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G ENTLEMEN,

=1%o N Attempt to exmte 1n
8¢, Mankinda general Defire
Jwe) offearchin gintothe Won-
e dersof NaTurEe, willy I
Pf.‘l iuade myfelf, be accepted favour—
ably by You, whofe Endeavours for
the Advancement of Natural Know-
ledge, according to the Purpofe of

your Inftitution, are efteemed by all’
the World.

A It



sl PED AT IO N
It is fomething more than an hun-
dred and twenty Years fince the M-
croscorE was happily invented;
and to the valuable Difcoveries made
thereby, we ftand indebted, as the
following Sheets will thew, for a great
part of our prefent Philofophy. In
{fuch a Length of Time, it is however
probable; many more Advantages
might have been reaped from it,. had
not fome Difficuities and Difcourage-
ments prevented its general Ufe.

At the Beginning it was confined
to very few ; who, making a Secret
of it, endeavoured all they could to
keep it to themlelves; and, when it
became a little more publick, the
Price was fixt fo high, that the moft
Curious and Induitrious, who have
not always the greateft Share of
Money, could not conveniently get
at it. Of late Years, indeed, the
Expence has been much lefs; but
then new Difcouragements have ftart-
ed up from Miftake and Prejudice.

For
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For Many have been frighted from
the Ufe of it, by imagining it re-
quired great Skill in Optics, and
abundance of other Learning, to
comprehend it to any Purpofe :
whereas nothing is really needful but -
good Glafles, good Eyes, a little
Pra&ice, and a common Underftand-
ing, to diftinguifh what is feen ; and
a Love of Truth, to give a faithful
Account thereof. Others have con-
fidered it as a meer Play-thing, a
Matter of Amufement and Fancy
only, that raifes our Wonder for a
Moment, but is of no farther Ser-
vice : which Miftake they have fall-
en into, from being unacquainted
with any Principles whereby to form
a right Judgment of what they fee.
Many, again, have laid the Micro-
fcope afide, after a little Ufe, for
want of knowing what Obje&s to
examine, where to find, how to
prepare, and in ‘what manner to ap-
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v DEDICATION.

ply them. The Trouble of manag-
ing it has alfo frighted fome.

But we are now {o fortunate as to
have this Inftrument greatly improv-
ed amongft ourfelves, the Apparatus
made much eafier as well as more
ufeful, and the Price confiderably
reduced. The Solar or Camera Qb-
feura Microfcope, and the Micro-
{fcope for viewing Obje@s that have
no Tranfparency, by throwing a
ftrong refleted Light upon them, are
alfo new Inventions, from whence
great Things may be expe&ed.
~ 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 theCreation ; which may not,
perhaps, improve our Knowledge
lefs than the grander Parts thereof.
Bears, Tigers, Lions, Crocodiles and
“Whales, Oaks and Cedars, Seas and
Mountains, Comets, Stars, Worlds
and Suns, are the CariTaLs in

Nature’s
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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 /iztle Letters likewife,
which occur a thoufand times more
frequently, and, if he does not know
them, will ﬁoP him fhort at every

Syllab]e
The likelieft Method of difcover-
ing Truth, is, by the Experiments of
Many upon the fame Subje&t; and
the moft probable Way of engagmg
People in fuch Experiments, is, by
rendering them eafy, intelligible and
pleafant. To effe& this is my En-
deavour in the following Treatife,
which may ferve as the Reprefenta-
tion of an Obje& for the Inftrument.
I am recommending ; {mall, indeed,
and feemingly of no Confequence;
but what, upon Examination, will
be found, perhaps, to contain as
many ufeful Parts as thofe that are
much bulkier : for, to drop the Allu-
A 3 fion
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fion here, I am certain, that with
half the Pains I could have made it
twice as large.

Think me not {o prefumptuous, to
dream of inftru&ing you, in Matters
you are much better acquainted with
than I can pretend to be; but give
me lecave to requeft the Favour of
your Concurrence, in my Defire of
explaining, to thofe that are igno-
rant, a Science that may prove ot 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. |

Excule my Miftakes, forgive my
detaining you thus long, and permit
me the Honour to be, with all pofli-
ble Refpe& and Veneration,

GENTLEMEN,
Your moft Obedient
and devoted Humble Servant,

I ﬁ'ﬁ?j/ Baker,
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INTRODUCTION.

EsE=As N this inquifitive Age, when the
T 4d lent Defire of Knowledge has {pread

s By itfelf far and wide, and we fit not
%l down contented, as heretofore,
~ with the Opinions of ancient
Times, but refolve to examine for Ourfelves,
and judge from our own Experience; it
may not, perhaps, 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 Employmeut of the Mind of
Man. Every Part of the Creation demands
his Attention, and proclaims the Power and
Wifdom of its Almighty Author. The
fmalleft Seed, the minuteft Infect thews the

Skill
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Skill of Providence in the Aptnefs of its Con-
trivance 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 Receffes
of Nature; but for want of proper Helps
have frequently been miftaken. As certain
Principles muft firft be learned ere we can
become Matfters of any Science, fo in the
School of Nature, we muft begin with the
Minutie, the {mallet and moft uncom-
pounded Parts, ere we can underftand the
larger and more confiderable.

The Ancients, having only their naked
Eyes to truft to, were uncapable of any
great Difcoveries of this fort : but we are {o
happy, that, by the Help of Glafles, we can
diftinguifh and examine Obje¢ts many thou-
fands of times lefs than what the fharpeft
Eye, unaffifted, can difcern. In fhort, Mi-
croscores furnith us at it were with a
new Senfe, unfold the amazing Operations
of Nature, and prefent us with Wonders un-
thought of by former Ages. 4

Who, a thoufand Years ago, would have
imagined it poffible to diftinguith Myriads
_ of
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- of living Creatures in a fingle Drop of Wa-
ter 7 Or, that the Purple Tide of Life, and
even the Globules of the Blood fhould be
{een diftinétly, rolling thro’ Veins and Arte-
ries {maller than the fineft Hair ¢ That Mil-
lions of Millions of Animalcules fhould be
difcovered in the Semen Mafculinum of all
Creatures? That not only the exterior Form,
but even the internal Stru&ure of the Bow-
els, and the Motion of the Fluids in a Guat
orLoufe, fhould be render’d Obje&s of Sight?
Or, that numberlefs Species of Creatures
{thould be made vifible, tho’ fo minute, that

a Million of them are lefs than a Grain
of Sand ?

Thefe are noble Difcoveries, whereon a
new Philofophy has been raifed; that en-
larges the Capacity of the human Soul, and
furnithes a more juft and {ublime 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
attainable 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
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doubtedly be happy ; fince every Animal,
Flower, Fruit, or Infe, nay, almoft 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 how to
employ his Thoughts: each Garden or Field
is to him a Cabinet of Curiofities, every one
of which he longs to examine fully; and
he confiders the whole Univerfe as a Maga-
zine of Wonders, which infinite Ages are
fcarce {ufficient to contemplate ‘and admire

enough.

The Invention of Grasses has brought
under our Examination the two Extreams 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, theSun andPraneTs;
whofe Dimenfions, Diftances, Motions, Re-
gularity and Order, we are become acquaint-
ed with by the Help of TerLEscoPes: and
thofe exceedingly minute, and to them in-
vifible, and unknown, (though every where
at hand) Species of Animals, Plants, &ve.
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-
sCoPE, and encourage its more general' Ufe,

by
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by thewing the Pleafure and Inftruction It
can afford us.

Mr. Bovir fays, in his Difcourfe of the
Ufefulnefs of Ex?er:mehfﬁl Philofophy, that
his Wonder dwells not fo much on Natare’s
Clocks as on her Watches ; and, indeed, up=-
on comparing the Structure of a Mite with
that of an Elepbant, 1 believe we thall con-
cur in the fame Opinion. The Largenefs
and Strength of the One may ftrike us with
Wonder and Tcrrcrr, but we fthall find our~
felves quite loft in Amazement, if we atten-
tively examine the feveral minute Parts of
the Other. For the Mite has more Limbs
than the Elephant, each "of which is furnith-
ed withVeins and Arteries, Nerves, Muicles,
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
digeft it, and Inteftines to carry off what is
not retained for Nourifhment : 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 {top, look back, and
confider, as far as our Abilities can reach,
the exceflive Minutenefs of all thefe Parts;
and if we find them {o furprizing and be-
yond our Ideas, what fhall we fay of thofe
many Species of Anmimalcules, to whom a

Mite
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Mite itfelf, in Size, is as it were an Ele-
phant?

All thefe, and numberlefs Wonders more,
the MicroscoPE can exhibit to us. I fhall
therefore proceed to defcribe this noble In-
- vention, fhew how far it isimproved at pre-
fent, give a brief Account of what Difcove-
ries have been made, and point out fome
Objets for the Curious to examine by it.
In doing this, I fhall avoid as much as poffi-
ble all Affettation of Learning, or Exprefii~
ons that are not in common Speech, being
defirous that every body may underftand me.

THE
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MICROSCOPE
Made Eafy, &

R RRRRRBRRRRRRRR R I®

CHAP I
Of MicroscorEs in Ge;éa:m?i

Zm Y Microscores we are under-
Zal ftood to mean, Infiruments of
Bl awhatever Strutture or Contri-
G| vance, that can make [mall Oba
jects appear larger than they do to
the naked Eye,

This is effeCted by Glafles formed con-

vex,

B When




2 Of Microscorrs i General.

When only one fuch convex Glafs or
% I ens 1s ufed for this intent, the Inftrument
it is fixt in, however fafhioned, 1s called a
Single Microfcope : but if two or more
Glaffes are imployed, conjointly, to magni-
fy Objecs more, it is then called a Double
or Compound Microfcope.

One remarkable Difference in the Effe&
of thefe two Inftruments is, that an Object
view’d through a fingle convex Glafs, ap-
pears magnified, in the fame Pofition exactly
as when {een by the naked Eye; but when
view’d through a Double Microfcope, com-
pofed of three convex Glafles, all Parts of it
become inverted : that is, the Top of the
Objeét appears at Bottom, the Right-fide on
the Left, and every Part in the Place moft
oppofite to its natural and true Pofition :
The Lights and Shades being alfo inverted,
the finking partsappear to rife, and the rifing
parts to fink in..

To what Accident, to what Country, or
to whom we are obliged for the Invention

*The Word Lens properly fignifies a fmall Glafs in figure
of a Lentil ; but is extended to any Optick Glafs not very
thick, which either colleéts the Rays of Light into a Point
in their Paflage thro’ it, or difperfes them apart, according
to the Laws of Refraétion. If convex on both Sides, it is
called a Conwex Lens; but if one Side be flat, a Plano-
Conewex : If concave on both Sides, it is termed a Comcave
Lens; if flat on one Side, a Plano-Concave ; if convex on
onc Side and coneave on the other, a Convexo-Concave, or
Concavo-Canvex, A ,

Bhiiciin of



Of Microscores in General. 73

of  Microfcopes, is not in me to determine :
the Honour has been given by fome to
DresBeL a Dutchman, by others to Fons
TANA a Neapolitan, and by others {till to
different People. The firft Appearance of
them however was about the Year 1621 3
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-
fcope can afford, and inftruc¢t 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 Glafles; a Work
very few of my Readers will ever trouble
themfelves about. But, inftead thereof, I
thall endeavour, with all the Brevity and
Clearnefs I am able, to explain the Effects
of Glaffes on the Sight, and lead them gra-
dually into the Nature, Ufes, and magnify-
ing Powers of Microfcopes.

When Objectsare feen through a perfectly
flat Glafs, the Rays of Light pafs through
it, from them to the Eye, in a ftrait Direc-
tion, and parallel to ecach other; and, con-
{equently, the Objectsappear verylittle either
diminifhed, or enlarged, or nearer, or farther
off, than to the naked Eye. But if the
Glafs they are feen through has anyDegree
of Convexity, the Rays of Light are dire&-
ed from the Circumference towards the

e R Center,
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Center, in an Angle proportionable to the
Convexity of the Glafs, and meet in a 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 1s
much, the Focus is very near. Its magni-
fying Power is alfo in the fame Proportion
to the Convexity : for as a flat Glafs mag-
nifies {carce at all, the lefs a Glafs departs
from Flatnefs, the lefs of courfe it magnifies;
and the more it approaches towards a glo-
bular Figure, the nearer its Focus is, and
the more its magnifying Power.

People’s different Length of Sight depends
on the fame Principle, and arifes from a
more or lefs Convexity of the Cornea and
Cryflalline Humour of the Eye : the rounder
thefe are, the nearer will the Focus or Point
of meeting Rays be, and the nearer an Ob-
ject muft be brought to fee it well. The
Cafe of fhort-fighted People is only an over
Roundnefs of the Eye, which makes a ver
near Focus; and that of old People is a
finking or flattening of the Eye, whereby
the Focus 1s thrown to a great Diftance:
Ao that the former may properly be called
Eyes of too fhort, and the latter,Eyes of too
long a Focus. Hence too the Remedy for

the
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the laft is a convex Glafs, to fupply the
Want of Convexity in' the Eye Itfﬂlf and
bring the Rays to a thorter Focus; whereas
a 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 Peuplc 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 enjoy’d the Pleafure of them
for many Years ; and the Short-fighted may
comfort themfelves, that they can diftin~
guith much f{maller Objects than long-
{ighted People : for the Object is magnify’d
in Proportion to the Roundnefs of the Eye
and the Nearnels of the Focus, and confe-
quently appears four times as big to an Eye
whofe Focus 1s but four Inches off, as it
does to one whofe focal Diftance is at eight
Inches. They have alfo thisfarther Advan-
tage, that Age 1mpmves their Eyes, by the
fame Means it impairs other People’s, that
1s, by making them more flat.

‘The nearer any Object can be brought to
the Bye, the larger wﬂi be the Angie l.ll]dﬁl
which it appears, and the more it will be

B3 mag-
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magnified. Now, that Diftance from the
naked Eye, where the generality of People
are fupp-:}fed to {ee fmall Objects beft, is, at
about eight Inches; confequently, when fuch
Obje@s arebrought nearer than eight Inches,
(fuppofe to {ix) they’ll become lefs diftinct;
and if nearer ftill, 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 much fhorter Diftances
than thefe : for the Nature of a convexLens
is, to render an Object diftinétly vifible to
the Eye at the Diftance of its Focus ; where-
fore the {maller a Lens is, and the more its
Convexity, the nearer is its Focus, and the
more its magnifying Power.

As 1t is an eafy matter to melt a Glafs
Drop or Globule of a much {maller Dia-
meter than any Lens can pofiibly be ground,
and as the Focus of a Globule 1s no farther
off than one quarter of its own Diameter,
and confequently it muft magnify to a pro-
digious Degree, fome Years ago People were
Ehtl’ﬁl‘ﬂﬁl}" fond of {uch Globules, and ima-
gin'd no good Microfcope could be without
them : but Experience has fince taught, that
they admit {o little Light, can thew fuch
an exceedingly minute Part only of any Ob-
ject, are fo difficult to make ufe of, and
ftrain the Eyes fo much, that their Power of
311qgn1f}r1n for want of due Diftin&nefs,

rather apt to produce Error than difcover
Truth;
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Truth : and therefore now they are very
rarely imployed,

CHAP IL
Of the Kinds of Microscorgs.

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¢t ; and a Combination of
Glaffes prefents a larger Field, or, in other
Words, exhibits more of an Object; equally
magnified, at one View. It is difficult te
determine which of thefe to recommend,
- fince each affords a different Kind of Plea-
fure. Each of them too can produce confi-
derable Authorities in its Favour; for Mr.
LeeuvweNHOEK never ufed any but T fingle

T Several Writers reprefent the Glaffes Mr, Leruwen-
noek made ufe of in his Microfcopes to be little Globules
or Spheres of Glafs, which Miftake moft probably arifes
from their undertaking to deferibe what they had never feen;
for at the Time I am writing this, the Cabiner of Micro-
icopes left by that famous Man, at his Death, to the Roya/
Society, asa Legacy, is ftanding upon my Table; and I can
aflure tEeWDrli that every one of the twenty-fix Micro-
{copes contained therein is a deuble convex Lens, and not a

Sphere or Globule,
B 4 Micro-



'8  Of the Kinds of M1cRroscorEs.

Microfcopes ; and, on the contrary, Mr.
Ho ok £ made all his Obfervations with
double ones.

The famous Microfcopes of Mr. L E £ u~
w ENH 0 E K are the moft fimple pofiible,
being only a fingle Lens, fet between two
Plates of Silver perforated With a {fmallHole,
with a moveable Pin before it to place the
Obje on, and adjuft it to the Eye of the
Beholder. By thefe he made thofe wonder-
ful Difcoveries which furprized the World
{o much, and introduced a new Syftem of
Philofophy and Reafoning, as in the Courfe
of this Treatife I fhall find occafion more at
large to mention,

There are many pretty little Contrivances
{old at the Shops for the viewing of {mall
Objects, which are entertaining as far as can
reafonably be expected from them : but to
enumerate all thefe would be a tedious Tafk.
It would alfo be a matter more of Curiofity
than Profit, to defcribe the Forms and Ap-
paratus of the feveral Kinds of Microfcopes
that have been contrived fince the firft In-
vention of them. T fthall therefore confine
myfelf to give an account of fuch only in
ufe among ourfelves at prefent, as by having
a proper Set of Glafles, gradually magnify-
ing one above another, are fit to make Dif-
coveries of Confequence,

CHAP,
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Of Mr. WiLSON’s Sf}rglg Pocket-
Microfcope.

. HE firft that I fhall mention, 1s
| Mr. WirsoN’s fingle Pocket Micro-
Jfeope; the Body whereof made either of Brafs,
Ivory, or Silver, is reprefented (Plaze 1.) by
AA. BB. LIPS TeRrs

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

D. a convex Glafs at the End of the faid
Screw,

*T'wo concave round Pieces of 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 Micrqfcope.one whereof 1s bent
femicircularly in the middle, {o as to form
an arched Cavity for the Reception 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
Microfcope, where a hollow female Screw is
adapted to receive the different Magnifiers.

H



so WivLsoN’s fingle Pocket Microfcope.

H. a {piral Spring of Steel, between the
faid End G and the Plates of Brafs ; intended
to keep the Plates in a right Pofition, and
counter-act againft the long Screw CC.-

I. a fmall turn’d Handle, for the better
holding of the Inftrument, to {crew on or
off at pleafure. _ ;

To this Microfcope belong feven different
magnifying Glaflgs : 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 Magnifier, fet in the
Manner of a little Barrel, to be held in the
Hand for the viewing any larger Obje(t.

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

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

The Brafs Slider is to confine any {fmall
Obje&, that it may be viewed ,without
crufthing or deftroying it.

N. is a Forceps or Pair of Plyers, for the
taking up of Infects or other Objects, and
adjufting them to the Glafles,
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O. 1s a little Hair-Bruth or Pencil, where-
with to wipe any Duit 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 T'ube of Glafs, contrived to confine
living Objeéts, fuch as Frogs, Fifhes, &e.
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 carrying
in the Pocket.

When an Obje&t is to be view’d, thruft
the Ivory Slider, in which the faid Objeét is
placed, between the two flat Brafs Plates
EE : obferving always to put that fide 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 Inftrument G ; and looking through
it againft the Light, turn the long Screw
CC, till your Obje&t be brought to fit your
Eye ; which you will know by its appearing
then perfeétly diftin¢t and clear.—"Tis beft
to look at it firft, through a Magnifier that
can thew the Whole thereof at once, and
afterwards to infpet the feveral Parts more
particularly with 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 thew but a mi-
nute Portion of any Object at once, fuch as

the
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the Claw of aiFlea, the Horn of a Loufe,
or the like ; yet by gently moving the Slider
that contains your Obje&, the Eye will gra-
dually overlook it all: and:if any Part thould
be out of Diftance, the Screw CC will eafily
bring it to the true Focus.
- As Objects muft be brought very near theé
Glafles when the! greatelt Magnifiers are
ufed, be particularly careful not to fcratch
them; by rubbing: the Slider againft them
as you move it in or out. A few Turns 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 a Pen-knife ; the Ifinglafs will then fall
out, '1f you but turn the Sliders; and after
putting what you pleafe between them, by
replacing the Brafs Rings, you will faften
them as they were before. 'Tis proper to
have fome Sliders furnifth’d with Talcs, but
without any Objeéts between them, to be
always in Readinefs for the Examination of
Fluids, Salts, Sands, Powders, the Farina
of Flowers, or any other cafual Objets of
{fuch fort as need only be apply d to the Out-
fide of the Talc.

The Circulation of the Blood may eafieft
be feen in theTails or Fins of Fifhes, in the
fine Membranes between aFrog’s Toeq or,

beft of all, in the Tail of a 'Watcr-hf:wt
I#
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If your Obje&t be a {fmall Fifh, place it with-
in the Tube, and {pread its T‘.’nl or Fin a-
%alnﬂ: the Side thereof: if a Frog, cbu.{'c .
uch an one as can but Jﬂﬁ be got into }raur
Tube, and with'a Pen or Stick expand the
tranfpa:ent Membrane between the Toes of
the Frog’s hindFoot as wide as your are able.
When your Obje& is fo adjuﬂed that ne
Part thereof can mtercept the Light from
the Place you intend to view, unfcrew the
long Screw CC, and thruft your Tube into
the arched Cavity, quite thro’ the Body of
the Microfcope ; then fcrew it to the true
focal Diftance, and you’ll fee the Blood pafl=
ing along its Veflels with a rapid Motmn,
and in a2 moft furprlzmg Manner.

Make ufe of the third or fourth Magmﬁer
for Frogs or Fifhes; but for the Tails of
Water-Newts, the fifth or fixth will do;
becaufe the Globules of theirBlood are twice
as large as thofe of Frogs or Fith. The firft
or fecond Magnifier cannot well be employ-
ed to this purpofe ; for the Thicknefs of the
Tube wherein the Objeét lies, will fcarce
admit its being brought {o near as thf: focal
Diftance of the Magnifier.

The Single Microfcope above deﬁ:nbﬂd
may be formed into a Double One, by {crew-

ing it to a Tube with an E e-Glafs at the
End thereof : it 1s alfo made 1:0 anfwer nearly
the Purpofes of the large Double Refleciing
Microfcope, by the Contrivance following.

4 CHAP.
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GCH AP, IV.

‘A New Invention for fixing the PockKET-
MIiCROSCOPE, and giving Light to it by
a Speculum. Plate I1.

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

C. is a Brafs Screw, that pafles through a
Hole in the upper Limb of the Scroll, into
the Sidc 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 {mall Screws f £, that {crew
into the oppofite Sides thereof.

At the Bottom of the faid Arch is a Pin
of the fame Metal, exaltly fitted to a Hole
h, in the wooden Pedeftal, made for the
Reception 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 refle& the
Light of the Sky, the Sun, or a Candle,
diretly 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 Reflecting Mi-
crofcope, which I fhall prefently defcribe.

| | The
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The Body of the Microfcope may alfo be
fixt horizontally, and Objets‘may be view’d
in that Pofition, by any Light you choofe ;
which is an Advantage the ReHe&ing- Mi-
crofcope has not. R

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, fuch Objeéts may be placed there-
on, as cannot be applied in the Sliders : and
then, having a Limb of Brafs that may faften
to the Body of the Microfcope, and extend
over the projecting Glafs a hollow Ring
wherein to fcrew the Magnifiers, all forts of
Subjeéts may be examined with great Con-
veniency, if a Hole be made in the Pedeftal,
to place the Speculum exactly underneath,
and thereby throw up the Rays of Light.

The Pocket Microfcope thus fixt, is, if 1
may prefume to judge, as eafy 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 fmall Creatures : in fhort, it
is as likely to make confiderable Difcoveries
in Objeés that have fome Degree of Tranf-
parency, as any Microfcope I have ever feen
or heard of. It is alfo-a material Part of the
Solar or Camera Obfcura Microfcope, which
I fhall by and by defcribe,

CHAP
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CHAP. V.

Of the Dauble REFLECTING MICROSCOPE.

r ' \HE Double Refleéting Microfcope, in
ufe at prefent, (whofe Picture with
its Apparatus is feen Plate III.) is an Altera-
tion and Improvement by Mr. CULPEPER
and Mr. ScarrLeT, of Mr. MaRrsHAL'S
large Double Microfcope 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 AA A A,
being a large Tube, is fupported by three
Brafs Pillars 4 4 4, rifing from a wooden Pe-
deftal C; in which Pedeftal 1s a Drawer D,
to hold the Obje&-Glaffes and other Parts
of the Apparatus. |
A leffer Tuble ee, 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
fcrew the Obje&-Glafs or Magnifier.
There are five of thefe Magnifiers, num-
ber'd 1. 2. 3. 4. 5. which Numbers are alfo
marked on the inner Tube, to dire& where-
about to place it according to the Magnifier
made ufe of : but if then it fits not the Eye
exaétly, flide the inner Tube gently higher
¢ OF
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The Double Reflefting Microfcope. 17
or lower, turn the Screw of the Magnifier,
gradually, till the Object appears diftin¢t.—
Take Notice, that the greateft Magnifiers
have the fmalleft Apertures and the loweft
Numbers.

L. is a circular Plate of Brafs, fixt hori-
zontally between the three Brafs Pillars, and
in the Center thereof a round Hole M. is
adapted to receive a proper Contrivance N.
for holding Ivory Sliders wherein Objects are
placed : which Contrivance confifts of a {pi-
ral Steel Wire confined between three Brafs
Circles, one whereof is moveable for the
Admiffion of a Slider.

O. 1s a2 round BrafsPlate, with feveral
Holes for placing Obje&s in, fome of which
are ufually furnifh’d with them at the Shops :
but two Holes are commonly referved for
fmall concave Glafles, whereon to place a
Drop of any Liquid, in order to view the
Animalcules, &¢c. There is alfo a Piece of
white Ivory, and a Piece of black Ebony,
of the fame Size and Shape as the Holes for
Objects : 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 Colours they will be feen more
clearly.---—-At the Bottom of this Objeét-
Plate is a Button to {lip into a Slit P. that
fits it, on the circular Plate of Brafs : and by
turning it round on this Pin, all the Objects

C may
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may be examin’d fucceffively with very little
Trouble.

Q. is a concave Looking-glafs, fet in a
Box of Brafs, and turning in an Arch R.
upon two fmall Screws s 5. From the Bot-
tom of the Arch comes a Pin, which be-
ing let down into a Hole #. in the Center
of the Pedeftal, enables the Looking-glafs to
turn vertically, or horizontally, and reflect
the Light, either of a Candle, or the Sky,
dlref’tly 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
picce Dflmry, or on the Ebony, for Exami-
nation : and it may be moved higher or low-
¢r as the Light requires. 'This Glafs is of
good fervice to point the Sunfhine, or the
Light of a Candle upon any opake Objeét;
but in plain Day-light itis of no great ufe.

X. a Cone of black Ivory, to faften on a
Shank underneath the Brafs circular Plate L.
prmmpally, when the firft or fecond Magni-
fier is made ufe of, and the Objet very
tranfparent: for Experience teaches, that
fuch Objects are rendered much more dif-
tinctly vifible, by intercepting fome part of
the oblique Rays reflected from the concave
Looking-glafs.

The
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The Brafs Fith-pan Y. is, to faften a Smelt,
Gudgeon, or any fuch fmall Fifth 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
Spring that comes from 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 is defired to be thewn,
a Glafs Tube 1. is fitteft for the purpofe.
The Tail of a 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, flide 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 Object di-
rectly under the Magnifier.

There are three of thefe Glafs Tubes,
{maller one than another, and the Size of
the Object 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 lye to be ma-
naged.

The Cell 2. with a concave and a plain
‘Glafs in it, is intended to confine Fleas,
Lice, Mltes or any fmall living Objes,

i 2 during
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during pleafure ; and by placing it over the
Hole M. in the middle of the circular Brafs
Plate, they may be viewed with much Con-
veniency.-----"Three loofe Glaffes, v7z. one
plain, and two concave, belong alfo to this
Microfcope, and are defigned to confine
Objeéts, or place them upon occafionally.

The long Steel Wire 3. with a pair of
Plyers at one End, and a Point at the other,
to hold faft, or ftick Objects on, flip back-
wards or forwards in a Brafs fhort Tube,
whereto a Button is faftened, which fits in-
to the little Hole =, near the Edge of the
Brafs Plate L: and, then, the Objeét may be
readily brought to a right Pofition, and a
Light be caft upon it, either by the Looking-
glafs underneath, or, if it be opake, by the
Plano-convex Lens V.

4. is a flat Piece of Ivory called a Slider,
with four round Holes through it, and Ob-
jects placed in them between Mufcovy Talcs
or Ifinglafs, kept in by Brafs Wires.

It is proper to have a Number of thefe
Sliders filled with curious Objeéts, always
ready, as well as fome empty ones, for any
new thing that offers. When made ufe of,
thruft them between the Brafs Rings of the
Contrivance on purpofe for them, N. which
{hoots into the round Hole M. in the Center
of the Brafs Plate L. This keeps them
fteady, and at the fame time permits them

to be moved to and fro for a thorough Exa-
mination, A
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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 Glafs, or to apply a Drop of any
Liquid.

7. a pair of Nippers, to take up any Ob-

ject to be examined.

The twoMicrofcopes I thalldefcribe next,
viz. the Solar, or Camera Obfcura Micro-
Jeope, and the Microfcope for Opake Objeéts,
are of a foreign Invention, and but lately
known tous. We are, indeed, obliged for
them both to a Gentleman of Prufia, the
ingenious Dr. L1BERKHUN, who when
he was in England, in the Year 1740,
fhewed an Apparatus for each of thefe Pur-
pofes, to feveral Gentlemen of the Roya/
Soctety, and alfo to fome Opticians; amongft
whom, Mr. Curr, againft Serjeants-Inn
Gate, in Fleet-fireet, has taken great Pains
to improve and bring them to Perfection :
and therefore I fhall give a Defcription of
them, as made and fold by him,

C3 CHAP.
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The SoLAR, or CAMERA OEBSCURA

Microfcope.
H IS Microfcope depends on the Sun-

thine, and muft be made ufe of in a
darken’d Chamber, as its Name implies.

It is compofed of a Tube, a Looking-
glafs, a convex Lens, and WiLson’s fingle
Pocket Microfcope before defcribed, p. 9.

The Sun’s Rays being direéted b the
Looking-glafs through the Tube upon the
Obje&, the Image or Piture of the Object
is thrown, diftin&ly 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 feen it: for the farther off the Screen is
removed, the larger will the Obje& appear ;
mfamuch that a Loufe may be magnified.
to the Length of five or fix Fcct or even a
great deal more: but it is indeed more di-
fin@, when not enlarged to above half that

Size F. The

———n

+ Having, in the Second Edition of this Work, inferted a
curious Dra ught of the Selar Microfeope, which was not in
the former Impreffion, and given a more particular De-
{cription of that Inftrument, and its Apparatus, than I
pofiibly could before : left the Purchafers of the firft Edition
fhould have found Reafon to cﬂrjlam of being unkindly

ufed,
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The Apparatus for this Purpofe, as repre-
{ented in the Plate annex’d, is as follows.

A. a {quare 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 Nuts being let into the
Shutter, and made faft thereto.

A circular Hole is made in the middle of
this Frame, to receive a piece of Wood of
a circular Figure, B, whofe Edge, that pro-
jects a little beyond the Frame, compofes a
thallow Groove 2, wherein runs a Cat-gut 3;
which by twifting round, and then crofling
over a Brafs Pulley, 4, (the Handle whereof,
5, pafles thro’ the Frame) affords an eafy
Motion for turning round the circular Piece
of Wood B, with all the Parts thereto affixt.

C. is a Brafs Tube cover’d with Seal—-Skin,
which fcrewing into the Middle of the cir-
cular Piece of Wood, becomes a Cafe tor
the uncovered Brafs Tubc D. to be drawn
backwards or forwards in.

E.a {maller Tube of about one Inch in
Length, cemented to the End of the largcr
Tubﬁ D.

ufed, I took care that the faid Drawing and Defcription, with
what other little Additions appeared neceflary to render the
Book more perfett, fhould be prefented to them gratis, up-
on applying to’ thofe they bought them of. But no fuch
Care is requifite at prefent, this ¢bird Jmpreffion being printed
from the fecond without any Difference of Confequence.

Cq F is
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F. 1s another fhort Brafs Tube, made te
flide over the above-defcribed Tube E. To
the End hereof the Microfcope muft be
{crewed when we come to ufe it.

5. a convex Lens, whofc Focus 1s about
twelve Inches, defigned to colle&t the Sun’s
Rays, and threw them more ftrongly upon
the Object.

G. a Looking-glafs of an oblong Figure,
fet in a wooden Frame, faften'd by Hinges
to the circular Piece of Wood B, and turn-
ing about therewith, by means of the above-
mention’d Cat-gut.

H. a jointed Wire, partly Brafs and partly
Iron : the Brafs part whereof, which 1s flat,
6, being faftened to the Looking-glafs, and
the Iron part, which is round; 7, pafling
through the wooden Frame, enable the Ob-
{erver (by putting it backwards or forwards)
to elevate or decline the Glafs according to
the Sun’s Altitude.

. 1. a Brafs Ring at the End of the jointed
Wire, whereby to manage it with the greater
Eafe.

N. B. The Extremities of the Cut-gut are
faftened to a Brafs Pin, by turning of which
it may be braced up, if at any time it
becomes too flack. This Pin lying behind
could not be thewn in the Pictare,

When this Microfcope is employed, the
Room muft be render’d as dark as pofiible :
for on the Darknefs of the Room, and

the
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the Brightnefs of the Sun-fhine, depend the
Sharpnefs and Perfection of your Image,
Then putting the Looking-glafs G. through
the Hole in your Window-fhutter, faften
the {quare 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 Pulley 3. 4. ¥or 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 Glafs to a
right Pofition, that is, to make it reflect the
Sun’s Rays directly through the Lens 5. up-
on the Paper Screen, and form thereon a
Spot of Light exaltly 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 employ to the
End of your Microfcope, in the ufual Man-

* Though obtaining a perfe&t circular Spot of Light
upon the Screen before you apply the Microfcope, is a cer-
tain Proof that your Looking-glafs is adjufted right, that
Proof muift not always be expeéted: for the Sun is fo low
in Winter, that if it fhines in a diret Line againft the Win-
dow, it cannot then afford a Spot of Light exadtly round.

But if it be on either Side of you, a round Spot may be
obtained even in December, :

3 | her,
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ner, take away the Lens at the other End
thereof, and place a Slider, containing the
Object to be e}{amined, between the thin
Brafs Plates, as in the other Ways of ufing
the Microfcope.

Things being thus prepared, fcrew the
Body Df your Microfcope to the fhort Brafs
TubeF. which {lip over the {fmalleft End E.
of the Tube D. and pull out the faid Tube
D. lefs or more, as your Object is capable of
enduring the Sun’s Heat. Dead Objects may
be brought within about an Inch of the
Focus of the convex Lens, 5; but the Di-
ftance muft be fhorten’d for living Creatures,
or they will {foon be killed.

If the Light falls not exa@ly right, you
may eafily, by a gentle Motion of the jointed
Wire and Pulley, diret it through the Axis
of the microfcoptic Lens.

The fhort Tube F, which your Micro-
{cope 1s {crewed to, enables you, by fliding
it backwards or forwards on the other Tube
E. to bring your Objects to their true fo-
cal Diftance; which will be known by the
Sharpneis and Clearnefs of their Appearance:
they may alfo be turned round by the fame
Means, without being in the leaft diforder’d.

The Magnifiers moft ufeful in the Solar
Microfcope are, in general, the fourth, fifth,
or {ixth.

Mention having been often made of a
Screen to throw the Images of Objects on,

it
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it is proper to inform the Reader, that fuch:
a Screen is ufually compofed of a Sheet of
the largeft Elephant Paper, ftrained 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
feveral Sheets of the fame Paper pafted to-
gether on Cloth, and let down from the

Ceiling with a Roller, like a large Map.
This Microfcope is the moft entertaining
of any ; and, perhaps, the moft capable of
making Difcoveries, in Objects that are not
too opake : as it fthews them much larger
than can be done any other way. There
are alfo feveral Conveniencies 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 Objec, together, at the
fame Time, and, by pointing to the parti-
cular Parts thereof, and difcourfing 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
Microfcopes, they muft peep one after an-
other, and perhaps fee the Obje& neither in
the fame Light, nor the fame Pofition. Such
too as have no Skill in Drawing, may, by
this Contrivance, eafily fketch out the exat
Figure of any Object they have a mind to
preferve a Picture of ; fince they need only
| faften
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faften a Paper upon the Screen, and trace it
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 Objeét will
be feen as plainly almoft on the back as on
the fore Side, and by ftanding behind the
Screen, the Shade of the Hand will not ob-
ftru the Light in Drawing, as it muft in
fome degree when one {tands before it.

I muft obferve, that Dr. LIBERKHUNs
Solar Microfcope had no Looking-glafs be-
longing to it, and therefore was of ufe a few
Hours only in a Day, when the Tube could
be placed directly againft the Body of the
- Sun, and even then not without a good deal

of Trouble ; but by this lucky Contrivance
of a Looking-glafs, the Sun’s Rays may be
reflected thro’ theTube, whatever its Height
or Situation be, provided it fhines at all up-
on the Window, and that too with much
Eafe and Advantage.

CHAP,
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Of the Microfcope for Opake Objeéls.

HISMicrofcope remedies the Inconve-
nience of having the dark Side of an
Obje@ next the Eye, which has hitherto
been an unfurmountable Obftruction to the
making Obfervations on opake Objects with
any confiderable Degree of Exaltnefs or Sa-
tisfaction : for in all other Contrivances com-
monly known, the Nearnefs of the Inftru-
ment to the Obje& (when Glaffes that mag-
nify much are ufed) unavoidably overfha-
dows it fo much, as to render its Appearance
obfcure and undiftinét. And, notwithftand-
ing Ways have been tried to point Light
upon an Objec, from the Sun, or a Candle,
by a convex Glafs placed on the fide there-
of : the Rays from either can be thrown
upon it in fuch an acute Angle only, that
they ferve to give a confufed Glare, but are
infufficient to afford a clear and perfetView
of the Objett.
But in this new Microfcope, by means of
a concave Speculum of Silver, highly polifh-
ed, in whofe Center a magnifying Lens is
placed, fo dire& and {trong a Light is re-
fleted upon the Object, that it may be
examined with all imaginable Eafe and Plea-

{ure.
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 trys it, will I believe
join in my Opinion, that he never before
faw an opake Obje¢t with fo much Clear-
nefs, and in fo perfect and true a manner.

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

Through the firft fide, A. pafles a fine
Screw B. the other End whereof is faftened
to the moveable fide C.

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

E. is a Spring of Steel, that feparates the
faid two fides when the Nut is unfcrewed.

F. a piece of Brafs turning round in a
Socket,whence proceeds a fmall SpringTube
moving upon a Rivet, through which Tube
there runs a Steel Wire, one End whereof
terminates in a fharp Point G. and the other
hath a pair of Plyers H. faftened to it.—The
Point and Plyers are to thruft into or take
up and hold any Infect or Object : and either
of them may be turned upwards, as fuits
your Purpofe beft.

I. a Ring of Brafs with a female Screw
within it mounted on an upright piece 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, polifhed
as bright as poffible, in the Center of which
a double convex Lens is placed, with a pro-
per Aperture to look through it. On the
Back of this Speculum a male Screw L. is
made fit to the Brafs Ring I. to fcrew 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 Objects to be examined may require. The
greateft Magnifiers are known by having the
leaft Apertures. |

M. a round Obje&t-Plate, one fide white
and the other black, intended to render Ob-
jects the more vifible, by placing them, if
black on the white, and if white on the
black fide. A Steel Spring N. turns down
on each fide to make any Object faft : and
iffuing from the Obje&-Plate is a hollow
Pipe to {crew it on the Needle’s Point G.

O. a fmall Box of Brafs, with a Glafs on
each fide, contrived to confine any living
Object, in order to examine it : this alfo has a
Pipe to fcrew upon the End of the Needle G.

P.a turned Handle of Wood, to fcrew
into the Inftrument when it is made ufe of,

Q. a pair of Brafs Plyers, to take up any
Object, or manage it with Conveniency,

R,
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R. a foft Hair Brufh, to clean the Glafes
or Specula, or apply a Drop of any Liquid
to the Ifinglafs of the Box O. in order te
view the Animalcules.

S. a {mall Ivory Box for Ifinglaffes, to be
placed when wanted in the fmall Brafs Box
0.

When you would view any Obje&, fcrew
the Speculum, with the Magnifier you think
beft to ufe, into the Brafs Ring 1. Place your
Object either on the Needle G. in the Plyers
H. on the Obje&-Plate M. or in the Brafs
hollow Box O. as may be moft convenient,
according to the Nature and 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
Object may be turned about, raifed, or de-
prefled, brought nearer the Glafs, or put
farther from 1, till you hit the true focal
Diftance, and the Light be feen refleéted
from the Speculum {trongly upon the Ob-
ject : by which means, it will be fhewn in
a mannet {urprizingly diftin& and clear.
And for this purpofe, the Light of the Sky,
or of a Candle, will anfwer to your Satif-
faction.

This Microfcope 1s principally intended
for opake Objeéts, but tranfparent ones may
alfo be viewed by it : obferving only, that

when
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when fuch come under Examination, it will
not always be proper to throw on them the
Light reflected from the Speculum : for the
Light tran{mitted through them meeting the
reflected Light, may, together, produce too
great a Glare. A little Pra&ice will teach
how to regulate both thefe Lights to good
Advantage. Yok

There is Reafon to expe@ great Difcove-
ries may be made by the Apparatus above
deferibed, as Opake Objeéts are a large Field,
but little hitherto examin’d, by reafon of the
great Difficulty in doing it, |

Having given a Defcription of the feveral
Sorts of Microfcopes in ufe amongft us at
prefent, and thewn what particular 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 Glafles
they make ufe of, and calculate how many
times they enlarge the Diameter, the Super-
ficies, and the * Cube or {olid Square ofp any
Object under Examination. And this, I
perfuade myfelf, will be highly fatisfactory,

L

* Some, perhaps, may diflike my fuppofing the Cube of
an Obje&t to be magnified, fince in reality the Superficies
only can be feen : but the Neceflity of fuch a Suppofition
will appear' plainly in the Progrefs of this Worfc. when
we come to confider the true fize of Microftopical Objetts,
by comparing them with larger Bodies.

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 meer
random Guefs, but by certain and plain
Principles.

EH A=V

To find the Magnifying Power of Glafes
employed in Single Microfcopes.

H E Appearance of any Object, as to

Magnitude, is according to the Angle
it is 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 view’d at is, the more it-will appear en-
larged.,

The naked Eye 1s unable to diftinguifh
any Object brought exceedingly near it : but
looking through a convex Lens, however
near the Focus of that Lens be, there an
Object may be diftinétly feen: and the {fmall-
er the Lens is, the nearer will be its Focus,
and in the fame Proportion the greater muft
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 al{o 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 18, 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 1s the common Standard, an Objeét
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 Objeé 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 Objec may be feen through this
Lens, eighty times nearer than it can di-
ftintly by the naked Eye. It will confe-
quently appear eighty "times longer, and
eighty times broader than it does to common
Sight ; and as eighty multiplied by eighty
makes fix thoufand and four hundred, fo

many times it really appears magnified.
.3 Te
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To go one ftep farther : If a convex Glafs
be fo {mall, that its Focus is no more than
cne twentieth of an Inch diftant; we fhall
find, that eight Inches, the common Di-
ftance of Sight, containsan hundredand fixty
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-
jet muft 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 1s neceflary than to bring it to its
true Focus ; the exact Place whereof will
“be known, by an Object’s appearing perfet-
ly diftinét and fharp when placed there.
Then, with a pair of {mall Compafles, mea-
{ure, as nearly as you can, the Diftance from
the Center of the Glafs to the Obje&t you
was viewing, and afterwards applying the
Compafies 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 Diftauce is: When that is
known, compute how many times thofe
Parts Df an Inch are contained in eight
Inches, the common Standard of Sight, and

that
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that will give you the number of times the
Diameter is magnified : {quaring the Dia-
meter will give you the Superficies ; and if
it be an Obje& whofe Depth or whole Con-
tents you would learn, multiplying the Su-
perficies by the Diameter will {hew 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
moft commonly fufficient. But fometimes
1t Is fatisfaGory to know how many minute
Objects are contained in a larger : as, fup-
pole, for Inftance, I defire to know, how
many Animalcules would make up the Big-
nefs of a Grain of Sand: To an{wer this,
the Cube as well as the Superficies of the
Animalcules muft be taken into the Ac-
count ; as will be thewn in the next Chap-
FEE: /

As this Treatife is chiefly intended for
thofe who underftand but Jjstle of fuch Mat-
ters, it may neither be needlefs nor unac-
ceptable, to give a Table of the magnifying
Powers of the convex Glafies commonly |
ufed in fingle Micrnﬁ:ﬂpcs, according to their
different Focus - whfzrehy, upon meafuring
what the beft Diftance from the Glafs to
view the Object is, its Power of magnifying
the Diameter, the Superficies, and the Cube
of an Object will be found in one Line.

B See
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See the TABLE *,

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

I have taken no Notice of any Magnifier
whofe Focus is at a greater Diftance than the
half of an Inch; becaufe Glaffes that mag-
nify lefs than that, may very eafily be calcu-
lated 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 1t
is fo difficult to grind a Lens to a Smallnefs
beyond, or even fo minute as this, that per-
haps few of my Readers may ever meet with
fuch an one, And though Globules of Glafs
may be melted {o extremely little, as to
have their Focus at not half this Diftance,
and confequently their magnifying Powers
prodigioufly greater ; the ufe of them is fo
troublefome, and attended with fuch want
of Light, fuch Undiftinétnefs and Uncertain-
ty, that indeed they are of very little Ser-
vice.

The magnifying Powers of the Glaffes
employed in WivLsoN’s Pocket Microfcope,
and alfo of thofe belonging to the opake Mi-
crofcope, are to be calculated in the forego-
ing Manner, And as People will, no doubt,

’ 4 be
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be pleafed to know certainly what the Pow-
ers of their Glaffes are, and confequently
what may be expected from them, it would
be much better if the Microfcope- Makers
would grind their Glafles according to fome
{ettled Standard, and not work by guefs, as
they ufually do at prefent, whereby no two
Sets of Magnifiers can be fuppofed exatly
alike. Sucha Standard, which would afford
a very ufeful Set of Glaffes, magnifying one
more than another in due Degrees, is, I
think, as follows.

G BEOCAL DISTHANCES of
Six Magnifiers for Mr. WiLsoN’s
Pocket Microfcope.

' Magnifies | Magnifies the
O : the Diam, | Superficies,
=3 =
1.9 [, or 2} |— 4007} [|--160,000
p ta GF o& "E — 160 — 23,600
2. | Dift. of 8| 8|l— 100 ¢ | —10,000 >'§
\the Fo-4 »5 b & a
4. icus at -- 16| 8|— so0|L|— 2,500
=
AL
(42 15, OF 30| o | — 206 — 676
= i
6.J L%, or 50) |—16) |—— 256)

D 4 The
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The FOCAL DISTANCGES of
Four Magnifiers for the Microfcope
Jfor Opake Objects.

10oPts. of | Magnifies | Magnifies the

__ﬂ'_)_ an Inch. | the Diam. Superficies,
=
] r B |— 1007 —— 10,000
2. Dhlﬂ of +os OF 30 |=—— 26 l a 6?61 o

>t e Fo- \ = E
. cu: At -- Ty Or 60 | =13 ‘ ) —— 169 l -
4.J [r g Inedy  emass 8] Sl

The magnifying Power of the Solar Mi-
crofcope muft be calculated in fomewhat a
different Manner.- For here, the Difference
between the Focus of the Magnifier, and
the Diftance of the Screen, or Sheet where-
on the Image of an Object is catt, is the Pro-
portion of its being magnified. Suppofe, for
Inftance, the Lens made ufe of has its Focus
at half an Inch, and the Screen be placed
at the Diftance of five Feet: The Obje&
wilt 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, thews the
SI.I*"IEI*ﬁCIES to be magnified fourteen thou-

faltd and four hundred times : and by put-
tmg
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ting the Screen at farther Diftances, you
may magnify your Object to almoft what
Size you pleafe. But I would advife all
who ufe this'Sort of Microfcope, to regard
Diftinénefs more than Bignefs, and place
the Screen juft at that Diftance where the
Object is feen moft tharp and clear.

B . T e b @

Of the Magnifying Power of Glaffes in the
Double Microfcope.

Should now fhew the Method of com-

puting the magnifying Power of our
double Microfcope, as-I have done of the
fingle ones : but a Calculation of the Powers
of three combined Glafies, would appear {o
intricate and unintelligible to People unac-
quainted with Optics (for whofe Service
chiefly I intend this Treatife) that I 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 themfelves.

The double reflecting Microfcope, defcri-
bed p. 16. is the only Inftrument at prefent
made amongft us for this Purpofe, wherein
fuch a Combination of Glafies is employed.
Here, indeed, the magnifying Power of the

Object-
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Object-Lens is greatly increafed by the Ad-
dition of two Eye-Glafies ; but as no Object-
Lens can be ufed with them of fo minute a
Diameter, or that magnifies of itfelf near fo
much as the Lenfes we can ufe alone, upon
the whole, the Glafles of this double Micro-
fcope magnify little or nothing more than
thofe of Mr. WiLson’s fingle one. And
the fame Table which thews the Powers of
the Glafles belonging to that Microfcope,
may ferve for thefe alfo. For the fir/f Glafs,
Sfecond Glafs, &c. of either Micrafcope, mag-
nify pretty much alike; and the chief Ad-
vantage arifing from a Combination of Glaf-
fes, 1s, the fight of a large Field or Portion
of an Object, magnified in the fame Degree.

Lo B o X,

To find out the real Sizw of Objecls feen
by Microfcopes.

HQ’ by the preceding Direéions the
magnifying Powers of Microfcope-

Glaffes may eafily be underftood, it will ftill
remain uncertain, (if the Objects we examine
are exceedingly minute) what the real Big-
nefs of them is. For though we may know
they are magnified {o many thoufand times,
we can make by that Knowledge buta very
imperfect Computation of their natural and
true
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true Size; nor can we, indeed, come to any
certain Conclufion as to that, but by the
Mediation of fome  larger Object, whofe
Dimenfions we really know. For as Bulk
itfelf is meerly comparative, the only way
we can judge of the Bignefs of any thing, is,
by comparing it with fomething elfe, and
finding out how many times the lefler is
contained in the larger Body. To do this
in Microfcopical Objeéts, feveral ingenious
Methods have been contrived; of which,
fuch as are come to my Knowledge, and
are plain and practicable, I f{hall lay before
the Reader.

Mr. LecuwennoEK's Way of comput-
ing the Size of Salts in Fluids, of the Ani-
malcules 7z Semine Mafculing, in Pepper-
Water, &c. was, by comparing them with
the Bignefs of a i Grain of Sand; and his
Calculations were made in the following
Manner.

+ N. B. It is proper to inform the Reader, that where-
ever in this Treatife, Microfcopical Objeéts are compared
with a Grain of Sand, which commonly was the Meafure
Mr. Leruwennoek made ufe of, we muft 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 Heufe-Sand, or Writing-Sand. But to make
our Calculation ftill more certain, we muft {fuppofe them of
fuch a Size, that an hundred of them, placed in 2 Row,
fhall extend an Inch in Length.

He



42 The S1ze of Objeéts

He view’d through his Microfcope a fin-
gle 4 Grain of Sand, which we'll fuppofc to
be magnified as the round Figure ABCD.
Then obferving the Animalcule {wimming,
or running acrofs it, or coming near it,
(which we’ll imagine to be of the Size 1.)
confidering and meafuring this by his Eye,
he concludes, that the Diameter of this Ani~
malcule 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 {even hun-
dred and twenty-eight times larger than this
Animalcule,

Suppofe, again, that he fees among thefe
another and fmaller 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 Animal-
cule 1. According then to the foregoing
Rules, the Diameter of this will be fixtecen,
and the whole Bulk fixty-four times lefs
than the Animalcule 1.

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

t Vide Lezuwen. Fxperim. & Contempl. Tom. 1V,
PIg. 23.

11‘
ceedin gly
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ceedingly minute, that, examining it in the
former Manner, he concludes that the Dia-
meter thereof is ten times fmaller than the
fecond fort: it will then follow, that a
thoufand of thefe are but equal in Bignefs
to one of that fecond fort. mie

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

Firft {ort, 1. whc;fe Diﬁtﬁ&ﬁt is lefs
than that of a Grain of Sand

12 times.
12

144 |
Of the firft fort, 1,728 in a Grain of Sand.

Second fort, 2. whofe Diameter is lefs than
that of the firft fort

4 times,
4

e il

16
4

p—

64 in one of the firft fort.
Third
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Third fort, 3. whofe Diameter is lefs than
that of the fecond fort
10 times;

10
N
100

10

o ——

1000 in one of the {econd fort.

1728 of the firft fort in a Gr. of Sand.
64 of the 2d fort in 1 of the firt.
6912
10368
110,802
1000 of the 3dfortin 1 of the 2d.

i1 0,592,00; of the 3d fortin a Gr. of Sand.

After this manner, the comparative Size
of all Sorts of Objefts may very eafily be
computed, only fubftituting (for fuch as are
lefs minute) a {mall 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 Object

enquired
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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 Compafles,
and the Difference of their Diameters moft
exactly found.

The Method Mr. Hooke made ufe of,
to know how much an Object appears mag-
nified, I thall give in his own Words.-—--
“ Having (fays he) re&tified the Microfcope,
“ to fee the defired Obje&t through it very
 diftin¢tly ; at the fame time that I look
“ upon the Obje¢t through the Glafs with
“ one Eye, I look upon other Objeéts 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 Objeét upon
“ the Ruler, and thereby exaétly 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 Objects, 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. Jurin,

n

£c
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in the 45th Page of his Pﬁyﬁfﬂ-Marbfmaﬁmf
Differtations ; the Manner whereof 1is thus:
Wind a Piece of the fineft Silver Wire you
can get a great many times abouta 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 Glafs. Then,
with the Points of a fmall Pair of Compafies
meafure exatly what Length of Pin the
Wire covers : and applying the Compafies
with that Meafure to a diagonal Scale of
Inches, you'll find how much it is; after
which, by counting the Number of Wire-
Rounds contain’d in that Length, you’ll ea-
fily difcover the real Thicknefs of the fingle
Wire. This being known, cut it into very
{mall Pieces, and when you examine an
Objed, if it be opake, ftrew 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 lye faireft to your View.

By this Method Dr. Jurin obferved, that
four Globules of human Blood would gene-
rally cover the Breadth of a Wire, which he
had found to be s3sth Part of an Inch; and
confequently, that the Diameter of a fingle
Globule was +sssth Part of an Inch. Which
was alfo confirmed by Mr. LEEu WE N-
HoE K's Obfervations upon human Blood,
made with a Piece of the fame Wire, fent

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 parallel Lines be drawn
carefully with the fine Point:of a 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 Obje& 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 difcernable to the naked
Eye, appear very large through the Micro-
{cope. A Contrivance of this Kind may alfo
be invented for fuch Microfcopes; as a Glafs
cannot be apply’d to in the above manner,
by placing it under or behind the Object,
which will anfwer the fame Purpofe.

Here it will be eafy to find what Pro-
portion an Obje&, or any Part thereof, 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.
| E Dr,
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Dr. SmiTH has an Invention akin to this;
for taking exact Draughts of Objets, view-
ed in double Microfcopes : for he advifes,
to get a Lattice made with {fmall Silver
Wires, or fmall Squares drawn upon a plain
Glafs by the Strokes of a Diamond, and to
put it into the Place of the Image form’d
by the Obje@-Glafs. Then, by transferring
the Parts of the Obje¢t feen in the Squares
of the Glafs or Lattice upon fimilar corre-
{ponding Squares drawn on Paper, the Pic-
ture thereof may be exactly taken.

There are fome other forts of Microme-
ters, or Inventions for meafuring the {mall
Objects feen in Microfcopes ; but as they

are more complex and difficult, I fhall not
{well this Volume with them.

CH A P EXL

Of the Area or Portion of an Object feea.

HE vifible Area, Field of View, or
Portion of any Obje¢t 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 extreaml

{mall, it magnifies a great deal, and, con-
{fequently, a very minute Portion only of an
| Objet
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Object can be diftinguithed through it. For
which Reafon the greateft Magnifiers never
fhould be employed but for the moft minute
Objects. = This Confideration will direct
how to fuit the Magnifiers to the Size of
the Obje&s to be examin’d, which is of the
utmoft Confequence in Microfcopical Ob=
{ervations; and may ferve to rectify the
Miftake of abundancc of People unexperi-
enced in Glafles, who, upon {eeing 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, fucﬁ large Objects would intirely cover
the Lens, and could not be feen at all.

Microfcopes very happily affift us when
Objects 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 Unfkilful with per-
plexing Calculations about the Area or Field
of Objects {een by each Magnifier, but give
this thort Rule in general, that it differs not
greatly from the Size of the Lens made ufe
of, and that the Whole of anyObje&t, much
beyond that Size, cannot conveniently be
viewed through it. :
~ There 15 fome Difference, as to the vifible
Area of an Obje&, between fingle and double
Microfcopes ; for the double thew a larger
g AT Ez2 Portion
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Portion of it than the fingle, tho’ magmﬁ=d
as much.

Having thewn the Structure and Powers
of Microfcopes, 1 proceed now to defcribe
the Manner of chufing, preparing, and ap-
plying Objects to them.

COERRRL L
Of OBjECTS in General.
PRaper Obje&s to be examined by Mi-

crofcopes, are (as Mr HookE very ju-
dicioufly diftinguithes) ¢ exceeding fmall Bo-
“ dyes, fxm’dz'ng fmall Pores, or exceeding
 fmall Motions.”

Exceeding {mall Bodies, muft either be
the Parts of larger Bodies : or Things, the
Whole whereof is exceedingly minute ;
fuch as fmall Seeds, Infeéts, Sands, Salts,
&e.

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

- Exceeding fmall Motions, are the Move-
ments of the feveral Parts or Members of
minute Animals, or the Motion of the Fluids
‘contained

L
.
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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 Inftruction; as I hope
more particularly to thew.

Many, -even of thofe who have purchas’'d
Microfcopes, are fo little acquainted with
their general and extenfive Ufefulnefs, and
fo much ata lofs for Objeéts to examine by
them ; that after dwertmg themfelves and
their F riends, 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, 1mprov1ng, and fatisfying the
Mind of Man.—To evince this, and excite
thofe whofe Time and Circumﬁances 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, I hope I thall not write in
vain.  And if I can hereby induce any to
pafs 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~
fhionable and expenfive Vice, I fhall think
thefe Sheets very happily beftowed.

C H -A°P. o'XIH.
Of Examining OBJECTS.

. N Examination of Objets, 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 T may have gained, either
from the Accounts of others, or my own
Experience, after being converfant many
Years therein, I fhall readily communicate :
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 Object comes to be examined,
the Size, the Contexture, and Nature of it
fhould be duly confider’'d ; in order to apply
it to {fuch Glaffes and in fuch a Manner as
may fhew it beft. The firft Step towards
this, conftantly thould be, to view it through

a Mag-
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a 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 {maller the Parts into which it is divided,
the greater muft be the Magnifiers where-
with to view them. |

The Tranfparency or Opakenefs of an
Object muit alfo be well regarded, and the
Glafles made ufe of, muft be accordingly
fuited 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 Object, and pre=~
vents its being feen, unlefs by the Micro-
_fcope on purpofe for fuch Subjects, defcribed
page 27. Moft Objects, however, become
tran{parent by being divided into extreamly
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 Object,whether it be
alive or dead, a Solid or a Fluid, an Ani-
mal, a Vegetable, or a Mineral Subftance,
muft likewife be confidered, and all 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
poflible, that its right Form, Pofture, and
Temper may be difcover’d. 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 fitteft
for Obfervation when dry, others again when
moiftened; {fome when freth, and fome after
being kept a while.

Light is the next thing to be taken care
of, for on this the T'ruth of all our Examina-
tion depends; and a very little Experience
will thew how different Objects appear in
one Pofition and Kind of 'it, to what they
do in another. So that we thould turn them
every way, and view them inevery Degree
of Light, from Brightnefs even to Obfcurity;
and in all Pofitions to each Degree ; till we
are certain of their true Form, and that we
are not deceived. For, as Mr. HookE
fays, in'many Objeéts itis very difficult to
diftinguith between .a Prominency and a
Deprefiion ; between a Shadow and a black
Stain ; and in Colour, between a Reflection
and a 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-thine, like 3 Surface
covered with golden Nails: in one Pofition,
like 2 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 Object ; which, if dark, will be
feen beft in a full and ftrong Light ; but if
very tranfparent, the Light fhould be pro-
portionably weak +for which Reafon there’s
a Contrivance, both in the fingle and double
Microfcope, to cut off abundance of its Rays,
when fuch tranfparent Obje@s are examined
by the greateft Magnifiers,

The Light of a Candle, for many Objeéts,
and efpecially fuch as are exceedingly minute
and tranfparent, is preferable to Day_li’ght.;'
and for others Day-light is beft : ] mean the
Light of a bright Cloud. As for Sun-fhine,
it 1s reflected from Obje&s with fo much
Glare, and exhibits fuch gaudy Colours,
that nothing can be détermined by it with
Certaihty : and therefore 1t’s to be account
ed 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 Advantage
without its brighteft Light ; for in that
way, we fee not the Object itfelf whereon
the Sun-fhine is caft, but only the Image or
Shadow of it exhibited upon a Screen ; and,
therefore, no Confufion cag arife by the
glaring Refle®ion of the Sup’s Rays from
the Object to the Eye, which is the Cafe in
other Microfcopes, * But then, in that Solar

IWay,
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Way, we muft reft contented with viewing
the true Form and Shape of an Obje&, with-
out expecting to find its natural Colour, fince
no Shadow can poffibly wear the Colours of
the Body it reprefents.

O A B.OXTV
Of preparing and applying OBJECTS.
MO ST Objects 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 Preflure, the beft Method is to inclofe
them in Sliders, between two My fcovy Talcs
or Ifinglafs. This Way the Feathers of
Butterflies, the Scales of Fithes, the Farine
of Flowers, &c. the feveral Parts, and even
whole Bodies of minute Infe@s, and a
thoufand other Things, may very conve-
niently be preferved. Every curious Obferver
will therefore have them always ready to
receive any accidental Obje&, and fecure it
for future Examination : and a Dozen or
two of thefe Sliders, judicioufly furnithed,
are a fine natural Hiftory, where we may
read delightful Lefions of the high Perfection
of God’s Works, and his Wifdom in their
Contrivance.
In making a Colle@ion of Objeés, the
Sliders fhould not be filled promifcuoufly,

but
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but Care taken fo fort the Objeéts accordin
to their Size and Tranfparency: in fuclg
manner, that none be put together in the
fame 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 Objects are fitteft
for: that is, the moft tranfparent, or mi-
nuteft Objeéts of all, which require the firft
Magnifier to view them by, fhould be pla-
ced 1n aSlider, or Sliders marked with Num-
ber I. Thofe of the next Degree in Sliders
marked with Number II. and fo of the reft.
This Method 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 the Sliders will likewife prevent our be-
ing at any lofs what Glafs to apply to each.

Small living Objets, fuch as Lice, Fleas,
Gnats, {fmall Bugs, minute Spiders, Mites,
&'c. may be placed between 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 a-

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

live
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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 Glaffes,
intended for that Ufe, and defcribed pag-
10. or in the Cell pag. 19. or elfe examine
them ftuck on the Pin, or held between
the Plyers ; either 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 fmall 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
Glaﬁ'es, and fo 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 mutft be taken off the Glafs, and then
a little fair Water put to the reft, will make
them feparate, and thew them dlf’cm& 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 {ufficiently fe-
parated to diftinguifh 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 :
for, then, the Fluid muft be fuffered to
evaporate, that the Saltsbeing left behind up-
on the Glafs, may more eafily be examined.
Another, and indeed the moft curious
Way of examining Fluids, is, by applying
them to the Microfcope, in exceedingly
fmall capillary Tubes made of the thinneit
Glafs poffible. This was Mr. LEEUWEN-
HOEK’s Method for difcovering the Shapes
of Salts floating in Vinegar, Wine, and feve-
ral other Liquors; and fuch Tubes thould

be always ready to ufe as occafion requires.
For the Circulation of the Blood, F rogs,
Newts, or Fithes, are commonly made ufe

of ; and there are Glafs Tubes in the fingle
Microfcope, and a Fith-pan as well 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
Fithes, 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
Object to the Magnifier, the Circulation can-
not poffibly be feen fo plainly any where, as
in the Mefentery, or thin tranfparent Mem.--
brane that joins the Guts together; and this
Part, by pulling out the Gut a little, may

eafily be adjufted to the Magnifier,

I To
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To diffe@® minute Infeéts,as Fleas, Lice,
Gnats, Mites, &¢. and view their internal
Struture, requires a great deal of Patience
and Dexterity : yet even this may be done,
in a very fatisfaGory 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 far be-
fore the Microfcope, fo that the Stomach and
other Bowels may plainly be diftinguifthed
and examined. - -

We fhould always have ready for this
Purpofe tittle Slips of Glafs about the Big-
nefs of a Slider, to place Objeéts on, oc-
cafionally ; fome of which Slips fthould be
made of green, blue, and other different co-
loured Glafs; many Objetts 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 pres
ferving tranfparent Obje&s 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 Collection of them thould
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 tranfparent 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 obtain a Contraft
to Objeéts 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 thewn
to the beft Advantage. Thefe Slips are in-
tended chiefly for the new-invented Micro-
{cope for opake Objeéts, to beapplyed between
the Nippers : but they will alfo be proper
for any other Microfcope that can thew opake
Bodies. A little {quare Box fhould be con-
trived to keep theie Slips in, with a Num-
ber of very fhallow Holes juft big enough
to hold them. If fuch Holes were cut
through Pieces of that Paftboard Covers of
Books are made of, exactly 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 Paftboards ftored with Obje&ts might
lye one upon another in the fame Box, and
contain an hundred or more Slips with Ob-
jects 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 Objects:
But the Patternhere to annexed (Plate VI1.)
will better explain my Meaning. The Box
thould likewife be furnifhed with a Pair of

Plyers,
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-Pl}rcrs, to take up and adjuft the Slips; and
therefore a convenient Place is ‘contrived
therein to hold them, as the Plate before

you thews.*

AN W
Cautions in viewing OBJECTS.

Eware of determining and declaring
your Opinion fuddenly on any Obje(t ;
for Imagination often gets the Start of Judg-
ment, and makes People believe they {ee
Things, which better Obfervations will con-
vince them could not poffibly be feen: there-
fore aflert 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, ’tis not. unlikely
Fancy will betray you into Error, and make
- youthink youfee what you would wifh tofee.

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

* Mr. Cu rr, in Fleet-jfireet, can {fupply thofe who don’t
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

" ~ofeapes with their Apparatus mentioned in this Treatife.

Pafs
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Pafs no Judgment upon Thing over-ex-
tended by Force, or contracted by Drynefs,
or in any Manner out of their natural State, -
without making {uitable Allowances. |
There is no Advantage in examining any
Object with a greater Magnifier than what
fthews the fame diftin&ly ; and therefore, if
you can {ee it well with the third or fourth
Glafs, never ufe the firft or fecond ; for the
lefs a Glafs magnifies, the better Light you’ll
have, the eafier you can manage the Object,
and the clearer it will appear.

It is much to be doubted, whether the
true Colour of Objeéts are to be judged of,
when feen through the greateft Magnifiers :
for as the Pores or Interftices of an Object
muit 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 feparated many thou-
fands of times farther afunder than they do
to the naked Eye, their Refletions of the
Raysof Light will probably be different, and
exhibit different Colours. And indeed, the
Variety of Colouring fome Objeéts appear
dreft in, may ferve as a Proof of this,

The Motions of living Creatures them-
felves, 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,the

: Motion
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Motion muft probably be {o too. And there-
fore, that Rapidity, wherewith the Blood
feems to pafs along through the Veflels of
{fmall Animals, muft be judged of according-
ly. Suppofe for Inftance, a Horfe and a
Moufe move their Limbs exactly at the fame
Moment of Time : if the Horfe runs 2 Mile
while the Moufe runs fifty Yards (tho’ the
Number of Steps are in both the fame) we
fhall readily, I believe, allow the Horfe’s
Motion to be fwifteft. The Motion of a
Mite viewed through a Microfcope, or {feen
by the naked Eye, is, perhaps, not much
lefs different.

Some People have made falfe Pretences
and ridiculous Boafts, of feeing, by their
‘Glaffes, the Atoms of Epicurus, the fub-
tile Matter of Drs CARTES, the * Effluvia of
Bodies, the Emanations from the Stars, and
other fuch like Impoffibilities : but let no
ingentous and honeft Obferver give credit to
thefe romantic Stories, or mif-pend hisTime,
and bewilder his Brains, in following fuch
idle Imaginations, when there lies before
him an Infinity of real Objects, that may be
examin’'d with Eafe, Profit, and Delight.

¥ Dr Hicumore pretends that the Effuvia of the Load-
fone have been feen by Glafles, iffuing from it in the Form
of a Mift: And all the reft of the above Extravagancies have
been boafted of by others, 7id. Lceuwax, Are. Nat. Tom. ii.
pag. 343, ot
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e AVING defcribed the moft ufe-
3] gl ful Kinds of MicrosCOPES
B & made amongft us; thewn how to

==nv—=3 calculate the magnifying Powers
of GLassEs, and the real Size of OBJECTS ;
taught the Ways of preparing, examining,
and preferving OBJECTS ; and given proper
Cautions in our judging of what we view s
I come now to the Secoxp PArT of my
Defign, which is, to thew what furprizing
Difeoveries have been already made by the
Microscope, with ufeful Reflections on
them: and alfo to fet forth a great Variety
of new Experiments and Obfervations, point-
ing out many uncommon Subjeéts for the Ex-
amination of the Cur1ous.
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CHAP. L
Of the ANiMALcULES in Fluids.

HE the {malleft living Creatures yet
: known are the Animalcules in Fluids:
whereof many Kinds have been difcover'd 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, itis 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 Devifibles (if 1 may ufe
the Term ) thanof thofe whofe Size 1s difcern=
able by the naked Eye. Here, therefore, is
abundance of Scope for Enquiry and Admi-
ration, fince every Drop of Water, or other
Liquor, (excepting Oilz and Spirits) either
does already, or, upon ftanding expofed a
few Day%, will appear full of ving Creatures,
of various Sizes and Forms. Some kinds of
thefe Animalcules feem to be really Fith, and
are natural Inhabitants of the Water all
their Lives : others live there but occafion-
ally, in the manner of Gnats, which, from
Eggs dropped by their P"llﬂﬂtb in the Wa*cr
become fw1mmmg Animals; but, after a
while, fhed their Skins, appear in 2 Form
that bears noRefemblance to what they wore
before,
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before, take Wing, and turn Creatures of
the Air.

We may thus account how Water where-
in Pepper, Hay, Oats, Wheat, or other wvege-
table Subfiances are infufed, will foon be-
come full of Life : for thofe minute and 12-
wifible little Flies, which are every where
hovering in the Air, and feeking places to
depofit their Eggs, when a Fluid offers well
ftored with proper Nourifhment for their
future Offspring, may be fuppofed to refort
toit 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 Truth of this I have often ekxperien-
ced: for after obferving fome kinds of Anz-
malcules in {everal 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 {oon after in the
fame manner been gone too. Befides, if
the Infufion be covered, tho’ with a Muf-
lin or fine Lawn, I have conftantly found
that few Animalcules will be produced there-
in ; but upon taking off the Cover, ina few
Days it will be full of Life ; which feems to
prove, that the Eggs whence thefe Animal-

F 4 cules
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cules come, mufl either be depofited by their
own Parents, as I above fuppofe, or be
brought along with the Air. And, indeed,
both thefe Ways may poffibly be: for as
the Eggs of fuch minute Creatures are lighter
than Air, Millions of them may continual-
ly float therein, and, being wafted every
where indifferently, may perith in places
unfuitable to their Nature, but hatch and
thrive when they 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 1s put into the Water: but, were it fo,
I cannot think a thin Covering of Lawn,
which does not exclude the finer Part of the
Air, would prevent their being hatch’d ; and
therefore muft conclude it a2 Miftake.

Tho” Water that ftands at reft, and ex-
pofed in the open Air, will, after a few Days, .
have {ome Animalcules in it, they will be
found in no degree fo numercus as when
vegetable Bodies have been fteeped therein :
for no Creatures feem able to fubfift on meer
Water only, and what little Particles befides
may accidentally happen in it can maintain
no great Number : But, when, by Infufion
of the abovementioned Subftances, Water
1s ftored with their proper Food, the Micro-
fcope can fhew Myriads of /iving Creatures
in every little Drop,

As
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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 Directions for making Pepper-
Water, &c. to be kept always ready for

Obfervation, may not perhaps be unaccept-
able. .

C:H-AP: "I

To make PEP PER-W AT ER, and of the
Animalcules found therein.

UT common Black Pepper, grofsly
bruifed, into an open Veflel, 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
Pepper very well together when firft you
mix them, but afterwards not at all. Ex.
pole your Veflel to the Air uncovered, and
in a few Days you’ll perceive a little Pellicle
or Skin upon the Surface of the Water, re-
flecting Prifm Colours. This Skin, exa-
mined by the Microfcope, will be found to
contain Millions of 4nimalcules, fearce dif-
cernable at firft, even by the greateft Mag-
nifier, but continually growing bigger till
they come to their full Size. Their Num-
bers too will every Day increafe exceedin gly,.

till
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till at length almoft the whole Fluid feems
alive : though in reality, they lie chiefly on
the Surface ot the Water, and go not deep
therein, unlefs frighted or difturbed ; but
when that happens, they'll 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’ll per-
ceive them grow fafter than in cold : tho),
even in the midft of Winter, if the Water
be not frozen, the Experiment will fuc-
ceed.

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 fthew f{everal Sorts of Anrmalcules 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,

Firft, The largeft Sort of all, (reprefented
Plate VIL Fig. I.) * 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 themfelves in

* Philsfoph, Tranf. Numb, 284,
4 the
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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 {udden
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’ll
often creep along it from End to End, bend-
ing in feveral odd Poftures.

Secondly, A pretty common fort, whofe
Length is about one Third of a Hair’s
Breadth, with Tails five or fix times as long,
and fometimes more. Fig. II. 1. exhibits
one of them with the Tail extended. 2. re-
prefents another with its Tail in a Screw-
like Form, as they appear very frequently.
Sometimes, when they lye ftill, they thruft
out and pull back again a fringed or beard-
ed Tongue ; and a Current runs conftantly
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. III. 1. and {ometimes
a little longer, refembling a Flounder, in the
Manner of 2. Thelr little Feet may be feen

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 conjoyned,
as 7.
%‘am'z‘b{y Another fort 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 Progreffion. They
fwim with the fame Facility backwards or
forwards, and being every where of the
{fame Thicknefs, it is difficult to diftinguith
which End the Head is placed at. See
Fig. IV.

A fifth Sort is fo amazingly {mall, 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 toa Grain of Sand in Bignefs: their
Shape is almoft round.

A jfixth Sort, are about the Thicknefs of
the foregoing, but almoft twice as long
and, befides thefe, there are doubtlefs other
Sorts which have not duely been attended
to.

It is agreeable enough, while thefe little
Creatures are before the Microfcope, to ob-
ferve the different Effeés feveral kinds of
Mixtures pmduce among them. For Ex-
ample, putting to them the {malleft Drop
imaginable of Spirit of Vitriol upon the Point

of
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of a Pin, they immediately fpread them-
felves, and appear. to tumble down dead.
Diffolved Salt kills them, but with this Dif-
ference, that inftead of becorning 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
dye without any Change of Shape. Ink
kills them as foon as Spirit of Vitriol, but
feems to contract them feveral Ways. Frefh
Blood, Urine, and Spittle kill them in a
little while. Sugar diffolved does the fame ;
but thereby fome dye flat, and others
round *. -

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.

* Philofoph. Tranf. Numb. 203,

CHAR.
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CHAP. I
Of Hay-W ATER, e,

AY, Straw, Grafs, Oats, Wheat, Barley,
or any other vegetable Produion,
being infufed in Water, in the Manner ad-
vifed before, after fome Days a fort 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 fving Greatures
of various Sizes, Forms, and Kinds.

And of thefe fome are the fame exaltly
as were juft now defcrib’d in Pepper-W ater :
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
fort of Animalcule, fomewhat in the Shape
of an Emmet’s Egg (See Fig. V. Plate VII.)
They are extreamly 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 furprizing Velocity, firft one way,
and afterwards the contrary *. This Gyra-

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

tion,
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tion, or'Twirling round as it were on a Point,
" 1 have taken notice of in other Kinds alfo of
the Animalcules found in Fluids.

Another pretty common Sort, and im
Shape fomewhat refembling the foregoing,
is thewn (Fig. VI.) Their Motion is very
{fwift, 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 trani-

arent at their {fmall Extremity only, but
ﬁavc their Bottle-End opake. No Legs or
Fins can be difcerned in either.

We find another fort, as long almoft as
the largelt in Pepper-Water, which are very
britk and active, 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.i.
reprefents one of thefe Animalcules at its full
Length : 2. fhews another of them when
-contraéted.

There’s likewife a Species of Animalcules
whofe Bodies are Spherical, but pointed
fomewhat like a Pear, and refembling Blad-
ders fill'd 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 re-
volving one, turning round perhaps above an
hundred times in a Minute, firft one way,
and then the contrary ; and all this without
*movin g a Hair’s Breadth out of their Place.
But fometimes they move forward very
brifkly, turn, return, and fetch a large Com-
pafs with feveral Deviations : keeping how-
ever, throughout their whole Progreflion,
their pointed End always foremoft. See
Fig. VIIL.

I once difcover’d in the Scum on the Sur-
face of Hay-Water a kind of minute Ser-
pents ; for {o I call them from their Motion,
which was like that of a Serpent, and from
their coiling up themfelves in the manner
Serpents do. I kept this Water fome Weeks,
and thewed them to feveral of my Friends,
but fince that time have never met with
them in any Infufion of the fame fort, or in
any other Fluid. Their manner of moving
forward, and alfo of coiling themfelves up, .
is thewn 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 feem’d to be the Head
was thicker and fomewhat more opake than
the other. |

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

15
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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 ¢f them are more active and
vigorous than others. Artaglid
Vinegar after ftanding a few Days unco-
verd, 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-
tiefs of Vinegar 1s owing to nothing elfe but
the ftriking of thefe Creatures upon thé
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-
wWENHOEK has demonftrated, that its Sharp-
nefs proceeds only from the pointed and pe-
nétrating Figure of the Salts floating in it,
as I fhall find oceafion to obferve moré fully

by and by. :
- The Shape of thefe Eel-like Animalcules
1s delinedted Frg. X. |

Dr. Power tells ws; * That if Vinegar
wherein Ee/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 after fuch Vine-

¥ PowsRr's Microfecep. Obferw. pag. 35.
G gar
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oar had been expofed a whole Night to the
{evereft Froft, and was frozen, and thawed,
and frozen again, and fo feveral times over,
they were as brifk as ever. He likewife in-
forms us, that, in cold Weather, he put
fome Vinegar full of thefe Ee/s into a Glafs,
and poured thereon about the fame Quantity
of Oyl, which floating on the Vinegar, all
the Ee/s would conftantly creep up into the
Oyl when the Vinegar began to freeze; but
upon thawing the Vmegar, they as conftant-
ly return’d to it again. Thefe are pretty
and curious Experiments.

A Drop of Oyl 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 high-
ly entertaining to fee them ftruggling and

embarraffed, as it were, amongft large
Stones.

CHAP,
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T Hoever. is defirous to be furnifh’d
W 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 fliff, nor very watery, but of a mode-
rate Confiftence. Expofe it to the Air in an
open Vefiel, 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 o
mouldy, your Expeétation will be difappoint-
ed. After fome Days it will turn four, and
then if examined attentively, yow’ll difcern
Multitudes of exceeding fmall, long, flen-
der, wriggling Animalcules, which grow
larger daily, till yow’ll 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 litde Supply of other four
Pafte; taking care continually to preferve
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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'll 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 to your Microfcope upon a
fingle Talc or Ifinglafs, after having firft put
on it a very fmall Spot of Water for them to
fwim about in, The thicker your Pafte is,
and the more they are invelop’d in it, the
greater Proportion of Water will be requifite
to dilute it, that they may difentangle them-
felves, and be render’d diftinétly vifible.
They are very entertaining Objeés, exa-
min’d by any kind of Microfcope, but par-
ticularly the Solar one, by which I have
magnified them fometimes to an Inch and
half, or two Inches in Diameter, with a
Length proportionable, and have found ’em
anfwer exactly the Appearance of fuch fized
Eels. The internal Motion of their Bowels
may very plainly be diftinguifh’d, and when
the



Of Rain-Water, &c. 83

the Water is dry’d almoft away, and they
are near expiring, their Mouths may be {een

f:rpﬁr_lin g to a confiderable Width.

EREL e W
Of RAIN-WATER and other Waters.

R. LesuwenHoEK fays, that at firft

he could difcern no /lving Creatures

in Rain-Water ; but after ftanding {fome

Days, he difcovered innumerable Znzmalcules

many thoufand of times lefs than a Grain of

$and, and in Proportion to a Mite as a Bee 1s
to a Horfe.

In other Rain-Water, which had likewife
ftood fome time, he found the {fmalleft fort
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
roundifh, . 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 occupy. If they happen’d on the
& 9 leaft
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leaft Filament or String, ‘they were entang-
led init, and then would extend their Bodies
into an oblong Round, and ftruggle hard to
difengage their Tails. He obferved a fecond
fort of an Oval Figure, and imagined the
Head to ftand at the fharpeft End. The
Body was flat, with feveral {mall Feet mov-
ing .exceeding quick, but -not difcernable
without a great deal of Attention. Some-
times they chaﬁged their Shape into a perfeét
Round, efpecially when the Water began
to dry away. He met alfo witha third fort
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
fort, a thoufand times {maller than a Loufe’s
Eye, and which exceeded all the ‘reft in
Brilknefs : he found thefe turning them-
{elves round, as it were upon a Point, with
the Celerity of a Top. And he fays, there
were {everal other Sorts.

It is common, in Summer-time, for the
Water that ftands in Ditches to appear fome-
times of a * greenith and fometimes of a
reddith Colour, which, upon Examination

‘with

* 'I'he Infets that moft commonly difcolour the Waters
are of the Shrimp-Kind, called by SwamMmerDam Pulex
aquaticus arborefce.s, from the branching out of their little |
Horns ; they are often fo numerous in ftagnating Waters, |
in Meay or June, -at which time they copulate, as to make |

them &
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with the Microfcope, is found intirely owing
to infinite Millions of Animalcules crowded
together on the Surface of it, and giving it
fuch Appearance. Their Bodies are oval,
and tran{parent at both Ends, but the Mid-
dle either green or red, according to the Co-
lour of the Water they are {wimming in.
This middle Part, viewed with the ficft or
fecond Magnifier, feems compofed of Glo-
bules, and bears fo near a Refemblance to
the Rows or Spawn of Fifhes, that ’tis rea-
fonable to believe it really may be the fame :
and the more {o flill, as they are found after
fome time perfely 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 fufficiently feparated to
diftinguifh their various Kinds. Amongft
thefe one Sort is found, which I don’t re-
member to have {een 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
yellow Colour, according to the Colour of themfelves, The
green Scum {o commonly {een on the top of ftanding Wa-
ters in Summer-time, is nothing but innumerable green Ani-
malcules. ' Vid, Deruam’s  Phyfic, Theolog. pag. 178.

G 4 parent :
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arent : 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 fort of capillary Eels,
that are extreamly active.

An Infufion of any Herd, Grain, Fruit,
or Flower, made in common Water, will be
found after a few Days to contain fome
Kinds of Animalcules peculiar to itfelf ; and
this, tho’ aftonifhing, may be accounted for
in a very realonable manner ; for a little Ob-
{ervation will thew, that every Herb, Grain,
Fruit, or Flower, is allotted by Providence ta
be the Food of fome particular {fort of Bird,
Beaft, or Infe&, of the vifible and larger
Kinds ; and we may fuppofe it, in like man-
ner, when infufed 1n Water, to afford alfoa
proper Nourifhment for fome or other of
thofe numberlefs Species of minute Creatures,
which are invgfible to the naked Eye, and
not to be difcovered without a good Micro-
{cope. And as to this Par tif:ulanty of An:-
malcules, 1 refer the Curious (who have not
yet been gonvinced by Trials of their own)
to the Obfervations of Monfieur JosroT,
(Profeflar Royal of the Mathematicks, and
of the Royal _/i'mdfm_}: of Painting and Sculp-
ture at PAris) on the various Kinds difco-
vered by him in the feveral Infufions follow-
ing : the Pitures of which Animalcules he
has given, as well as a Defcription of them.
He cxamined the Infufions of Pepper, black,

whlte
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swhite, and long : of Senna, of Pinks, of
Cyanus or Blewbottle, of Rofes, Feffamin,
Rafberry-Stalks, Tea, Barberries, Fennel
and Sage, Marigold-Flowers, four Grapes,
and Mellion Rind 3 and found different 4ni-
malcules in them all.  Hay, new and old,
abounded with many Kinds; Rbubarb,
Mufbrooms, [weet Bafil, Citron-Flowers, had
their particular Animalcules. The Anemo-
ny afforded fome very wonderful *; Ce-
lery produced many Kinds : #heat-Ears and
Straw, many Kinds : Straw of Barley, Rye,
Oats, and Turkifh Corn, 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 Animalcules of Shapes
quite different from thofe in others; but,
likewife, that in the fame Infufion different
Kinds of Anzmalcules 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
thut up within a Houfe, as alfo the Seafon
of the Year, and its Temper as to Heat or
Cold, may occafion great Differences in the

.- M- }nBLﬁT‘S Draught of the Animalcules in this In-
fafion reprefents an exalt Satyr’s Face upon their Backs: I
yecommend the Trial to the Curious,

Kinds
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Kinds of Auimalcules to be found in the
{ame Infufions.

We fometimes find in our Infufions of
wegetable Produbtions, and 1n other Waters
that have ftood a while uncovered, an Ani-
mal much larger: than any before defcribed,
of avery 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 a kind of
{limyMatter on the Surface of the Water,
and’ faﬁen them to fomething that may pre-
vent their being wathed away or {eparated
too.foon. From 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 fort of Glew, 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 thetop
of .the Water in the Shape now before us,
fhelled all over, with a large Head and
‘Mouth, a Couple of black Eyes, two Horns,
{everal 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

* Spedtacle de la Nature, E»giy& Edit. 1zmo, pag.123.
Hookg’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 Thail flides along the Surface. And if the
Oil on the Tail begins to dry, they fhed
from their Mouth a new fupply upon it,
which reftores its Ability of fteering where
they pleafe, without being wetted or preju-
diced by the Water. After living in this
Manner the Time appointed by Providence,
a ftranger Change fucceeds: for refigning
their Eyes, Horns, and Tail, and cafting off
their whole Skin, there iflues forth a Race
of Infe&s 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 auated 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 Metamorphofis, as I appre-
hend many forts of the Animalcules in Fluids
undergo Changes in fomewhat a like man-
ner. I fhall oply add here, that the
little Creature, whofe Picture I have given,

18
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is a delightful Obje& for the Microfcope ; its
white Heart beating diftin&tly, and the Mo-
tion of all its Inteftines being perfeltly vift-
‘ble and EthRﬂI‘dlt’iﬂI’}r —Of the Gnar 1 thall
fpeak farther in its proper Place.

The Waters every where abound with
Life, and are an endlefs Subje¢t of Employ-
ment for the Microfcope : Seas, Rivers,
Ponds, Ditches, and almoft every Puddle
can by its Affiftance prefent us with living
~Wonders never before difcovered : for {uch
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. ButIam 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. LEEUWENHOEKS
Letters to the Royal Society, we meet with
an Account of fome f{urprizing Anzmalcules
found adhering to the Roots of the Lens
Paluflris, or Duck-Weed, (which in Summer-
time fioats plentifully on the Surface of
Ponds and Ditches) as examined by him in

a Glafs Tube filled with Water. One Sort

* Vid, Phil, Tranf. Numb. 283, 295, 337, ¢
D 4
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of thefe was fhaped like Bells, with long
Tails, whereby they faftened them{elves 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, contra&ing 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.
bbbb, &c. thew their Bell-like Bodies. -
¢ ccc, their long tails.
Another extraordinary Kind of Animalcule
{ which fee Fig. II.) appears in a Sheath or
Cafe, a, b, c, 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. IIL
But when all is quiet, it thrufts itfelf out
again, and the Rotation of the Wheel-work
is renew’d. Mr. LEEUwWENHOEK took no-
tice of one of thefe, whofe Cafe feem’d com-
pofed of minute Globules (Fig. 1V. 4, 4.)
and in this he difcover’d the Wheel-work to
confift of four roundith Parts with little Di-
vifions between each, though only three of
thofe roundifth 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 believing them, from their com-
mon Appearances, to be two Wheels, where-
as 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 cover’d with a
rough Matter, or tending to Decay, as they
will often be. Let the Roots fink gently
down 1n 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 flimy Matter found in
Leaden Pipes or Gutters, Mr. LEEUWEN-
HoEk met with various Kinds of 4nimal-
cules, and, among the reft, with Multitudes
that appear’d to have a fort 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 reddifh 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. Tranfa&. Numb, 28g. LEEUWEN. drcan. Nat.
Tom. II. Epilt. 149.

I 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 perfeély, as to
prevent all Perfpiration, by which means
they are preferved till Rain falls, when they
open their Bodies, fwim about, and take in
Nourithment.

Fig. VI. VIL. fhew two of thefe Animal-
cules in different Pofitions.

Fig. VIII. is the Form they appear in
when dry and contratted.

We may find in the Waters of our Ditches
feveral Species both of Teftaccous and Cruf-
taceous Animalcules : two of the latter {ort,
which aremoft remarkable, are thewn (Plate
IX. Fig. I. and IL) in a {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 {mall Flea, but
are all Breeders, and carry their Spawn either
under their Tail, or in two feeming 1 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-

_ % -Arcan. Nat. Tom. II. Epift. 121. Philofoph. Tranfait.
Numb. 288. :

ture)



94 Animalcules in Waters.

ture) fcatter'’d 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-
Jfeope, together with a regular Pulfation in a
little Part, which therefore we may fuppofe
to be the Heart.

I fhall finifh this Head, with defcribing
a very wonderful Kind of mznute jfﬁf'ﬂfﬂf%
the extraordinary Form whereof (about
thrice the Bignefs it appeared to the naked
Eye) whilft in the Water and faftened to
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 1%1‘:1—'
dom more than fix. It is likewife fhewn
here as extended to its full Length, but
when contracted is not a fourth Part {o long.
It fixes by the Thail 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,



Animalcules in Water, 9%
rowly, it was difcover'd to be a young one
in the Birth ¢ for tho’ 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 fide, appeared a little round
Knob, which graduall[;r increafed in Bignefs,
and in a few Hours became pointed as 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 fhifted for itfelf, -

The above Account is the Subftance of
Mr. LecuwenHoEK's Letter to the Royal
Soczety, Phil. Tranf. Numb. 283.—And in
Numb. 288. we meet with a farther De-
{cription of the fame Animalcule by an Ena
glifb Gentleman, whom Mr. LEEUWEN-
HOEK’s Relation had put upon hunting after
it. He fays, he difcovered one of them in
fome clear Water taken out of 2 Ditch, but
with the utmoftAttention could find nomore
therein. It appeared the firft Day as in Fig.
IV. but he tells us, it varied every Moment,
and the Knob (2), which looks like the

H Gut
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Gut Cwcum, was fometimes a little longer.
Two or three Days after he perceived fome
white Fibres at the Extremity of the Knob,
and on the fourth Day it lay extended 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 {epa-
rated,and abouta third of its Parent’s Length.
The Horns come out like Radii, not from
the Extremity, but quite round a fmall Knob,
which probably is the Head : They have a
vermicular Motion, and can extend or con-
tract themfelves either fingly or all together.
The other End is flat, and by that it often
faftened to the Bottom or Side of the Glafs
wherein he kept it. It alfo contracts and
dilates its Body, and ;can bring both Bbdy
and Horns into a {mall Cc:mpafs, as in
Fig. VI. and Fig. VII. The Horns are pet-
feétly white, the Body yellowith, and not
cafily difcerhable by the naked Eye ; being,
when extended, no thicker than a large
Horfe-Hair.

Mon{. Burron, in a Letter to MARTIN
FovLxes, E{q; late PRESIDENT of the Royal
Society, dated at the Garden of Vesfailles,
18 Fuly 1741, {ends,an Account (as a new
Difcovery in Natural Hiftory) of a Creature

called
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called a - Polype, found adhering to the Lens
Palufiris; which, being cut through the
Middle, from the upper Half a Fail pro-
ceeds, and from the lower Half a Head : {o
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 Thil, 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, 1is.
© Another Letter to the fame Gentleman,
dated at the Hague, Sept. 15.1741, from the
Honourable Wirrrram Bentinck, Efg;
{ays, That a young Man of Geneva; looking
for fmall Infe&s in Water, faw fome little
“Things which he took for Plants : but exa-
mining them carefully, he perceived fome
Motions in them, and found them contrat
when touch’d. It was a long while; how-
.ever, before he coulddetermine 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
one another. But he has fince found them

‘4 The Name Polypas; or Many Feet, is given to {everal
Fithes of the Star-Fifh or Cuttle-Fifp Kind, {ome whereof, '
befides feveral Claws, have two long Trunks, which they
can extend to a great Diftance to feize their Prey : and this
Animalcule, 1 fuppofe, is called Polype, from its having fome-
what of a like Form. ;

H 2 to
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to eat Infects, 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, wherewith
they hold their Prey.

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

He cut one of thefe Creatures to {ee 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 not found them pro-
pagate any other Way than by Shoots, and
without Copulation.

Both thefe Letters feem to mean the fame
Animalcule Mr. LEEuweNHOEK defcribes :
tho’ with farther extraordinary Particulars,
which T believe the Curious will judge it
worth theirwhile carefully to examine into *.

Upen

* Since the Publication of the above Accounts, fuch far-
ther Particulars concerning this Adwimalcule have been received
both from Holland and France, in anfwer to the ingenigug
Enquiries of MarT1xn Forkes, Efq; Prefident of the
Rovar Sociery, and by him communicated to the faid
Sﬂcict}r, that it would appear an unpardﬂnab!e Negle&
fhould I take no Naotice of them.

The Honourable WiLLiam BewTinex, Efq; F. R. S,
ina Letter from the Hague, dated 15th Fanuary N. S. 1743.
inclofes {fome Obfervations and Experiments drawn up by
Mr. TremsrLey (the young Gentleman mentioned p. g7.
as the firft Difcoverer of the Singularity of this Infe&t, whe

now
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Upon the Whole, this Animalcule appears
to be fomewhat of the Srar-Fifh Kind, or
between that and the Sea-Mufbroom, or
Anemone : which is a little Animal found

frequently

now refides in Holland) and Mr. BEnTinck adds, that he
<an anfwer for the Truth of the Fafts therein contained, as
there is not one of them but what he has {een repeated above
twenty times.

Mr. TrEMBLEY gives a Drawing of the Polype, with
eleven Horns, or Arms, and adhering to the Tail by a little
Twig, but in all other Refpefts exaltly conformable to Fig.
IV. 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 Paffage 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 feen fome {tretch
their Bodies to an Inch and half in Length, but that is rare ;
few, even of the larger Kind, being above nine or ten Lines
long : and fuch can contraét themfelves to not above a fingle
Line, ftopping, if they pleafe, at any Degree, between the
utmoft Contraftion and the utmoft Extenfion. Their Horns
differ in Length according to the Species: one Sort can ex-
tend them feven Inches: Their Number of Horns is alfo
different, but a full-grown Ps/ype has feldom lefs than fix.

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

Their common Pofture is, to faften their Tails to fomething,
and then extend the Body and Arms into the Water : and
they make ufe of their progreflive Motion to place themfelves
coveniently for this Purpofe. Their Arms are fo many
Snares, ftretched out to catch {mall Creatures in_ tl!ﬂ Water :
and when any Infe@ happens to touch an Arm, it is caught,
and convey'd to the Mouth by the contralling of that Arm,
or if the Creature flruggles the other Arms aflift.

They are voracious Animals: A Polype can {wallow a
Woeem, whole, twice or thrice its own Length, If the Worm

H 3 comes
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comes Endways, it is {wallowed in that Manner, otherwife it
goes down double, and makes feveral Foldings in the Sto-
mach, which diftends wonderfully for its ReceFtinn. The
Worm foon dies there, and after it has been fqueezed or
fucked, is voided by the Mouth, "They eat more or lefs,
{cldomer or oftener, as the Weather is hotter or colder, and
grow in Proportion to what they eat: they can live whole
Months without Food, but wafte proportionably to their
Fafting.

He fays, the Account (in the Philsfophical Tranfalions be-
fore quoted p. g5.) of the Manner how thefe Infetts multiply,
15 true and exaft, and the more one fearches into it, the more
evidently 1t will appear to be done by a true Vegetation. The
P.lype 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 {ee 5 or 6, nay {fometimes g or 10 at the {ame
time ; and when one drops off, another comes in its Place,

For two Years, 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 Young, 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 poflibly be performed between the young
ones themfelves, he has cut them off, one by one, as they
{prouted out, and has kept each of them alone, and that for
feven fucceflive Generations, ‘but without finding any Diffe-
rence as to their Increafe. He has likewife feen a Palype
bring forth young ones, and thofe again producing others,
before the firit has been feparated from us Parent. * They
multiply more or lefs in proportion to their Feeding, and
the Warmnefs of the Weather.

But the moit amazing Part of Mr. TREMBLEY s Account,
is, what he tells us, concerning his Operations on thefe Crea-
tures. If one of them be cut in two, tranfverfly, the Fore-
Part, which contains the Head, Mouth and Arms, lengthens
itfelf, -creeps, and eats, on the very {fame Day. The Tail-
Part forms a Head and Mouth at the wounded End, and
fhoots forth Arms, more or lefs fpeedily as the Heat is fa-
vourable. In Summer they will be fhot out in 24 Hours,
and the new Head perfefted in a few Days,

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

once,
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once, he firlt cut one into four Quarters, and let them grow ;
then divided each Quarter, and proceeded fubdividing, till
he obtained fifty out of one: and has fill by him feveral
Pieces of the fame Po/ype thus cut above a Year ago, which
have produced Numbers of young ones.

- If a Polype be cut the long Way, through the Head, Sto-
mach and Body, each Part is 'half a Pipe, with half a Head,
half a Mouath, 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 hall Mouth
and half Stomach of each becomes compleat. All this he
has feen done in lefs than Hour, and the two Po/ypes thus
formed differ'd nothing from whole ones, but in having fewer
Arms; which Defe@t a few Days fupplied: A Polype has
been cut, lengthways between 7 and 8 in the Morning, and
* between 2 and 3 in the Afternoon each Part has devoured a
Worm as long as itfelf.

Cutting a Polype, lengthways, through the Head and Pody,
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
manner : and thus Mr. Tremprey fays, he has produced a
Polype with feven Heads and Podies conjoined by one Tail,
Thefe feven Heads being cut off at once, feven others grew
in their ftead : and each of the feven Heads fo cut off, put-
ting forth a new Body, became a compleat Polspe. |

He cut a Polype, tranfver{ly, afunder, and putting the two
Parts clofe together, they united where they had been cut.
The Creature eat the next Day, is grown fince, and has mul-
tiplied. The Fore-Part of one Polype united in the {ame
manner to the Hind-Part of another. This compound Ani-
mal eat likewife the next Day, and has fince produced young
ones from each of the Parts that formed it. But thefe two
Experiments don’t always fucceed.

"T'was faid before, that the Body of a Polype is a fort of -
hollow Gut or Tube : this he has found means to turn infide
out, as one may turn a Stocking ; and has {everal, at prefent,
by him, whofe Infides remain to be their Outfides ; notwith-
ftanding which, they eat, grow, and multiply, as if nothing
had been done to em. He has repeated all thefe Experi-
ments feveral times, with the utmoft Precaution, Afliduity
and Attention ; and might appeal, he {ays, to the Qua'ity
and Number of the Perfons who have feen them madc by

him, as well as of thofe who have made the fame themiclves,
H 4 He
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He adds, that in the Hiftory of the Pelype, which he has in
Hand, all the Methods and Contrivances ufed by him in his
Obfervations will be defcribed, but even before its Publication
he is ready and willing to communicate any [nformation that
may enable others to perform the like.

Mr. Reavmur, Fellow of the Royal Academy of Sci-
ences in France, declares (in the Preface to the fixth Volume
of his Hifiory of Infeéisjuft publithed at Paris ) that he has re-
peated all Mr. TrReMBLEY's Experiments, not only by him-
{elf, but with Mr. Jussiev and feveral others of the faid
Academy, and found them fucceed as they had done in Ho/-
{and, of which he gives a general and fuccinét Account.
‘When firlt 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 can’t yet behold it,
without new Amazement, tho® he has feen it an hundred and
an hundred times. He adds, that the Curious in Frauce foon
began to try if other Creatures might not be found with the
{ame extraordinary Faculty., That Mr. Bonner {oon dif-
cover'd a {lender Water-Worm about one Inch and half long,
that had the fame Property; and Mr. LyonerT found
another above three Inches long and the Thicknefs of the
treble String of a Violin, which being cut into thirty or forty
Farts afforded the fame Phznomena,

Mr. REauMur imagining that fome Sea Produtions,
whofe Shape fomewhat refembles this Fre/b-W ater Polype,
fuch as the Urtice marine and Star-Fib, might have the
like Faculties, engaged Mr. GuetTarp and Mr Jussieu
to make Variety of Experiments on the Coallts of Poidx and
Normandy. 'They broke and cut Szer-Fif into feveral Parts,
and had the Pleafure to fee the feveral Parts continue alive,
and their Wounds cicatrize and heal : and tho’ they could
not ftay long enough in the Country to fee new Parts fhoot
forth inftead of thofe cut away, Mr. GerrarD DE ViL-
1ars has feen the Urtice on the Coafts near Rochelle repro-
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 Fifhermen faw Mr. Jussizu tearing and cutting
cne of thofe Animals in Pieces, they told him, 'twas Labour
in vain, he could not kill it ; Experience having taught them
what Men of Learning had never fo much as heard of,
Mr. REavmur and Mr. BoxweT found alfo fome forts of
Earth-Worms, which being cut in two, each half had all its
Deficiencies reproduced aftey fome Months, Many indeed

died,
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frequently on the Coaft of Normandy *.
They are feen fticking on the Declivity of
Rocks; fome red, fome green, and {ome
of other Colours: where they look like
Muthrooms while fhut and folded up, but
like Anemonies when they open and difplay
themfelves. There is no opening them by
Force without deftroying them; but on
Preflure they fometimes eject feveral young
ones of different Sizes : which feems to prove
them both Male and Female, and alfo to be

viviparous.
died, but as fome fucceeded, the Milcarriages muft be im-

iput;d to want of Care, and not to the want of fuch an Abi-
ity in thefe Animals.

It may, perhaps, be expefted of me, to add here fome far-
ther Relation of this extraordinary Creature ; astis well known,
by many, that for a Year and half paft, great Numbers of
them have been continually under my Examination; but hav-
ing lately publifhed whatever I can attelt concerning it from
my own Knowledge, under the Title of 47 Efay towards a
Natural Hiflory of thePoryrE ; (wherein I defcribe their dif-
ferent Species, the Places where to feck and how to find them,
their wonderful Produétion and Increafe, the Form, Struc-
ture, and Ufe of their feveral Parts, and the Manner they
catch their Prey ; with an Accopnt of their Difeafes and Cures,
of their amazing Reproduétion after being cut in Pieces, of the
beft Methods to perform that Operation, and of the Time
requifite to perfect the feveral Parts after being divided: and
alfo full Direttions how to'feed, clean, manage, and preferve
them at all Seafons of the Wear: likewife a Courfe of real
Experiments, perform’d by cutting them every Way that can
be eafily contrived ; fhewing the daily Progrefs of each Part
towards becoming a perfect Po/pe; the Vi hole explained
every where by great Numbers of Figures, and intermixt
thrcughout with Variety of Obferwations and Experiments ;)
I muft refer my Reader to that Effay ; as an Abftra&t thereof
would not only over-fwell this Volume, but likwife prove an
Injury to thofe that have bought the former two Editions.

* Vid, Spesacle de la Nat. Part 1. Dial. z2.
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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- Mufbroom
1s about to open, it raifes itfelf, and thrufls
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 Sea- Anemone.  This Opening,
not unlike the blowing of a Flower, has
inclined others to look upon it as a fort 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 fort of Snouts or Trunks, through which
this Creature {fucks in its Nourithment, as the
Sea-Urchin and Star-Fifb do thro’ their fine
Reeds or Prickles, we can’t deny it a Place in
the Rank of Animals; and efpecially after fo
remarkable a Circumftance (confirmed by
ocular Teftimony) as that of three or four
young onecs ifluing from the Parent upon
fqueezing it.

There is a fort of Star-Fifh, called by
RonDELETIUS, p." 128 Stella Arborefcens,
which from a Body fomewhat like the Sea-
Erchin, fends out five Branches in Form of
a 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

Mixty
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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-
dréd 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 Fith was alive, they might have been
diftinguifh’d 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 {fmall-
eft living Creatures that have been yet dif-
covered are produced in theWaters, in them.
we find alfo the largeft and moft monftrous.
NoBird orBeaft comes near the Size of many
Kinds of Fifhes, nor can the Elephant it{elf
be brought in Comparifon with the Whale.,

i s

4 Vid. Philsfaph. Tranfad. Numb. 57.

Joan-
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Joannes Faser 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 fixteen Palms
long 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
Hland of Corfica, not far from the Coaft of
Italy, which, being a Female, was found big
with a Cub thirty Foot long, and fifteen
hundred Pounds in Weight. He fays, the
Carnea Pinguedo [Lard or Fat] only of the
Parent Whale, weighed One hundred and
thirty five thoufand Pounds.

Let us now reflet how amazing the Dif-
parity between fuch a Fifh as this, and 2
minute Animalcule lefs than the thoufandth
Part of a Grain of Sand in Bignefs! How
innumerable muft the Kinds of Creatures be,
that form the Progrefiions from one Size to
the other ! And how equally wonderful does
the Hand of Providence appear, whether it
actuates an enormous Mountain of Matter,
or enliveris an Atom !

CHAPR
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€CH A P VL
‘An Examination of the BLooD n Animals.

W E cannot emplc;y the Microfcope to

any more ufeful Purpofe, than to
view the natural Courfe of the Blood within
its Veflels, or examine the Contexture of it
when extracted from them : for the Prefer-
vation or Reftoration of the Health of Man
may be greatly advantaged by fuchEnquiries.

By feeing it within the Veflels, we may
judge of the Situation, Dimenfions, Arrange-
ment, and Ramifications of the dreries and
Veins through which it pafles, together with
the general State of the Fluid, the Degree of
its Impulfe, Progreflfion, or Motion, and
the Tendency or Direction of its Current
paffing 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 compofing its more folid or more
fluid Parts.

I thall now thew how theMicrofcope may
be employed in both thefe Ways ; but think
proper to premifeafhort Account of the Blood
itfelf, fince our Knowledge of that will the
better enable us to make a right Judgment

when we come to fee it circulate.
¢ 'H AP
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CHAP. VI
Some Account of the BLoop, a5 examined
by the MICROSCOPE.

UM AN Blood, and the Blood of Land-
Animals, 15 found by the Microfcope
to confilt of round red Globules floating in
a tranfparent Water and Serum. Each réd
Globule is made up of fix {fmaller and more
tranfparent ones : and Mr. LEEUWENHOEK
has difcovered, that each of thefe again is
compofed of fix Globules ftill more minute
and colourlefs : fo that every common red
Globule is compounded of at leaft thirty-
fix {maller 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 thewn by their fubfiding in
Blood extraéted from the Veéins and at reft :
They have alfo a confiderable Attraction to
each other, and when brought in Contact,
cohere f{o ftrongly (unlefs foon feparated
again by Motion) as to form a Subftance re-
fembling foft Flefh.
~"Tis not difficult to imagine, how fix foft
and flexible Globules, eafily compreflible
into any Shape, may compofe one larger
Globule : but to make it the better under-

* Vid LExuwen. dre, Na’. Tom. IV pag. 12.

{ftood,
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ftood, I fhall borrow two Draughts from

Mr. LEEUWENHOEK. ;1 3.
Fig. L. Plate X. fhews one fuch large
Globule, wherein five of the {maller fort
that compofe it appear in Contact, the fixth
lying behind. |
Fig. II. thews, how by their mutual At-
traction to, or Preflure againft each other,
they readily unite to form a. perfect round
Body. jod 108
It is alfo eafy to conceive, that thefe fix
Globules, and even the more minute ones
till whereof they are compounded, may
occafionally be {feparated, in order to pais -
thro’ fuch extreamly minute Veflels as with-
out Separation they cannot poffibly enter;
and may re-unite when they meet again in
Veflels where they have more Room. And
we are very certain, that fometimes they
cohere in greater Numbers, and form larger
Mafles than are confiftent with a free and
“healthy Circulation.
- Mr. Leevwengoek and Dr. Jurmn af-
ter the moft accurateAdmeafurement, by the
Way deferibed pag. 46th, agreed, that the
Diameter of a common red Globule of hu-
man Blood is equal to the f one thoufand
nine hundred and fortieth Part of the Length
of an Inch. Mr. LeruwenHOEK before

t Vide Philofiph. Tranfas. Numb, 106.
f L]
this
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this had computed that + twenty five thou-
fand of them werebutequal toa Grainof Sand.

Suppofing, then, the Blocd, in People of
found Health, to confift of Globules of fuch
Size and Compofition as before mentioned,
foft, flexible, and eafily feparable ; it muft
neceflarily happen, that a confiderable Alte-
ration in any of thefe Particulars will occa-
fion a morbid State.—Should the Globules,
forInftance, 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 muft enfue.

The great BoeruAAVE 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 co-
here in Maffes too large, and will not eafi-
ly be fo feparated as to pafs freely thro’ the

+ If the Diameter of one thoufand nine hundred and
forty Blood-Globules be equal to the Length of one Inch;
and if, as Geosmetricians demonftrate, Spheres be to each
other as the Cubes of their Diameters, it muft neceffarily
follow, that a Sphere whofe Axis is one Inch in Length,
muft be equal to Feven thoufand three hundred and one mil-
lions, three hundred and eighty-four thoufand fuch Globules.

S minuteft
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minuteftVefiels, the Force of the Fluid muft
there be greater, and confequently unequal ;
the Refiftance of the Solids muft alfo 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 {maller Maffes than
the natural Standard Size, they will take up
more Room than they did before ; and, be-
ing crowded too abundantlyinto the capillary
Veflels, will occafion Diftenfion, Uneafinefs,
and perhaps a partial Stagnation there : whilft,
in the larger Veffels, 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 Ballance be-
tween the Solids and Fluids is entirely over-
turned. None of the Secretions in ‘this State
can duely 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, theMeans 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, '

. | 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 Condition, 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 byExperiments of various Mixtures with
it, may poffibly difcover by what means it
can be altered from one Condition to another;
as from a thin and brokén to a more firm
and confiftent State, and fo 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 Practice,
it 1s  reafonable to believe, that in a few
Years the Caufes of Difeafes would be better
known, dnd 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 diforder’d, theGlo-
bules of his Blood 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 {hould
be {oft and flexible, that they may be capa-
ble of pafling through the capillary Veins
and Arteries, by eafily e¢hanging their round
Figures into Ovals, and alfo of re-affuming
their former Roundnefs when they come in-
to Veflels where they find larger Room.
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- Changes are produced in Fluids furprizing-
iy and fuddenly, as a very few chymical Ex-
periments will demonftrate : the Bize of V-
awmous Creatures, and Inoculating for the
Small Pox, thew likewife, how minute a
Proportion of poifonous Matter will conta-
minaté 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 probable, that in many Cafes, it may be -
changed from a miorbid 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 certdin and ready
Means of doing Mifchief than of doingGood.
~Many Diftempers might perhaps be cured
by an immediate' Admiffion of fome Medi-
cine into the Veins, which elude the Power
of all that can be taken by the Mouth. For
‘the Stomach, by its Heat, ‘its Aétion, and a
Mixture of its Juices, works {fuch an Altera-
tion in things, before they can 'be admitted
nto the Blood, that theyare unable to pro-
duce the fame Effe&s as if they were receivs
ed into it fimply and unchanged.

Some T'rials that have been made already,
may ferve in a great meafure towards con=
firming the above Suppofition, Dr. Fasri-
crus injected with a Syphon into the Median

Vein of a Soldier’s Right Arm, in the Hof-
ool s R e, pitdl
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pital at Dantzick *, about two Drams of a
certain Purgative Medicine, which in about
four Hours began to operate, and gave the
Patient five Stools. His Cafe was Venereal,
and in fo terrible a Manner, that there were
Nodes on the Bones of his Arm. But by
this fingle Injecion, and without any other
Medicine, the Protuberances gradually dif-
appeared, and the Difeafe was quite cured.
He likewife injected into the Vein of a mar-
ried Woman, thirty-five Years old, and trou-
bled from her Birth with Epileptic Fits, a
{mall Quantity of a purging Rozin diflolved
in an Anti-Epileptic Spirit : this occafioned
a few gentle Stools ; after which- the Fits
were lefs violent every time than other, jand
in a fhort time returned no more at all.-~

Dr. Smith §, -of the fame City, injeted
Alteratives into the Veins' of three Patients ;
one was lame with the Gout, another ex-
ceedingly Apoplectic; the third afflicted with
that ftrange Diftemper called the Plica
Polonica 5 and they were all cured by the
faid Injections.. | 't

S. FracassaTr inje&ed Agua Fortis into
the jugular and.crural Veins of? a Dog, which
died immediately. The Blood was found
fixed in the {maller Veflels, and the larger
Vefiels burft. Whereupon he remarks, that
as an Apoplexy is caufed by a Coagulation of

* }’.-!rﬁz-;ﬁﬁ, Trmy"m‘-]‘;‘N-umb. 30. 1 Ibid. 39.
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the Blood, it may probably be cured by fome
Diffolvent injected. — Another Dog, in
whofe Veins O:l of Vitriol was injected, com-
plained a great while, foamed like Epileptics,
breathed fhort, and died. His Blood was
fixed and grumous, refembling Soot.—O7/
of Tartar was injelted into a third Dog,
whoaftermuch bemoaning, appeared {well’d,
and died.. His Blood was not in the leaft
curdled, but thinner and more florid than
common.—This proves too great a Sepa-
ration as well as a Coagulation mortal.

~ Mr. BovLe found, that by putting a little
Agqua Fortis, Oil of Vitriol, or Spirit of
Salt into warm Blood, it did not only lofe
its pure Colour and become dirty, but in a
Moment was coagulated; wlereas urinous
Spirits abounding in volatile Salts, fuch as
Spirit of Sal Armomiac, mingled with it,
did not curdle it, or debafe its Colour, but
made it redder, kept 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
Help could never have been difcovered, and
as its continual Affiftance is needful to exa-
mine and diftinguith minutely any Changes
that may be wrought therein, either for the
better or the worfe, by Accident or by Me-
dicine ; I hope this Difcourfe will not be
judg’d too long or foreign to my Subjed,

| I3 - fince
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fince Hints of this Kind may prove highly
beneficial to Mankind, if they fhould be fo
fortunate to fall into the Hands of thofe who
are inclinable to purfue and imprové upon
them., | |

I comé now to defcribe the Manner of
bringing the Blood to a ftrict Examination
before the Microfcope, and fhall offer fuch
Ways as I have myfelf experienced, not
doubting but the Ingenious will contrive
others, as they may find Occafion.

C H A P VI
Of viewing the BLoop 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 :
fpread it, as thin as poffible, on the cleareft
fingle Ifinglafs placed on a Slider on purpofe,
and apply it to the firft or fecond Magnifier :
the Globuleswill then be feen diftin&ly, 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~
treamly well, by taking up alittle of it in a
very {mall capillary Tube of the thinneft
Glafs, and then placing the Tube before the
Magnifier,
| 1f
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" If a Drop of the fame Blood be dituted
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 fmaller
ones which compofe them. =~~~ * !
If fome of the fame Blood be mixed with
a little warm Milk, feveral red unbroken
Globules will be feen diftin&ly ; but thofe
that are again feparated into their fmaller
ones with be confounded with the Milk 1t-
{elf, of which the greateft Part'is nothing
elfe but Heaps of fuch like-fized minute
Globules. nAn Y00, SOt "
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 fhould be blended
with it at the very Inftant of its iffuing from
the Vein : for if the Blood be 'in the leaft
coagulated before fuch Mixture, no certain
Conclufions can be formed. Putting the
Veffel 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 fucceed the
better.—I would alfo advife, to get your
Inftrument in perfe& 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.
‘ I4 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, iffues from fome extreamly minute ca-
pillary Veflels only, and perhaps is not {o
good a Sample of the Contexture of the
whole Mafs, —— Some Trials on both may
however not be amifs, to difcover what Dif-
ference there is between them.

By mingling with the Blood thé leaft ima-
ginable Quantity of the pozfanous fuice which
iffues from theTeeth of a F7per when enrag-
ed, or from any other Animal, Vegetable,
or Mineral, we thall difcover its immediate
Effect upon the Globules ; and by confider-
ing, that theAlteration 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, i

Mr. Wirriam CowPER examining a
Solution of Opium with the Microfcope, found
its diffolved Particles in the Shape of fringed

lobules : whence he concludes, that fuch
Particles circulating in the Mafs of Blood,
may be fo entangled in its Serum, or thicken
it in {uch a Manner, as to retard its Velocity
when over-violent, and render ifs Motion
¢alm and equal ; whereby all painful Senfa-
4 tions
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tions will be taken off. ' And from the fame
Principles it 1s eafy to account for all its
other Effects, and perceive how too great a
Number of fuch fringed Globules muft caufe
a total Stagnation of the Blood, and confe-
quently kill. Vid. Philof: Tran/. Numb. 222.
Spirtts, Qils, diffolved  Salts, Tinétures,
E/fences, and all other chymical Preparations
furnifth us with numberlefs Subje@s of Ex-
periment; and are certainly capable of pro-
ducing the moft fudden and amazing Ef-
fects, eithergood or bad, if injected into the
Blood=Veflelsof living Animals: the Caufes
of which Effects may in a great Degree be
difcovered and'accounted for, by microfco-
pical Obfervations on Mixtures of them with
the Blood when extralted from the Veins. *
A little Blood being mixed with about
four Times its Quantity of * Sa/ Volatile
Oleofum, and viewed through a Microfcope,
there appeared an immediate Separation of
the Globules. 1In about the eighth Part of
a Minute fome of them were much dimi-
nifhed, and in a Quarter of a Minute many
of them were much diffolved and entirel
difappeared. -Sometimes twenty Globules
were {een near together, which foon leffen’d
to eighteen, then to fixteen, and became
fewer and fewer till only two or three were

left. Wh_ence it is probable, that Sa/ 7o-

e

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

The Urine, Saliva, Semen, Sweat, Feces
Alvi, and all other Animal “fuices, are like-
wife Objects for the Microfcope; 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 of diluting
{hould be found out, and made ufe of ; fince
it is abfolutely requifite to Health, that the
Globules of the Blood thould float in a due
Quantity of Serum, andbe thereby circulated
freely through the minuteft Veflels, a con-
trary State to which has proved the Death of
thoufands. Mr. LEEuUwWENHOEK tells
us, that whenever he found his Blood too
deep coloured, his Way was to'drink four
Difhes of Cgffée in a Morning, in the Room
of his ufual two ; and fix Dithes of Teq in
the Afternoon, inftead of three. He drank
it as hot as poflible, and went on in this Man-
ner, till he perceived his Blood grow paler, and

confequently its Globules farther feparated.




CHAP. IX
The CIRCULATION of the BLoon,

N order to view zhe Bleod cireulating
 through its Velfels; we muft make ufe of
fuch fmall Creatures as by their Tran{pa-
rency permit us to look within them, and
{ee what paffes there : for, in a Man, or any
of the large Animals, the Skin is fo opake,
that we cannot difcern even the fine Blood-
Veflels themfelves, 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 eftablifhed
on one and the fame Plan, and the Circu-
lations in the meaneft living Creature are
carried on through Veffels of a like Structure
(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 Infeéts and fmall Animals with the Mi-
crofcope, than by the moft {kilful and curious
Diffections, or anatomical Experiments on
larger Subjects. For the Skins of fome of
thefe little Creatures are {0 tranfparent, that
we may fee plainly through them the Order
and Difpofition of the V effels ynderneath ;
| and
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and the Coats of thefe Veflels are, again, of
fuch an amazing Thinnefs anhd Delicacy of
Contexture, that they are little or no Impe-
diment to our View of the fecret, tho' re-
gular, Operations of Nature, and the Laws
fhe a&s by, ‘when undifturbed and quiet ;
whereas our Diffetions of larger Animals,
while alive, may thew her at work, indeed,
but in fuch Confufion, by our breaking in
upon herviolently, that all her Motions, then,
mutft be in great Diforder, and confequently
uncapable of affording any fatisfactory Infor-
mation as to the Circulations. -

In this Sort of Creatures too, after view-
ing, 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, di-
fturb, 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 dye before our 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 perfectly to diftinguith the Fi-
gure and Circumitances of the Globules
whereof it is compounded, and the Altera-
tions they fuffer, when they pafs out of the
larger into the more minute veflels. For

many
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many of the Veffels are fo fmall, that even
fingle Globules cannot poflibly find a 'Paffagf:
thro’ them without being comprefled into
oval Shapes : and yet thefe Veflels are large
in Comparifon of thc fineft Veflels of all, to
pafs through which, the Globules muft be
‘divided and fubdwlded into their fmalleft and
moft minute component Globules.

’Tis amazing to ﬂbferve, how ‘careful
Providence has been to” prevent the Blood
from coagulating, or cohering in Mafles 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 toge-
ther with a britk Collifion, or ftriking
againft each other. The Arteries, for Ex-
ample, which convey the Blood from the
Heart to the Extremities of the Animal,
and in their Progrefs continually leffen their
Diameters, and divide into fmaller Branches
almoft ad infinitum : in thele Arteries, 1
fay, at every fuch Divifion, many of the
Globules'of the Blood muft ruth, with a
confiderable Force, againft an Angle dire@-
ly in their Way ; whence recoiling back on
thofe immediately behind, they muft ftrike
upon one another, and caufe a kind of
Commotion, ere the Current can divide
réadily into thé two fmaller Branches. See
Fig. 1II. Plate X. In the Veins, which,

on
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on the contrary, return back the Blood fromi
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 Streams fall into one ; here, at
every Conjundétion of two Branches, their
Currents rufh againft each other with Vio-
lence : by which Concuffion unnatural Co-
hefions are broken, or prevented ; and of this
the Micrgfcope can afford us ocular Demon=
ftration. Vide Fig. 1V. -

.
e ——e e

CHAP. X

Of viewing the CurreNT and the Circu-
LATION gf the BLroob.

Y the Current of the Blood, 1 mean, its
R ) fireaming or paffing on either from or
towards the Heart, through any Veffel
whether it be a Vein or drtery.

By the Circulation I would be underftood
to intend, the Courfe or Current of it, from
the Heart, along the Arteries, tothe Extres
zuties of the Body : together with its Return
by the Veins from the Extremities back again
towards the Heart. :

Both thefe the Microfeope can bring to
View ; but the latter is fomewhat more difs

ficult
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ficult to be affured of than the former; for
when the Veflels before us are extreamly
fmall, it is not always ealy to diftinguith
which of them are Veins and which are
Arteries. |

The larger Arteriesare indeed diftinguifh-
able by a Protrufion of the Blood at each
Contraction of the Heart, then a Stop, and
then a new Protrufion, which may plainly
be feen continually fucceeding one another :
whereas the Current paffesthrough the Veins
with an equal and unintermitting Stream.
But in the more fine and extream Branches
of the Arteries this Difference is not perceiv-
able.

The tranfpatent Membrane between a
Frog’s hind-foot Toes is the Objet moft
commonlyemployed for viewing the Current
and Circulation of the Blood ; and, in this,
if well expanded, ‘it may be {feen fairly and
diftinétly, both in‘the Veinsand Arteries, in
the manner reprefented Plate XL Fig. I.

- A.A. two Toes of a Frog’s hinder Foot.
'B. the thin Miembrane between the Toes,
extended.
C.C.C. the Trunks of the Arteries.
D.D. the ' Trunk of a Vein.
- E.E.E. Arteries and Vems in ‘the fine
Membrane,@with the Blood-Globules circu-
~ lating through them,
The



122 Of viewing the Current

The Way of applying it to the Microftope
was defcribed Page 13 ; and therefore needs
not be repeated here.

The Tails or Fins of fmall Fifhes may
likewife be ufed very commodioufly to this
Purpofe, and prefent to view great Num-
bers of Veins and Arteries with the Blood
paffing different Ways through them.

It is difficult here in London to meet with
any Fithes alive and proper for this Infpec-
tion, except Ee/s and Flounders : either of
thefe will ferve however exceeding well ;
but the {maller they are the better.—Put
your Ee/ into a Glafs Tube fill'd 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-
{cope, and you'll fee the Circulation in a very
agreeable Manner. If you put not Water in
your Tube, the Sliminefs of the Eel will im-
mediately foul the Glafs and prevent your
Pleafure.

The flat Figure of the Flounder will not
permit us to put it in a Tube as we do the
Eel, or view it by every Kind of Micro-
fcope : but if a plain Piece of thin Glafs be
placed over the Hole, where Objects are ap-
plied to the Double Reflecting Microfcope,
its Tail may be {pread advantageoufly upon
the faid Glafs : and by fetting a Book, or
' {ome-
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fomething elfe of a proper Height to {upport
the Body of the Fifh, it will lye 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 London ; but in the Coun-
try many Sorts of other {mall Fifhes may be
found much more tranfparent.

Mr. LeeuwennoEk 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 s
and that many of the fmalleft Veins, re-
turning from the faid Extremities, met to-
gether at laft in fome larger Vein. There
appeared alfo in fome Veflels, 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 larger 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

® Arcan. Nat, Tom. IV, Epift. 63.
K fuch
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fuch repeated Propulfion : and though in the
minuteft Veflels there appeared no Colour,
yet in the larger Vein or Artery, though

near the End of the Tail, the Blood was
plainly red.

We cannot properly call any Veffel an
Artery farther than the Pulfation reaches;
beyond that, and returning towards the
Heart, 1t 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 exactly, where the Arteriesend
and where the Veins begin.

They do not always, however, branch
out fo extreamly fine before their Inofcula-
tion or Communication with the Veins; for
the fame curious Obferver tells us, that on
each Side the little Griftles, which gave a
‘Stiffnefs to the Tail of the Fith 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 {aw 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. II.

A. A,
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A. A. reprefent two Arteries, one of
which runs on each fide a minute Griftle,

B. B. their open Communication with the
two Veins C. C.

As this whole Fifth was not half an Inch
in Length, how fmall muft the Tail thereof
be, in which, notwithftanding, the Circu-
lation of the Blood was vifible in thirty-four
Places, and the Current of it in fixty-eight
Veflels! and yet thefe Veflels were 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. LEEuwENHOEK adds,
that he is fully perfuaded, a thoufand diffe-
rent Circulations of the Blood are continual~
ly carried round in every Part of a Man’s
Body that is not larger than the Breadth of
his Fore-finger Nail *.

The Tail of a New?, or Water-Lizard,
applied in a Glafs Tube, after the Manner
directed for the Eel, affords an entertaining
Profpect of the Circulation through Num-
bers of {mall Veflels. But nothing can thew
it finer, than an exceeding fmall 4 Newr of

* LeeuweN. drcan. Nat. Tom, pag. 16g.
+ Phil. Tranfal. Numb. 288. ;
K 2 this
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this Water-Kind, which fometimes may be
found le(s than an Inch long, and fo tranfpa-
rent, that the Blood may be feen running in
all Directions, not only through the Veflels
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, or fome-

‘what like Fins, which, in {wimming, the
Creature makes ufe of to poife and guide its
Body : each of thefe appears by the Micro-
fcope divided, like Polypody,into many point-

ed Branches: in any one whereof, as in the

Toes, theBlood is feen coming along an Ar-

tery to the Extremity, and then immedi-

ately returning towards the Heart again,
through a Vein that lies parallel, and almoft
clofe thereto, and with which its Commu-

nication is very apparent.—As thirty or forty
of thefe Branchings prefent themielves be-

fore the Eye fometimes at once, with the

Blood diftinétly circulating in all, they afford

a charming Sight : and they may be viewed

by the third or fourth Magnifier: for the

Globules of the Blood in Newts are larger

than in any other Creature I have examin’d,

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

v carried
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carried along the Veffels, changes in a maﬂ:
furprizing Manner.

In Spring-time, if a little Frog's Spawn be
kept fome Days in a fmall Quantity of the
Ditch-Water wherein you found it, you’ll
-be furnifhed 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’ll 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

refent themfelves at one View. _

Thefe ¢ aa’paifs become lefs clear every
Hour, and ina Day or two their Skin grows
fo npake 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 {mall Mufcle 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 Object is, that
it lies always quiet ; whereas moft other
Creatures are difficult to be kept ftill long

c:nough for Obfervation. The Motion of the
K 3 Blood
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Blood continues in 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 Mufcle
be carefully opened, and a Piece of the thin
tran{parent Membrane eafy tobe found there-
in be fnipped oftf with a Pair of fharp Sciffars,
and applied to the Microfcope, the Blood
will be feen paffing through Numbers of
Veins and Arteries ; and if the Extremity of
the Membrane be viewed, the. true Circula-
tion, or the Return of the Blood from the
Arteries through the Veins, will be thewn in
a delrghtful and fatlsfa&ory Manner, and
continue for a long Time. There are like-
‘wife other tranfparent Parts of the Mufcl,
where the Paflage of the Blood is very dif-
cernable : And, as Mufcles are to be got moft
times of the Yfzar in London, the Knﬂwledge
hereof will, I hope, obhﬂre the Curious.

We are told by Mr. LEEUWENHOEK,
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 obferv’d it
in any other Creature ; and, moreover, that
the red Globules thereof were twenty-five

* Lscuw. 4rc. Nat. Tom, IV, Ep, 84. Again Ep. 86.
| times
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times fewer in Proportion to its Serum than
in any other Land or Water-Animal he had
ever before examin’d.

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, it is highly probable {fuch
may be tran{parent in many Places of the
Limbs and Body; notwithftanding Mr.
LeruwensoEK found his, which were an
Inch broad, opake every where but in the
extreameft Joints of the hinder Legs. - Per-
haps too, they may appear more tranfparent,
if they are applied to the Microfeope in a little
Tube filled with Water, than if they are
viewed dry ; for ’tis obfervable, that many
Obje&ts require a Tranfparency by being
wetted, in the fame manner as Paper be-
comes clear by being rubbed with Oil.

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

K4 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 Grafshoppers the Glo-
bules (whlch may be feen pafling through
the Veflels in their Wings) are green, and
yet I am apt to think, no body that views
them will hefitate to call them, with the
Serum wherein they fwim, Blood.

In the tranfparent Legs and Feet of feve-
ral fmall Spiders, the Current of the Blood
may plainly be diftinguithed both in the
Veins and Arteries : alfo in the Legs of very
{mall Punices or Bugs it is remarkably vifible,
together with an extraordinary Vibration
of the Veflels, which I never have ob-
ferved in any other Creature. In thefe too,
if clear, as they may fometimes be found,
the wonderful Motions of all the mternal
Parts will afford an agreeable Entertainment
to the Curious, and may be examin’d as long
and as often as they p]eafe For I have kept
a Bug alive, Ina Slider between two Pieces
of Ifinglafs, at leaft fix Weeks together, not-
withftanding it was confined {o' clofe as to
be uncapable of ftirring: and altho’ during
that time, it often feem’d dead and motion-
lefs, when I placed it before the Microfcope
a little Warmth would fet the Bowels at
work again, and renew the Current of the

land as brifkly as ever.

Afte:l's



- and Circulation of the Blood, 3T

After many Obfervations made by Mr,
LrruweNHOEK on the Blood of Cocks,
Sparrows, Frogs; Trouts, Perch, Cod, Salmon,
&c. 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 Aquatic
Animals is alfo greatly more, in Proportion
to the red Particles, than it is in Beats or
Men, and the Particles themfelves are larger:
fo that, by being bigger, and {wimming far-
ther afunder, 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 perfectly round : Wherefore,
allowing his Affertion, that in Fifthes and
Birds they are alway flat and oval, we need
no longer hefitate how to clafs this odd
Creature ; but, notwithftanding its flying,
fhall pronounce it to be a Begff. '

He tells us, that Bafs can fee 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 -

* Aer. Nat. Tom. I. PartI1, p. 51, Again, Tom, II,
Epift. 128. Again, Tom. 1V, Epi, 6s.
T 4er. Nat. 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 feveral of the Objeéts here
mentioned, one fhall often obferve the Blood
pafling through Veflels fo minute, that the
Globules of it cannot glide along otherwife
than fingle, and fqueezed into oblong Forms:
yet an hundred of the red Globules of fuch
Blood, if placed clofe 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
a Grain of Sand in Bignefs *,

The Effets of Heat and Cold upon the
Blood are well worth taking notice of: for
as Heat relaxes the Veflels, the Blood finds
more Room to move in, its Gloubles float at
greater Diftances, and it circulates more
treely: whereas Cold fo contraés the Vef-
fels, that the Globules are compreft toge-
ther, and the Blood is impeded, and in fome
Degree coagulated in the minute Capillary
Veins and Arteries of the extream Parts; as
is evident from the Swelling and Blacknefs

of the Hands and Feet when expofed to
{evere Cold.

¥ Lzeuwex, dre, Nat. Tom. I Part I, p. 35.
Before
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Before I clofe this Chapter, I fhall briefly
communicate fome Experiments, I had the
. Pleafure of making laft Summer, with my
moft ingenious and valuable Friend Do&or
ALEXANDER STUART, Phyfician to her late
Majefty, in ordertoview the Circulation of the
Blood by the Solar or Camera Obfeura Micro-
Jeope, which has the Advantage of magnifying
‘Objects beyond any other fort of Microfcope:
but muft refer the Curious to a more full
Account thereof laid by this Gentleman be-
fore the Royal Society, and which will be
publithed in the Philofophical Tranfattions.
I'muft firft defcribe a particular A pparatus,
invented by the Doffor, 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 a Window-Shutter in
the fame manner as defcribed Pag. 22. But
here, inftead of ufing WivLson’s little Pocker
Microfcope, he has got the Belly-Part of a
large Reflecting one fixed horizontally on a
Pedeftal, at a Height exa&tly equal to the
Tube. This ftands on a little Shelf made
to fupport it; and to the Snout thereof,
which lies on a Level with the Tube, the
Magnifiers are {crewed. The Obje& being
extended and faftened with Strings and Pins
on a Frame convenient for the Purpofe, is
applied between the Tube and the Magni-
s fier ;
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fier: whereby the Sun’s Rays reflected from
the Looking-glafs, through the Tube, upon
the Object, pafs on through the Magnifier,
and exhibit upon the Screen an Image of
the Object moft prodigioufly enlarged. This
I hope may give fome Idea of our Inftru-
ment : and now I'come to the Application.

Our Object 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 Smp fideways both at the Top and
Bottom, by fticking a Fi/b-Hook in each
Corner of the Skin, it was eafily ftretched
out before the Mzcrgﬁmpf, and prefented on
the Screen a moft beautiful PiGure of the
Veins and Arteries in the Skin, with the
Blood circulating through them. In the
Arteries we could plamly perceive the Blood
ftopping, and as it were receding a little, at
each Dilation of the Heart, and then im-
mediately rufhing forwards again at each
Contra&tion ; whilft in the Veins it rolled
on in a continual Current with inexpreffible
Rapidity *,

After confidering this as long as we
thought needful, we opened the Abdomen,
and extending the Mufcles before the Micro-

I

* When the Arteries were magnified very much, by rea-
moving the Screento a confiderable Diftance, the alternate

Expanfion and Contradtion of their Sides were very vifible

and remarkable. "
Jeope,
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fcope, by the fame Means as we had done
the Skin, we had the Pleafure of viewing
their Structure, which we found to confift
of Bundles of tranfparent Strings or Fibres,
lying parallel to one another, and joined to-
gether by a common Membrane. Thefe
Strings or Fibres appeared through their
whole Length made up of minute roundith
Veficles, or, in other Words, feemed like
Rufhes divided the long Way. We could
not be certain of any Circulation through
the Mufcles, though fometimes we imagin’d
we faw a very flow Motion of fome tranf-
parent Fluid : but the Obje& growing dry
and rigid, obliged us to leave that Enquiry

to a farther Examination.
We then proceeded to our laft Experi-
ment, which was to draw out gently a Part
of the Frog’s Gut, in order to apply the Me-
Jentery to the Microfcape : and herein we
fucceeded {o happily, that I believe the Cir-
culation of the Blood was never before feen
in fo diftin¢t and fine a Manner. No Words
can defcribe the wonderful Scene that was
prefented before our Eyes ! We beheld the
Blood paffing 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 feem’d near as large as
Pepper-Corns ; whilft in many of the mi-
nuteft
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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 likewife, much
better than we had done before, the Pulfa-
tion and Accelleration 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 beauteous Land{cape, where
Ruvers, Streams, and Rills of running Water
are every where difperfed.

During this Examination, we took notice
of a Veflel extreamly minute, iffuing from
the Side of a larger, and turning backwards
- from it in a carve Line. 'We perceived, at
unequal Intervals, fometimes one, fometimes
two, and fometimes three colourlefs Glo-
bules, dropt or fqueez'd out of the larger
Veflels into this minute one, and gliding
through it fingly and very flowly ; which
made the Doélor imagine it might be a /-
cretory Duct. We obferved likewife, that
as the Animal grew languid and near ex-
piring, the Blood in the Arteries would ftop
on a fudden, feem asit 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.
~—A due Confideration of thefe Appearances

might pofiibly account for the Intermiffions,
3 Starts,
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Starts, and Irregularities in the Pulfe of Per-
fons near the Point of Death.

.0 A Y. XI
The Pulfation of the HEART,

HIS wonderful Phenomenon may be

feen diftinctly in feveral fmall Infeéts,
fome whereof 1 fhall here mention, with
fhort Direétions how to find it.
_ Divide a * Bee, particularly an Humble-
Bee, near the Neck: and its Heart, which
is a white pulfing Particle, may be feen
beating brifkly.

The Head of the } Horfe-Fly being cut
off, jult at the fetting on of the Neck, a
little Particle (which is the Heart) will ap-
pear with aPulfation 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 Heart 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: ere it per-

g

* Dr.Power’s Microfeop. Obferw. p. 4. 1 Ibid. p. o
4 Ibid. p.24. .. §,1bid, p. 30. :

pendicu-
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pendicularly, and you’ll {fee two {mall black
Eyes, each fet between three white Plates
like polifh’d Ivory, on one fide two fmall
ones, and a large one on the other. Pull
off both the cruftaceous and filmy Wings
which cover a tender black Skin, and re-
moving that Skin, the Pulfation of the Heart
may be feen beating vigoroufly for twelve or
fourteen Hours.
"~ The Heart of a * Snail is to be found
exactly againft the round Hole near its Neck,
of a white Colour, 4 and may be feen beat-
ing a quarter of an Hour after Diffe¢tion.
It may alfo be feen in a Loufe, as I fhall
thew when I come to defcribe that Crea-
ture ; and I make no doubt the curious and
diligent Enquirer will be able to difcover it
in Multitudes of other little Animals.

The periftaltic Motion of the Stomach
and Bowels may be feen very diftinctly in
Lice, Gnats, Flies, &c. and a Multitude of
other’ Infeéts.

* Power’s Microfcop. Obferwvat. p. 36.
+ SwaMmMmerD. Hift, Generale des Infeéies, p. 57,
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Lo HEA PR
Of the mufcular o flethy Fibres of Animals,

HE fefby Fibres of the Mufcles (ac-
cording to the Obfervations of Moxn-
Jieur Muys) are compofed of other {maller
Fibres or Fibrils, the Size of a flender Hair ;
five or fix hundred of which Fibrils go to
the making up of one fefby Fibre, whofe
Diameter is no more than the twenty-fourth
part of an Inch.  Each of thefe Fibrils js
again compofed of more than three hundred
{fmall tranfparent Twbuli, fo extreamly flen-
der, that were oste of thofe Blood-Globules
(which Mr. LEEUwENHOEK 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 enter and pafs through
them is evident, by the Rednefs of the Flefh
of Animals. We muft therefore infer, that
the Tubuli forming a Fibril are really hol-
low : that the Extremities of the Arterjes
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 {mall. *

e

* Vid. Pbil. Tranf. Numb, 339
L M.,
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Mr. LeruweNHOEK fays, each Mufcular
Fibre is compofed of many {maller Filaments
orFibrils; which, however minute, he could
plainly d:f’ungpulﬂl to be vafcular: for, if
he cut acrofs their Length, the Light ap-
peared through the Mouths of the Veflels ;
but if he cut them ever fo little Dbhquely
no Light was to be fecen 4. He found alfo,
that each Fibril 1s invefted with a * minute
Membrane, which is only a Congeries of
Blood-Veflels, conveying Juices and Nou-
rithment thereto, tho’ their Finene(s renders
them invifible. It is not, however, to be
imagined, that each Fibril has its peculiar
Membrane : but that all the Membranes to=
gether are like a Net finely fprLad with a
Fibril iffuing through each of its Mefhes.

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
concludes, that the different Size of Ani-
mals is entirely owing to the greater or lefs

Number and Length of the Fibres f.

t Phil. Tranf. Numb. 367.
~ * Gorver. Medic. Compend. P _.,E 59. Leeuw. dre.
Nat, Tom, IIL p. 58. 1 1bid, p. 61.
Thefe
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Thele 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 T'wiftings., And
this Difpofition is wonderfully contrived for
the ready Diffenfion .or Contrattion of the
Fibres: for as a Cord will be diftended or
contracted guicker, 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 dryed
Fleth or I'ith, as thin as pofiible. Lay it
on a Piece of Glafs, and moiften it with
warim. Water ; which drying foon away,
will leave the Veflels open and diftinguifh-
able.~—-It is obfervable that the Fibres of
Fifh are larger than thofe of Flefh.

That the Mufcular Fibres are valcular, or
made up of little hollow Veflels, is fuppofed
by MavrpricHIUs, BorELLI, GORTER, our
own Countryman Mr. HookE, who fays,

1,2 they
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they appeared to him like Strings of Pearls ;
and, very lately, by Dr. ALEx. STUART,
in his learned and ingenious Treatife de Mo-
tu Mufculorum 5 where from fuch a Struc-
ture, and by the Influx of the nervous Fluid,
he accounts, very reafonably, for the elaftic
Force, the Contraction, the Diftenfion, and
all the A&ions of the Muifcles *. But as
thefe Gentlemen differ fomewhat in the Fi-
gure of the little Veficles, fuppofed to make
up the muicular Fibres, the Curious will do
well to examine, with the Microfcope, into
this Matter, as carefully as pofiible ; 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 dried, or the Veflels collapfe together
by-not being fupplyed with fuch Fluid, the
true Form and Structure of them can never
be fully known.

Our Obfervations, ’tis probable, may be
made with moft Succefs on Infeé?s, their
flethy Fibres, as Mr. LEEuwENHOEK tells
us, being no lefs vifible than thofe of larger
Creatures : which he found, by cutting off
and examining the flethy Parts of the Legs
of + Flies, Gnats, Ants, &c. in all which he

® Vid, GorTER de Fabrica &5 Motu Mufrulor., STUART
de Motu Mujc. p. 49. + Are. Nat, Tom, 111. p. 108

could
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could plainly diftinguifh thecircular Wrinkles

or Circumvolutions encompafiing the Fibres,

as they are picturd Plate XI. Fig. III.

Gl A P oRTIR
Of BoNEs.

P ON examining of Bones with a M-
crofcope, 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 Veffels, fome running length-ways,
and others taking their Courfe towards the
Sides of the bony Particles, which, not-
withftanding their great Number of Aper-
tures, are extreamly hard, and lye fome pa-
rallel, and others perpendicular to theLength
of the Bone.
M:r. LeruweNHOEK difcovered, once, in
a {mall Bit of a Shin-Bone, four or five Vef-
fels, with Apertures large enough for a Silk
to pafs through ; each whereof {feemed fur-
nifh’d with a Valve, difpofed in fuch a Man-
L3 ner
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ner as to let out what was contained in the
Veflel, but {uffer nothing to return into it*,

¢« It may poffibly be conceived by fome,
¢ fays Dr. GREw, that the Bones, at leaft
«« fome 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 Cryftals. But it is fo far evident
¢ that all the Bones are {oft at the firft, that
¢« Tam of Opinion, they are originally a
¢« Congeries of as true Fidres 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 in a
<« Plant there are fucceflive Additions of
¢« Rings or Tubes of Wood, made out of
< Veflels: {o in an Animal, it feems plain,
that there are Additions {ucceffively made
¢ to the Bones out of the fbrous Parts of
¢« the Mufcles: efpecially thofe whiteft Fibres
¢« which run tranfverfely, and make the Sta-
¢« men or Warp of every Mufcle. So that,
¢ as in the Bark of a Plant, part of the Vei-
¢« {els are fucceffivelyderived outward to the
¢« Rind, and part inward to the Sap, which
¢« afterwards becomeshard Wood ; {o, in the
¢“ Flefth of an Animal, Part of the white
¢ tran{verfe Fibres are¢ fucceflively derived

* Philofiph. Tranfe Numb. 366,

(44
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« to the Skin (of which it chiefly confiits)
¢ and Part of them inwardly, making {till
<« new Perioffeums one after another, as the
¢« old Ones become fo many Additions to
¢ the * Bones.” -

Whoever would examine the Boues, muft
{have off, with a fharp Pen-knife, very thin
Pieces, lengthways, crofsways, and obliquely,
and that from the Infide, Outfide, and Mid-
dle of the Bone. Apply to the Microfcope
{fome of thefe Shavin gs dry, and others moi-
{tened with warm Water, and thus the Vef-
fels will be feen in all Directions. But the
beft Way of thewing the bony Structure, 1s,
by putting the Bones in a very clear Fire
till they are red hot ; then taking them out
carefully, you'll find the bony Cells, though
tender, perfect and entire: And being now
quite empty, they may be viewed with great
Eafe and Pleafure.

CH-AP. X~
Of the NERVE s,

R. LeruweNHoEK endeavoured to
| difcover, by his Micrefcope, the Struc-
ture of the Nerves, in the Spinal Marrow

* Grew's Rarities of Grefbam 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 Length parallel
to one another, make up their Compofition.
And though fome hundreds of thefe Vefiels
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, pegceived 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-
Jeope, in lefs than a Minute’s Time it be-
comes dry, and the whole Appearance va-
nifthes*,

The {ame ingenious Enquirer into Nature
examined likewife the Brain of feveral Crea-
tures, fuch as an Iudian Hen, a Sheep, an
Ox, a Sparrow, &c. and could there diftin-
guith Multitudes of Veflels, fo extreamly
{fmall, that if a 4 Globule of the Blood (a
Million whereof exceed not ‘3 Grain of
Sand in Bignefs) were divided into five hun-
dred Parts, thofe Parts would be too large

——

¥ Arc. Nat. Tom. I11. p. 310, 355, 440,
1+ Zbid. Tom. I. Part L. p. 30.

to
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to pafs into fuch Veflels. He obferved far-
ther, } that the Veflels in the Brain of a
Sparrow are not fmaller 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 Veflels; and

that the Globules of the Fluid paffing thro’
them are in both of the fame Size.

Though it does not diretly relate to M-
crofeopes, 1 hope I may be excufed for taking
Notice here, that in the Year 1711, Doétor
ALEXANDER STUART  made a Difcovery,
that the Nerves are not elaftic, contrary
to the Opinion of all preceding Authors ;
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 theInfide of the Thigh
“ inan human Subje@, and tying thefe to-
““ gether, above and below, as foon as they
““ were cut out of the Body, and laid on a
‘¢ Board ; the Artery and Vein were feen to
*“ contract equally, tothe 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.”

1 dre. Nat. Tom. L. Part I. p. 38. {
t Vid. Stvuart’s Ledures om Multular Motion in the

Ytar;;ﬁ_g, P 3 L. AT
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CHAR XY

'Of the GENERATION of ANIMALS and
VEGETABLES.

Eﬂgﬂwfﬂi or [pontaneous Generation, thqt
is, a Produétion of Plants without Seeds,
and of living Creatures without any other Pa-
rents but Accident and Putrefaction, how-
ever abfurd it may feem to us, was an Opi-
nion that prevailed, almoft univerfally; till
Microfcopes overturn’d 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 feems now more contrary to
Reafon, than that Chance and Naffinefs
thould give a Being to Uniformity, Regula-
rity, and Beauty: That two f{uch unlikely
Principles thould produce, in different Places,
Millions of Vegetables of the fame Kinds,
and alike, exacly, even in the moft minute
Particularities : or, what is yet more amaz-
ing, that dead corrupting Matter and blind
uncertain Chance fhould create living Ani-
mals, fabricate a Brain, conftitute Nerves
ifluing from it, compofe a Contraft of Mu{-
cles, furnith out Eyes, Lungs, a Heart, a
Stomach, Bowels, and all other Parts ufeful
to {uch Creatures : and that too not after an

awkard, floven! y, variable, undefigning and
unfinifh’d
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unfinifh’d 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 themoft learned grave Philofophersof pre-
ceding Ages; and would, probably, ftill have
been taught and believed, had not Micro-
Jeopes difcovered the manner how all thefe
Things are generated, and reftored to Gop
the Glory of his own amazing Works ¥,

The Eye, affifted by a good Mierofcope,
can diftinguith plainly, in the Semen mafculs-
num of Animals, Myriads of Animalcules
alive and vigorous ; though fo exceedingly
minute, that, it is computed, three thou-
fand millions of them are not equal to a
Grain of Sand, whofe Diameter is but the
one hundreth 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.

1 I would as foon fay, that Rocks and Woods engender
Stags and Elephants, as affirm, that a Piece of Cheefe ge-
perates Mites. Stags are born and live in Wocds, and Mites
in Cheefe ; but they both owe their Being to that of other
Animals. Spes?. de la Nat. Eng. Edit. 1zmo. Vol. IL. p. 11,

4 Vid, Keir's drar. 5th Edit. p. 116,
And
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And as the Seeds of Plants are proved, by
repeated Experiments, to be unprolific, if
the Furine be not permitted to fhed, it has
been fuppofed, that all its Granule contain
Jeminal Plants of their own Kind.

- The Growth of Animals and Vegetables
feems to be nothing elfe but a gradual Un-
folding and Expanfion of their Veflels, by a
flow and progreflive Infinuation of Fluids
adapted to their Diameters; until, being
ftretch’d to the utmoft Bounds appointed
them by Providence at their Formation, they
attain their State of Perfettion, or, in other
Words, arrive at their full Growth.

"Tis 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 Matrix of the
Female, {fome of the Animalcules 1t contains
in fuch Abundance, find an Entrance into
the Ovaria, and lodge themfelves in fome
of the Ova placed there by Providence as a
proper Nidus for them.

An Ovum becoming thus inhabited by an
Animalcule, gets loofen’d in due Time from
its Owarium, and pafles into the Matrix
through one of the Fallopian Tubes. The
Veins and Arteries that faftened it to the
Ovary, and were broken when it dropp'd
from thence, unite with the Veffels it finds
here, and compofe the Placenta. , The Coats

of the Ovum, being {well'd and dilated by
the
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the Juices of the Muasrix, from the other In-
teguments needful to the Prefervation of the
little Animal ; which receiving continually
a kindly Nourifhment from the fame Juices,
gradually ftretches and enlarges its Dimen-
fions, becoming then quickly vifible with all
the Parts peculiar to its Species, and 1s called
a Fatus.

In Plants, which are uncapable of re-
moving from Place to Place as Animals can,
it was requifite a Repofitory for their Fari-
ne fhould 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 Pa-
rent Plant to a certain Form and Bulk, and
then becoming what we call ripe Seeds, they
fall to the Earth, which is the natural Ma~
trix for them. | %

According to the above Suppofition, a ripe
Seed falling to the Earth, is in the Condition
of the Ovum of an Animal getting loofe
from its Ovary, and falling into the Uterus :
And, to go on with the Analogy, the Juices
of the Earth fwell and expand the Veflels of
the Seed, as the Juices of the Uterus do
thofe of the Ovum, till the feminal Leaves
unfold, and perform the Office of a Placenta
to the Infant included Plant ; which im-
bibing {uitable and fuflicient Moifture, gra-

dually
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dually extends its Parts, fixes its own Root,
fhoots 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 likewife of a Regularity and Conftancy
in the Farina of each Species of Vegetables,
analogous to the faid Animalcules in the Ani-
mal Sewen, have been the principal Means
of convincing us that all Things are pro-
duced by Parents of their own Kind, accord-
ing to the eternal and unaltefable Laws efta-
blithed at their firft Creation ; I hope this
fhort Account of Generation, before my en-
tering upon thofe Subjects, will not be judg’d
improper.

B e s e G

Of the ANIMALCULES /7 SEMINE
MascuLino.

T the Beginning of the Year 1678, Mi,

- Nicooras HARTsoEkER, of Rot-
derdam, declared in a Treatife of Digptrics,
by him then publifh’d, that it was twenty
Years fince he firft began to examine the
Semen Mafculinum of feveral living Crea-
tures by the Help of Microfcopes : that, as
far
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far as he knew, he was the firft Perfon who
had ever done {o ; 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 known to the World
in the 3oth of the Epbemerides Eruditorum,
printed at Parzs in the fame Year 1648,

Mr. LeeuweNHOEK, in the 113th of
his Epiftles, (dated Fannary 1678) is very
angry at this Claim; and afferts, that he
himfelf firft difcovered the Animalcules in
Semine; and fent an Account thereof to the .
Rovat Sociery in November 1677, as he
proves by the Philgfophical Tranfaitions,
publithed in December 1697, and in Fanz-
ary and February 1678 : nay, he farther
affirms, that Letters had paflfed between him
and Mr. OLDENBURG on this Subje& in
1674. 'This Difpute concerns us no farther
than as it fhews about what Time the Exift-
ence of thefe Animalcules was firft difcover-
ed, which fome of my curious Readers may
perhaps be inquifitive to know.,

The general Appearance or Figure of the
Animalcules i the Semen Mafeulinum of
‘different Kinds of living Creatures is ve
much the fame : that is, the Bodies of them
all feem of an oblong oval Form, with long
tapering flender Tails iffuing therefrom;.and
as by this Shape they fomewhat refemble

Tadpoles,
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- Tadpoles, they have frequently been called
by that Name; tho' the Tails of them, in
Proportion to their Bodies, are much longer
than the Tails of Tadpoles are : and it is ob-
fervable, that the Animalcules in the Semen
of Fifhes have Tails much longer and {len-
derer than the Tails of thofe in other Ani-
mals, infomuch that the Extremity of them
is not to be difcerned without the beft Glaffes
and the utmoft Attention : their Bodies are
alfo much fmaller.

The general Appearance of them as above
defcribed, is thewn Plate XII. Fig. L.

In the Spring Seafon, at the Time that
Frogs engender,gupon 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-

uted : 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 leaft for
each one of the Female Ovag.

The Shape of them is given in the fame

Rlate, Fig. IL.

* Lesuwes, drean, Nat. Tom, 1. Part I, p.'51.

Upen
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Upon viewing the Mil or Semen Mafey-
linum of a living Cod-fith with a Micre-
Jeope,fuch Numbers of Animalcules with long
Tails were found therein, that at leaft ten
thoufand of them were fuppofed to exift in
the Quantity of a Grain of Sand. Whence
Mr. LEeuwENHOEK argues, that the Milt
of that fingle Cod-Fifh contained more livin g
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 Dia-
meter 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 mnft contain
fifteen Millions of Quantities as big as a
Grain of Sand.  Now if each of thefe Quan-
tities contain ten thoufand Znimalcules, there
mufl be in the whole one hundred and fifty
thoufand 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
hundred Dutch {quare Miles; whence he cal-
culates the Surface of the Earth to contain
nine Millions, twohundred feventy-fix Thou-

T 4rc. Nat, Tom. I. Par, IL. p. g9, -
M | {and
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fand, two hundred and eighteen fuch fquare
Miles: and fuppofing 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 Wefl-Frief-
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 thirteen Thoufand three Hundred
and Eighty-five times the Bignefs of Holland
and Weft-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 impro-
bablé) 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 hun-
nred and fifty thoufand Millions of Animal-
citles, which is ten times more than the Num-
ber of all Mankind.

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

*® Vid. Spe#. de Ja Nat, Eng. 1z2mo. Edit. Vol. I. p.}zla I.
thige
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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 Num-
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 three hundred and thirty-four thou-
fand Eggs. 4

Now fuppofing (as Mr. LEEUWENHOEK
does of the Semen Mafculinum of Frogs) that
there are ten thoufand Animalcules 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 thoufandEggs,the whole
Milt of the Male may be reckoned to con-
tain ninety-three thoufand four hundred and
forty Millions of 4nimalcules : which, tho’
greatly fhort of the firft Calculation, is al-
moft feven times as many as the whole hu-
man Species.

To find the comparative Size of thefe
Animalcules, Mr. LEEUwENHOEK placed a

| t Four Millions and ninety-fix thoufand Eggs were com _
puted in the Row of a Crab, each of which received its Nou
rilhment by a Rope from the Crab’s Body, Vid, 4rc. Nas.

Tom. 1, Par. II. p. 240.
M 2 Hair
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* Hair of his Head near them, which Hair
through his Microfcope appeared an Inch in
Breadth ; and he was fatisfied that at leaft
fixty fuch Animalcules could eafily lye within
that Diameter ; whence, their Bodies being
{pherical, it muﬁ 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 whenthe Water where-
with he had diluted the Semen of a Cod-
Fifth was exhaled, the little Bodies of the
Animalcules burft in Pieces, which did not
happen to thofe in the Semen of a Ram:
which he imputes to the greater Firmnefs
and Confiftency of the latter, as the Fleth of
a Land-Animal is more compact than that
of a Fifh. He likewife takes Notice, that
the Tails of thofe in Fifhes are {o extreamly
{lender, that he could never be certain of
his feeing the very Tips or Extremities of
them.

In the Milt of a Jack, at leaft 4 ten
thoufand Animalcules were difcernable, in a
Quantity not bigger than a Grain of Sand,
exatly,in Appearance, like thoﬁ: of the Cod-
Fifth ; and upon putting I four times as
much Water to it, they were perceived to
become ftronger and brifker, and to {wim

-

* Phil, Tranf, Numb 270,  + dre. Nat. Tom. I,
Par. 1L p. 2. 1 Phil. Tranfaéi, Numb, z70.

as
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as if in Purfuit of Prey, with greater Velo-
city ; tho’ (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, fqueeze 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
Microfeape in one of your fmalleft capillary
‘Tubes ; which Way Mr. LEcuwENHOEK
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, {queezing outa fmall Drop of the Se-
men, and viewing it with a Microfeope, Le-
gions of Animalcules appeared therein, {wim-
ming in Crowds together, and crofling one

——

¥ 4re, Nat, Tom. I11, 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 {light Obferver they feem in
the Form of Eels ; but if the greateft Mag-
nifiers be ufed with due Attention, they will
be found fhaped as Fig. III. Plate X1I.—
Their Size is fo extreamly minute, that a
4 Million of them are fuppofed not to
exceed the Bignefs of a Grain of Sand, and
their Tails 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 47:-
malcules, T a Million whereof would hardly
equal a large Grain of Sand : and after fome
of this Matter had been kept feven Days
in a Glafs Tube, feveral of the Animalcules
remained alive and vigorous. [Their Form
is thewn Fig. IV.]—The Tefticles of a
Hare, tho’ four Days dead, were alfo ex-
ceedingly full of Animalcules like thofe in
Dogs, fwimming in a clear Liquor, but
without Motion.

+ Arc. Nat. Tom. II. Par. I1. p. 36q.
I dre. Nat. Tom, I, Par. 11, p. 160.

Killing
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Killing a Female Rabbet immediately af-
ter the Coitus, and opening the Uterus there-
of, innumerable Animalcules were found in
a {mall 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
tranfparent. Globules appeared on the Body
of each, asin Fig. V. 1 : tho’ 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
Animalcules in as great Numbers as the fe-
minal Matter of other Creatures ; but with
this extraordinary 4 Singularity, that Multi-

tudes of them {wam the fame Way together,
and

* Arc. Nat. Tom. T. Par. IL. p. 160.
+ Mr. Lesuwennoek opened the Uterus of an Ewe,

which about feventeen Days before had been coupled with
a Ram, and in one of the Cornea obferved a little reddi/b
flefoy Subance, wherein no Shape could be diftinguithed. He
at this in a Glafs Tube the Thicknefs of a Quill, fill'd with
Oyl of Turpentine, and apply’d it to his Microfcope, 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
Figure in which it lay, he perceived extreamly plain the
Formation of all the Vertebrz, with the Blood- Veflels and
Ramifications pafling over them, and in two Places could fee
the Spinal Marrow. He could alfo diftinguifh net only the
Head, but alfo the Mouth, Brain, and Eyes the Bignefs of *
two Grains of Sand, and clear as Cryftal : He faw likewife
M 4 ' the
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and feemed to have the Inclination of Sheep,
to follow their Leader and move in Flocks,
Mr. LEruweNHOEK 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 bemg killed in Rutting-time, the
I Vafa Deferentia were found turgid with a
milky Fluid, a Drop whereof, when applied
to the Mc‘rqﬁwpe, appeared full of Animal-
cules moving very britkly., 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 {pread thin it dries away
immediately 5 but by diluting it with warm
Water, juft enough to change its Colour,
they were {een diftinétly.

The human Semen has likewife 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 Pea.— After this he opened
the Uterus of another Ewe, bu_tthree Da}rs from the Coitus ;
and fearching the Liquor coming from it very diligently with
a Magnifying Glafs, obferved a /ittle Particle the Size of a
Grain of Sand ; which examining with an excellent Micro-
JSeope, he with great Pleafure found to be an exceeding minute
Lamb lying round in its Integuments, and could plainl
difcern its Mouth and Eyes. Vid. 4rc. Nat, Tom. I. Par.II,

ag. 165, and 173,

L Vid. Pbil, Traz/. Numb. 284.

Plentiful]y
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plentifully ftocked with Life than that of
other Animals : for more than ten thoufand
living Creatures were feen, by Mr. Lervu-
WENHOEK, moving in no larger a Quantity
of the fluid Part thereof that the Bignefs of
a Grain of Sand ; and in the thicker Part
they were fo throng’d together, that they
could not move for one another. Their Size
was {maller than the red Globules of the
Blood, and even lefs than the millionth Part
of a Grain of 4 Sand. The Bodies of them
are roundith, fomewhat flat before, but
ending fharp behind, with Tails cxceedingly
tranfparent, five or fix times longer, and
about five times more flender than their Bo-
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. VIL

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

t Arcan. Nat. Tom, II. Part II. p. 61, 69, 286,
Agility :
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Agility : and, befides, every one of thefe
Jointsmulft 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 fthort, the Mind lofes it{elf
in contemplating a Minutenefs beyond all
human Conception ; tho’ Reafon tell us, it
certainly muft be. I remember Dr. Power
has a fine Paflage to this Purpofe in the Pre-
face to his Experiments. ¢ It has often
“ feem’d to me (fays he) an ordinary Pro-
“ bability, and fomething more than Fancy,
¢ (how paradoxical foever the Conjecture
““ may feem) to think, that the leaft Bodies
““ we are able to fee with our naked Eyes,
““ are but middle Propertionals, as it were,
“ betwixt the Greateft and the Smalleft Bo-
¢ dies in Nature ; which two Extremes lye
“ equally beyond the Reach of human Sen-
“ fation.——For, as on one fide they are but
¢ narrow Souls, and not worthy the Name
‘““ of Pbhilgfophers, that think any Body can
““ be too great, or foo vajt in its Dimenfions :
“ {o likewife are they as inapprehenfive,
“ and of the fame Litter with the
¢« former, that, on the other fide, think the
“ Particles of Matter may be foo /ittle, or
¢ that Nature is ftinted at an Atom, and
“ muft have a Non ultra of her Subdivi-
¢« fiong.”

As
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As the Animalcules in the Semen Mafculi-
aum of different Creatures are not much un-
like in Shape, it is alfo obfervable, that they
do not differ in * Bignefs according to the
Sizes of the Creatures they are taken from ;
but feem, in this Refpet, 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 manykinds of other Seeds whofe
Plants are not near {o large as Tobacco is.
Hence it comes ‘to pafs, that Animalcules
may be difcovered in theSemen of the {malleft
Birds, Quadrupeds and Fifhes, nay, and even
in Infe&s too. For Mr. LEEUWENHOEK
aflures us, he found a white Matter he had
fometimes {queezed from the hinder Parts of
male } Spiders, about the Bignefs of a Grain
of Sand, to be indeed their Semen, by difco-
vering therein prodigious Multitudes of 4ni-
malcules, which continued living above five
Hours, but were fo extreamly minute, that

he fuppofes a thoufand Millions of them

® Arc. Nat. Tom, IV. pag. 30. + Dr. Powker’s Ex-
perim. pag. 30. T Philefoph, Tranfad. Numb. 279.
would
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would not equal the Size of aGrain of Millet.
He found them likewife in the Semen of the
* Dormoufe, in ® Oyfters, in ¢ Silkworms, in
the 4 Labella minima, or {mall Dragon-Fly,
in the common ¢ Fly, in the male f Flea, in
¢ Gnats, and in feveral other Infeéts: and,
without doubt, a curious Enquirer will be
able to difcover them in abundance of Sub-
jedts 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 Animalcules
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
Intermiffion, provided the Fluid be {ufficient
for them to {wim about in.

Many People have imagined, that /ving
Creatures might alfo be found in the other
animal Suices : but after the fricteft and
moft careful Examination, it appearsc ertain,

3 Are. Nat. Tom. I. Par, II. p. 27. b Ibid. Tom. II.
Par, I. p. 144. ¢ Ibid. Par. IL p. 42z. ¢ lbid. Tom. IV.
p- 19. * Ibid. ¥ Ibid. p. 20. 8 Ibid. p. 22. P lbid.
Tom, III, p. 294.

I that
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that nothing with the leaft Token of Life
is to be difcovered by the beft Glafles, either
in the Blood, Spittle, Urine, Gall, Chyle,
or any of the Humours, except the Semen
only.

C.H A P XVIE

Of AniMmaLrcuLEs iz the TEETH,

Hough no Animalcules can be found in

the Saliva or Spittle, great Numbers,

of different Kinds, may be difcover’d in the

whitifb 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 fort (fhewn Plate XIH.
Fig. I. Numb. 1.) move along very f{wiftly
in the Spittle or Water ; of thefe there are
but few.

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

1 Vide drec. Nat. Tom, IV, p. 40. Again, Tom. IV,
Epft. 75. p. 310. '
The
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The third fort are roundifh, and fo mi-
nute, that a Grain of coarfe Sand would
equal a Million of them in Bignefs : they
move fo {wiftly, and in {fuch Multitudes,
that they feem like Swarms of Gnats or
Flies, and the exa¢t Shape of them is not
eafy to be diftinguifhed.

Some or all of thefe three kinds may be
found, pretty conftantly, in the Matzer taken
from between the Teeth of Men, Women,
or Children ; efpecially from between the
Grinders, even though they wath their T'eeth
continually, and clean them with the utmoft
Care : but from the Teeth of People that are
more carelefs, the faid Matter affords another
Sort of Animalcules, in the Shape of Eels
or Worms, as pictured Numb. 4. Thefe
move themfelves backwards, or forwards,
with great 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 extreamly
languid, that without long Attention they
cannot be diftinguifhed to be alive.

Obfervation. Theyall dye if Vinegar be
applied tothem; whence it feems reafonable
to conclude, that wathing the Teeth and
Gums with Vinegar may be a Means of pre-

ferving them from thefe minute Creatures.
CHAP
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CHAP XVII.
Of the ITcH.

HE Microfcope has difcovered, what

without it could fcarce have been ima-
gined, that the Diftemper we call the Jzch,
is owing to little Infe@s under the Cuticula,
whofe continual Bitings caufe an ouzing of
Serum from the Cutis, and produce thofe
Puftules or watry Bladderswhereby this Dif-
eafe is known. This was found out by
Dr. BoNoNio, * who obferving that itchy
People frequently pull out of their {cabby
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 {cabbed over, and where there
was a fevere Itching, he fqueezed a thin
Matter from it, and perceived a very {mall
white Globule fcarcely difcernable, which,
applying to the Microfcope, he found to be
a very minute Animal, in Shape refembling a
Tortoife, of a whitith Colour, but darker on
the Back than elfewhere, with fome long
and thick Hairs iffuing from it, very nimble
in its Motion, having fix Legs, a fharp Head,

* Philofoph, Tran/. Numb. 283,
and
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and two little Horns ; being in Shape as re-
prefented by the two PiGtures, Fig. II. a. b.
Plate XIII.

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 moft
of the watry Puftules : and though by rea-
fon of their Minutenefs and Colour (which
is the fame as the Skin) it 1s difficult to dif=
cern thefe 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 their ftharp 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 fcratch, which only ferves to increafe the
Malady ; for, by breaking the little Puftules
and fome {mall Blood-Veflels, Scabs, crufty
Sores, and fuch like foul Symptoms enfue :
whilft thefe mifchievous Arimalcules efcape
the Nails by their Minutenefs, and difperfe
themfelves the farther.

Frequently obferving thefe Animalcules,
he perceived one of them drop a littleoblong
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 Crea;ures

rom
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from a Male and F emale, though he was
never able to diftinguith the Sex of any he
examined.

The Figure of the Egg is fhewn e.

We may hence account how this Diftems
per comes to be fo very catching, fince thefe
Animalcules, by fimple Contadt, can eafily
pafs from one Perfon to another, havin g 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 multiply apace by the Eggs they lay.
The Infection may alfo be propagated in a
like manner by Sheets, Towels, Handker-
chiefs, or Gloves, ufed by itchy People;
fince thefe Animalcules may eafily be har-
boured in fuch things, and will live out of
the Body two or three Days. _

The Difcovery of thefe _4nimalcules (hews
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 Sa/ss, Sulpburs, Vi-
triols, Mercury, Precipitate, Sublimate, or
fuch kinds of penetrating and corroding Re-
medies as can powerfully kill thefe Vermin
in the Skin. And if, fometimes, we find
the Difeafe returns upon us, in a little while
after we fuppofed it quite cured by Unéion,
it s no great Wonder ; fince, tho the Oint-

N ment
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ment may deftroy all the living Animalcules,
it may not probably kill their Young Ones
in the Eggs, laid in Nefts in the Skin;
which, coming to hatch, may renew the
Diftemper. For this Reafon, it is advifeable
to continue the Anointing for {ome Days,
even after the Cure feems perfect.

CGH AP XIS,

Of ScaLks on the Human Skin.

H E Cuticula, Scarf-Skin, or outward
Covering 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
Fifhes, 4 three deep; 4. e. 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  white; for about the
Mouth and Lips, where they only juft meet
together, and do not fold over, the Blood-

® Vid. 4rc. Nar. Tom. I. Par. IL. p. z08. Again,
Taom: 1V, p."46. 4 Ibid, p.47. 1 Ibid. p. 51
Veflels
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Veflels are feen through, and the Parts look
red. The perfpirable Matter is {uppofed to
iflue between thefe Scales (which lye over
the Pores or excretory Veflels through which
the watery and oily Humours peripire) and
may find Ventin an hundred Places round
the Edges of each Scale *: fo that if a 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 Forehead, Neck, Arms;
or any other foft Part of the Body, which is
not hairy, ferves beft to thew the Scales ; for
where the Skin is callous, they are glewed
as it were together. _

They are generally of five Sides, as in the
PiGture, Fig. III. a.

Their Difpofition on the Skin is fhewn
Fig. III. 4.

If they are fcraped off with a Penknife,
put into a Drop of Water, and o applied to
the Microfcope, they will be feen to good

Advantage.

*® Arcan. Nat. Tom. IV, p, 48,

CHAF,
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CH AN XX
The Porks 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 fharp Razor as thin
as poflible : 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
difcerned if it be held up againft the Sun.
The Scales of the outer Skin prevent any
diftin@& View of the Pores, unlefs they are
{craped 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 {o prepared, and then ex-

amined, theLight will be feen very pleafantly
through the Pores '

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

BRSNS

t Arcan, Nar, Tom. IL. p 409, 412.
' ber
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ber of Pores in 2 human Body. He o fup-
pofes there are one hundred and twenty fuch
Pores in a Line one tenth of an Inch long;
however, to keep within Compafs, hereckons
only one hundred. An Inch in Length will
then contain a thoufand in a Row, and a
Foot twelve thoufand. According to this
Computation, a Foot {quare muft have in
it an hundred and forty-four Millions : and
fuppofing the Superficies of a middle-fized
Man to be fourteen Feet {quare, there will
be in his Skin two thoufand and fixteen Mi-
lions of Pores. '

‘To acquire fome clearer Idea ftill of this
prodigious Number of Peres by our Con-
ception of Time, let us reckon with *
MEeRrsenNus, that each Hour confifts of
fixty Minutes, and each Minute of fixty
Seconds, or fixty Pulfations of an Artery :
in one Hour there will then be three thou-
{and and f{ix hundred Pulfes; in twenty-four
Hourseighty-fix thoufand and four hundred ;
and in a Year thirty-one Millions five hun-
dred and thirty-fix thoufand. But there
are about fixty-four times as many Poses
in the Surface of a Man’s Skin, and there-
fore he muft live fixty-four Years, ere he
will have a Pulfation for every Pore in his
Skin.

« T Arcan. Nat. Tom, IIL p. 413.
* Ibid. p. 413.
N g Dr.
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Dr. NatuanizL GREw obferves, that
the * Pores through which we perfpire are
more 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 upon the Ends
and firft Joints of the Thumb and Fingers,
innumerable little Ridges parallel to each
other, of equal Bignefs and Diftance will be
found. Upon which Ridges the Pores may
be perceived by a very good Eye, lying in
Rows, even without a Glafs : but, viewed
through a good Glafs, every Pore feems like
a little Fountain, with the Sweat ﬁandmg
therein as clear as Rock-Water ; and, if
wlped away, it will be found lmmedmtely 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
Inftruments make new Perforaﬂnns, but
rather thruft or infinuate them into the Vef-
fels of the Skin, and fuck out the Blood, ‘or
what other Humour is their proper Aliment

-
e

" ;v‘.g;;q’f}‘g,,ﬁf Tranfaitions, Numb. 159,

CHAP,
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full of little Pits. From the under Part of
it proceed fix Legs, each having five Joints,
their Skin refembling Shagreen, except to-
wards the Ends, where it appears {moother.

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 4+ 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 fort 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 Tail are two little {femi-circular Parts,
covered all over with Hairs, which ferve to
conceal the Anus,

When the Loufe moves its Legs, the Mo-
tion of the Mufcles (which all unite in an
oblong dark Spot in the Middle of its Breaft)
may be diftinguithed perfectly: and fo may
the Motion of the Mulicles 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-
wile fee the various Ramifications of the

S

+ Vide SwammErD. p. 175.
# Vide Philofiph. Tranf. Numb. 102,

Veins
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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 Loufe, 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
roundifh Cavity, it paffes again, ina like
Stream, to another circular Receptacle in the
Middle of the Head ; from thence through
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
withfuchaftrong Propulfion downwards, and
fuch a Contraction of the Gut as is amazing :
which continual and ftrong A&ion of the
Stomach and Bowels upon the Food of this
Creature, to further its Digeftion, is worthy
to be confidered.——In the upper Part of
the crooked afcending Gut juft mentioned,
the propelled Blood ftands ftill, and feems
to undergo a Separation : fome of it be-
coming clear and waterith, while certain

' little
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little black Particles pafs downwards to the
Anus .

If a Loufe be placed on its Back *, two
bloody darkifh Spots appear; the Iarger in
the mlddlc of the Body, and the lefter to-
wards the Tail. In the larger Spot a white
Film or Bladder contraéts 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 feems to
lye. This Motion of Syftole and Diaftole,
is feen beft when the Loufe grows weak.
The white pulfing Bladder feems to be the
Heart, for on pricking it the Loxfe inftantly
dies. In a large Loufe the Pulfation may be
feen in the Back, but the white Film not
without turning the Belly upwards. The
lower darkifh Spot Dr. HARVEY conjectur’d
to be the Excrements in the Guts.

Lice are not Hermaphrodites, as has er-
roncoufly been mmagined, but Male and
Female. Mr, LEeuwENHOEK difcovered
that the Males have § Stings in their Tails,
but ‘the Pemalds none +and fuppofes the
{martingPain they fometimes givearifes from
their Stm ging,’ when made uneafy by Pref-

s ¢ L —— ——— T e R

+ Vid. Pmmﬁpﬁ Tranfact. Numb. 102,
* Vid Dr. Power’s Obferv. g,

{ Ares Nat. Tom. IL p. 77.
4 fure

LS
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fure or otherwife ; fince, if roughly handled,
they may be feen to thruft out their Stin 253
and as he felt little Pain or Uneafinefs from
the Sucker or Piercer, tho’ feven or eight
were feeding on his Hand at once. The
Females lay Eggs or Nits, whence young
Lice come forth, perfect in all their Mem..
bers, and undergo no farther Change but
an Increafe of Size.

Mr. LEEUWENHOEK being defirous to
learn the Proportion and Time of their In-
creafe, put two * Females into a black Stock-
ing, which he wore both Night and Day;
and found that in fix Days one of them had
laid fifty Eggs, and upon diffecting it faw as
many more in the Ovary ; whence he con-
cludes, that in twelve Days it would have
laid an hundred Eggs. Thefe Eggs hatch-
ing in fix Days (which he found to be their
natural Time) would probably produce fifty
Males and as many Females : and thefe Fe-
males coming to full Growth in eighteen
Days, might each of them be {fuppofed, 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 Weeks, a Loxfe may fee
five thoufand of its own Defcendants 3 an

i :“;.F'l':'h. h’rﬂft TOJH- I"' P' ? St .‘
+ Ibid,
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 applied to the Microfcope ; 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
{eventy of different Sizes, but all 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. ThefeCreatures avoid
the Light as much as pofiible, and are im-
patient 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 Vefiels,
from the Multitude of their Eggs.

The Picture of the common Loufe is given
Plate XIII. Fig. 1V.

Its Piercer or Sucker is thewn by a.

The Sting of the Male by 4.

There’s another Kind of Loxfe, found
about uncleanly People, which from its
Shape is called the Crab-Loufe, 'The Ver-
min adhering to and feeding on the Bo-

dies of different Animals, though much un-
like
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like in Form and Size, are alfo commonly
called Lzce. Of thefe there are numberlefs
Species, feveral whereof we are obliged to
Seignior REDI for giving us the Drawings of,
at the End of his Treatife de Generatione In-
Jeétorum, whence Mr. ALBiN has taken
them into his Book of Spiders : but few of
thefe have been fufficiently examined by the
Microfcope, and there are great Variety of
other Kinds that are yet quite unknown.

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

The Earwig is troubled frequently with
minute Infects, efpecially juft under the fet-
ting on its Head. 'They are white and fhin-
ing like Mites, but much {maller: they are
round-backed, flat-bellied, and have long
Legs, particularly the two foremoft. The
fame has not been obferved on any other
Animal.

Snails of all Kinds, but chiefly the large
ones without Shells, have many little Infeéts,

extreamly nimble, that live and feed upon
them.

Numbers of little 7ed Lice, with a very
fmall Head, and in Shape refembling a Tor-
toife,
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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.
Whitifh Lice are frequently to be difcover-
ed running very nimbly on Humble-Bees: I
have {een them frequently on Ants: many
Kinds are difcoverable on Fithes: KirRcHER
{ays he has found Lice on Fleas; and, pro-
bably very few Creatures are free from them.
As fome may be defirous to know what
Kinds of Lice * SeigNnior Repr has ob-
{erved and given Drawings of, the following
Lift 1s inferted to fatisfy their Curiofity. Lice
found on the Hawk, #hree 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 Turkifth
Duck, the Sea-Mew, the fmaller Swan: on
the wild Goofe 7wo Sorts : on the Teal, the
Kaftrel, the Peacock, the White Peacock,
the Capon, the Crow, the White Starling :
on Sweet-meats and Drugs: on Men, zwo
Sorts, wviz. the common Loufe and the Crab-
Loufe : on the Goat, the Camel, the 4 Afs,
the African Ram, the African Hen; on the
Stag two Sorts, and on the } Tiger. -
CE AP

¥ Repri calls the Vermin on Beafts Pedicali or Lice, thofe
on Birds Pulices or Fieas. He fays every Kind of Bird has
its particular Sort of Fleas, different from thofe of other Birds :
That all when firft hatched are white, but“gradually acquire
a Colour like the Feathers they live among: yet remain
tranfparent
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Qf the Woop-Lousk,

HERE’s a little Animal, in Shape and
Colour like a Loufe, that runs fwiftly
by Starts or Stops, and is commonly found
on the Leaves and Covers of Books, or a-
mongft rotten Wood : ’tis called a #sod-
Loufe, or Wood-Mite, and is known almoft
. toevery Body. The Eyes of this Creature
are of a golden Colour, and can be drawn in
or thruft out at Pleafure; the Periftiltic
Motion of the Bowels appears in it diftin¢t-
ly, and what is ftill more wonderful, a
Motion of the Brain is feen,

I take this to be the Animal Mr. Der-
HAM calls the Pediculus Pulfatorius, or
Death-Watch, (in Phil. Tranf. Numb. 291.)
where he fays, the Pediculus Pulfatorius,
and the Scarabeus Sonicephalus are the only
two Infects that make regular clicking Noifes
like the Beat of a Pocket-Watch.

tranfparent enough for a good Microfigpe to difcover the Mo-
tions of their Inteftines: That the Craze has a white Sort,
marked as it were with drabic Charafters: and that their
Size is not proportion’d to the Birds they breed upon, for the
little Black-bird has Fleas as large as the Sevai.

t Awristorire in his Hifory of dnimals, and Priny, on
his Authority, afferts, that 4jes and Sheep are free fromVer-
min : but REpr proves they are both miltaken as to the 4% ;
and as to Sheep, every Shepherd Boy is able to confute them.

T The Loufe of 2 Lion refembles that of the Tiger in Shape,
but is larger, and of a brighter red. Vid.Rept Experim,
circa Generat, Infecl, p. 512, & feq.

CHAP.
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CH AP XXIII
Of MiTES.

Y Mites are commonly 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 Microfcope 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-
allytranfparent. 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 extreamly 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 refpect
befides they appear alike. Each Leg has fix
Joints, furrounded with Hairs, and two little

* 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

lung'Hairs.

Thefe Creatures are Male and Female.
The Female lays Eggs ; whence (as in Lice
and Spiders) the young ones iffue forth with
all their Members perfe, 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 difcover’d. They may thus frequent-
ly be feen * iz Coitu, 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 Rbinocerss. 'The Coitus is per-
form’d 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

* Vid. 4rc. Nat. Tom, IV. p. 360.
O Weceks
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Weeks. "Tis not uncommon to fee the
young Ones ftruggling to get clear of the
Egg-thell, which fometimes they are a Day
about. .

The Diameter of a Mrte’'s Egg feems equal’
to the ®* Diameter of the Hair of a Man’s
Head; and fix hundred fuch Hairs are about
equal to the Length of an Inch. Suppofing,
then a Pigeon's Lgg 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 Egg.

Mites are moft voracious Animals; for
they devour not only Cheefe, but likewife
all Sorts of dryed Fifh orFlefh, dryed Fruits,
Grain of all Sorts, and almoft every thing
befides that has a certain Degree of Moifture
without being over-wet : nay, they may of-
ten 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.

* Philofoph, Tranfai. Numb. 335, & 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 Buzterflies and other choice Infects,
leaving nothing in their ftead but Duft and
Ruins. The beft Method of preventing this,
15, to keep the Drawers or Boxes continually
fupply’d with Camphire, whofe hot and dry
Effluvia penetrate, fhrivel up, and deftroy
- the tender Bodies of thefe Jittle mifchievous

Plunderers.

It muft however be remembered, that
there are feveral Species of Mites, which
‘differ in fome Particulars, though their gene-
ral Figure and the Nature of them be the
fame. For Inftance, the * Mires in Malt-
Duft and Oatmeal-Duft are nimbler that
Cheefe-Mites, and have more and longer
Hairs. The Mites amongft Figs refemble
Scarabs, have two Feelersat the Snout, and
two very long Horns over them, with three.
Legs only on each Side, and are more flug-
gith than thofe in Malt. Mr. LEruwEN-
HOEK obferved fome Mites on Figs to have
longer Hairs than he had feen on any other
Sorts’; and upon Examination found thofe
Hairs were {picated, or had other little Hairs
ifluing from their Sides: whence he ima-
gind they might be jointed at the little Di=
ftance where thefe Hairs come forth, He

pr

* Vide Powzr’s O4firv. p. 10,
02 had
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had alfo feen the like Hairs on other Mizes,
tho’ very feldom. Mr. Hook defcribes a
Sort of thefe Animals, which he terms 4
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 fancy'd it was
dufty ; but, on a nearer View, perceiving
the Particles to move, I examined them by
the Microfcope, 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 Ca-

viere, 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. Legu-
weNHOEK fays, one he ftuck upon a Pin
before his Mzcrofcope T lived in that Condi-
tion eleven Weeks.

The Pi&ture of the Mite 1s fhewn Plate
XIII. Fig. V.

One of its Eggs appears juift by, at 4.

.
+ Hoox’ Microgr. p. zo0s.
1 4re. Nat, Tom. IV, pag. 563,

Caal,
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CslA P XXV,
Of the FLEA. .

HIS well-knawn little Creature is co=
vered all over with black hard fhelly
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 A&ivity of the Animal. The Scales
are curioufly polithed, and befet about the
Edges with long Spikes, in the moft beauti-
* ful and regular Order poflible. Its Neck is
finely arch’d, and much refembles the Form
of a Lobfter’s Tail. The Head is very ex-
traordinary ; for from the Snout Part there-
of proceed its two Fore-Legs, and between
them lies the Piercer or Sucker 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. little
Horns or Feelers. Four other Legs are join’d
on at the Breaft, {o that it has fix inall;
which, when it leaps, fold fhort one with-
in another, and exertipg their Spring all at
the fame Inftant, carry the Creature to a fur-
prizing Diftance. The Legs have many
Joints, are very hairy, and terminate in two
long fharp hooked Claws, as may be feen
Fig. V1. Plate XIII.

03 The
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The Flea’s Piercer or Sucker 1s lodged be~
tween its Fore-Legs, and includes a Couple
of Darts or Lancets, which, after the Piercer
has made an * Entrance, are probably thruft
farther into the Flefh, to make the Blood
flow from the adjacent Parts, that it may be
fucked up; and feems to occafion that round
red Spot, with 4 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 clofe to the
Head : for a Flea rarely puts out his Piercer
except at the Time of feeding, but on the
contrary keeps it clofely folded inwards: the
beft Way therefore of coming at it is, by
cutting off the Head firft; and then the
Fore-Legs ; fi ncc in the Agonies of Death;
it may eaﬁly be m: maged, and brought be-—
fore the Microfeope. '

Fleos ave Male and Female, and lay Eggs
1% well as L7ce and Mites ; “but are extream-

y different in all the Prngrefs of their Lives
beﬁ*iee, paffing throu ghthe fameChangesex-
ﬁé’tlv asthe Sz!ﬁ'*:wru dDEE They depofitetheir
Egas at the Roots of the Hair of Cats, Dogs,

e L

* Vid. 4rc. Nat, dete&. Tom. 1V. p. 22,
¥ 1bid. p. 332, Phil, Tranfedd. Numb, 249,

and
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and other Animals, fticking them faft there-
to by a kind of glutinous Moifture. When
the Eggs hatch, not perfet 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 4. Thefe Maggots are very brifk
and nimble, but if touched, or under 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 {wift Motion.

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

Jeape, 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 foil'd with Dirt. In this Bag
they put on the Chryfalis or Aurelia Form,
and become Milk-white: but twa or three
Days -before they break from this Prifon,
their Colour darkens, they acquire Firm-
nefs and Strength, and as {oon as they iffue
from the Bag are perfed? Fleas, and able to
leap away.

+ Phil Tranfa?. Numb, 21}9,;,
O 4 It
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It has been difcover’d, by putting the
Eggs of Fleas in a {mall Glafs Tube, and
l{ﬂapmg it conftantly warm in one’s Bofom,
thﬂt, in the Midft of Summer, they hatch
in four Days: then, feeding the Maggots
with dead FlIES, which they fuck greedily,
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 ; after lying in which Con-
dition nine Days, it becomes a perfect Flea.
It is then immediately capable of Coition,
and in three or four Days lays Eggs. So
that in 4 twenty-eight Days a Flea may
come from the Egg it{elf, and propagate its
Kind; and their vaft Increafe will not feem
fo great a Wonder, if we confider, that
from Marck to December there may be feven
or eight Generations of them. After having
laid their Eggs they {oon 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
1s much the larger) ftanding over the Male,
"T'hey will alio be {een to lay their Eggs, not
all at once, but ten or twelve in a Day for

———

t Vid. 4re. Nato Tom IV, p. 325,
{feveral
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feveral Days fucceffively ; which Eggs hatch
in the fame Order.

A Diffection of the Flea may be effeGted
after the fame Method as that of the Louf,
that is, in Water : the * Stomach and
Bowels, with their periftaltic Motion may
plainly be diftingunifhed, and alfo the 4 Teftes
and Penis, together with Veins and Arteries
minute beyond Conception. LEEUWEN-
HOEK affirms, that he has likewife difcover’d
innumerable Animalcules fhaped like Ser-
pents in the Semen mafculinum of a Flea.

Two Things in this Creature deferve our
Confideration, to wit, its furprizing 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 %—Iorfe, the Camel, or the Ele-
phant, if compared with this puny Infe@!

A Flea’s Egg 1s thewn Plate XIII. Fig,
VI 1.

The Worm or Maggot proceeding from it,
Figy: V1%.. 2

* Vid. 4rc. Nat. Tom, IV. p. 20.
t Again, pag. 335.

CHAP,
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CHAP XXV,

Of SPIDERS.

" VERY Body is fo well acquainted with

", the general Form of a Spider, even
without the Affiftance of a Microfoope, that
1 fhall fpend no Time in the Defcription of
it: but proceed to give an Account of {ome
Particulars in this Animal, which are difco-
verable only by that Inftrument,

As a Fly (the Spider’s natural Prey) is
extreamly cautious and nimble, and comes
ufually from above, it was neceffary the
Spider {hould be furnithed with a quick
Sight, and an Ability of looking upwards,
forwards, and fideways at the fame time ;
and the Microfcope thews, that the Num-
ber, Structure, and Difpofition of its Eyes
are wonderfully adapted to ferve all thefe
Purpofes. i

Moft Spiders have 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 directly upwards ; two
others in Front, a little below thefe, to dif-
cover all that pafles forwards : and on each
fide a couple more, one'whereof points fide-

* N. B, Spider’s Eyes are not pearled.
ways
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ways forward, and the other fideways back-
wards : f{o that it can fee almoft quite round
it.  All Kinds of them have not indeed a
like Number of Eyes, for we find ten in
fome, in others only eight, fix, or four ; and
in the Field, Long-Legs, or Shepherd-Spider,
no more than two. But whatever the
Number be, they are immoveable and tranf-
parent ; are fituated in 2 moft curious Man-
. ner, and deferve the firiGeft Examination.
The beft Way of viewing them is, to cut off
the Legs and Tail, and bring only the Head-
part before the Microfcope.

All Spiders have eight Legs, which they
employ in walking, and two Arms or fhorter
Legs near the Mouth, that aflit 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, whereby they
cling faft to any thing ; and at a little Di-
ftance from thefe Claws a fort of Spur ftands
out, without any Tecth at all, See Fig. VII.
Plate XI1II.

But the dreadful Weapons wherewith the
Sprder {eizes 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

ferving
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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 lye
between two Rows of Teeth, that are like-
wife employ’d to hold faft its Prey. This
Apparatus is better thewn than defcribed :
See Fig. VIII.

Mr. LEruwENHOEK informs us, ¥ that
each of thefe Claws. or Pincers has a fmall
Aperture or Slit near its Point, asina Vipﬂr S
Tooth : thmugh which he fuppnfes a pm-
fonous Juice is injected into the Wound it
makes, occafioning Death to Flies and other
Inﬁ:&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, though he view’d
thefe Parts feveral times with a very good
Mzm}ﬁ*ﬂpe And he was the more confirmed
in this Oplnmn, by examining a Claw of the
great American S_pufﬂ, defcribed by Piso,
and called Nfﬂmda, given him by Mr. Pe-
TIVER : which being about fifty times big-
ger than that of any European Spider, if
there had been any Slit in it, he doubted
not his Glafs would have difc-:;ver’d it ; but
yet he found it to be quite {olid. Befides,

+ Vid. .d"zr Nat. Tom. IV. Par. IL p. 319.
' it
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after repeated Trials 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 {o
¢ great, and the wounding Weapons fo mi-

nute, that they could contain but a very
inconfiderable Portion thereof, if it were
‘¢ to be difcharged that way.”
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Spiders frequently caft their Skins, which
may be found in Cobwebs, perfectly dry and
tran{parent ; and from fuch Skins, the For-
ceps or Claws (for they are always thed with
the Skin) may eafier be feparated, and exa-
min’d with more Exaénefs 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
Diftinétnefs.  But neither this Way, nor
any other, have I been ever able to difcern

the Aperture Mr. LEEUWENHOEK {peaks
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,
whichadherestoanything itis prefled againft,
and being drawn out, hardens inftantly in
the Air, and becomes a String or Thread,
ftrong enough to bear five or fix times the
Weight of the Spzder’s Body. This Thread
1s compofed of feveral finer ones that are
drawn out feparately, but unite together two
or three Hairs Breadth diftant from the Bo-
dy of the Spider. 'The Threads are finer or
coarfer according to the Bignefs of the Spider
that {pins them. Mr. LEEUWENHOEK com-
putes that an hundred of the fineft Threads
of a_full-grown 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 calcu-
lates farther, that when young Spiders 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 Spz-
der 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 fo big as the fingle Hair of
a Man’s Beard. *

® Phil. Tran/. Numb. z72.

The
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TheEggs of fome Spiders are very pleafant
Objects, being round at one End and flattith
at the other, with a Depreflion in the Center
of the flattith End, and a yellowith Circle
round it. Their Colour is a blewifh White
like counterfeited Pearl; and when they
hatch, the /ittle Spiders come out perfeétly
formed, and run about very nimbly. The
Female depofits her Eggs, to the Number
of five or fix hundred, in a Bag flrongly .
compofed of her own Web, which the 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’d,
the minute Spiders appear very agreeably in
the Microfcope.

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 Diffection and Examination
of its feveral Parts, which it would be tire-
fome for me to dwell on here. I cannot,
however, concludethis Head, without point-
ing out two or three Kinds of sz'a’frs 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-f-‘

3 O
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of grow Prickles like Whin-Pricks. Some
have fix, fome eight Eyes, that may be di-
ftinétly feen, quick and lively: each Eye has
a Violet-blew Pupil, clear and admirable,
furrounded by a pale yellow Circle. *

The wandering or + bunting Spider, who
{pins 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 af-
ford likewife a moft delightful View.

t The Long-Legs, Field, or Shepherd-
Spider is a moft wonderful Creature: It has
two Fore-Claws at a great Diftance from
the Head, tip’d with Black like a Crab’s,
that open and fhut in the Manner of a Scor-
pion’s, and are Saw-like, or indented, on
the Infide. Cut all the Legs from this
Spider, and place it before the Microfcope,
and youll difcover, that the Protuberance
on the top of the Back is furnifh’d with two
fine Jet-black Eyes.

The little 7ed Spider that creeps on the
Barks of Trees thould alfo not be negleéted.

S

* Dr. Power’s Microfcop. Obferv. p. 13.
1 Hoox’s Microg. pag. 200. T Ibid. p. 14.
CHAP,
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C HAP. XXVL
Of theGnat,

HE Produ®ion of thisCreatureis from

an Egg, depofited by its Parent upon

the Waters, which firft becomes a #orm o
Maggot, then a very odd aguatic Animal,
(defcribed pag. 88.) and afterwards a Grar.
"The particular Beauties of it cannot pofii-
blybe difcovered without the Microfcope; but
by the Affiftance of that Inftrument, it ap-
pears to be aderned by Nature in a more
extraordinary Manner than moft other living
Creatures are. Its Tail-Part is cover'd over |
with Feathers, moft exquifitely difpofed in
Rows: of different Colours, but yet perfect-
ly tranfparent. The § Breaft (which is cru-
ftaceous) is bedecked with little fHff Hairs
or Briftles, inftead of Feathers; and from
thence {ix hairy Legs proceed, with fix Joints
to each, and at the End two little Claws.
The Feet are all over feather’d in a Manner
refembling the Scales of Fithes, with abun-
dance of little black Hairs amongft them,
appearing ftubborn like Hogs Briftles. Its
Wings are encompafled with a Furbelow of
long Feathers: and the Veins or Ribs that

§ SwamMmrD., Hifl, Generale des Infefes, p. 1c8.
B ferve
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ferve to ftrengthen them are alfo either fea-
thered or fcaled. Between thefe Ribs an ex-
ceeding thin tranfparent Membrane is ex-
tended, full of little black fharp-pointed
Hairs, that are ranged every where with the
utmoft Regularity.  But as there are 4 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: the Rib-work of the Wings,
likewife, in fome is feather’d, in fome {caled,
and in fome befet with Prickles.

But the moft wonderful Part of this Crea-
ture is its Head : as it contains the Horns,
the Sting or Sucker, and the Eyes. The
Horns of the brufb-horn’d or Male Gnat are
a moft charming Objet: it has two Pair,’
one whereof is furrounded, at little Diftances,
with long Hairs ifluing out circularly : each
Circle leflening more than other as it ftands
nearer the Extremity of the Horns : and the
whole, together, exaclly reprefenting the Fi-
gure of the Plant called Equifetum or Horfe-
Jail. The other Pair are longer and much
thicker than the foregoing, and hairy from
Fnd to End. In the great-bellyd or Female
(nat, the firft Pair of Horns, though of the

b S

t Mr. Deruam obferved near forty different Species of
Gnats about the Place where he lived, which was Upminfler
i ."._i_;.”?',t‘. Vide Fhyfico-Theolazy, p. 378.

fame
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fame Figure as the Males, has Hairs not

near {o long, and the fecond Pair s thorter
than the firft by at leaft three Parts in four.

The Piercer, Sting, or Sucker is a Cafe
cover'd with long Scales, that lies concealed
under the * Gnar’s Throat, when not made
ufc of. The Side opens, and four Darts are
thruft out thence, occafionally ; one where-
of (minute as it is) ferves for a Sheath to
the other three. The Sides of them are ex.
treamly fharp, and they are barbed or in-
dented towards the Point, whofe Finenefs is
inexpreflible, and fcarcely to be difcerned by
the greateft Magnifier. ~When thefe Darts
are thruft into the Fleth of Animals, either
fucceflively, or in Conjunion, the Blood
and Humours of the adjacent Parts muft
flow to and caufe a Tumour about the
Wound, whofe little Orifice being clofed up
by the Compreflion of the external Air, can
afford them no Outlet. When a Grar finds
any tender juicy Fruits, or Liquors, the fucks
up what the likes, through the outer Cafe,
without ufing the Darts at all : but if it is
Flefh, that refifts her Efforts, the ftings very
feverely, then theaths her Weapons in their
Scabbard, and through them fucks up the
Juices the finds there. The Pain they caufe

-

* Vid. Hiff. of Nat. Eng. 12mo Edit. Vol. I. P- 124.
Y2 13
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is only while they are entering, and continues
not when the Gnat is {ucking: nor is its
Stinging out of Revenge, but from mere Ne-
ceflity, to obtain a proper Suftenance.
 The Gnat’s four Darts are fhewn Plate
XL, Fag. IX. a..0. ¢ @, '

A Gnat’s Eyes, which form the greateft
Part of its Head, are pearled, or compofed
of many Rows of little femcircular Protube-
rances ranged with the utmoft Exactitude.
What thefe Protuberances are, and the Pur-
pofes whereto they ferve, will be explained
when we come to treat of the Eyes of Jn-

Jeéis.

The Motion of the Inteftines may be feen
in the tranfparent Parts of this Animal, and
upon Diffe¢tion many curious Difcoveries
may be made. Mr. LEEUWENHOEK fays
he found in the * Semen of the Male num-
berlefs Animalcules {maller than thofe in
Fleas, and in the Female a furprizing Quan-
tity of Eggs. And, indeed, the Spawn of
this Infect 1s amazingly great, in proportion
to its Size, being feen floating on the Waters
(though always faftened to fomethingto pre-
vent its {wimming away) fometimes above
an Inch in Length, and halfa quarter in Dia-
meter ; the Eggs (each of which has a little

* LeeuweN. Lrean. Nat. Tom, 1V. p. zz2.

black
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black Speck) being placed in exac Order,
and kept together by a fort of Gelly or glewy
Matter, which the minute Maggots, when
hatched, carry down with them to the Bot-
tom, and thereby cement together the fmall
Particles of Earth or Sand that form their
Cells or Cafes.

C H-A P IRVIL
Of the Ox-Fry, or GAD-BEE.

A NoTuEeR 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 fharp Dart or Darts ftheathed therein.
The Ufe of thefe Darts is to penetrate the
Flefth of Animals, and feed on their Blood :
whereas the Probofcis can only {erve to fuck
the Juices, Honies, or Dews, from Fruits,
Flowers, or the Leaves of Plants: and Pro-
vidence feems to have kindly furnifthed it
with this twofold Inftrument, that if one
Sort of Provifion fails, it may be able to fub-
{ift on the other. It is worth Enquiry whe-
ther Lice, Fleas, Houfe-Bugs, &c. are not
alfo provided for the fame Purpofe.

Pis The
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The Eggs of this Infet are depofited in
the Waters, and produce an extraordinary
Kind of little Worm or Maggot, the Extre-
mity of whofe Tail is incircled with moveable
Hairs, which being expanded on the Sur-
face of the Water, enable it to float along,
4+ as in Plate " VII. Fig. XIII. 2. When it
would defcend towards the Bottom, thefe
Hairs are made to approach each other in an
oval Form, and inclofe a little Bubble of Air;
by means whereof it is able to rife again :
and if this Bubble efcapes, as fometimes it
will, the Infect immediately {queezes out of
its own Body another like Bubble to fupply
the Place thereof. The Maggot, as defcend-
ing, i1s thewn Fig. XIII. 4. Its Snout has
three Divifions, whence three little pointed
Bodies are thruft out, in continual Motion,
like the Tongues of Serpents.

Thefe Maggots are frequently to be met
with in Water taken from the Surface of
Ditches. The Motion of their Inteftines are
perfetly fingular and diftinguifhable, and

they are Objectswell deferving our particular
Obfervation.

- —

T Vid. Swamwmero, Hiff. Generale des Infelles, p. 148.

CHAR
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C H AP XXVII.
Of the STiNGs of INsECTS.

HE fbarp and penetrating Infiruments
wherewith the Tails of Bees, Wafps,
Hornets, Ants, and fome other Infe&ts are
armed, Idiftinguifh by the Name of St7ngs -
being Weapons given them by Nature to
defend themf{elves and offend their Enemies;
whereas the Trunk or Probsfcis which Gnats,
Fleas, Lice, and many other Kinds carry in
their Mouth, though it maybe equally {h arp,
is not intended as an Inftrument of Revenge,
but for procuring and fucking in their Food ;
and therefore, when fuch Creatures bite or
fting us, as we term it, we muft not ima-
gine they do fo out of Anger, but from Ne-
ceflity. Squeeze or {trike a Bee or Walp,
it inftantly puts forth its S#7#z¢g, but no Pro-
vocation can urge a Gnat or Flea to bite :
on the contrary, when difturbed or hurt they
draw in their Probofcis inftead of thrufting
it out, and never make ufe of it but when
they think themfelves perfettly fafe and
quiet. Thereis befides, this farther Diffe-
rence : a Sting injefls a venomous Liquor
into the Wound it makes, but a Probofcis
fucks or drawws out the Blood and Humours

from it.
P 3 As



g Of a Bee’s Sting.

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 Microfcope.

CoH AP XRTX
Of a BEE's STiNG.

HE Sting of a Bee is a horny Sheath

or Scabbard that includes two bearded
Darts. This Sheath ends in a tharp Point :
near. the Extremity whereof a Slit opens,
through which, at the Time of ftinging, 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 Fleth 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 theWound immediately
to give it fome Difcharge,

The
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The two Darts lye within the Sting as in
Plate XTII. Fig. X. 4.

When thruft out they appear as in Fig. X.4.

Mr. DeruaAM fays, he counted, in the
Sting of a Wafp, eight Beards on the Side of
cach Dart, fomewhatlike 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, fhe leaves her Sting behind fticking
in the Wound: but if he has Patience to
ftand quiet, till fhe 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 {o liable as a
Bee to leave its Sting behind, the Beards of
it being rather fhorter, and the Animal
ftronger and more nimble.*

To view the Sting of a Bee by the M;-
¢rofcope, cut off the End of its Tail, and
then touching it with a Pin or Needle, it
will thruft out the Sting 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 Szing will be

* Vid. Deruan’s Phyf. Theol. p. 241, Speld. de la Nat.
Dial. VI, .
left.
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left therein, being unable to difengage its
Hooks from Leather : and when it is 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
{queezing the Tail, pulling out the Sting,
and preffing it at the Bottom, you may like-
wife force up the Darts; but without fome
Practice this will be a little difficult.

The Bag containing the Poifonous Juice -
mﬁy eafily be found at the Bottom of the

Sting and examin’d, being commonly pul-
led out with it: and, by letting the Bee
{trike its Stzzg upon {fome hard Bc:dy, enough
of the f{aid Juice may be obtained to put upon
a Slip of Glafs, in order to view the Salfs,
floating therein at firft, and afterwards thoot-

ing into Cryftals.

C.H AP KRR,

Of the STING of @ ScorPION,

OW far the Stzng of a Scorpion is of a

like Structure with that of a Bee I ne-

ver had the Opportunity of examining, as
none of them are brought alive to England ;
but the Curious that go abroad to hot Coun-
tries, where they are produced, would do

well to obferve, particularly, whether 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 diffe-
rent as to this Creature’s havin g or not hav-
ing any Opening in its St/ng, through which
a Poifon iffues into the Wound it makes.
GALEN fays, there is none: Priny, TEr-
TULLIAN, EL1AN, ALDROVAND and Others
affert, on the contrary, that thereis. ButI
think this Matter is fet in the trueft Light
by Seignior REDI, that diligent Naturalift,
who took the Pains to examine Scorpions
brought from Tun1s, from EcypT, and
from ITALY, in order to difcover this Aper-
ture, with two of the beft Microfcopes in
the Mufeum of the Grand Duke of Tus-
CANY, one whereof was made at RomMmeE,
and the other in ENGLAND: but, though
thefe Glafles were excellent, he was unable
to difcern the leaft Perforation. However,
not fatisfied with only viewing them, he en-
deavoured, by Preflure, to {queeze from the
Cavity of the St7ng 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 2
Plate of Iron, but no Moifture appeared
thereon ; f{o that he began to conclude Ga-
LEN’s Opinion right; when he difcovered,
accidentally, an exceeding fmall and almoft
mnvifible Drop of white Liquor upon the

3 Sting ;
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Sting * ; which convinced him that Er1an
fays true, where he afferts, 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 {everal Scorpions, at the Time of their
Striking : which Drop entering the Wound,
produced the moft fatal Effeéts. 4

What a virulent and furpnzmg Poifon .
muft this be ! that, in fo 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 affured it will ! How {ubtle, how pene-
trating, how divifible, muft the component
Particles of this little Speck of Venom be!
and how ftrong a Proof it affords, that the
greate{t Changes imaginable may be wrought
in the human Body, by the Admixture of
different Liquors with the Blood even in the
{malleft Quantities !

* Vid. Rep1 de Gener. Infei?. p. 127.

+ Mr. Leruwenuoek difcovered an Opening on Eat:h
Side of the Sting for the Emiffion of this Poifon; which he
fuppofes is not difcharged till the Sting is buried in the Wound.
Vid. Are. Nat, Tom, 11, p. 167.

4 CHATY.
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CH'A P, XIli
Of the PoisoN of a ViIPER.

HE Mifchief done by the 77per, orany

other Serpent, is not effe¢ted 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 perfectly harmlefs :) but its Teezh are
the dreadful Weapons wherein the Poifon
lies, and its Bife is all we need to fear.

Dr. MEAD, in his moft valuable Effay on
the Poifon of the Viper, has defcribed thefe
T'eeth and their Poifon {fo much better than
it is poffible for me to do, that I fhall beg
Leave to borrow the chief I have to fay from
him.

The poifonous 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 Di-
ftanceof it: asmay be feenby{plittinga Tooth
through the Middle. This Cavity ends ina
vifible Slit refembling a Nip or Cut of a Pen.
See Plate XIII. Fig. XI. The Poifon is
ejected through this Slit from a Bag at the
Root of the Teeth, into which it is difcharg’d
by a Du¢t 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 zper may be
got by enraging it till it bites on fomething
folid.- This Juice the Doctor put carefully
on a Glafs Plate, and examined it by the M-
crofcope.  Upon the firft fight he could dif-
cover nothing but a Parcel of {mall Salts
nimbly floating in the Liquor : but in avery
fthort Time the Appearance was changed,
and thofe f{aline Particles were now fhot out
as it were into Cryftals of an incredible
Tenuity or Sharpnefs, with fomething like
Knots, here and there, from which they
feemed to proceed : fo that the whole Tex-
ture did in a manner reprefent a Spider’s
Web, though infinitely finer and more mi-
nute ; and yet withal, fo rigid were thefe
pellucid Spicula or Darts, that they remained
unalter’d upon his Glafs for feveral Months.
And, by confidering the neceflary Effe@s of
fuch Spicula in the Blood, this learned Phy-
fician accounts very reafonably for all the
Symptoms ufually fucceeding the Bite of this
Animal.

Gaven fays, the Mountebanks of his Time
- ufed, with fome kind of Patte, to ftop the
Perforations in the Teecth of Vipers, whereby
they kept in the Venom ; and then would
fuffer themfelves to be bit, pretending their
Antidotes prevented any ill Effeéts.

CHAT,
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CHAP XXXIL
Of the SN A1L.

HE * Snail has four Eyes, at the End

of optic Nerves, theathed in her Horns,
which fhe can draw in, or thruft out, turn,
or direct, as fhe finds moft convenient.

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

The Diffection of this Animal is Very cu-
rious ; for the Microfeope does not only thew
the Heart, beating, juft againft a round Hole
near the Neck, which feems 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 capillary white Veins. The Mouth
is like a Hare’s or Rabbet’s, with four or fix
Needle-Teeth refembling thofe of Leeches,
and of a Subftance like Horn,

Snails are all Hermaphrodites, havin g
both Sexes united in each Individual. They
lay their Eggs with great Care in the Earth}

* Vide Power's Obferv, p. +8. LisTer Exerc. Anaton.
L00h] i § peét. d: la Nature, Dial, XI,

and
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and the Young Ones come out, when hatch-
ed, with Shells compleatly formed, and of a
Minutenefs proportionable to their own Size.
Thefe little Shells enlarge, as the Snails ad-
vance in Growth, by the Addition of new
Circles, of which Circles they always conti-
nue to be the Center.

Cutting off a Suail's Head, a /Zittle Stone
appears, -+ which from its diuretic Quality is
of fingular Servicein gravelly Diforders. Im-
mediately under this Stone the beating Heart
is feen, with its Auricles, which are mem-
branous ; all of a white Colour, as are alfo
the Veflels ifluing therefrom. This izl
Stone {eems intended to ferve inftead of a
Breaft-Bone, which moft other Creatures
have. _

It is very remarkable that Sna:/s 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 thape refembles the
Penzs of a Whale.

+ Vid, SwamMerpaM. Hiff, Gerer. des Infefds, p. 77,

i AE,
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CH AP, XXXIII.
Of the common FrLy,

¥ \HE common Fly is adorned with Beau=
ties not to be conceived without a Mj-
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 In-
ftrument to take in its Food : a Pair of thort
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 fharp
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 Fjys
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 tranfparent than others, and in fuch
the Motion of the Guts may be feen very

* Spedtacle de In Nat. Dial. VII. v :
(:‘)‘_~ dlﬁlﬂ&:
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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,
numberlelsVeins may likewife be difcovered,
difperfed over the Surface of its Inteftines:
for the Veins being blackith, and the Inte-
ftines white, they are plainly vifible by the
Microfcope, though two hundred thoufand
times flenderer than the Hair of a 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 is
furnithed with a moveable Tube at the End
of her Tail, by extending of which fhe
can convey her Eggs into convenient Holes
and Receptacles, either in Flefh or fuch
other Matters as may afford the Youn 2 Ones
proper Nourifhment. From the Egos come
forth minute Worms  or-Maggots, which
after ibcding for awhile, in a vc:_nra'ciuus Man-
ner, arriving at their full Growth, become
transformed into little brown Aurelias

S

o
-

¥ Arc. Nat. Tom. 11, p. 77,
| whence,
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whence, after fome time longer, tflcy iflue
perfect Flies. - |

It would be endlefs to enumerate the dif-
ferent Sorts of Fljes, which may continually
be met with in the Meadows, Woods and
Gardens; and impofiible to defcribe their
various Plumes and Decorations, fur affing
all' the Magnificence and Luxury of Drefs
in the Courts of the greateft Princes. Ever
curious Obferver will find them out himfelf,
and, with Amazement and Adoration, lift
up his Eyes from the Creature to “the
CREATOR, W~ b

C H AP0V
Of the WerviL, o Corn-BEETLE,

HE Weevil and the 75{f are two kinds
of {mall Infects that do abundance of
Mifchief to many Sorts of Grain, by eat-
ing into them and devouring all their Sub-
ftance. |
The Weevi! is fomewhat bigger than a
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
is very long in Proportion to its Body) are a
fort of Forceps or fharp 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 maintainabove one or
two of the young Brood when hatch’d) and
this fhe does to five or fix Grains every Day
for feveral Days together. Thefe Eggs, not
-above the Size of a Grain of Sand, in about
feven Days produce an odd fort of white Mag-
got, which wriggles its Body pretty much,
but 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 Aurelza,
which in about fourteen Days comes out a
perfect Weevil.

As many People are unacquainted with
the Weevil, a Picture of it is given PlateXIII.
Fig. XII.

Weevils when in the Egg, or not come

to their perfect State, are often devoured by
Mites.

+ Vide Lievwin, Epift. de fexto Augufii 1687. ad Reg,
Societ.
e HX B
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CHR P. XXXV
Of the WouLlr.

HE Wolf is a little white Worm or

Maggot thatinfefts Granariesand Corn-
chambers, and unlefs proper Care be taken,
will do unfpeakable Damage. I callita
Worm or Maggoet, becaufe under that Form
it does the Mifchief, though in its perfect
State it is really a fmall Morh, whofe Wings
are white, fpotted with black Spots.

This little Maggot has fix Legs; and, as
it creeps along, there iffues 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 reddith Forceps or biting Inftrus
ments, wherewith it gnaws its Way, not only
into Wheat and other Grain, but perforates
even wooden Beams, Boxes, Books, and
almoft 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 fearch 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-
& 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 tharp Fangs, capable of conceal-
ing them : and there, enveloping them{elves
in a Covering of their own Spinning, foon
become metamorphofed into dark-coloured
Aurelras.

Thefe Aurclias continue all the Winter
unaltive and harmlefs : but about 4pri/ or
May, as the Weather grows warm, they
are transformed a-new, and come forth
Moths of the Kind above defcribed. 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
foon copulate and 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,
{hethruftsor infinuatesintothelittleWrinkles,
Hollows, or Crevices of the Corn; where,
in about fixteen Days they hatch, and then
the Plague begins : for the minute Horus
or Maggots immediately perforate the Grain

+ Vid. Leevwes. Exgeriment. & Couternpl. Ep'. =1,

they
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they were hatched upon, eat out the very
Heart of it, and with their Webs cement
other Grains thereto, which they likewife
{coop out and devour, leaving nothing but
Huiks, and Duft, and fuch a quantity of
their Dung, as thews 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 his Corn. One is, when
they forfake their Food and afcend theWalls,
which they will fometimes almoft cover :
the other, when they appear in the Mosh
State. At both thefe Times they may be
crufthed to Death againft the Walls in great
Numbers by clapping Sacks upon them:.
But they may ftill be exterminated more
effetually, if clofing up all the Doors and
Windows, the Corn-Chamber be filled with
the Fumes of Brimflone by leaving it burning
on a Pan of Charcoal, without giving it any
Vent far twenty-four Hours. Great Cau-
tion, however, muft be ufed, to open the
Windows and Doors, and let all the Fumes
be entirely gone, before any body enters the
Place afterwards, for Fear of Suffocation.
The Fumes of Su/phur are in no wife hurt-
ful to the Corn, or give it any Tafte.

The Pi¢ture of the #%lf in its Reptile
State, (when it goes by that Name) ig thewn
Plate X1II. Fig. XIII. a.

Q\_gﬂ Its
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Its Appearance when transformed into a

Mozh is feenTig. XI1II. 4.

OldCorn s lefs fubject 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 /iztle Maggors when firft
hatch’d to penetrate.*®

£ B AP ZXXVL
Of the pearled Eyes of + INsECTS.

HE Eyes of Infelts are amazing Pieces
of Mﬁchamfm, whofe Structure and

Difpofition, without the Affiftance of the
Mfﬂ?"ﬂﬁ‘ﬂﬁf, would for ever have been un-
known to us.——Beetles, Dragon-flres, Bees,
Wafps, Ants, common Flies, Butterfiies, and
many other Infef?s have two Crefcents, or
immoveable Caps, compofing the greateit
Part of the Head, and containing a prodi-
gious Number of little Hemz/pheres or round
Protuberances, placed with the utmoft Re-
gularity and Exa¢tnefs in Lines croffing cach
other, and refembling LatticexWork. Thefe

* I call this Infect the #o/f from the Latin Name Lupus ;
given, I {uppofe, for its Voracionfnels.

+ Vide SpeFacle de la Natwre, Dial. VIII. Hook’s
Micreg, p. 103. LEEuw. Arc. Nat. Tom. 11. Pan.II.p..p.
Again, p. 424. Deruam’s Phyf. Thed. p. 364.

are
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are a Collection of Eyes, fo perfectly {mooth
and polifhed, that like fo many Mirrors they
refle¢t the Images of all outward Objects.
One may {ee the Figure of a Candle multi-
plied almoft to Infinity on their Surfaces,
thifting its Beams into each Eye, according to
the Motion given it by the Obferver’s Hands :
and as other Creatures are obliged to turn
their Eyes to Objeés, this Sort have fome
or other of their Eyes always ready directed
towards Objects, on whatever fide they pre-
fent themfelves. In fhort, all thefe little
Hemifpheres are real Eyes, having in the
middle of each a minute tranfparent Lens and
Pupil, through which Obje&s appear topfy-
turvy as through a convex Glafs : This be-
comes alfo a fmall Telefcope when there is a
juft focal Diftance between it and the Lens
of the Microfcope. It is alfo reafonable to
believe, that every Lens has a diftin& Branch
of the Optic Nerves adminiftring to it : and
yet, that Objects are not multiplied, or ap-
pear otherwife than fingle, any more than
they do to us, who fee not an Object double
though we have two Eyes.

Every Man almoft that has feen a Micro-
feope has been entertained with a View of
thefe minute Eyes, and yet very few perhaps
have well confider’d either the Nature or
the Number of them. Mr. Hook com-
puted fourteen thoufand Hemifpheres in the

3 two
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two Eyes of a Drone, viz. {even thoufand
in each Eye. Mr. LEcuwenuOEK reckoned
{ix thoufand two hundred thirty-fix in a
Stlk-Worm’s two Eyes, when in its Fly-ftate ;
three thoufand one hundred eighty-one in
each Eye of a Bertle : and eight thoufand
in the two Eyes of a common Fly. The
Libelle, Adder-Bolt, or Dragon-Fly, is-the
moft remarkable of all the Infeéts we know
for its large and fine pearled Eyes; which
even with a common Reading Glafs appear
like the Skin we call Shagreen, Mr. LEEU-
weNHOEK reckons in each Eye of this
Creature, twelve thoufand five hundred forty-
four Lenfes, or, in both, twenty-five thou-
fand eighty-eight ; placed in an hexangular
Pofition, each Lens having fix others round
it ; which is alfo the Order moft common in
other Eyes. He likewife obferved in the
Center of each Lens a minute tran{parent
Spot, brighter than the reft, and {fuppofed to
be the Pupi/ thmu%h which the Rays of
Light are tranfmitted upon the Retina. This
Spot had three Circles furrounding it, and
{feemed feven times lefs than the Dlamet:r
of the whole Lens. We fee here, in each
of thefe exceedingly minute /lenticular Sur-
faces, as much Accuracy in the Figure and
Polifh, and 25 much Cﬂntm ance and Beauty
as in the Eye of 2 Whale or an Elephant :
and how delicate, how exquifitely delicate
muft the Filaments of the Rezzna be which
ferve
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ferve to each of thefe, fince the whole Pic-
ture of Obje@s painted thereon, muft be
Millions of times lefs than the Images of
them pictured on the human Eye!

. If we cut off the Eye of a Dragon Fly,
of a2 Drone, or of a common Fly, and with
a Pencil and fome clean Water wath out
all the Veflels, thofe Veflels may be exa-
min'd by the Microfcope, and the Numbers
of them will appear wonderful and furpriz-
ing ; and then if ‘the outward Covering be
dryed carefully, fo as not to fhrink, it will
be rightly prepared for making Experiments
with the Microfcope : and, upon viewing it,
we fhall perfectly diftinguith the numerous.
Protuberances or Hemifpheres, divided from
one another, with a {mall Light iffluing be-
tween them, and fix Sides to each. Mr.
Leruwennork having prepared an Eye
in this Manner, placed it a little farther
from his Microfcope than when he would
examine an Object: {o as to leave a right and
exact focal Diffance between it and the Lens
of his Microfcope ; and then, looking thro’
both, in the Manner of a Telfiope, at the
Steeple of a Church, which was two hun-
dredp ninety and nine Feet high, and feven
hundred fifty Feet from the Place where he
ftood, he could plainly fee, thro’ every little
Lens, thewhole Steeple, inverted, tho’ notlar-
ger than the Point of a fine Needle: and then
: direci-
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dire@ing his View to a neighbouring Houfe,
he {aw, 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 diftin&tly whether the
Windows were fhut or open.

There can be no doubt, that Lice, Mites,
and multitudes of other Animalcules, much
{maller ftill than they, have Eyes contrived
and fafthion’d, to difcern Objeéts fome thou-
fands of times lefs than themfelves: for fo
the minute Particles they feed on, and many
other Things neceflary for them to diftin-
guifh and know perfectly, 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 awe
could fee as zbey do !

CHAP XXXVII

Of the Antennz, Feelers, or Horns of
INSEEeTs.

HE Horns of Infeéts have been thought
by many defigned only to clean their
Eyes, by wiping oftf any Duft that may fall
thereon : but as we cmiﬂantly obferve them
performs-



or Horns of Infelts. 231

performing that Office with their Fore-legs,
‘tis 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. DErRuaM
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 di-
ftant Objects: they would be infenfible of,
and apt to run their Heads again{t Bodies
very near them, were they not aflifted by
their Feelers.

And that this, rather than wiping the Eyes,
1s the chief Ufe of the Feelers, is farther
manifeft from the Antenne of the Flefh-
Fly, and many other Infefts, which are
fhort and ftrait, and uncapable of being bent
down to, or extended over the Eyes : as alfo
from others enormoully long, fuch as thofe
of the Capricorni or Goat Chafers, the
Cadew Fly, and divers others both Beet/es
and Flies,

* Deruaw’s Phyfico-Theol. p. 365.
The
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The lamellated Anfenne of fome; the
clavellated of others, the Topknots or Thufts
like Dandelion Seeds, the branched, the fea-
thered, and divers other Forms of Horns of
the Beetle, Butterfly, Moth, Gnat, and many
Kindsbefide, arefurprizingly beautiful when
viewed through a Microfcope. And, in fome,
thefe Antenne diftinguifh the Sexes; for in
the Gnat-%ind all thofe with Tufts, Feathers,
or Bruth-Horns (of which there are great
Varieties) are Males : thofe with fhort fingle-
fthafted Horns are Females.

C.H.A P, XXXVIII
Of the WinGs of INsECTS.

H E R E is {fuch infinite Variety in the
Contexture, Formation, Difpofition
and Ornaments of the #ings of Infeéts, ac-
cording to their different Wants and Ways of
Life, that nothing but a curious Obfervation
can make us have any true Conception of it. -
Some Wings are filmy, as thofe of Dragon-
Flies : others are ftuck over with fhort Bri-
ftles, as in Fle/h-Flies ; fome are Films co-
vered with fhort Feathers, like the Tiles of a
Houfe, as in Butterflies and Moths ; others
have divided Wings, as the grey and white
Jeathered
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Jeathered 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 Cafes, 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 Beet/es; and others are
very fhort, as in the Earwjz. Many of
them are likewife extreamly beautiful when
brought before the Microfcope. |

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 numberlefsDivi-
fions, and conveying Nourithment to the in-
termediate Parts: for though no Circulation
can be difcerned in them, it being probably
extreamly 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 filmy move
fafter than thofe covered with Feathers, Mr.
Hooxk 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 fwifteftVibrations in

the
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the World : whence he refleéts very ingeni-
oufly, on the Quicknefs of the Animal Spi-
rits, thatferve to fupply 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 Exatnefs in
orderly Rows ; as, when rubbed off, the
Holes they come from fhew : but few, it
may be, have much obferved the great Va-
riety 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 difficult to
find any two of them exadtly alike.

Rub thefe Feathers gently off, with the
End of your Finger, or Pen-knife; and,
breathing upon a fingle T2/ in one of your
Sliders, apply 1t to the Feathers, which feem
only like a fine Duft, and they will imme-
diately adhere to it: then placing it before
the Microfcope, if they are not perfect, or
lye not to your Mind, wipe them off, and
put on others in the fame Manner, till you
get thofe you like: then cover them with
another Talc, and faften it down with 2
Wire, that you may preferve them for future
Examination. Look at them with the #b/7d
or fourth, then with the ferond, and at laft

with the greareft Magnifier. :
The
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~ The Wing of a Midge is a moft curious
Object, and fo indeed is every Part of that
minute Infe&. The Wing of the little Pluye
Moth is compofed of feveral diftinét Quills,
like thofe of Birds. There are alfy 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 Subject of Enquiry “and
Admiration.

S
—— T

CHAP XXXIX,
- Of the Ballances or Poifes o Infedts.

OS T Infe&s having but two Wings, -
are provided with a little Ba// or
Bladder under each, fet at the Top of aflen-
der Foot-ftalk, which is moveable every Way
at Pleafure. With thefe they éallance them-
felves in Flight as a Rope-Dancer does with
his Pole leaded at each End ; and if one of
them be cutoff, the Creature flies for a while
very awkardly, as if over-heavy on one Side,
and falls at laft to the Ground.” Thefe Blad-
ders, being hollow, may ferve likewife to pro-
duce the Noife many Sort of Flies make, by
ftriking their Wings again{t them, and be 3
Means of finding out one another, In fome
SRR IR s Creatures
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Creatures they ftand alone, but the whole
Fly-Tribe have little Covers or Shields under
which the y lye and move. Infeéts that have
four Wings ballance themfelves with the two
lefler Ones, and, as they want not, have none
of thefe little Poifes. 'The Microfcope may
probably find out ftill farther Beauties, Con-
trivances and Ufes for them than have been
yet difcovered.,

Cobl R he Xl

Of the ScarLEes of Fisues.

HE Scales or outfide Coverings of
Fifbes 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 {quare,
and fome or other of all Shapes we can well

imagine. Some, again, are armed with fhar
Prickles, asthofe of the Pearch, Soal, &c.
Others have fmooth Edges, as of the Cod-
Fifb, Carp, Tench, &c. There is likewife a
great Variety even in the fame Fifh; 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 Variety, Beauty, Regularity, andthe
Qrder
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Order of their Arrangement, the Scales of
. Fifhes bear a near Refemblance to the Fea-
thers on the Bodies and Win gs of Moths and

Butterflies.

Thefe Scales are not fuppofed to be thed
every Year -, nor during the whole Life of
the Fith; but to have an annual Addition
of a new Scale, growing over and extending
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 yearly 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, {o in Fifhes
the Number of Plates compofing their Scales
denote to us their Age. Itis alfo probable,
that as there is a Time of Year when Trees
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 F cathers
and Hairs demonftrate.

Mr. LEEUWENHOEK took fome  Sea/ss
from an extraordinary large Carp, forty-two
Inches and a half long, and thirty-three and
a Quarter in the Round, Rynland Meafure,

e

T Vid, Lseuwey, Epitt. Phyfiol, Epiff. 24 Maii 1716.
X2 which
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which were as broad as 2 Dollar. 'Thefe he
macerated in warm Water to make them
cut the eafier: and then cutting obliquely
through one of them, beginning with the
firft-formed and very little Scale in the Cen-
ter, he, by his Microfcope, plainly diftin-
guifthed forty Lamelle or Scales, glewed as it
were overoneanother; whence he concluded
that the Fifh 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, it will be found covered
with exceeding {mall Scales, ranged in a
very orderly and pretty Manner : and I be-
lieve few Fifhes, 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 Nippers,
wath them very clean, and place them in a
{mooth Paper, between the Leaves of a
Book, to make them dry flat, and prevent
their thrivelling up. Then place them be-
tween your Talcs in Sliders, and keep them
for Examination.

The Snake, the Viper, the Skw-Worm,
the Lizard, the Eff, &, afford a farther
Variety of Scales.

+ Arcan, Nat, Tom, III, p. 214.
CarA P
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C-H A P. “XH.
Of the OvsTER.

[N the clear Liquor of an Oyfer many
little round living Anzmalcules have been
found, whofe Bodies being conjoin’d formed
{pherical Figures, with Tails, not changing
their Place but by finking towards the Bot-
tom, as being heavier than the Fluid: Thefe
were {een fometimes feparating, and prefent-
ly afterwards coming together and joining
themfelves again. In other Oyfters Znimal-
cules of the fame kind were found, not con-
joined, butfwimming by one another, whence
theyfeemed in a more perfet State, and were
fuppofed by Mr. LERUWENHOEK to be the
Antmaleules in the Row or Semen of the
Oyfter. 1
A Female Oyfter being opened, incredible
Multitudes of minute Embryo-Oyflers cover'd
with litcle Shells perfe@ly tran{parent were
plainly feen therein, fwimming along flow-
ly: in another they were found of a brownith
Colour without any apparent Life or Mo-
tion. Monfieur JoBror kept the Water
running from Oyflers three Days, and it ap-
peared full of young Oyffers that fwam about

R

% #rc. Nat. Tom. IL Par. L. p. sz 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 Oyffers, all alive, and {wimming
brifkly in the Liquor, by the Means of cer-
tain exceeding {fmall Organs extending a little
Way beyond their Shells, which he calls their
Beards. In thefe little Oyffers he could di-
ftinguifh the joining of the Shells : and per-
ceive fome that were dead, with their Shells
gaping, and as like large Oyffers in Form, as
one Egg is like another.

As for the Size of thefe Embryo-Oyflers,
he computes, that one hundred and twenty
of them in a Row would extend an Inch ;
and, confequently, that a globular Body
whofe Diameter 1s an Inch, would, if they
were alfo round, be equal to one Million
{even hundred and twenty-eight thoufand of
them. * He reckons three or four thou-
fand are in one Oyffer, and found many of
the Embryo-Oyffers among the Beards, fome
faftened thereto by flender Filaments, and

e

* Vid. 4re. Nat. Tom. IV. p. s513.

others
'
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others lying loofe. He likewife found other

Animalcules in theLiquor, five hundred times
{maller than Embryc-Oyfiers.

CHAP. XLIIL

Of the LigHT on OYSTERs.

¥ T is not very uncommon to fee on the

Shells of Oyfters, when in the Dark, a
Jhining Matter, or blewifb Light, like the
Flame of Brimftone, which fticks to the
Fingerswhen touched, and continues thining
or giving Light a confiderable time, though
without any fenfible Heat . Monf. AuxavT
obferved this fhining Matter with a Micro-
{cope, and difcovered it to confift of three
Sorts of Animalcules. 'The firft whitifh,
having twenty-four or twenty-five Legs on
each Side, forked ; a black Speck on one
Part of the Head ; the Back like an Ee/
with the Skin ftrip'd off. The fecond Sort
red, refembling the common Glow-worm,
with Folds on its Back, but Legs like the
former, 2 Nofe like a Dog’s, and one Eye
in the Head. The third Sort f{peckled, a
Head like a Soz/, with manyTufts of whitith
Hairs on the Sides thereof. He faw alfo
fome much larger, and greyifh, having a

t Vid. Phil. Tranf. Numb. 12,
R 4 greas
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great Head, two Horns like a Snail’s, and
fix or eight whitifh Feet: but thefe fhined

not.

As the Bodies of Lobfters and fome other
Kinds of Fifhes, tainted Flefh, rotten Wood,
and other Subftances are fometimes found to
fhine, with aLight refembling the foregoing,
may it not probably proceed from the fame
Caufe, viz. from Animalcules 2 Some have
alfo fuppofed, that the Ignis Fatuus, Will-
in-a-Wilp, or Fack-a-Lantborn, 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 favour-
able to fuch Opinion.

The Curious will judge it proper to exa-
mine this Matter carefully, and to them it is
{fubmitted.

GRS XEH L
Qf the MuscLE:

Have obferv’d already, in the 127th Page
4 of this Treatife, that a Mufcle 1s 2 moft
delightful Objet for the Microfcope ; and
that. in the tranfparent Membrane, which
immediately appears on opening of the Shell,

the
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the Blood may be feen circulating through
an amazing Number of Veflels, even in the
{malleft Particle of it that can be applied for
Examination.

Mr. LEruweNHOEK, in feveral that he
diffected, difcovered Numbers of Eggs or
Embryo-Muféles in the Ovarium, appearing
as plainly as if he had feen them with the
naked Eye, lying with their- tharp Ends
faftened to the Strings or Vefiels whereby
they receive Nourithment. Thefe minute
Eggs or Embryo-Mufcles, are, in due Time,
laid or placed by the Parent, in a very re-
gular and clofe Order, on the Outfide of the
Shell : where, by Means of a glewy Mat-
ter, they adhere very faft, and continually
increafe in Size and Strength, till becoming
perfect Mufcles, they fall off and fhift for
themfelves, leaving the Holes where they
were placed behind them. This, abundance
of Mufcle-Shells viewed by the Microfeape
can thew. Sometimes two or three thoufand
of thefe Eggs adhere to the Shell of one Muf
cle;; but ’tis not certain they were all fixed
there by the Mufcle itfelf, for they frequently
place their Eggs on one another’s Shells.
The fringed Edge of the Muicle, which
Mr. LEruwENnOEK calls the Beard, has
in every the minuteft Part of it fuch a
Variety of Motions, as is unconceivable : for
being compofed of longith Fibres, each Fibre
has on both Sides a vaft many moving Par-

3 ticles,
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ticles, 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 Mufcles
be put into Salt and Water, we may have
the Pleafure of feeing them perform this
Work, and faften themfelves to the Sides or
Bottom of the Veflel we place them in.

Cockles, Scallops, Limpets, Periwinkles,
and Abundance of other Shell-Fifh, are Ob-
jets that have as yet been very flightly exa-
mined by the Microfeope; and, therefore,
the ferious Enquirer into Nature’s fecret Ope-
rations may here be certain of difcovering
Beauties which at prefent he can have no

Conception of.

'I‘P.E?irfﬂ_"ﬁ Tfﬂ?y‘.ﬂ&. Numb; 336- Aff'f. Nﬂfi Tﬂm. IE.
p. 19. &c. Tom. 1V, p. 423, &c.
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CHRTL. ALIV.
Of Ha1Rrs,

¥ YHE Hairs of Animals are very diffe-

rent in their Appearance before the
Microfcope, and can furnifh out a great Va-
riety of pleafing Obfervations. MALPIGH]
difcovered them to be tubular, that is, com-
pofed of a2 Number of extreamly minute
- Tubes or Pipes, in his Examination of a
Horfe’s Main 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 very
- plainly, together with elegant medullary
Valves and Cells,

There are alfo in the Hasrs of many Ani-
mals, in fome tranfverfe, in others fpiral
- 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 {mooth but jagged
on the Sides, and terminate in the fharpeft
Point imaginable, Hairs taken from a

* Vid, 4rcan. Nat. Tom. I11. p. 47. i
Moufe’s
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Moufe’s Belly are leaft opake, and fitteft for
the Microfcope.

The Hairs of Men, Horfes, Sheep,
Hogs, &¢. are compofed of {mall, long, tu-
bular Fibres or {maller Hairs, encompafled
with a Rind or Bark ; from which Struture
a Split Hair appears like a Stick fhivered with
beatmg They have Roots of different
Shapes in dlﬁ'ercnt Animals, become length-
ened by Propulfion, and are thicker to-
wards the Middle than at either End.

Hairs of Indian Deer are perforated from -
Side to Side : our Englifb ones feem covered
with a kind of fcaly Bark. The Whifkers
of a Cat, cut tran{verfly, have fomewhat in
the Middle like the Pith of Elder. * The
Quills of Porcupines or Hedge-hogs have
alfo a whitith Pith in a ftar-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 Egye-
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.
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CH. AP XLV

Of the FARINA of FLoWERs,

H E 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
firi¢eft and moft attentive Examination.
This Powder, whofe Colour is different in
Flowers of different Kinds, was imagined,
by former Ages, to be a meer excrementi-
tious and unneceflary Part of the Plant: but
the Microfcope here alfo has made furprizing
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 themi{elves.

It was impoflible to obferve this Order
and Configuration of the Farine, without
concluding, that Providence, which never
a&ts in vain, muft intend a nobler Ufe for
Bodies fo regularly formed, than to be diffi-
pated by the Winds and loft. This RefleGion
drew on farther Examination ; and farther
Examination, by the Help of the fame In-
ftrument, 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 Piflil, 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
{hed their Powder, the Seed becomes barren
and unprodudtive.

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-
longs.—=— It is wonderful to obferve the va-
rious Contrivances Nature employs to pre-
vent this Powder from being unprofitably
difperfed, and to affiflt its Entrance into the
proper Piftil, Seed-Veffel or Uterus prepared
for it. The Thulips for inftance, which ftands
upright, has its Pz/#z/ thorter than the Fari-
na-Veffels, that the Powder may fall direétly
on it: but in the Martagon, which turns
downwards, the Pz/f:/ is longer than the faid
Veflels, and {wells out at its Extremity, to

catch the Farine hanging over it, as it
fheds.

A Mind
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A Mind inquifitive into Nature’s hidden
Beauties, will find inexpreffible 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, fhar
pointed round the Edges; the middle of
them appears tranfparent, and exhibits fome
Refemblance of theFlower it proceeds from.
The Powder of the Tulip. is exactly fhaped
like the Seeds of the Cucumbers and Melons.
TheFarina of the Poppy appears like Pearl-
Barley, with a Furrow, asin that, reachin
from End to End. That of the Lilly is a
great deal like the Tulip.

I'll not anticipate the Pleafure of the Cu-
rious, or take up their Time in defcribing
more of the Farine, which every Flower
they come at prefents to their Examination;
but advife them not to neglet the Veflels
that contain it, for they will find Beauties in
* them alfo fufficient to reward their Pains.

Gather your Farina in the midft of a
Sun-fhiny dry Day, when all the Dew is off:
be careful not to fqueeze or prefs it, but
fhake or elfe gently brufh it off with a foft
Hair Pencil upon a Piece of clean white Pa-

PE I's
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per. Then take a fingle Talc or Ifinglafs
between your Nippers, and breathing on it,
apply it inftantly to the Farina, which the
Moifture of your Breath will make adhere to.
it. Iftoo great a Quantity of Powder {feems
fticking to your Ifinglafs, gently blow off a
little ; if there be not enough, breath on it
again, and touch the Farina with it as be-
fore. 'Then put your Glafs into the Hole of
a Slider, and apply it to the Microfcope to
fee if the little Grains are fpread according ta
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 Glafles prefs hard upon the Fa-
rina, for that will deftroy its true Figure,
and reprefent it difterent from what it is.

A Colle&tion of the moft remarkable
Farine thus preferved muft be a lafting
Entertainment to thofe who ftudy Na-
ture : to fuch I alfo recommend a diligent
Examination of the little Cells that con-
tain the Farina, and likewife of the Pi/sls
or Uter: 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 dcfcribed.  And as every other Flower.
has Crgans for the fame Purpofe, though of
a different Form apd Structure, here are

Wonders
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Wonders in abundance for the Microfeope to

difcover, and happy the Man who can find

moft Leifure to explore thefe Worlds as yet
unknown! ' | |

I thall add only one Obfervation more be-

fore I leave this Head, which is, that as
the dnimalcules in Semine differ not in Big-
nefs according to the Size of thofe Animals
whence, the, Semen. comes: fo the mznute
Grains compofing the Farine of Vegetables
are not bigger or lefs in Proportion to the
Size of the Plants producing them, but are
often the direct contrary; as we find by the
Farina of the little creeping Mallow, the
Globules of which are larger than thofe of

the lofty gigantick Sun-flower, .

. CHAP. XLVIL
QfSEED&

ACH Seed includes a Plant : that Plant, again,
Has other Seeds, which other Plants contain :
Thofe other Plants have all their Seeds ; and, Thofe,
More Plants, again, fucceflively 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 thoufand Groves,
Where future Bards may warble forth their Loves.

S So
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So Apam Loins contain'd his large Pofterity,
All People that have been, and all that ¢’er fhall be.

Amazing Thought! what Mortal can conceive
Such wond’rous Smallnefs ! Yet we muit believe
‘What Reafon tells : for Reafon’s piercing Eye
Difcerns thofe Truths our Senfes can’t defcry.

I hope to be excufed for borrowing the
Lines a%m—*e from a little Poem of my own,
called the Uriverfe, publithed fome Years
ago; as they contain a Suppofition, which,
however chimerical it may appear at firft,
will, if duely confider’d, be found, perhaps
‘not only pofiible, but even highly probable.
‘Marricur, Lreruwenmoek, HoOOKE,
GRrew, and feveral others bear Witnefs, that
the Microftgpe has difcovered minute Plants
not only in the larger Seeds, fuch as the
Walnut, Chefnut, Acorn, Beechnut, Seed
of the Lime, Cotton-Seeds, Peafe, &¢. but
alfo in the fmaller of Radifh, Hemp, Cher-
vil, Scurvy-grafs, Muftard, and multitudes
of other Seeds. About two Years ago, I
likewife had the Honour to prefent the Dif-
fection of a Seed of the Gramen tremu-
lum, or trembling Grafs, with an Account
thereof to the Roya/ Soczety, wherein a per-
fect Plant appeared, with its Rooet, fending
forth two Branches, from each of which fe-
veral Leaves or Blades of Grafs proceeded.
Thus far ourSight, affifted by the Micraofeope,
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 our Conceptions of
Bigne(s, but als as freely in the minute Fa-
brick of a Mite, as in the Bulky Compafs of
-2 Whale or Elephant : nay, that fhe 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 refleGted on, it is caly 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 {eparated 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 Objeéts, and afford infinite
Varieties of Figure, Colour and Decoration.

The Seeds of Strawberries rife out of the
Pulp of the Fruit, and appear them{elves like
Strawberries when viewed.

Poppy Seeds (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 thaken, that loooks a-

greeable enough when brought before the
5.8 Micro-
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Microfcope ; having nearly the fame Appear-

ance as the Surfaces of the Seeds, with the
Advantage of being tranfparent. This Duft
is really the fine Membranes that lay between -
the Seeds; which by the Preflure of the
Seeds againft them, have received Marks
correfponding to the Ridges or Furrows on
the Seeds themfelves. :
Seeds of the lefler Moonwort, of Tobacco,
Lettice, Thyme, Chervil, Parfley, and a thou-
{and others, afford adelightful Entertainment.
The Ancients imagin’dthe capillary Plants
and many other Kinds to preduce 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, Hearts-Tongue, Maiden-
Hair, &c. are {o far from being barren in
‘this Refpe¢t, that they are amazingly fruit-
ful : that the Seed-Veflels are on the Backs
of the Leaves, and that the Duft which flies
off when we meddle with them, is nothing
“but their minute Seeds. Thefe Seed-Veflels
appear to the naked Eye like a black or
brown Scurf on the Backfide of the Leaf;
but, when viewed by the Microfeope, refem-
“ble little circular Tubes, divided into man
Cells containing Seeds. When the Seed is
ripe, the Veflels fly open with a Spring, and
Ipirt the Sceds out on ‘every Side, in the
Form of Duft: and if at that Seafon fome
of the Leaves are put in a Paper-Cone, and -
s . that
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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 Veflels contain at leaft
anhundred Seeds, invifible to the naked Eye.

Itwould be tedious to enumeratethe Beau-
ties of Seeds, fince every tranfient Obferver
muft be fenfible of their great Variety : but
I believe I thall be excufed, if I take Notice:
of the Powder or Seed of the Fungus Pulve-
rulentus or Puff-Ball, which, when crufh’d,
feems to the naked Eye like a Smoke or.
Vapour ; but when examined by one of the
greateft Magnifiers (for elfe it cannot be di-
{tinguifhed) it appears to be infinite Num-
bers of little Globules, of an Oran ge 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 Breadth
Diameter would be equal to an hundred and
twenty-five thoufand of them. This was the
Powder of a Fungus bigger than two Fifts ;
but in another Sort the Size of a fmall Apple,
the Globules were of a darker Colour, and
had each a little Stalk or Tail *. Thefe are,
evidently, fo many minute Puff-Balls, fur-
nithed with Stalks or Tails to penetrate eafily
into the Ground : and the Mifchief they do

*® Vide Philofoph. Tranfa. Numb. 284. and Deruam’s
Phyf. Theolog. pag. 418,
S 3 the
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the Eyes is probably owing to their _fha.rp,
Stalks that prick and wound them. * :

CHAP. XLVIL
Of LEAvVEs,

HE Lecaves of Trees or Plants are full

of innumerable Veins and Ramlf'cu—

tions, that convey the perfpirablc ]mc&s to
the Pores, for their Difcharge. Whether or
no there be any Circulation in them is fill a
Matter of Doubt ; but as their Juices, when
let out, immediately break, coagulate, and
become a fiff Jelly, it feems prﬂbable there
may be fome Circulation which prevents the
fame Effect in the Veflels. The fudden
fhrinking, clofing, and opening of Flﬂwers,
the raifing and ﬁnkmg the Heads of Poppies,
&c. the vermicular Motions of the Veins of
Plants when expofed to the Air, feem alfo to
imply {fomewhat like Senfation, The M:-

¢rofcope may perhaps be of fervice to difcover
much moreon thefeSubjgﬁs thanwe yetknﬂw_

*® A Puyf- Ballbeing burft near the Eyes of a Boy of twelve
Years old, by an unlucky Play-fellow, and the Duft thereof
flying into them, occafioned fuch Sw:llmg. Inflammation,
and ntenfe Pain, wnth a continual Difcharge of Water, tha:
he could not open them for feveral Days; and did not reco-
ver his Sight in lefs than a Fortnight,’ tlm all the Remedies

that couid be thot aght on were applied, "‘ndﬂ Jou. Muvs
Prmr ca':'rm:r ration, Obferv, I,
Mr.



Of LEAVES. 257

Mr. LEsuweNHOEK 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
and hundred feventy-twothoufandand ninety:
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 ene hundred and eighty.

The Leaves of Rue {eem full of Holes like
a Honey-comb ; all the Kinds of St. fobu's
Wort appear likewife ftuck full of Pin-Holes
to thenaked Eye ; but the Microfcope thews,
that the Places where thofe Holes feem to
be, are really covered with an exceeding
thin and white Membrane,

The Backfide 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 Footitalks,

A Sage Leaf appears like Rug or Shag,
full of Knots taffel’d with filver Thrums, and
embellithed with fine round cryital Beads or
Pendants, faftened by little Footftalks,

The Backfide of a Rofe Leaf, but efpe-
cially of Sweet Briar, looks diaper’d with
Silver, *

Every Body knows that the Leaves of
Stinging Nettles are thick fet with fharp

L
-

* Dr. Pawer's Misrofiop, Obferwat.
S 4 Prickles,
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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-
fcope difcovers fomething much more won-
derful in this common Vegetable, and fhews
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 be a 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 Veflel or Bag, containing a limpid
Liquor, which, upon the leaft touching of
thePrickle, is fqutrted thmugh thelittle Out~
let; and, lf it enters the Skin, produces the
Michiefs before:mentioned by the Pungency
of its Salts. Hence it come to pafs, that
when the Leaves of Nettles are confiderably
dried by the Heat of the Sun, they fting but
very 1ittle : whereas fuch as are green and
juicy produce violent Pain and Inflammation.
But the quite contrary to this would happen,

if the Symptoms were only owing to the
Breaking of the Prickles in the Flefh : fince,

when dry, they muft be more brittle, as wcll

as more rigid, than when they abound with
Juice.

a=

* Hook’s Microgr. p. 142, Are. Nat. Tom. I. Par. I1I.
Pag: 107.
RQuere,
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RQuere, Are there any Valves in the Vef-
{els of Vegetables, 2s in thofe of Animals,
to let the Juices pafs, but hinder their Re-
turn ? |

AP X VT
Of SavrTs in General.

T 1s I think agreed, that all Bodies have
their Sa/ts ; from whofe different Confi-
gurations and Impreflions many wonderful
Changes are effected both in Solids and Fluids,
in things animate and inanimate. Saline
Particles ftriking upon the Nerves of Ani-
mals excitethe Senfations of Tafte and Smell;
and as their Forms and Degrees of Impulfe
are almoft infinitely diverfified, the Senfi-
bility of Pain or Pleafure arifing therefrom
muit be varied almoft infinitely, according
to the greater or lefs Delicacy of the Organs
they ftrike upon.—It is therefore of great
Confequenee to difcover what we can about

them.

- The Microfcope {hews, that Pinegar owes
its Pungency to Multitudes of floating ob-
long quadrangular Salts, each of which, ta-
pering from its Middle, has two exquifitely

fharp
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fharp Ends. Thefe Salts being inexpreflibly
minute, can hardly be difcovered, unlefs a
Drop or two of Vinegar be expofed for fome
Hours to the Air, that the more watry Part
may evaporate, before we attempt to view
them.
Their Shape appears, Plate X1V, Fig. I.
If Crabs Eyes are infufed in Finegar,
after the Effervefcence is over, the Shapes of .
the Salts will be found quite altered ; their
fharp Points feem broken off, and they ap-
pear in different {quare-like Forms, as at
B, AL
In Wines of f{everal Kinds the Salts are
diftinguifhable, of various Figures, many of
them refembling thofe in 7negar, but with
Ends much more obtufe : fome are fhaped
like a Boat, fome like a Spindle, others like a
Weaver’s Shuttle, and others fquare : there
are alfo infinite Varieties of other Forms.
The Salts of Sugar candy'd are thewn
g. 1l
V.{‘ etable Salts are to be extratted by
burmng 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 Place. Their
Qils alfo, when examined, prefent abundance
of Salts,
' The Salts of Minerals or Metals are to be
come at, by quenchmg them, when red hot,
in Water, then filtering, evaporating, and
cryftallizing. Pretty
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Pretty Salts for Obfervation are, Pot-Afh,
Englifh and Ruffian : Salt of Wormwood,
Saccharum Saturni, Salt of Tartar, Salt Ar-
moniac, Salt of Hartthorn, Salt of Amber,
&¢. They fhould be examined firft in their
dry or cryftallized State, and afterwards dif-

folved in a very {fmall Qantity of fome tranf-
parent 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 %argc or too numerous,
ferve only to fplit or rend afunder ; Salts, by
the fame Means, oftentimes break, feparate,
and diffolve, inftead of joining and making
fat. They indeed are meerly Inftruments,
and can no more a&t upon or force them-
{elves into Bodies, thanNails 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 Sal : fe-
parates, or diffolves, and fuftains them in its
Interftices, till by being in a State of Reft
they precipitate, and form themfelves into
Mafles. By this diffolving Power, Water

———

* Vid, Spectacle de la Nat. Dial, XXVI.
et T becomes
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becomes the Vehicle of Salts, and conveys
them into the Pores of Bodies, where 1t
leaves them to execute their proper Office.
Moft forts of Animal and Vegetable Salts
are likewife, probably, difiolved by the
Juices of the Stomach, before they enter the
Blood, or they would occafion great Mif-
chiefs.: and the Difficulty of diffolving fome
mineral Salts, or breaking of their Points in

the fame Manner, may be the Reafon of
their dreadful Effeés.

Gk 8 (Bt Xl 10
Of Savts in Mineral Waters.

HE Microfcope may be of fingular Ser-

vice to determine, by ocular Exami-

‘nation, what Kinds of Salts our medicinal

Springs are charged with ; whence to form

a Judgment in what Cafes their Waters may
be drank to Advantage.

The four Kinds of foffile Salts, beft known,
are, according to Dr. 4 LisTER, Vifriol,
Alum, Salt-petre, and Sea-Salt : whereto
he adds a fifth, lefs known, though more

1+ ¥Vide Lister de Fontibus Medicatis Angliz:
Comimon
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common than any, viz. Calearious Salt, or
Nitre. |

Green Vitriol is produced from the Iron
Pyrités, When mature and perfeét, its Cry-
ftals are always pointed at each End, and
confift of ten Planes with unequal Sides: that
is, the four middle Planes are Pentagons, and
each of the fharp Ends is made up of three
triangular Planes, as Plate XIV. Fig. 4.

Alum burnt, diffolv’d in Water, and ftrain-
ed, affords Cryftals whofe Top and Bottom
are two fexangular Planes, the Sides round
which appear compofed u:}f three Planes that

are likewife fexangular, and three -double

quadrangular ones, placed alternately. So
that every perfe& Cry{’tal confifts of eleven
Planes, vzz. five fexangular, and fix qua-
drangular, Fig. V.

The Water of our Inland Salt-Springsafs

fords Cryftals 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. VI.

Sal Gem, diflolved, fhoots into the like
cubic Cryftals.

Sea-Water boiled to Drynefs, and its Sa/s
diffolved again in a little Spring Water, gives
Cryftals alfo that are cubical, but remarka-
bly different from thofe laft defcribed : for
-in the Cryflals of Sea Salt, all the Angles of
the Cube are feemingly cut off, and the

Corners
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Corners left triangular : (See Fig. XI. XI.)
whereas the Sal/ts of our Iuland Springs
have all their Corners fharp and perfe@, as
Fig. VI. -

Nitre, or Salt-Petre, throws itfelf into
long {lender fexangular Cryftals, whofe Sides
are Parallelograms. One End conftantly
terminates either in a pyramid-like Point, or
elfe in a fharp Edge, according to the Pofi-
tion of the Sides of two unequal Planes.
The other End is always mth, and appears
as if broken. Fig. VII. VII.

The moft general, tho’ leaft noted of all
the fofile Salts among us, is a kind of Wail
or calcarious Nitre, or Lime-Salf, which
may be collected from the Mortar of ancient
Walls ; and is, as Dr. LisTer {uppofes,
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-
lelograms : their Point at one End is formed
of two Planes with triangular Sides; the
other End terminates in two quandrangular

—

=2

T We are well aflured, that in Franmce, it is the common
Pra&tice, for thofe who have the Superintendency of the
King’s Salt-Petre Works, to amafs vat Quantities of the
Mortar and Rubbith taken from old Buildings : whence, by
proper Management, they extraét abundance of this calcarious
Nizze, And when they have got all they can from it, by
letting it lie together for fome Years, it becomes impregnated
anew, and affords almoft as much as it did at firit,

Planes :
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Planes : though both Ends are feldom to be
found unbroken——Of this Salt fome is feen
with five Sides, and all the other Varieties
may be found in it which are thewn Fyg.
VIIL "8 BN gl B

Unripe, or imperfedt Vitriol, is a white
Salt, whofe Cryftals are Cubick Rhom-
boides : as Fig. IX.

The Cryfals of our Inland Salt-Springs,
not yet arrived at Maturity and Perfeétion,
are f}c;rmtd like Fig. X.

The Particles of each of thefe particular
Salts, either in falling one upon another, or
uniting on one common Bafe, form them-
{elves into Mafles, which are invariable, and
always of the fame regular Figure: but itis
beft to examine them in the {malleft Maffes,
their Shape being there moft perfe&t and
diftiné.

e 3 e A gty 7

Mifcellaneous DiscoVvERIES and
OBSERVATIONS,

T has been urged by fome in behalf of

{pontaneous Generation, that Worms are
found in the human Bowels. of a Figure
feen no where elfe ; and therefore that they
muft be generated there, fpontaneoufly, by
the Slime and Heat of the Inteftines: for if
-they proceed fromParents of their own Kind

3 without
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without the Body, and get into it by Acci~
dent, either in the Egg or any other State,
where are thofe Parents found ?—This feems
a very ftrong Objection ; but the Microfcope,
I believe, can enable us to anfwer it. |
Worms found in the human Body are of
three Kinds, viz. the Afcarides, or little
fhort flender Maggots, {o nearly refembling
a Sort frequently met with in warm moift
Places, under rotten Wood, &e. that they
may reafonably be fu ppofed the fame.—The
Teretes, rotundi, or long round Werms, which
are evidently the Spe(:les of Earth-worms
found commonly in Dunghills and Hot-
Beds ; whofe Degree of Warmth is pretty
equal to that of the human Bowels. And
the Lati, Fafcie, Tape-Worms, or foint-
aworms, which are broad, flat, full of Joints,
and fometimes of a monftrous Length, ex-
tending many Yards along the Inteftines.—
This 1s the Animal faid to be found no where
elfe ; but the Microfcgpe has very happily
difcovered Worms of the fame Fi igure ex-
adtly, and differing in Size only, in the In-
teftines of Ee/s, {o fixt as not to be removed
without great Difficulty, but contra&ing and
dilating them{elves very agreeably *, They
are of an incredible Length in comparifon of
their Breadth, and when contracted become

® Arcan. Nat. Tl::-m.. LV. p. 362,
fix
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fix times broader than when extended. There
are Tape-Worms likewife in the Bowels of a
Turbut, tho’ {horter than thofe in Eels, and
with a Head not quite the fame. ‘They are
fixed to the Guts L-'ﬁikind 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. )18 DOF

~Having '‘found ‘thefe Worms in the In~
teftines of Fifbes, let us now confider hdw
they could get there. And, ’tis probable, they
are naturally Water-Animals, whofe Egos
orYoung 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
1n'one or the other, may arife from the dif-
ferent Degrees of Heat, and the Kinds of
Nourifhment they ‘meet with. Three
other Sorts of Worms are al{o found in the
Inteftines of Eels. Carp are likewife fubje&
to Worms which make them very lean, and
{0 15 the Trout,——There are two Sorts of
< white Worms in the Whiting ; and the Mi=
erofcope may difcover them perhaps in every
other Kind of Fifh 3 nor can we wonder at
it, when we refle@ how liable Fifhes muft
be to fwallow the Eggs or Young Ones of-
whatever Infe@sare Inhabitantsof the Waters.

x 2. There
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. The.re; ue fr—su;ueﬂ;ﬂy in the szm ﬂf
Sheep, Arimalcules (hap ed like the Seed of 2
Gourd, or rather hkc a {mall, thin' Myrtle~
Leaf with a, very {hort Foot-ftalk., Thﬁr
Colour is-whitith, but numberlefs bra:ntlﬁng
Veflels or minute Canals of 4 greenifh Yel-
low are difperfed every where about them ;
and 2 round Hole or Mouth appears near the
Stalk End. Thefe Creatures-are found: often
in -the Gall-Bladder, and in. €very Part of
the Liver ; where, forming themfblvcs little
Cells, they abide in a Liquor that 1s {eem-
1ngly Blood mixt with Gall. §

3. In the Head, of * Stags, Worms or
Maggots are moft commonly to be met with,
lodged in a Cavity under: the Tongue, near
the Vertebre where the Head joins on to
the Neck. Their Shapeis partly Cylindrical,
being flat undernﬁath, but rounded on the
upper Side: in Colour white, with many
femi-annular Rings befet with darkifth Hairs.
On the Head are a Couple of exceeding {fmall
white Horns, which are thruft out or drawn
in like a Snail’s; and under them two mi-
nute Claws, black, hard and fharp, exciting
much Itching; and thereby great Uneafinefs.

‘<t ¥ide REpr de Generat. Infe@. p. joz.
* Ibid. p. 307
_ : They
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They move along by fixing thefe Claws, and
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. Twenty 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 Muggors found
in the * Heads of Sheep. Their white Bo-
dies are mark’d acrofs with blackLines (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
compleat Circle. They abide moft common-
ly in a hollow Part of the Os Frontis, near
the Infertion of the Horns, but are {ome-
times found even in the Noftrils, and in the
Cavities round the Roots of the Horns,
Sometimes too 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
Woalls of Brick or Stone, a fort of /it¢/e Worm

* Vide Rzp: de Generat. Infef_l:.-p- 399,
S Or
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or Maggos, inclofed in a Cafe about the Big=-

nefs -:::-f a {mall Barley-Corn. - If this Cafe be

viewed with the Microfcope, it appears co-

ver'd all over with: a moft delicate fort -of
Mofs, intermix’d with fine Sand or Earth. At

the tharpeft End there’s a little Hole through

which the Excrements are dlfchargecl 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 polifh’d,

refembling Tortoife-thell, with fome Hairs

iffluing 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 flender Thread or Web : the Eyes

are black and round. 'This 1s a pretty Ob-

ject, and changes I believe to fome fort 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 cover’d with Zzztle * Infeéts,

* Mon(. DevLa Hire-calls thefe Pucerons, or little Fleas,
and inftances them as Infects that come from avalding to fyiuz,
_ without pafling through the durelia Stit=: which they do by

only cafting off their Skins, asa litle Obfcrvation will thew.

{fome
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fome blackifh, others green ; fome win ged,
and others without Wings. Thefe Creatures
bring forth their Young alive and perfe&,
and if their Bodies be opened, feveral perfe&
Embryos will be feen therein.—It remains a
Doubt, whence, and by what means, thefe
Infects are convey’d upon the young fprout-
ing Leaves, which, at the fame Time, are al-
ways cover'd 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 fome
erroneoufly 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 T'eeth that exaly tally, opening
fide-ways, 'and able to gape very wide afun-
der ; by the help whereof it is often feen
grafping and tranfporting Bodies of three or
four times its own Bulk and Weight. It is
- naturally divided into the Head, the Breatt,
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 isarmed

1 2%, with
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with a Sting, which the Animal ufes only
when provoked ; but then a pOIfE}IIUI,IS e
quor is conveyed by it into the Wound, oc~
cafioning Pain and Swelling. The whole
Body is cafed over with a fort of Armour, fo
hard, as fcarce to be penetrated by a Lancet,
and thick fet with {hining whitifh Briitles.
The Legs, &¢. are alfo covered with Hairs,
but much fmaller and of a darker Colour.
Upon opening an dut-Hill, we thall fee
them carrying in their Mouths and fecuring
with great Solicitude {mall whitith Bodies,
ufuall call'd their Eggs. Thefe, however,
are not Eggs, but Aurs in their Aurelia State,
cach encompafs’d with an Integument of its
own fpinning. We might have conjectur’d
this from their Largenefs in Proportion to a
perfect dnt ; but the Microfcope 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
© Aurelras, and then Anfs. The Parents Af-
tection for their Young in the Aurclia State
15 {o ftrong, that when Danger threatens,
they inftantly run away with them, and will
¥ Vide Leevwen. Epift. ad Reg: Soc. g Sept.; 1687,
fooner
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fooner die than leave them. There are fe-
veral Sorts of Anzs differing both in Size and
Colour; and towards the End of Summer
many of them are feen having four Wings.
Thefe, SwAMMERDAM fays, are Males.4 "

- The French Academy has publifh’d a curi-
ous Account of Ants, whence I {hall abftraé
fome few ‘Particulars. Every Ant’s Neft
(it tells us) has a ftrait Hole leading into it,
about the Depth of half an Inch ; which,
afterwards, runs floping downwards to the
publick ‘Magazine, where the Grains they
coliect 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 Bud will
be found therein, nor if fowed in the Earth,
will it ever vegetate. Was it, however, to
lye continually in the Ground, the Moifture
would occafion it to {well 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 fmall Particles of dry
Farth, which they bring out of their Holes

“+4 Vid. Swammerp., Hifl. Generale des Infecles, p. 185. .
T 4 cvery
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every Sunfhiny 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 goesto fetch another:
fo that in a Quarter of an Hour a vaft Num-
ber of fuch fmall Particles of dryed Earth
are heaped round the Hole. Their Corn is
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. Laft of all,
they fetch out the Remainder of their dry
Earth whereon the Corn was laid.. They
never 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
Neft 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 Gar-
den, which the Window overlook’d. The
Situation of this Neft obliged them to go up
or down a great way before they could pof-
fibly meet with any thing ; but he found,
notwithftanding, that none of them ever re-
turned empty, but every one broughta Grair;

of
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of Wheat, Rye, or Oats, a fmall 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 A4nr works as hard as a Man who
fhould carrya heavy Load twelve MilesaDay.

The Pains thefe Ants took, to carry Grains
of Corn up a Wall to the fecond Story,
climbing all the Waywith their Heads down-
ward, muft be exceeding great. Their
Wearinefs was fhewn, by their frequentStops
at the moft convenient Places ; and fome ap-
peared fo fatigued and fpent they could not
reach their Journey’s End: in which Cafe,
‘twas common to fee the ftrongeft _Anss,
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 happen’d, they feldom loft
their Corn, but carried it up again.—He faw
one, he fays, of the [malleft Ants carrying
a large Grain of Wheat with incredible
Pains. When fhe came to the Box where
the Neft was, the and her Load together
tumbled back to the Ground.  Going down
to look for her, he found fhe had recover'd

4 the
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the Grain, and was ready to climb up again,
The fame.Misfortune befell her three times;
but the never let go her Hold, nor was dif-
couraged ; till at laft, her Strength failing,
the was forced to ftop, and another Auf
affifted her to carry home her Load to the
pubhck Stock. _

How wonderful is th& Sagacity of thefe
Infe&s! How commendable their Care, Di=
ligence and Labour! How generous their
Affiftance of one another for the Service of
the Community ! How noble their publick
Virtue, which is never neglected for the Sake
of private Intereft ! In all thefe Things they
deferve our Notice and Imitation.——A con-
templative Mind will naturally turn its
Thoughts from the Condition and Govern-
. ment of Ant-Hills to that of Nations ; and
reflect, that fuperiour 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 thefe little Creatures.

8. Among Pinks, Rofes, and Sun-flowers,
there’s to be found, almoft conftantly, a
l1ttle, long, nimble Infec# {maller than a Loufe,
fometimes creeping, and fometimes leaping.
It appears in the Microfeope bodied like a
Wafp, with {ix 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. ’Tis

{o tender, the leaft Touch kills it, but a very
pretty Objeét.

9. A little Infeit is conftantly found in
the Froth (or Cuckow-Spit as fome call it)
that hangs on the Leaves of Rofemary, La-
vender, &c. It creeps firft, then leaps, and
at laft flies. It has fix Feet, with two
blackifh Claws at the End of each ; a long
Probofcts to fuck up its Food, two Horns,
and a Pair of darkifh red pearled Eyes. The
Tail ends in a Stump, but by its annular

Divifions can be thruft out or drawn in at
Pleafure. -

10. There’s a pretty yellow Infeét on Sy-
camore Leaves, with {ix Legs, running very
nimbly. The Eyes are red, prominent and
pearled ; the Horns are {lit, 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 Infel? fticks to
the Ribs on the Backfides 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 is a
pretty Object.
' . 12, LRere
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12. Thera is alfo a greemfh Graﬁbapper
or Locuff, on Goofeberry-Leaves, Sweet-
Bryar, and Golden Moufe-Ear, in April
and May, with four Legs, two black Eyes,
a Pair of curious Horns, and many othﬁr
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 continually for
Prey: and may be feen by the Microfcope
catching and devouring other minute Ani-
malcules. Some have eight, fome ten Legs,
and Antennce jointed like Equifetum 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 Diftancesfrom one
another, have a fharp Head like an Eé/, 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 diftinctly, and the whole
Animal is a delightful Obje&t.— The Blood--
red fointed Worm, very common in ftagnant
Waters, is alfo well deferving our Obferva-
tion.

15, The
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bei & The: Crane-Fly, called by ALrpro-
WAND Culex maximus, by SWAMMERDAM
Tzpula terrefiris; and by the common People
Eather-long=Legs; affords, in ‘every Part of
ity ‘agreeable Subjects'of Examination : But
the' Feet are more particularly furptizing ;
for-upon diffe@ting them, in a Dro of
Water, the flefhy Fibres contract and diftend,
In 2 manner not to be imagin’d without fee-
mg it, and continue their Motions three or
four Minutes. ' Mr. LEEUWENHOER found
it conftantly in the Feet of this Creature,
but not in thofe of any other Infe®. *  The
Inteftines are alfo very curious, confifting of
numberlefs Veflels and Organs, which may
be feen as plainly by the Microfeope, as the
Bowels of larger Animals can by the naked
Eye.+ The Tails both of the Male and
Female are of an extraordinary Strucure -
that of the Female ends in a ‘fharp Point,
wherewith fhe perforates the Ground, and

depofites her Eggs under the Grafs, in Mea-
dows.

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)

* Vid. 4rc. Nat, Tom. IIL p. 119, + Tom, IV.p. 351,

1(3
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Its Bite 1s venomous ; but our {maller Ones
{feem not mifchievous. One I examin’d had
fifty-four Joints, and from every Joint a 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 follow
one another very regularly, making a pretty
kind of Undulation, not to be defcribed,
and giving the Body «a- {wifter Progreflfion
than one would expect, 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’s an extraordinary Sort of
Caterpillar, of a middle Size, having four
Tufts of yellowifh white Hair, like little
Brufhes, of an equal Height, ftanding up-
right on its Back : below thefe, from each
Side, iflues a Bunch of dark-colour’d 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,

* Levwenuwoex fays, the Ilndian Millepes has eight
Eyes like the Spider. Quere, Have Englift Ones fo too :

when



when: ‘viewed thrdugh . the Micréfeope; re-
fembles a Pegrock’s Feather, and is a de.
lightful Obje&. The Inquifitive will find
abundance ‘more Wonders' in: this' ‘amazing
Creature, anidindeedin:moth Sorts of Cazzie
;:;f{;h—;; De03cl 28 Qh0l on aoral wot * waneZ

- 18, The S¢le<Worm is a Creature, every
Part whereof, either in' the i or Fly-
Otate; deférves our: partmnlm:hﬁttmﬁgn
but ‘as both ‘Marricur and Lrruwex-
“HOEK' have examined it with great Skill)
and publifhed their’ Obfervations with ana-
tomical explanatory Drawings, I fhall refer
the Curious to them, and to their own En-
quiries ; only advifing fuch as “fhall engage
in a farther Examination, not to negleét 1%;
Skins thefe Animals caft off three  times
before they begin to fpin : for the Eyes,
Mouth, Teeth, Ornaments of the Head,
and many otherParts may be difcerned better
n the caff-off Skins than in the real Ani-
mal.—A due Obfervation of the Changes
of this Creature, from the Caterpillar to the
Nymph, Aurelia, or Chryfalis, and thence
to the Moth or Butterfly State, will give a
general Notion of the Changes all Caterpil-
lars 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



282 Mifcellaneous Difcoveries

each of thefe Forms, which are only difs
fcrent Cuvcrmgs or Dreﬂ'cs for it.

19. The Tail of the Male Silk-Warm bes
ing {queezed, Animalcules were found in the
Semen * four times as long as broad :. their
Backsthicker than theirBellies, like the Shape
of a Trout. Their Length was fuppofed to
be about half the Diameter of a Hair,——
This I experienced myfelf, on the §th Day
of Auguf?, in this prefent Year 1742, when
taking a Male Stlk-Worm, that was juft then
come forth in its Moth-State, and giving its
Tail feveral little gentle Squeezes, in about
a Minute’s Time, a {mall Drop of a brownifh
white Liquor was {quirted brifkly from it on
a Talc I-held to receive it : and diluting this
with a little Water warmed in my Mouth
for that Purpofe, I was very much furp1 ized
and plﬁafed to obferve the numberlefs _4n7-
malcules 1t cnntamed {wimming about, alive
and vigorous.

N. B. Whoever would make this Experi-
ment, muit do it before the Morh has been
caupled with the Female; for nothing is to
be got from it afterwards, as I have found
by feveral Trials.

20. The Probofcis of a Butterfly, which
winds round in a {piral Form, like the Spring

e

* Vid. Leeuwen. drc. Nat. Tom, I. Par, 11, p. 422.
g - of
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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
Tuices.—The Shape and Structure of it will

be found very furprizing,

21. The Legsand Feet of Infeéts are won-
derful in their Structure and Contrivance,
according to their different Circumftances
and Neceffities of Life, and afford a pleafing
Variety of Objects. It is pretty to obferve,
not only the fharp hooked Claws, but alfo
the {kinny Palms of {ome 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 Atmofphere : others again have a
{ort of Spunges, which preferve their Claws
from being broken or blunted by ftriking
againft hardBodies, as the Claws of Cats, &,
are, by foft flethy Protuberances at the Bot-
toms of their Feet.

22. The Nymph of the Clothes- Math, which
(from being “often found fcudding amon
Books and Papers) Mr. Hook calls the fil-
ver-coloured Book-worm, is covered with
thin tranfparent Scales, from whofe Sur-
faces a multiplicity of Reflections of Light
make the Animal appear in Colour like a
fine Pearl, It has fix Legs, runs by Starts
and Stops, and has three Horns at the Ex-

! U tremity
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tremity of the Tail. As this Defcription is
{ufficient to make it known, I fhall leave
the Curious to examine its Beauties, and not
anticipate their Pleafure. Vide Hoox's Mi-
crog. p. 208.

23. On the Leaves of Orange-Trees, Fig-
Trees, Willows, and many other Trees and
Plants, there are various Kinds of mznute Iri-

[fetts, as yet but little known, inclofed in
Tubercles or Swellings.

24. The Eggs of Infeéts are remarkable
for their different Figure and Colour, and
for the particular Regularity and Exaéinefs
wherewith they are frequently placed. We
fhall fometimes find a fort cemented round
a Twig of the Sloe-Tree or Damfon-Tree,
as if faften’d there by Art, and rang’d meer-
ly 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-Crefles,
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 Bottles,
there are three or four Sorts of yery furpriz-
ing Infects,

26. The
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26. The Lungs of a Frog, blown up and
dry’d, will affit us to difcover the true
Structure of that Bowel.

27. Cochineal, which comes from New
Spain, and is {o 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 Infe&t ; but the Microfeope de-
termines thefe Difputes, by fhewing plainly,
after fteeping it in Water twenty-four Hours,
an oval Body, *a!es, Legs, and a pointed
Trunk: in fhort, the whole refembles oup
Cow-Lady, Many Eggs may be difcovered
upon opening their Bodies ; and if you burn
them, let their Athes ftand two ‘or threes
Days in Water, then filter and evaporate,
their Salts may be diftinétly feen.

28. The Feathers of Birds afford Variety
of Beauty, and differ greatly from one anow
ther, not only in their general Colour and
- Form, but in the Stru@ure of each particu-
tar Part ; as as every Body muft be [enfible,
who examines thofe of the Ofirich, 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 Obfervations on them will be affifted by
reading the 36th Obfervation in Mr. Hoox’s

Micrograpby, p. 168. and alfo Mr. Lesu-
' U a WENHOEK'S
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wWENHOEK's Experiments, in the 4th Tome
of his Writings, p. 323.

29. Moffes of all Kinds are agreeable Ob-
je&s, and appear, by the Microfcope, to be
as perfect in their Leaves, Flowers and Seeds,
as the largeft Plants or Trees. Thofe, par-

ticularly, that grow on the Rocks and Coafts
of the Sea, exhibit amazing Beauties.

- g0. Spunge is reckoned a Plant-Animal,
and appears compofed of minute Veflels re-
fembling Veins and Arteriei

71. Decayed Fruits, moift Wood, damp
Leather, ftale Bread, and abundance of other
Things, contra&t what we call Mouldinefs ;
which the Microfeope difcovers to be nothing
elfe but innumerable #mznute Plants, bearing
Leaves, Flowers and Seeds, and increafing in
a mianner almoft incredible : for in a very
few Hours the Seeds fpring up, arrive at full
Maturity, and bring forth Seed themfelves ;
{o that a Day produces feveral Generations of
them. There are many Sorts of thefe micro-
Jeopical Plants, very different in Size and
Appearance: Some of the Mufhroom Kind,
Others refembling Bulrufhes, and Others
again bearing vaft Quantities and great Varie-
tigs of Frait. Other Kinds are likewife found
in- grear. Abundance on the Surface of Li-
quors, when they are what we term Mozkery,

' XIOHUEW | a3, The
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32. The Air-Veflels, Sap-Veffels, and Pores
of Wood are wonderful in their Figure,
Number, and Difpofition : as plainly appears
by fhaving off the thinneft Slices"pofiible,
lengthwife, crofswife, 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 render’d fit to be examin-
ed.—In a Piece of Cork, no longer than
the eighteenth Part of an Inch, fixty Cells
were number’d 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 Vefels may be
difcerned diftinétly. The Pores of Wood
may likewife be feen advantageoufly in Char-
coal and Swmall-Coal.

33. There are many Sorts of Sand ; {ome
gather'd on the Sea Shore, or, on the Shores
of Rivers, and others found within Land.
~ 'The Grains of each Sort differ much in Size,

1 Hoox’s Microg. p. 114.
U3 Form,
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Form, and Colour : fome are opake, others
tranfparent : fome have rough Surfaces, and
others are quite imooth.* Thefe Varieties
are very agreeable to examine by the Micro-
Jeope, which thews, in fome of the fhining
Kinds, Grains havulg all Numbers of Sides
and Angles, and fo finely polithed, that no
Diamond is more exquifitely beautiful. On
others grotefque Figures, or Reprefentations
of Landfcapes, Buildings, Flants, and Ani-
mals, at once furprize and pleafe.

4. In order to examine Diamonds 4 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 fparkling
Flames iflue from them, with a continual
Corrufcation, in fome, like a faint Lightning,
"Then viewing them in the Shade, he obferv-
ed, among other pretty Appearances, a little
Flame that feemed to dart from each Particle
of the Diamond : and it was a glorious Sight
to behold Multitudes of f] ar%lmg Flames,
moft of a bright Fire- Coﬂmr, and others
greenifh, flathing faintly and like Lightning
at a Diftance.—In other Picces of the Dia-

Ll "

¥ Vide Philofsphical Tranfaftions, Numb. 289. Hook’s
Mierazr. p. 80

+ Vide Philofopb. TranfasZ. Numb. 374.
| mong
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sond. 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 Collifion ; as
will be evident upon making the Experiment
over a Sheet of white Paper, and viewing
what falls into it through the Microfcope.
Mr. Hook firft made the Trial, and found
that a black Particle, no bigger than a Pin’s
Point, appeared like a Ball of polithed Steel,
and ftrongly refleted the Image of the
Window near which he examined it. T It
1s 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 {upply’d 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 through Glaf-
{es : fome appearing plain and {mooth, others
rough and thorny, and others again with
little Hooks or Clafpers to catch hold of any

-~

T Hook’s Microgr. p. 25, 44, 40, .
| U 4 thing.
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thing: Peaches, Quinces, and fome other
‘Fruits have likewife a foft Down, which is

worth examining, as well as the Hairs on
many forts of Leaves, Fruits and Seeds.

37. There is a very fine Down or Hair
called Cowage, or Cow-Itch, growing on a
fort of hairy Kidney-Bean that comes from
the Egafi-Indies. 'The Pods, about three
Inches long, refemble a French Bean, and
are covered with this Down or Hair, which
is very {tiff for its Bignefs, caufes Pain and
Inflammation if rubbed on any Part, and -
when viewed by a Microfcope appears like
Multitudes of Needles.

Afort of curling Horns, rifing out of the
Middle of fome Carnations and Pmks, are
exceeding pretty Objelts.

38. The Flakes of falling Snpw are-various
n theu Configurations, and extreamly beau-
tiful, if examined before they melt : which
may eaﬁly be done by making the Experi-
ment in the open freezing Air. DESCARTES,
Dr. GrRew, Mr. Hook, Mr.MorToON, Dr.
LanewiTH, and others, have given us feve-
ral of their different Star-like Forms: and
Dr.StockE, of Zealand, have lately commu-
nicated to theRa_ym’ Society fome new Figures
unobferved before.
The Configuration of theParticles of Dew
may perhaps be likewife well worth obferv-
ing. Ply-
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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.

Aithiops Mineral, Calomel, Mercuriusdul-
Cis, 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, are * killed by
rubbing Salt upon their Backs: Snakes,
Vipers, Rattle - Snakes, &e. by drawing
thro’ their Skin with a Needle a Thread dip-

ped in Oil of Tobacco; and Mercury is a
mortal Poifon to Ants;

It would be an endlefs Tafk to point out
half the Objects fit to be examined by this
ufeful and entertaining Inftrument, which
{upplies us as it were with Eyes, infinitely
more penetrating than our own ; and difco-
vers Wonders to us which we fhould be un-
able to conceive without it.  The foregoing
are a_few only among thofe that are nioft
curious ; but every Creature, every Plant,

and Fruit, and Flower, every Drop of Wa-

# Hoox’s Microgr. p. 144.
ter,
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ter, and every Particle of Matter, if carefully
examined, will afford us new Inftrucion and

Delight.

a6 L A L

The Works of ART and NATURE
compared together and confider’d.

EF OR E this Treatife 1s concluded,

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 {uch a comparifon muft tend
towards humbling the Self-conceit and Pride
of Man, by giving him a more reafonable
and modeit Opinion of himfelf; and at the
fame time may in fome Degree conduce to-
wards improving his imperfe Conceptions
of the SuPREME 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
feemed to be, would not ferve even to cleave
‘Wood. +

: + Hoox’s Microgr.

Ap
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An exceeding {mall 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 extreamly fmgoth and .
bright to the naked Eye, feemed full of
Ruggednefs, Holes and Scratches. In fhort,
it refembled an Iron Baf out of a Smith’s
Forge. *

But the Sting of a Beeviewed through the
{fame Inftrument, fhewed every where a Po-
lith moit amazingly beautiful, without the
leaft Flaw, Blemifh, or Inequality ; and end-
ed in a Point too fine to be difcerned ;: yet
this is only the Cafe, or Sheath, of Inftru~
ments much more exquifite contain’d there-
in, 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 Hur-
dle or Lattice, and the Threads themfelves
feemed coarfer than the Yarn wherewith
Ropes are made for Anchors.

Some Bruffels Lace, worth five Pounds a
Yard, looked as if it were made of a thick,
rough, uneven Hair-Line, intwifted, faften-
ed, or clotted together in a very awkard and
unartful Manner,

=
- - =LA

* Philsf. Tranf. Namb. 324. Spef. de la Nat, Englith
Edit, 12mo. Vol. I, pag. 8.
Bat
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But a Silkworn’s Web being examined,
appeared perfectly fmooth and thining, every
where equal, and as much finer than any
Thread the beft Spinfter in the World can
make, as the {malleft Twine is finer than
the thickeft Cable. A Pod of this Silk being
wound 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 whﬂle
Length, it makes really double the above
Number, or one thoufand eight hundred
and fixty Yards : which being weighed with
the utmoft Exa&tnefs, were found no hea-
vier than two Grains and a half.*¥ What an
‘exquifite Finenefs 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 {malleft Do#, Tittle, or Point, that
can be made with a Pen, appears, when
viewed by the Microfcope, a valt irregular
Spot, rough, jagged, and uneven all about
its Edges, and far enough from being truly
round. The fineft and minuteft #riting,
{uch as the Lord’s Prayer in the Compafs
of a filver Penny, or other fuch like curious

* Ibid. p. 50, .
Per-

o
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Performance, done by the moft able Mafter,
feems, when brought to Examination, as
~ fhapelefs, uncouth and barbarous, as if writ-
ten in Runic Charaéters. Butthe little Specks
-on the Wings or Bodies of Moths, Beetles,
Flies, and other Infets, are found, when
magnified, to be moft accurately r.:lrcular 2
and all the other Lines and Marks about

them, appear regularly and finely drawn, to
the utmoft Poffibility of Exaétnefs. -

~ Dr. PoweRr fays, he faw a golden Chain
at TREDEsCANT’s, of three hundred Links,
not more than an Inch in Length, faftened
to, and pulled away by a Flea. And I
myfelf have feen very lately, near Durbam-
Yard in the Strand, and have examin’d with
my Microfcope, a Chaife (made by one
Mr. Boverick, a Watch-maker) having
four Wheels, with all the proper Apparatus
belonging to them, turning readily on their
Axles: together with a Man fitting in the
Chaife; all formed of Ivory, anddrawnalong
by a Flea without any feeming Difficulty. I
weighed it with the greateft Care I was able,
and found the Chaife, Man, and Flea, were
barely equal to a ﬁngle Grain. 1 weighed
alfo at the fame Time and Place, a Brafs
Chain made by the fame Hand, about two
Inches long, containing two hundred Links,
with a Hook at one End, and a Padlock and

- Key



266 ART and NATURE _

Key at the other; and found it lefs that
the third Part of a Grain. +

We are told, that one Oswarp Ng-
LINGER § 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, {o far from being erouded or want-
ing Room, the Pepper-Corn could 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-
Jeope, and we fhall immediately be econvinced,
that the utmoft Power of Art is only 2 Con-
cealment of Deformity, an Impofition upon
our Want of Sight; and that our Admiration
of it arifes from our Ignorance of what it

really is.
This valuable Difcoverer of Truth will

prove the moft boafted Performances of Art
to be as ill-fhaped, rugged, and uneven, as

el

+ 1 have feen fince my writing the above, (made by the
fame Artift) a Quadrille Table with a Drawer in it, an
Eating Table, a Side-board Table, a Looking-Glafs, twelve
Chairs with Skeleton Backs, two Dozen of Plates, fix Dithes,
a Dozen Knives, and as many Forks, twelve Spoons, two
Salts, a Frame and Caftors, together with a Gentleman,
Lady, and Footman, all contained in a Cberry Stone, and
not filling much more than half of ic.

1 Epbem. German. Tom. 1. Addend. ad Oblerv. 13.

if
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if they were hewn with an Ax, or ftruck
out with a Mallet and Chiffel. It will (hew
Bungling, Inequality, and Imperfecion in
every Part, and that the whole is difpropor-
tionate and tonftrous. Our fineft Miniature
Paintings appear before this Inftrument as
meer Dawbings, plaifter’d on with a Trowel,
and entirely void of Beauty, either in the
Drawing, or the Colouting. Our moit
thining Varnithes, our {inootheft Polithin
will be found to be meer Roughnefs, full
of Gaps and Flaws. .

Thus fink the/#Vorks of Art when we be »
come enabled to fee what they really are |—
But, on the contrary, the nearer we examine,
the plainer we diftinguith, the more we can
difcover of the Works of Nature, even in
the leaft and meaneft of her Produtions,
the more fenfible we muft be made of the
Wifdom, Power and Greatnefs of their Au-
thor.—Let us apply the Microfcope where
we will, nothing is to be found but Beauty
and Perfe@ion. View we the numberlefs
Species of Infeéts that {fwim, creep, or fly
around us, what Proportion, Exa&nefs,
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
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rich the Glow ! how high the Finithirig !
how inimitable the Polith we every where
behold |—Search we yet farther, and exa-
mine the Animalcules, many forts whereof
it would be impofiible for an human Eye
unaffifted todifcern; thofe breathing Atoms,
fo fmall they are almoft all Workmanfhip !
In them too we fhall difcover the fame Or-~
gans of Body, Multiplicity of Parts, Variety:
of Motions, Diverfity of Figures, and par-
ticular Ways of meg, as 1n the larger Ani-
mals.—How amazingly curious muft the
Internal Structure of thefe Creatures be ! The
Heart, the Stomach, the Entrails, and the
Brain ! How minute and fine the Bones,
Joints, Mufcles and Tendons ! How exqui=
fitely delicate beyond all Conception the Ar-
teries, Veins, and Nerves |" What Multitudes

of Vefiels and Circulations muit be contain’d
within this narrow Compafs! And yet, all
have fufficient Room to perform their diffe-
rent Offices, and neither impede nor inter-
fere with one another.

The fame Order, Regularity and Beauty
will appear likewife among Pegetables 1f
brought to Examination. Every Stalk, Bud,
Flower, or Seed, difplays a Figure, a Pro-
portion, a Harmony beyond the Reach of
Art. There’s not a Weed, not a Mofs,
whofe every Leaf does not thew a Multipli~
city of Veflels and Pores difpofed moft curi-
oufly for the Conveyance of Juices to fup-

port
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port and nourith it, and which is not adorn’d
with innumerable Graces to embellifh it.
The moft perfe@ Works of Art betray a
Meannefs, a Poverty, an Inability in the
Workman ; but thofe of Nuature plainly
prove, the Hand that formed them was ab-
folute Mafter of the Materials it wrought
upon, and had Tools exaltly fuitable to its
Defign. Every Hair, Feather, or Scale,
even of the meaneft Infed, appears round-
ed, polithed,  and fnifh’d to the higheft
Pitch; and fhews the abundant Riches, Mu-=
nificence, and Skill of its Maker.

But fome may poffibly enquire, to what
Purpofe Providence has beftowed fuch an
Expence of Beauty on Creatures fo infignifi=
cant: and then cry out, #hat is all this to
us ?—My'Repiy is; that the Beauty and
Elegance which adorn them, are evident and
convincing Proofs of their not being fo infig-
nificant as we prefumptuoufly fuppofe they
- are: for, fuch Beauty muft be given them,
cither for their own Sake, that they them-
{elves 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

X for
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for whatever Reafon God has been pleafed
to beftow Exiftence on them, and to clothe
them with Beauty, what he has judged wor-
thy himfelf to create, is not, furely, 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.,

Sl e

C.H-A.P Ll

Some reafonable RefleCtions on Difcoveries
made by the Microfcope.

HE Ufe of the Microfcope will natu-
rally lead a thinking Mind to a Confi-
deration of Matter, as fathion’d into different
Figures and Sizes, whether Animate or Ina-
nimate : It will raife our Reflections 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 till
to the fixt Stars and the revolving Orbs they
enlighten, where we fhall be loft amongft
Suns and Worlds in the Immenfity and Mag-
. nificence of Nature.

Our Ideas of Matter, Space, and Dura-
tion are meerly comparative, taken from
Ourfelves and Things around us, and limited
to certain Bounds; beyond which, if we
endeavour to extend them, they become very
indiftinct. The Beginnings and Endings,

exceflive
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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 diffe-
*“ rent Bulk of an Animal which is twenty,
- from another which is an hundred times
“ lefs than a Mite; or to compare, in ‘his
“ Thoughts, the Length of aThoufand Dia=
“ meters of the Earth with that of aMillion,
““ and he will quickly find that he has no
““ different Meafures in his Mind adjufted
““ to fuch extraordinaryDegrees of Grandeur
* or Minutenefs. The Underftanding, in-
“ deed, opens an infinite Space on every fide
“ of us; but the Imagination, after a few
“ faint Efforts, is immediately at a Stand,
*“ and finds itfelf fwallowed up in the Ims=
“ menfity of the Void that furrounds it.
“ Our Reafon can purfue a Particle of Mat-
*“ ter through an infinite Variety of Divifi
““ ons, but the Fancy foon lofes Sight of it,
““ and feels in it felf akind of Chafm, that
“ wants to be filled with Matter of a more
 {enfible Bulk. We can neither widen;
“ nor contract the Faculty to the Dimenfi-
 ons of either Extream. The Objeét is too
*“ big for our Capacity, when we tvould com-
“ prehend the Circumference of a World ;
‘““ and dwindles to Nothing, when we ens
¢ deavour after the Idea of an Atom *.”

= ik P - P ST "
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® Spectator, Numb. 429,
X 2 The
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The miniite Size of microfcopical Anl-
malcules,” and the little Space they occupy,
when compared with ourfeﬁres and the Room
we fill, may pofiibly 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
tound 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
fhall find ourfelves fink to nothing.
«« % Were the Sun with all its planetary
« Worlds utterly extinguifhed and annihi-
¢ lated, they would no more be miffed in
¢¢ the Grand Univerfe than a Grain of Sand
¢ upon the Sea-fhore : the Space they pof-
« fefs is fo exceeding little, in comparifon
<« of the Whole, that it would {carce make
<« 3 Blank in the Creation. The Chafm
““ would be almoft imperceptible to an Eye
< that could take in the whole Compafs of
¢« Nature, and pafs from one End of the
¢« Creation to the other.” What then is

* Vide Specator, Numb. 565
the
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the mightieft Monarch that ever lived !
What is the whole Race of Man !

A Mite upon a Cheefe is as large and
confiderable, in Proportion, asa Man upon
the Earth : the little Infeés feeding on the
Leaves of Peach-Trees and Cherry-Trees,
are no ill Reprefentation of Oxen grafing in
large Paftures : and the minute Animalcules
in a Drop of Water, {wim about with as
much Freedom as Whales do in the Qcean:
——All have equal Room in Proportion to
their own Bulk.

TheTerm or Durationof Life, in different
Creatures, is likewife comparatively long or
fhort, according to the Number, Quicknefs,
or Slownefs of Ideas, prefenting themfelves
fucceffively to the Mind. For, when the
Ideas fucceed one another fwiftly, and many
of them are crouded into a narrow Com-
pafs, the Time, however fhort it may be,
will feem long in Proportion to the Num-
ber of Ideas pafling through it : on the con-
trary, when the Ideas are but few, and fol-
low one another very flowly, a long Time
will appear fhort, in Proportion to their flow
Succeflion, and the Smallnefs of their Num-
ber. |
¢« It is evident, fays Mr, Lock, to any
‘“ one who will but obferve what pafles in
“ his own Mind, that there is a Train of
¢ Ideas, which conftantly fucceed one an-
T X 7 ¢ other
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¢ other in his Underftanding, as long as he
*“ is awake.  Reflection on thefe Appear-
¢t ances of {everal Ideas one after another in
¢ our Minds, i1s what we call Duration,
‘““ For whilit we are thinking, or whilft we
‘ receive f{ucceflively feveral Ideas in our
“ Minds, we know that we do exift : and
“ {o we call the Exiftence; or the Conti=
“ nuation or. Exiftence of ourfelves, or any
thing elfe commenfurate to the Succeffion
 of any Ideas in our Minds, the Duration
“ of ourfelves, or any fuch other Thing
co-exifting 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 themielves
nearly of the fame Duration. It is at leaft
probable, that fomething like this may re-
ally be the Cafe as to the Inhabitants of this
our Earth: for as the fame Funtions or
Offices of Life, vzz. to be bern, feek pro-
per 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 Lock on Haman Underfanding, Chap. X1V,

Hours,
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Hours *, may be f?pnfed, from the Num-
ber and {wift Succeflion of Ideas fuited to all
thefe Purpofes, to live as long, according to

* SwammEeRDAM has publith’d, in Leaw Duteh, a curious
Account of what he calls the Ephemeron: a Fly which, he
tells us, lives but five Hours. This Infeétis found about all
the Mouths of the Rhine; and, according to his Drawings
and Defcriptions, feems to be a Species fomewhat between
our May-Fly (bred from the Cadew-Worm ) and the Libella or
Dragon-Fly. 1t has four Wings, two whereof are fhorter than
the other ; a Pair of fmall Horns, fix Legs, and two very long
firait 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 Bufinefs is to generate, and drop
their Eggs upon the Water : which Eggs, finking to the Bot-
tom, produce a Kind of #Worms 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 #arm is come to its full Growth, it rifes to the Surface,
about fix o’Clock in an Evening: lays its Eggs, and dies
about ten o’Clock the fame Night.

I am furprized that Swammerpam fhould fay, the Life
of this Cr:ature is no more than five Hours, when his own
Account plainly proves that it really lives three Years : for
it is certainly as much alive in the Worm-State, as when af-
terwards it becomes a Fly.——T'ruth fhould be every 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 SwaMMERDAM's Authority, as the moft
remarkable Inftance we know of the Shortnefs of Life.— But
tho’ this Infe& happens to live much longer than was ima-

ined, I make no doubt, thereare {fome among the number-
lefs Species of Beings, whofe natural Lives are as fhort as this
was fuppofed to be: {uch too are molt likely to be found
amongit the very minute Kinds. Foras thofe exceeding fmall
Plants, invifible to the naked Ey, which compofe what we
call Mouldinefs, fpring up, bear Fruit, and dye in a few
Hours: we may reafonably {uppofe, the Lives of fome ex -
ceedingly fmall Animals to be of as fhort a Duration,

X 4 S



306 Some reafonable Reflections on

* their own thinking, as other Cmaturf:s 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 fwarmmﬂ with In-
habitants ; all of which enjoy not only Life
but Happinefs ; a thmkmg Mind can {carce
forbear confidering that Part of the Scale of
Beings which defcends, from himf{elf, to the
loweft of all fenfitive Creatures, and may
confequently be brought under his Exami-
nation. * Amongit thefe, fome are raifed
{o little above dead Matter, that it is difficult
to determine whether they live or no: others
but one Step higher, have no other Senfe be-
fides Feeling and Tafte: fome again, have
the additional one of Hearing : others of
Smell, and others of Sight. I,

It is wonderful to c:bfen e, by what a gra-
dual Progreflion the World of Life advances
through a pmd1gmus Variety of Species, be-
fore a leﬂturc 1s formed that is compleatin
all its Senfes: and, even amongft thefe, there
is fuch a dlfﬁ&rent Degree of Perfe&mn n
the Senfes which one Animal enjoys be-
vond what appears in another, that tho’ the
Senfe in diffcrent Animals be diftinguithed

+i—

T Vide Speizater, Numb. 511G,
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bythe fame common Denomination, it feems
almoft of a different Nature. If, after this,
we look into the feveral inward Perfections
of Cunning and Sagacity, or what we gene-
rally call Inftin&, we find them rifing in the
{fame Manner, imperceptibly, one above 1.
other, and receiving additional Improvements
according to the Species in which they are
implanted., -

This Progrefs in Nature is fo very gradual,
that the whole Chafm, from a Plant to 2
Man, 1s filled up with divers Kinds of Crea-
tures, rifing one over another by fuch a gent-
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 fo high
as Man, we may by Parity of Reafon fup-
pofe, thatit ftill proceeds gradually upwards
thro’ numberlefs Orders of Beings of a fupe-
rior Nature to him: as there is an infinitely
greater Space and Room fordifferent Degrees
of Perfetion between the Supreme Being
and Man, than between Man and the moft
defpicable Infe&.” '

Mr. Lock’s Thoughts upon this Subject
are very curious ; “That there thould, fays

t he,
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““ he, be moreSpecies of intelligent Creatures
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above us, than there are of fenfible and
material below us, is probable to me, from
hence, that in all the vifible and torporeal
World, we fee no Chafm, no Gaps. All
quite down from us, the Defcent is by
cafySteps and a continuedSeries of Things,
that in each Remove differ very little one
from the other. There are Fithes that
have ngs and are not Strangers to the
airyRegion : and there are fome Birds that
are Inhabitants of theWater, whofe Blood
is as cold as Fifh’s, and their Flefh {o like
in Tafte, that the Scrupulous are allowed
them on Fifth-Days. There are Animals
fo near a-kin to Birds and Beafts, that
they are in the Middle 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 fome
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 loweft of one and the
higheft of the other, three will fcarce 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 fhall find every where that
the feveral Speciesare linked together, and
differ but in almoft infenfible Degrees.
And when we confider the infinite Power
and Wifdom of the Maker, we have Rea-
fon to think, that it is fuitable to the
magnificent Harmony of the Univerfe, and
the great Defign and infinite Goodnefs of
the Archited, thatthe Species of Creatures
thould alfo, by gentle Degrees, afcend up-
wards from us towards his infinite Perfec-
tion ; as we fec they gradually defcend
from us downwards. \%’hich if it be pro-
bable, we have Reafon then to be perfua-
ded, that there are far more Species of
Creatures above us than thereare beneath
we being in Degree of Perfe@ion much
more remote from the infinite Being of
God, than we are from the loweft Staté
of Being, or that which approaches near-
eft to Nothing.”

Every Creature is confined to a certain

Meafure of Space, and its Obfervation ftinted
to a certain Number of Objets : but fome
move and act in a Sphere of a2 wider Cir-
cumference than that of others, according
as they rife above one another in the Scale
of Exiftence. ‘This Earth is the Spot ap-
pointed for Man to dwell and a& upon: he

ftands
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ftands foremofit 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. Form’d for the Enjoyment of in-
telle¢tual Pleafures, his Happinefs arifes from
his Knmwledgrz, and hisKnowledge increafes
in Proportion as he difcovers and contem-
plates the Variety, Order, Beauty, and Per-
fection of the Works of Nature : whatever,
therefore, can affift him in extending his Ob-
{ervations, 1s 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 {o 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
gives us {till more noble and juft Ideas of
the Power, Wifdom, and Goodnefs of the
Derty.

The Univerfe is fo full of Wonders, that
perhaps Eternity alone can be fufficient to
furvey and admire them all : perhaps, too,
this dchghtfuliEmpIGymentmaj; be one great
Part of the Felicity of the Blefled.— When
the Soul fhall become divefted of Fleth, the
Pleafures of Senfe can be no more: and if,

by
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by a continued Habit, any Longings after
them fhall hang about it, fuchLongings muft
create a proportionableDegree of Wretched-
nefs, as they, can never poffibly be gratifieds
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, duely prepared for the
full Enjoyment of intellectual Happinefs.

To THEE, eternal felf-exifting CREATOR
of the Universe ! whofe Will is Nature’s
Law ! Omnifcient, Omniprefent; All-Boun-
tiful and Gracious! To TuEE be paid, by
all thy CreaTUrES, Thank{giving and Ade-
ration, till time fhall be no more!

IINDE X.
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Way of viewing them S— i 148
in a Crane-Fly, very curious — ——o 279
Fifb, how to place in a Glafs Tube 13

X s,
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Fifb-Pan — S L
Flea defcribed . A
Manner of Change from the Egg — 103

—its COltug = —  —
Difletionof — —
its furprifing Strength and Agﬂl Ly

Fluids, how to ?repare and examine = — 58
F.if].r defcribed — — — — - 219
its Trunk e P i
Difleétion of L " o e 220
Manner of Produétion —— ibid
Focus, what — il 1 R 4
Forceps, or Plyers, their Ufe e — — — 10
Frog, how to place ina Glafs Tube — — — 13
Apparatus for viewing the Circulation in it 133
Mefentery thercof a curious Obje&t — — 135
its Lungs — — — @ — — 285

G.
Gad- Bee : vide DI-F{}* —_— r— — e — 207
Generation equivocal, contrary to Reafon — — 148
Manner of — — — — — 150
analogous between Animals and Vegetables 151
Glafi flat, its Effelt — R
convex, its Effelt — = o0 o e 4, 6

its magnifying Power expliained — ~— 33
how to find its magnifying Power — —, — 34
concave, its Effe&t — — — — 5

Glafi Slips of different Colours, their Ufe e e 1 Y

Gloffis muft be {uited to the Ubjc&s —_— — = 53

Glafs-Tube, its Ufe o 11, 19
Globules of the Blood how formed — 103
their Size — 101, 132
their Appearance in Sicknefs 108
in Fifhes and aquatic Animals 131
how affefted by Heat and Cold ibid.

Vide Circulation.
Globule, or Drop of Glafs, its Inconvenience
not ufed by Mr. Lecuavenhock
Gnat, it Manner of Prodution

6

—_— 7
—— 68, 88, 207

Defcription of it 203
its Form in the Water 88
its Wings and Hoins PRt —re 203
i1s Piercer defcribed —_— 204
its Spawn - 206
Grain of Sand how to be underftood as a Meafure 41

Growth



t A XMNICDAE X,

Growth of Animals and Vegetables, what —— p. 150

Hairs of different Creatures e = ol 245
their Strutture ———— A S thid,

their Variety —_— 246
. of a Caterpillar, very beautifill ——— 280

Hay-Water to make
when ready for Examination =~ ———  ibid.

il 76

the Animalcules therein S—— ibid.
Health, wherein it confifts 106, 116
how impair'd = — —— 10§

how probably it may be reftor’d — ., 109
Contrivance of Providence to preferve it — 119

Hearyt (Pulfation of) —_— — — 137
in a Bee
a Fl a5
a Girafshupper B i (R
a Lady-bird e
in a Smail = ——— —— 138, 217, 218
in a Loufe - 138, 180

Horns of Infe&s, their Ufe ~ ——0u —_— 211
————their different Beauty ibid,

X
Ignis Fatuus - 242

Infufionsgof Vegetables produce Animalcnles — —— 76

obferv’d by Monf. Foblot - 87
why produétive, a Suppofition —_— 86
why not always the fame . 87

-

Iufes, how to diffeét 6o
fitteft to fhew the Circulation and internal Motion--—

117, 142
in the Livers of Sheep e —_—— 268
in the Heads of Sheep —— e 269
in the Heads of Deer ———— — 268
on Pales and Walls —-— —_— 270
on Leaves —_— — 271
among Pinks, Rofes, . — 270
in Cuckow-{pit
on Sycamore Leaves } 277
on the Ribs of Rofe Leaves

on Goofeberry Leaves = —— — 278
Legs and Feet examin'd —-~ 283
on Orange, Fig, and Willow Lcaves ew—— 284

Y 2 Infeits,
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Dufets, their Eggs beautiful

on Corks of Bottles P 284
Jtch, a Diftemper occafion’d by Animalcules —— 169
defcribed .. > 170
how cured en—— 171

Jurin (Dr.) his Way of meafuring Objeéts —— 45

L.

Lace (fine Bruffels) examin'd — 203
Leaden Pipes or Gutters, Animalcules there defcribed — g2

Leawes, whether have any Circulation 256
their Pores how numerous 257
of Rue

St. John's Wort

Mercury ibid.
Sage

Rofe and Sweet DBriar

Fern — 254

Stinging Nettle (very wonderful) w— 258

like the Stings of Animals — ibid,

Lens, what 2
Leenwenboek (Mr.) the Stru&ure of his Microfcopes 8
Liberkbun (Dr.) his folar and opake Microfcopes —— 21
Life, in what Manner long or fhort ~——— 303, 305
its Progreflion in different Creatures ~ ——— 300

Light muft be fuited to the Objett —_— 1L
its different Effeét — 54

of a Candle beft for fome Things e 55

of the Sun, not eligible e ibid,

Loufe (common) deferibed — 177
its Manner of Feeding _ 179

a Sting in the Male ——t — 180

1ts Increafe how numerous ——— — 131

Way todiffeé it s —_— 182

(Crab) —-— ibid.

a general Name for the Vermin of Creatures 183, 184
on the Beeetle

Earwig

Bl e . 183
Spider

Humble-Bee

Flea 184
( Kinds of ) pi€lur'd by Seignior Redi = ibid.
Wood Lonfe —ee —_— 185

Magnifying
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Magnifying Power of Glafles in the Single Microfcope, p. 32
explained e e 313
how to find and calculate 34
Table of —_— strct 36
~ in the Solar Microfcope - 38
in the Double Microfcope — 39

Manr, his proper Employment, Vid. futroduction.
his Capacity for Knowledge 310
whence his eternal Happinefs mey poflibly arife 311
Matter, Confiderations thereon — = 300
our Ideas of it imperfect 501
Mercury unalter’d in feveral Mercurial Medicines 291
Microfcape what ' I
by whom and when invented 3
Single —_— 2, 7
Double ibid.,
their different Effe@ts and Advantages  z, 7, 49
Leenavenboek's, its Strufture — 8
Wilfon's Single Pocket 9
with a Speculum 14
Standard for its Glafles propofed 3T
Double Reflecting —_— 16
Solar, or Camera Obfeura 22
its Advantages —_— 2%
for opate Objects — —_— 27
* Standard for its Glaffes propofed 38
its Advantages 27, 30
how to ufe it ibid.
ufeful alfo for tranfparent Obje@ls  —— b7,
wherein it can properly affift us 49
why {ometimes neglected s 51
how ferviceable in the Practice of Phyfick 107
Minutenefs of Animals, &, wonderful: vid. Introd. 163, 268
Reflections on it —_— —_— 302
Mefentery of a Frog, extreamly curious — —— 135
Mites defcribed —_— 186
their Coit and Time of Hatching R 188
their Eggs —_— 1bid,
compared with a Pigeon’s —  jbid.
their Voracioufnefs and Manner of Eating  iba.
how to deltroy —— {8g
_ Sorts of defcribed —_— —_— fhid.
* wandering — — 160
very tenacious of Life e — ihid,

Mafis,
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Moffes, exceedingly beautiful Objects T p. 286
Motion feen by Microfcopes, how tobe regarded ~—— 632
Mouldinefs, feveral Species of minute Plants — 247

Multipes or Scolopendra, very curious — s=——— 27g
Mﬂ'ﬁfe’i of the Hbﬂﬂmﬁn of a Ffﬂg e 133
Mrfﬂ'ff—f‘f‘@.ﬂ fine Ghje& —_— — 113} 242

its Eggs and Embryn—Muf:I_r.i —_— 243
how numerous —_— — ibid.
the Beard, its Ule = ———  — 244

N.

Nature's Operations amazing e 253
the Perfection of, exemplified — 298

compared with the Works of Art 292, 297

the Study of them Man’s nobleft Employment:

vid. Intredus?. and 200

Needle, its Point examined — —_— 293
Nerawes, their Struéture and Appearance —_— 140
not elaftic _— ——— 147

Neavt, a fine Objet 126
Globules of its Blood larger than in moft Animals /44,

how to kill — 2g1
Q.

O#kjects, how feen through a Single Microfcope ~ — 2

how through a Double one i 701

how thirough a Flat Glafs s 3

how through a Convex —_— — 4

appear large to fhort-fighted People. — 5

their real Size to find i 40, 158

Mr. Lecuvenboek’s Way — 41

Mr. Hook's WEY — 45

Dr. Furin's Way —_— ibid,

Dr. Martin's Way —_— — 47

Dr. Smith's Way 48
Area or Portion of B —— E N
Kinds proper for the Microfcope = —— o0

what not proper 7 s——— 49
Diretions how to examing —  eee——— 52
to be view'd in every Light C— 5y

theirShadow onlyfeenbytheSolarMicrofcopes 5
how to prepare and apply 56

to make a Colleé¢tion of —— , 60
Cautions in the viewing of —J 62

fﬂdlffﬁ e n—-——-—:; =2 9 1

Old




X NI Bl B X
Old People, their Manner of Sight — ~—— s p. g
Opake Obje&s (Microfcope for) vid. Microfcape. :
to prepare and preferve ——— 6o

Opium, how itadtson the Bloed = =—— —— 14
Ox-Fly defcribed

its Manner of Prodd@tion e TS 207
Oyflers, Animalciles in their Liquor — —— - 239
in ‘their Semen b
Embrvos ibgd.
their Size and Number ~ —— 240
Light on them 241
P-
Pafte full of minute Eels = —— 81
way to preferve them ibid.

People, old, or fhort-fighted, their Cafe —_— 4
Pepper-Water, vid, dnimalcules.
Periftaltic Motion vifible  —— 138, 179, 195, 219
Poifes of Infelts, vid. Balances.

i

Polype, a wonderful Animalcule fo called
Pores of the Skin —_— — _— 174
Way to view them  ——  — jbid. & 176
how numerous B — e 195
of Wood, their Numbers 287
Pucerons et R 270
Pulfe beating, vide Heart.
R.
Rain-Water, its Animalcules B i 83
Razor, its Edge examined ——— — 293
S.
SalVelatile oleofum, its Effets on the Blood — —— 11¢
Salts to prepare and examine 8
their general Effets ' — 200
in Vinegar ibid.
how changed by Crabs Eyes — 260

in Wines, Vegetables, and Metals = ——  7bid

Sorts to be examin’d e 261
their good and ill Effeéts B ibid.
(Sorts of) in Mineral Waters e 262
of Vitriol —— — 203
e UNTipe 265

Salts



¥ N -DbE B4 X

Salts - ?F Alum
rom . Salt Springs '
Sal Gem s — o P. 263
from Sea-Water
Niter
| Calcarious Niter —_— 264
Sand (Grain of) how underftood as a Meafure  —— 41

Sauds fine Objeéts for the Microfcope 288
Scale of Beings confider’d — —_— 307
Scales on the Human Skin — 172
how numerous — 173

Way to view them ibid.

of Fifhes e 237

fhew their Age _— 238

how to prepare —_— ibid.

Scolopendra, vide Multipes.

Scorpion, vide Sting.

Seeds not proportion’d to the Size of their Plants 165
include minute Plants — e 252
of the Gramen tremulum — —  ibid.
to prepare e 253
of Strawberries o

— — ibid,
Poppy }
Fern —_— 254
Puff Ball 2ce
——how hurtful to the Eyes = —— —— 250

Semen Mafculinum, vide Animalcules. &

Serpents (minute) -nd 78

Shaife, &c. drawn by a Flea — m—iv) 20%

Shecp (Worms in) vide Infeds.

Sight, its Difference how occafion’d —_— 4s §
common Standard of — 33

Silk-Worm 281

Semen thereof examined —_— 282
Length and Finenefs of its Silk —_— 294
Sliders what 10

to prepare a Set of properly
Snail, acurious Animal

their great Ufe — e 50

Manner of Produétion and Growth 218

Stone found therein —— e D

Smow, 1ts Configuration curious e 290
Solar or Camera obfcura Microfcope : vide Microfcope.

Spider, its Eyes — e 196

Spider,

4
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‘Spider, its Weapons = e C— 'y
; PpifﬂnﬂuEDLiquﬂr how inftilled = — . lg;
Web how ﬁﬂﬂ —— e 200
E - s e 201
White Field SIS, —_— 0 ibid.
- Hunting joild
Shepherd > Spider —_— il 258
Red
Water Spider — —— 278
Stags, Worms in their Heads : 268
Star-Fift —— Smtd 97
or Stella arborefeens, fending forth many thoufand
Branches —_— <o
Steel (Particles of) melted by ftriking Fire — 285
Sting, how diftinguithed — Ry 209
of a Bee defcribed L ——— 310, 293
Way to view it~ | weeen O
. its poifonous Juice — e 372
of a Scorpion defcribed —— Jlis
its poifonous Juice —  —— 23
furprizing Effe&t of o 214
Sunfbine, a bad Light for Objeéts o 55
i e
Table of the Powers of fingle Glafles — 36
Tittle made with a Pen examin’d S — 204
Trany 1 -eny how fometimes acquired — 129
Trutr. nty to be fought for —_— — 62
Tube (- ‘lafs) its Ufe —_— e 11
(capillary) its great Ufe —— — 59
b1
Vegetables (Infufion of) produce Animalcules 7o, 76, 86, 87
Veins, formed to preferve Health —_— — 1ig
Vinegar (Animalcules therein) vide Animalcules.
its Salts examin’d —— s 259
Viper, its Teeth and Poifon —e — 2ig
W.
Water, full of Life : vide Animalcule;. go
Weewil, or Corn-Beetle defcribed ———— —— 22l
its Manner of Produétion —— — 22Z
Whale, its prodigious Size a— e 101

Fheel.
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#Vbeel-Work in the Heads of fome Animalcules -  p. g1
Wilfon's Pocket-Microfcope :. vide Microfeope

Wings of Infelts — 232
their Variety —— ———— 233
their Motion e e i s ST
their fine Feathers — —_— 234
Way to view them — esse=s——a — $bid.

Wolf defcribed —_— 223
its Increafe o i —_— 22}
Way to deftroy iy 225

Weod, its Air-Veflels, Sap-Veflels, Pores, &e. —— 287

W ood-Loufe —_ —_— — 183

Worms in Human Bowels — — 205
their Kinds e — —_—— 266
how Erohab!y introduced ibid.
in Fifhes — — 207
Blood-red, jointed —_— — 278

Fq 5N diod.
















