idea than
Mankind had before, of the Grandeur and
Magnificence of Nature, and the infinite
Power, Wifdom, and Goodnefs of Nature’s
Almighty Parent.

That Man is certainly the happieft, who
is able to find out the greateft Number of
reafonable and ufeful Amufements, eafily at-
tainable and within his Power: and, if fo,
he that is delighted with the Works of Na-
ture, and makes them his Study, muft un-
doubtedly be happy; fince every Animal,
Flower, Fruit, or Infe&, nay, almoit every
Particle of Matter, affords him an Enter-
tainment. Such a Man never can feel his
Time hang heavy on his Hands, or be weary
of himfelf, for want of knowing hew to
employ his - Thoughts : each Garden or-
Tield is to him a Cabinet of Curlofities,
every one of which he longs to examine
fully ; and he confiders the whole Univerfe
as a Magazine of Wonders, which infinite
Ages are {carce fufficient to contemplate and
admire enough.

The
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The Invention of Grasses has brought
under our Examination the two Extremes of
the Creation, if I may be allowed to call
them fo, which were out of the Reach of
former Ages : I mean, thofe vaft and diftant
Bodies of our Syftem, the Sun and PLANE TS ;
whole Dimenfions, Diftances, Motions, Re-
gularity and Order, we are become acquaint-
ed with by the Help of TreLEscorEs: and
thofe exceedingly minute, and to them in-
vifible, and unknown (though every where
at Hand) Species of Animals, Plants, &,
which the Microscore has difcovered to
us. I leave the TeLEscoPE to others, who
are better able to do it Juftice : my Intent
in this Difcourfe is to treat of the MIcro-
scorEe, and encourage its more general Ufe,
by fhewing the Pleafure and Inftru&ion it
can afford us.

Mr. Boyve fays, in his Difcourfe of the
Ufefulnefs  of Experimental Philofophy, that
hiS Wonder dwells not fo much on Nature’s
Clocks as on her Watches ; and, indeed, up-
On comparing the Strucure of a Mite with

' that
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that of an Elepbant, 1 belicve we fhall con-
cur in the fame Opinion. The Largenefs
and Strength of the one may ftrike us with
Wonder and Terror, but we fhall find our-
felves quite loft in Amazement, if we atten-
tively examjne the feveral minute Parts of
the other. For the Mite has more Limbs
than the Elephant, each of which is furnifh-
ed with Veins and Arteries, Nerves, Mufcles,
Tendons, and Bones : it has Eyes, a Mouth,
and a Probofcis too (as well as the Elephant)
to take in its Food; it has a Stomach to
dige\ﬁ it, and Inteflines to carry off what is
not retained for Nourithment : it has an
Heart to propel the Circulation of its Blood,
a Brain to fupply Nerves every where, and
Parts of Generation as perfect as the largeft
Animal. Let us now ftop, look back, and

confider, as far as our Abilities can reach,
the exceflive Minutenefs of all thefe Parts ;
and if we find them fo furprizing and be-
yond our Ideas, what fhall we fay of thole
many Species of Animalcules, to whom a
Mite itfelf, in Size, 1s as it were an Ele-
phant ?

All




The INTRODUCTION. Xx1i1

All thefe, and numberlefs Wonders more,
the Microscore can exhibit to us. I fhall
therefore proceed to defcribe this noble In-
vention, fhew how far it is improved at
prefent, give a brief Account of what Dif-
coveries have been made, and point out
fome Objects for the Curious to examine
by it. In doing this, I fhall avoid as much
as poffible all Affe¢tation of Learning, or
Expreffions that are not in common Speech,
being defirous that every body may under-
ftand me.

I HE
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Of Microscores iz General.

%X#MY MicroscoPes we are under=
B ¥ ftood to mean, Inftruments of what =
8. %Xy ever Struifure or Contrivance, that
can make fmall Objects appear larger
than they dy to the naked Eye.
This is effe@ed by Glafles formed con«
Yex.

Vor, L. B When




Of Microscores in General.

When only one fuch convex Glafs or
Lens * is ufed for this Intent, the Inftru-
ment it is fixt in, however fathioned, is
called a Single Microjeope : but if two or
more Glafles are employed, conjointly, to
magnify Objects more, it is then called a
Double or Compound Microfcope.

One remarkable Difference in the Effect
of thefe two Inftruments is, that an Object
viewed through a fingle convex Glafs ap-
pears-magnified, in the fame Pofition exaétly
as when {cen by the naked Eye; but when
viewed through a Double Microfcope, com-
pofed of three convex Glafies, all Parts of it
become inverted ; that is, the Top of the
Object appears at Bottom, the Right Side on
the Left, and every Part in the Place moft
oppofite to its natural and true Pofition :
The Lights and Shades being al{o inverted,
the finking Parts appear to rife, and the
rifing Parts to fink in.

T'o what Accident, to what Country, or
to whom, we are obliged for the Invention

*The Word Leas properly fignifies a {imall Glafs inFigure
of 2 Lentil; butis extended ro'any Optic Glafs nat very
¢hick, which either colle@s the Rays of Light inte a Point
in their Paflage through it, or difperfes them apert, accord-
iy to the Laws of Refraéiion. If ¢onvex on both Sides, it
is called a Convex Lens 3 but if one Side be flat, 2 Plane-
Gonvexr ¢~ 1f concave on both Sides, it is termed a Coacave
Lenr: if flit on vne Side,” a Plane-Concave; if convex on
one Side, and concave on the other, 2 Convexo-Cencave, or
Cincave-Convexs .

of
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of Microfcopes, is not in me to determine :
the Honour has been given by fome to
DrrrreL, a Dutchman; by others to Fon-
TANA, a Neapolitan ; and by others ftill to
different People. The firft Appearance of
them however was about the Year 1621 ;
fince when they have been improving down
to the prefent Time,

As my Defire is, to make People fenfible
of the Pleafure and Information the Micro-
{cope can afford, and inftruct.them how to
Manage and underftand it, rather than how
to make it, I fhall take up none of their
Time with the Manner of melting, grind-
ing, polithing, or fetting of Glaffes; aWork
very few of my Readers will ever trouble
themfelves about. But, inftead thereof, I
thal] endeavour, with all the Brevity and
Clearnefs I am able, to explain the Effects
of Glaffes on the Sight, and lead them gra=
dually inte the Nature, Ufes, and magnify-
ing Powers of Microfcopes.

When Objetsare feen through aperfectly
flat Glafs, the Rays of Light pafs through
it, from them to the Eye, in a ftrait Direc-"
tion, and parallel to each other ; and confe~
quently the Objects appear very little either

iminithed or enlarged, or nearer or farther
off, than to the naked Eye. But if the
Glafs they are fee through has any Degree
of Convexity, the Rays of Light are dire-
ed from the Circumference towards the
B 2 Center,
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Center, in an Angle proportionable to the
Convexityof the Glafs, and meet in 2 Point;
at a greater or lefs Diftance from the Glafs,
as it is lefs or more convex. This Point,
where the Rays meet, is called the Focus ;
and this Focus is nearer or farther off, ac~
cording to the Convexity of the Glafs : for
as a little Convexity throws it to a confi-
derable Diftance, when the Convexity is
much, the Focus is very near.  Its magni-
fying Power is alfo in the fame Proportion
fo the Convexity: for as a flat Glafs mag-
nifies fcarce at all, the lefs a Glafs departs
from Flatnefs, the lefs of courfeit magnifies;
and the more it approaches towards a glo-
bular Figure, the nearer its Focus is, and
the more its magnifying Power.
People’sdifferent Length of Sight depends
on the fame Principle, and arifes from a
more or lefs Convexity of the Cornea and
Cryftalline Humour of the Eye : the rounder
thefe are, the nearer will the Focus or Point
of meeting Rays be, and the nearer an Ob-
je& muft be brought to fee it well. The
Cafeof thort-fighted People isonlyan Over-
roundnefs of the Eye, which makes a very
near Focus; and that of old People is 2
Sinking or Flattening of the Eye, whereby
the Focus is thrown to a great Diftance :
fo that the former may properly be called
Eyes of too fhort, and the latter, Eyes of tog
long a Focus. Hence too the Remedy for

the




Of Microscopres i General. 5

the laft is a convex Glafs, to fupply the
Want of Convexity in the Eye itfelf, and
bring the Rays toa fhorter Focus ; whereas
2 concave Glafs is needful for the firft, to
{catter the Rays, and prevent their coming
to a Point too {oon.

Nothing is more common than to obferve
old People holding Objects they would exa~
mine at a great Diftance from them, for
the Reafon above-mentioned ; and every
body knows, fhort-fighted People cannot
diftinguifh any thing without bringing it
very near their Eyes. Both Extremes are
inconvenient ; but thofe whofe Eyes are flat
by Age thould remember with Satisfaction,
that they have enjoyed the Pleafure of them
for many Years ; and the Short-fighted may
comfort themielves, that they can diftin-
guith much fmaller Objeéts than long-
fighted People : for the Objed is magnified
n Proportion to the Roundnefs of the Eye
and the Nearnefs of the Focus, and confe-
quently appears four times as big to an Eye
whofe Focus is but four Inches off, as it
does to one whofe focal Diftance is at eight
Inches. They havealfo this farther Advan-
tage, that Age improves their Eyes, by the
fame Means it impairs other People’s, that
is, by making them more flat. _

The nearer any Object can be brought to
the Eye, the larger will be the Angle under
which it appears, and the more it will be

B 3 mage
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magnified. Now, that Diftance from the
naked Eye, where the Generality of People
are fuppofed to fee fmall Objelts beft, is at
abouteightInches; confequently, when fuch
Objectsare hroughtnearer than eight Inches
(fuppofe to fix) they’ll become lefs diftinct ;
and if nearer till, on to four or three, they
will fcarce be feen at all. But by the Help
of convex Glaffes we are enabled to view
things, clearly, at rauch fhorter Diftances
than thefe : for the Nature of a convex Lens
is, to render an Object diftind@lly vifible to
the Eye at the Diftance of its Focus ; where-
fore the finaller a Lens is, and the more its
Convexity, the nearer is'its Focus, and the
more its magnifying Power,

As it is an eafy matter to melt a Glafs
Drop or ‘Globule of a much fmaller Dia-
meter than any Lens can pofiibly be ground,
and as the Focus of a Globule is no farther
off thah one quarter of its own Diameter,
and confequently it muft magnify to a pro-
digious Degree, fomeYears ago People were
extremely fond of fuch Globules, and ima-
gined no good Microfcope could be without
them : but Experience has fince taught, that
they admit fo little Light, can fhew fuch
an exceeding minute Part only of any Ob-
je&, are fo diflicult to make ufe of, and
ftrain the Eyes fo much, that their Power of
magnifying, for Want of due Diftinénefs,
is rather apt to produce Error than difcover

Truth ¢
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Truth: and therefore now they are-very
rarely employed. ‘

CH AP, I.
Of the Kinds of Mi1CcROSCOPES.

Icroscores are either Single or
Double : the Single have but one

Lens; the Double are a Combination of
two or more. Each of thefe two Kinds has
its particular Advantage : for a fingle Glafs
fhews the Obje& nearer at hand, and ra-
ther more diftin@ ; and a Combination of
Glafles prefents a larger Field, or, in other
Words, exhibits more of an Obje&;, equally
magnified, at one View. Itis difficult to
getermine which of thefe to recommend,
fince each affords a different Kind of Plea-
fure, Each of them toocan produce confi-
derable Authorities in its Favour ; for Mr,
Lrrvwennork § never ufedanybut fingle

1 Several Writers reprefent the Glaffes Mr. Lezuwen-
HOEK made ufe of 1n his'Microfcopes, to be Tittle Globules
or. Spheres .of Glafs 5 which Mifltake moft probably arifes
from their undertaking o defcribe what they had never feen :
for at the Time I am writing this, the Cabinet of Micro-
icopes lefi by that fameus Man, at his Death, to the Roya/
Society as a Legacy, is ftanding upon my Table; and I
can affare the World, that every one of the twenty-fix
Microfcopes contained therein is a double convex Lens,
and not a Sphere or Glabule.

B 4 - Micro-

el
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Microfcopes ; and, on the contrary, Mr.
Hooxkr made all his Obfervations with
double ones.

The famous Microfcopes of Mr. LEsu-
weNHOEK are the moft fimple pofiible,
being only a fingle Lens, {et between two
Plates of Silver perforated with a {mall
Hole, with a moveable Pin before it, to
place the Object on, and adjuit it to the
Eye of the Beholder. By thefe he made
thofe wonderful Difcoveries which fur-
prized the World fo much, and introduced
a new Syftem of Philofophy and Reafon-
ing, as in the Courfe of this Treatife I {hall
find Occafion more at large to mention,

There are many pretty little Contrivances
fold at the Shops for the viewing of {mall
Objeéts, which are entertaining as far as can
reafonably be expected from them: bat to
enumerate all thefe would be a tedious Tafk.
It thould alfo be a Matter more of Curio~
fity than Profit; to defcribe the Forms and
Apparatus of the feveral Kinds of Micro-
fcopes that have been contrived fince the
firt Invention of them. I fhall therefore
confine myfelf to give an Account of fuch
only in ufe among ourfelves at prefent, as,
by having a proper Set of Glafles, gradu-
ally magnifying one above another, are fit
to make Difcoveries of Confequence.

CHAP,
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L 43 A Pe M.

Of Mr. WivLson’s Single Pocket
Microfcapes

HE firt that I fhall mention, is

Mr. Wirson’s Single Pocket Micro=
Jeope 5 the Body whereof, made either of
Brafs,Ivory,or Silver, is reprefented ( Plaze1,)
by AA. BB.

CC. is a long fine-threaded male Screw,
that turns into the Body of the Microfcope.

D. aconvex Glafs at the End of the faid
Serew.

*T'wo concave round Piecesof thin Brafs,
with Holes of different Diameters in the
Middle of them, to cover the faid Glafs,
and thereby diminifh the Aperture, when
the greateft Magnifiers are employed.

EE. three thin Plates of Brafs within the
Body of the Microfcope, one whereof is bent
femicircularly in the Middle, {o as to form
an arched Cavity for theReception of aTube
of Glafs, whereas the two flat Plates are to
receive and hold the Sliders between them.

F. a Piece of Wood or Ivory, arched in
the Manner of the femicircular Plate, and
cemented thereto.

G. the other End of the Body of the Mi-
crofcope, where a hollow female Screw is
adapted to receive thedifferent Magnifiers.

iy S




10 Wirson’s Single Pocket Microfcope.
H. a {piral Spring of Steel, between the
{f2id End G and the Plates of Brafs; intended
to keep the Plates in a right Pofition, and
counteract againft the long Screw CC.

I.a fmall turned Handle, for the better
holding of the Inftrument, to ferew on or
off at Pleafure.

To thisMicrofcepe belong fevendifferent
magnifying Glafles : fix of them are fet in
Silver, Brafs, or Ivory, as in the Figure K,
and marked 1. 2. 3. 4. 5. 6.; the loweft
Numbers being the greateft Magnifiers.

L. is the feventh M'\gmﬁer, fet in the
Manner of a little Barrel, to be held in the
Hand for the viewing any larger Object.

M. is a flat Slip of Ivory, called a Slider,
with four round Holes through it, where-
in to place Objects between two Glafics, or
Pieces of Mufcovy Tale, as they appear
dddd.

Eight fuch Ivory Sliders, and one of
Brafs, are ufually fold with this Microfcope ;
fome with Objecs placed in them, and
others empty, for viewing amy thing that
may offer : but whoever pleajes to make a
large Colleétion of Objects, may have as
many as he defires.

, The Brafs Slider is to confine any {mall
Object, that it may be viewed without
cruthing or deftroying it.

N. is a Forceps or Pair of Plyers, for
the taking up of Infedts, or other Objects,
and adjufting them to the Glafles,

0. is
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0. is a little Hair Brufh or Pencil, where-
with to wipe any Duft from off the Glaffes,
or to take up any fmall Drop of Liquid
one would examine, and put it upon the
Talcs or Ifinglafs.

P. is a Tube of Glafs, contrived to con-
fine living Objedts, fuch as Frogs, Fifhes,
&¢c. in order to difcover the Blood, as it
ftreams along the Veins and Arteries.

All thefe Particulars are contained in a
little neat Box, very convenient for carry-
ing in the Pocket.

When an Obje& is to be viewed, thruft
the Ivory Slider, in which the faid Objett is
placed, between the two flat Brafs Plates
EE : obferving always to put that Side of the
Slider where the Brafs Rings are, fartheft
from your Eye. Then fcrew on the mag-
nifying Glafs you intend to ufe, at the End
of the Infirument G ; and looking through
1t againft the Light, turn the long Screw
CC, till your Objeét be brought to fit your
Eye; which you will know by its appearing
then perfectly diftinétand clear.— Tis beft
to loak at it firft, through a Magnifier that
can {hew the Whole thereof at once, and
afterwards to infpec the feveral Parts more
particularlywith one of the greateft Magni-
fiers: for thus you will gain a true Idea of
the Whole, and of all its Parts. And tho’
the greateft Magnifiers can {hew but a mi-
nute Pogtion of any Object at once, fuch as

the
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the Claw of a Flea, the Horn of a Loufe, or
the like ; yet by gently moving the Slider
‘that contains your Object, the Eye will
gradually overlook it all : and if any Part
fhould be out of Diftance, the Screw CC
will eafily bring it to the true Focus,

As Obje@s muft be brought very near the
Glafles when the greateft Magnifiers are
ufed, be particularly careful not to {cratch
them by rubbing the Slider againft them
as you move it in orout. A few T'urns of
the Screw CC will eafily prevent this Mif-
chief, by giving them Room enough.

You may change the Objects in your

Sliders, for what others you think proper,
by taking out the Brafs Rings with the
Point of aPen-knife; the Ifinglafs will then
fall eut, if you but turn the Sliders ; and
after putting what you pleafe between them,
by replacing the Brafs Rings, you will
falten them as they were before. "Tis pro-
per to have fome Sliders furnifhed with
Tales, but without any Objects between
them, to be always in Readinefs for the
Examination of Fluids, Salts, Sands, Pow-
ders, the Farina of Flowers, or any other
cafual Obje&s of fuch fort as need only be
applied to the Outlide of the Talc.

The Circulation of the Blood may eafieft
he feen in the Tails or Fins of Fifhes, in the
fine Membranes between a Frog'sToes, or,
beft of all, in the Tail of a Water-Newt.
If
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If your Obje& be a fmall Fifh, place it
within the Tube, and {pread its Tail or Fin
againft the Side thereof: if a Frog, chufe
fuch an one as can but juft be got into your
Tube, and with a Pen of Stick expand the
tran{parent Membrane between the Toes of
the Frog’s hind Foot as wide as you are able,
When your Objeét is fo adjufted that no
Part thereof can intercept the Light from
the Place you intend to view, unifcrew tlie
long fcrew CC, and thruft your Tube into
the arched Cavity, quite through the Body
of the Microfcope; thefi fcrew it to the true
focal Diftance, and you will fee the Blood
paffing along its Veflels with a rapid Mo=
tion, and in a moft furprifing Manner.
Make ufe of the thirdor fourth Magnifier
for Frogs or Fifhes; but for the Tails of
Water-Newts, the fifth or fixth will do;
becaufe the Globules of their Blood are
twice as large as thofe of Frogs or Fifh.
The firft or fecond Magnifier cannot well
be employed to this Purpofe; for the Thick-
nefs of the Tube wherein the Object lies,
will fcarce admit its being brought fo
near as the focal Diftance of the Magnifier.
The Single Microfcope above defcribed
may be formed into a Double One, by ferew-
Ing 1t to a Tube with an Eye-Glafs at the
Endthereof: it is alfo made to anfwer nearl
thf_ Purpofes of the large Double Refle ding
Microfeope, by the Contrivance following.
CHAP.
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CHA P IV

A new Invention for fixing the PockeT
Microscore, and giving Light to it by
a Speculum. Plate 11,

N this Plate, A is a Scroll of Brafs, fixed
upright on a round Pedeftal of Wood
B, fo as to ftand perfedly firm and fteady.

C. is a Brafs Screw, that paffes through
a Hole in the upper Limb of the Scroll,
into the Side of the Microfcope D, and
{crews it faft to the faid Scroll. '

E, a concave Looking-glafs or Speculum,
fet in a Box of Brafs, which hangs in the
Arch G, by two fimall Screws f £, that fcrew
into the oppofite Sides thereof.

At the Bottom of the faid Arch is a Pin
of the fame Metal, exa&ly fitted to a Hole
b, 1in the wooden Pedeftal made for the Re-
ception of the faid Pin.

As the Arch turns on this Pin, and the
Speculum turns on the Ends of the Arch, it
may, by this twofold Motion, be eafily ad-
jufted, in fuch a manner, as to refleét the
Light of the Sky, the Sun, or a Candle,
directly upwards, thro’ the Microfcope that
is fixed perpendicularly over it ; and, by fo
doing, may be made to anfwer almoft all
the Ends of the large Double Refletting Mi-
crofegpe, which I fhall prefently defcribc.h
The
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The Body of the Microfcope may alfo
be fixt horizontally, and Objects may be
viewed in that Pofition, by any Light you
choofe ; which is an Advantage the Re-
fle@ing Microfcope has not.

It may alfo be rendered farther ufeful, by
means of a Slip of Glafs, one End of which
being thruft between the Plates where the
Sliders go, and the other extending to fome
Diftance, fuchObjetts may be placed there-
on, as canhot be applied on the Sliders :
and then, having a Limb of Brafs that may
faften to the Body of the Microfcope, and
extend over the proje&ing Glafs a hollow
Ring wherein to ferew the Magnifiers, all
Sorts of Subjects may be examined with
great Conveniency, if a Fole be made in
the Pedeftal, to place the Speculum exact-
ly' underneath, and thereby throw up the
Rays of Light.

The Packet Microfcope thus fixt 1s, if I
may prefume to judge, as caly and pleafant
in its Ufe, and as fit for the moft curious
Examination of the Animalcules and Salts in
Fluids, of the Farinz in Vegetables, of the
Circulations in {mall Creatures: in fhort, it
15 as likely to make confiderable Difcoveries
in Objeéts that have fome Degree of Tranf-
parency, as any Microfcope I have ever feen
or heard of, Tt is alfo a material Part of the
Solar, or Camera Qbfcura Microfcape, which
I thall by and by defcribe,

CHEACR.
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CH A Par V.

Of the Double REFLECTING MICROSCGPE.

HE Double Refleéting Microfcope in

Ufe at prefent (whofe Picture with
its Apparatus is feen Plate II1.) is an Altera-
tion and Improvement, by Mr. CULPEPER
and Mr. ScarRLET, of Mr. MARSHAL’S
large Double Microftope 5 than which it is
lefs cumberfome, may be managed with
much more Eafe, and, by means of a re-
flected Light, is capable of thewing Objects
in a clearer and more pleafing Manner.

The Body of this Microfcope A A A A,
being a large Tube, is fupported by three
Brafs Pillars 4 4 &, rifing from a wooden Pe-
deftal C; in which Pedeftal is a Drawer D,
to hold the Obje@-Glafles and other Parts
of the Apparatus:

A lefler Tube, e e, flides into the greater,
and fends from its Bottom another Tube
much fmaller than itfelf, £, with a male
Screw g, at the End thereof, whereon to
{crew the Objeé-Glals or Magnifier.

There are five of thefe Magnifiers, num=
bered t. 2. 3. 4. 5. which Numbers are alfo
marked on the inner Tube, to direé where-
about to place it according to the Magnifier
made ufe of : but if then it fits not the Eye
exactly, flide the inner Tube gently higher

or
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or lower, turn the Screw of the Magnifier,
gradual]y, till the Object appears diftinét.—
Take Notice, that the greateft Magnifiers

ave the fmalleft Apertures and thg loweft
Numbers,

L. is a circular Plate of Brafs, fixt hori-
Zontally between the three Brafs Pillars s
and in the Center thereof a round Hole M.
18 adapted to receive a proper Contrivance
. for holding Ivory Sliders, wherein Ob-
Je&s are placed : which Contrivance con-
fitts of 5 {piral Steel Wire confined between
three Brafs Circles, one whereof is move-
able for the Admiffion of a Slider.

O. is a round Brafs Plate, with feveral

cles for placing Objects in, fome of which
areufually furnithed with thematthe Shops :

ut two Holes are commonly referved for
fmall concave Glaffes, whereon to place a -

rop of any Liquid, in order to view the
Animalcules, &e. There is alfo a Piece of
white Ivory, and a Piece of black Ebony,
of the fame Size and Shape as the Holes for
Objedts : the Ivory is to put opake Objects
on that are black, and the Ebony is to re-
ceive fuch as are white ; by which Contra-~
riety of Colonrs they will be feen more
clearly.-——.At the Bottom of this Object-
I?lat'e 15 a Button, to {lip into a Slit P, that
fits it, on the circular Plate of Brafs: and by
wrning it round on this Pin, all the Objeds

Vor. I. ek “may
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may be examined fucceflively with very lit-
tle Trouble.

Q. is a concave Looking-glafs, fet in a
Box of Brafs, and turning in an Arch R.
upon two {mall Screws ss. From the Bot-
tom of the Arch comes a Pin, which, be-
ing let down into a Hole #, in the Center
of the Pedeflal, enables the Looking-glafs to
turn vertically, or horizontally, and reflect
the Light, cither of a Candle, or the Sky,
directly upwards on the Object to be viewed.

V. 1s a plano-convex Lens, which by
turning on two Screws **#, when the Pin at
the Bottom of it is placed, the Hole W. for
its Reception in the circular Plate L. will
tranfmit the Light of a Candle, to illuminate
any opake Object that is put on the round
Piece of Ivory,or on the Ebony, for Exami-
nation : and it may be moved higher or low-
eras the Light requires. This Glafs is of
good Service to point the Sunthine, or the
Light of a Candle, upon any opake Object;
but in plain Day-lightitis of no great Ufe.

X. a Cone of black Ivory, to faften on a
Shank underncath the Brafs circular Plate
L. principally, when the firft or {econd
Magnifier is made ufe of, and the Objet
very tranfparent : for Experience teaches,
that {uch Objects are rendered much more
diftinétly vifible, by intercepting fome Part
of the oblique Rays reflected from the con-
cave Looking-glats.

The
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The Brafs Fith-panY.is to faften aSmelt,
Gudgeon, or any fuch fmall Fifh upon, to
fee the Blood circulate in its Tail. For
which Purpofe, the Tail of the Fith muft
be fpread acrofs the oblong Hole at the
{malleft End of the Pan: then, by {lipping
the Button on the Backfide of the Pan into
the Slit P. through the circular Plate L. the
:Spf'ing that comesfrom the Button will make
it fteady, and prefent it well to View.

But if it be a Frog, a Newt, or Eel, in
which the Circulation isdefired to be thewn,
4 Glafs Tube 1. is fitteft for the Purpofe.
The Tail of 2 Newt, or Eel, or, in a Frog,
the Web between the Toes of the Hind-
Feet, are the Parts where it may be feen
beft. When the Object is well expanded on
the Infide of the Tube, {lide the Tube along
under the circular Brafs Plate L. (where
there are two Springs and a Cavity made in
the Shank to hold it) and bring your Ob-
Ject direétly under the Magnifier.

There are three of thefe Glafs Tubes,
fmaller one than another, and the Size of
the Objec muft dire¢t which to ufe; but in
general, the lefs Room the Creature has to
Move about in, the eafier it may be ma-
Naged, and the quieter it will lie to be
managed,

The Cell 2, with 2 concave and a plain
G_]afs in_ it, is intended to confine Fleas,
Lice, Mites, or any {mall living Objeéts,

G 2 during
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during Pleafure ; and by placing it over thé
Hole M. in the Middle of the circular Brafs
Plate, they may be viewed with much Con-
veniency. Three loofe Glafies, viz. one
plain, and two concave, belong alfo to this
Microfcope, and are defigned to confine
Objedts, or place them upon occafionally.

The Iong Stcel Wire 3. with a Pair of
Plyers at one End, and a Point at the other;
to hold faft, ot ftick Objects on, flip back-
wards or forwards in a Brafs {hort Tube,
whereto a Button is faftened, which fits
into the little Hole 2, near the Edge of the

Brafs Plate L : and, then, the Object may
be readily brought to a right Pofition, and
2 Light be calt upon it, either by the Look-
mf:r—ghiq underneath, or, if it be opake, by
the pl‘.no -COnvex Lens V.

4. is a flat Piece of Ivory called a Slider,
with four round Holes through it, arid Ob-
jects placed in thetn between Mu/w‘uy Tales
01 Ifinglafs, kept in by Brafs Wires.

It is proper to have a Number of thefe
Sliders filled with curious Objects, always
ready, as well as fome empty ones, for any
new Tlmw that offers. When made ufe of,
thruft them' Between the Brafs Rings of
the Comtrivance on purpofe for them, N.
which fhoots into the round Hole M. in
the Center of the Brdfs Plate L. This
keeps them fteady, and at the fame time
permits them to be moved to and fro for @
thorough Examination,

A little
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A little Ivory round Box 3. to hold Pieces
of Ifinglafs for the Sliders,

6. a {fmall Hair Brufh, to wipe any Duft
off the Glals, or to apply a Drop of any
Liquid.
7+ A Pair of Nippers, to take up any Ob-
Ject to be examined.

The two Microfcopes I fhall defcribe
next, viz. the Solor, or Camera Obfiura
Microfeope, and the Microfcope for Opake
Objeéts, are of a foreign Invention, and but
laltely known to us. We are, indeed,
obliged for them both to a Gentleman ef
Przﬂz‘a, the ingenious Dr. LI1BERKHUN,
who, when he was in Englond, in the Year
1740, fhewed an Apparatus for each of
thefe Purpofes to feveral Gentlemen of the
Royal Seciety, and alfo to fome Opticians 3
amongft whom, Mr. Curr, againft Ser-
Jeant's Inn Gate, in Fleet-Street, has taken.
great Pains to improve and bring them to
Perfe@ion : and therefore I fhall give a
Pefeription of them, as made and fold by
im,

C 3 CHAPD,
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| CHAP. VI

The SoLAR, 9r CaMerA OBSCURA
Microfeope.

H I8 Microfcope depends on the Sun-

 thine, and muft be made ufe of in a
darkened Chamber, as lts Name implies.

It is compofled of a Tube, a Luokluw-»
glafs, a convex Lens, and Wirson’s ‘\mym
Pocket Mic muupe betore defcribed,

The Sun’s Rays being directed iw t
: ¥ m.ung glafs ]nnuvh t]w'lubL upon thr*
O%‘i“;, ¢ Image or PiGture of the Objeét
is thrown, diftinctly and beautifully, upon
a Screen of white Paper, or a white Linen
Sheet, placed at fome Diftance to receive
the fame ; and may be magnified, to a Size
beyond the Imagination of thofe who have
not {een it : for the farther off the Screen is
temoved, the larger will the Object appear;
infomuch that a Louie may be magnificd
to the Length of five or {ix Feet, or even a
great deal more : but it is indeed more dif~
tiné, when not enlarged to above half that
Size *, The

o O

* Having, in the jecond Edition of this Work, inferied a
curious Draught of the Solar Microfiope, which was not in
the former Imprefiion, and given a more particular De-
feription of that Inftrument, 2nd its Apparatos, than [
pofithly could befere : lell the Purchajers of the firft Ldition
faould have found Reafon to complain of being onkindly
uied,
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The Apparatus for this Purpofe, as repre~
{ented in the Plate annexed, is as follows.

A. a fquare wooden Frame, thro’ which
two long Screws pafs, and, affifted by a cou-
ple of Nuts 1. 1. faften it firmly to a Win~
dow-thutter, wherein a Hole is made for
its Reception ; the two Nauts being let into
the Shutter, and made falt thereto.

A circular Hole is made in the Middle of
this Frame, to receive a Piece of Wood of a
circular Figuore, B, whofe Edge, that pro-
je&s alittle beyond the Frame, compofes a
fhallow Groove 2, wherein runs aCat-gut 3;
which, by twifting round, and then crofling
over a Brafs Pully 4 (the Handle whereof,
5, pafies thro’ the Frame) affords an ealy

[otion for turning round the circular
Piece of Wood B, with all the Parts there-
to affixt,

C. is a Brafs Tube covered with Seal-
Skin, which, ferewing into the Middle of
the circular Piece of Wood, becomes a
Cafe for the uncovered Brafs Tube D. to
be drawn backwards or forwards in.

E. a fmaller Tube of about ¢ne Inch in

,Ltngth, cemented to the End of the larger
Tube D.

“f“:" I took care that the faid Drawing and Defeription,
with what other ligtle Additions appeared necellary to render
the book more perfect, fhould be prefented tothem gratis,
Epan applying to thofe they bought them of. But no {uch
Care is requifite at prefent, this Jmpre/fion being printed from
the fecond, without any Difference of Confeguence.

N

C 4 F. is
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F. is another thort Brafs Tube, made to
flide over the above-defcribed Tube E, To
the End hereof the I\‘IicroiLopL muft be
{fcrewed when we come to ufe it.

5. a convex Lens, whofe Focus is about
twelve Inches, defigned to collect the Sun’s
R:—lys, a.nd throw them more {trongly upon
the Object.

G. a Looking-glafs of an oblong I'igure,
{fet in a wooden Frame, faltened by Hinges
to the circular Piece ofW ood P and turn-
ing about therewith, by Means of the above-
mentloncd Cat-gut,

H. ajointed Wu-&, partly Brafs and pqrtly
Iron : the Brafg Part whereof, which is flat,
6, being fafl ened to the Looking-glafs, and
the Iron Part, which is round, 7, paffing
through the wooden Frame, enable the
Obferver (by putting it backwards or for-
wards) to elevate or decline the Glafs ac~
cording to the Sun’s Altitude.

I.a Braf‘“ Ring at the End of the jointed
Wire, whereby to manage it with the great-
er Eale.

N. B. The Extremities of the Cat-gut
are faftened to a Brafs Pin, by tumiug of
which it may be braced up, if at any time it
becomes too flack. This Pin ]ymg be-
hind, could not be thewn in the Picture.

: Vv hen this Microfcope is employed, the
Raom muft be rendered as dark as pofiible =
for on the Darknefs of the Room, and
6 ‘ the
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the Brightnefs of the Sun-fhine, depend the
Sharpnefs and Perfetion of your Image.
T'hen putting the Looking-glafs G. through
the Hole in your Window-fhutter, faften
‘the fquare Frame A. to the faid Shutter
by its two, Screws and Nuts 1. I.

This done, adjuft your Looking-glafs to
the Elevation and Situation of the Sun, by
Means of the jointed Wire H. together with
the Cat-gut and Pully, 3. 4. For the firft
of thefe raifing or lowering the Glafs, and
the other inclining it to either Side, there
refults a twofold Motion, which may eafily
be fo managed as to bring the Glals to a
right Pofition, that is, to make it refle@ the
Sun’s Rays diretly through the Lens s.
upon the Paper Screen, and form thereon
a Spot of Light exactly round *,

As foon as this appears, fcrew the Tube
C. into the Brafs Collar provided for it in
the Middle of your Wood-work, taking
Care not to alter your Looking-glafs : then
fcrewing the Magnifier you chufe to em-
ploy to the End of your Microfcope, in the

e

* Though obtaining a perfe& circalar Spot of Light
Bpon the Screen, before you apply the Microfcope, is a
certain Proof that your Looking-blafs is adjufted right,
tl‘.a:'Proof muft not always be expetted : for the Sun is fo
low in Winter, that if it fhines in a direét Line apainft the
 Wicdow, it cannot then afford a Spot of Light ‘exaétly
‘round. But if it be on either Side of you, a round Spot
may be obtained even in December.

ch ufual
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ufual Manner, take away the Lens at the
othier End thereof, and place a Slider, con-
taining the Obje&t to be examined, between
the thm Brafs Plates, as in the othm Ways
of ufing the Microfcope.

Things being thus prepared, fcrew the
Body of your I\rhcrofcopc to the thort Brafs
Tube F. which flip over the fmalleft End E.
of the Tube D. and pull out the {aid Tube
D . lefs or more, as your Object is capable of
enduring the Sun’s Heat. Dead Objetts

may be In ought within about an Inch of the
Focus of the convex Lens, 5 but the Dif-
tance muit be fhortened fm living Crea-
tures, or they will foon be killed.

If the Light falls not exatly right, you
may eafily, 3\"mcntlc Motion of the joint-
ed Wire and l.”ul]y, dire@ it through the
Axis of the mmrofmpnc Lens.

The thort Tube IF. which your Micro-
fcope is fcrewed to, enables you, by fliding
it backwards or forwards on the other Tube
E. to bring your Objects to their true focal
Dlihsme, “which will be known by the
SharpnefsandCle: irnefs of their Appuuance
thw may .11'0 be turned round by the fame
Means, without beinginthe leaft difordered.

The Magnifiers mol’c ufeful in the Solar
Microfcope are, in general, the fourth,
fifth, or fixth.

Mention having been often made of a
Screen to throw the Images of Objects on,
it
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itis proper to inform the Reader, that fuch
a Screen is ufually compofed of a Sheet of
the largeft Elephant Paper, firained on a
Frame, which flides up or down, or turns
about at Pleafure on a round wooden Pillar,
in the Manner of fome Fire-fcreens. Larger
Screens are likewife made fometimes with
{everal Sheets of the fame Paper pafted to-
gether on Cloth, and let down from the

Cicling with a Roller, like a large Maj:
This Microfeope is the moft entertaining
of any ; and, perhaps, the moft capable of
making Difcoveries, in Objects that are not
too opake : as it thews them much larger
than can be done any other Way. There
are alfo {feveral Conveniences attending it,
which no other Microfcope can have : for
the weakeft Eyes may ufe it without the
leaft Straining or Fatigue: Numbers of Peo-
ple may view any Obje& together at the
fame Time, and, by pointing to the parti~
cular Parts thereof, and difconrfing on what
lies before them, may be able better to un-
derftand one another, and more likely to
find out the Truth, than when, in other
lcrofcopes, they muit pzep one after an-
other; and perhaps fee the Objeé neither in
the fame Light, nor the fame Pofition. Such
t00 as have no Skill in Drawing, may, by
this Contl:ivance, eafily fketch out the exa®
Figure of an Objeét they have a Mind to
prelerve a Picture of; fince they need only
; faften
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faften a Paper upon the Screen, and trace if
out thereon, either with a Pen or Pencil, as
it appears before them.

It is worth their while, who are defirous
to take many Draughts this Way, to get a
Frame, wherein a Sheet of Paper may be
put or taken out at Pleafure; for if the
Paper be fingle, the Image of an Object
will be feen as plainly almoft on the back
as on the fore Side, and, by flanding bes
hind the Screen, the Shade of the Hand
will not obfiru@ the Light in Drawing, as
it muft in fome Degree when one ftands
before it.

I muft obferve, that Dr. L1BERKHUNS
Solar Microfcope had no Looking glafs
‘belonging to it, and therefore was of Ufe
a few Hours only in a Day, when the Tube
could be placed direcly againft the Body of
the Sun, and even then not without a good
deal of Trouble: but, by this lucky Con-
trivance of a Looking-glafs, the Sun’s
Rays may be refleCted through the Tube,
whatever its Height or Situation be, pro-
vided it fhines at all upon the Window,
and that too with much Eafe and Ad-
PN AR S T Foare e L i : '
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CHAP. VIL
Of the Microfeope for Opake Objelts,

: H1S Microfcope remedies the Incon-

venience of having the dark Side of
an Objeét next the Eye, which has hitherto
been an unfurmountable Obftruction to the
making Obfervations on opake Objects
with any confiderable Degree of Exaltnefs
or Satisfaction ; for in all other Contrivari-
ces commonly known, the Nearnefs of the
Infirument to the Objec (when Glafies
that magnify much are ufed) unavoidably
overfhadows it fo much, as to render its
Appearance obfcure and undiftin&. And,
notwithftanding Ways have been tried to
point Light upon an Obje, from the Sun
or a Candle, by a convex Glafs placed on
the Side thereof, the Rays from either can
be thrown upon it in {uch an acute Angle
only, that they ferve to give a confufed
Glare, but are infufficient to afford a clear
and perfe@ View of the Objett.

But in this new Microfcope, by means
of a concave Specalum of Silver, highly po-
lithed, in whofe Center a magnifying Lens
1s placed, fo direét and ftrong a Light is
refleCted upon the Objet, that it may be
examined with all imaginable Eafe and
Pleafure, '

The
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The Apparatus for this Purpofe (as in the
Plate, Numb. IV.) has. afforded me more
Delight and Satisfaction than I am able to
defcribe;and whoever trics it, will, I believe,
join'in my Opinion, that he never before
faw an opake Obje& with fo much Clear-
sefs, and in fo perfett and true a Manner.

The feveral Parts of this Inftrument, made
either of Brafs or Silver, are as follows.

Through the firft Side A. paffes a fine
Screw B. the other End whereof is faiten-
ed to the moveable Side C.

D. is a Nut adapted to the faid Screw,
by the turning of which the twe Sides A.C.
are gradually brought together.

E. is a Spring of Steel, that {eparates the
faid two Sides when the Nut is unferewed.

F. a Piece of Brafs turning round in a
Socket, whence proceeds a {mall Spring
Tube moving upon a Rivet, through which
Tube there runs a Steel Wire, one End
whereof terminates in a ftharp Point G. and
the other hath a Pair of Plyers . faftened
to it.—The Point and Plyers are to thruft
into or take up and hold any Infect or Ob-
ject: and either of them may be turned up-
wards, as fuits your Purpofe beft.

I. a Ring of Brafs, with a femalc Screw
within it, mounted on an upright Picce of
the fame Metal, which turns round on a
Rivet, that it may be fet at a due Diftance
when
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when the leaft Magnifiers are employed.—
This Ring receives the Screws of all the
Magnifiers. |

K. a concave Speculum of Silver, polifh-
ed as bright as poffible, in the Center of
which a double convex Lens is placed, with
a proper Aperture to look through it.
On the Back of this Speculuma male Screw
L. ismade fit to the Brafs Ring I. to {crew
into the faid Ring at Pleafure,

There are four of thefe concave Specula,
of different Depths, adapted to four Glafles
of different magnifying Powers, to be ufed
as Objeds to be examined may require.
The greateft Magnifiers are known by
having the leaft Apertures.

M. a round Obje@-Plate, one Side white
and the other black, intended to render Ob-
je@s the more vifible, by placing them, if
black on the white, and if white on the
black Side. A Steel Spring N. turns down
on each Side to make any Object faft: and
iffuing from the Object-Plate is a hollow
Pipe, to {crew it on the Needle's Point G.

O. a {mall Box of Brafs, with a Glafs on
each Side, contrived to confine any living
Obje&, in order to examine it: thisalfohasa
Pipe to {fcrewupon the End of the Needle G.
~ P.atarned Handle of Wood, to fcrew
into the Infirument when it is made ufe of.

Q. a Pair of Brafs Plyers, to take up any
Obje&, or manage it with Conveniency.

' ' R.a
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R. a foft Hair Brufl, to clean the Glaffes
or Specula, or apply 4 Drop of any Liquid
to the Ifinglafs of the Box O. in order to
vitw the Animalcules.

S. a fmall Ivory Box for Ifinglaffes, to be
placed, when wanted, in the {mall Brafs
Box O.

When you would view any Objec, ferew
the Speculum, with the Magnifier you think
beft to ufe, into the Brafs Ring I. Piace your
Object either on the Needle G. in the Plyers
H. on the Obje@-Plate M. or in the Brafs
hollaw Box O. as may be moft convenient,
according to the Natureand Condition of it
then holding up your Inftrument by the
Handle P. look againft the Light, through
the magnifying Lens, and by means of the
Nut D. together with the Motion of the
Needle, by managing its lower End, the
Obje may be turned about, raifed, or de-
prefied, brought nearer the Glafs, or put
farther from it, till you hit the true focal
Diftance, and the Light be feen reflected
from the Speculum ftrengly upon the Ob-
ject: by which means it will be fhewn in
a Manner furprifingly diftinét and clear.
And, for this Purpofe, the Light of the Sky,
or of a Candle, will anfwer to your Satif-
faction.

This Microfcope is principally intended
for opake Objects, but tranfparent ones may
alfo be viewed by it : obferving only, that
when
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when {uch come under Examination, it will ‘
not always be proper to throw on them the
Light refleed from the Speculum : for the
Light tran{mitted through them meeting the
refle&ed Light, may, together, produce too
great a Glare. A little Practice will teach
how to regulate both thefe Lights to good
Advantage.

There is Reafon to expect great Difcove-
riecs may be made by the Apparatus above
defcribed, as opake Objeéts area large Field,
but little hitherto examined, by reafon of
the great Difficulty in doing it.

Having given a Defcription of the feveral
Sorts of Microfcopes in Ufe amonglt us at
prefent, and fthewn what particulir Advan-
tages may be expected from each, I fhall
proceed to inftruct the Ignorant in thefe
Things, with all the Clearnefs I can, to find
out the magnifying Powers of the Glaffes
they make ufe of, and calculate how many
Times they enlarge the Diameter, the Super-
ficies, and the Cube * or folid Square of any
Objeét under Examination. And this, I
perfuade mylelf, will be highly fatisfactory,

—

* Some, perhaps, may diflike my fuppofing the Cube of
an Obje& 1o be magnified, fince, in reality, the Superficies
only can be feen : but the Necefiity of fuch a Suppofition will
appear plainly in the P; ogrefs of this Work, when we come
to confider the true Size of Microfcopical Objedts, by com.
paring them with larger Bodies.

Vor. L. D and
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and induce many People to be fond of this
moft delightful and inftructive Study, when
the Difficulties they imagined in it are re-
moved, and they perceive it to be as eafy as
it is pleafant ; when they find themfelves
able to judge of what they fee, not by mere
random Guefs, but by certain and plain
Principles.

CHAP VIIL

To find the Magnifying Power of Glaffes em=
ployed in Single Microfeopes.

T H E Appearance of any Objec, as to

Magnitude, is according to the Angle
it 1s feen under ; or, in other Words, ac-
cording to the Nearnefs it can be brought
to the Eye: for the lefs the Diftance it can
be viewed at is, the more it will appear en-
larged.

The naked Eye is unable to diftinguifh
any Obje@ brought exceedingly near it: but
looking through a convex Lens, however
ncar the Focus of that Lens be, there an
Obje& maybe diftinctlyfeen: and the {maller
the Lens is, the nearer will be its Focus,
and in the fame Proportion the greater mufk
be its magnifying Power.

From
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From thefe Principles, it is eafy to find
the Reafon why the firft or greateft Mag-
nifiers are {o extremely minute ; and alfo to
calculate the magnifying Power of any con-
vex Lens employed fingly in a Microfcope.
For fuch as the Proportion of the natural
Sight to the Focus of the Lens is, fuch will
be its Power of magnifying. If the Focus
of a convex Lens (for Example) be at one
Inch, and the natural Sight at eight Inches,
which is the common Standard, an Obje&t
may be feen through that Lens at one Inch
diftant from the Eye ; and will appear, in
its Diameter, eight Times larger than to the
naked Eye. But as the Objeét is magnified
every Way equally, in Length as well as
Breadth, we muft fquare this Diameter, to
know really how much it appears enlarged ;
and we fhall then find, that its Superficies

is indeed magnified fixty-four Times.
Again : Suppofe a convex Lens whofe
Focus is at one Tenth of an Inch diftant
from its Center : in eight Inches there are
eighty fuch Tenths of an Inch; and there-
fore an Obje@ may be feen through this
Lens eighty Times nearer than it can dif=
tin@ly by the naked Eye. It will confe-
quently appear eighty Times longer, and
eighty Times broader, than it does to com-
mon Sight; and as eighty multiplied by
eighty makes fix thoufand and four hundred,
{o many Times it really appears magnified.
2 Te
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To go one Step farther : If a convex Glafs
be fo {mall, that its Focus is no more than
one twentieth of an Inch diftant ;. we thall
find that eight Inches, the common Dif-
tance of Sight, contains an hundred and fix-
ty of thefe twentieth Parts ; and, in Confe-
quence, the Length and Breadth of an Ob-
ject, when feen through {fuch Lens, will each
be magnified an hundred and fixty Times ;
which multiplied by an hundred and fixty,
to give the Square, will amount to twenty-
five thoufand fix hundred; and {fo many
Times, it is plain, the Superficies of the Ob-
jeé' muit appear larger than it does to the
naked Eye at the Diftance of eight Inches.
Therefore, in a fingle Microfcope, to
learn the magnifying Power of any Glafs,
no more is neceffary than to bring it to its
true Focus; the exa& Place whereof will
be known, by an Object’s appearing perfect-
ly diftinét and fharp when placed there.
Then, with a Pair of fmall Compafles, mea-
fure, as nearly as you can, the Diftance from
the Center of the Glafs to the Obje&t you
was viewing, and afterwards applying the
Compafles to any Ruler with a diagonal
Scale of the Parts of an Inch marked on it,
you will eafily find how many Parts of an
Inch the faid Diftance is: When that is
known, compute how many Times thofe
Parts of an Inch are contained in eight
Inches, the common Standard of Sight, and
8 that
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that will give you the Number of Times the
Diameter is magnified : fquaring the Dia-
meter will give you the Superficies ; and if
it be an Object whofe Depth or whole Con-
tents you would lcarn, multiplying the Su-
perficies by the Diameter will thew the Cube
or Bulk.

‘The Superficies of one Side only of an
Object can be feen at one View; and to
compute how much that is magnified, is
mofl commonly fufficient. But fometimes
it is fatisfactory to know how many minute
Objects are contained in a larger : as fup-
pofe, for Inftance, [ defire to know, how
many Animalcules would make up the Big-
nefs of a Grain of Sand. To anfwer this,
the Cube as well as the Superficies of the
Animalcules muft be taken into the Ac-
count ; as will be fthewn in the next Chap-
ters

As this Treatife is chiefly intended for
thofe who underftand but little of fuch Mat-
ters, it may neither be necdlefs nor unac-
ceptable, to give a Table of the magnifying
Powers of the convex Glafles commonly
ufed in fingle Microfcopes, according to
their different Focus: whereby, upon mea-
luring what the beft Diftance from the
Glafs to view the Objelt is, 1ts Power of
magnifying the Diameter, the Superficies,
and the Cube of an Objec, will be found
1n one Line,

D ;3 See
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See the TABLEX,

As this Table is given in round Num-
bers, it is fo clear and eafy, that I believe
whoever can but divide and multiply a few
Figures will readily underftand it.

1 have taken no Notice of any Magnifier
whofe Focus is at a greater Diftance than
the half of an Inch; becaufe Glafles that
magnify lefs than that, may very eafily be
calculated by the Rules above laid down :
nor, when I come to the greateft Magnifiers,
have I mentioned any of a fhorter Focus
than' the one hundreth Part of an Inch ;
fince it is fo difficult to grind a Lens to a
Smalln«fs beyond, or even {o minute as this,
that perhaps few of my Readers may cver
meet with fuch an one. And though Glo-
bules of Glafs may be melted fo extremely
little as to have their Focus at not half this
Diftance, and confequently their magnifying
Powers prodigioufly greater; the Ufe of them
is {o troublefome, and attended with fuch
Want of Light, fuch Undiftinénefs and
Uncertainty, that, indeed, they are of very
little Service.

The magnifying Powers of the Glafles em-~

loyed in WiLsoN's Packet Microjiope, and
alfo of thofe belonging to the opake Micro-
fcope, are to be calculated in the forego-
ing Manner., And as People will, no Doubt,

be




To be placed after Page 30,
# A TABLE of the MAGNIFYING POWERS of CONVEX GLASSES,

employed in SiNnGLE MicRroscoPES, according to the Diftance of their
Focus » Calculated by the Scale of an Inch divided into an Hundred Parts :

Shewing how many Times the Diameter, the Superficies, and the Cube of an Objeét is
magnified, when viewed through fuch Glaffes, to an Eye whofe natural Sight 1s at
Eight Inches, or Eight Hundred of the Hundredch Parts of an Inch. :

Magnifies | Magnifies | Magnifies ihe
the Dia-|the Super-| Cube of an

meter, |fcies, Objedt,

r%, or 50, 16 256 4,006

25, OF 40 20 400 8,000

2y OF 30 26 676 17,570

%, or 20 40 1,600 64,000

psh B rsgl 2,800 148,877

141 & 57| 3.249 185,193

13172 01 3721 226,981

121 < 66| 4,356 287,496

1118 72| 5,184 3735248

The Focus of/] i% or 10r8 8ol 6,400 512,000 y Times.

a Glafs at g|l& 88| 7744 681,472
8| 100] 10,000 1,000,000

7| & 114| 12,996| 1,481,544

6|5 133 17:689] 2,352,037

e, for slm  160| 25,600 4,066,000

4 200| 40,000 8,000,000

3 266| 70,756 18,821,096

ey OF 2 400! 160,000 64,000,0C0
L 1J 8ool 640,000! ¢12,000,000 J

t The greateft Magnifier in Mr. LEEUWENHOEK'S Cabinet of Microfcopes, prefented to the Royal Saciety,
has its Focus, as nearly as can well be meafured, at one Twwentierh of an Inch Diftance from its Center, and
conflequently magnifies the Diameter of an Object 160 Times, and the Superficies 25,600, Bat the greateft
Magnifier in Mr. WiLsox’s Single Microfcopes, as they are now made, has ofvally its Facus at no farther
Diliance than about the Fiftiesh Part of an Inch 5 whereby it has the Power of enlarging the Diameter of
an Objedt 400, and its Superficies 160,000 Times.
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be pleafed to know certainly what the Pow-
ers of their Glafles are, and confequently
what may be expeéted from them, it would
be much better if the Microfcope- Makers
would grind their Glaffes according to fome
fettled Standard, and not work by Guefs, as
they ufually do at prefent, whereby no two
Sets of Magnifiers can be {uppofed exadtly
alike. Such a Standard, which would afford
a very ufeful Set of Glaffes, magnifying one
more than another in due Degrees, is, 1
think, as follows.

The FOCAL DISTANCES of
Six Magnifiers for Mr. WirLson's
Pocket Microfcape.

(] Magnifies the | Magnifies the
=) Diam. Superficies
1.7 [‘3’5, orz? | |= 4007 - 160,0007

=
2l e OT b E w— 160 — 25,600

c
3. | Dift. of 8| |l—100| & [—10,000] &

% the Fo-4 LS > & b &

4> | cusat 16 E— gof | |— 2500 | =
v ;08 30 | 8|26 —_— 676
6. L £, orgo | |———16] —— 256

D 4 The
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The FOCAL DI1ISTANCES of
Four Magnifiers for the Microfespe
ﬂ?" Op.du... OLJJCL_LS.

o 1co Pts. of | Magnifies | Magnifies the

2, an Inch, [ the Diam. bllpelmus

I-_] E 8| — 10¢) |=——10,1007)
: |

2 Dis ,OF A, Of 30 | =26 | & |w——— 670 | &
the I‘o-< be M8
cus at “ ‘ | y il

3¢ | S el st | By 169 | &

! =R
4 J 5 T Oy e e SRR

The magnifying Power of the Solar Mi-
crofcope muit be Lalr.ul.ltc.i in fomewhat a
different Manner. For here the Difference
between the Focus of the Magnitier, and
the Diftance of the Screen or Sheet where-
on the Image of an Object is caft, is the Pro-

orticn of its being mqrrmﬁcd bupp(m,, for
Inftance, the Lens ﬂlddL ufe of has its Focus
at half an Inch, and the Screen be placed
at the Diftance of five Feet ; the Objet
will then appear enlarged in the Proportion
of five Feet to half an Inch : and as in five
Feet there are one hundred and twenty half
Inches, the Diameter will be magnified one
hundred and twenty Times ; which, multi-
plied by one hundred and twenty, fhews the
Superficies to be magnified fourteen thou-

fand and four hundrc?i Times : and by put-

llﬂg
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ting the Screen at further Diftances, you
may magnify your Object to almoift what
Size you pleafe. PBut I would advife all
who ufe this Sort of Microfcope, to regard
Diftin¢tnefs more than Bignefs, and place
the Screen juft at that Diftance where the
Object is feen moft fharp and clear,

O - Ty e 4

Of the Magnifying Power of Glaffes in the
Daunble Microfcope.

Should now thew the Method of com-
I puting the magnifying Power of our
Double Microfcope, as I have done of the
Single ones : but a Calculation of the Powers
of three combined Glaffes would appear fo
intricate and unintelligible to People unac-
quainted with Optics (for whofe Service
chiefly I intend.this Treatife) that [ believe
they will readily excufe my perplexing them
with it : and as for the Learned in that Sci-
ence, they probably will be better pleafed
to calculate for themielves,

The Double reflecting Microfcope, deferi-
bed p. 16. is the only Inftrament at prefent
made amongft us for this Purpofe, wherein
fuch 2 Combination of Glafles is employed.
Here, indeed, the magnifying Power of the

Objett-
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Obje&t~Lens is greatly increafed by the Ad-
dition of two Eye-Glaffes; but as no Objeét-
Lens can be ufed with them of fo minute a
Diameter, or that magnifies of itfelf near fo
much ag the Lenfes we can ufe alone, ilpon
the whole, the Glafles of this Double Micro-
fcope magnify little or nothing more than
thofe of Mr. WiLson’s Single one. And
the fame Table which fhews the Powers of
the Glaffes belonging to that Microfcope,
may ferve for thefe alfo. For the firf? Glafs,
Second Glafs, &c. of either Microfcope, mag-
nify pretty much alike; and the chief Ad-
vantage arifing from a Combination of Glaf~
fes is, the Sight of a large Field or Portion
of an Object, magnified in the fame Degree,

EVHR P R
To find out the real S1zE of Objels feen
by Microfcapes. '

H O’ by the preceding Directions the
magnifying Powers of Microfcope=

Glaffes may eafily be underftood, it will {till
remain uncertain (if the Objects we examine
are exceedingly minute) what the real Big-
nefs of them is. For though we may know
theyare magnified fo many thoufand Times,
we can make by that Knowledge but a very
imperfet Computation of their natural and
true
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¢rue Size 3 nor can we, indeed, come to any
certain Conclufion as to that, but by the
Mediation of fome larger Obje&, whofe
Dimenfions we really know. For as Bulk
itfclf is merely comparative, the only Way
we can judge of the Bignefs of any thing 1s,
by comparing it with fomething elfe, and
finding out how many Times the leffer is
contained in the larger Body. To do this
in Microfcopical Objects, feveral ingenious
Methods have been contrived ; of which,
fuch as are come to my Knowledge, and are
plain and practicable, I fhall lay before the
Reader. ]

Mr. LesuweNHOEK's Way of comput-
ing the Size of Salts in Fluids, of the Ani-
malcules in Semine Mafculino, in Pepper-
Water, &c. was, by comparing them with
the Bignefs of a Grain of Sand *; and his
Calculations were made in the following
Manner.

y 3

* N. B. It is proper to inrform the Reader, that where-
ever, in this Treatife, Microfcopical Objedts are compared
with a Grain of Sand, which commonly was the Meafare
Mr. LeevwenHOEK made ufe of, we mult underftand it to
mean a Grain of coarfe Sea-Sand (ufually called Scouring-
Sand) which is equal in Bignefs to feveral Grains of our
common Inland Houfe-Sand, or Writing-Sand. Bat to make
our Calculation ftill more certain, we muft fuppofe them of
{uch a Size, that an hundred of them placed in aRow fhall
extend an Inch in Length.

He
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He viewed through his Microfcope a fin-
gle Grain of Sand *, which we will fuppofe
to be magnified as the round Figure ABCD.
Then cbferving the Animalcule {wirn ming,
or running acrefs it, or coming near’ it
(which we will imagine to be of the Size 1.)
confidering and meafuring this by his Eye,
he concludes, that the Diameter of this
Animalcule is lefs by a twelfth Part than
the Diameter of the Grain of Sand : confe-
quently, according to the common Rules,
the Superficies of the Grain of Sand is one
hundred forty-four Times, and the whole
Contents thereof one thoufand feven hun-
dred and twenty-eight Times, larger than
this Animalcule,

Suppofe, again, that he fees among thefe
another and {maller Species of Animalcules ;
one of which [2.] he likewife meafures with
his Eye, by the Help of a good Microfcope ;
and computes its Diameter to be five Times,
but, to be within Compafs, he reckons it
only four Times lefs than the former Ani-
malcule 1. According then to the forego-
ing Rules, the Diameter of this will be fix-
teen, and the whole Bulk fixty-four Times
tefs than the Animaleule 1.

If farther, upon a nicer View, he difco-
vers a third Sort of Animalcule {3.] fo ex-

* Vide Leevwen. Experim. & Contempl. Tom. 1V.
Pags 23:

ceedmg]y
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ceedingly minute that, examining it in the
former Manner, he concludes that the Dia-
meter thereof is ten Times {maller than the
fecond Sort : it will then follow, that a
thoufand of thefe are but equal in Bignefs
to one of that fecond Sort.

The firft Sort multiplied by the fecond,
and the fecond by the third, will plainly de-
monftrate how many of this third and mi-
nuteft Sort are requifite to make up the
Bulk of a fingle Grain of Sand : the Procefs
of which is as follows.

Firft Sort, 1. whofe Diameter is lefs
t}lan that of a Grain of Sand

12. Times.
12

fm—

144

Of the firft Sort, 1,728 in a Grain of Sand.

Second Sort, 2. whofe Diameter is lefs than
that of the firft Sort
4 Times.
4

- ——

16
4

64 inoneof thefirft Sort.
Third
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Third Sort, 3. whofe Diameter is lefs than
that of the fecond Sort
10 Times.
10

ICO
10

1000 in one of the fecond Sort.

1728 of the firft Sort in 2 Gr. of Sand,
64 of the 2d Sort in 1 of the firft.

6912
10368

110,502
1c00 of the 3d Sort in 1 of the 2d.

e m—————

110,592,000 of the 3d Sort in a Gr. of Sand,

e s

After this Manner the comparative Size
of all Sorts.of Objects may very eafily be
computed, only fubftituting (for fuch as are
lefs minute) a fmall Seed, or fome other
Body whofe Size we are well acquainted
with, in the room of a Grain of Sand.
And, particularly, by the Solar Microfcope,
our Calculations may be made with great
Certainty ; fince the Image of the Obje&t

5 enquired




viewed by Microfeopes. 45
enquired after, and of the Grain of Sand,
the fmall Seed, or whatever elfe is thought
proper to compare with it, may be really
meafured by a Ruler, or a Pair of Compafies,
and the Difference of their Diameters moft
exatly found.

The Method Mr. Hoox & made ufe of, to
know how much an Objeét appears mag-
nified, I thall give in his own Words.—
““ Having (fays he) rectified the Microfcope,
“ to fee the defired Object through it very
¢ diftin&ly ; at the fame time that I look
¢ upon the Object through the Glafs with
“ one Eye, I look upon other Objedts at
““the fame Diftance with my other bare
“* Eye: by which means I am able, by the
‘¢ Help of a Ruler, divided into Inches and
¢ {mall Parts, and laid on the Pedeftal of
¢ the Microfcope, to caft, as it were, the
“ magnified Appearance of the Obje upon
“ the Ruler, and thereby exactly to mea-
¢ fure the Diameter it appears of through
¢ the Glafs ; which being compared with
‘¢ the Diameter it appears of to the naked
‘* Eye, will eafily afford the Quantity of its
‘¢ being magnified.”—This, for Multitudes
of Objedts, is a ready and good Way; and
I can declare, from my own Experience, that
a little Practice will render it exceeding eafy
and pleafant.

Another very curious Way for this Pur-
pofe is defcribed by the ingenious Dr. Juriwn,

in
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in the 4 gth Page of his Pbﬂca-Mdfbemdtzkai
Differtations ; the Manner whercof is thus :
Wind a Piece of the fineft Silver Wire you
can get a great many Times about a Pin, or
fome other fuch flender Body, fo clofely as
to leave no Interval between the Wire-
Threads ; to be certain of which, they muft
be carefully examined with a Gldfs Then,
with the Points of a {mall Pair of Compafes,
meafure exactly what Length of Pin the
Wire covers: and applying the Compaffes
with that Meafure to a diagonal Scale of
Inches, you will find how much it is ; after
which, by counting the Number of Wire-
Rounds contained in that Length, you will
eafily difcover the real Thicknels of the fin-
gle Wire. This being known, cut it into
very fmall Pieces, and when you examine an
Obje, if it be opnke, firew fome of thefe
Wires upon it ; if tranfparent, under it ; and
with your Eye compare the Parts of the
Object with the Thicknefs of fuch Bits of
Wire as lie faireft to your View.

By this Method Dr. Jurin obferved, that
four Globules of human Blood would gene-
rally cover the Bl(.‘dd[h of 2 Wire, which he
had found to be i+ th Part of an Inch ; and
confequently, that the Diameter of a fingle
Globule was +—%+th Part of an Inch., Which
was alfo confirmed by Mr. LE & v wE N-
H o E K’s Obfervations upon human Blood,
made with a Piece of the fame Wire, f(ent
to
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to him by Dr. JuriN. Vide Philofophical
Tranfactions, Numb. 377.

Mr. MARTIN, in his Optics, gives ano-
ther Way, fufficiently eafy and ready on all
Occafions. On a circular Piece of Glafs,
let a Number of paralle]l Lines be drawn
carefully, with the fine Point of 2 Diamond,
at the Diftance of one fortieth Part of an
Inch from each other. If this be placed in
the Focus of the Eye-glafs of a Microfcope,
the Image of the Objec will be feen upon
thefe Lines, and the Parts thereof may be
compared with the Intervals, whereby its
true Magnitude, or Dimenfions, may be very
nearly known : for the Intervals of thefe
Lines, tho’ fcarce difcernible to the naked
Eye, appear very large through the Micro-
fcope. A Contrivance of this Kind may alfo
be invented for fuch Microfcopes as a Glafs
cannot be applied to in the above Manner,
by placing it under or behind the Obje&,
which will anfwer the fame Purpofe.

Here it will be eafy to find what Pro-
portion an Obje&, orany Part thercof, bears
to an Interval between two Lines, and then
determine it in Parts of an Inch : for if the
Width of an Object appears juft one Inter-
val, we fhall know it to be juft one fortieth
Part of an Inch; if half an Interval, the
eightieth ; if a Quarter of an Interval, the
one hundred and fixtieth ; if one fifth, only
the two hundredth Part of an Inch.

Vor. L. E Dr.
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Dr. SmrTu has an Invention akin to this,
for taking exa@ Draughts of Objects, view-
ed in Double Microfcopes ; for he advifes
to get a Lattice made with fmall Silver
Wites, or fmall Squares drawn upon a plain
Glafs by the Strokes of a Diamond, and to
yut it into the Place of the Image formed
by the Obje&t-Glafs. Then, by transferring
the Parts of the Obje& feen in the Squares
of the Glafs or Lattice upon fimilar corre-
{fponding Squares drawn on Paper, the Pic-
ture thereof may be exactly taken.

There are fome other Sorts of Microme-
ters, or Inventions for meafuring the fmall
Objects feen in Microfcopes ; but as they are
more complex and difficult, I fhall not {well
this Volume with them.

C-H A P. XL
Of the Area or Portion gf an Object feer.

H E vifible Area, Field of View, or

Portion of any Objeé feen through a
Microfcope, is in Proportion to the Diameter
and Area of the Lens made ufe of, and its
Power of magnifying, and may be thereby
determined : fince, if the Lens is extremely
{mall, it magnifies a great deal, and, con-

fequently, a very minute Portion only of an
Object
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Obje can be diftinguithed through it. For
which Reafon the greatet Magnifiers never
thould be employed but for the moft minute
Objects. This Confideration will dire&
how to fuit the Magnifiers to the Size of
the Objects to be examined, which is of the
utmoft Confequence in Microfcopical Ob-
fervations 5 and may ferve to recify the
Miftake of Abundance of People unexperi~
enced in Glaffes, who, upon feeing a Mite

or a Loufe greatly magnified, are apt to cry
out with much Surprize, O that we had a
Cricket, a Frog, or fome other Creature ;
how finely that would appear | Whereas, in
truth, fuch large Objeéts would entirely cover
the Lens, and could not be feen at all.

Microfcopes very happily aflift us when
Objelts are {o fmall as to evade our Sight ;
but it would be trifling and unneceflary to
employ them on fuch large Things as we can
fee without their Help,

I fhall not trouble the Unikilful with
perplexing Calculations about the Area or
Field of Objetts feen by each Magnifier ;
but give this fhort Rule in general, that it
differs not greatly from the Size of the Lens
made ufe of, and that the Whole of any Ob-
ject, much beyond that Size, cannot conve-
niently be viewed through it.

There is fome Difference, as to the vifible
Areaof an Objet, between Single and Double
Microfcopes ; for the Double thew a larger

E 2 Portion
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Portion of it than the Single, though mag-
nified as much.

Having thewn the Structure and Powers
of '\fhcrofcopes, I proceed now to defcribe
the Manner of chufing, preparing, and ap-
plying Objects to them,

CH AP Xl

Of Oeyects in General.

JRoper Objeéts to be examined by Mi-

CIOICOp{.s are (as Mr. HookE very ju-

dicioufly diftinguithes) ¢ exceeding finall Bo-

““ dies, exceeding fmall Pores, or exceeding
< fimall Motions.”

Exceeding {mall Bodies muft either be
the Parts of lnrgu Bodigs, or Things the
Whole whereof 1s exceedingly mmute ;
fuch as fmall Seeds, Infetts, Sands, g.llfs,
&e.

Exceeding {fmall Pores are the Interftices
between the {olid Partsof Bodies, asin Stones,
Minerals, Shells, &¢. or the Mouths of mi-
nute Veflels in Vegetables, the Pores in the
Skin, Bones, &¢. of Animals.

Exceeding {mall Motions are the Move-
ments of the feveral Parts or Members of
minute Animals, or the Motion of the Fluids
contained
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contained either in animal or vegetable Bo-
dies.

Under one or other of thefe three Heads
almoft every thing around us affords Matter
of Examination, and may conduce both to
our Amufement and Inftru@ion ; as I hope
more particularly to thew.

Many, even of thofe who have purchafed
Microfcopes, are fo little acquainted with
their general and extenfive Ufefulnefs, and
fo much at a Lofs for Objeéts to examine by
them ; that, after diverting themfelves and
their Friends, fome few Times, with what
they find in the Sliders bought with them,
or two or three more common Things, the
Microfcopes are laid afide as of little farther
Value ; and a Suppofition that this muft be
the Cafe, prevents many others from buying
them : whereas, among all the Inventions
that ever appeared in the World, none can
perhaps be found fo conftantly capable of
entertaining, improving, and fatisfying the
Mind of Man.—To evince this, and excite
thofe whofe Time and Circumftances permit,
to this delightful Study, is the Intention of
my writing ; and as Curiofity, the univerfal
Paffion of Mankind, may this Way continu-
ally be gratified, 1 hope I {hall not write in
vain.  And if I can hereby induce any to
pals thofe leifure Hours agreeably and ufe-
fully in contemplating the Wonders of the

E 3 Creation,
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Creation, which otherwife would be fpent
in tirefome Idlenefs, or, perhaps, fome fa-
thionable and expenfive Vice, I (hall think
thefe Sheets very happily beftowed.

C.-H.A P. Xlil
Of Examining OBJECT s,

N Examination of Objeéts, in order to
difcover Truth, requires a great deal
of Attention, Care, and Patience, together
with fome confiderable Skill and Dexterity
(to be acquired by Practice chiefly) in the
preparing, managing, and applying them to
the Microfcope, What little Knowledge
in thefe Matters 1 may have gained, either
from the Accounts of others, or my own
Experience, after being converfant many
Years therein, I fhall readily communicates
in hopes my Pains may clear the Way to
Difcoveries that will prove of Confequence
to the World, and render this Study both
defirable and eafy.

When any Obje comes to be examined,
the Size, the Contexture, and Nature of it
thould be duly confidered ; in order to apply
it to fuch Glafles, and in {fuch a Manner, as
may fhew it beft. The firft Step towards
this conftantly thould be, to view it throu gh

a Mag-
S
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3 Magnifier that can take in the Whole at
once : for by obferving how the Parts lie as
to one another, we fhall find it much eafier
to examine and judge of them feparately, if
there be Occafion. After having made
ourfelves acquainted with the Form of the
Whole, we may divide it as we pleafe, and
the fmalles the Parts into which it is divided,
the greater muft be the Magnifiers where-
with to view them.

The Tran{parency or Opakenefs of an
Objeét muft alfo be well regarded, and the
Glaffes made ufe of muft be accordingly
{uited thereto ; for a tranfparent Object will
bear a much greater Magnifier than one that
is opake ; fince the Nearnefs a Glafs that
magnifies much muft be placed at, una-
voidably darkens an opake Objedt, and pre-
vents its being leen, unlefs by the Micro-
fcope on purpofe for fuch Subjects, defcribed
page 27. Moit Objelts, however, become
tranfparent by being divided into extremely
thin or minute Parts. Contrivance there-
fore is neceflary, to reduce them into fuch
Thinnefs or Smallnefs as may render them
moft fit for Examination. _

The Nature of the Objeét, whether it be
alive or dead, a Solid or a Fluid, an Ani-
mal, a Vegetable, or a Mineral Subitance,
muft likewife be confidered, and 2ll the
Circumftances of it attended to, that we may
apply it in the moft convenient Manner., If

E 4 it
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it be a living Animal, Care muft be taken to
fqueeze, hurt, or difcompofe it as little as
poffible, that its right Form, Pofture, and
Temper may be difcovered. If a Fluid, and
too thick, it muft be thinned with Water :
if too thin, we fhould let fome of its watery
Parts evaporate. Some Subftances are fitteit
for Obfervation when dry, others again when
moiftened ; fome when frefth, and {ome after
being kept a while.

Light is the next thing to be taken care
of, for on this the Truth of all our Examina-
tion depends ; and a very little Experience
will fhew how different Objects appear in
one Pofition and Kind of it, to what they
do in another. So that we fhould turn them
every Way, and view them in every Degree
of Light, from Brightnef{s even to Ob{curity,
and in all Pofitions to each Degree ; till we
are certain of their true Form, and that we
are not deceived. For, as Mr. Hoo kK E
fays, in many Objedts it is very diflicult to
diftinguith between a Prominency and a
Depreffion ; between a Shadow and a black
Stain ; and in Colour, between a RefleCtion
and 2 Whitenefs. The Eye of a Fly, for
Example, in one Kind of Light, appears like
a Lattice drilled through with Abundance
of Holes ; in the Sun-fhine, like a Surface
covered with golden Nails : 1n one Pofition,
like a Surface covered with Pyramids ; in
another,
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another, with Cones ; and in other Pofitions,
of quite other Shapes.

The Degree of Light muft be duly fuit-
ed to the ()b]\,& wluch, if dark, will be
feen beft in a full and ftrong Light ; but if
very tranfparent, the Light (hould be pro-
portionably weak : for which Reafon there
is a Contrivance, both in the Single and
Double Microfcope, to cut off Abundance of
its Rays, when {uch tranfparent Objets are
examined by the greateft Magnifiers.

The Light of a Candle, for many Ob_]cﬂs,
and efppcml y {uch as are exceedingly minute
and tmnfp'ucnt is prcf‘emblc to Day-light =
and for others Day-light is beft ; I mean the
Light of a bwrht Lloud As for Sun-fhine,
it is refleGted from Objeéts with fo much
Glare, and exhibits fuch gaudy Colours,
that nothing can be determined by it thll
Certainty ; and therefore it is to be accounted
the worft Light that can be had.

This Opinion of Sun-fhine muft not
however be extended to the Solar Micro-
fcope, which cannot be ufed to Adv antage
without its brighteft Light ; for in that
‘Way we fee not the Ob_;c& 1tfelf whereon
the Sun-fhine is caft, but only the Image or
Shadow of it exhibited upon a Screen ; and
therefore, no Confufion can arife by the
glaring Reflection of the Sun's Rays from
the Object to the Eye, which is the Cafe in
other Microfcopes, But then, in that Solar

Way,
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Way, we muft reft contented with viewing
the true Form and Shape of an Object, with-
out expecting to find its patural Colour,
‘fince no Shadow can poffibly wear the Co-
lours of the Body it reprefents.

CHHA-P- XIV.
Of preparing and applying OBJECTS.
M O ST Objeds require fome Manage-

ment, in order to bring them proper-
ly before the Glaffes.—If they are flat and
tranfparent, and fuch as will not be injured
by Preffure, the beft Method is to inclofe
them in Sliders, between two Mufcovy Tales
or Ifinglafs. 'This Way the Feathers of
Butterflies, the Scales of Fithes, the Farine
of Flowers, &¢. the feveral Parts, and even
whole Bodies of minute Infeé@s, and a
thoufand other Things, may very conve-
nientlybe preferved. Every curious Obferver
will therefore have them always ready to
receive any accidental Object, and fecure it
for future Examination : and a Dozen or
two of thefe Sliders, judicioufly furnifhed,
are a fine natural Hiftory, where we may
read delightful Leflons of the high Perfec-
tion of God’s Works, and his Wifdom in
their Contrivance.
In making a Colle@ion of Objeds, the
Sliders fhould not be filled promifcuoufly,
but
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but Care taken to fort the Objeéts according
to their Size and Tranfparency; in fuch
Manner that none be put together in the
{ame Slider, but what may properly be ex-
amined by the fame Magnifier : and then
the Slider thould be marked with the Num-
ber of the Magnifier its Objeéts are fitteft
for; that is, the moft tranfparent, or mi-
nuteft Obje&s of all, which require the firft
Magnifier to view them by, fhould be pla-
ced in aSlider, or Sliders, marked with Num-
ber 1.; thofe of the next Degree in Sliders
marked with Number Il. and fo of the reft.
This Mecthod will fave Abundance of Time
and Trouble in fhifting the Magnifiers,
which, without fuch Sortment, muft perhaps
be done two or three Times in overlooking
a fingle Slider ¥*. The Numbers marked
upon theSliders will likewife prevent our be-
ing atanyLofs what Glafs toapply to each.

Small living Objeés, fuch as Lice, Fleas,
Gnats, fmall Bugs, minute Spiders, Mites,
&¢c, may be placed within thefe Talcs
without killing or hurting them, if Care be
taken not to prefs down the Brafs Rings
that keep in the Talcs: and will remain

* In placing your Obje&ts in Sliders, a convex Glafs of
about an Inch Focus, to hold in the Hand, and thereby
adjult them properly between the Talcs, before you faften
them down with the Brafs Rings, will be found very con-
yenient.

alive
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live even Weeks in this Manner., But if
they are larger than to be treated thus, either
put them in a Slider with concave Glafles,
intended for that Ufe, and defcribed page
10. or in the Cell, page 19. or elfe examine
them ftuck on the Pin, or held between the
Plyers; cither of which Ways they may be
viewed at Pleafure,

If Fluids come under Examination, to
difcover the Animalcules that may be in
them, take up a {mall Drop with your Pen,
or Hair-pencil, and place it on a fingle Ifin-
glafs (which you fhould have in a Slider
ready) or elfe in one of the little concave
Glafies, and {o apply it. ~ But in cafe, upon
viewing it, you find, as often happens, the
Animalcules fwarming together, and fo ex-
ceedingly numerous, that, running continu-
ally over one another, their Kinds and real
Form cannot be known ; fome Part of the
Drop muft be taken off the Glafs, and then
a little fair Water put to the reft will make
them feparate, and thew them diftinét and
well. And this Mixture of Water. is parti-
cularly requifite in viewing the Semen Maf-
cultnum of all Creatures: for the Animal-
cules therein contained are unconceivably
minute, and yet crowded together in fuch
infinite Numbers; that unlefs it be diluted a
great deal, they cannot be fuﬂici(—:ntiy fepa-
rated to diftinguifth their true Shape.

But,
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But, if we view a Fluid to find what
Salts it may have in it, a Method quite con-
trary to the foregoing muft be employed :
fot then the Fluid mu& be fuffered to eva-
porate, that the Salts, being left behind upon
the Glafs, may more eafily be examined.

Another, and indeed the moft curious
Way of cxamining Fluids, 1s, by applying
them to the Microfcope in exceedingly {mall
capillary Tubes, made of the thinneft Glafs
yoflible. This was Mr. LEEUWENHOEKS
Method for difcovering the Shapes of Salts
floating in Vinegar, Wine, and feveral other
Liquers ; and fuch Tubes fhould be always
ready to ufe as Occafion requires.

For the Circulation of the Blood, Frogs,
Newts, or Fifhes, are commonly made vfe
of : and there are Glafs Tubes in the Single
Microfcope,and a Fifh-pan, aswell as Tubes,
in the Double one, on purpofe to confine
thefe Creatures, and bring the proper Parts
of them to View : which, in Newts and
Fifhes, are the Tails, and in Frogs the fine
filmy Membrane between the Toes of the
hinder Legs. Though, if we can contrive
to faften down the Creature, and bring our
Obje& to the Magnifier, the Circulation can-
not poffibly be feen fo plainly any where as
in the Mefcntery, or thin Lranrparent Mem-
brane that joins the Guts together ; and this
Part, by p ulling out the Gut 2 ltttle, may
eafily be ac ]Llﬂ(.d to the Magnifier,

To
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To diflect minute Infells, as Fleas, Lice,
Gnats, Mites, &¢. and view their internal
Structure, requires a great deal of Patience
and Dexterity : yet even this may be done
in a very fatisfa¢tory Manner, by means of
a fine Lancet and Needle, if they are placed
in a Drop of Water : for their Parts will
then be feparated with Eafe, and lie fair be-
fore the Microfcope, fo that the Stomach and
other Bowels may plainly be diftinguithed
and examined.

We fhould always have ready for this
Purpofe little Slips of Glafs, about the Big-
nefs of a Slider, to place Objets on oc-
cafionally ; fome of which Slips thould be
made of green, blue, and other different co-
loured Glafs ; many Obje@s being much
more diftinguithable when placed on one
Colour than on another. We fhould like-
wife be provided with Glafs-Tubes of all
Sizes, from the fineft Capillaries that can be
blown, to a Bore of half an Inch Diameter.

I believe there is no better Way of pre-
ferving tranfparent Objeéts in general, than
by placing them between clear Ifinglafs in
Sliders : but opake Bodies, fuch as Seeds,
Sands, Woods, &e. require different Ma-
nagement ; and a Colle&tion of them fhould
be prepared in the following Manner.,

Cut Cards into {fmall Slips, about half an
Inch in Length, and the tenth of an Inch
broad : wet them half their Length with a
ftrong
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ftrong but very tran{parent Gum-water, and
with that ftick on your Object. As the Spots
of Cards are red and black, by making your
Slips of fuch Spots, you will obtainaC ontu&
to Objecs of almoft any Colour; and by
fixing black Things on the white, white on
the black, blue or green on the red or white,
and all other coloured Objects on Slips moft
contrary to themfelves, they will be fhewn
to the beft Advantage. Thefe Slips are in-
tended chiefly for the new-invented Micro-
fcope for opake Objedts, to be applied be-
tween tth:ppur% but they will al{o be pro-
per for any other M]Clouou that can thew

J‘\’lke Bodies. A little {quare Box fhould be
contrived to keep thefe Clllna in, witha Num-
ber of very fhallow rIoL.s juft big enough
to hold them. If fuch Holes were Lut
through Pieces of that Pafteboard Covers of
Books are made of, exaltly fitted to the Box,
and a Paper was pafted on one Side of each
to ferve for a Bottom to it, three or four
fuch Pafteboards, ftored with Objc ks, might
lie one upon anocther in the fame Box, and
contain an hundred or more Slips, with Ob-
]e&s faftened on them, always ready for Ex~
amination. It will not be found amifs to
provide fome Slips larger than others, for
the Reception of different-fized Objeéts :
but the Pattern hereto annexed [P!az‘e VI.)
will better explain my Meaning. The Box
fhould likewife be furnithed with a Pair of

Plyers,
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Plyers, to take up and adjuft the Slips ; and
therefore a convenient Place is contrived
therein to hold them, as the Plate before
you fhews *,

CHAZPE XV.
Cautions in viewing OBJECTS.

EWARE of determining and declaring
& B your Opinion fuddenly on any Obje& ;
for Imagination often gets the Start of Judg-
ment, and makes People believe they fee
Things, which better Obfervations will con-
vince them could not poflibly be feen: there-
fore affert nothing till after repeated Experi-
ments and Examinations, in all Lights, and
in all Pofitions.

When you employ the Microfcope, thake
off all Prejudice, nor harbour any favourite
Opinions ; for, if you do, it is not unlikely
Fancy will betray you into Error, and make
you think you fee what you would wifh to fee.

Remember, that Truth alone is the Mat-
ter you are in Search after ; and if you have
been miftaken, let no Vanity feduce you to
perfift in your Miftake.

* Mr. Cu¥y, in Fleet-fireet, can fupply thofe who do not
care to give themfelves the Trouble of making them, with
Boxes after this Pattern, which are found by Experience to be
extremely ufeful : He likewife makes and fells all the Micro-
Jeepes, with their Apparatus, mentioned in this Treatife.

Pafs
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Pafs no Judgment upon Things over-ex-
tended by Force, or contracted by Drynefs,
or in any Manner out of their natural State,
without making fuitable Allowances.

There is no Advantage in examining any
Object with a greater Magnifier than what
thews the {ame diftin@&ly ; and therefore, if
you can fee it well with the third or fourth
Glafs, never ufe the firft or fecond ; for the
lefs a Glafs magnifies, the better Light you
will have, the eafier you can manage the
Obje&, and the clearer it will appear.

It 1s much to be doubted, whether the
true Colours of Objeds are to be judged of,
when feen through the greateft Magnifiers :
for as the Pores or Interftices of an Object
muft be enlarged according to the magnify-
ing Power of the Glafs made ufe of, and the
component Particles of Matter muft by the
fame Means appear f{eparated many thou-
fands of times farther afunder than they do
to the naked Eye, their Refleftions of the
Rays of Light will probably be different, and :
exhibit different Colours.” And indeed the
Variety of Colouring fome Objects appear
dreft in, may ferve as a Proof of this.

The Motions of living Creatures them-
{elves, or of the Fluids contained within
them, as feen through the Microfcope, are
likewife not to be determined without due
Confideration ; for as the moving body and
the Space wherein it moves are magnified,

p T A A Ity the
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the Motion muft probably be fo too. And
therefore that Rapidity, wherewith the Blood
feems to pafs along through the Veflels of
{inall Animals, muft be judged of accord-
ingly. Suppole, for Inftance, a Horfe and a
Moufe move their Limbs exaétly at the fame
Moment of Time: if the Horfe runs a Mile
while the Moufe runs fifty Yards (though
the Number of Steps are in both the fame)
we fhall readily, I believe, allow the Horle's
Motion to be fwifteft. The Motion of a
Mite viewed though a Microfcope, or feen
by the naked Eye, is, perhaps, not much
lefs different.

Some People have made falle Pretences,
and ridiculous Boafts, of feeing, by their
Glafles, the Atoms of Er1curUS, the {ubtile
Matter of Dis CarTES, the Effluvia * of
Bodies, the Emanations from the Stars, and
other fuch like Impofiibilities : But let no
ingenious and honeft Obferver give Credit to
thefe romantic Stories, or mif-fpend his Time
and bewilder his Brains in following fuch
idle Imaginations, when there lies before
him an Infinity of real Objeéts, that may be
examined with Eafe, Profit, and Delight.

# Dr. Hicumore pretends that the Effiuvia of the Load-
fione have been feen by Glaffes, ilfuing from it in the Form
of a Mift : and all the reft of the above Extravagances have
been boafted of by athers. #id. Leruwen, Are. Nat, Tom. ii.

Pag: 348,

Tf_ie



The MIcroscoPE made Eafy :

O R, AN

AL TG0 TR N

Of what furprifing
DISCOVERTES

Have been already Made by the

MICROSCOPE;

wWiTRH

Ufeful REFLECTIONS on them.

TOGETHER WILTH

A great Variety of new ExperiMENTs and
OmservaTioNs, pointing out many wncommon
Sibjetis to the Enquiry of the Curious,

P AR T I

F 2







[ 67 1
B e T L W

& L R L I
4 % . Q'&ﬁ

[ R U O L OO L R YL

THE

MICROSCOPE

MADE EASY, &.

PART II.

F SRR AVING defcribed the moft ufes
ﬁ-e %2- ful Kinds of Microscopres made
[ .
amongft us; fhewn how to cala
w. Wl o culate the magnifying Powers of
Grasses, and the real Size of
Oszjecrs y taught the Ways of preparing,
exanining, and preﬁrm}zg OBjecTs ; and
given proper Gautions in our judging of what
we view : I come now to the Seconp Part
of my Defign, which is, to fhew what SJura
prifing Difcoveries have been already made
by the Microscore, with ufeful Reflettions
on them ; and alfo to fet forth a great Fgs
riety of new Experiments and Obfervations,
pointing out many uncommon Subjeéts for the
Examination of the Currovs.
F 3 CHAP,
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C.H-A_P.. L

Of the ANIMALCULES in Fluids,

HE fmalleft living Creatures yet

known are the Animalcules in Fluids ;
whereof many Kinds have been difcovered
by the Microfcope of fuch an exceeding Mi-
nutenefs, that a Million of them would not
equal the Bignefs of a large Grain of Sand;
and it is probable, there may be numberlefs
Species of a Size much lefs than thefe. It is
alfo likely, that there are as many, or even
more Kinds of thefe Invifibles (if 1 may ufe
the Term) than of thofe whofe Size is dif-
cernible by the naked Eye. Here, therefore,
is' Abundance of Scope for Enquiry and Ad-
miration, fince every Drop of Water, or
other Liquor (excepting Oils and Spirits)
either does already, or, upon ftanding ex-
pofed a few Days, will appear full of lAving
Creatures, of various Sizes and Forms. Some
Kinds of thefe Animalcules feem to be really
Fifh, and are natural Inhabitants of the Wa-
ter all their Lives: others live there but oc-
cafionally, in the Manner of Gnats, which,
from Eggs dropped by their Parents in the
Water, become {wimming Animals; but
after a while thed their fkins, appear in a
Form that bears no Refemblance to what
they
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they were before, take Wing, and turn Crea-
tures of the Air.

We may thus account how Water where-
in Pepper, Hay, Oats, Wheat, or other vege=
table Subflances are infufed, will foon become
full of Life: for thofe minute and invifible
Little Flies, which are every where hovering
in the Air, and fecking Places to depofit
their Eggs, when a Fluid offers well ftored
with proper Nourithment for their future
Offspring, may be {fuppofed to refort to it in
Swarms, and lay their Eggs there. Thefe
Eggs being foon hatched, the Infant-Brood
fwim about, and live happily in the Fluid ;
till, grown to their ftated Size, they, in due
Time, change their Forms, employ their
Wings, and fly away.

The T'ruth of this I have often experienc-
ed; for, after obferving fome Kinds of Ani-
malcules in feveral Fluids to be grown to a
certain Bignefs, on a fudden I have found
them all gone away, and only a much {mal-
ler, and confequently a younger Race, of the
fame Kinds remaining; which alfo, when
grown to a like Size, have foon after in the
fame Manner been gone too. Befides, if
the Infufion be covered, though with a Muf-
lin or fine Lawn, I have conflantly found
that few Auimalcules will be produced there-
in; but upon taking off the Cover, in a few
Days it will be full of Life : which {eems to
prove, that the Eggs whence thele Auimal-

s cutles
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¢ules come, mufl either be depofited by their
own Parents, as I above f{uppofe, or be
brought along with the Air. And, indeed,

both thefe Wa ays may poflibly be : for as the
ngs of fuch minute Creatures are lighter
than Air, Millions of them may contmml-
ly float therein, and, being wafted every
where indifterently, may pulfh in Places
unfuitable to their Nature, but hatch and
thrive when thcy happen to be lodged in a
proper Nidus for them. Some People ima-
gine, that the Eggs of thefe little Creatures
are lodged in the Pepper, Hay, or whatever
elfe is put into the Water : but, were it {o,

‘X canpot think a thin Covering of Lawn,

which does not exclude the ﬁmr Part of the
Air, would prevent their being hatched; and
therefore muft conclude 1t a Miftake,

Though Water that ftands at Reft, and
expofed 1n the open Air, will, after a few
Days, have fome Auimalcules in it, they will
be found in no Degree {o numerous as when
vegetable Bodies have been fteeped therein :
for no Creatares feem able to {fubfift on mere
Water only ; and what little Particles befides
may accidentally li‘lpp"n in it, can maintain
no great Number : but w hen, by Infufion
0}‘ the above-mentioned Subftances, Water
1s ftored with their proper Food, the Micro-
fcope can fhew Myriads of bwving Creatures
1 ev y Iittle Drop.

6 Asg
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As every curious Perfon will be defirous
to view thefe Wonders with his own Eyes,
and communicate them to his Friends, the
following Direétions for making Pcppar-
Water, &c. to be kept always ready for
Obfervation, may not perhaps be unaccept-
able,

Sl - B, B coutd i

To make PepPER-WATER, andof the
Animalcules found therein,

UT common Black Pepper, grofsly
bruifed, into an open Vefiel, to cover

the Bottom of it about half an Inch in
Thicknefs, and pour thereon Rain or River-
Water, till it rifes above the Pepper an Inch
or thereabouts. Shake or ftir the Water and
Peppcr very well together when firlt you
mix them, but af'tcrwmds not at all. Ex-
pofe your Veflel to the Air uncovered, and
in a few Days you will perceive a 11tt‘e Pel-
licle, or Skin, upon the Surface of the Wa-
ter, rcﬁuftmg Prifm Colours, This Skin,
examined by the Microfcope, will be found
to contain Millions of Animalcules, {carce dif-
eernible at firft, even by the greateft Mag-
nifier, but continually growing bigger tlll
they come to their fuil bu'e. Their N um-
bers too will every Day increafe exceedingly,
ikl
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till at length almoft the whole Fluid feems
alive : though in reality they lie chiefly on
the Surface of the Water, and go not deep
therein, unlefs frighted or difturbed ; but
when that happens, they will fometimes
dart down all at once, and not appear again
for fome time. In warm Weather this Skin
rifes on the Surface fooner, and you will
perceive them grow fafter, than in cold:
though even in the midit of Winter, if the
Water be not frozen, the Experiment will
fucceed.

About the Quantity of a Pin’s Head of
this Scum, taken up with the Nib of a new
Pen, or a fmall Hair-Pencil, and applied on
a fingle Ifinglafs, firft to the third Magnifier,
then to the fecond, and then to the firft,
will thew feveral Sorts of Animalcules lefler
each than other, and differing a great deal
in Shape as well as Size.

The Sorts that have been obferved in
Pepper-Water are,

Firfl, The largeft Sort of all (reprefented
Plate VII. Fig. 1.) 4 The Length of thefe is
about the Diameter of a Hair, and three or
four Times more than their Breadth. Their
Bodies are very thin and tranfparent, but
that Side which feems the Back is darker
than the other. They turn themfclves in

+ Philofoph. Tran/. Numb. 284.
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the Water often, and thew both Back and
Belly, as 1. 2. Their Edges are fringed, as
it were, with a great Number of exceeding-
ly minute Feet, which are chiefly feen about
the two Extremities : at one End there are
likewife fome Briftles longer than the Feet,
refembling a Tail. Their Motion is {wift ;
and by their Turns, Returns, and fudden
Stops, they feem continually to be hunting
about for Prey. They can employ their
Feet in running as well as {wimming ; for
upon putting a Hair amongft them, they
will often creep along it from End tc End,
bending in feveral odd Poftures.

Secondly, A pretty common Sort, whofe
Length is about one Third of a Hair’s
Breadth, with Tails five or fix T'imes as long,
and fometimes more. Fig. Il. 1. exhibits
one of them with the Tail extended. 2. re-

refents another with its Tail in a Screw-
fike Form, as they appear very frequently,
Sometimes, when they lic ftill, they thruft
out and pull back again a fringed or beard-
ed Tongue ; and a Current runs conftant!
towards them, which is caufed, probably,
by the nimble Motion of fome minute Fins
or Legs too fine to be difcerned.

Thirdly, A Sort about the Size of the laft,
but without Tails, appearing fometimes in
an oval Shape, as Fig. [II. 1. and fometimes
a little longer, refembling a Flounder, in the
Manner of 2. Their little Feet may be feen

g plainly
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plainly when the Water is juft evaporating,
for then they move them nimbly. Now
and then two of them are feen conjoined,
as 7.
Fourthly, Another Sort appear like flender
Worms, about fifty Times as long as broad,
and whofe Thicknefs is about the one hun-
dredth Part of a Hair. Their Motion is
equable and flow, waving their Bodies gene-
rally but little in their Progreflion. They
fwim with the {ame Facility backwards or
forwards, and being every where of the
fame Thicknefs, it is difficult to diftinguifh
which End the Head is placed at. See
Fig. IV.

A fifth Sort are fo amazingly fmall, that
an hundred of them in a Row would not
equal the Diameter of a Grain of Sand, and,
confequently, a Million of them are but
equal to a Grain of Sand in Bignels : their
Shape 1s almoft round.

A fixth Sort are about the Thicknef(s of
the foregoing, but almoft twice as long 1
and, befides thefe, there are doubtlefs other
Sorts which have not duly been attended
to.

It is agreeable enough, while thefe little
Creatures are before the Microfcope, to ob-
ferve the different Effe@s feveral Kinds of
Mixtures produce among them. For Ex-
ample, putting to them the fmalleft Drop
imaginable of Spirit of Vitriol upon the Point
of
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of a Pin, they immediately fpread them-
fclves, and appear to tumble down dead.
Diflolved Salt kills them, but with this Dif-
ference, that inftead of becoming flat, as in
the former Cafe, they fhrink into oval
Forms. Tin@ure of Salt of Tartar throws
them into convulfive Motions, after which
they foon grow faint and languid, and then
die without any Change of Shape. Ink
kills them as foon as Spirit of Vitriol, but
feems to contract them feveral Ways. Freth
Blood, Urine, and Spittle, kill them in a
little while, Sugar diffolved does the fame ;
but thereby fome die flat, and others
gound *,

If the Water be permitted to dry away
without any Mixture, fome Sorts of the
Animalcules will burft, but others not : and
if a freth Drop of Water be put to them, in
a little while many of them will revive and
fwim about again,

* Philofopk. Tranfs Numb. 203

CHAP,
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C .H & B, 1.
Of Havy-WarTEeRg, &,
H AY, Straw, Grafs, Oats, Wheat, Barley,

3 or any other vegetable Produétion,
being infufed in Water, in the Manner ad-
vifed before; after fome Days, a Sort of
whitith Scum, or Motherinefs, will appear
upon the Surface, which, examined by a
Microfcope, will be found to contain inex-
preflible Numbers of minute lrving Crea-
{ures, of various Sizes, Forms, and Kinds.

And of thefe fome are the {ame exactly
as were juft now defcribed in Pepper-Water
for it is to be obferved, that certain Kinds
of thefe Animalcules are met with, univer-
fally, in all Waters that have ftood any con-
fiderable Time expofed to the open Air.
The moft general among them is an oval
Sort of Animalcule, fomewhat in the Shape
of an Emmet’s Egg (See Fig. V. Plate VII.)
They are extremely nimble, and in a conti-
nual {wift Motion backwards and forwards :
but fometimes they ftop on a {udden, and
turn round on their own Axis numberlefs
Times with furprifing Velocity, firft one Way
and afterwards the contrary *, This Gyra-

* The Solar Microfcope has difcovered, that this frange
Motion is produced by the A&tion of a great Number of
Legs or Fins, placed in a circular Order.

tion,
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tion, or T'wirling round as it were on a Point,
I have taken Notice of in other Kinds allo of
the Animalcules found in Fluids.

Another pretty common Sort, and in
Shape fomewhat refembling the foregoing,
is fhewn (Fig. VI.) Their Motion is very
{wift, and always with the fharp End fore-
moft, whence one may reafonably fuppofe
it to be the Head. Some of them are clear
from End to End, but curioufly ribbed in
the Manner of a Melon : others are tranf-
parent at their {mall Extremity only, but
have their Bottle-end opake. No Legs or
Fins can be difcerned in either.

We find another Sort, as long almoft as
the largeft in Pepper-H ater, which are very
brifk and ac&ive, and have a Power of con-
tracting or extending themfelves as they
fwim along. At the End that feems to be
the Fore-part, feveral Feet are vifible ; but
efpecially when the Water is almoft evapo-
rated : for then they fhrink into a globular
Form, and their Feet ftanding out may be
perceived to move very nimbly. Fig. VIL. 1.
reprefents one of thefe Animalcules at its
full Length: 2. fhews another of them when
contracted.

There is likewife a Species of Animalcules
whofe Bodies are fpherical, but pointed
fomewhat like a Pear, and refembling Blad-
ders filled with Water, wherein a vaft Num-
ber of dark Particles feem in a continual

Agitation.
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Agitation, = Their Motion is chiefly a res
volving one, turning round perhaps above
an hundred Times in a Minute, firft one
Way, and then the contrary ; and all this
without moving a Hair’s Breadth out of
their Place. But fometimes they move for-
ward very brifkly, turn, return, and fetch a
large Compafs with feveral Deviations :
keeping, however, throughout their whole
Progreflion, their pointed End always fore-
moft. See Fig. VIII.

I once difcovered in the Scum on the Sur-
face of Hay-Water a Kind of minute Ser-
pents ; for fo Icall them from their Motion,
which was like that of a Serpent; and from
their coiling up themfelyes in the Manner
Serpents do. I kept this Water fome Weeks,
and fhewed them to feveral of my Friends ;
but fince that Time have never met with
them in any Infufion of the fame Sort, or in
any other Fluid, Their Manner of moving
forward, and alfo of coiling themfelves up,
15 hewn Fig. IX. 1, 2. They were larger
than any of the Eel-kinds of Animalcules,
their Motion very different, and not near fo
quick, The End that feemed to be the
Head was thicker and fomnewhat more opake
than the other.

Animalcules in the Shape of Eels are fre-
quently met with in many of the Infufions
I am now mentiening, and likewife in fe-
veral other Liquors, The Bignefs of them

is
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is very different, fome being an hundred
Times larger than others, and probably they
may differ alfo very much in Kind. They
have in general a nimble wriggling Motion
but fome Sorts of them are more acive and
vigorous than others,

Vinegar, after ftanding a few Days unco-
vered, and efpecially in the Summer-Seafon,
will frequently abound with a Kind of thefe
Eels, large enough to be difcerned by the
naked Eye: 'which has encouraged fome
People erroneoufly to affert, that the Sharp-
nefs of Vinegar is owing to nothing elfe but
the Striking of thefe Creatures upon the
Tongue and Palate with their pointed Tails
whereas it is very certain, that many Times
none of them can be difcerned even in the
foureft Vinegar ; and befides, Mr. Legu-
WENHOEK has demonftrated, that its Sharp-
nefs proceeds only from the pointed and
penetrating Figure of the Salts floating in
it, as I fhall find Occafion to obferve more
fully by and by.

The Shape of thefe Eel-lite Animalcules
is delineated Fig. X,

Dr. Powsr tells us ¥, That if Vinegar
wherein Fe/s abound be but moderately
heated at the Fire, they will all be killed,
and fink down to the Bottom ; but that
Cold does them no Injury. For aftetr fuch

* Powen’s Microfeop. Oblirw. pag. 35.
¥or. 1, G Vinegar
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Vinegar had been expofed a whole Night to
the fevereft Froft, and was frozen, and thaw-
ed, and frozen again, and fo feveral times
over, they were as brifk as ever. He like-
wife informs us, that in cold Weather he

ut fome Vinegar full of thefe Eels into a
Glafs, and poured thereon about the fame
Quantity of Oil, which floating on the Vine-
gar, all the E¢/s would conftantly creep up
into the Oil when the Vinegar began to
freeze ; but upon thawing the Vinegar, they
as conftantly returned to it again., Thefe are
pretty and curious Experiments.

A Drop of Oil of Vitriol, mixed with the
Vinegar, kills them in the fame Manner as
Fire does.

If fome Grains of Sand be put among
the Eels before the Microfcope, it will be
highly entertaining to fee them ftruggling
and embarrafled, as it were, amongft large
Stones.
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CH AP Vs
Of EErs in PasTe.

Hoever is delirous to be furnifhed

with minute Eels always ready for the
Microfcope, needs only boil together a little
Flour and Water, and make fuch Pafte there-
of as Bookbinders commonly ufe ; or it may
be bought of them. It fhould neither be
very ftiff nor very watery, but of a mode-
rate Confiftence. Expofe it to the Air in an
open. Vefel, and prevent its hardening or
becoming mouldy on the Surface, by beat~
ing it well together when you find any
Tendency that Way ; for if it grows hard or
mouldy, your Expe&tation will be difap=~
pointed. After fome Days it will turn four 3
and then, if examined attentively, you will
difcern Multitudes of exceeding {mall, long,
flender, wriggling Animalcules, which grow
larger daily, till you will be able to fee
them with the naked Eye.

To promote their coming forward, pour
every now and then a Drop of Vinegar on
your Pafte: and after they are once pro-
duced you may keep them all the Year, by
putting to them fometimes a little Vinegar
or Water, if the Pafte becomes too dry, and
fometimes a little Supply of other four
Pafte ; taking Care continually to preferve
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Eels i Pafle.

the Surface in a right Condition, which will
eafily be done when it is well ftocked with
thefe Animalcules ; the continual Motion of
them preventing any Mouldinefs thereon.

A Water-Glafs, or fome other Glafs Vel-
fel, is the moft convenient to keep your
Pafte in; for, by holding it up againft the
Light, you will oftentimes perceive the Eels
wriggling themfelves above the Surface of
the Pafte upon the Sides of the Glafs, and
may be able to take feveral of them with a
Pen or Hair Pencil, much more difengaged
from the Pafte, and confequently fitter for
View, than if you are obliged to examine
the Pafte itfelf in order to find them in it.

Apply them fo your Microfcope upon a
fingle Tale or Ifinglafs, after having firft put
on 1t a very fmall Spot of Water for them to
fwim about in. The thicker your Pafte is,
and the more they are enveloped in it, the
greater Proportion of Water will be requifite
to dilute it, that they may difentangle them-
felves, and be rendered diftinétly vifible.

They are verv entertaining Objects exa-
mined by any Kind of Microfcope, but par-
ticularly the Solar one, by which T have
magnified them fometimes to an Inch and
half, or two loches in Diameter, with a
Length }t»mportionab}e, and have found them
anfwer exaétly the Appearance of {uch fized
Tels. The internal Motion of their Bowels
may very plainly be diftinguithed ; and when

the
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the Water is- dried almoft away, and they
are near expiring, their Mouths may be feen
opening to a confiderable Width.

CHAP V.
Of RAIN-WATER and other Waters.

R. Leevwenuozk fays, that at firft

he could difcern no living Creatures
in Rain-Water ; but, after ftanding fome
Days, he difcovered innumerable Auimalcules
many thoufand of Times lefs than a Grain of
Sand, and in Proportion to a Mite as a Bee
is to a Horfe,

In other Rain-Water, which had likewife
ftood fome Time, he found the fmalleft Sort
he had ever feen ; and in a few Days more,
met with others eight Times as big as thefe,
and almoft round.

In another Quantity of Rain-Water, that
had been expofed like the former, he difco-
vered a Kind of Animalcules with two little
Horns, in continual Motion. The Space be-
tween the Horns was flat, tho’ the Body was
roundith, but tapering a little towards the
End, where a Tail appeared four Times as
long as the Body, and the Thicknefs of a
Spider's Web. He obferved feveral Hun-
dreds of thefe within the Space a Grain of
Sand would ogcupy. If they happened on

G 3 the
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the leaft Filament or String, they were en-
tangled in it, and then would extend their
Bodies into an oblong Round, and ftruggle
hard to difengage their Tails. He obferved
a fecond Sort of an oval Figure, and ima-
gined the Head to ftand at the tharpeft End.
The Body was flat, with feveral {imall Feet
moving exceeding quick, but not difcernible
without a great deal of Attention. Some-
times they changed their Shape into a perfect
Round, efpecially when the Water began
to dry away. He met alfo with a third Sort
twice as long as broad, and eight Times
{maller than the firft; yet in thefe he dif-
cerned little Feet, whereby they moved very
nimbly. He perceived likewife a fourth Sort,
a thoufand Times fmaller than a Loufe’s Eye,
and which exceeded all the reft in Brifknels :
he found thefe turning them{felves round, as
it were upon a Point, with the Celerity of a
Top. And he fays therc were feyeral other
Sorts. "

It is common, in Summer-time, for the
Woater that ftands in Ditches to appear fome-
times of a greenifh and fometimes of a red-
dith Colour *, which, upon Examination

e ey ' with

* The Infe@s that moft commonly difcolour the Waters
are of the Shrimp Kind, called by Swammerpam Pulex
aquaticus arborefeens, from the branching out of their little
Horns ; they are ofien fo numerous in ftagnating Waters,
in May or June, av which time they copulate, as to make
SRR : PR iy : them
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with the Microfcope, is found entirely owing
to infinite Millions of Animalcules crowded
together on the Surface of it, and giving it
fuch Appearance. Their Bodies are oval,
and tranfparent at both Ends ; but the Mid-
dle either green or red, according to the
Colour of the Water they are fwimming in.
This middle Part, viewed with the firft or
fecond Magnifier, {eems compofed of Glo-
bules, and bears (o near a Refemblance to
the Rows or Spawn of Fifhes, that it is rea~
fonable to believe it really may be the fame:
and the more fo ftill, as they are found after
fome Time perfectly clear and colourlefs, and
therefore may be prefumed to have fhed
their Spawn. '

The Water that drains from Dunghills,
and looks of a deep brown Colour, is fo
thronged with Animalcules, that it {feems to
be all alive ; and muft be diluted with Water
before they can be {ufficiently feparated to
diftinguifh their various Kinds. Amongit
thefe one Sort is found, which I do not re~
member to have feen elfewhere, and there-
fore give a Draught of (Plate VIII. Fig. XI.)
Their middle Part appears dark, and befet
with Hairs, but both Ends of them tranf-

them appear of a pale or deep red, and fometimes of a yel-
low Colour, according to the Colour of themfelves. The
green Scum fo commonly feen on the Top of flanding Waters
in Sommer-time, is nothing but innumerable green Animal-
cales. Vid. Derpam’s Phyfic. Theolog. pag. 178,
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parent their Tails are tapering, with a long
Sprig at the Extremity; and their Motion is
flow and waddling. This Dunghill-Water
abounds alfo with ‘a Sort of capillary Eels
that are extremely active.

An Infufion of any Herd, Grain, Fruit,
or Flwer, made in common Water, will be
found, after a few Days, to contain fome
Kinds of Animalcules peculiar to itfelf; and
this, tho’ aftenithing, may be accounted for
in a very reafonable Manner ; for a little Ob-
fervation-will thew, that every Herd, Grain,
Fruit, or Flower, is allotted by Providence to
be the Food of fome particular Sort of Bird,
Beaft, or Infect, of the vifible and larger
Kinds; and we may {uppofe it, in like Man-
ner, when infufed in Water, to afford alfo a
proper Nourithment for fome or other of
thofe numberlefs Species of minute Creatures,
which are invifible to the naked Eye, and
not to be difcovered without a good Micro-
{cope. And as to this Particularity of Ani-
malcules, 1 refer the Curious (who have not
yet been convinced by Trials of their own)
to the Obfervations of Monfieur JorLoT
(Prajeffor Rayal of the Mathematics, and of
the Royal Academy of Pamnting and Sculpture
at Par1s) on the various Kinds difcovered
by him in the feveral Infufions following :
the Piftures of which Animalules he has
given, as well as a Defeription of them. He
examined the Infufions of Pepper, black,

white,

8
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white, and long; of Senna, of Pinks, of
Cyanus or Bluebottle, of Rofes, Feffamin,
Rafpberry-Stalks, Tea, Barberries, Fennel,
and Sage, Marigold-Flowers, four Grapes,
and Mellion Rind ; and found different Ani-
malcules in them all. Hay, new and old,
abounded with many Kinds ; Rbubars,
Mufbrooms, fweet Bafil, Citron-Flowers, had
their particular Animalcules. The dnemo-
ny afforded fome very wonderful *; Ce-
lery produced many Kinds ; ##bear-Ears and
Straw many Kinds ; Straw of Barley, Rye,
Qats, and Tw'é{/é—(?orrz, many Kinds ; Oak-
Bark, new and old, afforded great Variety,
Some of thefe Infufions he kept a whole
Year round, and obferved, not only that
each Infufion had Awimalcules of Shapes
quite different from thofe in others, but
likewife that in the fame Infufion different
Kinds of Animalcules appeared at different
Times.

N. B. It is highly probable, that the Place
where Infufions are made, in a City, or in
the Country ; expofed to the open Air, or
fhut up within a Houfc ; as alfo the Seafon
of the Year, and its Temper as to Heat or
Cold, may occafion great Differences in the

+ Mr. Josror? Draught of the Animalcules in this In-
fufion repreflents an exact Satyr’s Face vpon their Backs: I
recommend the T'rial to the Curious.

Kinds
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Kinds of Auwimalcules to be found in the
fame Infufions.

We fometimes find in our Infufions of
vegetable Productions, and in other Waters
that have ftood awhile uncovered, an Ani-
mal much larger than any before defcribed,
of a very fingular and furprizing Form, as
pictured Plate VII. Fig. XII. This little
Creature is in its middle State ; it lately was
a Worm, and will foon become a Gnat.
For ¥ Gnats depofit their Eggs in 2 Kind of
flimy Matter on the Surface of the Water,
and faften them to fomething that may pre-
vent their being wathed away, or feparated
too {oon. Frorfi thefe Eggs proceed a Num-
ber of minute Worms, which, {inking to the
Bottom of the Water, make for themfelves
Cafes or Coverings of fine Sand or Earth, ce-
mented together with a Sort of Glue, but
open at both Ends for them to come out of
or retire into as they find Occafion. After a
Time, quitting thefe Habitations, and the
Figure of Worms, they re-afcend to the Top
of the Water in the Shape now before us,
fhelled 2ll pver, with a large Head and
Mouth, a Couple of black Eyes, two Horns,
feveral Tufts of Hairs or Briftles on different
Parts of the Body, and a Tail with a Bruth
of Hair at the End of it, which being

* Spefiacle de la Nature, Englifp Edit. 1z2mo, pag. 123.
Hpoxe's Microg. p. 186,

{meared
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{meared over with an oily Fluid, ferves like
a Cork to keep them above Water ; their
Heads being fometimes lifted into the Air,
and {fometimes plunged intothe Water, while
the Tail flides along the Surface. And if the
Oil on the Tail begins to dry, they fhed
from their Mouth a new Supply upon it,
which reftores its Ability of {teering where
they pleafe, without being 'wetted or preju-
diced by the Water. After living in this
Manner the Time appointed by Previdence,
a ftranger Change fucceeds: for, reﬁgning
their Eyes, Horns, and Tail, and cafling off
their whole Skin, there iffues forth a Race
of Infects of a quite different Element : the
moft beautiful and delicate Plumage adorns
their Heads ; their Limbs are conftituted
with the fineft Texture; they have Wings
curioufly fringed and ornamented ; their
whole Bodies are invefted with Scales and
Hair, and they are a¢tuated by a furprizing
Agility : in fhort, they become Guats, and
{pring into the Air. And, what is moft
amazing, a Creature that but a Minute fince
was an Inhabitant of the Water, would now
be drowned if it were plunged therein.

I have been the more particular in my
Account of this Metamerphafis, as I appre-
hend many Sorts of the Auimalcules in Fluids
undergo Changes in fomewhat a like Man-
ner. I fhall only add here, that the
little Creature whofe Picture I have given,

2
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is a delightful Objec for the Microftope; its
white Heart beating diftinétly, and the Mo-
tion of all its Inteftines being perfectly vifi-

ble and extraordinary.—Of the Gnar I thall
{peak farther in its proper Place.

The Waters. every where abound with
Life, and are an endlefs Subject of Employ-
ment for the Microfcope : Seas, Rivers,
Ponds, Ditches, and almoft every Puddle
can, by its Affiftance, prefent us with livin
Wonders never before difcovered : for fuch
Examinations have as yet been but little at-
tended to, even by People that have got
thefe Inftruments, and alfo a Genius to ufe
them. But Iam in hopes this Treatife may
excite them to be more induftrious, and not
fuffer a little Difficulty, or a few Difappoint-
ments, to difcourage them from a Study
that can fo amply reward their Pains,

In feveral of * Mr. LEEUWENHOEK'S
Letters to the Royal Society, we meet with
an Account of fome f{urprizing Animalcules
found adhering to the Roots of the Lens
Palufiris, or Duck-Weed (which in Summer-
time floats plentifully on the Surface of
Ponds and Ditches), as examined by him in

a Glafs Tube filled with Water. Qne Sort

*® Vid. Phil. Tran/. Numb. 283, 295, 337.
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of thefe was fhaped like Bells, with long
Tails, whereby they faftened themfelves to
the Root of thefe Weeds ; and fometimes
twenty of thefe were feen together, gently
extending their long Tails and Bodies, and
then, in an Inftant, contrating them again.
See the Draught, Plate VIII. Fig. i

A, reprefents a Root of Duck-Weed, with
the Tails of many Animalcules adhering to it.

bbb b, &c. thew their Bell-like Bodies.

¢ ¢ ¢ ¢, their long Tails.

Another extraordinary Kind of Animacule
(which fee Fig. II.) appears in a Sheath or
Cafe, a, b, ¢, the End whereof it faftens to
the Duck-Weed Roots. This little Creature
has two feeming Wheels with a great many
Teeth or Notches coming from its Head,
and turning round as it were upon an Axis,
d, e. At the leaft Touch it draws the Wheel-
work into its Body, and its Body into the
Sheath, after which it appears as Fig. ITI.
But when all is quiet, it thrufts. itfelf out
again, and the Rotation of the Wheel-work
is renewed. Mr. LEcuweNHOEK took No-
tice of one of thefe, whofe Cafe feemed com-
pofed of minute Globules (Fig.IV. s, 4./
and in this he difcovered the Wheel-work to
confift of four roundifh Parts, with little Di-
vifions between each, though only three of
thofe roundifh Parts could be feen, the fourth
lying behind, as reprefented Fig. V. This
convinced him how much he had been mif-

taken,
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taken, in belicving them, from their comi=
mon Appearances, to be two Wheels,
whereas the real Form of this Wheel-work
is as at Fig. V.

To find thefe Animalcules, choofe Duck-
Weed that has long Roots; for young Plants
with fhort Roots feldom afford any. Be
careful too that they are not covered with a
rough Matter, or tending to Decay, as they
will often be. Let the Roots fink gently
down in a Glafs Tube filled with Water,
and fo apply them to the Microfcope. Two
or three Animalcules will be found {fometimes
adhering to one Root; and at other times
you may examine feveral, and not be able to
meet with any.

In the Water, or {limy Matter, found in
Leaden-Pipes or Gutters, Mr. LEFUwEN-
noek met with various Kinds of Animal-
cules, and, among the reft, with Multitudes
that appeared to have a Sort of Wheel-work,
turning round fomewhat in the former Man-
ner ¥. Thefe Creatures, when the Water
dries away, contract their Bodies into a glo-
bular or oval Figure, and reddith Colour, and
become fixt in the dry Dirt, which grows
as hard as Clay : but whenever a Piece of
fuch Dirt is put in Water, in about half an
Hour’s Time they open, and by Degrees ex-

|

* Phil, Tranjad. Numb. 289. Leeuwen. Arean. Nat
Tom. II. Epift, 149,

tend
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tend their Bodies, and {wim about: and this
they did after fome of this Gutter-Dirt had
been kept dry for twenty-one Months toge-
ther. Whence he concludes, that the Pores
of their Skin are clofed fo perfettly, as to
prevent all Perfpiration ; by which Means
they are preferved till Rain falls, when they
open their Bodies, {wim about, and take in
Nourifhment.
. Fig. V1. VII. thew two of thele Animal-
cules in different Pofitions. ;
Fig. VIIIL. is the Form they appear in
when dry and contracted.

We may find in the Waters of our Ditches
feveral Species both of Teftaceous and Cruf-
taceous Animalcules : two of the latter Sort,
which are moft remarkable, are thewn (Plate
IX. Fig. I. and IIL.) ina {wimming Pofture,
with their Backs towards the Eye. Their
Legs are fomewhat like Shrimps or Lob-
{ters, but of a much more curious Structure.
They are lefs than a very {fmall Flea, but
are all Breeders, and carry their Spawn either
under their Tail, or in two fecming * Bags
hanging from their Sides, as in Fig. IL
Thefe Bags may {fometimes be obferved
broken, and the Spawn (confifting of Glo-
bules very large in Proportion to the Crea-

* Adrcan. Nat. Tom, 1. Bpik. 121. Philofoph. Tranfad.
Numb. z88.

2 ture)
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ture) fcattered about the Water. 'There is
alfo a third Sort, as beautiful as the forego-
ing, but not near fo large ; its Shape more
refembles a Shrimp, and it carries its Spawn
as the Shrimp does. Thefe three Species of
Animalcules appear to have only one Eye,
and that placed in the Middle of the Fore-
head, without fo much as the leaft Trace of
even a dividing Line. They are often to be
found fo tranfparent, that the Motion of
their Bowels is feen diftinétly by the Micro-
Jeope, together with a regular Pulfation in a
little Part, which therefore we may fuppofe
to be the Heart.

I thall finith this Head with defcribing
a very wonderful Kind of mimnute Animal,
the extraordinary Form .whereof (about
thrice the Bignefs it appeared to the naked
Eye) whilft 1n the Water, and faftened tq
the Root of a Weed, is given Fig. III. This
was a large one of the Sort, and had eight
Horns ; whereas the fmaller ones have fel=
dom more than fix. It is likewife thewn
here as extended to its full Length, but
when contracted is not a fourth Part fo long.
It fixes by the Tail to the Roots or Stalks of
Water-Plants.  On the upper Side a very
fmall Animalcule (a) is reprefented coming
out of the other’s Body. 'This was fuppof=
ed at firft to have faftened itfelf there by
fome Accident ; but, by obferving it nar-
rowly,
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Fowly, it was difcovered to be a young one
in the Birth ; for though it had but four very
{fmall Horns when firft feen, after fixteen
Hours its Horns and Body were grown much
larger; and in four Hours more it was quite
excluded its Mother’s Body. Againft this,
on the upper Side, appeared a little round
Knob, which gradually increafed in Bignefs,
and in a few Hours became pointed at (4.
Thirteen or fourteen Hours after, it was
grown much larger, and alfo had two Horns.
In twenty-four Hours four Horns were feen
upon it, one whereof was {mall, the fecond
larger, and the other two very -large, ex-
tending and contracting more vigoroufly than
their Fellows. Three Hours afterwards this
Animalcule likewife fell off from its Mother,
and thifted for itfelf,

The above Account is the Subftance of
Mr. LEruweENHOEK's Letter to the Royal
Society, Phil. Tranf. Numb. 283.—And in
Numb. 288. we meet with a farther De-
feription of the fame Animalcule by an Eng-
Af Gentleman, whom Mr. LEruwene
noEK’s Relation had put upon hunting after
it. He fays, he difcovered one of them in
fome clear Water taken out of a Ditch, but
with the utmoft Attention could find no more
therein. It appeared the firft Day as in Fig.
IV. but he tells us it varied every Moment,
and the Knob (a/, which looks like the

¥YoL: I, H Gut
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Gut Cecum, was fometimes a little longer.
T'wo or three Days after, he perceived {fome
white Fibres at the Extremity of the Knob ;
and on the fourth Day it lay extenided at full
Length, and appeared as in Fig. V. and he
was then convinced, that what he imagined
an Excrefcence, was in Reality a young
Animalcule of the fame Species, ifluing from
the old one, and having fix Horns. Next
Day he found it in the Water entirely fepa-
rated, and about a third of its Parent’s Length.
The Horns come out like Radii, not from
the Extremity, but quite rounda fimall Knob,
which probably is the Head: they have a
vermicular Motion, and can extend or con-
tra@t themfelves either fingly or altogether.
The other End is flat, and by that it oftea
faftened to the Bottom or Side of the Glafs
wherein he kept it. It alfo contracts and
dilates its Body, and can bring both Body
and Horns into a fmall Compafs, as in
Fig. VI. and Fig. VII. The Horns are per-
fectly white, the Body yellowifh, and not
eafily difcernible by the naked Eye; being,
when extended, no thicker than a large
Horfe-Hair.

Monf, Burron, in a Letter to MARTIN
Forkes, Efq. late PREsipENT of the Royal
Society, dated at the Garden of Perfailles,
Suly 18, 1741, {fends an Account (as a new
Difcovery in Natural Hiftory) of a Creature
called
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cilled a Polype *, found adhering to the Lens
Paluftris ; which being cut through the
Middle, from the upper Half a Tail pro-
ceeds, and from the lower Half a Head : fo
that one Animal becomes two.  If it be di«
vided into three, the middle Part thoots forth
a Head and Tail, the upper Part a Tail, and
the lower Part a Head ; and all three be-
come as perfect Animals as the firft, Whence
he concludes, that in the boundlefs Variety
of the Works of Providence, every Thing
that can be, is.

Another Letter to the fame Gentleman,
dated at the Hague, Sept. 15, 1741, from the
Honourable Wirriam BenTinck, Efg.
fays, That a young Man of Geneva looking
for fmall Infects in Water, {faw fome little
Things which he took for Plants; but ex-
amining them carefully, he perceived fome
Motions in them, and found them contraét
when touched. It was a long while, how=
ever, before he could determine whether they
were Plants or Animals ; for he {aw feveral
young ,Shoots coming out upon them, and
that as far as four Generations, hanging to
ene another. But he has fince found them

* The Name Polypus, or Many Feer, is given to feveral
Fithes of the Star-Fifh or Cuttle-Fifbe Kind, fome whereof,
befides feveral Claws, have two long Tranks, which they
can extend to a great Diltance 1o feize their Prey 1 and this
Amwimaleule, 1 fuppofe, is called Pafype, from its having fome-
what of a like Form.

H 2 to
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to eat Infe&s, and even raw Meat. They
faften themfelves by one Extremity to {fome
Plant, or the Side of a Glafs, and have at
the other End fix or eight Horns, where-
with they hold their Prey.

Fig. VIIIL. is taken from a Drawing fent
with this Account.

He cut one of thefe Creatures to fee what
would become of it, and fome Days after
found new Arms growing out where others
had been cut away. Since that, he has di-
vided them the long Way, the broad Way,
oblique, and every Way poflible, all with
the fame Succefs. He has alfo gone on fub-
dividing them, and has net found them pro-
pagate any other Way than by Shoots, and
without Copulation,

Both thefe Letters feem to mean the fame
Animalenle Mz, LeruweNnsoEk defcribes :
though with farther extraordinary Particu-
lars, which I believe the Curious will judge it

vorth their while carefully to examine into*,

Upon

# Since the Publication of the above Accounts, fuch farther
Particulars concerning this Animalcule have been received both
from Holland and France, in Anfwer to the ingenious Enqui-
ries of Mantin Fonxes, Efg. Prefident of the Roval So-
1Ty, and by him commumnicated to the faid Society, that
it would appear an wnpardonable Negle&t fhould I take no
Notice of them.

The Honourable Wirriam Bestinck, Efg. F.R. S,
in 2 Letter from the Hague, dated 1§th Faunary, N. 8. 1743,
inclofes fome Obfervations and Experiments drawn up by
Mr. Treuercy (the young Gentleman mentioned p. 97.
a0 the firt Difcoverer of the Singularity of this Infect, who
now
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Upon the Whole, this Animalcule appears
to be fomewhat of the Star-Fifh Kind, or
between that and the Sea-Mufbroosm, or
Anemone: which is a little Ammal found

frequently

now refides in Hollawnd); and Mr. BenTinck adds, thar he
can anfwer for the Trath of the Faéts therein contained, as
there is not one of them but what he has feen repeated above
twenty times,

Mr. TremBrLEY gives 2 Drawing of the Polype, with eleven
Horns, or Arms, and adhering to the Tail by a little T'wig
but in all other refpeéis exaltly cenformable to Fig. V. and
V. Plate IX. The Horns, he fays, {ferve for Legs and Arms ;
and at the End whence they come out is a Mouth, or Paflage
into the Stomach, which, extending the whole Length, forms
a Body like a Pipe or Gut, open at both Ends. He knows
two Species, and has {een fome ftretch their Bodies to an
inch and balf in Length, but that is rare 5 few, even of the
larger Kind, being above nine or ten Lines long: and fuch
can contratt themfelves to not above a fingle Line, flopping,
if they pleafe, at any Degree, between the utmoft Contraétion
and the utmoft Extenfion. T'heir Horns differ in Length ac-
cording to the Species; one Sort can extend them feven Inches:
their Numhber of Horns is alfo different; but a full-grown
Polype has feldom lefe than fix.

They do not fwim, but crawl, either upon the Ground, on
aguatic Plants, Pieces of Wood, Leaves, £9%. all which are to
be taken from the Bottom, Surface, Edges, or Middle of
Ditches (when we hunt after thefe Animals) and put into 2
Glafs of clear Water ; where, after a little Reft, if there be
any Polypes, they will be feen to extend their Arms, which
they contrafted upon being difturbed.

Their common Polture is, to faften their Tails to fome-
thing, and chen extend the Body and Arms into the Water ¢
and they wake ufe of their progreflive Motion to place them-
{elves conveniently for this Purpofe. Their Arms are fo many
Snares, ftretched out o catch {mall Creatures in the Waser =
and when any,Infeft happens to touch an Arm, it is caught,
and conveyed to the Mouth by the contrading of that Arm ;
or if the Creature firuggles, the other Arms aflift,

They are voracions Animals : a Polype can fwallow a Worm
whole twice or thrice its own Length. If the Worm come

Hj Endways
?
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Fodways, it is fwallowed in that Manner ; otherwife it goes
down double, and makes feveral Foldings in the Stomach,
which diftends wonderfully for its Reception. The Worm
foon dies there, and after 1t has been fqueezed or fucked, is
voided by the Mouth. They eat more or lefs, feldomer or
oftener, as the Weather is hotter or colder, and grow in Pro~
portion to what they eat: they can live whole Months with-
out Food, but waite proportionably to their fafting.

He fays, the Account (in the Philojopbical Tran/altions
before quored, p. g5.) of the Manner how thefe Infefts mul-
tiply, is true and exaét ; and the more one fearches into ir,
the moie evidently it will appear to be done by a true Vege-
tation. The Polype brings forth its Young from the exterior
Parts of the Body, and that not always a fingle young one at
once: it is common to fee five or fix, nay fometimes nine or
ten at the fame Time ; and when one drops off, another
comes in its Place.

For two Yeass, thoufands of them have been under his Eye,
but he could never obferve any thing like Copulation amongit
them. And left it fhould happen in fome fecret Manner be-
tween the Old and Younp, he has feveral Times cut off a
young one from its Parent, and kept it in a Glafs alone ;
notwithftanding which, it bred very plentifully.  And that
no Copulation might pofibly be performed between the
young ones themiclves, he has cat them off, one by one, as
they fprouted out, and has kept each of them alone, and that
for feven fucceflive Generations, but without finding any
Difference as to their Increafe. He has likewife feen a Polype
bring forth young ongs, and thole again producing others,
before the firk has been feparated from its Parent. They
multiply more or lefs, in proportion to their Feeding, and
the Warmnefs of the Weather.

But the moft amazing Part of Mr. TrEMBLEY’s Account is,
what he tells us concerning his O perations on theft Creatures.
If one of them be cot in two, tran{verfely, the Fore-part,
which contains the Head, Mouth, and Arms, lengthens it-
felf, creeps, and eats, on the very fame Day. The Tail-parg
forms a Head and Mouth at the wounded End, and thoots
forth Arms, more or lefs fpeedily as the Hear is favourable.
In Sammer they will be fhor out in twenty-foor Hours, and
the new Head perfefted in a few Days,

Cut a Polype where or in what Parts you pleafe, tranf-
verfely, each Part becomes a compleat Palype. But being too
fmall an Animal to admit of being divided into many Parts at

Dl.'lce;f
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once, he firlt cat one into four Quarters, and let them grow 3
then divided eacti Quarter, and proceeded fubdividing till he
obtained fifty oot of one: and has fill by him feveral Pieces
of the fame Polype thus cut above a Year ago, which have
produced Numbers of young ones.

If a Polype be cut the long Way, throagh the Head, Sto-
mach, and Body, each Part is half a2 Pipe, with halfa Head,
half a Mouth, and fome of the Arms at one of its Ends. The
Edges of thefe half Pipes gradually round themfelves, and
unite, beginning at the Tail-End ; and the half Mouth and
half Stomach of each becomes compleat. All this he has
feen done in lefs than an Hour; and the two Polypes thus
formed differed nothing from whole ones, but in having
fewer Arms ; which Defe& a few Days fupplied. A Polype has
been cut lengthways between Seven and Eight in the Morn-
ing, and between Two and Three in the Afternoon each Part
has devoured a Worm as long as itfelf.

Cutting a Polype lengthways, through the Head and Body,
but not quite through the Tail, in a fhort Time there will be
two perfect Heads and Bodies with but one Tail : which Heads
and Bodies may, foon after, be again divided in like Manuer :
and thus, Mr. TREMBLEY fays, he has produced a Palype with
feven Heads and Bodies conjoined with but one Tail. Thefe
feven Heads being cut off at once, feven others grew in their
{tead ; and each of the feven Heads fo cut off, putting forth
a new Body, became a complear Palype.

He cat a Polype tranfverfely afunder, and putting the two
Parts clofe together, they united where they had been cut.
The Creatare eat the next Day, is grown fince, and has mul-
tiplied. The Fore-Part of one Polype united in the fame
Manner to the Hind-Part of another, This compoand Ani-
mal eat likewife the next Day, and has fince produced young
ones from each of the Parts that formed it, Bur thele two
Experiments do not always fucceed, ‘

It was faid before, that the Body of a Polype is 2 Sort of
hollow Gut or T'ube : this he has found means to tarn infide
out, 4s one may tarn a Stocking ; and has feveral at prefent
by bim, whofe Infides remain to be their Qutfides ; notwith-
ftanding which, they eat, grow, and mul:iply, as if nothing
had been done to them. He has repeated all thefe Experi-
ments {everal Times with the utmoit Precaution, Afliduity,
and Attention ; and might appeal, he fays, to the Q ality
and Number of the Perfons who have ieen them made by
him, as well as of thofe who have made the fame themfelves.

Hg He
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He adds, that in the HiRtory of the Polype, which he has in "
Hand, all the Methods and Contrivances ufed by him in his
Obfervations will bedeferibed ; but even before its Publica-
tion he is ready and willing to communicate any Infor-
mation that may enable others to perform the like.

Mr. Reavmur, Fellow of the Royal Academy of Sciences
in France, declares (in the Preface to the fixth Volume of his
Hiftory of Infedis Jult publifhed at Paric ) that he hasrepeated all
Mr. Twemutey’s Experiments, not only by himfelf, but with
Mr. Jussiev, and feveral others of the faid Academy, and
foond them fuceced as they had done in Holland, of which he
gives a general and fuccinét Account. When firft he faw two
compleat Animals forming themfelves from the Parts of one
Polype cut afunder, he knew not, he fays, how to believe his
Eyes ; and he cannot yet behold it withoat new Amazement,
thongh he has feen it an hundred and an hundred Times. He
adds, that the Curious in France foon began to try if other
Creatores might not be found with the fame extraordinary
Faculty. That Mr., Bouner foon difcovered a lender Water~
Worm about one Inch and half long, that had the fame
Property ; and Mr. LvoNert found another about three
Inches long, and the Thicknefls of the treble String of a
Violin, which being cut into thirty or forty Parts afforded
the fame Phanomena.

Mr. Reaumur, imagining that fome Sea Produdtions,
whofe Shape fomewhat refembles this Frefb-Water Polype,
fuch 2s the Urtice Marine and Star-Iifb, might have the
like Faculties, engaged Mr. Gurrarw and Mr. Jussigu
to make Variety of Experiments on the Coafts of Poicfor and
Normandy. They broke and cut Star-Fi/t into feveral Parts,
atid had the Pleafure to fee the feveral Parts continue alive,
znd their Wounds cicatrize and heal : and though they conld
ot ftay long enough in the Country to fee new Parts fhoot
forth inftead of thofe cut away, Mr. Gerrarp pE Vire
14 ®s has feen the Urrice, on the Coafts near Rockelle, re-pro-
duce all the Parts cut off, and the Star-Fifb putting forth
new Radii in the Room of thofe they had been deprived of.
When the Fithermen faw Mr. Jussisv tearing and cutting
one of thefe Animals in Pieces, they told him, it was Labour
i vain, he could notkill it; Experience having tavght them
what Men of Learning had never {o much as heard of.
Mr. Reavmur and Mr, BorwsT found alfo fome Sorts of
Earth- Worms, which being cut in two, each Half had all its-
Deficiencies re-produced afier fome Months, Many, indeed,

died ;
6
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frequently on the Coaft of Normandy *.
They are feen fticking cn the Declivity of
Rocks, lome red, fome green, and fome
of other Colours; where they look like
Mufhrooms while fthut and folded up, but
like Anemonies when they open and difplay
themfelves. There is no opening them by
Foree without deftroying them ; but on Pref~

fure they fometimes eject feveral young ones '

of different Sizes : which feems to prove
them both Male and Femule, and alfo to be

died ; but as fome fucceeded, the Mifcarriages muft he imput-
ed to Want of Care, and not to the Want of fuch an Ability
in thefe Animals.

It may, perhape, be expefted of me to add here fome farther
Relation of this extraordinary Creature, as it is well known
by many, that for a Year and half paft great Numbersof them
have been continuzlly under my Examination ; but having
lately publifhed whatever I can atteft concerning it from my
own Knowledge, under the Title of 4r Efay towvards a Natu-
ral Hiftory of the PoLype (wherein I delcribe their different
Species, the Places where to feck and how to find them, their
wonderful Produétion and Increafe, the Form, Struéture, and
Ulfe of their feveral Parts, and the Manner they catch their
Prey 5 with an Account oftheir Difeafes and Cures, of their
amazing Re-produZion after being cutin Pieces, of the beft Me-
thods to perform that Operation, and of the Time requifize to
perfeét the feveral Parts after being divided : and alfo full Di-
reétions how to feed, clean, manage, and preferve them at all
Seafons of the Year : likewile a Course of real Experiments, per-
formed by cutting them every Way that can be eafily contriv-
ed; fhewing the daily Progrefs of each Part towards becoming
a perfe@ Polype ; the Whole explained every where by greatr
Numbers of Figures, and intermixt throughout with Variety
of Ofervations and Experiments) ; 1 muft refer my Reader to
that {iffay ; as an Abftra& thereof would not only over-fwel]
this Velume, but likewife prove an njury to thole who have
bought the former Edicions.

* Vid. Spedtacle de la Nar. Part 11, Dial. 22,

viviparous.
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viviparous. If you loofen their Hold, carry
them away, and keep them in Water, they
will fix themfelves to the firft convenient
Place they find. When the Sea- Mufhroom
is about to open, it raifes itfelf, and thrufts
out two little white and ftriped Bodies like
Bladders, round which appears a great Va-
riety of Points or Trunks of different Sizes
and Colours ; whence fome Naturalifts have
called it the Seq- Anemone. This Opening,
not unlike the blowing of a Flower, has
inclined others to ‘look upon it as a Sort of
Plant, or elfe as partaking both of the Ani-
mal and Vegetable Nature. But fince all
thefe little Points or Studs are not Leaves,
but a Sort of Snouts or Trunks, through
which this Creature fucks in its Nourifh-
ment, as the Sea-Urchin and Ster-Fifb do
through their fine Reeds or Prickles, we
cannot deny it a Place in the Rank of Ani-
mals; and efpecially after fo remarkable a
Circumftance (confirmed by ocular Tefti-
mony) as that of three or four young ones
iffuing from the Parent upon fqueezing it.
There is a Sort of Star-Fib, called by
RONDELETIUS, p. 121, Stella Arborefeens,
which, from a Body fomewhat like the Sea-
Urchin, {ends out five Branches in Form of
2 Star: thefe five divide into ten; thofe ten
again into twenty; the twenty into forty;
the forty into eighty; the eighty into one
hundred and fixty; the one hundred and
fixty
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fixty into three hundred twenty; the three
hundred twenty into fix hundred forty ; the
fix hundred forty into one thoufand two
hundred eighty ; the one thoufand two hun-
dred eighty into two thoufand five hun-
dred fixty ; the two thoufand five hundred
fixty into five thoufand one hundred twenty;
the five thoufand one hundred twenty into
ten thoufand two hundred forty; the ten
thoufand two hundred forty into twenty
thoufand four hundred eighty; the twenty
thoufand four hundred eighty into forty
thoufand nine hundred fixty ; and thofe
again into eighty-one thoufand nine hundred
twenty.—The farther Divifions could not
certainly be traced; tho’ probably when
the Fifh was alive they might have been
diftinguifhed much beyond this Number *.
All thefe flender Threads, thro’ their whole
Length, have minute Clafpers iffuing from
them, and appear very amazing when exa-
mined by the Microfcope.

To conclude this Chapter.—If the {mall-
eft living Creatures that have been yet dif-
covered are produced in the Waters, in them
we find alfo the largeft and moft monftrous.
No Bird or Beaft comes near the Size of many
Kinds of Fifhes, nor can the Elephant itfelf
be brought in Comparifon with the Whale,

=

® Vid. Philyfoph. Tranjait. Numb, 57+
Joan-
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Joannes Faper Lynceus affures us,
that, in the Year 1624, he faw himfelf a
Whale that was caft upon the Shore near
Santa Severa, about thirty Miles from Rome,
ninety-one Palms in Length, and fifty in
Thicknefs : its Mouth was f{ixteen Palms
Iong and ten high, and being opened and
kept gaping, a Man on Horfeback might
therein find Room enough. Its Tongue was
twenty Palms, that is, about fifteen Foot in
Length. He adds, that four Years before,
another Whale was thrown afhore near the
Ifland of Corfica, not far from the Coaft of
Izaly, which, being a Female, was found big
with a Cub thirty Foot long, and fifteen
hundred Pounds in Weight, He fays, the
Carnea Pingueds |Lard or Fat] only of the
Parent Whale weighed one hundred and
thirty-five thoufand Pounds.

Let us now reflet how amazing the Dif-
panty between fuch a Fith as this, and a
minute Animalcule lefs than the thoufandth
Part of a Grain of Sand in Bigne(s ! how
innumerable muft the Kinds of Creatures be
that form the Progreflions from one Size to
the other! and how equally wonderful does

_the Hand of Providence appear, whether it
aGuates an enormous Mountain of Matter,
or. enlivens an Atom !
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CHAP. VL

 An Examination of the BLooDd in Animals,

W E cannot employ the Microfecope to

any more uieful Purpofe than to
view the natural Courfe of the Blod within
its Vefiels, or examine the Contexture of it
when extra&ed from them : for the Prefer-
vation or Reftoration of the Health of Man
may be greatlyadvantaged by fuch Enquiries.

By feeing it within the Vellels, we may
judge of the Situation, Dimenfions, Arrange-
ment, and Ramifications of the Arferies and
Veins through which it pafles, together with
the general State of the Fluid, the Degree
of its Impulfe, Progreffion, or Motion, and
the Tendency or Direction of its Current
pafling through them,

When taken from the Veflels, we can
examine it more-minutely, and obferve all
the little Alterations that may happen in the
Mixture, Size, Form, and Quality of the

Particles comnpofing its more folid or more
fluid Parts.

I thall now thew how the Mrcrofcope may
be employed in both thefe Ways; but think
proper to premiie a thort Account of the Blood
itfelf, fince our Knowledge of that will the
better enable us to make a right Judgment
when we come to {ee it circulate.

L IRAT.
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CHAP. VIL

Some Account of the BLooD, as examined by
the MicroscoPE.

UM AN Blood, and the Blood of Land-

Animals, is found by the Microfcope
to confift of round red Globules floating in
a tranfparent Water and Serum. Each red
Globule is made up of fix fmaller and more
tran{parent ones : and Mr. LEEUWENHOEK
has difcovered, that each of thefe again is
compofed of fix Globules {till more minute
and colourlefs : fo that every common red
Globule is compounded of at leaft thirty-
fix {fmaller ones ; and perhaps the Divifion
may ftill go on much farther *,

The fpecific Gravity of thefe Globules is
fomewhat more than of the Serum wherein
they float, as is fhewn by their fubfiding in
Blood extracted from the Veins and at reft ¢
they have alfo a confiderable Attraction to
each other, and when brought in Contaé,
cohere fo ftrongly (unlefs foon feparated
again by Motion) as to form a Subftance re-
fembling foft Fle(h,

It is not difficult to imagine, how fix foft
and flexible Globules, eafily compreffible
into any Shape, may compofe one larger
Globule : but to make it the better under=

* Zid. Leevwen. Are. Nat. Tom. 1V, pag, 12.
{tood,
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ftéod, I fhall borrow two Draughts from
Mr. LERFUWENHOEK.

Fig. I. Plate X. fhews one fuch large
Globule, wherein five of the fmaller Sort
that compofe it appear in Contad, the fixth
lying behind.

Fig. II. fhews how, by their mutual At-
tra@tion to, or Preflure againft each other,
they readily unite to form a perfect round
- Body.

It is alfo eafy to conceive, that thefe fix
Globules, and even the more minute ones
ftill whereof they are compounded, may
occafionally be feparated, in order to pafs
through fuch extremely minute Veflels as
without Separation they cannot pofiibly en-
ter; and may re-unite when they meet
again in Veflels where they have more Room.
And we are very certain, that {ometimes
they cohere in greater Numbers, and form
larger Maffes, than are confiftent with a free
and healthy Circulation.

Mr. Leevwensoek and Dr. Jurin, af-
ter the moft accurate Admeafurement, by
the Way defcribed page 46, agreed, that the
Diameter of a common red Globule of hu-
man Blood is equal to the * one thoufand
nine hundred and fortieth Part of the Length
of an Inch. Mr. LeeuwensoEk before

® Vid. Philofoph. Tranfal. Namb. 105,
this
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this had computed. that * twenty-five thou~
fand of them were but equal to a Grain of
Sand. '

Suppofing, then, the Blood in People of
found Health to confift of Globules of fuch
Size and Compofition as before mentioned,
foft, flexible, and eafily f{eparable ; it muft
neceffarily happen, that a confiderable Alte-
ration in any of thefe Particulars will occa-
fion a2 morbid State.—Should the Globules,
for Inftance, be divided too minutely, and not
readily again cohere; fhould they become
rigid and unflexible, either when feparated or
united ; or thould they coagulate and become
infeparable, bad Confequences muit enfue.

The great BoERHAAVE fays, that Health
confifts in an equal Motion of the Fluids,
and an equal Refiftance of the Solids. Now
the Fluids move equally when their Force
is not greater in one Part than in another ;
and the Refiftance of the Solids is equal
when they comprefs the Fluids every where
fo equally, that no Senfe of Pain arifes.

But when the Globules of the Blood ce-
here in Mafles too large, and will not eafily
be {o {eparated as to pals freely through the

—

* Ifthe Diameter of one thoufand nine hundred and forty
Blood-Glabules be equal to the Length of one Inch ; and if,
as Geometricians demonilrate, Spheres be to each other as the
Cubes of their Diameters, it muft neceflarily follow, that a
Sphere whofe Axis is one Inch in Length muft be equal to
feven thonfand three hundred and one millions, three hundred
and eighty-four theufand fuch Globules,

i minuteft
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minuteft Veflels, the Force of the Fluid muft
there be greater, and confequently unequal ;
the Refiftance of the Solids muft alio be
thereby increafed, and rendered likewife un-
equal : whence fome Diftemper muft arife.
If, on the other hand, the Globules are
broken, or feparated into fmaller Mafles than
the natural Standard Size, they will take up
more Room than they did before ; and, be-
ing crowded tooabundantlyintothe capillary
Veticls, will occafion Diftenfion, Uneafinefs,
and perhapsa partial Stagnation there: whilft,
in the larger Vefiels, the Current rolls along
with too great Rapidity, the Force of the
Fluids, and the Refiftance of the Veflels, are
both rendered unequal, and the Balance be-
tween the Solids and Fluids is entirely over-
turned. None of the Secretions in this State
can duly be performed; and unlefs fome
Means be found to reftore the Equilibrium,
the Event muft foon be fatal,

I believe it will be allowed, that where
one Perfon dies from a Diforder in the con-
taining Veflels, twenty mifcarry by fome un-
natural Alteration in the Fluids that pafs
through them: and therefore, if we can find
what their natural State is, the Means where«
by it may be preferved in fuch State, by
what Accidents it may be prejudiced, and
how it may be reftored, our Pains will be
well employed.

Vor. I. I In
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In order to obtain this ufeful Knowledge,
it will be neceflary to examine the human
Blood and other Juices, frequently, with the
Microfcope, in every COﬂdlthﬂ, and under
every Diftemper, as well as in a State of
Health : by which we fhall have ocular De-
monftration of its different Appearances in
each State, and of the Changes it undergoes;
and by Experiments of various Mixtures with
it, may poflibly difcover by what Means it
can bealtered from one Condition to another:
as from a thin and broken to a more firm
and confiftent State, and {o on the contrary.

Would our learned Phyficians, who are
beft able to judge of fuch Matters, be indu-
ced to take this Method into their Pra&ice, it
is reafonable to believe, that in a few Years
the Caufesof Difeafes would be better known,
and the Art of Healing brought to a much
greater Certainty, than it is at prefent. An
Obfervation of Mr. LEEUWENHOEK is very
well worth regarding : he took Notice, that
when he was greatly difordered, the Globules
of his Bleod appeared hard and rigid, but

grew fofter and more pliable as his Health
returned : whence he infers, that in an
healthy Body it is requifite they fhould be
{oft and flex :ch, that they may be capable
of pafling through the L.lpl“‘.lI'V Veins and
Arteries, by cmly ch 1anging their round Fi-
gurc_s into Ovals, and alfo of re-afluming
their former Roundnefs when they come
into Veflels where thcy find larger Room.
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Changesare produced in Fluids furprizing-
1y and fuddenly, as a very few chemical Ex-
periments will demonftrate : the Bize of Ve-
wiomous Creatures, and Insculating for the
Small-Pox, thew likewife how minute a Pro-
portion of poifoncus Matter will contami-
nate the whole Mafs of human Blood ; which
can no otherwife be effected but by altering
the Solidity, Figure, Size, or Motion of its
component Parts or Globules. And it is pro-
bable, that in many Cafes it may be chang-
ed from a morbid to a healthy State, by
Ways not lefs eafy, could we be fo happy
as to find them out: for we cannot reafon-
ably fuppofe, that the beneficent Author of
Nature has given more certain and ready
Means of doing Mifchief thanofdoing Good.

Many Diftempers might perhaps be cured
by an immediate Admiflion of fome Medi-
cine into the Vems, which elude the Power
of all that can be taken by the Mouth. Feor
the Stomach, by its Heat, its Action, and a
Mixture of its Juices, works fuch an Altera-
tion in Things before they can be admitted
into the Blood, that they are unable to pro-
duce the fame Effeéts as if they were re-
ceived into it imply and unchanged.

Some Trials that have been made already
may {erve in a great Meafure towards con-
firming the above Suppohtmn Dr. FABRI-
cius injeted with a Sy phon into the Median
Vein of a Soldier’s Rwht Arm, in the Hof-

1 2 Pltdl
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pital at Dantzick *, about two Drams of a
certain purgative Medicine, which in about
fonr Hours began to operate, and gave the
Patient five Stools. His Cafe was Venereal,
and in {o terrible a Manner, that there were
Nodes on the Bones of his Arm. But by
this fingle Injection, and without any other
Medicine, the Protuberances gradually dif-
appeared, and the Difeafe was quite cured,
He likewife injeted into the Vein of a mar-
ried Woman, thirty-five Years old, and trou-
bled from her Birth with Epileptic Fits, a
fmall Quangity of a purging Rezin diffolved
in an Anti-Epileptic Spirit : this occafioned
a few gentle Stools ; after which the Fits
were lefs violent every Time than other, and
in a thort Time returned np more at all.

Dr. SmiTH +, of the fame City, injeéted
Alteratives into the Veins of three Patients ;
one was lame with the Gout, another ex-
ceedingly Apoplegtic, the third afflicted with
that ftrange Diftemper called the Plica Po-
fonica 3 and they were all cured by the faid
Injetions.

S.FracassariinjeCted Agua Foryis inta
the jugular and crural Veins of a Dog, which
died immediately. The Blood was found
fixed in the fmaller Veflels, and the larger
Veflels burft. Whereupon Le remarks, that
as an Apoplexy is caufed by a Coagulation of

® Philgfiph. Tranfad. Numb. 3. ¥ Ibid, 30 |
' ' thg
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the Blood, it may probably be cured by fome

Diffolvent injected. — Another Dog, in “whofe
Veins Od/ of ¥itriol was injected, cormplained
a great while, foamed like Epileptics, breath=
r.d thort, and died. His Blood was fixed
and grumous, refembling Soot.—O7/ of Tar-
tar was injetted into a third Dog, who, af
ter much bemoaning, appeared {welled, and
died. His Blood was not in the leaft cur-
dled, but thinner and more florid than coms
mon.—This proves too great a Séparation,
as well as a Coagulation, mortal.

Mr. Boyir found, that by putting a little
Aqua Fortis, Ol of Vitrisl, or Spirit of Salt,
into warm Blood, it did not only lofe its
pure Colour and become dirty, but in a
Moment was coagulated ; whereas urinous
Spirits abounding in volatile Salts, fuch as
Spirit of Sal Armoniac, mingled with it, did
not curdle it, or debafe its Colour, but made
it redder, Jsept it fluid, and preferved it a
long while from Putrefaction.

As the Microfcope has informed us of the
Structure of the Blood, which without its
Hdp could never have been difcovered; and
as its continual Affiftance is needful to exa-
mine and diftinguifh minutely any Changes
that may be wrought therein, either for the
better or the worfe, by Accident or by Me-
dicine ; 1 hope this Difcourfe will not be
judged too long or foreign to my Subjeét,

13 fince
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fince Hints of this Kind may prove highly
beneficial to Mankind, if they thould be fo
fortunate to fall into the Hands of thofe
who are inclinable to purfue and improve
upon them.

I come now to deferibe the Manner of
bringing the Blood to a firict. Examination
before the Microfecope, and fhall offer fuch
Ways as I have myfelf experienced ; not
doubting but the Ingenious will contrive
others, as they may find Occafion.

CHAP “VHIL
Of viewing the Broop with the Microfcope.

A K E (with the Tip of a Feather, or

a foft Hair Pencil) a fmall Drop of
warm Blood immediately from the Vein 2
fpread it, as thin as poflible, on the cleareft
fingle Ifinglafs placed on a Slider on purpofe,
and apply it to the firft or fecond Magnifier :
the Globules will then be {een diftinétly, and
a little Practice will enable to form a Judg-
ment of any Alteration that may happen in
the Size, Figure, Colour, or Appearance of
them. We may alfo examine the Blood ex-
tremely well, by taking up a little of it in a
very {mall capillary Tube of the thinneft
Glafs, and then placing the Tube before the
Magnificr,

If
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If 2 Drop of the fame Blood be diluted
with warm Water, and applied in either of
the above Ways, fome of the larger Globules
will appear more afunder, and a great many
of them will be {een divided into the {maller
ones which compofe them.

If fome of the fame Blood be mixed with
a little warm Milk, feveral red unbroken
Globules will be {een diftinély ; but thofe
that are again feparated into their {maller
ones will be confounded with the Milk it-
felf, of which the greateft Part is nothing
elfe but Heaps of {uch like-fized minute
Globules.

If we defire to try by Experiment what
Alteration any Liquor, either poifonous or
medicinal, can produce on the Contexture
of the Blood, the Liquor thould be blended
with it at the very Inftant of its ifluing from
the Vein : for if the Blood be in the leaft
coagulated before fuch Mixture, no certain
Conclufions can be formed. Putting the Vef-
fel into which we receive it into a Bafon of
Water a little hotter than the Blood, will
preferve it longer fluid, and make our Ex-
periment by any Mixture with it {ucceed the
better.—1 would alfo advife, to get your
Inftrument in perfect Readinefs, by adjuft-
ing the Magnifier before the Vein is opened ;
and likewife to make your Obfervations in a
warm Place, left the Blood become congeal-
ed before you can finith your Enquiry,

14 In
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In all Enquiries of Confequence, it is beft
to draw the Blood from a large Vein: be-
caufe what we can gain (by the Prick of a
Pin or Needle) from the Finger, or any fuch
Part, iflues from fome extremely minute
capillary Veffels only, and perhaps is not fo
good a Sample of the Contexture of the
whole Mafs. Some Trials on both may
however not be amifs, to difcover what
Difference there is between them.

By mingling with the Blood the leaft ima-
ginable Quantity of the posfonous fuice which
iflues from the Teeth of a Fiper when en-
raged, or from any other Animal, Vegetable,
or Mineral, we fhall difcover its immediate
Effect upon the Globules ; and by confider-
ing that the Alteration we obferve is wrought
in 1t tho’ at Reft, we fhall be able to judge
and calculate what Confequences muft enfue
from fuch a Mixture with the Blood, as it
circulates through the Veins of a living
Creature,

Mr. Wirriam CowpERr, examining a
Solution of Opium with the Microfcope, found
its diffolved Particles in the Shape of fringed
Globules : whencé he concludes, that {fuch
Particles circulating in the Mafs of Blood,
may be fo entangled in its Serum, or thicken
it in {fuch a Manner, as to retard its Velocity
when over-violent, and render its Motion
calm and equal ; whereby all painful Senfa-
tions
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tions will be taken off. And from the fame
Principles it is eafy to account for all its
other Effects, and perceive how too great a
Number of {fuch fringed Globules muﬂ caufe
a total Stagnation of the Blood, and confe-
quentlv kill. Vid. Pﬁf!cy‘?mﬂz/ Numb. 222.

Spirits, Oils, diffolved Salts, Tinétures, Lf- -
feénces, and all other chemical Preparations,
furnith us with numberlefs Subjeéts of Ex-
periment ; and are certainly Ldplb e of pro-
ducing the moft fudden and ama ng Ef-
fects uther good or bad, if injected into the
Blood- Vefiels of living Animals : the Caufes
of which Effects may in a great Degree be
difcovered and accounted for, by mifcrofco-
pical Obfervations on Mixtures of them with
the Blood when extraéted from the Veins.

A little Blood being mixed with about
four Times its Quantity of ¥ Sa/ Polatile
Olecfum, and viewed through a Microfiope,
there appeared an immediate Separation of
the Globules. In about the eighth Part of
a Minute fome of them were much dimi-
nithed, and in a Quarter of a Minute many
of them were much diffolved, and entirely
difappeared.  Sometimes twenty Globules
were feen near together, which {oon leflened
to eighteen, then to fixteen, and became
fewer and fewer, till only two or three were
left. Whence it is probable that Sa/ V-

¥ drcan. Nat. Tom. 1V, p. 36,
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latile Oleofum taken with the Food, and fo
carried into the Lacteals and Blood-Vefiels,
may retain its Power of preventing fuch Co-
agulations as would otherwife happen.

The Urine, Salva, Semen, Sweat, Feaces
Alvi, and all other Animal Fuices, are like-
wife Objects for the Microlcope, to be exa-
mined either alone, or mixed with the
aforefaid Liquors : whence much ufeful
Knowledge may be acquired.

As to Colour in the Blood, a Blacknefs
arifes in it from a Deficiency of Serum, as
Palenefs does from too great an Abundance
of it : for it will be always found, that when
Globules cohere together in too great Num-
bers they give a black Appearance. When
this therefore is the Cafe, Means ofdiluting
fhould be found out and made ufe of; fince
1t is abfolutely requifite to Health, that the
Glohules of the Blood fhould float in a due
Quantity of Serum, and be thereby circulated
freely through the minuteft Veflels ; a con-
trary State to which has proved the Death of
thoufands. — Mr. LEcuweNnoEexk tells us,
that whenever he found his Blood too dee
coloured, his Way was to drink four Difhes
of Coffee in @ Morning, in the room of his
ufual two ; and fix Dithes 'of D¢z in the Af-
ternoon, inftead of three. He drank it as hot
as pofiible, and went on in this Manner till
he perceived his Blood grow paler, and con-
fequently its Globules farther feparated.

10 CHAP.
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CH AP FX.
The CircuLATION of £he BLoop,

N order to view the Blood circulating
through its Veffels, we muft make ufe of
fuch fmall Creatures as by their Tranfpa-
rency permit us to look within them, and
fee what paffes there : for, in a Man, or any
of the large Animals, the Skin is {o opake
that we cannot difcern even the fine Blood-
Veflels themifelves, and much lefs the Cur-
rent that runs along them. Our Informa-~
tion, however, will not be greatly different ;
for the whole Animal Creation is eftablithed
on one and the fame Plan, and the Circu-
lations in the meaneft living Creature are
carried on through Vefiels of a like Stru&ure
(in the general), and are accelerated or re-

tarded by the fame Caufes, as in the nobleft.
And, in Truth, as to the Circulations of
the Fluids, and the Motions of the Bowels,
the Brain, or any of the internal Parts,
more Knowledge may be gained by infpect-
ing Infects and finall Ansmals with the Mi-
crofcope, than by the moft fkilful and curious
Diffections, or anatomical Experiments on
larger Subjeéts.  For the Skins of fome of
thefe little Creatures are {o tran{parent, that
we may {ee plainly through them the Order
and Difpofition of the Veficls underneath ;
and
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and the Coats of thefe Vefitls are, again, of
fuch an amazing Thinnefs and Delicacy of
Contexture, that they are little or no Impe-
diment to our View of the fecret, tho’ tegu-
lar, Operations of Nature, and the Laws
fhe a&s by when undifturbed and quiet ;
whereas our Diffections of larger Animals,
while alive, may {hew her at work, indeed,
but in fuch Confufion, by our breaking in
upon her violently, that all her Motions then
muft be in great Diforder, and confequently
uncapable of affording any fatisfaory Infor=
mation as to the Circulations.

In this Sort of Creatures too, after view=
g as long as we think fit the natural and
regular Current of the Blood, as it is carried
on in a State of Health ; we may, by Pref-
fure, and feveral other Ways, impede, dif=
turb, and divert its Courfe; and may find
Means, by various Mixtures with it, of in=
ducing a morbid State; and at laft, by let=
ting the Creature die before onr Glafs, we
may perceive all the Changes it undergoes,
and what occafions the intermitting, vibra«

" ting, trembling Pulfe of expiring People.

In feveral of thefe little Creatures we can
not only fee the general Courfe of the Blood,
but are able perfetly to diftinguith the
Figure and Circumftances of the Globules
whereof it is compounded, and the Altera=
tions they fuffer when they pafs out of the
larger into the meore minute Veflels, For
many
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many of the Veflels are fo {mall, that even
fingle Globules cannot poffibly find a Paffage
thro’ them without being comprefled into
oval Shapes : and yet thefe Veflels are large
in Coniparifon of the fineft Veflels of all, to
pafs through which, the Globules muft be
divided and {ubdivided into their fmalleft
and moft minute component Globules,

It is amazing to. obferve how careful
Providence has been to prevent the Blood
from coagulating, or cohering in Maffes dan-
gerous to Life, by the very Difpofition of
the Veflels it runs through : which, whether
feparating or uniting, are fo contrived as to
caufe the Globules to come frequently to-
gether with a brifk Collifion, or ftriking
againft each other. 'The Arzeries, for Exe
ample, which convey the Blood from the
Heart to the Extremities of the Animal,
and in their Progrets continually leflen theip
Diameters, and divide into {maller Branches
almoft ad infinitum ; in thefe Arteries, 1
fay, at every fuch Divifion, many of the
Globules of the Blood muft rufh, with a
confiderable Force, againft an Angle dire@-
ly in their Way; whence recoiling back on
thofe immediately behind, they muft ftrike
ypon one another, and caufe a Kind of
Commotion, ere the Current can - divide
reéadily into the two {maller Branches, See
Fig, 111, Plate X, In the Veins, which,

Qn
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on the contrary, return back the Blood from
the Extremities to the Heart, whofe Dia-
meters enlarge as the Tide rolls along, and
whofe fmall Branches are continually unit-
ing and making larger Veflels, till at laft all
their Strcams fall into one ; here, at every
Conjunétion of two Branches, their Cur-
rents ruth againft each other with Violence :
by which Concuflion unnatural Cohefions
are broken or prevented ; and of this the
Microfcope can afford us ocular Demonfira-
tion. Vide Fig. IV.

B AP, TR

Of wviewing the CuRRENT and the Circu-
LATION of the BLooDb.

Y the Current of the Blood, 1 mean its
B Sflreaming or poffing on either from or
towards the Heart, through any Veflel, whe-
ther it be a Pein or Artery.

By the Circulation 1 would be underflood
to intend, the Courfe or Gurrent of it, from
the Heart, along the Arteries, to the Extre-
mities of the Body : together with its Return
by the Veins from the Extremities back again
towards the Heart.

Both thefe the Microfcope can bring to
View ; but the latter is fomewhat more dif-
ficult
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ficult to be affured of than the former; for
when the Veflels before us are extremely
{mall, it is not always eafly to diftinguifth
which of them are Veins and which are
Arteries.

The larger Arteries are indeed diftinguifh~
able by a Protrufion of the Bloed at each
Contraction of the Heart, then a Stop, and
then 2 new Protrufion, which may plainly
be feen continually {ucceeding one another:
whereas the Current pafies through the
Veins with an equal and unintermitting
Stream. But in the more fine and extreme
Branches of the Arteries this Difference is
not perceivable.

The tranfparent Membrane between 2
Frog’s hind-foot Toes is the Obje&t moft
commonlyemployed for viewing the Current
and Circulation of the Blood ; and in this, 1f
well expanded, it may be feen fairly and dif-
tinétly, both in the Veins and Arteries, in
the Manner reprefented Plate XI1. Fig. 1.

A. A. two Toes of a Frog’s hinder Foot.

B. the thin Membrane between the Toes
extended.

C. C. C. the Trunks of the Arteries.

D. D. the Trunk of a Vein.

E.E.E. Arteries and Veins in the fine
Membrane, with the Blood-Globules circu-
lating through them.

The
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The Way of applying it to the Microfcope

was defcribed Page 13, and therefore needs
not be repeated here.

* The Tails or Fins of fmall Fifthes mav
likewife be ufed very commodioufly to this
Purpofe, and prc[‘cnt to view great Num-
bers of Veins and Arteries with the Blood
pafling different Ways through them.

It is difficult here in London to meet with
any Fithes alive and proper for this Infpec-
tion, except Eels and Flounders : either of
thefe however will ferve exceeding well ;
but the {maller they are the better.——Put
your Ee/into a Glafs Tube filled with Water,
after wiping off its Slime, which would ob-
fcure your Glafs. Then having ftopped
both Ends, to prevent the Water’s running
out, apply the Tail or Fin to your Micro-
fcope, and you will fee the Circulation in a
very agreeable Manner. If you put not
Water in your Tube, the Sliminefs of the
Fel will immediately foul the Glafs and
prevent your Pleafure,

The flat Figure of the Flounder will not
permit us to put itinto'a Tubeas we do the
Eel, or view it by every Kind of Micro=
fcope : but if a plain Picce of thin Glafs be
placed over the Hole where Objetts are ap-
piied to the Double Reflecting Microfcope,
its Tail may be {pread advantageoufly upon
the faid Glafs ; and by fetting a Book, ar
7 : fomee
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fomething elfe of a proper Height'to fupport
the Body of - the Fifh, it will lie in'a very
good Pofition for View, and the Circulation
may be feen diftinétly.

Eels and Flounders live a long ‘While out
of Water, and are therefore moft ufeful for
this Service’ here "at Londsn ; but in the
Country many Sorts of other fmall Fithes
may be found much more tranfparent.

Mr. Lervwenuoek informs us ¥, that
he faw, with great Admiration, in the ut-
moft Extremities of a very minute Fifh’s
Tail, how-the larger Arteries were there di=
vided into the moft fine or evanefcent ones;
and ‘that many of the {malleft Veins, re-
turning from the faid Extren‘ities, met to-
gether at laftin fome latger Vein. ' There
appéared alfo in' fome Veilels fuch an Agi~
tation of that Blood (which was protruded
from the larger Arteries towards the eva-
nefcent ones at the very Extremity of the
Tail, and returned afterwards through many
minute Veins into a large one) as hardly
can be conceived. In the Il rger Arteries he
could perceive a continual new Protrufion, or
Acceleration of the Blood’s Courfe received
from the Heart ; but in the fmaller Arteries
the Motion feemed equable without  any

—

* Arecans Nat, Tom. IV. El:iﬂ. 65.
Vor. I. K {uch
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fuch repeated Propulfion: and though in the

minuteft Veflels there appeared no Colour,
et in the larger Vein or Artery, though

near the End of the Tail, the Blood was

plainly red.

We cannot properly call any Veflel an
Artery farther than the Pulfation reaches;
beyond that, and returning towards the
Heart, it muft be accounted a Vein: for
Veins are only Arteries elongated; but as
they frequently divide into Branches that
evade Difcovery, it is, perhaps, impofiible
to determine -exatly where the Asterics
end, and where the Veins begim.

They do not always, however, branch
out fo extremely fine before their Inofeula-
tion or Communication with the Veins; for
the fame curious Obferver tells us, that on
cach Side the little Griftles, which: gave 2
Stiffnefs to the Tail of the Fiflr abovemen=
tioned, he could fee a very open Communi-
cation of the Veins and Arteries; the Blood
running towards the Extremities through
Arteries, and returning back again through
Veins that were evidently a Continuation of
thofe Arteries, and of the fame Diameter
with them : And this he faw in thirty-four
different Places, in as many Arteries, and as
many Veins, The Manner whereof, as by
him delineated, is thewn, Tab. XI. Fig. 1L

: A, A.
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A. A. reprefents two Arteries, one of
Wwhich runs on each Side of a minute Griftle,

B. B. their open Communication with
two Veins, CC.
 As this whole Fifh was not half an Inch
in Length, how {mall muft the Tail thercof
be, in which, notwithftanding, the Circu-
lation of the Blood was vifible in thirty-four
Places, and the Current of it in fixty-cight
Veflels ! and yet thefe Veflels wete very far
from being the moft minute of all, How
inconceivable then muft be the Number of
its Circulations in an human Body! Nor
need we wonder to behold it iffuing forth
at every Prick of a Pin or Needle. Upon
confidering this, Mr. LEsuwENHOEK adds,
that he is tully perfuaded; a thoufand differ~
ent Circulations of the Blood are continual=-
ly carried round in every Part of a2 Man’s
Body that is not larger than the Breadth of
his Fore-finger Nail *,

The Tail of a Newt, or Water-Lizard,
applied in a Glafs Tube, after the Manner
direced for the Eel, affords an entertaining
Profpet of the Circulation through Num-
bers of fmall Veflels. But nothing can fhew
it finer than an exceeding fmall New?  of

* LEeUWEN, Arcan. Nat. Tom. pag. 16g;
1+ Péil Tranfi Numb. 288,

K 2 this
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this Water-Kind, which fometimes may be
found lefs than an Inch long, and {o tranfpa-
rent, that the Blood may be feen running in
all Directions, not only through the Vefiels
of the Tail, but throughout the whole Body:
And it is particularly delightful, to behold, in
the little Toes, the Stream thereof running
to the Extremity in one Channel, and return-
ing back again by another.. Juft below the
Head are on either Side three Fins, ar fome=
what like Fins, which; in {wimming, the
Creature makes ufe.of to poife and,guidc 1ts
Body : each of thefe appears by the. Micro-
{cope divided, like Pofypody, into many point=-
ed Branches : in any one whereof, as in the
Toes, the Blood is {feen coming };long an Ar-
tery to the Extremity, and then immedi-
ately rcturning towards the Heart again
through a Vein that lies parallel, and almoft
clofe thereto, and with which its Commu-
nication is very apparent.—aAs thirty or forty
of thefe Branchings prefent themfelves be-
fore the Eye.fometimes at -once, with the
Blood diftin@ly circulating in all, theyafford
a charming Sight : and they may be viewed
by the third or fourth Magnifier ; for the
Globules of the Blood in Newfs are larger
than in any other Creature I have examined,
and are fewer in Proportion to the Serum or
Water they float along in. To which I may
alfo add, that the Figure of them, as they are
carried
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carriéd dlong the Veffels, changesin a moft
furprizing Manner.

In Spring-time, if alittle Frog’s Spawn be
kept fome Days in a {mall Quantity of the
Ditch-Water wherein you found it, you will
be furnithed with a Number of exceedingly
{mall’ Tadpoles, which, when firft they be=
gin to {wim, are almoft wholly tran{parent ;
and if placed before the Microfcope, in a
Tube proportionably fmall, with fome Water
in it, you will eafily difcern the Heart and its
Pulfation, together with the Blood circulat-
ing in every Part of the Body ; and,. particu-
larly, in the Tail more than fifty Veflels
prefent themfelves at one View.

Thefe Tadpoles become lefs clear every
Hour, and in a Day or two their Skin grows
fo opake that the Circulation of the Blood
can be feen no longer, unlefs it be in the
Tail, or better ftill in the Fins, at the join-
ing-on of the Head.

A fmall Mufele taken carefully from its
Shell, and placed before the Microfcope on
an Ifinglafs, affords a View of many Arteries
and Veins, through which the Circulation
of the Blood may be very clearly feen : and
one great Advantage in this Objeé is, that
it lies always quiet ; whereas moft other
Creatures are difficult to be kept ftill long
enough for Obfervation. The Motion of the

K 3 Blood
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Blood continuesin it fix or feven Hours with
little Alteration : and, by moiftening it now
and then with falt Water, may probably be
continued much longer,

I can alfo affure you, from my own re-
peated Experiments, that if a large Mufile
be carefully ppened, and a Piece of the thin
tran{parent Membrane eafy to be found there-
in be fnipped off with a Pair of fharp Sciffars,
and applied to the Microfcope, the Blood will
be feen pafling through Numbers of Veins
and Arteries; and if the Extremity of the
Membrane be viewed, the-true Circulation,
or the Return of the Blood from the Arte-
ries through the Veins, will be thewn in a
delightful and fatisfactory Manner, and con-
tinue for a long Time. ‘There are likewife
other tranfparent Parts of the Mufile, where
the Paflage of the Blood is very difcernible ;
and as Mufiles are to be got moft Times of
the Year in London, the Knowledge hcrcof,!
will, I hope, oblige the curious.

. We are told by Mr. LesuweNHnOEK,
that in the fartheft Joints of the hinder Legs
of little Crabs *, he beheld the Blood circu-
late through the Arteries and Veins with
greater Rapidity than he had ever obferved it
in any other Creature ; and, moreover, that
the red Globules thercof were twenty-five

* Lzzvw. dre, Nat. Tom. 1V. Ep. 84. Again, Ep. 86.
Times
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Times fewer in Proportion to its Serum
than in any other Land or W ater-Animal he
had ever before examined.

At the proper Time of Year, exceeding
{mall Crabs may be found in great Abun-
dance, under Stones and Brick-bats, on the
Shore of the River Thames, when the Tide
is out : and as many of them are no larger
than a little Spider, itis highly probable fuch
may be traniparent in many Places of the
I.imbs and Body ; notwithftanding Mr:
Lecuwenuoexk found his, which were an
Inch broad, opake every where but in the
extremeft Joints of the hinder Legs: Per-
haps too they may appear more tran{parent
if they are applied to the Microfcope in a
little T'ube filled with Water, than if they
are viewed dry : for it is obfervable, that
many Objes acquire a Tran{parency by be~
ing wetted, in the fame Manner as Paper
becomes clear by being rubbed with ‘Oil,

The Blood may be feen circulating in the
Legs and Tails of Shrimps, elpecially if view=
ed in Water ; but then the Water muft
have a little Salt put thercto, or elfe they
will foon expire. In Shrimps the Blood is
not red ; which has given Occafion to call
them, aswell as manyother Infells, exangues,
or bloodlefs : tho’ in reality no living Crea-
ture is without Blood ; for animal Life con-
fifts in 2 Circulation of fome Fluid through

K 4 Arte-
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Arteries and Veins ; and that Fluid, what-
ever Colour it may be of, is properly to be
accounted Blood. In Grafibeppers the Glo-
bules (which may be feen pafling through
the Veflels in their Wings) are green ; and
yet Iam apt to think, Nobody that views
them will hefitate to call them, with the
Serum-wherein they fwim, Blood.

In the tranfparent Legs and Feet of feve-
ral {mall Spiders, the Current of the Blood
may plainly be diftinguifhed both in the
Veins and Arteries; alfo in the Legs of very
{fmall Puznices or Bugs it is remarkably vifible,
together with an extraordinary Vibration
of the Veflels, which I never have obfery-
ed in any other Creature. In thefe too, if
clear, as they may fometimes be found, the
wonderful Motions of all the internal Parts
will afford an agreeable Entertainment to
the curious, and may be examined as lon
and as often as they pleafe. For I have kept
a Bug alive, in a Slider between two Pieces
of Ifinglafs, at leaft fix Weeks together, not-
withftanding it was confined fo clofe as to
be uncapable of flirring : and altho’ during
that Time it often feemed dead and motion-
Jefs, when I placed it before the Microfcope,
a little Warmth would fet the Bowels at
Work again, and renew the Current of the
Blood as brifkly as ever,
| After

-
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After many Oblervations made by Mr.
Lezuvwenuorx on the Blood of Cocks, Spar-
rows, Frogs, Trouts, Perch, Cod, Salmen, 8c.
he affirms, that the red Particles in the
Blood of Birds, Fifbes, and Water-Animals,
are conftantly * flat and of an oval Figure;
that is, they are longer than their Breadth,
and appear as in Plate X. Fig. V. The fe-
rous Part of the Blood in Fifbes and Aguatic
Animals-is alfo greatly more, in Proportion
to the red Particles, than it is in Begfls or
Men, and the Particles themf{elves are larger :
fo that, by being bigger, and {fwimming far-
therafunder, they may be feen much better.

Mr. LeeuweNHOEK obferved the Blood
circulating in the filmy Wings of a Bat +,
and likewife in its Ears, and found the Glo-
bules thereof perfeétly round: wherefore;
allowing his Affertion, that in Fifhes and
Birds they are always flat and oval, we need
no longer hefitate how to clafs this odd
Creature ; but, notwithftanding its flying,
fhall pronounce it to be a Beay’.

He tells us, that Bazs can lee as well by
Day as Night: but he fuppofes the Heat
and Drynefs of the Day-Air would fhrivel
up the thin Membranes of their Wings, and
confequently ftop the Circulations there;

® Arc. Nat. Tom. 1. Part II. p. g1. Again, Tom, Il
Epift. 128, Again, Tom. 1V. Epift. 65.
4 Arc. Nag. 'Tom. IV. Epift. 67.

whereas
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whereas the cool Dews of the Evening ren-
der them moift and pliable; which makes
them chufe that Time to come abroad.

In viewing federal of the Objelts here
mentioned, one thall often obferve the Blood
paffing through Veflels {o minute, that the
Globules of it cannot glide along otherwife
than {ingle, and {queezed into oblong Forms:
yet an hundred of the red Globules. of fuch
Bload, if placed elofe to one another in a
Row, would not equal the Length of the
Diameter of a large Grain of Sand; and
confequently a Million of them exceeds not
2 Grain of Sand in Bignefs *.

The Effeéts of Heat and Cold upon the
Blood are well worth taking Notice of : for
ps Heat relaxes the Veflels, the Blood finds
more Room to move in, its Globules float at
greater Diftances, and it circulates more
freely ; whereas Cold fo contracts the Vef-
fels, that the Globules are compreft toge-
ther, and the Blood is impeded, and in fome
Degree 'coagulated mn the minute Capillary
Veins and Arteries of the extreme Parts ; as
is evident from 'the Swelling dnd Blacknefs
of the Hands and Feet when expofed to {e-
vere Cold.

® Leeuwen. Are. Net Tom. L Part L. p. 35,

6 Before
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Before 1 clofe this Chapter, 1fhall briefly
gommunicate fome Experiments I had the
Pleafure of making laft Summer, with my
moft ingenious and valuable Friend Doter
Arexanper STuarT, Phyfician to her late
Majefty, in order to view the Circulation of
the Blood by the Solar or Camera Obfeura
Microfecqpe, which has the Advantage of
magnifying Objects beyond any other Sort
of Microfcope ;- but muft refer the Curious
to a more full Account thereof laid by this
Gentleman before the Ropal Society, and
which will be publithed in the Philgfophical
T runfactions.

1 mauft firlt defcribe a particular Apparatus,
invented by the Duifor for examining the
Circulation of the Blood in Frogs, Mice,
Bats, or any Creatures of the like Size. In
this Contrivance the Looking-glafs, Tube,
and convex Lens are juft the fame, and
placed in the Hole of 2 Window-{hutter in
the fame Manner, as defcribed Page 22. But
here, inftead of ufing Wirson's little Pocker
Microfiope, he has got the Belly-part of a
large Refle@ting one fixed horizontally on a
Pedeftal, at a Height exactly equal to the
Tube. This flands on a little Shelf made
to fupport it; and to the Snout thereof,
which lies on a Level with the Tube, the
Magnifiers are fcrewed. The Object, being
extended and faftened with Strings and Pins
on a Frame convenient for the Purpofe, is

applicd
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applied between the Tube and the Magni-
fier ;» whereby the Sun’s Rays refleGted from
the Looking-glafs, through the Tube, upon
the Object, pafs on ..lnouéh the Magnifier,
and exhibit upon the Screentan Inmoe of the
Object moft pmc ligioufly enlarged. This, 1
hope, may give fome Idea of our Inftrument 1
and-now I come to the Application,.

Our. Obje&t was a Frog, whofe Limbs
being extended and faftened on the Frame,
‘we opened the Skin of the Belly from near
the ‘Anus to the Throat ; then giving it a
little Snip fideways both at the Top and
Bottom, by f‘tld{lnrr a Fifb-Hook in each
Corner of the bkm, it was eafily ftretched
out before the Microféope, and prefented on
the Screen a moft beautiful Picture of the
Veins and Arteries in the Skin, with the
Blood circulating through them. In the
Arteries we could plainly perceive the Blood
ftopping, and as it were receding a little, at
each Dilation of the Heart, and then im-
mediately ruthing forwards again at each
Contraction ; Wwhilft in the Veing it rolled
on in a continual Current with inexpreflible
Rapidity *,

After c.onﬁdcung this as long as we
thought needful, we opened the Abdomen,

® When the Arteries were magnified very much, by re=
maoving the Screen 10 a confiderable Dnhmr.c, the alternate
Expanfion and -Contraction of their Sides were very vifible
,_..:i remarkdble. .

and
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and extending the Mufcles before the Miero-
Jeope, by-the fame Means as we had done the
Skin, we: had the Pleafure of viewing their
Structure, which we found:to conh& of
Bundles' of -tran(parent Strings or Fibres,
lying : parallel to' one anofhu‘, and. joined
together, by ‘a common- Membrancy Thefa
Strings or Fibres appeared throughi theix
whole Length made up of minute roundith
Velicles,; or,. in. other, Words, feemed likeé
Ruthes: divided -the long Way. We. could
not:be certain, of any- Circulation through
the M’U-i(.lf,a, though fometimes we 1magmcd;
we faw 2 very flow-Motion of fome tranf-
pareat Fluid : but the Obje&t growing dry
and rigid, obliged us to leave that Enquny
toa ﬁrl;hcr examination.
We. then procecded to our laft E\perx—
ment, whu:h was to-draw out gently a Part
of the Firog's Gut, in order to apply the M-

fentery to the Micr ofcope.:and herein we

fucceeded {o happily, that I believe the Qig2
culation of the Blood was never before feen
in {fo diftiné and fine a Manner. No Words
can defcribe the, wonderful Scene that was
prefented before. our Eyes! We beheld the
Blood pafiing through numberlefs Veflels at
one and the fame Inftant, in fome one Way,
in others the quite contrary: Several of the
Veflels were magnified to above an Inch in
Diameter, and the Globules. of the Blood
rolling through them feemed near as large as

['CPPCI'-
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Pepper-Corns ; whilft in many of the mi-
nuteft Veflels only fingle Globules were able
to find a Paffage, and that too not without
changing their Figure into that of oblong
Spheroids. We faw here, likewifs, much
better than we had done before, the Pulfa-
tion and Acceleration of the Blood in the
Arteries, in the Manner before defcribed,
and could clearly diftinguifh two or three
Veflels lying over one another, with Cur-
rents running different Ways. In fhort, it
appeared like a beanteous Landfcape, where
Rivers, Streams, and Rills of Running Water
are every where difperfed.

During this Examination, we took notice
of a Veflel extremely minute, iffuing from
the Side of a larger, and turning backwards
from it in a curve Line. We perceived, at
unequal Intervals, fometimes one, fometimes
two, and fometimes three colourlefs Glo-
bules dropt or fqueezed out of the larger
Veflels into this minute one, and gliding
through it fingly and very flowly; which
made the Dotor imagine it might be a /-
cretory Duél. We obferved, likewife, that
as the Animal grew languid and near ex-

iring, the Blood in the Arteries would ftop
on a fudden, feem as it were coagulating,
and then run backwards for fome Time;
after which it would again recover its na-
tural Courfe with a great deal of Rapidity.
- £ due Confideration of thefe Appearances
might
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tnight poffibly account for the Intermifiions,
Starts, and Irregularitics in the Pulfe of Pere
fons near the Point-of Death.

= ’ e . o ——

CH A P. X
The Pulfation of the HEART.

Y HIS wonderful Phenomenon may be

feen diftinétly in feveral {mall Infects,

fome whereof 1 fthall here mention, with
thort Direétions how to find it.

Divide a Bee *, particularly an  Humble-
Bee, near the Neck ;. and its Heartf, which
is: a- white pulfing: Particle, may be feen
beating brifkly. .

The Head of the HorfetFly 4 being cut
off, juft at the fetting-on of the Neck, alittle
Particle (which is the Hearz) will appear
with a Pulfation in it for half an Hour,

The  Grafshopper § has a green Film or
Plate over its Neck and Shoulders, which
being raifed with a Pin, its Hear? may be
feen beating very orderly for a long While
together.

Cut off the Head of that little flying Bee-
tle, known to every Child by the Name of
Lady-Bird ||, or Cow-Lady: eret_ it per-

* Dr. Powsr’s Microfcop. Objerwat. p- 4.+ 1bid. p. 7.
1 Ibid. p. 24. Il Ibid. p. 30. .
pendicularly,
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p&ndmuhd}, and ‘you  will-fee - two fmall
black ‘Eyes, each fet between! three white
Plates like polifhed Ivory, on one Side two
fmall ones, and a large cne on the other.

Pull off both the craftaceous and filmy"

Wings which- ¢over, a, tender black Skin,
and removing that Skin, the Pulfation of the
Heart Ay be feen beating wgorouﬂy for
twelve or fourteen Hours.

"The: Heirt of a Snail#is'to be found ex-'

atly againft the ‘rouhd Hole near its Neck,
of awhite ‘Colour, and may be feen beating
a Quarter of an Hour' after DifleGion .
"It may alfo be feentin a Loufe, asl (hall
{hcw when I come to'deferibe that Creature s
and T ‘make no doubt the curious and d!lb-

gent Enquirer will be able to difcoversit in'

Multitudes of other httle ‘Animials.

The periftaltic ]lffatmrz of the Stomdch and
Bowels may be feen: very diftin@ly in-Lice,
Gnats, Flies, &c. and a Mulntude of othu‘
Infeéts.

* Power's Microfeep, Obferwat. pa 36.
+ SwamMMERD: Hifts Generale des Infedles, p. 77+

»




CYEC-A P X
Of the mufcular or flethy Fibres of Animals.

HE flefby Fibres of the’ Mufiles (ac-

cording to the Obfervations of Mon-
Sfreur Muys) are compofed of other finaller
Fibres or Fibrils, the Size of a flender Hair ;
five or fix hundred of which Fibrils go to
the making up of one flefby Fibre, whofe
Diameter is no more than the twenty-fourth
Part of an Inch. Each of thefe Fibrils is
again compofed of more than three hundred
fmall tranfparent Tubuli, fo extremely flen-
der, that were one of thofe Blood-Globules
(which Mr. LezuwenHOEK fuppofes but
the millionth Part of a Grain of Sand) di-
vided into twenty-four Parts, even thefe
minute Parts could hardly enter and pafs
through fuch exceedingly fmall Tubes. And
yet, that they do énter and pafs through
them, is evident by the Rednefs of the Fleth
of Animals. We muft therefore infer, that
the Tubuli forming a Fibril are really hol-
low ; that the Extremities of the Arteries
open into them, and empty there a Part of
their Liquor, which is carried back again by
the Veins to the Heart ; and that the Glo~
bules of the Blood are, for this Purpofe,
.divided into Parts inconceivably {fmall #,

_ * Vid. Plbilsfopls. Tran/ade Numb. 339. 7
Vor. L. L Mr.
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Mr. LeeuweNHOEK fays, each Mufeular
Fibre is compofed of many fmaller Filaments
or Fibrils ; which, however minute; he could
plainly diftinguifh to be vafcular : for, if he
cut acrofs their Length, the Light appeared
through the Mouths of .the Veflels; but if
he cut them ever fo little obliquely, no Light
was to be feen *. He found alfo, that each
Fibril is invefted with a 4 minute Mcm-~
brane, which is only 2 Congeries of Blood-
Veflels, conveying Juices and Nourithment
thereto, though their Finenefs renders them
invifible. It is not, however, to be imagin-
ed, that each Fibril has its peculiar Mem-
brane : but that all the Membranes together
are like a Net finely {pread, with a Fibril
iffuing through each of its Methes,

This Structure of the Fibres he obferved
in the Fleth of an Ox and of a Whale; but
more plainly in that of a Whale, the Beef-
Fibres lying more compact and clofe. He
alfo found that the Fibres of a Moufe were
of the fame Thicknefs as thofe of an Ox,
though thirty thoufand Mice are not equal
to one Ox in Bignefs : whence he con-
cludes, that the different Size of Animals is
entirely owing to the greater or lefs Number
and Length of the Fibres 1.

® Philofoph. Tran/. Numb. 367.
+ GorTER. Medic. Compend. p- 53, 59, Lervw. Are.
Nat. Tom, IlL. p. 58, $ Ibid. p. 61.
Thefe
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Thefe flefby Fibres appear, through their
whole Length, encompafled with circular
Wrinkles. If a Thread were twifted about
a fine Needle in a Screw-like Form, with
{piral Circumvolutions, fo that each Thread
be diftant from another the Diameter of the
Needle, it would naturally reprefent the
Manner of thefe circular Twiftings. And
this Difpofition is wonderfully contrived for
the ready Diffenfion or Contraition of the
Fibres : for as a Cord will be diftended or
contratted gquicker or flower in Proportion
to its Length, the fame muft alfo be the
Cafe in Animal Fibres; and, therefore, on
thefe Principles we may calculate how much
more nimbly the Leg of a Moufe can move
than the Leg of an Ox,

The Method of viewing the Mufcular
Fibres is, to cut carefully, and with a very,
fharp Razor or Penknife, a Slice of dried
~ Flefh or Fifh, as thin as poffible. Lay it
on a Piece of Glafs, and moiften i1t with
warm Water ; which drying {oon away, will
leave the Veflels open and diftinguifhable.
~It is obfervable, that the Fibres of Fifh
are larger than thofe of Fleth,

That the Mufeular Fibres are vafcular, or
made up of little hollow Veffels, is fuppofed
by MaLpricguius, BorerLri, GoRTER, our
own Countryman Mr. HooxEe, who fays,

T they
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thiey appeared to him like Strings of Pearls ;
and, very lately, by Dr. ALex. STUART,
in his learned and ingénious Treatife de Mo-
tu Mufeulorum ; where, from fuch a Struc-
ture, and by the Influx of the nervous Fluid,
he accounts, very reafonably, for the elaftic
Force, the Contration, the Diftenfion, and

all the A&ions of the Mufcles *. But as

“thefe Gentlemen differ fomewhat in the Fi-

gure of the little Veficles fuppofed to make
up the mufcular Fibres, the Curious will do
well to examine, with the Microfcape, into
this Matter, as carefully as poffible; and
that by contriving all the Ways they can
think of to view the Fibres in living Ani-
mals. For, whatever Form the Veflels may
have when replete with a nervous or other
Fluid, I am ‘afraid, when the Fibres have
been drlcd or the Veflels collapfe together
by not being {upplied with fuch Plu1d the
true Form and Stru&ure of them can never
be fully known.

Our Obfervations, it is probable, may be
made with moft Succefs on Infecis; their
flethy Fibres, as Mr. LezuweNnork télls
us, being no lefs vifible than thofe of lmgcr
Creatures : which he found by cutting off
and examining the flethy Parts of the Legs
of Flies, Gnats, Ants ¥, &c. in all which he

. Vm‘ GortEr de¢ Falbrica & Mota Mufeulor. STUART
de Motu Muje. p. 49, 4 Are. Nat. Tom, I, p. 108.
v could
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could plainljdif’cin guifhthe circularWrinkles
or Circumvolutions encompafling the Fibres,
as they are pictured Plate X1. Fig. II1.

C H AP. XIIIL
Of BoNEs.

P O N examining of Bones with a Mi-
croftope, their fuperficial Part is found
to confift of a great many fmall Veflels, and
fome few of a larger Size: which laft, when
they come to the Surface of the Bone, ap-
pear invefted with either a Membrane or
bony Subftance perfeCtly tranfparent. The
Infide of the Bone has a fpongy or cellular
Subftance, confifting of long Particles clofe-
ly united, which are compofed of number-
lefs fmall Veflels, fome'running lengthways,
and others taking their Courfe towards the
Sides of the bony Particles, which, not-
withftanding their great Number of Aper-
tures, are extremely hard, and lie fome par-
allel, and others perpendicular, to the Length
of the Bone. :
Mr. LecuweNHoEK difcovered, once, in
a fmall Bit of a Shin-Bone, four or five Vef~
fels, with Apertures large enough for a Silk
to pafs through ; each whereof feemed fur-
nithed with a Valve, difpofed in fuch a Man~
L3 ner
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ner as to let out what was contained in the
Veffel, but fuffer Nothing to return into it*,

¢ It may poffibly be conceived by fome,
¢ {ays Dr. GREw, that the Bosues, at leaft
“ {ome of them, are hard at the firft: as
¢« Salts and other cryftallizing Bodies are as
“ hard upon the very firft Inftant of their
¢¢ Shooting, as they are when grown into
¢¢ large Cryitals. But it is fo far evident
¢¢ that all the Bones are foft at the firft, that
“I am of Opinion, they are originally a
¢ Congeries of as true Fibres or fibrous Vef=
¢ fels as any other in the Body ; which by
¢ Degrees harden into Bones, in like Man-
¢ ner as the inmoft Veflels of a Plant do in
¢ Time harden into Wood. And as ina
¢ Plant there are fucceflive Additions of
¢ Rings or Tubes of Wood, made out of
s¢ Veflels ; {o in an Animal, it feems plain
¢¢ that there are Additions fucceffively made
¢ to the Bones out of the fibrous Parts of the
¢« Mufcles ; efpecially thofe whiteft Fibres
¢ which run tranfveriely, and make the Sta-
¢ men or Warp of every Mufcle. So that,
¢ as in the Bark of a Plant, Part of the Vef-
¢¢ {els are fuccefiively derived outward to the
¢ Rind, and Part inward to the Sap, which
¢¢ afterwards becomes hard Woad; fo, in the
¢¢ Fleth of an Animal, Part of the white
“¢ tranfverfe Fibres are fucceflively derived

® Philofopbs Tranfs Numb. 366.
% to
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s¢ to the Skin (of which it chiefly confifts),
¢t and Part of them inwardly, making ftill
« new Perisfleums one after another, as the
“¢ old ones become fo many Additions, £Q
‘¢ the Bones *,”

Whoever would examine the Bones, mufk
fhave off, with a fharp Pen-knife, very thin
Pieces, lengthways, crofsways, andobliquely,
and that from the Infide, Outiide, and Mid-
dle of the Bone. Apply to the Microfcope
fome of thefe Shavings dry, and others moi-

- ftened with warm Water, and thus the Vef-

fels will be feen in all Diretions. But the
beft Way of thewing the bony Structure is,
by putting the Bones in a very clear Fire
till they are red-hot ; then taking them out
carefully, you will find the bony Cells, tho
tender, perfec and entire : And being now
quite empty, they may be viewed with great
Eafe and Pleafure.

CHAP. XIV.
Of the NERVES.

R. LeeuwENHOEK endeavoured to
difcover, by his Microfcope, the Struc-
ture of the Nerves, in the Spinal Marrow

® Grew’s Rarities of Grefam College, p. 6»
L 4 of
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of an Ox; and faw, with great Delight, that
minute hollow Veflels, of an unconceivable
Finenefs, invefted with their proper Mem-
branes, and running out in Lengths parallel
to one another, make up their Compofition.
And though fome hundreds of thefe Veficls
go to the Formation of the leaft Nerve that
can poflibly be examined, he did not only
difcern the Cavities of them, which he com-
puted to be three Times lefs than their Dia-
meters, but, in fome, perceived the Orifices
as plainly as the Holes in a pricked Paper
are to _be feen when looked at againft the
Sun. It requires, however, great Dexterity
and Expedition to make this Examination
with Succefs ; for after a thin Slice of the
Spinal Marrow is placed before the Micro«
" feope, in lefs than a Minute’s Time it be-
comts dry, and the whole Appearance va-
nithes *, .
The fame ingenious Enquirer into Nature
examined likewife the Brain of feveral Crea-
tures, fuch as an Indian Hen, a Shecp, an
Ox, a Sparrow, &c. and could there diftin-
guifi Multitudes of Veflcls, fo extremely
{mall, that if a 4 Globule of the Blood (a
Million whereof exceed not a Grain of
Sand in Bignefs) were divided into five hun-
dred Parts, thofe Parts would be too large

—a

* dre. Nat. Tom, 1II. p. 310. 355. 440.
+ Jbidi Tom, I. Past. I. p. j0. 25
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to pafs into fuch Veflels. He obferved far-
ther *, that the Veflels in the Brain of a
Sparrow are not {maller than in an Ox ; and
argues from thence, that there really is-no
other Difference between the Brain of a large
Animal and that of a {fmall one, but only a
greater or {maller Number of Vefiels ; and
that the Globules of the Fluid paffing thro
them are in both of the fame Size.

Though it does not directly relate to Mi-
crofeopes, I hope I may be excufed for taking
Notice here, that in the Year 1711, Do&or
ArexanpER STUART 4 made a Difcovery,
that the Nerves are not elaftic, contrary to
the Opinion of all preceding Aurbors ; and
proved it by the following Experiment:
% Laying a Piece of Twine, about four
¢ Inches in Length, parallel to the Nerve,
¢ Artery,and Vein of the Infide of the Thigh
in an human Subject, and tying thefe to-
¢ gether, above and below,’ as fgon as they
¢ were cut out of the Body, and laid on a
* Board ; the Artery and Vein were feen to
¢ contra& equally, to the Lofs of a quarter
¢ Part of the Length they had in the Body
¢ before Excifion ; but the Nerve continued
« of the fame Length with the Twine, as
¢ in the Body.”

¥ gre. Nat. Tom. L. Part. 1. p. 28.
_# Vid. Stuart’s LeFures on Myjcular Mation, in the Year

1738:p0 3 C CHAP
-7 . .
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CHAP, XV.

Of the GENERATION of ANIMALS and
VEGETABLES.

RQuivocal or [pontaneons Generation, that is,
a Production of Plants without Seeds,
and of living Creatures without any other
Parents but Accident and Putrefaétion, how-
ever abfurd it may feem to us, was an Opi-
nion that prevailed almoft univerfally ; till
Microfeopes overturned it, by demonftrating
that all Plants have their Seeds, and all Ani-~
mals their Eggs: whence other Plants and
other Animals, exactly of the fame Species,
are perpetually and unalterably produced.
Nothing {eems now more contrary to
Reafon, than that Chance and Naftinefs
thould give a Being to Uniformity, Regu-
larity, and Beauty : that two fuch unlikely
Principles fhould produce, in different Places, -
Millions of Vegetables of the fame Kinds,
and alike exaitly, even in the moft minute
Particularities: or, what is yet more amazing,
that dead corrupting Matter, and blind un-
certain Chance, fhould create living Animals,
fabricate a Brain, conftitute Nerves iffuing
from it, compofe a Contraft of Mufcles, fur-
nith out Eyes, Lungs, a Heart, a Stomach,
Bowels, and all other Parts ufeful to fuch
Creatures ; and that too not after an aukward,
flovenly,
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{lovenly, variable, undefigning, and unfi-
nithed Manner ; but with a Contrivance,
Dexterity, Elegance, Perfection, and Con-
ftancy, beyond the utmoft Power of Art to
imitate. This, however, was the Opinion,
not only of the Ignorant and Illiterate, but
of the moft learned grave Philofophers of pre-
ceding Ages; and would probably ftill have
been taught and believed, had not Micro-

Jeapes difcovered the -Manner how all thefe

Things are generated, and reftored to Goob,
the Glory of his own amazing Works *.

The Eye, affifted by a good Microfcope,
can diftinguifh plainly, in the Semen Mafcu-
Jinum of Animals, Myriads of Animalcules
alive and vigorous ; though fo exceedingly
minute, that it is computed three thoufand
millions of them are not equal to a Grain of
Sand, whofe Diameter is but the one hun-
dredth Part of an Inch 4. And the fame
Inftrument will inform us, beyond all Doubt,
that the Farine of Vegetables are nothing
elfe but a Congeries of minute Granula,
whofe Shapes are conftant and uniform as
the Plants they are taken from. And as the

4

* I would as foon fay, that Rocks and Woods engender
Stags and Elepha#ts, as affirm, that a Piece of Cheefe gene-
rates Mites. Stags are born and live in Woods, and Mites in
Cheefe ; but they both owe their Being to that of other Ani-
mals. Sped. de la Nat. Eng. Edit. 12mo, Vol IL, p.11.

+ Vid. Keiv’s Auat. 5th Edit. p. 116,

2 Seeds
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Seeds of Plants are proved, by repeated Ex-
periments, to be unprolific, if the Farine
be not permitted to fhed, it has been {up-
pofed, that all its Granuls contain feminal
Planis of their own Kind.

The Growth of Animals and Vegetables
feems to be nothing elfe but a gradual Un~
folding and Expanfion of their Vefiels, by. a
flow and progreffive Infinuation of Fluids
adapted to their Diameters; until, being
ftretched to the utmoft Bounds appointed
them by Providence at their Formation, they
attain their State of Perfe&ion, or, in other
Words, arrive at their full Growth,

It is thought probable, according to this
Theory, that in Animals (of the larger and
more perfect Kind at leaft) the Semen of the
Male being received into the Masrix of the
Female, fome of the Animalcules it contains
in fuch Abundance find an Entrance into
the Owaria, and lodge themfelves in fome
of the Ova placed there by Providence as a
proper Nidus for them,

An Quum becoming thus inhabited by an

Animalcule, gets loofened in due Time from

its Owarium, and pafies into the Mefrix
through one of the Fallopian Tubes. The
“Veins and Arteries that faftened it to the

Owuary, and were broken when it dropped -

from thence, unite with the Veflels it finds
here, and compofe the Placenta. The Coats
of the Ouum, being fwelled and dilated by

; . the
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the Juices of the Matrix, form the other
Integuments needful to the Prefervation of
the little Animal ; which receiving continu-
ally a kindly Nourithment from the fame
Juices, gradually ftretches and enlarges its
Dimenfions, becoming then quickly vifible
with all the Parts peculiar to its Species,
and is called a Fazus.

In Plants, which are uncapable of re-
noving from Place to Place as Animals can,
it was requifite a Repofitory for their Fari-
ne {hould be near at hand, to prevent its
being loft: and accordingly we find, that
every Flower producing a Farina has like-
wife in itfelf a proper Uterus for the Recep-
tion of it: where the Ova thereby impreg-
nated are expanded by the Juices of the
Parent Plant to a certain Form and Bulk ;
and then becoming what we call ripe Seeds,
they fall to the Earth, which is the natural
Matrix for them.

Accotding to the above Suppofition, a ripe
Seed falling to the Earth is m the Condition
of the Oyum of an.Animal getting loofe
from its Qvary, and falling into the Uterus s
and, to go on with the Analogy, the Juices
of the Earth fwell and expand the Vellels
of the Sced, as the Juices of the Uterus do
thofe of the Owum, till the feminal Leaves
unfold, and perform the Office of a Placenta
to the Infant-included Plant; which im-
bibing fuitable and fufficient Moifture, gra-

: : dually
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dually extends its Parts, fixes its own Root,
thoots above the Ground, and may be faid
to be born.

As Difcoveries made by the Microfcope, of
infinite Numbers of Animalcules in the Semen
Mafculinum of all living Creatures, and like-
wife of a Regularity and Conftancy in the
Farina of each Species of Vegetables, ana-
logous to the faid Animalcules in the Animal
Semen, have been the principal Means of
convincing us that all Things are produced
by Parents of their own Kind, according to
the eternal and unalterable Laws eftablithed
at their firft Creation; I hope this fhort
Account of Generation, before my entering
upon thofe Subjects, will not be judged im-
proper.

CHAP XVIL

Of the ANIMALCULES #n SEMINE
MascuLino.

T the Beginning of the Year 1678,

Mr. NicuorAs HARTSoEkER of
Rotterdam declared, in a Treatife of Diop-
trics by him then publithed, that it was
twenty Years fince he firft began to examine
the Semen Mafeulinum of feveral living Crea-
tures by the Help of Microfcopes: that,fas
ar
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far as he knew, he was the firft Perfon who
had ever done fo; that he had found in fuch
Semen infinite Numbers of Animalcules, moft
exceedingly minute, almoft in the Shape of
Tadpoles or young Frogs ; and that he had
made this Difcovery knoewn to the World
in the goth of the LEpbemerides Eruditorum,
printed at Paris in the fame Year 1678,

Mr. LEeuyweNHOEK, in the r1gth of
his Epiftles (dated Fanuary 1678) is very
angry at this Claim; and afferts, that he
himf{elf firft difcovered the Animalcules in
Semine ; and fent Account thereof to the
Rovavr Sociery in November 1677, as he
proves by the Philsfophical Tranfations, pub-
lihed in December 1677, and in Fanuary .
and February 1678. Nay, he farther affirms,
that Letters had paffed between him and
Mr. OLDENBURG on this Subjet in 1674,
This Difpute concerns us no farther than as
it thews about what Time the Exiftence of
thefe Animalcules was firft difcovered, which
fome of my curious Readers may per.haps be
inquifitive to know,

The general Appearance or Figure of the
Animalcules in the Semen Mafeulinum of dif-
ferent Kinds of living Creatures is very much
the fame : that is, the Bodies of them a]l
feem of an oblong oval Form, with long ta-
pering flender Tails iffuing therefrom ; and
as by this Shape they fomewhat refemble

T adpoles,
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Tadpoles, they have frequently been called by
that Name ; though the Tails of them, in
Proportion to their Bodies, aré much longer
than the Tails of Tadpoles are: and it is ob-
fervable, that the Auwimalcules in the Semen
of Fifhes have Tails much longer and flen-
derer than the Tails of thofe in other Ani-
mals, infomuch that the Extremity of them
15 not to be difcerned without the beft Glafies
and the utmoft Attention: their Bodies ate
alfo much {maller.

The general Appearance of them, as above
defcribed, is fhewn Plate XII. Fig. I.

In the Spring-Seafon, at the Time that
Frogs engender, upon opening the Tefticles
of a Male, and applying fome of the feminal
Matter before the Microfcope, Multitudes
of Animalcules appeared therein, about * one
thoufandth Part of the Thicknefs of the Hair
of a Man’s Head, as nearly as could be com-
puted : whence it follows, that a thoufand
Millions of them would be-but equal to a
Globe whofe Diameter is the Thicknefs of
the Hair of a Man’s Head. And there feem-
ed to be ten thoufand of them at lealt for
each one of-the female Ouva. _

"The Shape of them is given in the fame
Plate, Fig. 1.

* Lezuwen. dreame Nat. Tom. 1. Part L p- 51,

Upon
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Upon viewing the M/t or Semen Mafiu-
linum of a living Cod-fith with a Micrafcope,
{fuch Numbers of Awrimalcules with long
Thails were found therein, that at leaft ten
thoufand of them were fuppofed to exift in
the Quantity of a Grain of Sand. Whence
Mr. LERUWENHOEK argues, that the Milt
of that fingle Cod-fith contained more living
Animalcules than there are People alive upon
the Face of the whole Earth at one and the
{fame Time: for he computes *, that one
hundred Grains of Sand make the Diameter
of an Inch ; wherefore in a cubic Inch there
will be a million of fuch Sands. And as he
found the Milt of the Cod-fith to be about
fifteen cubic Inches, it muft contain fifteen
millions of Quantities as big as a Grain of
Sand. Now if each of thefe Quantities con-
tain ten thoufand Animalcules, there muft
be in theWhole one hundred and fifty thou-
fand millions.

Then, to find out, in a probable Manner,
the Number of People living upon the whole
Earth at one Time; he reckons, that in a
great Circle there are five thoufand four hun-
dred Dutch fquare Miles ; whence he cal-
culates the Surface of the Earth to contain
nine millions two hundred feventy-fix thou-

* 4re, Nar. Tom, I, Par. IL p. g.
Vou. L. - M fand
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fand two hundred and eighteen fuch fquare
Miles: and fuppefing one Third of the
Whole, or three millions ninety-two thou-
fand and feventy-two Miles, to be dry Land;
and of this, two thirds, or two millions
fixty -one thoufand three hundred and
eighty-two Miles, to be inhabited: and fup-
pofing farther, that Holland and W, ¢ft-Frigf~
land are twenty-two Miles long and feven
broad, which make one hundred and fifty-
four fquare Miles ; the habitable Part of the
World is thirteeen thoufand three hundred
and eighty-five Times the Bignefs of Holland
and 2eft- Friefland.

Now, if the People in thefe two Provinces
be fuppofed a million, and if all the other
inhabited Parts of the World were as po-
pulous as thefe (which is highly improba-
ble), there would be thirteen thoufand three
hundred and eighty-five millions of People
on the Face of the whole Earth : but the
Milt of this Cod-fith contained one hundred
and fifty thoufand millions of, Animalcules,
which is ten Times more than the Number

_of all Mankind.

The Number of thefe Animalcules may be
computed another Way : for the ingenious
Author of Speitacle de la Nature fays*, that

* Vide Spet. de la Nat. Eng. 1zmas Edit. Vol. L p. 231.
three




n Sermhine Mafculino. 187

three curious People counted, with all the
Care they were able, as many of the Eggs
or Row of a female Cod-fith as weighed a
Dram, and agreed pretty well in the l\um-
ber, which they wrote. down. They then
weighed the whole Mafs; and fetting down
eight Times the Sum of one Dram for every,
Ounce, which contains eight Drams, all
the Sums together produced a Total of nine
millions threehundred and thirty-four thou-
{and Eggs *.

Now iuppohnﬂr (as Mr. LEEUWENHOEK
does of the Semen Mafculinum of Fr ogs) that
there are ten thoufand Awmalcules in the
Milt for each one of the Female Ova in the
Row, it will follow, that fince the Female
Row is found to have nine Millions three
hundred thirty-four thoufand Eggs, the
whole Milt of the Male may be rec koned to
contain ninety-three thoufand four hundred
and forty millions of Animacules : which,
though greatly thort of the firft Calculation,
is almoft feven Times as many as the whole
human Species.

To find the comparative Size of theﬁ,
Animalcules, Mr. LEEUwWENHOEK placed a

* Four Millions and ninety-fix thoufand Eggs were com-
Puted in the Roe of a Crad, each of which received its Nou-
rilhment by a Rope from the Crad’s Body., Vide dre. Nat,

Tom, I. Par. 1I. p- 240.
M 2 Hair
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Hair * of his Head ncar them, which Hair
through his Microfecope appeared an Inch in
Breadth; and he was fatisfied that at leaft
fixty fuch Animalcules could eafily lie within
that Diameter : whence, their Bodies being
{pherical, it muft follow, that two hundred
and fixteen thoufand of them are but equal
to a Globe whofe Diameter is. no more than
the Breadth of fuch an Hair.

He obferved, that when the Water
wherewith he had diluted the Sewmen of a
Cod-fith was exhaled, the little Bodies of
the Animalcnles burlt in Pieces, which did
not happen to thofe in the Semen of a Ram;
which he imputes to the greater Firmnefs
and Confiflency of the latter, as the Flefh of
a Land-Animal is more compaét than that
of a Fith. He likewife takes Notice, that
the 'Tails of thofe in Fithes are fo extremely
flender,- that he could never be certain of
his feeing the very Tips or Extremities of
them.

In the Milt of a Jack at leaft - ten
thoufand Ausmalcnles were difcernible in 2
Quantity not bigger than a Grain of Sand,
exactly in Appearance like thofe of the Cod-
fith; and upon putting ¥ four Times as
much Water to it, they were perceived t@
become ftronger and brifker, and to fwim

" * Phil. Tranfi Numb. z70. + Arc. Nas. Tome L
Par. 1L, p. 2. 1 Phil. Tranfi Numb. 270,

as
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as if in Purfuit of Prey, with greater Velo-
city ; though (being viewed in a capillary
Tube) their whole Courfe was no longer
than the Diameter of a Hair.

If you would view the Animalcules in the
Milt or foft Row of Fifhes, {queeze out a
little of it, and putting the Quantity of a
Pin’s Head upon a fingle Ifinglafs, dilute it
with Rain or River Water, till the little Crea-
tures have fufficient Room to fwim about
freely, and fhew themfelves to Advantage ;
which they can by no means do unlefs it
be made very thin. Or, after you have
mixed fome Water with it, apply it to the
Microfcope in one of your fmalleft capillary
Tubes; which Way Mr. LEEUWENHOEK
informs us he found the moft ufeful for the
Examination of the Semen of different Crea-
tures. [N. B.* The Eggs in the Row, and
Animalcules in the Milt, of Fithes of one
Year old, are as large as in thofe of the fame
Species of twenty Years old.]

Upon opening the Seminal Veffels of a
Cock, fqueezing out a fmall Drop of the Se-
men, and viewing it with a Microfeope, Le-
glons of Animalcules appeared therein, fwim-
ming in Crowds together, and crofling one

Y ————

* dre, Not. Tom. IIL p. 188.
M 3 another
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another with as much Brifknefs and Vigour
as if the Cock had been but newly dead, tho’
it was killed the Day before : and by feve-
ral Trials on the Semen of other Cocks, it
has been found, that the Animalcules therein
will live many Hours in a capillary Glafs
Tube. To a flight Obferver they feem in
the Form of Eels; but if the greateft Mag-
nifiers be ufed with due Attention, they will
be foud fhaped as Fig. 1IL. Plate XII.—
Their Size is {o extremely. minute, that a
* million of them are fuppofed not to ex-
ceed the Bignefs of a Grain of Sand; and
their Tzils cannot be difcerned without much
Difficulty, being ten thoufand Times more
flender than the Hair of a Man’s Hand.

A little of the Seminal Matter taken from
the Tefticle of a Dog abounded with Ant-
malcules 4, a million whereof would hardly
equal a large Grain of Sand : and after fome
of this Matter had been kept Seven Days 1n
a Glafs Tube, feveral of the Animalcules re-
mained alive and vigorous, [Their Form is
thewn Fig. 1V.]—The Teftzcles of a Hare,
though four Days dead, were alfo exceed=
ingly full of Animalcules like thofe in Dogs,
fwimming in a clear Liquor, but without
Motion.

ST

* Arc, Nat, Tom. IL. Par. IL. p. 366.
4 Are. Nat, Tom. I Parn 1L p. 160.

Killing
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Killing a2 Female Rabbet immediately af-
ter the Coitus, and opening the Uterus there-
of, innumerable Animalcules were found in
a fmall Drop, taken from the Mouth of the
Fallspian Tube, where it opens into the Ma-
trix : but none were difcerned in the Uterus
itfelf, or farther along the Tube. They had
long Tails, and for the moft Part * fix
tran{parent Globules appeared on' the Body
of each, as in Fig. V. 1. though fome had
only one Globule at the End of the Body,
and'another in the Tail, as Fig. V. 2.

Examining a Drop of Semen taken from
the Tefticles of a Ram, it abounded with
Animalenles in as great Numbers as the fe-
minal Matter of other Creatures ; but with
this extraordinary 4 Singularity, that Mul-
titudes of them fwam the fame Way to-

gether,

* Arc. Nat. Tom. 1. Par. II. p. 160.
+ Mr. Leeuwesnoek opened the Uterus of an Ewe,
which about feventeen Days before had been coupled with
4 Ram, and in -one of the Cornea obferved a little reddife
Hefby Subftance, wherein no Shape could be diftinguifhed. He
put this in a Glafs T'ube the Thicknefs of a Quill, filled with
O:l of Turpentine, and applied it to his Microfeope 5 but could
make nothing of it in that Manner. Wherefore he took it
from the Tube, and extending it very gently out of the round
Figare in which it lay, he perceived extremely plain the
Formation of all the Vertebrz, with the Blood-Veflels and
Ramifications paffing over them, and in two Places could fee
the Spinal Marrow. He could alfo diftinguifh not only the
Head, but alio the Mouth, Brain, and Eyes, the Bignefs of
two Grains of Sand, and clear as Cryftal : He faw [ikewife
M 4 the




162 Of the Animalcules

gether, and feemed to have the Inclination
of Sheep, to follow their Leader and move
in Flocks. Mr. Leevwenuork fays, he
found fo much Pleafure in obferving this,
that he called in fome Neighbours to fhare
it with him.

Their Form was that of Fig. VL.

A Buck being killed in Rutting-time, the
* Vafa Deferentia were found turgid with a
milky Fluid, a Drop whereof, when applied
to the Microfcope, appeared full of Animal-
cules moving very brilkly. The greateft
Difficulty was to lay them properly before
the Microfcope : for when the Matter is too
thick, nothing can be feen but a confufed

Motion, and when fpread thin it dries away -

immediately ; but by diluting it with warm
Water, juit enough to change its Colour,
they were feen diftinctly.

The human Semen has likewile been view-
ed by the Microfcope, and found no lefs

the Ribs and Inteftines ; though the whole Creature was no
larger than the eighth Part of a Pea.—After this, he opened
the Uteras of another Ewe, but three Days from the Coitns ;
and fearching the Liquor coming from it very diligently with
a Magnifying Glafs, oblerved a little Particle the Size of a
Grain of Sand ; which examining with an excellent Micro-
Jeopes he with great Pleafure found to be an exceeding minute
Lamb Iving round in its Integuments, and conld plainly dif-
cern its Mouth and Eyes. Vid. 4. Nas, Tom. I. Par. IL
pag. 165, and 173,
¢ Vid, Py, Tran. Numb, 284,

8 plentifully
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plentifully ftocked with Life than that of
other Animals : for more than ten thoufand
living Creatures were feen, by Mr. Legu-
WENHOEK, moving in no larger a Quantity
of the fluid Part tl mreof than the Bignefs of
a Grain of Sand; and in the thicker Part
they were fo thronged together, that they
could not move for one another. Their Size
was fmaller than the red Globules of the
Blood, and even lefs thdn the millionth Part
of a Grain of Sand *. The Bodies of them
are roundifh, femewhat flat before, butend-
ing fh:lrp behind, with Tails exceedingly
tlmllpaxent five or fix Times longer, and
about five Times more {lender, than theero—
dies. They move themfelves along by the
violent Agitation of their Tails, in various
Bendings, after the Manner that Eels or Ser~
pents {wim : and fometimes their Tails are
moved thus eight or ten Times in getting
forwards the Diameter of a Hair.

Their Shape and Form is thewn Fig., VII.

It is wonderful to confider the Minutenefs
of thefe little Animals, and particularly the
amazing Slendernefs of their Tails: which
muft, notwithftanding, be furnithed with as
many Joints as the rﬁ!lb of larger Creatures,
fince they are able to move them with great

# drean. Nar. Tom. 11, Par. 1. p. 61. 6g. 286.
Agility :
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Agility: and, befides, every one of thefe
Joints muft be provided with its proper Muf-
cles, Nerves, Arteries, and Veins ; and alfo
with Fluids circulating thro’ them, and fup-
plying them with Nourithment, Strength,
and Motion. In fhort, the Mind lofes itfelf
in contemplating a Minutenefs beyond all
human Conception ; tho’ Reafon tells us it
certainly muft be. I remember Pr. Powzr
has a fine Paffage to this Purpofe in the
Preface to his Experiments: ¢ It has often
¢ feemed to me (fays he) an ordinary Pro-
“ bability, and fomething more than Fancy
““ (how paradoxical foever the Conjeture
‘. may feem), to think, that the leaft Bodies
‘¢ we are able to fee with our naked Eyes
‘“.are but middle Proportionals, as it were,
““ betwixt the greazeft and the finallefi Bo-
“¢ dies in Nature; which two Extremes
‘¢ lie equally beyond the Reach of human
¢ Senfation.—For, as on one Side they are
“ but narrow Souls, and not worthy the
* Name of Philofophers, that think any
‘¢ Body can be #o0 great or teo waff in its
‘¢ Dimenfions : fo likewife are they as in-
“¢ apprehentfive, and of the fame Litter with
“¢ the former, that, on the other Side, think
¢« the Particles of Matter may be o0 Jirtle,
“¢ or that Nature is ftinted at an Atom, and
“ muft have a Non wltra of her Subdivi-
¥ {ions.”

164

As
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As the Animalcules in the Semen Mafeuli-
num of different Creatures are not much un-
like in Sl].lpe, it 1s al{o obfervable, that they
do not differ in * Bignels according to the
Sizes of the Creatures they are taken from ;
but {eem, in this refpe@, analogous to the
Seeds of Trees and Plants, whofe Size bears
very little Proportion to the Bignefs of the
Trees and Plants producing them. The
Seed of an Apple, for Inftance, is fome
thoufands of Times fmaller than a Cocoa-
Nut, tho’ the Trees they grow on have not
that Difproportion: and the Seeds of To-
bacco (whereof a thoufand 4 weigh not
above a fingle Grain) are lefs beyond Com-
parifon than many Kinds of other Seedswhofe”
Plants are not near {o large as Tobacco is.
Hence it comes to pafs, that Awmalcules
may be difcovered in the Semer of the finalleft
Birds,Quadrupeds, and Fifhes, nay, and even
in Infeéts too. For Mr. LEEUWENHOEE
aflures us, he found a white Matter he had
{fometimes {queezed from the hinder Parts of
male § Spiders, about the Bignefs of 2 Grain
of Sand, to be indeed their Semer, by difco-
vering therein prodigious Multitudes of Ani-
malcules, which continued living above five
Hours, but were fo extremely minute that
he fuppofes a thoufand Millions of them

* Are. Nar. 'Tom. IV. pag. 30. + Dr. Power’s Ex-
perim. pag. 30. T Philofoph. Tran/add. Numb, 279.
‘ : would
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would not equal the Size of a Grain of Millet.
He found them likewife in the Semen of the
Dormoufe’, in Oyfters ®, in Silkworms®, in
the Labella minima*, or {mall Dragon-Fly,
in the Common Fly °, in the male Flea', in
Gnats®, and in feveral other Infects: and,
without doubt, a curious Enquirer will be
able to difcover them in Abundance of Sub-
jects yet unexamined ; for Nature is uni-
form in all her Works, and there is good
Reafon to believe that they certainly exift in
all the animal Part of the Creation.

Amongft the many Species of Animaleules
obferved in Waters and Infufions, there are
none found refembling thofe in' Semine® -
but the Animalcules in the Semen of all Sorts
of Creatures hitherto examined have a com-
mon and general Likenefs to one another;
with this Particularity, that they appear in
continual Motion, without the leaft Reft or
Intermifiion, provided the Fluid be fufficient
for them to {wim about in,

Many People have imagined, that Jving
Creatures might alfo be found in the other
animal “fuices : but, after the ftriCteft and
moft careful Examination, it appears certain

* dre. Nar, Tom. L. Par. 11, p. 27. b Ibid, Tom. IT.
Par, L p. 144. ©Ibid. Par. IL p. 422. 9 Ibid. Tom. 1V.
p.1g.  °Ibid.  fIbid, p. zo. 2 Ibid, p. 22, i Ibida
Tom. 111 p. 204. '
that
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that nothing with the leaft Token of Life is
to be difcovered by the beft Glaffes, either
in the Blod, Spittle, Urine, Gall, Chye,
or any of the Humours, except the Semen
only.

C H-A P.:XVIL
Of ANIMALCULES # the TEETH,

Hough no Animalcules can be found in

the Se/iva or Spittle, great Numbers

of different Kinds may be difcovered in the

whitifh Matter fticking between the Teeth,

if it be picked out with a Pin or Needle,

mixt with a little Rain-Water and Spittle

without Bubbles, and applied before the Mi-

crofcope. And fometimes they are {o incre-

dibly numerous, and fo full of Motion, that
the whole Mafs appears alive.

* The largeft Sort (fhewn Plate XIIIL.
Fig. I. Numb. 1.) move along very {wiftly
in the Spittle or Water ; of thefe there are
but few.

The fecond Sort are more numerous, and
have a Motion peculiar to themf{elves, as re-
prefented Numb. 2.

* Vide dre. Nar. Tom. IV, p. 40. Again, Tom. IV,
Epilt. 754 p. 310,
The
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The third Sort are roundith, and fo mi-
nute, thit a2 Grain of coarfe Sand would
equal a million of them in Bignefs : they
move fo fwiftly, and in fuch Multitudes, that
they feem like Swarms of Gnats or Flies,
and the exact Shape of them is not eafy to
be diftinguifhed.

Some or all of thefe three Kinds may be
found pretty conftantly in the Matter taken
from between the Teeth of Men, Women,
or Children; efpecially from between the
Grinders,. even tho’ they wafh their Teeth
continually; and cleian them with the utmoft
Care: but from the Tecth of People that are
more carelefs, the {aid Matter affords another
Sort of Animalcules in the Shape of Eels or
Worms, as pi¢tured Numb. 4. Thefe move
themfelves backwards' or forwards, with
grcat Bendings of the Body ; and force their
Way through the minuter Animalcules every
where around them, with the fame Eafe as
a' large Butterfly would break through a
Swarm of Gnats. There are likewife, in
this Matter from the Teeth, other Sorts of
Animalcules, whofe Motions are {o extremely
languid," that without long Attention they
cannot be diftinguifhed to be alive.

Obfervation. They all die if Vinegar be
applied to them; whence it feems reafonable
to conclude, that wafhing the Teeth and
Gums with Vinegar may be a Means of pre-
ferving them from thefe minute Creatures.

9 C HAP.
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C H A P. XVIIL
Of the I'tcu
THE Microfcope has difcovered, what

without it could fcarce have been ima-

gined, that the Diftemper we call the [#ch
is owing to little Infects under the Cuticula,
whofe continual Bitings caufe an ouzing of
Serum from the Cutss, and produce thofe
Puftules or watry Bladders whereby this Dif-
eafe is known. This was found out by
Dr. Bonon1o, * who obferving that itchy
People frequently pull out of their fcabby
Skin little Bladders of Water with the Point
of a Pin, and crack them on their Nails like
Fleas, he determined to examine what thefe
Bladders might really be. Wherefore, pick-
ing out with a fine Needle a little Puftule
from a Place fcabbed over, and where there
was a fevere Itching, he fqueezed a thin
Matter from it, and perceived a very fall
white Globule f{carcely difcernible, which,
applying to the Microlcope, he found to be
a very minute Animal, in Shape refembling a
Tortoife, of a whitith Colour, but darker on
the Back than clfewhere, with fome long
and thick Hairs iffuing from 1t, very nimble

- in its Motion, having fix Legs, a tharp Head,

* Phils Tranfail. Numb. 287,
and
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and two little Horns ; being in Shape as re-
prefented by the two Pictures, Fig. I1. 4, 4.
Plate XI1I. '

This Experiment was repeated on itchy
Perfons of all Ages, Sexes, and Complexions,
and at all Seafons of the Year, and he con-
‘ftantly found the fame Animalcules in moit
of the watry Puftules: and though by rea-
{on of their Minutenels and Colour (which
is the fame as the Skin) it is difficult to dif-
cern thele Creatures on the Surface of the
Body, yet he fometimes faw them upon the
Joint of the Fingers in the little Furrows of
the Cuticula, where they firft begin to enter
with ther tharp Heads, gnawing and work-
ing in their Bodies, till they are got quite
under the Cuticula, where they burrow from
Place to Place, caufe a troublefome and grie-
vous Itching, and force the infected Perfon
to {cratch, which only ferves to increafe the
Malady ; for, by breaking the little Puftules
and fome fmall Blood-Vefiels, Scabs, crufty
Sores, and fuch like foul Symptoms enfue :
whilft thefe mifchievous Auwimalcules efcape
the Nails by their Minutenefs, and difperfe
themielves th€ farther.

Frequently obferving thele dnimalcules,
he perceived one of them drop a little oblong
white Egg, almoft tranfparent, from the
hinder Part of its Body: and afterwards he
faw many of the fame Sort of Eggs ; which
proves them generated, like other Crcat?resj
- Tom
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from a Male and Female, though he was
never able to diftinguifh the Sex of any he
examined.

The Figure of the Egg is thewn c.

We may henceaceount how this Diftem-
per comes to be {o very catching, fince thefe
Animalcules, by fimple Contact, can eafily
pafs from one Perfon to another, having not
only a fwift Motion, but clinging to every
Thing they touch,and crawling as well upon
the Surface of. the Body as under the out-
ward Skin; and a few being once lodged,
they multxply apace by the E ggs they l'L
The Infection may alfo be plopagqted in a
like Manner by Sheets, Towels, Handker~
chiefs, or Gloves, ufed by itchy People;
fince thele Awimalcules may caizlv be har-~
boured in fuch Things, and will live out of
the Body two or thru: Days.

The Difcovery of thefe Animalcules thews
the Reafon likewife why this Diftemper is
never to be cured by internal Medicines :
but requires lixivial Wathes, Baths, or Oint-
ments, made up with Salts, Sulpburs, Vi-
triols, Mercury, Precipitate, Sublimate, or
{uch Kinds of penctra.ting and cwrod?ug Re-
medies as can powwiully kill thefe Vermin
in the Skin. And if fometimes we find the
Difeafe returns upon us, in a little while af-
ter we {fuppofed it quite cured by Unciion, it
1s no great Wonder; fince, tho’ the Oint-

Vor. I. N ment
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ment may deftroy all the living Animaleules,
it may not probably kill their Young Ones
in the Eggs, laid in Nefls in the Skin ;
which, coming to hatch, may renew the
Diftemper. For this Reafon it is advifeable
to continue the Anointing for fome Days,
even after the Cure feems perfedt.

CHAP. XIX.
Of ScaLEs on the Human Skin.

HE Cuticula, Scarf-fhin, or outward
Covermg of the Body, is remarkable

for its Scales and for its Pores. '
Its Scales are a Difcovery of the Micro-
Jeope 5 for being fo minute that * two hun-
dred of them may be covered with a Grain
of Sand, they could never be difcerned by
the naked Eye. They are placed as on
Fithes, 4 three deep, that is, each Scale is fo
far covered by two others, that only a third
Part thereof appears : which lying over one
another, may be the Caufe why the Skin of
the Body appears 3 white; for about the
Mouth and Lips, where they only juft meet
together, and do not fold over, the Blood-

I

* Vid. Are. Ngro Tom. I. Par, II, p. 208, Again,
‘Tom, 1V. p. 46. 5 Ibid. p. 47. 1 Ibid. p. 5t

9 VCH%IS




the Human Skin. 173

Veffels are feen through, and the Parts Ipok
red. The perfpirable Matter is {uppofed to
iflue between’ thefe Scales (which lie over
the Pores or excretory Veflels through which
the watery and oily Humours perfpire), and
may find Vent in an hundred Places round
the Edges of each Scale * : {o that, ifa Grain
of Sand: can cover two hundred Scales, it
will be able to cover twenty thoufand Places
where Perfpiration may iffue forth.

A Piece of Skin taken from between the
Fingers; from the Forchead, Neck, Arms,
or any other foft Part of the Body which
is not hairy, ferves beft to thew the Scales 3
for where the Skin is callous, they are glew-
ed as it were together.

They are generally of five Sides, as in the
Pi&ure, Fig. IIL. 4.

Their Difpofition on the Skin is fhewn
Fig. II1. 4. j

If they are {craped off with a Penknife;
put into a Drop of Water, and fo applied to
the Microfcope, they will be feen to good:
Advantage,

* drecan. Nat. Tom, IV, p. 48,

N 2 CHAP,
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CIT A P " XX,
The PoRrRESs of the Skin.
VERY Part of the human Skin is full

of excretory Duéls or Pores, which emit
fuperfluous Humours continually from the
Mafs of the circulating Fluid.

In order to view the Pores, cut a Slice of
the upper Skin with a tharp Razor as thin
as pofiible : then immediately cut a fecond
Slice from the fame Place, which apply to
the Microfcope, and in a Piece not larger
than a * Grain of Sand can cover, innumera-
ble Pores will be perceived, as plainly as little
Holes pricked by a fine Needle may be dif-
cerned if it be held up againft the Sun. The
Scales of the outer Skin prevent any diftinét
View of the Pores, unlefs they are feraped
away with a Penknife, or cut off in the above
Manner ; but if a Piece of the Skin between
the Fingers, ‘or in the Palms of the Hands,
be fo prepared, and then examined, the
Light will be feen very pleafantly through
the Pores.

Mr. LreuweNzoEE endeavours to give
fome flight Notion of the incredible Num-

¢ dre. Nat. Tom. 11, p. 409, 4124
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ber of Pores in 2 human Body. He * fup-
pofes there are one hundred and twenty fuch
Pores in a Line one tenth of an Inch long ;
however, to keep within Compalfs, hereckons
only one hundred. An Inch in Length will
then contain 2 thoufand in 2 Row, and a
Foot twelve thoufand. According to this,
Computatlon a Foot {guare mu{’c have in
1t an hundred and fortv-four millions : and
fuppofing the Superficies of a middle-fized
Man to be fourteen Feet fquare, there will
be in his Skin two thoufand and fixteen mil-
lions of Pores.

To acquire fome clearer Idea flill of this
prodigious Number of Pores by our Con-
ception of Time, let us reckon with
MgerseENNUS, that each Hour confifts of
fixty Minutes, and each Minute of fixty
%conds, or fixty Pulfations of an Artery 3
in one Hour there will then be three thou-~
fand and fix hundred Pulfes ; in twenty-four
Hours eighty-fix thoufand and four hun-
dred ; and in a Year thirty-one millions five
hundred and thirty-fix thoufand, But there
are about fixty- iom Times as many Peres
in the Surface of a Man’s Skin, and there-
fore he muft live fixty-four Years, cre he
will have a Pulfation for eve;y Pore in his
Skin.

—

* dre. Nat. Tom. I1L p. 413.
+ 1bids p. 413,
N 3 Dr.
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" Dr. Natuanarr Grew obferves, that
the #* Pores through which we perfpire are
thore particularly remarkable in the Hands
and Feet ; for if the Hand be well wathed
with Soap, and examined with but an indif-
ferent Glafs, in the Palm, or npon the Ends
and firlt Joints of the Thumb and Fingers,
innumerable little Ridges parailel to cach
other, of equal Bignefs and Diftance, will be
found; upon which Ridges the Pores may
be perceived by a very gocd Eye, lying in
Rows, even without a Glafs : buf, viewed
through a good Glafs, every Pore feems like
a little Fountain, with the Sweat ftanding
therein as elear as Rock-Water ; and, if
wiped away, it will be found immediately
to {pring up again,

When we confider the Multitude of Ori-
fices all over the Skin, it is reafonable to
imagine, that minute Animals, as Fleas,
Lice, Gnats, &¢. do not with their flender
Infiruments make new Perforations, but
rather thruft or infinuate them into the Vel-
fels of the Skin, and fuck out the Blood, or
what other Humour is their proper Ali-
ment.

% Philofephs Tran/. Numb. 159.
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C H AP XXL
Of the LousE.

or Skin, that we are able to difcover
more of what paffes within 1its Body than
in moft other living Creatures; which ren~
ders it a delightful Object for the Micro-
fcope.

It has naturally three * Divifions, namely,
the Head, the Breaft, and the Belly or Tail-
part.—In the Head appear two fine black
Eyes, with a Horn that has five Joints, and
is furrounded with Hairs, ftanding before
each Eye; from the End of the Nofe or
Snout there is a pointed projecting Part, {erv-
ing for a Sheath or Cafe to a Sucker, or
Piercer, which the Creature thrufls into the
Skin, to draw out the Blood or Humours it
feeds on, as it hath no Mouth that opens:
This Piercer, or Sucker, is judged to be 4
feven hundred times flenderer than a Hair;
is contained in another Cafe within the firft,
and can be thruft out or drawn 1n at Plea-
{ure.

The Breaft is marked very prettily in the
Middle, the Skin thereof traniparent, and

]“lﬁ E Loufe has fo tranfparent a Shell

* Vid., Swammers, Hif. Generale des Infelfisy Pe 1740
+ Vid. Arc. Nat. Tom. II. p. 74

N 4 : full
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full of little Pits. From the under Part of
1t proceed fix Legs, each having five Joints,
their Skin refembling Shagreen, except to-
wards the Ends, where it appears fmoother,
Each Leg terminates in two hooked Claws
of unequal Length and Size, which it ufes
as we would a Thumb and middle Finger.
There are * Hairs between thefe Claws, as
well as over all the Legs.

On the Back of the Tail-part we may dif-
cern fome - Ring-like Divifions, Abundance
of Hairs, and a Sort of Marks that look like
the Strokes of a Rod on one that has been
whipt. ‘The Skin of the Belly feems like
Shagreen, and towards the lower End is
clear, and full of little Pits ; at the Extremity
of the T4ail are two little femi-circular Parts,
covered all over with Hairs, which ferve to
conceal the Anus.

When the Loxfe moves its Legs, the Mo~
tion of the Muicles (which all unite in an
oblong dark Spot in the Middle of its Breaft)
may be diftingnithed perfely : and fo may
the Motion of the Mufcles in the Head
be when it moves its Horns. ‘The Motion
of the Mufcles is alfo vifible in the feveral
Articulations of the Legs. We may like-
wife fee the various Ramifications of the

# Vide S\’»_’.-\MMERD, p. 158,
G Vide Philofiphs Tranf Namb, 102,

Yems
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Veins and Arteries (which are white) with
the Pulfe regularly beating in the Arteries.
But the moft furprizing of all is, the periftal-
tic Motion of the Inteftines, continued from
the Stomach along all the Guts down to the
Anus,

If a Louf, when very hungry, be placed
on the Back of the Hand, it will thruft its
Sucker into the Skin, and the Blood may
be feen paffing in a fine Stream to the Fore-
Part of the Head; where falling.into a
roundith Cavity, it pafles again, in a like
Stream, to another circular Receptacle in
the Middle of the Head ; from thence thro”
a fmaller Veflel to the Breaft; and then to
a Gut that reaches to the hinder Part of
the Body, where in a Curve it turns a little
upwards.—In the Breaft and Gut the Blood
is without Intermiffion moved with great
Force, efpecially in the Gut; and that with
fuch a ftrong Propulfion downwards, and
{fuch a Contraction of the Gut, as isamazing 3
which continual and ftrong A&ion of the
Stomach and Bowels upon the Food of this
Creature, to further its Digeftion, is wor~
thy to be confidered.~—In the upper Part of
the crooked afcending Gut juft mentioned,
the propelled Blood ftands fill, and feems
to undergo a Separation : fome of it he-
coming clear and waterith, while certain

A Little
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little black Particles pafs downwards to the
Anus ¥. -

If 2 Loufe be placed on its Back +, two
bloody darkith: Spots appears: the 1 iargbr if
the Middle of the Body, and the lefler to-
wards the Tail. In the larger Spot a white
Film or Bladder contracts and dilates up-
wards: and downwards from the Head to=~
wards the Tail; the Pulfe of which is fol=
lowed by a Pulfe ‘of the dark bloody Spot,
in -or ‘over which the white Bladder {cems
to lies This Motien of Syftole and Diaftole
is ' feen beft when the Lowfe grows weak.
The white pulfing Bladder feems to be the
Heart, for on pricking it the Lowfe inftantly
dies:* In a large Loufe the Pulfation may be
feen in the B'u:k but the white Film not
without turning the Belly upwards. The
lower darkith Spot Dr. HaARVEY conje&tured
to be the Excrements in the Guts.

Lice are not Hermaphrodites, as has er-
roneoufly been imagined, but Male and
Female. Mr. LeeuvwenuoEk difcovered
that the Males have J Stings in their Tails,
but the Females none: and fuppofes the:
{marting Pain they fometimes give arifes
from their Stinging, when made uneafy by

* Vid. Philofeph. Tran/ai. Numb. 102,
+ Vid: Dr. Powsgr’s Obferw. g.
1 drc. Nar. Tom. IL. p. 7274

Preffure
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Preffure or otherwife ; fince, if | roughly
handled, they may be feen .to thruft out
their Stings ; and as he felt little Pdin or
Uneafinels in the Sucker, or Piercer, though
feven or eight were feeding on his Hand at
once. The Femaleslay Egpsor Nits, whence
young Lice come. forth, perfect in all their
Members, and undergo mo farther Change
But an Increafe of Size.

Mr. LEEuwENHOEKR, being defirous to
learn the Proportion and Time of their In-
creafe, put two * Females into a black Stock-
ing, which he were both Night and Day;
and found that in fix Days one of them had
laid fifty Eggs, and upon difiedting it, {aw ag
many more 1 the O'vary; whence hé con-
cludes, that in:twelve Days it would have
laid an hundred Eggs. Thefe Eggs hatchw,
ing in fix Days {which he found to be their
natural Time) would probably produce fifty
Males and 2s many Females:. and thele Fe-
males coming to full Growth in eighteen
Days, might each of them be fuppoled, af-
ter twelve Days more, to lay alfo an hundred
Eggs ; which Eggs in fix Days farther (the
Time required to hatch them) might pro-
duce a younger Brood of five thoufand .
So that in eight Wecks a Louft may fec
five thoufand of its own Defcendants; an

* Arean. Nate Tome Is pe 78,
+ Jbids
Increafe
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Increafe hardly credible, were it not proved
by Experience.

A Loufe may be diffected eafily in a {mall
Drop of Water, upon a Slip of Glafs that
can be applicd to the Microfeope ; but with-
out Water the Parts are very difficult to di-
vide, and when feparated fhrivel and dry up
immediately. Thus five or fix Eggs of a
full Size, and ready to be laid; may be found
in the Ovary of a Female, with fixty or
feventy of different Sizes, butall much more
minute, as the Eggs are in the Ovary of a
Hen. In the Male the Penis is remarkable,
and alfo the Teftes, whereof it has a double
Pair ; the Sting likewife deferves a curious
Examination. ‘Thefe Creatures avoid the
Light as much as pofiible, and are impatient
of Cold. The Females, if fafting, appear
very white, and even after feeding feem lefs
red than the Males, the Blood not appearing
fo plainly through their Veflels, from the
Maultitude of their Eggs.

The PiGure of the common Loufe is given
Plate XIII. Fig. IV,

Its Piercer or Sucker is thewn by a.

The Sting of the Male by 4.
There is another Kind of Louf found

about uncleanly People, which, from its
Shape, is called the Crab-Loufe.  The Ver-
min adhering to and feeding on the Bodies
of different Animals, though much unlike

in
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in Form and Size, are alfo commonly called
Fice. Of thefe there are numberlefs Species,
feveral whereof we are obliged to Seignor
Repr for giving us the Drawings of, at the
End of his Treatife de Generatione Infectorum,
whence Mr. ArLBiN has taken them into his
Book of Spiders : but few of thefe have been
fufficiently examined by the Micrafeope, and
there are great Variety of other Kinds that
are yet quite unknown.

Even Infeéts are infefted with Vermin that
feed on them and torment them. A Sort of
Beetle, known by the Name of the Loufy
Beetle, 1s remarkable for Numbers of little
Creatures that run about it nimbly from
Place to Place, but will not be fhaken off.
Some other Beetles have Lice alfo, but of
different Kinds.

The Earwig is troubled frequently with
minute Infects, efpecially juft under the
fetting-on its Head. They are white and
thining like Mites, but much fmaller : they
are round-backed, flat-bellied, and haye
long Legs, particularly the two foremoft.
The fame has not been obferved on any
other Animal.

Suatls of all Kinds, but chiefly the large
ones without Shells, have many little In~
fe&ts, extremely nimble, that live and feed
upon them.

Numbers of little »¢d Lice, with a very
fmall Head, and in Shape refembling a Tor-

5 toife,




182 Of the Loou s 2.

toife, are often to be feen about the Legs of
Spiders. Whilft the Spider lives they cling
clofely to it, but if it dies they leave it,
Whitith Liceare frequently to be difcover-
ed running very mimbly on Humble-Bees :
I have feen them frequently on Ants : many
Kinds are difcoverable on Fithes: Kircurr
fays he has found Lice on Fleas; and proba-
bly very few Creatures are free from them.
As fome may be defirous to know what
Kinds of Lice * Seignor REp1 has obferved
and given Drawings of, the following Lift
is inferted to fatisfy their Curiofity, Lice
found on the Hawk, three Sorts: on the
large Pigeon, the Turtle-Dove, the Hen,
the Starling, the Crane : on the Moor-Hen
three Sorts: on the Magpie, the Heron,
the lefler Heron, the Swan, the Turkifh
Duck, the Sea-Mew, the finaller Swan : on
the wild Goofe two Sorts: on the Teal, the
Kaftrel, the Peacock, the white Peacock,
the Capon, the Crow, the white Starling :
on Sweetmeats and Drugs: on Men two
Sarts, namely, the common Loufe and the

* Rent calls the Vermin on Beafts Pediculi, or Lices thofe
on Birds Palices, or Fleas. He fays every Kind of Bird has
its particular Sort of Fleas, different from thofe of other Birds:
that all when firft hatchied are white, but gradually acquire
a Colour like the Feathers they live among; yet remain
tranfparent enough for a good Microfespe to difcover the Mo-
tions of their Inteftines : that the Crane has a white Sort,
marked as it were with #yabic Charafters: and that their
Size is not proportioned to the Birds they breed upon, for
the Htle Black-Bird has Firas as large as the Swan.

: ?'Llé"’
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Crab-Loufe : on the Goat, the Camel, the
+ Afs, the African Ram, the African Hen :
on the Stag two Sorts, and on the § Tiger.

CH A P. - XXIL
Of the Woop-Louse.

Here is a little Animal, in Shape and
Colour like a Loufe, that runs {wiftly
by Starts or Steps, and- is commonly found
on the Leaves and Covers of Books, or
amongft rotten Wood :- it is called a Wood~
Loufe, or IWood-Mite, and is known almoft
to every body. ‘The Eyes of this Creature
are of 2 golden Colour, and can be drawn in
or thruft out at Pleafure; the periftaltic
Motion of the Bowels appears in it diftinct-
ly, and, what is fill' mere wonderful, a
Motion of the Brain is feen.

I take this to be the Animal Mr. Deruam
calls the Pediculus Pulfatorius, or Deoti-
Wateh (in Phil. Tranf: Numb.'291.) where
he fays the Pediculus Pulfatorius and- the
Scarabeus Sonicephalus are the enly two In-
{ects that make regular clicking Noifes like
the Beat of a Pocket-Watch.

+ ArysrorLe in his Hiffory sy“ﬁaimah, and PLiNy op
his Authority, afferss, that /s and Sheep are free from Ver.
min: bat REps proves they are both mitaleen-as to the 45 ;
and asto the S peep, every Shepherd=Boy is able to con futethem.

1 The Loufe of a Lion, refembles that of the Ziger in Shape,
but is larger, and of a brighter red. Vid. Rent Experim.
xirca Ginerat, Infeid, pe 312, & feq.

HAP.
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C H A P. XXIL
Qf M1t ss.

WY Y Mites are conimonly underftood the

minute Creatures found in great Abun=
dance in Cheefe that is decaying. To the
naked Eye they appear like moving Particles
of Duft; but the Micrgfeope difcovers them
to be Animals perfect in all their Members,
having as regular a Figure, and performing
all the neceflary Offices of Life in as orderly
a Manner, as Creatures that exceed them
many millions of Times in Bulk.

They are cruftaceous * Animals, and ufu-
ally tranfparent. The principal Parts of them
are, the Head, the Neck, and Body. The
Head is fmall in Proportion to the Body,
with a fharp Snout, and a Mouth that opens
and fhuts like a Mole’s. They have two
little Eyes, and are extremely quick-fighted ;
for if you touch them once with a Pin or
other Inftrument, you’ll perceive how readi=
ly they avoid a fecond Touch. Some have
fix Legs, and others eight ; which proves
them of different Sorts, tho’ in every refpett
befides they appear alike. Each Leg has fix
Joints, furrounded with Hairs, and two little

o

* Vid. Power’s Obferv. Hook's Microgr. p. 214.
Claws
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Claws at the Extremity thereof, which can
eafily take up any thing. The hinder Part
of the Body is plump and bulky, and ends
in an oval Form, with a few exceeding long
Hairs iffuing therefrom. Other Parts of the
Body and Head are alfo thinly befet with
long Hairs.

Thefe Creatures are Male and Female.
The Female lay Eggs ; whence (as in Lice
and Spiders) the young ones iffue forth with
all their Members perfect, though moft ex-
ceedingly minute: but, notwithftanding their
Shape does not alter, they caft their Skins
feveral Times before ‘they attain their full
Growth.

They may be kept alive many Months
between two concave Glafles, and applied to
the Microfcope at Pleafure; and by often
looking at them, many curious Particulars
will be difcovered. They may thus frequent-
ly be feen 7z Costu*, conjoined Tail to Tail;
for though the Penis of the Male be in the
Middle of the Belly, it turns backwards like
that of the Rbinoceros. 'The Coitus is per=
formed with an incredibly fwift Motion.
Their Eggs in warm Weather hatch in
twelve or fourteen Days; but in Winter-
time, and cold Weather, not under feveral

* Vide Arev Natv Tom. IV, p. 360.
Vor. L. O Weeks.
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Weeks, It is not uncommon to fee the
young ones firuggling to get clear of the
ng—fhcll which fometimes they are a Day
about.

'The Diameter of a Mite's Egg feems equal
to the # Diameter of the Hair of a2 Man’s
Head ; and fix hundred fuch Hairs are about
equal to the Length of an Inch. ‘Suppofing
then a Pigeon’s Egg is three Quarters of an
Inch in Diameter, four hundred and fifty
Diameters of a Mite's Egg are but equal to
the Diameter of the Egg of a Pigeon ; and
confequently, if their Figures be alike, we
muft conclude that ninety-one millions an
hundred and twenty thoufand Eggs of a Mite
are not larger than one Pigeon’s IL‘*rr

Mites are moft voracicus Anial s 3 for
they devour not only Cheefe, but likewife
all Sorts of dried Fifh or Fleth, dried Fruits,
Grain of all Sorts, and almott every thing
befides that has a certain Degree of Moifture
without being over-wet: nay, they may
often be obferved preying upon one another.
In eating, they thruft one Jaw forwards and
the other backwards alternately, whereby
they appear to grind their Food ; and after
they have done feeding, they feem to munch

and chew the Cud.

& Phil. Tran/. Numb. 333. & 284.
Thefe




Of MiTES. 189

Thefe are the Vermin that find a Way in-
to the Cabinets of the Curious, and eat up
their fine Butterflies and other choice Infets,
leaving nothing in their Stead but Duit and
Ruins. The beft Method of preventing this
is, to keep the Drawers or Boxes cuntmmll
{upplied with Camphire, whole hot and dry
Effluvia penctrate, fhrivel up, and deftroy
the tender Bodies of thefe little mifchievous
Plunderers.

It muft however be remembered, that
there are feveral Species of Mifes, which
differ in fome Particulars, though their gene=-
ral Figure and the Nature of them be the
fame. For Inftance, the Mites * in Malt-
Duft and Oatmeal-Duft are nimbler than

Cheefe- Mites, and have more and longer
Hairs. The Mites amongft Figs refemble
Scarabs, hfwe two le‘,rs at the Snout, and
two very long Horns over them, with three
Legs omy on each Side; and are more flug-
gnh than thofe in Malt. Mr. LeguwEN=
HOEK obferved fome Mifes on Figs to hdve
longer Hairs than he had feen on any other
Sorts 3 and upon Examination found thofe
Hairs were {picated, or had other little Hairs
iffuing from their Sides: whence he ima-
ginge J they might be jointed at the little
Diftance where thefe Hairs come forth. He

® Vide Power’s Obfirw. p. 10,
0 2 had
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had alfo feen the like Hairs on other Mites,
though very feldom. Mr. Hoox defcribes
a Sort of thefe Animals, which he terms
wandering Mites *, as being to be found in
every Place almoft where they can get
Food. '

Happening fome Years ago to look into
an empty white Gallipot, I fancied it was
dufty ; but, on a nearer View, perceiving
the Particles to move, I examined them by
the Microfeope, and difcovered what I had
taken for Duft to be Swarms of thefe wan-
dering  Mites, which were tempted and
brought thither by the Smell of fome
Caviere that had been in the Gallipot a
few Days before.

‘The Mite is exceedingly tenacious of Life ;
I have kept them in my 'Glaflfes Months to-
gether, even without Food ; and Mr. Lesu-
WENHOEK f{ays, one he ftuck upon a Pin
before his Microfeope 4 lived in that Con-
dition eleven Weeks,

The Picture of the Mite is fhewn Plate
XIII. Fig. V.

One of its Eggs appears juft by, at 4.

® Hook’s Microg. p. zo05.
t dre. Nat. Tom. IV. pag. 363.




H A P. XXIV.
Of the FLEA.

3 YHIS well-known little Creature is
g covered all over with black hard thelly
Scales, Plates, or Divifions, curioufly jointed,
and folded over one another in fuch a Man-
ner as to comply with all the nimble Mo-
tions and Activity of the Animal, The Scales
are curioufly polithed, and belet about the
Edges with long Spikes, in the moft beau-
tiful and regular Order poﬁihle Its Neck
is finely ﬂ.rcned 'mri much refembles the
Form of a Lobfter’s T'ail. The Head is very
e\'tmordumry, for from the Snout-part there-
of proku,d its two Fou,»f gs, and between
them lies the Piercer or S \J(,lxk,l wherewith it
penetrates the Skin of other living Creatures
and draws out its Food. It has two large
beautiful black” Eyes, and a Pair of lf.ttle,
Horns or Feelers, Four other Legs are join-
ed on at the Breaft, {o that it has fix in all;
which, when it lc.lp's, fold fhort one with-
in another, and, exerting their Spring all at
the fame n{}nnt, carry the Creature to a
{furprifing Diftance. The Legs have many
Joints, are very hairy, and terminate in two
iong tharp hooked Claws, as may be feen

Fig. VI, Plate XIII.
03 The
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The Flea’s Piercer or Sucker is lodged be-=

tween its Fore-Legs, and includes a Couple
of Durts or Lancets, which, after the Piercer
has made an Entrance ¥, are probably thruft
farther into the Flefh, to make the Elood
flow from the adjacent Parts, that it may be
fucked up; and {feems to occafion that round
red Spot, with a Hole in the Center of it,
which we commonly call a Flea- Bite. This
Piercer, its Sheath opening fideways, and
the two Lancets within it, are very difficult
to be feen, 4 unlefs the two Fore-Legs, be-
tween which they are ufually folded in and
concealed from View, be cut off clefe to the
Head : for a Flea rarely puts cut its Piercer
except at the Time of Feeding, but on the
contrary kéeps it clofely folded inwards : the
beft Way therefore of coming at it is, by
cutting of the Head firft, and then the
Fore-Legs ; fince in the Agonies of Death
it may eafily be managed, and brought be-
fore the Microfcape.

Fleas are Male and Female, and lay Eggs
as well s Lice and Mites ; but are extremely
different in ali the Progrefs of their Lives be-
fides, pafling thro’ the fame Changes exa&ly
as the Silkworm does. They depofit their
Eggs at the Roots of the Hair of Cats, Dogs,

® Vide dre. Nat. de1e Tom. 1V, p. 22.

4 Ibid. p. 332, Phil Tran/. Numb. 249. -

and




)f the F L E A, 193

and other Animals, fticking them faft there-
to by a Kind of glutinous Moifture. When
the Eggs hatch, not perfeét Fleas, but little
Worms or Maggots, whofe Bodies have fe-
veral annular Divifions thinly covered with
long Hairs, come out of them, and feed on
the juices of the Animal, whereto they clofe-
ly adhere ¥, Thefe Maggots are very brifk
and nimble ; but if touched, or uhder any
Fear, roll themfelves up on a fudden in a
round Figure, and continue motionlefs for
fome Time; after which they flowly open
themfelves and crawl away, as Caterpillars
do, with a lively and fwift Motion.

When the Time of their Change ap-
proaches, they conceal themitlves as much
as poffible ; eat nothing, lie quiet, and feem
as if dying : but if viewed with the Micro-

Jeope, will be found, with the Silk or Web

that comes out of their Mouth, weaving a
Covering' or Bag round them, whofe Infide
is as white as Paper, though without it al-
ways appears {oiled with Dirt. In this Bag
they put on the Chryfalis or Aurelia Form,
and become Milk-white : but two or three
Days before they break from this Prifon,
their Colour darkens, they acquire Firm-
nefs and Strength, and as foon as they iflue
from the Bag are perfec? Fleas, and able to
leap away.

# Phil. Tran/. Numb. 249,
0 4 It
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It has been difcovered, by putting the
Eggs of Fleas in a {mall Glafs Tube, and
keeping it conftantly warm in one’s Bofom,
that, in the midft of Summer, they hatch
in four Days : then, feeding the Marmotb
Wlth dead Flies, which they fuck crcedlly,
in eleven Days they come to the full Perfec-
tion of their reptile State : when the Maggot
{pins its Bag, and in four Days more changes
into a Chryfalis 3 after lying in which Con-
dgition nine Days, it becomes a perfec? Flea.
It is then immediately capable of Coition,
and in three or four Days lays Eggs. So
that in * twenty-eight Days a Flea may
come from the Egg itfelf, and propagate its
Kind : and their vaft Increafe will not feem
fo great a Wonder, if we confider, that
from Mareh to December there may be feven
or eight Generations of them. After having
laid their Eggs they foon die, as all Creatures
do that undergo fuch like Changes.

By keeping Fleas in a Glafs Tube corked
at both Ends, but {o as to admit freth Air,
their feveral Actions may be obferved, and
particularly their Way of coupling, which is
performed Tail to Tail, the Female (which
is much the larger) ftanding over the Male.
They will alfo be feen to lay their Eggs, not
all ‘at once, but ten or twelve in a Day for

¢ Vid. dre, Nat. Tom. IV, p. 325.
2 feveral
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feveral Days fuccefiively ; which Eggs hatch
in the {fame Order.

A Difle&ion of the Flea may be effe&-
ed after the fame Method as that of the
Loufe, that is, in Water : the * Stomach and
Bowels, with their periftaltic Motion, may
plainlybediftinguifbed, and alfo the 4 Teftes
and Penis, toacthcr with Veins and Arteries
minute bﬂvond Conception., LEEUWEN-
work affirms, that he has likewife difcovered
innumerable Animalcules fhaped like Ser-
pents in the Semen mafeculinum of a Flea.

Two Things in this Creature deferve our
Confideration, to wit, its furprifing Agility,
and its prodigious Strength, whereby it is
enabled to leap above an hundred Times its
own Length; as has been proved by Expe-
riments, What vigorous Mufcles | and how
weak and fluggifh, in Proportion to its own
Bulk, is the Horfe, the Camel, or the Ele-
phant, if compared with this puny Infect!

A Flea’s Egg is fhown Plate XIII. Fig,
¥iI. 3

The Worm or Maggot proceeding from it,
Fig. VL. 2.

* Vid. Are. Nar. Tom, IV. p. 20.
T Again, pag. 335.

C HAP.
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CHAP. XXV.

Of SPIDERS,
EVE RY body is {o well acquainted with

the general Form of a Spider, even
without the Affiftance of a Microfeope, that
I thall fpend no Time in the Defcription of
it ; but proceed to give an Account of fome
Particulars in this Animal which are difco-~
verable only by that Inftrument.

As a Fly (the Spider’s natural Prey) is
extremely cautious and nimble, and comes
ufually from above, it was neceffary the
Spider thould be furnifthed with a quick
Sight, and an Ability of looking upwards,
forwards, and fideways, at the fame Time :
and the Microfcope fhews, that the Num-
ber, Structure, and Difpofition of its Eyes
are wonderfully adapted to ferve all thefe
Purpofes.

Moft Spiders bave eight Eyes * : two on
the Top of the Head or Body (for there is
no Divifion between them, a Spider having
no Neck) that look direGly upwards; two
others in Front, a little below thefe, to dif-
cover all that pafles forwards ; and on each
Side a couple more, one whereof points fide-

®.N. B, Spiders Eyes art not pearled,
A ways
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ways forwards, and the other fideways back-
wards : {o that it can fee almoft quite round
it. All Kinds of them have not, indeed, 2
like Number of Eyes; for we find ten in
{fome, in others only eight, fix, or four; and
in the Field, Long-Legs, or Shepberd-Spider,
no more than two. But whatever the
Number be, they are immoveable and
tran{parent ; are fituated in a moft curious
Manner, and deferve the firicteflt Examina-
tion. The beft Way of viewing them is, to
cut off the Legs and Tail, and bring only the
Head-part before the Microfigpe.

Al Spiders have eight Legs, which they
employ in walking, and two Arms or thorter
Legs near the Mouth, that affift in taking
their Prey. They appear thickly befet with
Hair, have each fix Joints, and end with
two hooked Claws, ferrated, or having
Teeth like a Saw on their Infide, whereb
they cling faft to any thing ; and at a little
Diftance from thele Claws 2 Sort of Spur
ftands out, without any Teeth at all; * Sce
Fig. VII. Plate XIII.

But the dreadful Weapons wherewith the
Spider feizes and kills its Prey are a Pair of
fharp crooked Claws or Forceps (by fome,
tho’ very improperly, called Stings), in the
Fore-part of its Head. The Scolopendra,
or Indian Millepes, and feveral other In-
{ects, have WeaPons of the like Form, and

fervix:g




198 Qf SPIDERS.

ferving to the fame Purpofe. Thefe Claws
or Pincers ftand horizontally ; and are, when
not made ufe of, concealed in two Cafes
contrived for their Reception : into which
they fold like a Clafp-knife, and there lie
between two Rows of Teeth, that are like=
wife employed to hold faft its Prey. This
Apparatus is better thewn than defcribed :
See Fig. VIIL

Mr. LEruwENHOEK informs us, * that
each of thefe Claws or Pincers has a fmall
Aperture or Slit near its Point, as in a Viper’s
Tooth ; thro’ which he fuppofes a poifon-
ous Juice is injected into the Wound it
makes, occafioning Death to Flies and other
Infe&s. But Dr. MeAD, in his moft excel-
lent Effay on Poifons, believes this to be a
great Miftake ; having not been able to dif-
cern any Exit or Opening, tho’ he viewed
thefe Parts feveral Times with a very good
Microfecope. And he was the more confirmed
in this Opinion, by examining a Claw of the
great American Spider, defcribed by Piso,
and called Nbamdu, given him by Mr. Pe-
TIvER ; which being about fifty Times
bigger than that of any European Spider, if
there had been any Slit in it, he doubted
not his Glafs would have difcovered it ; but
yet he found it to be quite folid. Befides;

*® Vid. Are. Nat. Tom. IV, Par.IL p. s19.

¢ after
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<€ after repeated T'rials, he plainly faw that
¢ nothing dropped out of the Claws, which
¢“ were always dry while the Spider bit ; but
““ that a fhort white Probofcis was at the
“¢ fame Time thruft out of the Mouth, which
““inftilled a Liquor into the Wound.” And
he farther obferves, ¢ that the Quantity of
¢¢ Liquor emitted by our common Spiders,
““ when they kill their Prey, is vifibly fo
“ great, and the wounding Weapons fo
““ minute, that they could contain but a
““ very inconfiderable Portion thereof, if it

¢ were to be difcharged that Way,”

Spiders frequently caft their Skins, which
may be found in Cobwebs, perfectly dry and
tranfparent ; and from fuch Skins the For-
ceps or Claws (for they are always fhed with
the Skin) may eafier be feparated, and ex-
amined with more Exa&nefs, than in a living
Spider : for they commonly appear fpread
out fairly to View, and, by their Tranfpa-
rency, every minute Part is feen with much
Diftin&nefs. But neither this Way, nor
any other, have I been ever able to difcern

the Aperture Mr. LEEUWENHOEK fpcaks
of.

The Contexture of the Webs of Spiders,
and their Manner of weaving them, are far-
ther Difcoveries of the Microfcope ; for that
informs us, that the Spider has five little

Teats
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Teats or Nipples near the Extremity of the
Tail, whence a gummy Liquor proceeds;
which adheres to any thing it is preffed
againft ; and being drawn out, hardens in-
ftantly in the Air, and becomes a String or
Thread, ftrong enough to bear five or fix
Times the Weight of the Spider’s Body. This
Thread is compofed of feveral finer ones
that are drawn out fep"rateu, but unite to-
gether two or three Hairs Breadth diftant
from the Body of the Spider. The Threads
are finer or coarfer, according to the Bignefs
of the Spider that {pins them. Mr. Leru=
WENHOEK computes, that an hundred of the
fineft Threads of a full-grewn Spider are not
equal to the Diameter of the Hair of his
Beard ; and, confequently, if the Threads
and the Hair be round, ten thoufand fuch
Threads are not bigger than fuch an Hair.
He calculated f’ll‘th@.{', that when young Spi=
ders firft begin to pin, four hundred of them
are not larger than one that is full-grown ;
and therefore the Thread of fuch a little
Spider is {maller by four hundred Times than
the Thread of a full-grown one : allowing
which, four Millions of a young Spider’s

Threads are not {o big as the fingle Hair of

a Man’s Beard ¥,

® Péil, Tranfi Numb. 272,
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The Eggs of fome Spiders are very plea-
fant Objets, being round at one End and
flatti{h-at the other, with a Depreflion in the
Center of the flattith End, and a yellowifh
Circle round it. Their Colour is a blueith
White, like counterfeited Pearl; and when
they hatch, the Zstle Spiders come out per-
feétly formed, and run about very nimbly.
The Female depofits her Eggs, to the Num-
ber of five or fix hundred, in a Bag ftrongly
compofed of her own Web, which fhe ei=
ther carries under her Belly, and guards
with the greateft Care, or elfe hides in fome
fafe Recefs. As foon as the Eggs are hatch-
ed, the minute Spiders appear very agreeably
in the Microfeope.

It has been before obferved, that the Cur-
rent of the Blood may be feen in the Legs
and Body of this Creature ; and the judi-
cious Obferver will difcover many other
Wonders in the Diffetion and Examination
of its feveral Parts, which it would be tire=
fome for me to dwell on here. I cannot,
however, conclude this Head without point=
ing out two or three Kinds of Spiders as
particularly worth Notice.

There is a little white Field Spider, with
fhort Legs, found plentifully among new
Hay, whofe Body appears like white Am-
ber, with black Knobs, out of each where-

of
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of grow Prickles like Whin-Pricks. Some
have fix, fome cight Eyes, that may be dif-
tinctly feen, quick and lively : each Eye has
a Violet-blue Pupil, clear and admirable,
furrounded by a pale yellow Circle *.

The wandering or - bunting Spider, who
fpins no Web, but runs and leaps by Fits,
has two Tufts of Feathers fixt to its Fore-
Paws, which well deferve being placed be-
fore the Microfcope : the Variety and Beauty
of Colouring all over this little Creature
afford likewife a moft delightful View.

The § Long-Legs, Field, or Shepberd-
Spider'is a moft wonderful Creature : It has
two Fore-Claws at a great Diftance from
the Head, tipped with Black like a Crab’s,
that open and fhut in the Manner of a Scor-

ion’s, and are Saw-like, or indented, on
the Infide.—Cut all the Legs from this Spz-
der; and place it before the Microfcope, and

ou will difcover, that the Protuberance on
the Top of the Back is furnifhed with two
fine Jet-black Eyes.

The little red Spider that creeps on the
Barks of Trees thould alfo not be negleéted.

® Dr. Power’s Microfecp.' Obferwat. p. 13.
+ Hoox’s Microg. p. 200, 1 Ibid. p. 14.

CHAP.
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CHAP XXVI.
Of the G N A T.

HE Produétion of this Creature is from

an Egg, depofited by its Parent upon
the Waters, which firft becomes a #orm or
Maggot, then a very odd aguatic Antmal (de-
fcribed page 88.) and afterwards a Guat.

The particular Beauties of it cannot pofii-
bly be difcovered without the Microfeope; but
by the Affiftance of that Inftrument, it ap-
pears to be adorned by Nature in a more
extraordinary Manner than moft other living
Creatures are. Its Tail-part is covered over
with Feathers, moft exquifitely difpofed in
Rows of different Colours, but yet perfectly
tranfparent. The Breaft * (which is cruf-
taceous) is bedecked with little ftiff Hairs
or Briftles, inftead of Feathers; and from
thence fix hairy Legs proceed, with fix Joints
to each, and at the End two little Claws.
The Feet are all over feathered in a Manner
refembling the Scales of Fithes, with Abun-
dance of little black Hairs amongft them,
appearing {tubborn like Hogs Briftles. Its
Wings are encompafled with a Furbelow of
long Feathers : and the Veins or Ribs that

* SwammirD, Hiff. Generale des Injelies, . 108,
Vor, L. P ferve




Zo4 Of the GN A& T.
fw\c to ftrengthen them are alfo either fea~
thered or rl B;tuu*n thefe Ribs an ex-

cuedmg thin tranfparent Membrane 15 ex-
tended, full of little black J‘hxrp-pcu‘,t:&
Hairs, that are ranged every where with the
utmoft Regularity. But as there are ¥ dif-
ferent Sorts’ of Gnats, their Wings are alfo
very different, fome having a Border of long
Feathers, others of fhort ones, and others
none at all: tie Rib-work of the Wings,
likewife, in fome is feathered, in fome fcaled,
and in fome befet with Prickles.

But the moft wonderful Part of this Crea-
ture is its Head ; as it contains the Hoerns,
the S‘tiu.g or Sucker, and the Eyes. The
Horns of the brufh-horned or Male Gnat are
a. mofit L“mmmg Objet : it has two Pair,
one whereof is furrounded, at little Diftances,
with long Hairs xﬂumq out circularly ; each
Circle Ieﬂeumo more than other as it frands
nearer th ::xt"enuL of the Horns : and the
Whole togctimr cmﬂly reprefenting the Fi-
gure of the Plant called Egqufetum or Horfe~
tail.  The other Pair is longer and much
thicker than the foregoing, and hairy from
End to End. 1In the ﬂf‘.’-’* bellied or Female
u.fzm, the firft Pair. of Florns, though of the

* Mr. Deritamy obferved near forty diffierent Species of
(rndlS about the Place where he lived, which was Upminier
 Vide Payfhis-T beclogys pr 3785 .
{ame
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fame Figure as the Male’s, has Hairs not
near fo long, and the fecond Pair is fhorter
than the firlt by at lealt three Parts in four.

The Prercer, Sting, or Sucker, is a Cafe
covered with long Scales, that lies concealed
under the * Gugr's Throat when not made
ufe of. The Side opens, and four Darts are
thruft out thence occafionally ; one wheres
of (minute as it 1s) ferves for a Sheath to
the other thrée. The Sides of them are EX=
tremely {harp, and they are barbed or jne<
dented towards the Point, whofe Finenefs is
inexpreflible, and fcarcely to be difcerned by
the greateft Magnifier. When thefe Darts
are thruft into the Flefh of Animals, either
fucceflively or in Conjunétion, the Blood
and Humours of the adjacent Parts: muift
flow to and caufe a Tumour about the
Wound, whoft little Orifice being clofed up
by the Compreflion of the external Air, cam
afford them no Outlet. When 3 Guu? finds
any tender juicy Fruits or Liquors, the fucks
up what fhe likes through the outer Cafe,
without ufing the Durts at all: but if it i
Fleth that rehifts her Efforts, fhe ftings very
feverely, then fheaths her Weapons in their
Scabbard, and through them fucks up the
Juices the finds there. The Piin they caufe

—

* Vide &7, ¢f Nar. Eng. 12mo. Edit. Val. I. Dy 124
ar - = ¥ 5 1

P2 is
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is only while they are entering, and con-
tiiues not when the Gnat is fucking : nor is
its Stinging out of Revenge, but from mere
Neceflity to obtain a proper Suftenance.

The Gnat’s four Darts are fhewn Plate
XIII. Fig. IX. a. 4. c. d.

A Gnat’s Eyes, which form the greateft
Part of its Head, are pearled, or compofed
of many Rows of little femicircular Protu-
berances ranged with the utmoft Exactitude.
W hat thefe Protuberances are, and the Pur-~
pofes whereto they ferve, will be explained
when ‘'we come to treat of the Eyes of In-

Seéts.

The Motion of the Itneftines may be feen
in the tranfparent Parts of this Animal; and
upon Diffeétion many curious Difcoveries
may be made. Mr. LEEUWENHOEK fays,
he found in the * Semen of the Male num-
berlefs Animaleules {maller than thofe in
Fleas; and in the Female a furprizing Quan-
tity of Eggs. And, indeed, the Spawn of
this [nfect is amazingly great in Proportion
to its Sige, being feen floating on the Waters
(though always faftened to fomething to pre=
vent its {wimming away) fometimes above
an Inch in Length, and half a quarter in Dia-
.meter ; the Eggs (each of which has a little

* Lesuwsw, dre. Nato Tom. IV. p. 22.

black
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black Speck) being placed in exa@ Order,
and kept together by a Sort of Jelly or glewy
IMatter, which the minute Maggots, when
hatched, carry down with them to the Bot-
tom, and thereby cement together the {mall
Particles of Earth or Sand that form their
Cells or Cafes.

CHAP. XXVIL
Of the Ox-FLY, or GAD-BEE,

NOTHER Creature that undergoes a

\ like Change, is the Ox-Fly, Dun-Fly,

or Gad-Bee, an Infe& very troublefome to
Cows and Horfes.

This, like the Gnat, has a long Probofcis,
with a tharp Dart or Darts theathed therein.
The Ufe of thefe Darts is to penetrate the
Flefh of Animals, and feed on their Blood ;
whereas the Probofcis can only ferve to fuck
the Juices, Honies, or Dews, from Fruits,
Flowers, or the Leaves of Plants : and Ppo-
vidence feems to have kindly farnifhed it
with this two-fold Inftrument, that if one
Sort of Provifion fails it may be able to fub-
fift on the other. It is worth Enquiry, whe=
ther Lice, Fleas, Houfe-Bugs, &c. are not
alfo provided for the fame Purpofe,

P2 The
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“The Egg of this Infe&t are deooﬁted in
the W ;\wrs, an d preduce an extmordumry
Kind of little Worm or Maggof, the Extre-
mity of whole ‘1"1 is incircled with move-
able Hms, whh_n being L\P"E](]C,d on the
Surface of the Water, enable it to float Llung,
asi® 1n Plate VII. Fig. XII. 2. When it
would deftend tow-vrdq the Buttom, thefe
Hairs are made to ap knoucr‘ each other in an
aval Form, and inclofe a litile Bubble of Air;
by Means whereof it is able to rile again:

and if this Bubble efcapes, as fnmetimcs 1t
‘wﬂl the Infedt immec hdtuy’ fGueezes out of
its own Body anather like Bubble to fupply
tlw 1’ ace thereof. The Magygot, as defcend=-
g, is thewn Fig. XIIL 4. " Its Snout has
three Rivifions, whence. three little pointed
Bedies are thruft out, in continyal Motion,
like the Tongues of Serpents.

Thele .angfqm are. freguently to he met
with.-in Water taken from the Surface of
Ditchaes. The Motion of their Inteftines is
pecfectly fingular and diftinguifhable, and
they are Objects well deferving our particu-
lar Qbflervation.

* Vidy SwammerD. Hiff, Guuerale des Infelies, p. 148.
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Of the STinGs ¢f InsecTs.

HE fharp and penetrating Inflrumen
wherewith the Tails of Bees, Waipa,
Hornets, Ants, and fome other Infeéts are
armed, I dji'hrwmfn by the Name of Stings;
being \’*,fupc,nb given them by Nature to
defend ther wrc'ms and offend their Enemies -
whereas the Trank or Probofeis which Gnats,
Fleas, Lice, and many other Kinds c: Ty in
their Mouth, though it may be equally ﬂ'l'll‘p
is not intended as an Inftrument of Rwenrre,
but for procuring and fucking in their F ood
and therefore when fuch Creatutres bite or
Itmﬂ' us, as we term it, we muft not J_m.f!.gmc
hc_v de {o out of Anger, but from Neceflity.
Squeem or {trike a Ba or Wafp, it inftant-
ly puts forth its .SJr;f'r; but no Provocation
can urge a Flea or "Gnat to bite: on the
contrary, when difturbed ot hurt, they draw
in their Probofeis inftead of thrufting it out,
and never make ufe of it but when thcy
think themfelves perfe@ly fafe and o Juiet.
There is befides this farther Difference: 2
Sting wmjecls a venomous Li iquor iffto the
Wound it makes; but a Probofiis fucks or
draws out the Blood and Humours from it.
i As
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As the Stru@ure and Contrivance of moft
Stings are nearly alike, by defcribing one the
reft will be underftood. I fhall, therefore,
give a brief Account of the Sting of a Bee,
as difcovered by the Micrgfigpe.

C-HA P. XXIX,

Of e Bers STiNG,

HE Sting of a Bee is a horny Sheath

or Scabbard that includes two bearded
Darts. This Sheath ends in a fharp Point :
near the Extremity whereof a Slit opens,
through which, at the Time of Stinging, two
bearded Darts are protruded beyond the End
of the Sheath ; one whereof, being a little
longer than the other, fixes its Beard firft ;
but the other inftantly following, they pene-
trate alternately deeper and deeper, taking
hold of the Flefth with their Hooks, till the
whole Sting becomes buried in the Wound :
and then a venomous Juice is injected, thro’
the fame Sheath, from a little Bag at the
Root of the Sting, which occafions an acute
Pain, and a Swelling of the Part, continuing
fometimes feveral Days. This is beft pre-
vented by enlarging the Wound immediate-
ly, to give it fome Difcharge,
9 ' The
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The two Darts lie within the Sting, as in
Plate XIII. Fig. X. a.
When thruftoyt, theyappearasin Fig. X. 4.

Mr. Deruam fays, he counted in the
Sting of a Wafp eight Beards on the Side of
each Dart, {fomewhat like the Beards of Fifh-
hooks ; and I have obferved the fame Num-
ber in that of a Bee. When thefe Beards are
ftruck deep in the Flefh, if the wounded
Perfon ftarts before the Bee can difengage
them, the leaves her Stng behind fticking
in the Wound : but if he has Patience to
. ftand quiet till the brings the Hooks clofe
down to the Side of the Darts, the withdraws
her Weapon, and the Wound becomes much
lefs painful. A Wafp is not f{o liable as a
Bee to leave its Szizg behind, the Beards of
it being rather fhorter, and the Animal
ftrongcr and more nimble *. '

To view the Sting of a Bee by the Mi-
crofcope, cut off the End of its Tail, and
then touching it with a Pin or Needle, it
will thruft out the Stzng and Darts, which
may be fnipt off with a Pair of Sciffars and
kept for Obfervation.  Alfo if you catch a
Bee in a Leather Glove, its Sting will be

* Vid. Deruan’s Phyf Theol. p. z41.  Spedl. de la Nat.
Dial. VI,
bt left
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left therein, being unable to difengage its
Hooks from Leﬂher + and when it 1s quite
dead, which it will not be till after feveral
Hours, you may, by Care and Gentlenefs,
extract it with its Darts and Hooks. By
fqueezing the Tail, pulling out the Sting,
and prefling it at the Bottom, you may like-
wife lorce up the Darts ; but without fome
Pra&ice this will be a little difficult.

The Bag containing the poifonous Juice
may eafily be found At the Bottom of the
Sz‘zhg, and e examined, being commonly pull-
ed out with it : and, by letting the Bee
flrike its §ting upon fome hard Body, enough
of the {aid Juice.may be obtained to put upon
a, Slip of Glafs, in order to view the Salts
floating therein at firft, and afterwards fhoot=
ing into Cryftals.

C.H A:P.. XXXs
Of the STING ¢f @ ScorrloN.

E QOW’ far the Sting of a Scorpion is of a
like Stru&ure with that of a Bee, I ne~
ver: had. the Qpportunity of examining, as
none of them are brought alive to England ;
but the Curious that go abroqd to hot Coun-
tries, where they are produced, would do
well to obferve particularly, uhct Her'a Dart

or
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or Darts are not theathed in the horny Sting
at the Extremity of their Tail.

The Opinions of Authors are very differ-
ent as to this Creature’s having or not hav-
ing any Opening in its Sting, through which
a Poifon iflues into the Wound it makes.
GALEN Ll}q there is none ;3 Priny, TER-
TULLIAN,ALIAN,/ LDL\OVA\\'D,U]d others
aflert, on the contrary, that there is. But I
think this Matter is {et in the trueft Light
by Swn'or Repi, that diligent Natu rah{"c
who took the Pains to examine Scorpions
brought from Tun1s, from EeyeT, and
from ITary, in order to dilcover this Aper-
ture, with two of the belt AMicr: fm[r’a in
the Mufeum of the Grand Duke of Tus-
CANY, one whereof was made at RoME,
and the other in ENgrLAaND : but, though
thele Glafles were excellent, he was unable
to difcern the leaft Perforation. However,
not fatisfied with only viewing them, he en-
deavoured by Preflure to I]uube from the
Cavity of the Szing any Liquor it might con-
tain ; but he found it fo hard and horny,
that Squeezing could have no Effect. He,
moreover, caufed a Scorpion to ftrike on a
Plate of Iron, but no Moifture appeared
thereon ; fo that he began to conclude Ga~
LEN’S OplﬂlO‘l right : when he difcovered,
accidentally, an qu,cdmcr {fmall and almoi’c
invifible Drop of whize Ligzwf upon the

1ing 3

&
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Sting * ; which convinced him that Fr1an
fays true, where he aflerts, that the Perfo-
ration in a Scorpion’s Sting is {mall beyond
the Poffibility of being feen. And fuch a
Drop he frequently faw afterwards, in the
Progrefs of his Experiments, on the Stings
of feveral Scorpions, at the Time of their
Striking : which Drop entering the Wound,
produced the moft fatal Effects .

What a virulent and furprizing Poifon
muft this be! that in {o very minute a Quan-
tity can contaminate the whole Mafs of the
Fluids, and bring on fudden Death, not only
in Man, and other {maller Creatures, but
even in Lions, Camels, and Elephants, as
we are aflured it will! How fubtle, how
penetrating, how divifible, muft the compo-
nent Particles of this little Speck of Venom
be! and how ftrong a Proof it affords, that
the greateft Changes imaginable may be
wrought in the human Body, by the Ad-
mixture of different Liquors with the Blood
even in the fmalleft Quantities !

* Vid. Rent de Gener. Infect. p. 127,

+ Mr. Leevwennozx difcovered an Opening on each
Side of the Sting for the Emiffion of this Poifon : which he
fuppofes 1s not difcharged till the Sting is buried in the
Wound, Vid. dre. Nat, Tom. IL p. 167,

CHAP.
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CHAP. XXXIL
Of the Porson ¢f a VIPER.

HE Mifchief done by the #iper, or any

l other Serpent, is not effected by Means
of a Sting (for what is darted out of its
Mouth, and by the Vulgar fuppofed a Sting,
is nothing but the Tongue of the Animal,
and perfeétly harmle(s) : but its Teeth are
the dreadful Weapons wherein the Poifon
lies ; and its Bize 1s all we need to fear,

Dr. MEAD, in his moft valuable Effay on
the Poifon of the Viper, has deferibed thefe
Teeth and their Poifon fo much better
than it is peflible for me to do, that I fhall
beg Leave to borrow the chief I have to fay
from him.

The poilonous Fangs or great Teeth are
crooked and bent : they are hollow from
the Root a confiderable Way up, not to the
very Point (which is folid and fharp to pe-
netrate the better), but to within a little Dif-
tanceof it; asmay be feen by fplitting a Tooth
through the Middle. This Cavity ends in a
vifible Slit refembling 2 Nip or Cut of a Pen.
See Plate XIII. Fig. XI. The Poifon is
ejected through this Slit from a Bag at the
Rootof the Teeth, intowhich it is di fi:hu.rgcd
by a Duét juft behind the Orbit of the Eye,

from
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from a conglomerated Gland that feparates
it from the Blood.

The venomous Juice of the #7per may be
got by enraging it till it bites on {omething
folid. This Juice the Doétor put carefully
on a Glafs Plate, and examined it by the
Microfeope.  Upon the firft Sight, he could
difcover nothing but a Parcel of fmall Salts
nimbly floating in the Liquor: but in a very
fhort Time the Appearance was changed,
and thofe faline Particles were now fhot eut
as it were into Cryftals of an incredible
Tenuity or Sharpnefs, with fomething like
Knots, here and there, from which the
feemed to proceed : fo that the whole Tex-
ture did in .a Manner reprefent a Spider’s
Web, though infinitély finer and more mi-
nute ; and yet withal {o rigid were thefe pel-
lucid Spicula or Darts, that they femained
unaltered upon his Glafs for feéveéral Months.
And, by confidering the neceflary Effe@s of
fuch Spicula in the Blood, this learned Phy-
fician accounts very realonably for all the
Symptoms ufually fucceeding the Bite of
this Animal.

Gavren fays, the Mountebanks of his Timé
ufed, with fome Kind of Pafte; to ftop the
Perforations in the Tecth of Pipers, whereby
they kept in the Venom ; and then would
{uffer themfelves to be bit, pretending their
Antidotes prevented any ill Effects.
CHAP.
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C H AP. XXXIL

Of the SN AL,

HE * Snail has four Eyes, at the End

of optic Nerves, theathed in her Horns,
which fhe can:draw in or thrull out, turn
or direct, 2s {he finds moft convenient,

When the Horns are out, cut off nimbly
the Extremity of one of them, and placing
it before the Microfcope, you may difcover
the black Spot at the End to be really a
Semiglobular E}c’.

The Diffection of this Animal is Very cu=
rious; for the ;Wmajmp: does not only thew
the Heart beating juft againft a round Hole
near the Neck, which feemns the Place of
Refpiration ; but alfo the Liver, Spleen,
Stomach, Veins, Arteries, Guts, Mouth, and
Teeth. The Guts are green, from the Crea-
ture's eating Herbs, and branched all over
with fine capillar} white Veins. The Mouth
is like 2 Hare’s or Rabbet’s, with four or fix
Needle-Teeth vefembling thofe of Leeches,
and of a Subftance like Horn.

Snails  are all Hermapbrodites, having
both Sexes united in each Individual. They
lay their Eggs with great Care in the Earth;

———

* Vide Power’s Olferw. p. 38. LisTsr, Exere, duatom,
Lochl mm—Speit. dv In Natwre, Dial. Al
and
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and the young-ones come out, when hatch-
ed, with Shells completely formed, and of a
Minutenefs proportionable to their ownSize.
Thefe little Shells enlarge, as the Szails ad-
vance in Growth, by the Addition of new
Circles, of which Circles they always conti-
nue to be the Center.

Cutting off a Snail’s Head, a little Stone
appears, * which from its diuretic Quality
is of fingular Service in gravelly Diforders,
Immediately under this Sfome the beating
Heart is feen, with its Auricles, which are
membranous ; all of a white Colour, as are
al{o the Veffels iffuing therefrom. This /-
#le Stone feems intended to ferve inftead of a
Breaft-Bone, which moft other Creatures
have.

It is very remarkable, that Suasls difcharge
their Excrements at an Opening in the
Neck, that they breathe there, and that both
their Male and Female Parts of Generation
are fituated near the {fame Place. The Male
Part is very long, and in Shape refembles the
Penis of a Whale.

* Vid. SwammerD. Hiff. Generale des Infeies, p. 77,
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CHAP. XXXII.

Of “the commen F L Y.
TH E common Flyis adorned with Beau-

ties not to be conceived without a M-
crofcope. It is ftudded from Head to Tail
with Silver and Black, and its Body is all
over befet with Briftles pointing towards the
Tail. The Head of it contains two large
Eyes, encircled with Borders of Silver Hairs;
a wide Mouth, with an hairy Trunk or Ine
ftrument to take 1n its Food : a Pair of fthort
Horns, feveral ftiff black Briftles, and many
other Particulars difcoverable by the Micro~
Jeope*, Its Trunk confifts of two Parts, fold-
ing over one another, and fheathed in the
Mouth. The Extremity thereof is tharp
like a Knife, for the Separation of any thing.
The two Parts can alfo be formed occafion=~
ally into a Pair of Lips for taking up pro-
per Quantities of Food ; and by the Fiy's
fucking in the Air, they become a Kind of
Pump, to draw up the Juices of Fruits or
other Liquors.
Some Flies are much lighter coloured and
more tran{parent than others, and in fuch
the Motion of the Guts may be feen very

* Spedacls de la Nat. Dial, VIL
Vor. L. Q. diftin&ly,
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diftin&ly, working from the Stomach to-
wards the Anus; and alfo the Motion of
the Lungs, contracting and dilating them-
felves alternately. Upon opening a Fly, num-
berlefs Veins may likewife be difcovered, .
difperfed over the Surface of its Inteftines :
for the Veins being blackith, and the Intef-
tines white, they are plainly vifible by the
Micrgfcope, though two hundred thoufand
Times flenderer than the Hair of 2 Man's
Beard. According to* Mr. LEEUWENHOEK,
the Diameter of four hundred and fifty fuch
minute Veins were about equal to the Dia-
meter of a fingle Hair of his Beard ; and
confequently two hundred thoufand of them
put together would be about the Bignefs of
fuch an Hair.

In moft Kind of Flies the Female 15
furnithed with a moveable Tube at the End
of her Tail, by extending of which fhe
can convey her Eges into convenient Holes
and Receptacles, cither in Fleth or fuch
other Matters as may afford the young-ones
proper Nourithment. From the Eggs come
forth minute Worms or Maggots, which
after feeding for a whilein a voracious Man-
ner, arriving at their full Growth, become
transformed into little brown. Awureliass .

B

® Areo Nae. Tom. . ps 77

whence,
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whence, after fome Time longer, they ifiue
perfect Flies.

It would be endlefs to enumerate the dif-
ferent Sorts of Flies which may continually
be met with in the Meadows, Woods, and
Gardens ; and impofiible to defcribe their
various Plumes and Decorations, furpafling
all the Magnificence and Luxury of Drefs
in the Courts of the greateft Princes. Ever
curious Obferver will find them out him{elf,
and, with Amazement and Adoration, lift
up his Eyes from the Creature to the
CREATOR.

Gl A P XXXV,
Of the WEEvVIL, 07 CORN-BEETLE,

HE Weevil and the Welf are two

Kinds of fmall Infe@s that do Abun-
dance of Mifchief to many Sorts of Grain,
by eating into them and devouring all theip
Subftance.

The Weevil is fomewhat bigger than 2
large Loufe of the Scarab Kind, with two
pretty jointed tufted Horns, and a Trunk
or Piercer projeting from the Fore-part of
its Head. At the End of the Trunk (which
18 very long in Proportion to its Body), are 3
Sort of Forceps ot ftharp Teeth, wherewith
it gnaws its Way into the Heart of the

Q 2 Grain,
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Grain, either to feek its Food or depofit its
Eggs there.

By keeping thefe Creatures in Glafs
Tubes, with fome few Grains of Wheat,
their Copulation has been difcovered, and
likewife their Manner of Generation, which
is thus,— * The Female perforates a Grain
of Wheat, and therein depofits a fingle ob-
long Egg, or two Eggs at moft (a Grain of
Wheat being unable to maintain above one
or two of the young Brood when hatched),
and this the does to five or {ix Grains every
Day for feveral Days together. Thefe Eggs,
aot above the Size of a Grain of Sand, in
about feven Days produce an odd Sort of
white Maggots, which wriggles its Body

retty much, bat is {carce able to move from
Place to Place, as indeed it has no Occafion,
being happily lodged by its Parent where it
has Food enough. This Maggot turns into
an Aurelia, which in about fourteen Days
comes out a perfelt Weevil.

As many People are unacquainted with
the Weevil, aPicure of it is given Plate XIII.
Fig. XII.

Wevils when in the Egg, or not come to
their perfeét State, are often devoured by
Mites.

I

® Vide Lssuwey. Epift. de fexio Auguffi 1687. ad Reg.
%ociet.

CHAP.




CHAP. XXXV.
Of the W o L ¥,

HE Wolf is a little white #orm or
Maggot that infefts Granaries and
Corn-chambers, and unlefs proper Care be
taken will do unfpeakable Damage.—I call
it a Worm or Maggot, becaufe under that
Form it does the Miifchief, though in its
perfect State it is really a fmall Mozh, whofe
Wings are white, {potted with black Spots,
This little Maggor has fix Legs; and, as
it creeps along, there iflues from its Mouth
an exceeding fine Thread or Web, by which
it faftens itfelf to every Thing it touches, fo
that it cannot fall. Its Mouth is armed with
a Pair of reddifth Forceps, or biting Inftru-
ments, wherewith it gnaws its Way, not only
into Wheat and other Grain, but perforates
even wooden Beams, Boxes, Books, and al-
moft any thing it meets with.

Towards the End of Summer, this per-
nicious Vermin (in Corn-chambers infefted
with them) may be feen crawling up the
Walls in great Numbers, in Search of pro-
per Places where they may abide in Safety
during their Continuance in their Aurelia
State : for when the Time of undergoing a
Change into that State approaches, they for-

Q. 3 fake
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fake their, Food, and the little Cells they had
formed of hollowed Grains of Corn, clotted
together by Means of the Web coming from
their Mouths, and wander about till they
find fome Wooden Beam, or other Body to
their Mind, into which they gnaw Holes
with their {harp Fangs, eapable of conceal-
ing them : and there enveloping themielves
in a Covering of their own Spinning, foon
become metamorphofed into dark-coloured
HAurelias ¥,

Thefe Auarelias continue all the Winter
unactive and harmlefs : but about Apri/ or
May, as the Weather grows warm, they
are transformed anew;  and come forth
Moths of the Kind above deferibed. They
may then be feen in great Numbers taking
little Flights, or creeping along the Walls ;
and, as they eat nothing in their Fly-ftate,
are at that Time not mifchievous. But they
fooncopulatednd lay Eggs (fhaped like Hen’s
Eggs, but not larger than a Grain of Sand),
each Female fixty or feventy, which, by
Means of a Tube at the End of her Tail, the
thrufts or infinuates into.the little Wrinkles,
Hollows, er Crevices, of the Corn ; where,
in about fixteen Days, they hatch; and then
the Plague begins : for the minute Worms
or Maggots immediately perforate the Gran

* Vide Lezuwew. Experiment. & Contempl. Epift. 71+
they
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they were hatched upon, eat out the very
Heart of it, and with their /Febs cement
other Grains thereto, which they likewife
feoop out and devour, leaving nothing ‘but
Hufks and Duft, and fuch a Quantity of
their Dung as fhews them to be more vo=

racious Infeéts than the Weevil.

The watchful Obferver has two Opportu=
nities of deftroying this Vermin, if they hap-
pen to be got among hisCorn. Qne is, when

theyforfake their F ood and afcend the Walls,
which they will fometimes almoft cover :
the other, when they appear in the Moz
State. At both thefe Times they may be
cruthed to Death againft the Walls in great
Numbers by clapping Sacks upon thcm.
But they may ftill be exterminated more
effe@ually, if, clofing up all the Doors and
¥indows, the Corn-chamber be filled with
the Fumes of Brimftone, by leaving it burning
on a Pan of Charcoal, without giving it any
Vent for twenty-four Hours. Great Caution
however muft be ufed, to open the Win-
dows and Doors, and let all the Fumes be
entirely gone before any body enters the
Place afterwards, for Fear of Suffocation.
The Fumes of -.Szdp/)zw are in no wife hurt-
ful to the Corn, or give it any Tafte,

The Picture of the Wo/f in its Reptile
State (when it goes by that Name) is fhcwn
Plate XIII. Fig, XIII. a.

Q4 T
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Its Appearance when transformed into a
Moth is {een Fig. XIII. 4.

Old Corn is lefs {ubject to thefe devouring
Infe&s than Corn that is new; for its Skin
being more hard and dry it is much more
difficult for the /ittle Maggots when fitft
hatched to penetrate *,

CoEE AP, XXXV,
Of tbe pearled Eyes of + InsecTs,

’I'.‘\ HE Eyes of Infets are amazing Pieces
_of Mechanifm, whofe Struéure and
Difpofition,: without the Affifiance of the
Microfcope, would for ever have been un-
knoewn to us.—Beetles, Dragon-flies, Bees,
& gfps, Ants, commen Flies, Butterflies, and
many other Jufeéts, have two Crelcents, or
immoveable Caps, compofing the greateft
Part of the Head, and containing a prodi-
gious Naumber of little Hemifpheres or round
Lrotuberances, placed with the utmoft Re-
gularity and Exaétnefs in Lines crofling each
other; and refembling Lattice~work. Thefe

* I call this Infeftthe #%If from the Latin Name Lupus 3
siven, I fuppofe, for its Voracioufnefs.

+ Vide Spectacle de la Nature, Dial. VIII. Hoox’s Microg-
p- 108. Leguw, Are. Nar: Tom. I11. Part. IL. p. 41. Again,
P 424, Drerpam’s Phyfi Theol. 3644

b 3 are
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are a Collettien of Eyes, fo perfeétly fmooth
and polifhed, that like fo many Mirrors they
refleCt the Images of all outward Objecis.
One may fee the Figure of a Candle multi-
plied almoft to Infinity on their Surfaces,
fhifting its Beam into each Eye, according
to the Motion given it by the Obferver’s
Hands: and as other Creatures are abliged
to turn their Eyes to Objeds, this Sort have
fome or other of their Eyes always ready
directed towards Objecs on whatever Side
they prefent themfelves. In fhort, all thefe
little Hemifpberes are real Eyes, having in the
Middle of each a minute tranfparent Lens
and Pupil, through which Objeés appear
topfy-turvy as through a convex Glafs:
This becomes allo a finall Telefeope when
there is a juft focal Diftance between it and
the Lens of the Microftope. 1t 'is alfo rea~
fonable to believe, that every Lens has a dif-
tin¢t Branch of the Optic Nerves adminif-
tring to it: and yet, that Objecs are not
multiplied, or appear otherwife than fingle,
any more than they do to us, who fte¢ not an
Objec double though we have two Eyes.

Every Man almoft that has feen a Micro-
Jeope has been entertained with a View of
thefe minute Eyes, and yet very few perhaps
have well confidered either the Nature o
the Number of them. Mr. Hookx com-
puted fourteen thoufand Hemifpberes in the

two
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two Eyes of a Drowe, viz. feven thoufand
in each Eye. Mr. LEruwennogx reckoned
fix thoufand two hundred thirty-fix in a
Stlk-Worm’s two Eyes whenin its Fly-State;
three thoufand cne hundred eizhty-one in
each Eye of a Beetle; and eighit thoufand
in the two Eyes of a cammoen Fly. The
Libella, Adder-Bolt, or Dragon-Fly, is the
moft remarkable of all the Infefts we know
for its large and fine ﬁe;zr!ga’ Eyes ; which,
even with a common Readinig-glafs, appear
like the Skin we call Shagreen. Mr, Legv-
WENHORK reckons in each Eye of this
Creature twelve thoufand five hundred fortv

four Lenfés, Or, in both, twenty-five theu-
fand eighty-eight ; placed in an bexangular
Pofition, each Lf’m having fix others round
it ; which is alfo the Order moft coninmon
in other Eyes. He likewife obferved in the
Center of each Lens a minute tranfparent
Spot, brighter than the reft, and fupcoind to
be the Pupzl through wmch the Rays of
Light are tronfimitted upon the Refina. This
Spot had three Circles furrounding it, and
ﬁ'cmcd feven Times lefs than the Diameter
of the whole Lens, We {ee here, in each of
thefe exceedingly minute lenticular Surfaces,
as much Accaracy in the Figure and Polifh,
and as much Contrivance 9nd Beauty, as in
the Eye of a Whale or an Elephant : and
how dclicate, how exquifitely delicate, muft
thie Filaments of the Retina be which ferve
to
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to each of thefe, fince the whole Picture of
Objects painted thereon muft be Millions of
Times lefs than the Images of them pic-
tured on the human Eye!

If we cut off thte Eye of a Dragon-Fly, of

a Drone, or a common Fly, and with a Pencil
and fome clean Water wath out all the Ve(-
fcls, thofe Veflels may be examined by the
Microfeape, and the Numbers of them will
appear wonderful and furprizing ; and then
if the outward Covering be dried carefully,
fo as not to fhrink, it will be rightly pre-
pared for making Experiments with the
Micrgfeope : and, upon viewing it, we fhall
perfectly diftinguith the numerous Profu-
berances or Hemifpberes, divided from onz
another, with a {mall Light iffuing between
them, and {ix Sides to each. Mr. Lesu«
WENHOEK, having prepared an Eye in this
Manner, placed it a little farther from his
Microféope than when he would examine an
Object : fo as to leave a right and exa&@ /-
cal Diftance between it and the Lexs of his.
Microfcape ; and then looking through both,
in the Manner of a Teleféope, at the Steeple
of a Church, which was two hundred ninety
and nine Feet high, and feven hundred and
fifty Feet from the Place where he ftood, he
could plainly fee, through every little Less,
the whole Steeple, inverted, tho’ not larger
than the Point of a fine Needle ;: and then
dire&ing
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dire&ing his View to a neighbouring Houfe,
he faw, through Abundance of the little He-
mifpheres, not only the Front of the Houfe,
but likewife the Doors and Windows ; and
was able to difcern di&inétly whether the
Windows were fhut or open.

There can be no Doubt, that Lice, Mifes,
and Multitudes  of other Animaleules much
{maller ftill than they, have Eyes contrived
and fathioned to difcern Objeéts fome thou-
fands of Times lefs than themlfelves : for fo
the minute Particles they feed on, and many
other Things neceflary for them to diftin-
guith and know perfeétly, muft certainly
be.—What a Power then of magnifying are
fuch Eyes endued with! and what extraor-
dinary Difcoveries might be made, were it
poflible to obtain Glafles through which we
could fec as zbey do!

C HAP. XXXVIL

Of the Antennz, Feelers, or Horns of
InszecTs,

rE\HE Horns of Infééts have been thought

F by many defigned only to clean their
Eyes, by wiping off any Duft that may fall
thereon : but as we conftantly obferve them
performing
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performing that Office with their Fore-legs,
it is certain their Horzs muft be intended for
fome other Purpofe. And fince they are
perpetually feeling before them with their
Antennee as they walk along, * Mr. DErrAM
very reafonably imagines them abfolutely
neceflary to fearch and find out their Way.
For as their Eyes are immoveable, {o that
no Time is required for their turning them
to Objects, there is no Neceflity that the
Retina, or Optic Nerve, thould occafionally
be brought nearer to, or removed farther
from the Cornea, as it is in other Animals;
which would require Time: but their Cornea
and Optic Nerve being always at one and
the fame Diftance, and fitted only to fee
diftant Objccts ; they would be infenfible
of, and apt to run their Heads againft Bodies
very near them, were they not affifted by
their Feelers.

And that this, rather than wiping the
Eyes, 1s the chief Ufe of the Feelers, is far-
ther manifeft from the Antennez of the Flefb-
Fly, and many other Infedts, which are
{hort and ftrait, and uncapable of being bent
down to, or extended over the Eyes: as alfo
from others enormoully long, {uch as thofe
of the Capricorni or Goat Chafers, the
Cadew Fly, and divers others both Beetles
and Flies.

¢ Dernam’s Phyfico-Theol. p. 365, 2
The
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The lamellated Antenne of f{ome, the
clavellated of others, the Topknots or Tufts
like Dandelion Seeds, the branched, the fea-
thered, and divers other Forms of Horns of
the Beetle, Butterfly, Moth, Gnat, and many
Kinds befide, are {urprizingly beautiful
when viewed thro’ a Microfeope. And in
fome thefe Antenne diftinguifh the Sexes :
for in the Guat-kind all thofe with Tufts,
Feathers, or Brufth-horns (of which there
are great Varieties), are Males : thofe with
thort fingle-thafted Horns are Females.

CH A P, XXXVIIl,

Of the Wincs ¢f InsecTs,
HERE is fuch infinite Variety in the
Contexture, Formation, Difpofition,
and Ornaments of the #ings of Infefts, ac-
cording to their different Wants and Ways of
1ife, that nothing buta curious Ob{fervation
can malse us have any true Conception of it.
Some Wings are filmy, as thofe of Dragon-
Flies; others are ftuck over with fhort bnf—
tles, as in Flefb-flies : fome are Filme cover=
ed with fhort Feathers, like the Tiles of 2
Houfe, as in Paz‘m_ﬂ:'e: and Mozhs; others
have dlndcd Wings, as the grey and white

i Jeathered
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feathered Moth. ‘The Wings of many Sorts
of Gnats are adorned with Rows of Feathers
along their Ridges, and Borders of Feathers
round their Edge. Some again have Hairs,
and others Hooks, placed with the greateft
Regularity and Order.  All of the Scarab
Kind have Elytra, or Oafes, into which their
Wings are folded and preferved until they
want to employ them. Some of thefe Cafes
reach almoft to the Extremity of the Tail,
as in moft Kinds of Beetles ; and others are
very fhort, as in the Ear-Wig. Many of
them are likewife extremely beautiful when
brought before the Microfiope.

All thefe Kinds of /#ings have certain
bony Parts or Ribs, that give them Strength,
along the Sides of which run large Blood-
Veflels, branching out into numberlefs Di-
vifions, and conveying Nourifhment to the
intermediate Parts: for tho’ no Circulation
can be difcerned in them, it being probabl
extremely flow, we can fcarce doubt that
there muft be continually a Supply of Juices
to the Quills, Hairs, or Briftles, wherewith
they are armed or ornamented.

As to Motion, #ings that are ilmy move
fafter than thofe covered with Feathers. Mr.
Hoox obferves, that in the Wings of fome
minute Flies there are many hundreds, if
not thoufands of Vibrations in a Second,
and fuppofes them the {wifteft Vibrations in

the
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the World : whence he reflets very ingeni-
oully, on the Quicknefs of the Animal Spi-
rits, that ferve to {upply this Motion.

Thofe converfant in Microfcopes need not
be informed, that the beautiful Colours on
the Wings of Butterflies and Moths are ow-
ing to elegant minute Feathers ending in
Quills, and placed with great Exactnefs in
orderly Rows ; as, when rubbed off, the
Holes they come from fhew : but few, it
may be, have much cbferved the great Va-
rigty of their Make, not only in Moths and
Butterflies of different Sorts, but even in
thofe taken from different Parts of the fame
Wing ; infomuch that it is pretty diflicult
to find any two of them exactly alike.

Rub thefe Feathers gently off, with the
End of your Finger or Pen-knife; and,
breathing upon a fingle T4/ in one of your
Sliders, apply it to the Feathers, which {eem
only like a fine Duft, and they will imme-
diately adhere to it: then placing it before
the Mm%"ope, if they are not perfeét, or
lie not to your find, wipe them off, and put
on others in the fame Manner, till you get
thofe you like : then cover them with ano-
ther Tale, and faften it down with a Wire,
that you may preferve them for future Ex-
amination. Look at them with the #bird or
fourth, then with the fecond, and at laft with
the greateft Magnifier.

The
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The Wing ef a Midge is a moft curious
Obje&t, and fo indecd is every Part of that
minute Infe¢t. The Wing of the little Plume
Moth is compofed of feveral diftinét Quills,
like thofe of Birds. There are alfo Wings
folded up in the little Cafes on the Backs of
Earwigs, very pretty to examine. But no
more need be faid of Wings, fince every
body muft be fenfible the great Variety of
them is an endlefs Subje& of Enquiry and
Admiration. ;

ilk
1

CHAP XXXIX,
Of the Balances or Poifes of Infe@s.

O ST Infects having but two Wings,
1 are provided with a little Be// or
Bladder under each, fet at the Top of aflen-
der Foot-ftalk, which is moveable every Way
at Pleafure. With thefe they balance them=
{elves in Flight as a Rope-Dancer does with
his Pole leaded at each End ; and if one of
them be cut off, the Creature flies for a while
very awkwardly, as if over-heavyon one Side,

and falls at laft to the Ground. Thefe Blad-

ders being hollow may ferve likewife to pro-
duce the Noife many Sorts of Fljes make, by
ftriking their Wings againft them, and be a
Means of finding out one another. In {ome

Vor. I. - R Creatures
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Creatures they ftand alone, but the whole
Fly Tribe have little Covers or Shields under
which they lie and ‘'move. Infects that have
four Wings balance themfelves with the
two lefler ones, and as they want not, have
none of thefe little Poifes. The Microfcope
may probably find out fill farther Beauties,
Contrivances, and Ufes for them than have
becn yet difcovered.

CHAP. XL.
Of tbe ScALrLESs of Fisues.

HE Scales or outfide Coverings of Fifhes

are formed with furprizing Beauty

and Regularity ; and, in different Kinds of
them, exhibit an endlefs Variety in Figure
and Contexture. Some are longith, fome
round, fome triangular, fome fquare, and
fome or otherof all Shapes we can well ima-
ine. Some again are armed with tharp
Prickles, as thofe of the Pearch, Soal, &c.
Others have fmooth Edges, as of the Cod-
Sifh, Carp, Tench, &c. There is likewife 2
great Variety even in the fame Fith ; for the
Scales taken from the Belly, the Back, the
Sides, the Head, and all the other Parts, are
very different from one another. And, in-
deed, for Varicty, Beauty, Regularity, a-!fld'
tne
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the Order of their Arrangement, the Scales
of Fifhes bear a near Refemblance to the
Feathers on the Bodies and Wings of Moths
and Butterflies.

Thefe Smf: are not {uppofed to be fhed
every Year ¥, nor during the whoele Life of
the Fifh ; but to have an annual Addition
of a new Scale, growing over and extendin
every Way beyond the Edges of the former,
in proportion to the Fifh’s Growth ; fome-
what in the fame Manner as the Wood of
Trees enlarges yeAllv by the Addition of a
new Circle next the Bark. And as the Age
of a Tree may be known by the Number of
Ringlets its Trunk is made up of, fo in Fithes
the Number of Plates compofing their Scales
denote to us their Age. It is alfo probable,
that as there is 2 Time of Year when T'rees
ceafe to grow, or have any farther Addition
to their Bulk, the fame Thing happens to
the Scales in Fifhes; and that afterwards,
at another Time of Year, a new Addition,
Increafe, or Growth, begins. Somewhat like
this in Birds and Beafts their Feathers and
Hairs demonf{trate.

Mr. LEryweENHOEK took f{ome Scales
from an extraordinary large Carp, forty-two
Inches and a half long, and thirty-three and
a quarter in the Round, Rynland Meafure,

# Vid. Lesuwen, Epift. Phyfiol, Epif, 24 Maii, 1716.
R 2 which
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which were as broad as a Dollar. Thefe he
macerated in warm Water to make them
cut the eafier : and then cutting obliquely
through one of them, beginning with the
firlt-formed and very little Seale in the Cen-
ter, he, by his Microfcope, plainly diftin-
guithed forty Lamelle ot Scales, glewed as it
were over one another ; whence-he conclud-
ed, that the Fith was forty Years of Age *.

It has generally been imagined, that an
Eel has got no Scales ; but if its Slime be
wiped clean away, and the Skin be examined
by a Microfcope, 1t will be found covered
with exceeding fmall Scales, ranged in 2
very orderly and pretty Manner ; and I be-
lieve few Fithes, unlefs fuch as have Shells,
are to be found without Scales.

The Way of preparing Scales is to take
them off carefully with a Pair of Nippefs,
wath them very clean, and place them in a
fmooth Paper, between the Leaves of 2
Book, to make them dry flat, and prevent
their fhrivelling up. Then place them be-
tween your Talcs in Sliders, and keep them
for Examination.

The Snake, the Viper, the Slow-worts
the Lizard, the Eft, &c. afford a farther
Variety of Scales.

® Arc. Nat. Tom, I1L pag. z14,

CHAP.
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C HAP. XLL
Of the O Y s T ER.

N the clear Liquor of an Oyffer many

little round living Animalcules have been
found, whofe Bodies being conjoined, formed
fpherical Figures, with Tails, not changing
their Place but by finking towards the Bot-
tom, as being heavier than the Fluid : thefe
were feen fometimes feparating, and prefent-
ly afterwards coming together and joining
them{elves again. In other Oylters Animal-
cules of the fame Kind were found, not con-
joined, but {wimming by one another, whence
they feemed in a more perfect State, and
were {uppofed by Mr. LECUuwENHOEK tO
be the Animalcules in the Row or Semen of
the Oyfler *.

A Female Oyfter being opened, incredible
Multitudes of minute Embryo-Oy/flers covered
with little Shells perfetly tranfparent were
plainly feen therein, fvimming along flow-
ly: in another they were found of a brownith
Colour without any apparent Life or Mo-
tion. Monfieur JoBLoT kept the Water
running from Oyffers three Days, and it ap~
peared full of young Oyffers that {wam about

® drcans Nat, Tom, IL Par. I. p. 52. Again, p. 145.
R 3 nimbly,
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nimbly, and increafed in Bignefs daily. A
Mixture of Wine, or the very Vapour of
Vinegar, killed them.

In the Month of Auguft Oyfters are fup-
pofed to breed, becaufe young-ones are
then found in them., Mr. LEEUWENHOEK
opened an Oyfter on the fourth of Auguf,
and took out of it a prodigious Number of
minute Oyfters all alive, and {wimming
brifkly in the Liquor, by the Means of cer-
tain exceeding fmall Organs extending alittle
Woay beyond their Shells, which he calls their
Beards. In thefe little Oyfters he could dif-
tinguith the joining of the Shells: and per-
ceive fome that were dead, with their Shells
gaping, and as like large Oyflers in Form as
one Egg is like '1110thu'.

As ior the Size of thefe Embryo-Oyfters,
he computes, that one hundred and twenty
of them in 2 Row would extend an Inch;
and, confequently, that a globular Body,
'WhO.[C Diameter is an Inch, would, if the
were alfo round, be equal to one Million
feven bundred and twenty-eight thoufand of
them, * He reckons three or four thou-
fand are in one Oyfter, and found many of
the Embryo-Oyiters among the Beards, fome
faftened thereto by flender Filaments, and

*® Yide 4reo Nat, Tom, IV. p. 513,
others
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others lying loofe. He likewife found other
Animaleules in the Iiquor five hundred
Times fmaller than Emblyo-O}i‘ccm.

CHAP. XLIIL

Of the Licur on OYSTERS.

T is not very uncommon to {fee on the

Shells of Oyﬂus, when in the Dark, a
Jhining Matter, or blewifb Light, like the
Flame of Brimftone, which fticks to the
Fingers whentouched, and continues fhining
or giving Light a confiderable Time, tho'
w1thoutan} fenfible Heat*. Monf. Auxaur
obferved this fhmning Matter with a Micro-
Jeepe, and difcovered it to confilt of three
Sorts of Animalcules. The firft whitith,
having thent)hfoul or twenty-five Legs on
each Side, forked; a black bpeck on one
Part of the Head ; the Back like an Eé&/
with the Skin ftripped off. The fecond Sort
red, refembling the common Glw-worm,
with Folds on its Back, but Legs like the
former, a Nofe like a Dog’s, and one Eye
in the Head. The third Sort {peckled, a
Head like a Sos/, withmany Tufts of whitifh
Hairs on the Sides thereof. He faw zlfo
fome much larger and greyith, having a

* Vid, Pbil, Tranf. Numb, 12,
R 4 great
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great Head, two Horns like a Snail’s, and
fix or eight whitith Feet : but thefe thined
not.

As the Bodies of Lobfters and fome
other Kinds of Fifthes, tainted Flefh, rotten
Wood, and other Subftances, are fometimes
found to thine with a Light refembling the
foregoing, may it not probably proceed from
the fame Caufe, namely, from Animalcules ?
Some have alfo fuppofed, that the Ignis Fa-
tuus, Will-in-a-Wifp, or FJack-a-Lanthorn,
is nothing elfe but a Swarm of minute flying
Infeéts, that emit Light around them in the
Manner Glow-worms do : and, indeed, the
Motions and feveral other Circumftances of
this Sort of Fire (if I may fo term it) feem
favourable to fuch Opinion.

The Curious will judge it proper to ex-
amine this Matter carefully, and to them it
is fubmitted.

CHAP. XLHIL
Of the MusceL&E.

Have obferved already, in the 127th Page
of this Treatife, that-a Mufcl 1s a moft
delightful Object for the Murofcope ; and
that, in the tran{parent Membrane which

immediately appears on opening of the She}l)],
the
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the Blood may be feen circulating through
an amazing Number of Veflels, even in the
fmalleft Particle of it that can be applied for
Examination.

Mr. LEEUWENHOEK, in feveral that he
diffeted, difcovered Numbers of Eggs, or
Embryo- Mufcles, in the Ovarium, appearing
as plainly as if he had feen them with the
naked Eye, lying with their fharp Ends
faftened to the Strings or Veflels whereby
they receive Nourithment. Thefe minute
Eggs, or Embrys-Muftles, are, in due Time,
laid or placed by the Parent,in- a very re-
gular and clofe Order on the Outilde of the
Shell : where, by Means of a glewy Matter,
they adhere very faft, and continually in-
creafe in Size and Strength, till, becoming
perfet Mufcles, they fall oi? and thift for
themfelves, leaving ‘the Holes where tmv
were placed behind them. This Abundance
of Mufcle-Shells viewed by the Microfcope
can thew. Sometimes two or three thouifand
of thefe Eggs adhere to the Shell of one
Mufcle ; bat it is not certain they were all
fixed there by the Mufcle itfelf, for they
frequently place their qu; on one another’s
Shells. The fringed Edge of the Mulfcle,
which Mr. Leevwennosk calls the Beard,
has in every the minuteft Part of it fuch a
Variety of Motions as is inconceivable: for
being compofed of longifh Fibres, each Fibre
has on both Sides a valt many moving Parti-

2 cles,
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cles, which one would almoft imagine to be
Animalcules *.

The Threads or Strings, which we term
the Beard, are compofed of a Glew which
the Mufcle applies by the Help of its Trunk
to fome fixed Body, and draws out as a Spi-
der does its Web, thereby faftening itfelf,
that it may not be wathed away. If Muicles
be put into Salt and Water, we may have
the Pleafure of feeing them perform this
Work, and faften themifelves to the Sides or
Bottom of the Veflel we place them in.

Cockles, Scallops, Limpets, Periwinkles,
and Abundance of other Shell-fith, are Ob-
je&s that have as yet been very flightly ex-
amined by the Micrgfecope 5 and therefore the
ferious Enquirer into Nature’s {ecret Opera-
tions may here be certain of difcovering
Beauties which at prefent he can have no
Conception of.

® Phil. Tranf. Numb, 336, drc. Nat. Tom, IL, p, 19. &¢.
Tom, 1V. p. 423, &c.
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C HAP. XLIV.

Of Hairs.

T\ HE Hairs of Animals are very differ-
ent in their Appearance before the
Microfcope, and can furnith out a great Va-
riety of pleafing Obfervations. MALPIGHI
difcovered them to be tubular, that 1s, com-
pofed of a Number of extremcly minute
Tubes or Pipes, in his Examination of a
Horfe's Mane and Tail, and in the Briftles
of a Boar. Thefe Tubes were moft diftin-
guifhable near the End of the Hairs, where
they appeared more open : and he fometimes
could reckon above twenty of them. In the
Hedge-hog’s Prickles, which are of the Na-
ture of Hairs, he perceived thefe Tubes ve-
ry plainly, together with elegant medullary
Valves and Cells.

There are alfo in the Hairs of many Ani-
mals, in fome tranfverfe, in others {piral
Lines, fomewhat of a darker Colour, run=-
ning from Bottom to Top in a very pretty
Manner. A * Moufe's Hairs are of this
Sort ; they appear as it were in Joints like
the Back-bone, are not fmooth but jagged
on the Sides, and terminate in the fharpeft
Point imaginable. Hairs taken from g

a Vid. &re. Nate Tom. I, Pr A7
Moufe’s
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Moufe’s Belly are leaft opake, and fitteft for

the Microfcope.

The Hairs of Men, Horfes, Sheep, Hogs,
&e¢. are compofed of fmall, long, tubular
Fibres or fmaller Hairs, encompaficd with a
Rind or Bark; from which Structure a {plit
Hair appears like a Stick thivered with beat-
ing. 'They have Roots of different Shapes
in different Animals, become lengthened by
Propulfion, and are thicker towards the
Middle than at either End.

Hairs of Indian Deer are perforated from
Side to Side: our Exg/ifh ones {feem covered
with a Kind of fcaly Bark, The Whifkers of
a Cat, cut tran{verfely, have fomewhat in
the Middle like the Pith of Elder. * The
Quills of Porcupines or Hedge-hogs have
alfo a whitith Pith in a Star-like Form ; and
a human Hair cut in the fame Manner thews
a Variety of Veflels in very regular Figures.

Hairs taken from the Head, the Eye-
brows, the Noftrils, the Beard, the Hand,
and other Parts of the Body, appear unlike,
as well in the Roots as in the Hairs them-
felves, and vary as Plants do of the fame
Genus, but of different Species.

* Hoox"s Microg. p- 157,

C I‘I A. P-
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CHAP. XLV.
Of the FArRINA of FLOWERS.

HE Farina, or mealy Powder, found
on the little pendant Tops of almoft
every Flower, is fomewhat fo analogous to
the Semen of Animals, that it deferves the
ricteft and moft attentive Examination.
This Powder, whofe Colour is different in
Flowers of different Kinds, was imagined,
by former Ages, to be a mere excrementi-
tious and unneceflary Part of the Plant: but
the Microfcope here alfo has made {urprizing
Difcoveries, by fhewing, that all the minute
Grains of this Powder are regular, uniform,
and beautiful little Bodies, conftantly of the
fame Figure and Size in Plants of the fame
Species, but in different Kinds of Plants as
different as the Plants them{elves,

It was impoflible to obferve this Order
and Configuration of the Farine, without
condudmg, that Providence, whmh never
a@s in-vain, muft intend a noblq Ufe for
Bodies fo regulmly formed, than to be diffi-
pated by the Winds and loft. Thhis Reflection
drew on farther Exnnimtion, and farther
Examination, by the Help of the {fame In-
firument, foon difcovered, that this Powder
is produced and preferved with the utmoft

Care,
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Care, in Veflels wonderfully contrived to
open and difcharge it when it becomes ma~
ture : that there is likewife a Pifil, Seed-
Veffel, or Uterus, in the Center of the Flower,
ready to receive the minute Grains of this
Powder, as they either fall of themfelves, or
are blown out of their little Cells. And
Experience, founded on numberlefs Experi-
ments, proves, that on this depends entirely
the Fertility of the Seed: for if the Farina-
Veffels be cut away before they open and
fhed their Powder, ‘the Seed becomes barren
and unproductive.

This Farina is therefore judged to be the
Male Seed of Plants, and every little Grain
of its Powder may pofiibly contain in it a
minute Plant of the Species whereto it be-
Iongs —It is wonderful to obferve the va-
rious Contrivances Nature employs to pre-
vent this Powder from being unprofitably
difperfed, and to affift its Entrance into the
proper Piftil, Seed- Irﬁef or Uterus, prepared
for it. The Tuhp, or Inftance, which ftands
upright, has its P/fli/ fhorter than the Fari-
na-Veffels, that the Powder may fall dire@ly
on it; but in the Martagon, which turns
downwards, the Piftil is longer than the faid

Veflels, and fwells out at its Extremity, to

catch the Furima hanging over it as it

fheds.
A Mind
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A Mind inquifitive into Nature’s hidden
Beauties will find inexpreflible Delight in
examining and confidering the endlefs Va-
riety difcoverable in the Farine of number-
lefs vegetable Species. In that of the Mal-
low, each little Grain appears to be an opake
Ball with Prickles iffuing from it on every
Side. The Sun-Flower Farina {feems com-
pofed of flat circular minute Bodies, tharp-
pointed round the Edges; the Middle of
them appears tranfparent, and exhibits fome
Refemblance of the Flower it proceeds from.
The Powder of the Tulip is exaltly fhaped
like the Seeds of the Cucumbers and Melons.
The Farina of the Poppy appears like Pearl-
Barley, with a Furrow, as in that, reaching
from End to End. That of the Lily is
great deal like the Tuhp.

I will not anticipate the Pleafure of the
Curious, or take up their Time in defcrib-
ing more of the Farine, which every Flower
they come at prefents to their Examxmtion
but advife them, not to negle& the Veﬁ‘ela
that contain it, for they will find Beauties in
them alfo 1'ufﬁcient to reward their Pains.

Gather your Fariza in the Midft of 2
fun-fhiny dry Day, when all the Dew is off:
be careful not to {queeze or prefs it, but
fhake or elfe gently brufh it off with a foft
Hair Pencil upon a Picce of clean white Pa-

10 per,
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per. 'Then take a fingle Tale or Ifinglafs
between your prus and breathing on it,
apply it numntiy to the Farina, which the
Moifture of your Breath will make adhere to
it. If too great a Quantity of Powder feems
fticking. to your Ifinglafs, gently blow off a
little ; if there be not enough, breathe on it
again, and touch the Farina with it as be-
fore. Then pat your Glafs into the Hole of
a Slider, and apply it to the Microfcope, to
fee if the little Grains are {pread according to
your Liking ; and when you find they are,
cover them cautioufly with another Talc,
which faften down with a Brafs-wire ; but
let not the Glaffes prefs hard upon the Fa-
rina, for that will deftroy its true Figure,
and reprefent it different from what it is.

A Colle@&ion of the moft remarkable
Farine thus preferved muft be a lafting
Entertainment to thofe who fludy Na-
ture : to fuch I alfo recommend a diligent
Examination of the little Cells that con-=
tain the Faring, and likewife of the Piflils
or Uteri, and other Parts of Generation in
Flowers. Let them only begin with the
Arch-Angel, or blind Nettle with a white
Flower, or even with the common Mallow,
and they will difcover Beauties impofiible to
be deferibed. And as every other Flower
has Organs for the fame Purpofe, though of
a different Form and Strucure, here are
Wonders
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Wonders in Abundance for the fl{rcm[ ope to
difcover, and happy the Man who can find
moft Leifure to explore thefe Vv’orida as yet
unknown !

I fhall add only one Obfervation more
before I leave this Head, which is, that as
the Animalcules in Semine differ not in Big-
nefs according to the Size of thofe Animals
whence the Semen comes: fo the mnute

=

Grains compefing the Farine of Vegetables
F

are not bigger or lefs in Proportion to the

Size of the Plants pro ducuw them, but are

often the direCt contrary ; as we find by the

Farmma of 1h" little creetm" Ivlﬁllo\ the

Globules which are la Irge han tuu“ of
" (-\ -

the lofty gxgantu.k Sut ﬁ

A CH Seed ivclodes a Plant : that P .Ant, again,
{ Has other Seeds, which other Plants contain :
Thofe other Plants have all their Seeds; and Thole

More Plants, again, fuccefiively inclofe.

Thus, ev’ry fingle Berry that we find,
Has, really, in itfelf whole Forefts of its Kind.
Empire and Wealth one Acorn may difpenfe,
By Fleets to fail a thoufand Ages hence :
Each Myrtle-Seed includes a thoofand Groves,
Where future Bards may warble forth their Loves.

Vor. L. S <6
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So Apam’s Loins contain’d his large Poflerity,
All Peuple that have been, and all that e’er fhall be.

Amazing Thought 1 what Mortdl can conceive
Such wond’rous Smallpefs —Yet we muft belicve
What Reafon tells: for Reafon’s piercing Eye
Difcerns thofe Truths our Senfes can’t defery.

1 hope to be excufed for borrowing the
Lines above from a little Poems of my own,
called The Univerfe, publithed fome Years
ago ; as they contain a Suppofition, which,
however chimerical it may appear at firft,
will, if duly confidered, be found, perhaps,
not only poflible, but even highly proba-
ble: Marricui, LEruweNHOEX, HoOKE,
Grew, and {everal others bear Witnefs, that
the Microfcope has difcovered minute Plants
not only in the larger Seeds, fuch as the
Walnuat, Chefnut, Acorn, Beechnut, Seed
of the Lime, Cotton-Seeds, Peafe, ¢, but
alfo in the finaller of Radith, Hemp, Cher-
vil, Scurvy-grafs, Muftard, and Multitudes
of other Secds. About two Years ago, |
likewife had the Honour to prefent the Dif-
{ection of a Seed of the Gramen tremulum;
or trembling Grafs, with an Account there-
of, to the Royal Society, wherein a perfect
Plant appeared, with its Root, fending forth
two Branches, from each of which feveral
Leaves or Blades of Grafs proceeded. Thus
far our Sight, affifted by the Microfcopes
is able to difcover : and as that Inftrument
convinces
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convinces us, that Nature in her Operations
is in no wife confined to ourConceptions of
Bignefs, but acts as freely in the minute Fa-
bric of a Mite, as in the bulky Compafs of
a Whale or Elephant ; nay, that the rather
feems to wanton in her Skill, by giving a
greater Number of Limbs, and more nu-
merous Ornaments, to the minute Creatures
than to the larger ones. When thefe Things,
I fay, are feen and reflected on, it is eafly to
conceive the reft.

Moft Kinds of Seeds muft be prepared, in
order to difcover the minute Plants they con-
tain, by fteeping them in warm Water till
their Coats can be feparated and their femi-
nal Leaves opened without Laceration : tho’
fome new Sorts may better be diffected dry.
But Seeds, even without any Preparation, are
exceeding pretty Objects, and afford infinite
Varieties of Figure, Colour, and Decoration.

The Seeds of Strawberries rife out of the
Pulp of the Fruit, and appear ‘themfelves
like Strawberries when viewed.

Poppy Seceds (and what we call Maw-
Seeds, which come from Germany, and are
produced by a Kind of Poppy) in Shape re-
femble little Kidneys, but have Furrows or
Ridges on their Surfaces curioufly difpofed
with regular Sides and Angles. From thefe
Seeds a Duft may be fhaken, that looks
agreeable enough when brought before the

S 2 Micro-
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Microfcope 5 having pnearly the fame Appeqr-
ances as the Surfaces of the Seeds, with the
Advantage of bcmr* tran{parent. This Duit
is really ‘hb hncﬂlunbmn:%, that lay between
the Seeds ; which, by the Preflure u; the
Sceds againft them, have received Marks
corrufpondmg to the Ridges or Furrows on
the Seceds themielves.

Seceds of the lefler Moonwort, of Tobacco,
Lettuce, Thyme,Chervil, Parfley,and athou-
fand others, afford adelightful Entertainment.

The Ancients imagined the capillaryPlants
and many other Kinds to produce no Seeds
at all, and their Miftake could never have
been rectified by the naked Eye: but the
Microfcope has difcovered, that all the feve-
ral Species of Fern, Harts-tongue, Maiden-
hair, &¢. are fo far from being barren in
this refpr'& that they are "m:,zmely fruit-
ful : that the Seed-Veflels are on the Backs
of the Leaves, and that the Duift which flies

ff when we meddle with them, is nothing
but their minute Seeds. Thcﬁ: Seed-Vefiels
appear to the ;mLcd Eye like a black or
brown Scurf on the Back Side of the Leaf;
b ut, w hen viewed by the Microfcope, refem-
ble Iittle circular Tubes, divided ‘.nto many
(c] s containing Seeds. 'When the Seed is
pL the Vefiels J\, open with a qp'l'*f and
p irt the Seeds out on every Smh, . the
n of *“Puu : and if at that Seafon fome

¢ Leives are put in a Paper Cone, and
that

;._

h.”l-—l-
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that be held to the Ear, the Seed-Veflels may
be heard to burft with a confiderable Noife.
Some of thefe minute Vefiels contain at leaft
an hundred Seeds, invifible to the naked
Eve,

Itwould be tedious toenumerate the Beau-
ties of Seeds, fince every tranfient Obferver
muft be fenfible of their great Variety : but
I believe I fhall be excufed if I take Notice
of the Powder or Seed of the Fungus Fulve-
rulentus or Puff-Ball, which, when crufhed,
feems to the naked Eye like a Smoke or
Vapour; but when examined by one of the
greateft Magnifiers (for'elfe it cannot be dif=
tinguifhed) it appears to be infinite Num-
bers of little Globules of an Orange Colour,
fomewhat tranfparent, whofe Axis is not
above the fiftieth Part of the Diameter of a
Hair: fo that a Cube of a Hair's Breadih
Diameter would be equal to an he |

twenty-five thoufand of them. This was the
P(,“-.--f det of a _{Tzﬁ?p‘gﬁ bj{‘-‘";’:l‘ t}'_. 1 Ewo RS
< l_’_(_.,

but in another Sort, the Size of 2 {mall Apple,
the Globules were of a ~

had each a little Stalk or Tail *. Thefe are
t’:‘:'l:in:r}tly_ ib‘ many wznzte Fuf-Balls
1ifhed with Stalks or Tails to pencirate cafily

into the Ground ; and the Miichief t!

* Vide Phil. [Tranfy Numb, 284» and Deruan’s Phyf
Theal, p, 418,

S 3 the
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the Eyes is probably owing to their fharp
Stalks that prick and wound them *,

CH AP. XLVIIL
Of LEAVES.

HE Leawves of Trees or Plants are full

of innumerable Veins and Ramifica-
tions, that convey the perfpirable Juices to
the Pores, for their Difcharge. Whether or
no there be any Circulation in them is ftill a
Matter of Doubt ; but as their Juices, when
let out, immediately break, coagulate, and
become a {Hff Jelly, it feems probable there
may be fome Circulation, which prevents
the fame Effe& in the Veflels. The {udden
thrinking, clofing, and opening of Flowers,
the raifing and finking the Heads of Poppies,
&e. the vermicular Motions of the Veins of
Plants when expofed to the Air, feem alfo to
imply {smewhat like Senfation. The Micro-

feape may perhaps be of Service to difcover

much more on thefe Subje&ts than we yet
know.

* A Puff-Ball being burfi near the Eyes of a Boy of twelve
Years old, by an unlucky Play-fellow, and the Dut t erec 3
flying into them, occafioned fuch Swelling, Infammanon, and
intenfe Pain, with a continual Difcharge of Water, that he
could not open them for feveral Days ; and did not recover
his Sight in lefs than a Fortnight, though all the Remedies
that could be thonght on were applied. Vide Jon. Muvs,
Frox. Chirur. Ration. Oblerv. L

~
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Mr. LERUWENHOEK, tearing to Pieces a
Leaf of the Species of Box called Palma
Cereris, that he might examine it the better,
computed one Side of it to be furnithed with
an hundred feventy-two thoufaid ard nipety
Pores; and as the other Side'muft have as
many, the whole Number of Pores in a fingle
Leaf of Box will be three hundred forty-four
thoufand one hundred and eighty.

The Leaves of Rue feem full of Holes like
a Honey-comb ; all the Kinds of St. Fobn's
Wort appear likewife ftuck full of Pin-holes
to the naked Eye; but the Microftope thews,
that the Places where thofe Holes feem to be
are really covered with an exceeding thin
and white Membrane.

The Back Side of the Herb Mercury looks
as if rough-caft with Silver, and the Ribs full
of white round tranfparent Balls, like num-
berlefs Grapes, faftened by flender Footftalks.

A Sage Leaf appears like Rug or Shag,
full of Knots taffeled with Silver Thrums,and
embellifhed with fine round cryftal Beads or
Pendants, faftened by little Footftalks.

The Backfide of a Refe Leaf, but efpe-
cially of Sweet Briar, looks diapered with
Silver *.

Every Body knows that the Leaves of
Stinging Nettles are thick fet with fharp

* Dr. Powsr’s Microfeop. Obfera.

S 4 Prickles,




258 Of LEaves.

Prickles, that penetrate the Skin when
touched, and occafion Pain, Heat, and Swel-
ling : which Symptoms were imagined for-
merly to enfue from the Prickles being left
in the Wounds they make, But the Micro-

feape difcovers fomething much more won-

derful in this common Vegetable, and thews
that its Prickles are formed and aé in the
fame Manner as the Stings of living Animals.
For every one of them is found to bea rigid
hollow Body, terminating in the moft acute
Point imaginable, with an Opening near its
End. * At the Bottom of this Cavity lies
a minute Vellel or Bag, containing a limpid
Liquor, which, upon the leaft touching of
the Prickle, is fquirted thro’ the little Out-
let; and, if it enters the Skin, produces the
Milchiefs before-mentioned by the Pungen-
cy of its Salts. Hence it comes to pafs, that
when the Leaves of Nettles are confiderabl y
dried by the Heat of the Sun, they fting but
very little : whereas {uch as are green and
juicy produce violent Pain and Inflamma-
tion. But the quite contrary to this wonld
happen, if the Symptoms were only owing
to the Breaking of the Prickles in the
Fleth : fince when dry they muft be more
brittle, as well as more rigid, than when
they abound with Juice.

* Hoox’s Microg. pag. 142, dre. Naz, Tom. I. Par. Ik
Pk
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Ruere, Are there any Valves in the Vefe
fels of Vegetables, as in thofe of Animals,
to let the Juices pafs, but hinder their Re=
turn ?

C-H A P, XLV,
Of SarvtTs in General
E T is T think agreed, that all Bodies have

their Salts, from whofe different Confi-
gurations and Impreffions many wonderful
Changes are effeCtéd both in Solids and
Fluids, in Things animate and inanimate.
Saline Particles ftriking upon the Nerves of
Animals excite the Seniations of Tafte and
Smell ; and as their Forms and Degrees of
Impulfe are almoft infinitely diverfified, the
Senfibility of Pain or Pleafure arifing there-
from muft be varied almoft infinitely, ac-
cording to the greater or lefs Delicacy of the
Organs they firike upon.—It is therefore of
great Confequence to difcover what we can
about them.

The Microfeope thews, that Pinegar owes
its Pungency to Multitudes of floating ob-
long quedrangular Salts, each of which, ta-

5 qt e i
pering from its Middle, has two exquilfitely
fharp Ends. Thefe Salts, being inexpre_ﬁibly

2] 2 minute,
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minute, can hardly be difcovered, unlefs a
Drop or two of Vinegar be expofed for fome
Hours to the Air, that the more watery Part
may evaporate, before we attempt to view
them.

Their Shape appears, Plate X1V. Fig. I.

If Crabs Eyes are infufed in Vinegar,
after the Effervefcence is over, the Shapes
of the Sa/ts will be found quite altered ;
their tharp Points feem broken off, and they
appear in different {quare-like Forms, as at
Figi- 15

In Wines of feveral Kinds the Salts are
diftinguifhable, of vatious Figures, many of
them refembling thofe“in Finegar, but with
Ends much more obtufe: fome are fhaped
like a Boat, fomelike a Spindle, others like a

« Weaver’s Shuttle, and others {quare : there

are alfo infinite Varieties of other Forms.

The Salts of Sugar candied are fhewn,
Fig. III.

Vegetable Salts are to be extraled by
burning the Wood, Stalks, or Leaves of any
Tree or Plant ; throwing the Afhes into
Water; then filtering, and fetting the Li-
quor to cryftallize in .a cold Plage. Their
Oils alfo, when examined, prefent Abun-
dance of Salts.

The Salts of Minerals or Metals are to be
come at by quenching them, when red hot,
m Water, then filtering, evaporating, and
cryftallizing, _
Pretty
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Pretty Salts for Obfervation are, Pot-Afh,
Englifb and Ruffian @ Salt of Wormwood,
Saccharum Saturni, Salt of Tartar, Salt Ar-
moniac, Salt of Hartthorn, Salt of Amber,
&c. They thould be examined firft in their
dry or cryftallized State, and afterwards dif-
folved in a very fmall Quantity of fome
tranfparent Fluid.

The Salts found in all Bodies, when fepa-
rated by Fire, feem as fo ‘many Pegs or
Nails *, penetrating their Pores, and faften-
ing their Parts together: but as Pegs or
Nails, when too large or too numerous,
ferve only to {plit or rend afunder ; Salts, by
the fame Means, oftentimes break, {eparate,
and diflolve, inftead of joining and making
fat. They indeed are merely Infitruments,
and can no more act upon or force them-
{elves into Bodies, than Nails can without the
Stroke of a Hammer ; but they are either
driven on by the Preflure of other Bodies, or
by the Spring of the Air impelling them.
As Salts enter the Pores of all Bodies, Water
infinuates between the Particles of Salt 5 {e-
parates or diffolves, and f{uftains them in its
Interftices, till, by being in a State of Reft,
they precipitate, and form themfelves into
Mafies. By this diffolving Power, Water

* Vid. Sgedacl: de Iz Nat. Dial. XXVI,
becomes
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becomes the Vehicle of Salzs, and conveys
them into the Pores of Loq_-s, where it
leaves them to execute their proper Office.

Mott Sorts of Animal and Fegetable Salts
are likewife probably d‘holwd by the Juices
of the Stomach, before they enter the Bloo d,
or they would occafion "‘]c t Mifchiefs: and
the Difficulty of mﬂulvmrr fome mineral
Salts, or breaking off their Points in the
fame Manner, may be the Reafon of their
dreadiul Effedts.

CHAP., XLIX.
Of SAvTs in Mineral Waters.

H E Microfeope may be of fingular Ser=

vice to determine, by ocular Exami-
nfttlun, what Kinds of Sa/ts our medicinal
Springs are charged with ; whence to form
2 Judgment in what Cafes their Waters
may be drank to Advantage,

The four Kinds of fyffile Salts beft known
are, according to Dr. * LisTer, Fitridl,
Alum, Salt-petre, and Sea-falt : whereto
he adds a fifth, lefs known, though more

* Vid. Listzr, de Fontibus Medicatis Angliz.

COmMmaong
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common than any, namely, Calcarious Salt,
or Nitre.

Green Vitriol is produced from the Iron
Pyrites. When mature and perfed, its Cry-
flals are always pointed at each End, and
confift of ten Planes with unequal Sides: that
is, the four middle Planes are Pcnhgons, and
each of the fharp Ends is made up of three
triangular Planes, as Plate XIV. Fig. 4.

Alumburnt, diflolved in Water, and ftrain-
ed, affords Cryftals whofe Top and Bottom
are two fexangular Planes, the Sides round,
which appear compofed of three Planes that
are likewife fexangular, and three double
quadrangular ones, placed alternately. So
that every perfe&t Cryftal confifts of eleven
Planes, namely, five fexangular, and fix
quadrangular, Fig. V.

The Water of our Inland Sa/z- Springs afa
fords Cry(tals of an exact cubical Form, one
Side or Plane whereof feems to have a par-
ticular Clearnefs in the Middle, as if fome
Deficiency were in that Place ; but the other
five Sides are white and folid. See Fig. V1.

Sal Gem, diflolved, fhoots into Lhc like
cubic Cryftals.

Sea-water boiled to Drynefs, and its Salt
diffolved azain in a little *10 ing-water, gives
Cryftals alfo that are cubical, hut Icm_irk\“_
bly different from thofe laft ucmﬂ.ml: for
in t]:e Cryflals of Sea-falt all the Angles of
the Cube are RCHMWIH cut off, a 1d the

Corners
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Corners left triangular :' (See Fig. XI. XI.)
whereas the Salts of our Inland Springs
have all their Corners fharp and perfect, as
Fig. VL.

Nitre, or Salt Petre, throws itfelf into
long flender fexangular Cryftals, whofe Sides
are Parallelograms. One End conftantly
terminates either in a pyramid-like Point, or
elfe in a tharp Edge, according to the Pofi~
tion of the Sides of two unequal Planes.

The other End is always rough, and appears
as if broken. Fzg. VIL VII.

The moft general, tho’ leaft noted of all
the fo/file Salts among us, is a Kind of #all
or calcarious Nitre, or Lime-falf, which
may be collected from the Mortar of ancient
Walls ; and is, as Dr. LisTer fuppofes,
what a great Part of the Earth and Moun-
tains confift of *. Its Cryftals are flender and
long, the Sides of them four unequal Paral-
lIelograms: their Point at one End is formed
of two Planes with triangular Sides; the
other End terminates in two quadrangular

* 'We are well affured, that in France it is the common Prac-
tice for thofe who have the Superintendency of the King’s
Sait-Petre Works, to amafs vafl Quantities of the Mortar and
Rubbifh taken from old Buildings : whence, by proper Ma-
nagement, they extralt Abundance of this calcarisus Nitre.
And when they have got all they can from it, by leuting it lie
together for fome Years, it becomes impregnated anew, and
affords almoft as much as it did ac firit.

Planes:
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Planes : though both Ends are {eldom to be
found unbroken.—Of this Salt {ome is feen
with five Sides, and all the other Varieties
may be found in it, which are thewn Fig.
VIIL. 1. 2. 3 4. 52 6. 7.

Unripe or imperfe&t Fifriol is a white
Salt, whofe Cryftals arc Cubic Rhom-
boides : as Fig. I1X.

The Cryftals of our Inland Sa/t-fprings,
not yet arrived at Maturity and Perfection,
are formed like Fig. X.

The Particles of each of thefe particular
Salts, either in falling one upon another, or
uniting on one common Bafe, form theme
{elves into Maffes, which are invariable, and
always of the fame regular Figure : but it is
befl to examine them in the fmalleft Mafies,
their Shape being there moft perfeét and

diftinét.

EH AP Sy

Mifeellancous D1scoVvERIES and
OBESERVATIONS

T has been urged by fome, in Behalf of
ipontmc—:ous (Tfi'ﬁclat]{)n that Worms are
found in the human BO\VLI.., of a Figure
feen no where elfe ; and therefore that they
muft be generated there, {pontaneoudly, by
the Slime and Heat of the Inteftines: for if
they proceed from Parents of their own Kind
without
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without the Body,r and get into it by Accis
dent, either in the Egg or any other State,
where are thofe Parents found ?—This {feecms
a very {trong Objection ; but the Microfcope,
I believe, can enable us to anfwer it.
Worms found in the human Body are of
three Kinds, namely, the A/carides, or little
fhort flender Maggots, fo nearly refembling
a Sort frequently met with in warm mmi’t
Places, under rotten Wood, &e. that they
may reafenably be fuppofed the fame.~—The
Teretes rofunds, ot long round Worms, which
are evidently the Species of Earth-worms,
found commonly in Dunghills and Hot-
beds ; whofe Degree of Warmth is pretty
cqual to that of the human Bowels. And
the Lati, Faféie, Tape-worms, or Foint-
aworms, which are broad flat, full of Joints,
and fometimes of a moni’crous Length, ex-
tending many Yards along the Inteftines,—
"This is the Animal faid to  be found no where
clfe; but the Microjcope has very happily
difc wcrcd Worms of the fame F:gure ex~
actly, and different in Size only, in the In-
teftines oi. FEels, 1o fixt as not to be removed
without grmtl)iﬂicuit} but.contrating and
dilating themfclves very agreeably *. Ihe_y
are of an incredible Lenam in comparifon of
their Breadth, and when contracted become

® dreo Nat. Tom. IV. p. 367,
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fix Times broader than when exMnded.
There are Tape-worms likewife in the Bow-
els of a Turbut, tho’ thorter than thofe in
Eels, and with a Head not quite the fame,
They are fixed to the Guts by a Kind of
Hooks which they have in their Mouths,
and are not to be got off, but by holding the
Tail with one Hand, and feparating the
Head from the Inteftines with a Needle,
Having found thefe #orms in the Intef-
tines of Fifhes, let us now eonfider how
they could get there. And it is probable they
are naturally Water Animals, whofe Eggs
or young-ones getting into the Stomach with
the Water or the Food, become hatched or
nourifhed there. In the fame Manner they
may alfo be introduced into the Stomach of
other Animals : and their Difference of Size
in one or the other may arife from the dif-
" ferent Degrees of Heat, and the Kinds of
Nourifthment they meet with.—Three other
Sorts of Worms are alio found in the Intef-
tines of Eels. Carp are likewife fubjeé to
Worms which make them very lean, and fo
is the Trout.—There are two Sorts of whize
Worms in the Whiting; and the Microfegpe
may difcover them perhaps in every other
Kind of Fifh: nor can we wonder at it,
when we refle€t how liable Fithes muft be
to {fwallow the Eggs or young-ones of what=
gver Infeéts are Inhabitants of the Waters,

Vor. I, T 2, There
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2. There are frequently, in the Livers of
Sheep, Animaleules thaped like the Seed of 2.
Gourd, or rather like a fmall thin Myrtle-
Leaf with a very thort Foot-flalk. Their
Colour is whitifh, but numberlefs branching
Veflels or minute Canals of a greenith Yel-
low are difperfed every where about them ;
and a round Hole or Mouth appears near the
Stalk End. Thefe Creatures are found often
in the Ga//-Bladder, and in every Part of
the Liver ; where, forming themfelves little
Cells, they abide in a Liquor that is feem-

mgly Blood mixt with Gall*,

In the Head of Stags+, Morms oz
Maggots are moft commonly to be met with,
lodged in a Cavity under the Tongue, near
the Vertebrse where the Head joins on to the
Neck. Their Shape is partly cylindrical,
being flat underneath, but rounded on the
upper Side; in Colour white, with many
{emi-annular Rings befet withdarkifth Hairs.
On the Head are a Couple of exceeding {maik
white Horns, which are thruft out or drawn
in like a Snail’s ; and under them twe mi-
nute Claws, black, hard, and fharp, exciting
much Itching, and thercby oreat Uneafinefs.
They move alonv by fixing thcie Claws, and

R

;? Vid. Repr de Generat. Infe&. p. 0s.
¢ Ibid. p. 307,
;o ghen
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then dragging up their Bodies to them. The
End where their Excrements are difcharged
has a little Opening, with two black Spots
refembling a Half-moon. T'wenty or thirty
are ufually found in one Head, of the Size
of very large Maggots,

4. Like to the foregoing, efpecially to-
wards the Tail, but {fmaller, lefs vigorous,
and not fo hairy, are certain Maggots found
in the * Heads of Sheep. Their white Bo-
dies are marked acrofs with black Lines (par-
ticularly the largeft of them) ; and two black
Spots at the Anus, which form a Half-moon
in the Worms of Deer, compofe in thefe a
complete Circle. They abide moft common-
ly in a hollow Part of the Os Frontis, near
the Infertion of the Horns ; but are {fome-
times found even in the Noftrils, and in the
Cavities round the Roots of the Horns.
Sometimes teo they get higher up into the
Head, and make the Sheep run mad, They
are lefs numerous than thofe in Deer, being
feldom more than ten or fifteen.

5. Early in the Spring Seafon, we fhall
frequently find fticking to Pales of Wood,
efpecially very old ones, and fometimes to
Walls of Brick or Stone, a Sort of Lzsle W orm
or Maggot, inclofed in a Cafe about the Big-

* Vid. Repx de Gener. Infidt. Pe 309« :
T 2 nels
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nefs of a fmall Barley Corn. If this Cafe be
viewed with the Micrgfcope, it appears co-
vered all over with a moft delicate Sort of
Mofs, intermixed with fineSand or Earth. At
the fharpeft End there is a little Hole, thro’
which the Excrements are difcharged ; and
at the other a larger Opening, where the
Creature puts out its Head, and faftens itfelf
to the Pales or Wall. The included Ani-
mal is all black, about two Lines of an Inch
long, and three Quarters of a Line broad.
Its Body has feveral Ringlets folding over one
another. Its Head is large, flat, and polifhed,
refembling Tortoife-thell, with {fome Hairs
iffuing from it ; and near thereto, on each
Side, are three Legs. The Mouth is large,
and in continual Motion, and from it pro-
ceeds a {lender Thread or Web : the Eyes
are black and round. This is a pretty Ob-
ject, and changes I believe to fome Sort of
minute Fly, tho” I have not had an Oppor-
tunity of making the Experiment.

6. Nothing is more common, in the Be-
ginning of Summer, than to fee the Leaves
of Peaches, Nectarines, and Cherries, curled
up and blighted : which Leaves on Exami-
nation are found covered with Jttle Infecls *,

* Monl. D& La Hize calls thefe Pucerons; or little Fieas,
and inftances them as Infeéts that come from awalking to flying
without pafling through the Aurulia State : which they do by
anly cafling off their Skins, asa liccle Obfervation will fhew.

fome
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fome blackifh, others green ; fome winged,
and others without Wings. Thefe Creatures
bring forth their Young alive and perfect ;
and if their Bodies be opened, feveral perfect
Embryos will be feen therein.—It remains a
Doubt, whence, and by what Means, thefe
Infeéts are conveyed upon the young fprout-
ing Leaves, which at the fame Time are al-
ways covered with a glutinous and honey-like
Moifture : but we may hope diligent Obfer-
vations will difcover this Secret to us. Trees
in this Condition are vifited by Multitudes of
Ants ; which hurt not the Trees, as fomeer-
roneouily conjecture, but do them Service,
by devouring this Vermin that infefts them.

7. The Ant itfelf is an Obje& well worth
our Notice, being a Creature of a very fin-
gular Structure, The Head large, adorned
with two pretty Horns, each having twelve
Joints. Its Eyes are protuberant and pearl-
ed : it has Jaws faw-like or indented, with
feven little Teeth that exacily tally, openmg
fide-ways, and able to gape very wide afun- -
der; by the Help whereof it is often feen
orafping and tranfporting Bodies of three or
four Times its own Bulk and Weight. It is
naturally divided into the Head, the Breaft,
and the Belly or Tail ; each of thefe Parts
joining to the other by a very flender Liga«
ment. From the Breaft-part, three Legs
come forth on either Side. The Tail is armed

T 2 with
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with a Sting, which the Animal ufes only
when provoked ; but then a poifonous Li-
quor is conveyed by it into the Wound, oc-
cafioning Pain and Swelling. The whole
Body is cafed over with a Sort of Armour, {o
hard as fcarce to be penetrated by a Lancet,
and thick fet with fhining whitith Briftles.
The Legs, &¢. are alfo covered with Hairs,
but much {fmaller and of a darker Colour.
Upon opening an Auz-Hill, we {hall fee
them carrying in their Mouths, and fecuring
with great Solicitude, {mall whitifh Bodies,
ufually called their Eggs. Thefe, however,
are not Eggs, but dnts in their durelia State,
each encompafled with an Integument of its
own {pinning. We might have conjeétured
this from their Largenefs in Proportion to 2
perfelt Ant ; but the Microfeope fully proves
it, by difcovering to us their real Eggs, of
an oblong oval Figure, about the Size of a
Grain of Sand * : ninety whereof would not
extend the Length of an Inch, nor an hun-
dred and feventy be equal in Bignefs to one
of thefe Aurelia inclofed in its Cafe. Thefe
minute Eggs produce Maggots, which, after
a Time, {pin themfelves Coverings, become
Aurelias, and then Ants. The Parents Af-
fection for their Young-in the Aurelia State
is {fo ftrong, that when Danger threatens
they inftantly run away with them, andwill

# Vid, Leeuwexn, Epift. ad Reg. Soc, g Sept. 1687.
fooner
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Tooner die than leave them. There are fe-
weral Sorts of Ants differing both in Size and
LColour ; and towards the End of Summer
many of them are {een having four Wings.
Thele, SwamMMERDAM fays, are Males *,

The French Academy has publifhed a curi-
ous Account of Ants, whence I {hall abftra@
fome few Particulars. Every Aut’s Neft (it
tells us) has a ftraight Hole leading into it,
about the Depth of Half an Inch; which,
afterwards, runs floping dewnwards to the
public Magazine, where the Grains they
colle& are ftored up: and this is a different
Place from that where they reft and eat.—
Their Corn, being kept under Ground, would
fhoot and grow, did they not prevent it by
biting out the Germen or Bud before they lay
it up ; but this they conftantly do : for if
their Corn be examined, no Bzd will be
found therein ; nor, if fowed in the Earth,
will it ever vegetate. Was it, however, to
lie continually in the Ground, the Moifture
would occafion it to fwell and rot, and make
it unfit for Food. But thefe Inconveniencies
they find Means to remedy by their Vigilance
and Labour in the following Manner,

They gather very {mall Particles of dr
Earth, which they bring out of their Holes

* Vid. Swammsno, Hiff. Generale des InfeFes, p. 183.
1'% every
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every funfhiny Day, and place them in the
Heat. Every one of them brings in her
Mouth a Particle of this Earth, lays it by
the Hole, and then goes to fetch another ;
{o that in a Quarter of an Hour a vaft Num-
ber of fuch fmall Particles of dried Earth
are heaped round the Hole. Their Corn 1s
laid upon this Earth when under Ground,
and covered with the fame. When thefe
Particles of Earth are brought out, they fetch
out their Corn likewife, and place it round
this Earth, making two Heaps about the
Hole, one of dry Particles of Earth, and
the other of Grains of Corn. Lait of all,
‘they fetch out the Remainder of their dry
Earth whereon the Corn was laid. They ne-
ver go about this Work unlefs the Weather
be clear, and the Sun very hot ; but when
both are favourable, they perform it almoft
every Day.

The Author of this Account had found a
Nefl of Ants in a Box of Earth ftanding out
from a Window two Stories high ; whence
they made Excurfions both upwards to the
Top of the Houfe, where fome Corn lay in
a Garret ; and downwards into a Garden,
which the Window overlooked. The Situ-
ation of this Neft obliged them to, go up of
down a great Way before they could pofiibly
meet with any tﬁing; but he found, not-
withftanding, that none of them ever re-
turned empty, but every one brought a Grai!}

0
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of Wheat, Rye, or Oats, a {mall Seed, or
even a Particle of dry Earth, if nothing elfe
could be got. Some travelled to the farther
End of the Garden, and, with prodigious
Labour, brought heavy Loads from thence.
It required four Hours, as he learned by fre-
quent Obfervation, to carry a pretty large
Grain or Seed from the Middle of the Garden
to the Neft ; and he computed therefrom,
that an Ant works as hard as a Man who
fhould carrya heavy Load twelve Miles a Day,
The Pains thefe Ants took to carry Grains
of Corn up a Wall to the fecond Story,
climbing all the Way with their Heads
downwards, muft be exceeding great. Their
Wearine(s was fhewn by their frequent Stops
at the moft convenient Places; and fome
appeared fo fatigued and {pent, they could
not reach their Journey's End: in which
Cafe, it was common to fee the ftrongeft
Ants, which had carried home their Load,
come down again and help them. Sometimes
they were fo unfortunate to fall down with
their Burdens when juft in Sight of Home:
but when this happened, they feldom loft
their Corn, but carried it up again.—He
faw one, he fays, of the finallefi Ants carry<
ing a large Grain of Wheat with incredible
Pains. When fhe came to the Box where-
the Neft was, fhe and her Lioad together
tumbled back to the Ground. Going down
10 look for her, he found fhe had recovered
the
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the Grain, and was ready to climb up again.
The fame Misfortune befel her three
Times; but fhe never let go her Hold, nor
was difcouraged ; till at laft, her Strength
failing, fhe was forced to ftop, and another
Ant affifted her to carry home her Load to
the public Stock.

How wonderful is the Sagacity of thefe
Infeéts! How commendable their Care, Di-
ligence, and Labour! How generous their
Affiftance of one another for the Service of
the Community! How noble their public
Virtue, which is never negleGed for the Sake
of private Intereft ! In all thefe Things they
deferve our Notice and Imitation.—A con-
templative: Mind will naturally rurn its
Thoughts from the Condition and Govern-
ment of Ant-bills to that of Nations ; and
refle@, that fiperior Beings may poflibly
confider Human Kind, and all their Solici-
tudes and Toils, Pride, Vanity, and Ambi-
tion, with no more Regard than we do the
Concerns of thele little Creatures.

8. Among Pinks, Rofes, and Sun-flowers,
there is to be found, almoft conftantly, a /-
¢le, long, nimble Infeét, fmaller than a Loufe,
fometimes creeping, and fometimes leaping.
It appears in the Microfcope bodied like a
Walfp, with fix or feven annular Divifions :
it has two fair long black and yellow Wings;
two Horns, each rifing from a knobbed
Root ;
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Root ; two black Eyes, and fix Legs. It is
{o tender, the leaft Touch kills it, but a very
pretty Object. :

9. Alittle Infect is conftantly found in the
Froth (or Cuckow-fpit as fome call it) that
hangs on the Leaves of Rofemary, Lavender,
&'c. It creeps firft, then leaps, and at laft
flies. It has fix Feet, with two blackifth
Claws at the End of each ; a long Probofiis
to fuck up its Food, two Horns, and a Pair
of darkith red pearled Eyes. The Tail
ends in a Stump, but by its annular Divi-
fions can be thraft out or drawn in at Plea-
{ure.

10. There is a pretty yellow Infeé on Sy-
camore Leaves, with fix Legs, running very
nimbly. The Eyes are red, prominent, and
pearled ; the Horns are flit, and forked at
the Ends. At firft it has no Wings, but
near the Shoulders are two little Protube-
rances, whence two long Wings come forth,
when it turns into a Fly or Locuft. It is
hairy towards the Tail.

11. A {mall white oblong Infest fticks to
the Ribs on the Back Sides of Rofe-tree
Leaves, towards the End of Summer, which
turns into a little yellow Locuft that {kips
about the fame Tree, In both States it isa
pretty Objedt.

12. There
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12. There 1s alfo a greenilh Grafshopper
or Locuft, on Goofeberry-Leaves, Sweet-
Bryar, and Geolden Moufe-Ear, in Apri/
and May, with four Legs, two black Eyes,
a Pair of curious Horns, and many other
Beauties.

13. In the Water of Ditches there are
frequently Numbers of Water-Spiders, not
larger than a Grain of Sand ; they are very
voracious, hunting. about contmual]y for
Prey ; and may be feen by the Microfcope
catching and devouring other minute Ani-
malcules. Some have eight, {fome ten Legs,
and Antenne jointed like Equzfétum or Horfe-
Tail.

14. Likewife in ftanding Waters we may
often meet with flender Eels or Worms,
about the third of an Inch, and fometimes
more, in Length. They are full of Joints
from End to End, at large Diftances from
one another; have a fharp Head like an Ee/, a
large Mouth, and two fine black Eyes. The
Tail terminates in a Tuft of Hairs of a very
curious Structure ; the Motions of the In-
teftines are feen dlﬂm&l\, and the whole
Animal is a delightful (ijeét —The Blood-
red Yointed Worm, very common in flagnant
Waters, is alto well deferving our Obferva-
tion.

15. The
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15. The Crane-fly, called by ALnpro-
vAND Culex maximus, by SWAMMERDA M
Tipula terreftris, and by the common People
Fatber~long-legs, affords, in every Part of
it, agreeable Subjeéts of Examination : but
the Feet are more particularly furprizing ;
for, upon difleting them in a Drop of
Water, the flethy Fibres contralt and dif-
tend, in 2 Manner not to be imagined with-
out feeing it, and continue their Motions
three or four Minutes, Mr. LEEUWENHOEK
found it conftantly in the Feet of this Crea-
ture, but not in thofe of any other Infe& *,
The Inteftines are alfo very curious, coufift-
ing of numberlefs Veflels and Organs, which
may be feen as plainly by the Microfcope,
as the Bowels of larger Animals can by the
naked Eye +. The Tails both of the Male
and Female are of an extraordinary Struc-
ture: that of the Female ends in a fharp
Point, wherewith fhe perforates the Ground,
and depofits her Eggs under the Grafs in
Meadows.

16. The Multipes, or Scolopendra, has a
very long flender Body ; its Mouth is armed
with a Pair of fharp Forceps, and in hot
Countries (where they are of a large Size)

* Ar¢. Nat. Tom. IlL. p. 11g.  § Tom. IV. p. 551.
its
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its Bite is venomous : but our fmaller ornes
feem not mifchievous, One I examined had
fifty-four Joints, and from every Jointa Leg
iflued on each Side, which, with two others
at the End of the Tail, larger than the reft,
made in all one hundred and ten. When
the Creatures move along, thefe Legs fol-
low one another very regularly, making a
pretty Kind of Undulation, not to be de-
feribed, and giving the Body a fwifter Pro-
greflion than one would expe&, where fo
many Feet take fo many fhort Steps, in turn,
one after another. There are feveral Sorts of
thefe Infeéts, different in Shape, and in
" Number of Legs, which the Curious will be
pleafed to examine *.

17. There is an extraordinary Sort of
Caterpillar, of a middle Size, having four
Tufts of yellowith white Hair, like little
Brufhes, of an equal Height, ftanding up-
right on its Back : below thefe, from each
Side, 1flues a Bunch of dark-coloured Hairs
of different Lengths, the Extremities of
which are black. Two more Bunches of
the fame Form rife from the Head like
Horns, and another ftill from the Top of
the Tail, Every Hair in thefe Bunches,

* LeevweNBOEK fays, the Indian Millipes has eight Eyes
like the §pider.  Quers, Have Engli/b anes fo too ?

8

when
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when viewed through the Microfiope, re-

ifembles a Peacock’s Feather, and is a de-
Lightful Obje&t. The Inquifitive will find
abundance moere Wonders in this amazin
Creature, and, indeed, in moft Sorts of Ce-
terpillars.

18. The Silk-worm is a Creature every
Part whereof, either in the Werm or Fly
State, deferves our particular Attention :
but as both Marricur and Leeuwen-
HOEK have examined it with great Skill,
and publithed their Obfervations with ana~
tomical explanatory Drawings, I fhall refes
the Curious to them, and to their own En-
quiries ; ondy advifing fuch as fhall engage
in a farther Examination, not to neglect the
Skins thefe Animals caft off three Times
before they begin to {pin: for the Eyes,
Mouth, Teeth, Ornaments of the Head, and
many other Parts, may be difcerned better
in the caff-gff Skins than in the real Ani-
mal. A due Obfervation of the Changes
of this Creature, from the Caterpillar to the
Nymph, Aurclia, or Chryfalis, and thence
to the Math or Butterfly State, will give a
general Notion of the Changes all Cazerpil-
Jars undergo, though {fome little Differences
may be in the Manner. SwAMMERDAM
fays, the Butterfly, by a judicious Exami-
nation, may be traced and difcerned under

each
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each of thefe Forms, which are only differ-
ent Coverings or Drefles for it.

The Tail of the Male Silk-worm be-
ing fqueezed Animalcules were found in the
Semen * four Times as long as broad ; their
Backs thicker than their Bellies, like the
Shape of a Trout, Their Length was fup-
pofed to be about half the Diameter of a
Hair. This I CXPCI‘ICHCLd myf{elf, on the
8th Day of Auguf?, in the Year 1742, when
taking a Male Silk-wworm, that was wf’c then
come forth in its Moth-flate, and giving its
Tail {everal little gentle Squeezes, in about
a Minute’s Time a fmall Drop of a brownith
white Liquor was {quirted brifkly from it on
a Talc I held to receive it: and dlhltmg this
with a little Water warmed in my Mouth
for that Purpofe, I was very much furprized
and pleafed to obferve the numberlefs Ani-
malcules it contained, {wimming about, alive
and vigorous.

N. B Whoever would make this Experi-
ment, muft do it before the Mprh has been
coupled with the Females ; for nothing is to
be got from it aftcmqrds, as 1 have found
by feveral Trials.

20. The Probofcis of a Butterfly, which
winds round in a fpiral Form, like the Spring

* Vid. LEsuwsX. Adre. Nar, Tom. 1. Par. I1. p. 422.

)
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of a Watch, ferves both for Mouth and
Tongue, by entering into-the Hollows of
Flowers, and extracting their Dews and
Juices. The Shape and Stru&ture of it will
be found very furprizing.

21. The Legs and Feer of Infeéls ate won-
derful in their Structure and Contrivance,
according to their different Circumftances
and Neceflities of Life, and afford a pleafin
Variety of Objeéts. It is pretty to obferve,
not only the fharp hooked Claws, but a]fa
the fkinny Palms of fome Flies, &¢. which
enable them to walk on Glafs and other
fmooth Surfaces, even with their Bodies
hanging downwards, by means of the Pref-
fure of the Atmolphere : others again have a
Sort of Spunges, which preferve their Claws
from being broken or blunted by firiking
againft h Ald Bodies, as the Claws of Cats, affc.
are, by foft flethy Protuberances at the Bot-
toms of their Feet.

22. The Nymph of the Clotbes-moth, which
(from being often found fcudding among
Books and Papers) Mr. Hooxk calls the fil-
ver-coloured Book-worm, is covered with
thin tranfparent Scales, from whofe Sur-
faces a Multiplicity of RLH -&tions of Light
make the Animal appear in Colour h::.e a
fine Pearl, It has fix Legs, runs by Starts
and Stops, and has three Horns at the Ex-

NVox. 1, U tremity
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tremity of the Tail, As this Defcription is
fufficient to make it known, I fhall leave
the Curious to examine its Beauties, and not
anticipate their Pleafure, /Vide Hoox’s M-

crog. p. 208.

Mifiellancous Diftoveries

23.- On the Leaves of Orange Trees, Fig
Trees, Willows, and many other Trees and
Plants, there are various Kinds of minute Ju-
Jeéls, as yet but little known, inclofed in
Tubercles or Swellings.

24. The Eggs of Infets are remarkable for

their different Figure and Colour, and for

the particular Regularity and Exaétnefs

wherewith they are frequently placed. We
thall fometimes find a2 Sort cemented round
a Twig of the Sloe Tree, or Damf{on Tree, as
if faftened there by Art, and ranged merely
for the Sake of Beauty. The Variety of them
is inconceivable, and to: be fought for as
well in the Waters as elfewhere ; as thofe
will be convinced who will take the Pains
to examine, in the Spring, the Water-Crefies,
Brook-lime, and other Water-plants, on the
Back of whofe Leaves infinite Numbers of
minute Eggs may frequently be difcovered,
appearing to the naked Eye only as a Slime.

25. In Cellars, on the Corks of Bortles,
there are three or four Sorts of very furpriz-
ing Infects.

26. The
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26. The Lungs of a Frog, blown up and
dried, will affift us to difcover the true
Stru&ture of that Bowel.

27. Cochineal, which comes from New
Spain, and is fo valuable for its Ufe in dying
Scarlet, Crimfon, and Purple, has been af-
ferted by fome to be a Seed or Grain, and
by others, an Infect ; but the Microfcope de-
termines thefe Difputes, by thewing plainly,
after fteeping it in Water twenty-four Hours,
an oval Body, Scales, Legs, and a pointed
Trunk: in fthort, the whole refembles our
Cow-lady. Many Eggs may be difcovered
upon opening their Bodies : and if you burn
them, let their Afhes ftand two or three
Days in Water, then filter and evaporate,
their Salts may be diftinétly feen.

28. The Featbers of Birds afford Variety
of Beauty, and diffor greatly from one ano-
ther, not only in their general Colour and
Form, but in the Struocture of each particu-
lar Part; as every body muft be fenfible,
who examines thofe of the Oftrich, the Pea-
cock, the Eagle, the Swan, the Parrot, the
Owl, and all the numerous Species of Birds.
Their Quills too deferve our Attention : and
our Oblervations on them will be affitted by
reading the 36th Obfervation in Mr. Hook’s
Micrography, p. 168; and alfo Mr. Leru-

U2 WENHOEK'S
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WENHOEK's Experiments, in the 4th Tome

of his Writings, p. 323-

29. Miffés of all Kinds are agreeable Ob-
je&s, and appear, by the Microfcope, to be as
etfec in their Leaves, Flowers, and Seeds,
as the largeft Plants or Trees. Thole, parti-
cularly, that grow on the Rocks and Coafts
of the Sea, exhibit amazing Beauties.

30. Spunge is reckoned a Plant-Animal,
and appears compofed of minute Veflels re-
fembling Veins and Arteries.

31. Decayed Froits, moift Wood, damp
Leather, ftale Bread, and Abundance of other
Things, contract what we call Mouldinefs ;
which the Microfcope difcovers to be nothing
elfe but innumerable minute Plants, bearing
1eaves, Flowers, and Seeds, and increafing in
a Manner almoft incredible: for in a very
few Hours the Seeds {pring up, arrive at full
Maturity, and bring forth Seed themfelves ;
fo that a Day produces {everal Generations of
them. There are many Sorts of thefe micro-
fcopical Plants, very different in Size and
Appearance: Some of the Muthroom Kind,
others refembling Bulruthes, and others
again bearing vaft Quantities and great Varie-
ties of Fruit. Other Kinds are likewife found
in great Abundance on the Surface of Li-
quors, when they are what we term Mothery.
32. The
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32. The dir-veffels, Sap-veffels, and Pores

of Wood, are wonderful in their F igure,
Number, and Difpofition ; as plainly appears
by fhaving off the thinneft Slices pofiible,
lengthways, croffways, and obliquely, and
bringing them to view. Fir and Cork are
the readieft for this Purpofe : but all other
Kinds of Wood, tho” with fomewhat more
Trouble, may be rendered fit to be examin-
ed. In a Piece of Cork, no longer than
the cighteenth Part of an Inch, fixty Cells
were numbered in a Row ; whence it fol-
lows, that one thoufand and eighty are in
the Length of an Inch ; one million an hun-
dred fixty and fix thoufand four hundred in
an Inch fquare ; and in a Cubic Inch, one
thoufand two hundred fifty-nine millions
feven hundred and twelve thoufand *.

In the Pith of Trees and Plants, cut {o as
to become tranfparent, the Veflels may be
difcerned diftin¢tly, The Pores of Wood
may likewife be feen advantageouily in Char-
cogl and Small-coal.

33. There are many Sorts of Sand ; fome
gathered on the Sea-thore, or on the Shores
of Rivers, and others found within Land.
"The Grajns of each Sort differ much in Size,

————
* Hook’s Microg, pe 114

U 3 Form,
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Form, and Colour : fome are opake, others
trar{parent ; fome have rough Surfaces, and
others are quite fmooth ¥, Thelfe Varieties
are very agreeable to examine by the Micro-
Jfeope, which fhews, in fome of the fhining
Kinds, Grains having all Numbers of Sides
and Angles, and fo finely polifhed, that no
Diamond is more exquifitely beautiful. On
others, grotefque Figures, or Reprefentations
of Landfcapes, Buildings, Plants, and Ani-
mals, at once furprize and pleafe.

34. In order to examine Diamonds -+ with
the greater Exactnefs, Mr. LEEUWENHOEK
broke a fmall one between two Hammers,
and placing the Pieces before his Microfcope,
in the Sun-fhine, he faw many {parkling
Flames iffue from them, with a continual
Corrufcation in fome, like a faint Lightning.
Then viewing them in the Shade, he obferv-
ed, among other pretty A ppearances, a little
Flime that fecmed to dart from each Particle
of the Diamond : and it was a glorious Sight
to behold Muliitudes of {parkling Flames,
moft of a bright Fire-colour, and others
greenith, flafhing faintly and like Lightning
at a Diftance. In other Pieces of the Dia-.

&'Vid, Phil. Trasf. Numb. 289. Hoox’s Miereg. p. S0
4 Vid. Phil. Tranfe Numb. 374

z _ piondy
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mond, the Lamelle, or Layers, compofing it,
were very plainly to be diftinguifhed.

35. In ftriking Fire with a Flint and Steel,
little Particles of Steel are ftruck off, and
melted into Globules by the Coliifion ; as
will be evident upon making the Experiment
over a Sheet of white Paper, and viewing
what falls into it through the Microfcope.
Mr. Hoox firft made the T'rial, and found
that a black Particle, no bigger than a Pin’s
Point, appeared like a Ball of polithed Steel,
and ftrongly reflefted the Image of the
Window near which he examined it *. It
is alfo entertaining enough to feparate the
melted Iron Particles from the Particles of
Stone, which fometimes are vitrified, by
Means of a Knife that has been touched by
a Loadftone.

36. Kind Nature has fupplied the Seeds of
Dandelion, Thiftles, and many other Plants,
with a Down, that ferves inftead of Wings
to convey them to diftant Places. The Fi-
gures of {uch Down, in different Plants, are
very different when looked at thro” Glaffes ;
fome appearing plain and {mooth, others
rough and thorny, and others again with
little Hooks or Clafpers to catch hold of any

® Hook’s Microgs p. 25+ 44 45
U 4 Thiﬂgo
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Thing. Peaches, Quinces, and fome other
Fruits, have likewife a foft Down, which is
worth cxamining, as well as the Hairs on
many Sorts of Leaves, Fruits, and Seeds,
There is a very fine Down, or Hair,

mll@d Cowage, or Coaw-iteh , growing on a
Sort of h:myl idney-bean that comes from
the Eofi-Indies. The Pods, sbout three
Inches long, refemble a French-bean, and
are'covered with this Down, or Hair, which
is very {hff for its Bignefs, csufes Pain and
Inflammation if rubbed on any Part, and
when viewed by a Microfcope appears like
Maultitudes of Needles.

‘A Sort of curime Horns, rifing out of the
M:ddlc of fome Carnations and Pinks, are
c*(ceedmg pretty Objedts.

38. The Flakes of falling Smw are various
in their Conﬁgumtmns, and extremely beau-
tiful, 'if examined before they melt : which
may c1ﬁ]y be done by making: the Experi-
ment in the open fw“zmg Air. DESCARTES,
- Pr. Gréw, Mr.-Hoox, Mr. MorToN, Dr.
Lanéwiry, and others, ‘have given us fe-
verdl of theirdifferent Star=like Forms: and
DriSrocke, of Zealand, has lately com-
muhicated ‘‘to the "Royal Society fome new
Figures unobferved before.

The Configuration of the Particles of Dew
may perhaps e likewife well worth obferv-
ing. Plumous
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Plumous Alum, Talcs of different Kinds,
Afbeftos, Marcafites, and all Sorts of Mine-
rals and Foffils, afford a Variety of agreeable.
and curious Objects.

Athiops Mineral, Calomel, Mercurius
dulcis, and all other Mercurial Powders, are
found, when examined by the Microfcope,
to be full of minute Globules of crude and
unaltered Mercury.

Common Salt diffolved in Water exhibits
infinite Numbers of quadrangular Bodies.

Toads, Frogs, and Newts, aré killed by
rubbing Salt upon their Backs *; Snakes,
Vipers, Rattle - Snakes, &¢. by drawing
through their Skin, with a Needle, a Thread
dipped in Oil of Tobacco : and Mercury is
a mortal Poifon to Ants.

It would be an endlefs Tafk to point out
half the Obje@s fit to be examined by this
ufeful and entertaining Inftrument, which
{fupplics us, as it were, with Eyes infinitely
more penerra:ing than our own ; and difco-
vers Wonders to us which we thould be un-
able to conceive without it. The foregoing
are a few only among thofe  that are’ moft
curious ; but cvery Creature, every. Plant,
and Fruit, and Flower, every Drop of Wa-

* Hook’s Microg. p- 144

ter,
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ter, and every Particle of Matter, if carefully
examined, will afford us new Inftru@ion and
Delight,

CH'& PERL

The Works of ART and NATURE
compared together and confidered.

EFORE this Treatife is concluded,
B it will not perhaps be thought unpro-
fitable to examine fome of the fineft and
moft exquifite Performances of human Art,
and compare them with the Productions of
Nature: as fuch a Comparifon muft tend
towards humblmg the Self-conceit and Pride
of Man, by giving him. a more reafonable
and modeft Opinion of himfelf ; and at the
{fame Time may in fome Degree conduce to-
wards improving his imperfe&t Conceptions
of the SupPrREME CREATOR.

Upon examining the Edge of a very keen
Razor by the Microfcope, it appeared as
broad as the Back of a pretty thick Knife ;
rough, uneven, full of Notches and Fur-
rows, and fo far from any Thing like Sharp-
nefs, that an Inftrument as blunt as this
{eemed to be, would not ferve even to cleave

Wood #,

* Hooxs Microg.
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An exceeding fmall Needle being alfo ex-
amined, the Point thereof appeared above a
Quarter of an Inch in Breadth ; not round,
or flat, but irregular and unequal ; and the
Surface, though extremely fmooth and bright
to the naked Eye, feemed full of Rug-
gednefs, Holes, and Scratches. In fhort,
it refembled an Iron Bar out of a Smith’s
Forge *.

But the Sting of a Bee, viewed through
the {ame Inftrument, thewed every where a
Polith moft amazingly beautiful, without
the leaft Flaw, Blemifh, or Inequality ; and
ended in a Point too fine to be difcerned :
yet this is only the Cafe, or Sheath, of In-
ftruments much more exquifite contained
therein, as before defcribed, Page 210.

A {mall Piece of exceeding fine Lawn ap-
peared, from the large Diftances and Holes
between its Threads, fomewhat like a Hupr-
dle or Lattice, and the Threads themfelves
feemed coarfer than the Yarn wherewith
Ropes are made for Anchors.

Some Bruffels 1.ace, worth five Pounds a
Yard, looked as if it were made of a thick,
rough, uneven Hair Line, intwifted, falten-
ed, or clotted together in a very aukward
and unartful Manner.

* Phil. Tranf. Numb. 324. Speit. de la Nat. Eng, Edit.
1zmo. Vol. L. p. 8.
But
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But a Silkworm’'s Web, being examined,
appeared perfetly fmooth and fthining, every
where equal, and as much finer than an
Thread the beft Spinfter in the World can
make, as the fmalleft Twine is finer than
the thickeft Cable. A Pod of this Silk being
wounnd off, was found to contain nine hun-
dred and thirty Yards: but it is proper to
take Notice, that as two Threads are glewed
together by the Worm through its whole
Length, it makes really double the above
Numbel, or one thoufand eight hundred
and fixty Yards : which being wughed with
the utmoft Exa&nefs, were found ho héavier
than two Grains and a Half *. What an
exquifite Finénefls is here ! and yet this is
nothing when compared with the Web of a
fmall Spider (fee Page 200), or even with
the Silk that iffued from the Mouth of this
very Worm, when but newly hatched from
the Egg.

The f{mallet Doz, Tittl, or Point, that
can be made with a Pen, appears, when
viewed by the Microfcope, a vaft irregular
Spot rough, jagged, and uneven all about
its L‘dgcc and far enough from being traly
round. . 'The fincft and minuteft Zf/.:"iz‘ﬂf”'
fuch as the Lord’s Prayer in the (,omp}.is,
of a filver Penny, or other fuch like curious

v Ibid: p. 5o.

Performance,
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Performance, done by the moft able Mafter,

fecems, when brought to Examination, as
thapelefs, uncouth, and barbarous, as if writ-
ten in Runic Charaéfers. But the little Specks
on the Wings or Bodies of Moths, Beetles,
Flies, and other Infe&s, are found, when
magnified, to be moft accurately circular :
and all the other Lines and Marks about
them appear regularly and finely drawn, to
the utmoft Poffibility of Exactnefs.

Dr, Power fays, he faw a golden Chain
at TREDESCANT’s, of three hundred Links,
not more than an Inch in Length, faftened

to, and pullcd away by, a Flea. And I
myfelf have feen very lately, near Durbam-
Yardin the Strand, and have examined with
my Microfcope, a Ch.nin. (made by one Mr.
Boverick, a Watch-maker) having four
Wheels, with all the proper Apparatus be-
longing to them, turning readily on their
Axles ; together with a Man fitting in the
Chaife ; all formed of Ivory, and drawn along
bya th without any feeming Difficulty. |
weighed it with the greateft Care T was able,
and found the Chaife, Man, and Flea, were
barely equal to a fingle Grain. T weighed
alfo, at the fame Time and Place, a Brafs
Chnn made by the fame Hand, about two
Iniches long, containing two hu ndf ed Links,
with a Hook at one End, and a Padlock and

Key
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Key at the other; and found it lefs than the
third Part of a Grain ¥,

We are told, that one OswaLp NeLIN-
GER + made a Cup of a Pepper-corn, which
held twelve hundred other little Cups, all
turned in Ivory, each of them being gilt on
the Edges, and ftanding upon a Foot: and
that, fo far from being crowded or wanting
Room, the Pepper-corn would have held
four hundred more.

Thefe are fome of the niceft, moft curious,
and furprizing Works of Art: but let us
examine any of them with a good Micro~
{cope, and we thall immediately be con-
vinced, that the utmoft Power of Art is only
a. Concealment of Deformity, an Impofition
upon our Want of Sight; and that our Ad-
miration of it arifes from our Ignorance of
what it really is.

This valuable Difcoverer of Truth will
prove the moft boafled Performances of Art
to be as ill-fhaped, rugged, and uneven, as

# | have feen, fince my writing the above (made by the
fame Artift) a Quadrille Table with a Diawer in it, an Eat-
ing Table, a 5de-board Table. a Looking-glafs, twelve
Chairs with Skeleton Backs, two dozen of Plate-,-fix Difhes,
a dozen Knives and as many Forks, twelve Spoons, two Salts,
a Frame and Caflors, together with a Gentleman, Lady, and
Foorman, all contained in a Cherry Srome, and not Llling
much more than half of it.

t Epbem. German. Tome I Addend. ad Obfesv. 13.
if
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if they were hewn with an Ax, or firuck
out with a Mallet and Chiflel. It will thew
Bungling, Inequality, and Imperfetion in
every Part, and that the Whole is difpropor~
tionate and mon{trous. Our fineft Miniature
Paintings appear before this Inftrument as
mere Daunbings, plaiftered on with a Trowel,
and entirely void of Beauty, cither in the
Drawing or the Colouring, Our moft thin-
ing Varnithes, our {mootheft Polithings,
will be found to be mere Roughnefs, full of
Gaps and Flaws.

Thus fink the Works of Art, when we be-
come enabled to fee what they really are |—
But, on the contrary, the nearer we examine,
the plainer we diftinguifh, the more we can
difcover of the Works of Nature, even in the
Ieaft and meaneft of her Produ&ions, the
more fenfible we muft be made of the Wif-
dom, Power, and Greatnefs of their Author.
—Let us apply the Microfeope where we
will, nothing is to be found but Beauty and
Perfetion, View we the numberlefs Spe-
cies of Infects that fwim, creep, or fly around
us, what Proportion, Exactnefs, Uniformity,
and Symmetry fhall we perceive in all their
Organs ! what a Profufion of Colouring!-
Azure, Green, and Vermilion, Gold, Silver,
Pearls, Rubies, and Diamonds; Fringe and
Embroidery on their Bodies, Wings, Heads,
and every other Part! How rich the Glow !

how
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how high the Finithing ! how inimitable
the Polith we every where behold !—Search
we yet farther, and examine the Animal-
cules, many Sorts whereof it would be im-
poffible for an human Eye unaflifted to dif-
cern; thofc breathing Atoms, fo {fmall they
are almoft all Workmanthip! in them too
we fhall difcover the fame Organs of Body,
Multiplicity of Parts, Variety of Motions,
Diverfity of Figures, and particular Ways of
Living, as in the larger Animals.——How
amazingly curious muft the internal Struc-
ture of thefe Creatures be! The Heart, the
Stomach, the Entrails, and the Brain! How
minute and fine the Bones, Joints, Mulcles,
and Tendons ! How exquifitely delicate be-
ond all Conception the Arteries, Veins,
and Nerves! What Multitudes of Vefiels
and Circulations muf(t be contained within
this narrow Compafs! And yet all have
fufficient Room to perform their different
Offices, and neither impede nor interfere
with one another.

The fame Order, Regularity, and Beauty,
will appear likewile among Fegetables, if
brought to Examination. Every Stalk, Bud,
Flower, or Seed, difplays a Figure, a Propor-
tion, a Harmony, beyond the Reach of Art.
There is not a Weed, not a Mofs, whofe
every Leaf does not (hew a Multiplicity of
Veflels and Pores difpofed moit curioufly
for the Conveyance of Juices to {fupport

an
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and nourith it, and which is not adorned
with innumerable Graces to embellith it,

The moft perfe@ Works of Art betray a
Meannefs, a Poverty, an Inability in the
Workman ; but thofe of Nazure plainly
prove, the Hand that formed them was ab
folute Mafter of the Materials it wrought
upon, and had Tools exactly fuitable to itg
Defign. Every Hair, Feather, or Scale, even
of the meaneft Infect, appears rounded, po-
lithed, and finithed to the higheft Pitch ;
and fhews the abundant Riches, Munifi-
cence, and Skill of its Maker.

But fome may poflibly enquire, to what
Purpofe Providence has beftowed fuch an
Expence of Beauty on Creatures {o infignifi-
cant; and then cry out, Whar is all this ro
us? — My Reply 15, that the Beauty and
Elegance which adorn them are evident and
convincing Proofs of their not being fo infig-
nificant as we prcfumptuouﬂy fuppofe they
are 3 for fuch Beauty muft be given them,
either for their own Sake, that they them-
felves may be delighted with it; or elfe for
ours, that we may obferve in them the
amazing Power and Goodnefs of the Creator,
If the former be the Cafe, we muft allow
them to be of Confequence in the Account
of their Maker, and therefore deferve our
Regard; and if the latter, it is really our
Duty to take Notice of and admire them, But

Vor. I, X for
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for whatever Reafon God has been pleafed
to beltow Exiftence on them, and to clothe
them with Beaunty, what he has judged wor-
thy himfelf to create, is not, {urely, below
us to examine and confider. The fame
Hand that formed the Whale, the Elephant,
and the Lion, has likewife made the Loufe,
the Gnat, and the Flea,

C H AP L

Some reafonable RefleGions oz Dilcoveries
made by the Microfcope.

HE Ufe of the Microfeope will natu-

rally lead a thinking Mind to a Confi-
deration of Matter, as fathioned into different
Figures and Sizes, whether Animate or In-
animate : it will raife our Refle&ions from a
Mite to a Whale, from a Grain of Sand to
the Globe whereon we live ; thence to the
Sun and Planets ; and, perhaps, onwards fhill
to the fixt Stars and the revolving Orbs they
enlighten, where we {hall be loft amongit
Suns and Worlds in the Immenfity and Mag-
nificence of Nature,

Our Ideas of Matter, Space, and Dura-
tion, are merely comparative, taken from
ourfelves and Things around us, and limited
to certain Bounds ; beyond which if we
endeavour to extend them, they become very
indiftin@®. The Beginnings and Endings,
excefiive
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exceflive Greatnefs or exceflive Littlenefs, of
Things, are to us all Perplexity and Confu-
fion.

““ Let a Man try to conceive the differ-
¢ ent Bulk of an Animal which 1s twenty,
¢ from another which is an hundred Times
“ Jefs than a Mite; or to compare, in his
¢ Thoughts, the Length of a thoufand Dia-
¢ meters of the Earth with that of a million,
¢ an he will quickly find that he has no
¢ different Meafures in his Mind adjufted
“¢ to fuch extraordinary Degrees of Grandeur
¢ or Minutene{s. The Underftanding, in-
¢¢ deed, opens an infinite Space on every Side
““ of us; but the Imagination, after a few
‘¢ faint Efforts, is immediately at a Stand,
“and finds itfelf {wallowed up in the Im-
« menfity of the Void that furrounds it.
¢ Qur Reafon can purfue a Particle of Mat-
« ter thro’ an infinite Variety of Divifions,
¢¢ but the Fancy foon lofes Sight of it, and
<¢ feels in itfelf a Kind of Chafm, that wants
“¢ to be filled with Matter of a more fenfible
¢« Bulk. We can neither widen nor con-
¢ tract the Faculty to the Dimenfions of
¢« gither Extreme. The Object is too big
¢« for our Capacity, when we would com-
s« prehend the Circumference of a World ;
« and dwindles to Nothing when we en-

o
¢¢ deavour after the Idea of an Atom *,”

-

* Spectators Numb. 420,

X 2 The
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The minute Size of microfcopical Ani-
nalcules, and the little Space they occupy,
when compared with ourfelves and the Room
we fill, may poflibly increafe our Pride and
Folly, and make us imagine ourfelves of
mighty Confequence in the Creation. But
if we carry our Thoughts upwards, and
compare the Body of a Man to the Bulk of
a Mountain, that Mountain to the whole
Earth, the Earth to the Circle it defcribes
round the Sun, that Circle to the Sphere of
the fixt Stars, the Sphere of the fixt Stars to
the Circuit of the whole Creation, and the
whole Creation itfelf to the infinite Space
that is every where diffufed about it, we
{thall find ourfelves fink to Nothing.
¢« % Were the Sun, with all its planetary
<« Worlds, utterly extinguifhed and annihi-
¢ Jated, they would no more be mifled in
«¢ the grand Univerfe than a Grain of Sand
<¢ upon the Sea-fhore : the Space they pof-
¢ {efs is fo exceeding little, in comparifon
e« of the Whole, that it would fcarce make
¢¢ a Blank in the Creation, The Chafm
<« would be almoft imperceptible to an Eye
s¢ that could take in the whole Compafs of
¢«c Nature, and pafs from one End of the
¢ Creation to the other.” What then is

* Vide Spedtater, Numb. 563.




Difcoveries made by the Microfcope. 303

the mightiet Monarch that ever lived!
What is the whole Race of Man!

A Mite upon a Cheefe is as large and
confiderable, in Proportion, as a Man upon
the Earth : the little Infeéts feeding on the
Leaves of Peach-Trees and Chcrry—lrens,
are no i1l Reprefentation of Oxen grazing in
large Paftures: and the minute Animalcules
in a Drop of Water fwim about with as
much Freedom as Whales do in the Ocean :
—All have equal Room in Proportion to
their own Bulk.

The Term or Duration of Life, in dif-
ferent Creatures, is likewife comparatively
long or fhort, according to the Number,

uicknefs, or Slownefs of Ideas prefenting
themfelves fucceffively to the Mind.  For,
when the Ideas fucceed one another fwiftly,
and many of them are crowded into a nar-
row Compafs, the Time, however fhort it
may be, will feem 10113 in Pioporuon to the
Number of Ideas paiiing through it: on the
contrary, when the Ideas are but few, and
follow one another very flowly, a loncr"fime
will appear fhort, in Proportion to their
flow Succeflion, and the Smallnefs of their
Number.

¢ It is evident, fays Mr. LockE, to any
¢ one who will but obferve what paffes in
<< his own Mind, that there is a Train of
“¢ Ideas, which conftantly fucceed one ano-

X 3 ¢ ther
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< ther in his Underftanding, as long as he
¢ is awake. RefleGion on thefe Appear-
¢ ances of feveral Ideas one after another in
‘¢ our Minds, is what we call Duration.
¢« For whilft we are thinking, or whil{t we
“ pecéive fucceflively feveral Ideas in our
<t Minds, we know that we do exift: and
¢ {5 we call the Exiftence, or the Conti-
¢ nuation of Exiftence of ourfelves, or any
¢¢ Thing elfe commenfurate to the Succeflion
“ of any Ideas in our Minds, the Duration
 of ourfelves, or any fuch other Thing
¢ co-exifling with our Thinking *.”

From thefe Principles it is manifeft, that
one Day may appear as a thoufand Years,
and a thoufand Years but as one Day: by
which Means, the Lives of all Creatures, for
aught we know, may feem to themfelves
nearly of the fame Duration. It is at leaft

robable, ~that fomething like this may
really be the Cafe as to the Inhabitants of
this our Earth : for as the fame Functions
or Offices of Life, namely, to be born, feek

roper Suftenance, increafe in Bulk, arrive
at full Maturity, propagate the Kind, and
die, are equally performed by all ; they who
perform them in a few Months, Days, or

# Vide Locke on Human Underfianding, Chap. XIV,
Hours,

L)
&
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Hours *, may be fuppofed, from the Num-
ber and fwift Succeflion of Ideas fuited to all

thefe Purpofes, to live as long, according to

* SwaMmMERDAM has publithed, in Lsaw Duzch, a curious
Account of what he calls the Ephemeron ; a Fly which, he
tells us, lives but five Hours. This Infe& is found about all
the Mouths of the Rbine; and, acecording to his Drawings
and Delcriptions, feems to be a Species fomewhat between
our May-Fly (bred from the Cadew Worm) aud the Libella or
Dragon-Fly. 1t has four Wings, two whereof are fhorter than
the other ; a Pair of fmall Horns, fix Legs, and twa very long
ftraight Hairs iffuing from the Tail. They are feen, he fays,
flying near the Surface of the Water, about Midfummer, for
three fucceeding Days, but no longer in one Seafon. They
eat nothing ; and their only Bafinels is to generate, and drop
their Egee upon the Water : which Eggs, fiuking to the Bot-
tom, preduce a Kind of #orms or Maggots, that foon hollow
themfelves Cavities in the Clay, where they abide three
Years; growing each Year about an Inch in Length., When
the W orm is come to its full Growth, it rifes to the Surface,
abouat fix o’Clock in an Evening ; lays its Egps, and dies
about ten o’Clock the fame Night.

1 am forprized that Swammerpam fhould fay, the Life
of this Creature is no more than five Hours, when his own
Account plainly proves that it really lives three Years @ for
it is certainly as muoch alive in the Woerm State, as when af-
terwards it becomes a Fly. Trath fhould be evéry Body’s
Purfuit; and for the Sake thereof I have endeavoured to clear
up the general Miftake as to this Fly, which is frequently
produced, upon Swammerpam’s Authority, as the molt
remarkable Inftance we know of the Shortnefls of Life.—But
tho’ this Infect happens to live much longer than was ima-
gined, I make no Doubt, there are fome among the namber-
lefs Species of Beings, whofe natural Lives are as fhort as this
was {uppefed to be : fuch too are moft likely to be found
amonglt the very minure Kinds. For as thofe sxceeding fmall
Plants, invifible to the naked Eye, which compofe what we
call Mouldinefs, fpring up, bear Fruit, and die in a few
Hours ; we may reafonably fuppofe the Lives of {fome gy
ceedingly fmall dnimals to be of as fhort 2 Duration,

X 4 their
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their own thinkjng, as other Creatures do,
where the fame Train of Ideas proceed more
flowly, and take up many Years.

As the Microfcope difcovers almoft every
Drop of Water, every Blade of Grafs, every
Leaf, Flower, and Grain, fwarming with In-
habitants, all of which enjoy not only Life
but Happinefs; a thinking Mind can fcarce
forbear confidering that Part of the Scale of
Beings which defcends from himfelf to the
loweft of all fenfitive Creatures, and may
confequently be brought under his Exami-
nation. ‘“ Amongft thefe, fome are raifed fo
little above dead Matter, that it is difficult to
determine whether they live or no : others,
but one Step higher, have no other Senfe
befides Feeling and Tafte : fome, again, have
the additional one of Hearing, others of
Smell, and others of Sight *,

It is wonderful to obferve, by what a gra~
dual Progreflion the World of Life advances
through a prodigious Variety of Species, be-
forea Creature is formed that is complete in
all its Senfes; and, even amongft thefe, there
is fuch a different Degree of Perfection in
the Senfes which one Animal enjoys be-
yond what appears in another, that tho’ the
Senfe in different Animals be diftinguifthed

* Vide Specator, Numb, 51q.

by
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by the fame common Denomination, it feems
almoft of adifferent Nature. If, after this,
we look into the feveral inward Perfe&ions
of Cunning and Sagacity, or what we gene-~
rally call Inftin&, we find them rifing in the
fame Manner, imperceptibly, one above
another, and receiving additional Improve-
ments according to the Species in which
they are implanted.

This Progrefs in Nature is {o very gradual,
that the whole Chafm, from a Plant to a
Man, is filled up with divers Kinds of Crea-
tures, rifing one over another by fuch a gen-
tle and eafy Afcent, that the little Tranfitions
and Deviations from one Species to another
are almoft infenfible. And the intermediate
Space is fo well hufbanded and managed,
that there is {carce a Degree of Perception
which does not appear in fome one Part of
the World of Life. Since then the Scale of
Being advances by fuch regular Steps {o high
as Man, we may by Parity of Reafon f{up-
pofe, that it flill proceeds gradually upwards
thro’ numberlefs Orders ofBeings of a {upe-’
rior Nature to him : as there is an infnitel
greater Space and Room for different Degrees
of Perfection between the Supreme Being
and Man, than between Man and the moit
defpicable Infe&.”

Mr. Locke’s Thoughts upon this Subje@
are very curious : *“ That there thould”, fays

he,
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he, ¢¢ be more Species of intelligentCreatures
¢« above us, than there are of fenfible and
¢ material below us, is probable to me from
¢¢ hence, that in all the vifible and corporeal
¢« World we fee no Chafm, no Gaps. All
¢ quite down from us the Defcent is by ea-
«¢ {y Steps and a continued Serics of Things,
that in each Remove differ very little one
from the other. 'There are Fifhes that
have Wings, and are not Strangers to the
airyRegion; and there are fome Birds that
are Inhabitants of the Water, whofe Blood
is as cold as Fithes’, and their Fleth f{o like
in Tafte, that the Scrupulous are allowed
¢ them on Fith-Days. There are Animals
< {o near a-kin to Birds and Beafls, that
¢¢ they are in the Middie between both.
¢ Amphibious Animals link the Terreftrial
* and Aquatic together: Seals live at Sea
and at Land ; and Porpoifes have the warm
¢« Blood and Entrails of a Hog: not to
¢ mention what is confidently reported of
Mermaids or Sea-men.—There are {ome
Brutes that feem to have as much Know-
ledge and Reafon as fome that are called
Men ; and the Animal and Vegetable
Kingdoms are fo nearly joined, that if
you will take the loweit of one and the
higheft of the other, there will {carce be
perceived any great Difference between
¢ them. And fo on till we come to the
“ loweft
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¢ loweft and the moft inorganical Parts of
“ Matter, we thall find every where that
¢ the feveral Species are linked together, and
¢ differ but in almoft infenfible Degrees,
““ And when we confider the infinite Power
¢ and Wifdom of the Maker, we have Rea~
“ {on to think, that it 1s fuitable to the
““ magnificent Harmony of the Univerfe,
and the great Defign and infinite Goodnefs
¢¢ of the Architect, that the Species of Crea-
“ tures fhould alfo, by gcnslc Degrees, af-
cend upwards from us towards his infi-
nite PerfeGion; as we fee they gradually
defcend from us downwards. Which, if
‘¢ it be probable, we have Reafon then to
‘¢ be perfuaded, that there are far more Spe-
¢¢ cies of Creatures above us than there are
‘¢ beneath ; we being in Degree of Perfec-
¢ tjon much more remote from the infinite
¢ Being of God, than we are from the loweft
¢« State of Being, or that which approaches
¢¢ neareft to Nothing.”

€c

[41
€c

(43

Every Creature is confined to a certain
Meafure of Space, and its Obfervation {tinted
to a certain Number of Objeéts : but fome
move and act in a Sphere of a wider Cir-
cumference than that of others, accordin
as they rife above one another in the Scale
of Exiftence. This Earth is the Spot ap-
pointed for Man to dwell and act upon: he

ftands
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ftands foremoft of all the Creatures here, and
links together Intelligences and Brutes. The
Sphere of his bodily Action is limited, con-
fined, and narrow ; but that of his Mind is
vaft, and extenfive beyond the Bounds of
Matter. Formed for the Enjoyment of in-
telletual Pleafures, his Happinefs arifes from
his Knowledge; and his Knowledge increafes
in Proportion as he diflcovers and contem-
plates the Variety, Order, Beauty, and Per-
fe@ion of the Works of Nature: whatever,
therefore, can affift him in extending his Ob-
fervations is to be valued, as in the fame
Degree conducive to his Happinefs.

What we know at prefent, even of Things
the moft near and familiar to us, is fo little
in Comparifon of what we know not, that
there remains a boundlefs Scope for our En-
quiries and Difcoveries ; and every Step we
take, ferves to enlarge our Capacities, and
give us ftill more noble and juft Ideas of
the Power, Wifdom, and Goodnefs of the
Deity.

The Univerfe is {fo full of Wonders, that
perhaps Eternity alone can be fufficient to
furvey and admire them all: perhaps, too,
this delightful Employment may be one great
Part of the Felicity of the Blefled.—When
the Soul fhall become divefted of Flefh, the

Pleafures of Senfe can be no more : and if,

by
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by a continued Habit, any Lo.-jgings after
them (hall hang about it, fuch Longings muft
create a “10p01t10mb1r‘ Degree of Wrete hed-
nefs, as they can never poflibly be gratified.
But if its principal Delight has been in the
Contemplation of the Beauties of the Crea-
tion, and the Adoration of their Almighty
Author, it foars, when difembodied, into
the celeftial Regions, duly prepared for the
full Enjoyment of intellectual Happinefs.

To TuErk, eternal felf-exifting CREATOR
of the Universt ! whofle Will is Nature’s
Law ! Omnilcient, Omniprefent, All-Boun~-
tiful, and Gracious! To THEE be p’lid by
all thy CREATURES, Thank{giving and
Adoration, till Time thall be no more!

INDEZX,
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VEMONE (Sea) or Mufbroom, an extraordinary Ani-
e = — —_— Page g9
in Fluids r—— e s 68
how produced — b ihid.
not if covered —_ — — 69
{orts in Pepper-Water — — 72
how killed by different Mixtares — 76

forts in Hay-Water s = 7
fome Univeifal — — I
Eel-like Kinds — === — 79
~—— in Vinegar — —  ibid.
—— how affcé&ted by Hrz’t and Caold SLel e
—— in Pafle —_ — A 81
in Rain and other Waters — 83, 278
caufe the Colours of Water 84
obferved in feveral Infufions by Monf Foblot 87
why not always the {fame —_ — b
at the Roots of Duck-Weed — gt
in Leaden Pipes and Gurters — —  ihid.
two Sorts in Ditches deferibed - 93
a very extraordinary Kind _— o 94
—~— its Young how produced — ibid.

Animalcules

Animalcules

as deferibed by Mr. Lesawwenboek — ibid.
by Mr. Buffan —_ g6
— by one at Gemewa  — g7

— Refleétions thereon — 101
in the Teecth —_— — — 167

how two deftroy —_ —_ 168
in itchy Pultules — — 169
in the Light of Oyfters — — 241
in Semine Mafeulino, how to view =— :8, 159
when firft difcovered —_ —_ 153
their general Appearance - —  ikid.
their Numbers compunted —_ 149 155
their wonderful Minotenels — — 1063
Refledtions on their Size — — 105

Asimaleulis
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Awimalcules in Semine Mafiulino of a Frog — P 154
of a Cod Fifh ~ _ — - 155
of a Pike —— — — 158
of a Cock — — - 159
of a Dog —_ - 160
cfa Hare . — — — 7bid,
of a Rabbet — -— 161
of a Ram — —_— — - ibid,
of a Man — - 163
of a Spider - e 163
of a Dormoufe — — 166
of an Oyfter o —_ 166, 239
of the Mufele Fifh — . 1243
of a Silkworm o — 166, 282
of a Dragon Fly - — 166
of a common Fly = —_— ibid.
of a Flea — — ibids
of a Gnat — —_ — 200

‘ Fide InfeGs.
Animalcules in none of the Animal Juices but only the
¥

Semen — — _ 166
Animals (living) to examine - —_ — 54257
how admirable their Stra&ure. = —. 298
Apts deferibed —p — — 271
their Eggs and Aureliz = —_ 272
their Sagacity, Forecatt; and Induftry — 273
Refle&tions thereon o s 276

Autennz of Infe@s : vide Horns. -
Area, or Portion of an. Objeét {een _— — 48
Art compared with Nature —_ — 292, 297, 299
Arteries and Peins, how diltinguifired b T

Author’s Defign in Writing : vid, Indroduft. and —— 51

B.

Balances of Infelts = 129 — 2%k
their Ufe i e e g
Bar (Obfervations on it) oL 2 131
Beanty, why beftowed on Infels, e — — 209

Bee, vide Sting.
Bignefs, merely comparative — o 41, 303
Blid (Circulation of) to view = — — 50, 117, 120
Examination of by the Microfcope — 103, 112
Accaonnt of as fo examined —_— —" 1oy
Stru@ure and Compofition of Globules —" jbid.
Size of the Globules - — 105

Blocd,
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Bleod, how eafily difordered = — p. 169
Mixtures with it in the Veins, their Effeds 110
—— when extradted . = 110, 114
irs Colour whence - = =~ TS
Vide Circulation.

B.l'ﬁodvﬁ !f?.'t'maff, a Mlﬂake —— — -— 129
Boafts (ridiculous ones) as to Microfcopes —_— 64
Bones, their Strufture — e — 143
foft at firft B — [ 144
Manner of viewing them — — 143
Book-Warm (or Clothes Moth) ——" = 282
Box for preferving opake Objeés —_ — 61
Brufb, or Hair-Pencil, its Ufe — ST
Bug, a curious Objett ot s — 130
Bautrerfiy, its Probofeis -_— = — 282

£
Camera Obfeura Microfcope s — - BA
Cautions in viewing Obje@s — s 62
Cell to confize living Obje&ts — — =1y
Chain of Gold, its Finenefs — 251 295
of Brafs — —_ e, S L b,
Cireulation of the Blood to view — - 117, 120
between a Frog’s Tces — —_— 1z}
in an Eel — — —_— 122
in a Flounder by T iy il AT
in a Fifa’s Tail e s 123
how numerousin a human Body — '— 127
in a Newt — — — 26
ina Tadpole —_— Gy 127
in a Mufcie Fifh — — e S
in the Legs of Crabs — b | 128
in Shrimps — — 129
in the Legs of Spiders - — 130
in Punices or Bugs —_ — ibid.
in a Bat —-— —_ s 141

in a Frog by the Solar Mumfmpe, Very curions 134
its Appearance near the Time ef Death — 136

Cochineal examined — — — 28¢
Collection of tranfparent Objeﬂs to make — 56

of opake Objects s e — Go

proper Cafe for them — — 61
Colours of Objedts how to judge of - — 55,63
Cone to intercept the Rays of Light, its Ufe — 18,55
Cork, 1ts numerons Pores [ e — 287

Corn Beitle, vid, Weewil,

Convage,
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Cowage, or Cow-itch, what — — p. 290
Crane-Fly, very wonderful e — 279
Cube, why confidered as if magnified ~ . 31, 35
Cups, 1200 in a Pepper-Corn — —_— 296
D.
Deaw, recommended to be examined s — 2@
Diamonds examined by the Mlcrofcope — 288
Double RefleGing Microfcope defcribed — 16
Doawn of T hlﬁles, tge. e = v 289
Drawings of Objetts to take = — 24, 48
Duchaveed, ftrange Animalcules at its Roots — gt
Dungbill-Fater full of Animalcules — —_ 85
Dying, the Appearance of the Bloed then — 136
E.
Earawig (Lice on) — s —~ 183
Wings of — —_— By 235
Eel, Way-to examine it — —_ —_ 122
its Scales —_— —_— — 238
Eel-lite Kinds of Ammalcules - — 78,298
in Vinegar — =l — 79
Experiments oo them | e ~— 8o
in Pafte — f— _— Br
Way to preferve and examine - - 8z
their Appearance by the Solar Microfcope ibid.
Eegs of Infects — — - 284
El "e;:aﬁ-anr compared with a Mite : vid. TntroduFion.
Epbemeron deferibed — = £0, 305
Miftake abouat it reétified —— — b
e
Farina of Flowers defcribed - il 247
its Ufe apd whart it is —_ “— 149,248
its Beauties — [ -— 249
Way to preferve and examine it — 250
its Veflels curious - e L e
Obfervations on it — — 151,251
Featbers, delightful Objeéts —_ o 285
Feelers of Infe&s : vide Horas.
Fibres (mufcular or flefhy) their Appearance — 135,141
their Structure — — 130
in an Ox, Whale, and Moufe — 140
Way of viewing them — = 141
in a Crane Fly, very curious i 279
Fifb, how to place in a Glals Tube = 13

Yor. I. b

Fifp-
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FF-jJ/"?"PBt'I — — =
Flea defcribed oy =5 e
Manuer of Change from the Egg - 193
'-'_'.—155 CU]E“S — — 194
Diffeétion of —_— e 195
its {urprifing Strength and Agility ibid.
Fluids, how to prepare and examine — 58
Flydefcribed — — 2 219
its Trunk — - e 57
Diffeftion of T == 2200
Manuer of Produdtion —_ — b
Focus, what —_— e i 4
Forceps, or Plyers, their ufe - —_ ()
Frog, how to place in a Glafs Tuobe e 13
Apparatus for viewing the Circulation in it 133
Mefentery thereof a curious Obje&t lg;
its Lungs — s — 285

G.
Gad Bee: vide Ox-Fly — e . 207
Generation equivacal, contrary to Realon — 148
Manner of — — — 150
analogous between Animals and Vegerables 151
Glafi flat, its Efet — —_ — 3
convex, its Effect —_— —_ 4,6
its magnifying Power explained  — 33
how to find its magnifying Power — 34
concave, its Effet — — 5
Glafs Slips of different Coloars, their Ule — 6o
Glaffes mull be fuited to the Ohbjetts — 53
Glafi-Tube, its Ute — — - 11, 19
Globules of the Blood how formed —— — 103
their Size — — — 10l,132
their Appearance in Sicknefs — 103
in Fifhes and aquatic Animals —_ 131
how affeéted by Heat and Cold — ibid.
Vide Cireniation.

Globule, or Drop of Glafs, its Inconvenience 6
not ufed by Mre Leeuavenbock — 7
Ghrat, its Manner of Produélion —_ 68, 88, 207
Defcription of it - —_— 203
its Form in the Water —_— —_ 88
its Wings and Horns - — 203
115 Piercer defcribed — -_— 204
its Spawn — ] —— 200
Graiz of Sand how to be underftood as a Meafure 41

Qreawth
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Growth of Animals und Vegetables, what ==  p. 150
H.
Huirs of different Creatures — FUE 245
their Struure —_ — — ibid,
their Variety =y —_ 246
of a Caterpillar, very beautifal - 280
Hay-Water to make — - 76
when ready for Examination —_ ibid.
the Animalcules therein — - tbid.
Health, wherein it confifts — — 106, 116
how impaired — —_— 105
how probably it may be reftored _ 109
Contrivance of Providence to preferve it 119
Hears (Pulfation of) — — 137
in a Bee
a Fly e a7
a Grafshopper o ibid.
a Lady-bird
in a Snail - —— 138,2]7‘2|3
in a Loofe — — — 138, 180
Horas of Infeds their Ufe — e 231
their different Beauty — ibid.
'l
I, !
fgm': Fatuus r— — — 242
Infufions of Vegetables produce Animalcules — 76
obferved by Monf. Fsblot — e 87
why produétive, a Suppofition p— 86
why not always the fame —_ = 87
Infeds, how to diffet - == 6o
fitteft to thew the Circulation and internal Motion ~—
117, 142
in the Livers of Sheep s i 268
in the Heads of Sheep s P 26g
in the Heads of Deer — — 268
on Pales and Walls — — 270
on Leaves —_ — — 271
among Pinks, Rofes, e, e — 276
in Cuckow-{pit
on Sycamore Leaves % — 277
on the Ribs of Rofe Leaves
on Goofeberry Leaves — —_ 278
Legs and Feet examined — — 283
on Orange, Fig, and Willow Leaves - 284
¥z Infedis,
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Infeds, their Eggs beautiful
. on Cnrgsg of Bottles } —  p-284
Iich, a Diftemper occafioned by Animalcules — 169
defcribed — = — i70
how cured —n — —_— 171
Furin (Dr.) his Way of meafuring Objeéts o 45
L.

. Lace (fine Breflels) examined — — 293
Leaden Pipes or Gutters, Animalcules there deferibed 9z
Leawes, whether have any Circulation — 256

their Pores how numerous - 257
of Rue
St. John’s Wort
Mercury = tbid.
Sage
Rofe and Sweet Briar
Fern — o— — 254
Stinging Nettle (very wonderful) = 258
like the Stings of-Animals = #bid.
Leni, what — — z
Leeunvenboek (Mr.) the Struture of his Microfcopes 8
Likerkbun (Dr.) his folar and opake Microfcopes 21
Life, in what Manner long or fhort — 303, 305
its Progreflion in different Creatures —_ 306
Light muft be {uited to the Obje&t _ — 55
its different Effeél o — 54
of a Candle beft for fome Things — 55
of the Sun, not eligible - s ibid,
Loufe (common) defcribed e —_ 177
its Manner of Feeding = — 179
a Sting in the Male a— — 180
its [ncreafe how numerous — — 181
Way to diffect it — = 182
{Crab) - —— _— ibid.
a general Name for the Vermin of Creatures 183, 184
on the Beetle
Earwig
Snail = = 183
Spider
Humble-Bee s = 18
Flea 4
(Kinds of) pictured by Signior Reds ibid.
Wood Loufe — o 185
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M.

Magnifying Power of Glaffes in the Single Mmmrcopc, P 32
explained — 33
how to find and calculate — - 34
Table of - 5 = —_ 36
in the Solar Microfcope =t —_— 38
in the Double Microfcope —_— 29

Man, his proper Employment : vid. fntroduction.
his Capacity for Knowledge — 310
whence his eternal Happinefs may poflibly arife 311
Matter, Confiderations thereon — — 300
our Ideas of it imperfeét — — 301
Mercury unaltered in feveral Mercurial Medicines 291
Microfcope what —_ J— _ 1
by whom and when invented — 3
Single — — — 2, 7
Double _— — ibid,

their different Eﬂ‘c&s and Advantages 2y 75 49
Leeunwenboek’s, its Strufture : g

11

Wilfow's Single Pocket _— 9

with a Speculum — 14

Standard for its Glafles propoj’ed 37

Double Refleting —_— s 16

Solar, or Camera Obfeura =0 2z

its Advantages — — 25

for opake Obju?: — — 27
Standard for its Glaffes prapofed . 38

its Advantages — e 27, 30

how to ufe it == —— ibid.

ufeful alfo for tranfparent Objedts — 7L,
wherein it can properly afiift us —_— 49

why fometimes negletted 51

how {erviceable in Lhe Pradtice of Ph ym 105
Minutene/s of Animals, &¢. wonderful : vid. Jatrod, 163, 293
Reflettions on it —_ ga 302
Mefentery of a Frog, extremely carious =5 135
Mizes delcribed — —_ &= 136
their Coit and Time of Hatching — — 188

their Eggs —_— — ibid.
compared with a Pigeon’s - ibid.,

their Voracioufnefs and Manner of Eating  #4i4,

how to deitroy — o 189
Sorts of defcribed —_— ~EE b
wandering —_— — e 190
yery tenacious of Life — — ikid.

Y3 Mofess
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Mofis, exceedingly beautiful Objeéts o P 256

Motion {een by Microfcopes, how to be regarded 63

Mowldine/s, feveral Species of Minute Plants — 247

Multipes or Scolopendra, very curious - 279

Mufeles of the Abdomen of a Frog v 135

Mufecle-Fijo a fine Objet — — 128, 242

its Egos and Embryo:-Mufcles — 243

how numerous — o ilid.

the Beard, its Ufe — — 244
N.

Nature’s Operations amazing ais i 253
the Perfetion of, exemplified — 298
compared with the Works of Art 292, 297
the Study of them Man’s nobleft Employment :

vid. furrodudi. and e —— 300

Needle, its Point examined - — 203

Neraes, their Structure and Appearance — 146

not elaftic - —_ o 147
Newt, a fine Objelt — — 126
Globules of its Blood larger than in molt Animals i4i4.
how to kill e —_ 291
0.
©bjects, how feen throvgh a Single Microfcope z
how through a Double one —_ ibid.
how through a Aat Glafs - 3
how through a Convex —_— 2

appear Jarge to fhort-fighted People 5

their real Size to find — 40,158
Mr. Lesumwenboek’s Way — 41
Mr. Houk's Way — —_ 45
Dr. Furin's Way — ibid.
Dr. Martin’'s Way — a7
Dy, Swith's Way e — 48
Area or Portien of  — — thids
Kinds proper fur the Microfcope — 50
. whar not proper —- - 49
Direftions how to examine — 5z

to be viewed in every Light 5
their Shadowonly feen by the Solar Microfeope 55

how to prepare and apply o— 56

*to make a Colleftion of — 6,60
Cautions in tha viewing of e 62
endiefs st e aly 201

8 Old
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©ld People, their Manner of Sight — = P 3
Opake Objeéts (Microfcope for) : vid. Microfeope.

to prepare and preferve —_ 65

Opium, how it a&s on the Bload 114

226

Ox-Fly defcribed — =
its Manncr of Production —_—

151 | k)

207
Oyffers, Animalcules in their Liquor 239
in their Semen - i
Embryos = A
their Size and Number — 240
Light on them —_ — 241
P,
Pafle fall of mimute Eels — e —aiD
Way to preferve them o — ibid.

Pesple, old, or thort-fighted, their Cafe  — — 4
Pepper-Water : vid. Animalcules.
Perifialtic Motion vifible - 138, 179, 195, 219
Poifes of Infedts : vid. Balances.
Polype, a wonderfil Animalcule fo called —  ~— gy
Pores of the Skin e -—

- e — 174
Way to view them —_ — ibid. & 176
how numerous — — — 73
of Wuood, theit Numbers — — 287
Pucerons — —_ — — 270
Pulfe beating : vid. Heart.
R.

Rain-Water, its Animalcules - — 83
Razor, its Edge examined - — — 293
S.

Sal Polatile oleofum, its Effett on the Blood — 115
8alts »o prepare.and examine — ey — 5B

their general Effeéts i — 259
in Vinegar —_ — — 1bid,

how changed by Crabs Eyes — — 260

in Wines, Vegetables, and Metals — ibid.
Sorts to be examined - — 261
their good and ill Effets — )
{Sorts of ) in Mineral Waters — — 26z
of Vitriol —_— e — 263

e INTIPE e — 263
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Salts of Alum
from Salt 8prings
Sal Gem -— P
from Sea-Water
Nitre
Calcarious Nitre — —

Sand (Grain of ) how underffood as a Meafure —_—

Sands fine Objedls for the Microfcope — -

Scale of Beings confidered — -_— —

Scales on the human Skin —_— iy =

how numerous = -
Way to view them i —
of Fifhes — — _
fhew their Age —_ —_—
how to prepare —_— —

Seolopendra ; vide Multipes.

Scorpion : vide Sting,

Seeds not proportioned to the Size of their Plants —
include minute Plants — —_ —
of the Gramen tremulum e —
to prepare —_ — - -
of Strawberrics} = = e

Poppy

Fern — — - —

Puff-Ball — —_ —_ —
how hurtful to the Eyes -— o

Semen Mafculinum : vide duimaleules.

Serpents (minute) — — —

Shaife, &c. drawn by a Flea —_— — —

Sheep (Worms in) : vide Infedis.

Sight, its Difference how occafioned e —

common Standard of —_ — —

Silk-Worm —_ — — —

Semen thereof examined — o

Length and Fincnefs of its Silk  — —

Sliders what _ —_— —_
their great Ufe o — —

to prepare a Set of properly — -

Snail, a carious Animal — -— —

Manner of Produétion and Growth — o
Stone found therein — — —
Snoww, its Configuration curious — —

Solar or Camera Obfcura Microfcope : vide Microfeope.
Spider, its Eyes = e

—

Spider,

263

264
41
288
jo7
172
173
ibid.
237
238
ibid.

165
252
ibid,
“53
1bid.

254
255
256

78
295

455
%3
231

28z
%94

10
56
57
217
218
ibids
290

196
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Spider, its Weapons ~ — - —  p. 197
poifonous Liquor how inftilled - 199
Web how fine -_ — 200
Eggs = B ] zox
‘White Field — — ibids
Hunting
Shepherd }Spider — — 202
Red
Woater Spider — — — 278
Stags, Worms in their Heads — - 268
Star-Fifb — —— — 97
or Stella arborefecens, fending forth many thoufand
Branches — — 100
Sreel (Particles of) melted by ftriking Fire — 289
$ting, how diftinguifhed _— - 209
of a Bee defcribed — — 210, 293
Way to view it o — 21K
its poifonous Juice e — 213
of a Scorpion deferibed e — ihid.
its poifonous Juice - — 213
forprifing Effet of — _— 214
Sunfbine, 2 bad Light for Objeéts - 55
T.

“ T zble of the Powers of fingle Glaffes — 36
Tirele made with a Pen examined = —_— 294
Tranfparency how fometimes acquired — 129
Truth only to be fought for o — 61
Sube (Glafs) its Ufe — —_ o I

(capillary) its great Ufe —_ — 59
Ve
Pegetables (Infufion of) produce Animalcules 70, 76, 86, 87
Veins, formed to preferve Health — 119
Finegar (Animalcules therein) : vide Auimalcules.
its Salts examined - — 259
Viper, its Teeth and Poifon — == 215
Ww.
Water, full of Life: vide Animalcules -_— go
W eewil, or Corn-Beetle, defcribed — 221
its Manner of Produftion — — 222
W khals, its prodigious Size o — 101

i Wheels
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W heel-Work in the Heads of fome Animalenles
#ilfor’s Pocket-Microfcope : vide Microfeope.
Wings of Infedts — gt

their Variety —_ =
their Motion — ==
their fine Feathers = —
Way to view them —_
#Welf deferibed - = —
its Increafe — s
Way to deftroy — =
Beod, its Aie-Veflels, Sap-Veflels, Pores, €.
T ood- Loufe — — —_
Horms in Homan Bowels -
their Kinds — s
how probably intreduced —
in Fifhes - -
Blood-rzd, jointed -

BEERR R

1111

P- 91

232
233
ibid.
%34
ibid.
223
224
225
287
185
2fig
266
ibid.
267

278
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