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INTRODUCTION.

e G H E Study -qf Nafur‘e, or in other Words,
2 ’ 7| a ﬁrr'am Caﬂtemplaﬁm af the Waorks ‘:f
0 God, is_certainly one -of ‘the moft. pleafing

w9 and ufeful, as well as moft extenfrve Kinds

w AN

SSNEPe of Knowledge. It is indeed the great, and
oper Objett of our rational Faculties; for furely we can-

pr
not employ our Reafon better, than in endeavouring to
make ourfelves acquainted with the glorious Works of that
Being, to whofe Goodnefs we owe it.

Natural Philofophy is now fo greatly improv'd in all its
Jeveral Branches, that few Perfons, who bave bad the
Happinefs of a liberal Education, arewholly unacquaint-
ed with the Value of it. But fill the Generality of Man-
kind are guilty of one very great Miflake, for they are apt
to form an abfolute Fudgment of the Waorks of Nature,
JSrom outward dppearances only; and fo imagine, that the

moft grand and magnificent Parts of the Creation, are
always




4 INTRODUETION.
always moft perfeét, an’ci?[ar that Reafon moff worthy of
our Regard. The Sp{e our of the Sun is vifible to
cvery Eye, and we weed only look -upwards in order to
&{}_ i C;I’J’Lh)ﬁ; / #gb_%;&m uy’ijxgﬁ ‘Power and
Wi/dom, - could firff: create the Univerfe; What, but
i Aimighty Hand,' codd raife fuch a glorious Canopy
TaY ensy. fo richly adornec ~with Stars?
retc) ich a ous Area as this terraqueous
5lobe = on-—which we—read, 75 and which is fur-
nifb’d with every Thing that is neceffary Jor our Sup-
port_or Happings? And indeed thele great Truths are
Jo ety Gbvious 1o the’ loweft Capacities,. that frw Per-
Jons pretend to difpute them but then it muft likewife
be own’d, that Men are Zenerally apt to con their
Atstention to the moff foining Parts of Pﬁifg/%, and
/& treat every Thing elfe with Coolnefs and Indifference,
and even fome Degree of Contempt. But Jurely a true
Philsfopher is one," ioho diligently purfues ‘the Study of
Nature, in all its feveral Branches; who can behold
with Admiration ber nobleff Produttions, and yet view
with' Pleafure the Jmalleff of her Works; in Jbort
oney who  thinks every thing excellent, that -owes  its
Formation to ber filful Hand." Nor is this Jorced
and imaginary Defeription, bur a real Charaller; and
we need only take a tranfient View of fome of thofe Crea-
turesy with which all Parts of the Earth are fo plenti-
Sfully fored, in order to be convinced of the Fuftnefs of
it. For whether we regard their Elegance, and Beauty
or confider their Fitnefs 1o anfwer. thefe Purpofes, Sfor

which they were defigned 5 in both thefe Refpeéts we fball

nd,




ANTRODUCTION. 3

findy that the fmalleft Creatures are perfet in their
Kind, and carry about them as firong Marks of infinite
Wifdom and Power, as the greatefi. How many cu-
vious Animals inbabit the Air, and what Numbers tra-
verfe the deep Waters. The whole Earth is full of Lifes
there not being a fingle Tree, Plant, or Flower, but
what affords Food and Shelter to a Species of Inbabi-
tants peculiar to-stfelf. ~And then if we call in the A~
fiftance of Art, what a new Scene of Wonder opens to
our View? What an infinite Variety of living Creatures
prefent’ themfelves to our Sight 2 Indeed  their extream
Minutenefs. may at firft feem a juft Argument for that
low Opinion, which the Vulgar are apt to entertain of
them ; however, if we examine them with Clofenefs and
Attention, we [ball foon difcover their divine Original.
We [ball then furvey with Admiration the wonderful
Art and Mechanifm of their Strutture ; wherein fuch a
Number of Velfels, Fluids, and Movements, are colletl-
éd into a fingle Point 3 and That often invifible to the
naked Eye. - What a Profufion of the richeft Ornaments,
and gayeft Colours, are frequently beflowed upon one lit-
tle Infe6t; and yet there are Millions of others, that are
as- beautiful and wonderful in their Kind. Some are
covered with [hining Coats of Mail; others adorned with
Plumesof Feathers; and all compleatly furnift’dwith thofe
Weapons, that are moff proper for defending themjelves,
as well as attacking their Enemies. - In fbort, the more |
we enguire into Nature, the more excellent fbe appears, |
and we  fball conflantly find, that the Beauty of . ber
Works will gradually rife in Proportion to our Know=
ledge of them. - There is no. fuch Thing as Meanne/s in

any
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any of her Produétions; [ome indeed may be more grand,
and bappen to firike our Senfes more firongly than others,
but all are perfeit in the bigheft Degree. .

If then a ferious Contemplation of the Works of Gad,
may juftly be confider’d as an excellent Kind of Know-
ledge, and worthy of our Purfuit; and if all thofe
Works, though different in Degrees of Splendour, - are
SHUL perfect; it is hoped, that an humble Attempt to
improve, and encourage the Study of any Branch of Na-
tural Pbhilofophy, will not be unacceptable to the Publick.
And fince the Knowledge of the Microfeope - bas always
' been look'd upon as no inconfiderable Branch of Natural
Philofopby, and as that Part of it bas more particularly
Sallen within the Compafs of the Author's Studies, he
bas ventured to make it the Subjest of the Sollowing Trea-
tife; a Subjet, which has fo  often employ'd the moft
learned Men, that it can hardly fland in Need of an A-
pology for the Choice of it.

Having faid thus much with Regard to the Science, I
Jball mow beg Leave to fay fomething of the Infrument
stfelf 5. and then make Hafle to acquaint the Reader with
what be is to expe? in the following Sheets.

The Microfcape is an Infirument fo curious and enter-
taining, and_[o generally eficemed amongft the learned
Part of the World, that one great Reafon of its being fo
miuch difregarded by Men of Leifure and Fortune, muft be
owing to the Difficulty of ufing fome of thofe, which bave been
bitherto invented. ~ Befides, many Perfons have negleéted
the Microfcope, from an Apprebenfion, that a good De-
gree of Knowledge in Opticks would be neceffary to their
Underflanding even the experimental Pare of it; where-

as
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as nothing more is really required, than good Eyes, good
Glaffes, and a well-confirutted Infirument ; with thefe Helps,
a common Underflanding, and a little Prattice, will be
Sufficient 2o carry us through this Branch of Natural
Philofopby.

Otbers, again, have confider'd the Microfcope as an
Infirument, which is perbaps capable of affording a little
Amufement, or even raifing our Wonder for a Moment,
but is indeed of no real Service. However, this is an
Objection that reflefts more upon the Author of it, than
the Inflrument 5 and therefore does not Jeem  to deferve
the Ceremony of an Anfwer. Some alfo have laid afide
the Microfcope, after a little Ufe, merely from a Want
of knowing what Objells to examine, and where to find
them; as well as bow to prepare and apply them..

I kope the Reader will find, that I bave, in fome
Meafure, furmounted all thefe Difficulties. For, firf?,
1 bave given a clear and accurate Defeription of my new
invented Univerfal Microfeape; which comprehends - all
the feveral Ules of other Microfcopes, - in one Apparatus ;
@ Circumflance that deferves a very particular Confide-
7ation.  For Microfeopes have been generally conflruéted
Jo, as chiefly to excel in a Sfingle Inflance;  fome having
been adapted Jfor viewing Qpake; and others for Tranfpa-
rent Objells;. but none capable ci)/e' Jfhewing both in the
Jame exat Manner. I bave t refore endeavoured to
contrive my Univerfal Microfcape o, as to render it ca-
pable of doing every Thing that can be expected [from fuch
@ Kind of Inflrument. I have likewife [hewn bow it
may be applied to an improved Solar Apparatus; in

Which Application of it, there is a particular Contri=
vance
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“wance for confining Frogs, Mice, Bars, &c. in order
to wiew the Circulation of the Blood in rlve Me fm:er_'y,
and other Parts of thofe Animals. :

Next I bave proceeded to give aﬂaﬁﬁpmn of all the.
different Sorts o arf modern Microfcopes, that have been' hi-

therto inventedy  [o that any Gentleman, who is -a:v:!}mg
to purchafe, may readily comprebend their [everal Uﬁf
and by comparing them together, be eﬂaéfed to farm a
true Judgment of their Value. =~ ° .

I come now to acquaint the Reader -um‘é what he 75 'to
expect in the following S.beet:, and this I ﬂa:rl! a’a m a
very few Words.

And here I muft be [o ingenvious 610" mﬁﬁ, *rbﬁ:
my Book. contains rather a fmfbfuf Colle&tion’ of ever:)
Thing that has hitherto been mention'd by the beft Writers
upon. Microfcopes, than Matters of my own Invention.
However, I can truly ﬁ:_y, that my JSincere Endeavours
Boave stor e wanting, in order to range thefe' Materials
under their proper Heads, as well as #o" enlarge u pofx
them, where it was requifite; " in the maft pfdm and in-
zelligible Manner." 1 have hﬁmﬁ attempted o Tranfla
tion of two very valuable Pieces 5 the: one contdining Mr.
JosroT's Obfervations “supon. the" Ammfmla, ‘that' are.
found in many different Sorts of Infufions \the other M}
TREMBLEY's Accqunt of the frefb Waﬁr?n!ypz, e
ther of which, T 5&fr'we ba.': bitherto appeared n m:r-.
Language. =

As to the Capper-P!am, 3 ﬁam m&en pa’m:r:!ar G'are
to have: them copied from exceeding good Drawings, and
then engraved in' the very beft- Manner 5 and in order’to
prevent, as much' as poffible; any Inacmmgr, T always

oﬁﬁmed
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‘obferved the fullowing Method : When I had a Mind to
make a Drawing of any Objet, I placed it in my Uni-
verfal Microfcope, and applied it to an improved Sulsr
Apparatus; by which Means the Objeél was thrown #p-
on a large Sheet of white Paper;- and magnified to a De-
greey that ccannot be conceived by thofe, who bave never
Jeen'the Experiment. I then took my Pencil, and went cver
every Line of the Object, with all imaginable Care and
Exaétnefsy "#ll I had finifbed a compleat Drawing of it ;
and this being fixed in the Camera Obfeura, and fo re-
ducedy  according to ‘the flricleft Rules of Perfpecive, to
a Size proper for my Book, I drew from it the Pattern,
which was fent to my Engravers. " And indeed T have
been. [o'extreamly careful with Refpeét to the Copper-
Plates, that no Expence has been wanting, in" order to
their being engraved in the very beft Manner. It is for
this Reafon that I am obliged to ‘raife’ the Price of my
Book much bigher, than I ever intended, or cven defired;,
bowever, as it is not'a@ Matter  of Choice, but abfolute
WNeceffity, I hope the Publick will be [o indulgent, as to
take it into their Confideration.

As my Microfcope has had the good Fortune to muect
with a favourable Reception [rom _many Gentlemen of Di-
Sfinttion and Learning in ENGLAND, as well as feve-
ral Parts of EuROPE 3 I thought an daccurate Defcrip-
tion of it would not be difagréeable to thofe, who had
been pleafed to bomour me with their Cuftom. This was
my fole Intention in Jfitting down tofwrite, but I quickly
Sound myfelf eﬁgaged much d'eepé}*',' than at firft I defign-
ed 5 and at length began to believe, that a ColleStion of

the moft valuable Materials that could be et with :g:
e a the
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the beff Writers wpon Microfecapes, might perbaps be
pleafing, as well as ufeful to the Publick. I was greatly
affifted in this Undertaking, by being allowed g free Ac-
cefs to one of the fingft Libraries in ENGLAND, belong-
ing to @ noble Perfonage, whofe Name I am not permit-
ted to mention, but whofe Goodnefs upon this, and all o-
ther Occafions, I fball conflantly acknowledge with the
bigheft Refpeét and Gratitude. I fhall only add, that 1
bave neither fo much Admbition, nor ¥ anity, as to pre-
Jume to reckon wyfelf among the Number of thofe learn-
ed Men, who bave wrote upon this Subject. - My Pro-
[effion indeed miuft neceflarily afford me a good deal of
Infight into feveral Branches of Natural Philofophy, and
I cannot reproach myfelf with having wilfully negleéted
any QOpportunity of Improvement, but fiill I am fully
Jenfible, that my Book muft have many Defeéls 3 however,
I rely very much upon the Candaur of the Reader, and
fo fball beg Leave, without farther Ceremony, to throw
my Mite into the publick Treafury. - - .
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Containing the Defcription and Ufe of a New Uni-
verfal Single Microfcope, invented, made and
Jold by GeorGeE Apams, af Tycho Brahe's
Head, in Fleet-Street, LLoNDON. '

goger ol T hath long been the Defire of the Curious and Inquifitive
0 P28l Part of Mankind, to have a Microfcope which would be
‘[nlff;b Portable and Univerfal, thac is to fay, ONE onLY [nfiru-

—JE -.-1‘51 Fsm’, by which all Sorts of minute Objeéts might be ob-
sy ee| ferv'd. -
ki;‘ S=ehB | fhall here prefent the Reader with a Defcription of
One, which comprehends all tﬁ?‘: wifh’d-for Advantages, becaufe it con-
tains a fufficient (tho’ fmall, yet all that’s neceflary) Apparatus, to perform
the Eﬂ'c{g‘ of all the various Sorts of I\dim'ofcéﬂrpiz (ffg fome of thfm very
claborate ones too) that have been heretofore invented ; nay, I can go far-
ther, and fay alfo of fome others that have been fince attempted.

It is capable of obferving all thofe very minute Animals, which walk or
crawl upon the Earth, Trees, Flowers, &c. thofe which fly in the Air,
and the Animalcula that fwim in prepared Liguors, and in thofe which
have had' no Preparation ; it may alfo be very advantagioufly employed in
examining the Circulatiors of the Blood, &¢. in the Infide of larger Ani-
mals, and likewife in the Difcoveries of the minute Particles of Minerals,
Plants, &%, wherein may be perceived what amazing and ftupendious Con-
trivances, exa® and perfetly uniform Proportions, the great Author of
Nature hath endowed thofe very minute Parts of the Creation with, which
are fo extreamly fmall, as to efcape the beft Eyes deprived of this Affift-
ance of hunian Are,

This Microscore is made either of Brafi or Silver, and is compofed
of fix double Convex Lens's, of different Foci.

Reprefented, as put tggether for Ufe in Fig. 1. :

When it is firft taken out of its Box, tle two Legs A, B, arc t be
turn’d about upon the Joint C, till they make' an equilateral Triangle W:;]:

B
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the fixed Leg D, then will the Pillar E, be fupported in a perpendicular

Pofture.
F, is an illuminating Glafs, for refle&ting the Light of the Sky, the

Sun, or a Candle, upon the Object: Its Support H, is to be put into a
Hole, in the Center of the round Piece G.

The Object-Bearer I, with its Springs b, and Slider K, has a fquare
Stem behind the Slider, which is to be put into a Hole at L, in the up-
right Pillar E. .

M, M M, is a fcollop’d Plate, which contains the fix Magnifiers,
number’d from 1 to 6, the leaft Number being the greateft Magnifier ; in
the Center, and on the Underfide of this Plate, is a fhort Cylinder, with
a fmall Steel Pin near the End of it.  This Cylinder is to be placed in the
Top of the Pillar E, in fuch a Manner that the aforefaid Steel Pin may
go into the Slit at =,

N, a black Eye Piece, hollowed out to defend the Eye from the Side
Rays of Light, under which the Magnifiefs may be turn'd round at Plea-
fure ; fo that in this Apparatus there is no Trouble in changing the Mag-
nifiers, they being fo contrived as to be fucceflively brought under the
Eye-Piece N,

O, is a reflecting Speculum of Silver, or other Metal, highly polifhed ;
which when an opake Obiject is to be viewed, muft be placed under the
Eye-Piece N. By which Means, the Light thrown upon it from the Mir-
rour F, will be by it collected and refle¢ted back again upon that Surface
of the Object next the Eye; which will then be fo ftrongly illuminated,
as to be examined with Eafe and Pleafure.

This removes the Inconvenience of having the dark Side of an Objet
next the Eye, that having been hitherto an unfurmountable Obftruétion
to the making Obfervations on opake Objeéts, with any confiderable De-
gree of Exaétnefs. For in all other modern Contrivances generally known,
when a large Magnifier is ufed, theNearnefs of the Inftrument to the Ob-
ject, unavoidably overfhadows it fo much, that its Appearance is render’d
obfcure and indiftinét ; although many Ways have been tried to throw
Light upon an Objeét from the Sun, the Sky, or a Candle, by a Con-
vex Lens, placed on the Side thereof, yet this refracted Light falls on the
Objeét fo obliquely, that it rather ferves to give a confufed Glare, than to
afford a clear and perfect View.

P, is an adjufting Screw, by the turning of which an Obje&t placed be-
tween the Object carrying Plate I, and Springs b, is readily raifed or de-
prefled 5 undl it is brought into the exa& Focus of the Magnifier,

1, 2, 3, 4, 5, 6, are Marks on the Pillar E, to fthew the refpetive
Diftances of the Object from the Magnifiers, according as each Glafs
magpnifies more or lefs. — For Inftance, if you ufe the sth Magnig?{;z




Single Microfcope. 3
firft place it under the Eye-Piece N, and then with your Finger and Thumb
turn the Screw P, till the Finger of the Hand which is engraved on the
Sliding- Piece Q, points to the Mark 5 on the Pillar; then will the Object
be very near its exaét Diftance from the Magpifier; fo that by a Turn or
two of the Screw P, either backwards or forwards, to be found by Trial,
you may foon fit it exaltly to your Eye.

The Objeét carrying Plate I, and Steel Sprinﬁgs b, are capable of hold-
ing Ivory Sliders ; or other Contrivances of different Thicknefles, by un-
fcrewing the little Screw ¢, and with your Nail prefling down the Slider K,
by the Button d, the Steel Springs will then be fo feparated from the Plate I,
as to receive any other Part of the Apparatus ; and may be there made faft
by tightening the Screw c.

e, A Nut, by the fcrewing of which, the Joint C may be tightned, if
at any Time it thould wear eafy.

The Plate numbered Fig. 2. reprefents the Apparatus belonging to the Uni-
verfal Single Microfcope, Fig. 1. and alfo to the Univerfal Double Micro-~
Jfeope, reprefented by Fig. 3. Whereof,

a, b, f, Is a Contrivance to confine a {mall Fifh, by putting its Tail
under a Spring on the Infide at ¢, and tying the Body ofpthc Fifh to the
long Pat b, f, the two extreme Ends of the Tail, may be drawn through
the Slits d, d, on each Side, that the Middle of the Tail may lie flat: Then
put the End = of this Fifh-pan between the Object carrying Plate I, and
Springs b, of Fig. 1, or Fig. 3, (they being firft opened to a proper Thick-
nefs to receive it,) in fuch a Manner, that the Hole e, under which the
Tail of the Fifh is placed, may lie nearly under the Center of the Hole f,
in the Object carrying Plate I. In this Pofition, the Magpnifiers may be
all fucceffively turned over the Objeét: And the Circulation of the Blood
examined from the leaft to the greate®t Magnifier, with Eafe and Pleafure.
It may alfo be feen in the Webb between the Toes of a Frog’s hind Foot,
which is to be placed under the Spring at ¢, and its Body tied with a Tape
to the Part b, f.

R, is a Piece of Glafs to be placed as Occafion requires, either upon the

Surface of the Object carrying Plate I, or between it and the Springs b3
its Ufe is to hold any accidental Objeét that may offer ; fuch as the Ani-
malcules in Fluids, (which may be very commodioufly examined in this
Manner) Dufts, Cryftals of Salts, the Farina of Vegetables, &c.
S, S, A jointed Slider, containing two flat Glaffes, with Cavities funk
in them, defigned for confining any fmall Obje& without crufhing or de-
ftroying it 3 fuch as Aquarics, or any other live Infeés, as Fleas, Buggs,
Lice, €. and is alfo to be placed between the Object carrying Plate I,
and Springs b, which muft be fet wider to receive it as before directed.

T, is an Ivory Slider with four Holes, wherein to place different Objects

between two Pieces of Mufcoyy Talcs, and is alfo to be applied bctwrin
Ba the
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the Obje& carrying Plate I, and Springs b, fee Fig. 1, with the Ivory Slider
T, applied to it :

v ]:Ei[h its Socket g, Qliding Steel Bar h, Jaint i, and its {pringing Tube
k, through which runs a Steel Wire; one End whereaf terminates in a
fharp Point 1, and the other hath a Pair of Plyers m, foldered to it: The
Joint i having a twofold Motion for the readily placing the Parts of an
opake Objeét before the Magnifier.

The Pont or Plyers, are to be thruft into, or take up, and hold any
Infeét or Object 5 cither of them may be turned under the Magnifier, as
beft fuits the Purpofe.

When this Apparatus is ufed, the fquare Stem n, of the Socket g, muft
be put on to the Pillar E, at the Hole L, Fig. 1, and 3, (the Objeék
PlateM, with its Springs b and Slider K being firt removed,) it is repre-
fented as applied to the Microfeope at Figure 3. :

W is a round Objeét Plate, one Side black and the other white, for
rendring Objects the more vifible, by placing them if black upon the
white, and if white upon the black Side. A Steel Spring o turns on each
Side to make any Object falt, and a hollow Pipe p iffues from the Object
Plate which may be fcrew'd upon the fliding Wier’s Point |, y is another
black and white Object-Plate, to be ftuck on the aforefaid Wires Point for
opake Objed&s.

X is a fmall Brafs Box, with a Joint at q and a Glafs on each Side, its
Ufe is to confine any living opake Objeét for Examination. This Box
alfo hath a Pipe r, to forew over the End of the fliding Wire I,

Y, a Pair of Plyers or Forceps, to take up any Objeét, and manage it
with Conveniéncy.

Z, a fmall Ivory Box, with Ifinglafs, to be placed when wanted, in any
of the Ivory Sliders.

f, Is a feventh Magnifier, fet in Ivory, to beheld in the Hand or laid
in the black Eye-piece N, for viewing any large Objett.

t, A litgle Hair-Brufh or Pencil, wherewith to wi any Duft from off
the Gla or to take up any fmall Drop of Liquid one would examine,
and to put it upon the Glafs R,

When a tranfparent Objeét is to be examined, thruft the Ivory Slider
which contains the Objeéts, between the Object carrying Plate I, and the
Steel Springs (they being firflt opened to receive the Thicknefs of the Slider)
and obferve always to put that Side of the Slider where the Brafs Rings
are, fartheft from your Eye: Then turn the Magnifier you intend to ufe
under the Eye-piece N, and fet the Finger of the Hand on the fliding
Piece Q, to the Mark anfwering the Number of the Magpifier.

The Microfcope being placed on a Table near the Window, direé the
Mirrour F towards the Sky, and then looking through the Eye-picce N
upon the Object, placed next under the Plate I, turn the illuminating Glafs

3 F,




Single Microfcape. 5
F, fo about upon it§ Support H, and Joint v, till the Light is reflected
upwards to the Objeét, :

1f it fhould then happen not to be at its due Diftance from the Magni-
fier, turn the Screw P at the fame Time you are looking at the Ob-
je&, till it be made to fit your Eye; which you will then know by its ap-
pearing perfectly diftinct and clear.

I muft here obferve that the Screw P is to be turned as your Hands and
Arms are refting upon the Table, which is a Conveniency to be met with
in no other Microfcope. ~ All others requiring the Obferver to raife his
Body and Arms in adjufting the Obje& to fit his Sight 5 which is not only
very troublefome but tirefome too 5 efpecially if it requires any confiderable
Attention, W hereas in this new univerfal Microfcope a leaning Pofture is
fufficient, and confequently the eafieft of all others for microfcopick Ob-
fervations. :

When an opake Objeét is to be view’d, place the reflecting Speculum O
exa@ly under the Eye-piece N; Fig. 1, and fix your Object cither on the
Point of the Sliding Wire ], in the Plyers m, in the Brafs hollow Box X,
or on the Objeét Plate W, as may be moft convenient according to the Na-
ture of it; then apply this whole Apparatus mark’d V, to the Microfcope,
by putting its Stem n into the Hole L of the Pillar E : The Objeét carrying
Plate being firft removed. See Fig. 3. where this Apparatus is applied
to the Micrafcope. The Microfcope being placed upon a Table near the
Window, dire& the illuminating Glafs to the Light, fo as to throw it upon
the Speculum O, then looking through the Eye-Piece N, and that Magni-
fier you judge fitteft for the Object you would examine; by the Affiftance
of the Steel Bar h, fliding in its Socket g, the Point and Plyers fliding in
their fpringing Socket k, together with the double Motion of the Joint i.
The Objet may be turn’d about, rais’d or deprefs’d, brought nearer to
the Magpifier, or put farther from it, till you hit the true focal Di-
ftance, and the Light be refleGted ftrongly on the Object from the Spe-
culum O, TheScrew P, will alfo greatly afiift in adjufting the Object
to fit your Sight. In this Manner an opake Object will be fhewn furpri-
zingly ditin& and clear.

It is always beft to view an Objeét at firft with one of the lealt Mag-
nifiers, by which Means, you may examine the -whole, or a large Part
thereof at once, and then gradually to infpeét the feveral particular Parts,
by fucceflively turning the larger Magpifiers, under the Eye-Piece N, and’
thereby gain a true Idea of the Whole and all its Parts. Altho’ the greateft
Magpifiers can fhew but a very fmall Portion of an Objeét at once: Yet
by gently moving the Slider that contains the Object, and fometimes
gently turning the Magnifier backwards or forwards within the Limits
of the Hole in the Eye-Piece N, or if it be an opake Objeét by fliding

the Steel Bar h backwards or forwards in its Socket g, the Eye will Tfr‘!-;
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larly furvey it all: And if any Part fhould be out of Diftance, it may be
eafily re@ified by turning the Screw P, one Way or the other.

In uling the firlt Magnifier in the Single Microfcope, the Obje&t is re-
quir'd to be brought fo near the Glafs, asalmoft to touch it 3 therefore par-
ticular Care muft be taken not to fcratch it by rubbing the Slider, &7, againft
it; a few Turns of the Screw P will eafily prevent it, and give it Room.

The Objeéts may be changed in the Sliders for any other you think
proper, by taking out the Brafs Rings which kceF in the Glafles where the
Objeéts lie, with the Point of a Penknife ; and if you turn the Slider, the
Tales will fall out: After which you may put what you pleafe between
them, and replace the Rings.

bl S NI T

Containing -the Defcription and Ule of a New Uni-
verfal Double Microfcope, invented and made by
GeorGe Apams, af Tycho Brahe's Head, in
Fleet-Street, I.oNDON.

H1S Microfcope is compofed of three double convex Lens’s, two

of which are placed in the Body thereof at a and b, and the Magni-
fier at g, fix of which belong to this Microfcope, and are fixed in a fcol-
lop’d Plate M, M, M, moveable about a Center at f, by which Means
cither of them may be readily turn’d under the other two Glaffes, as at g
whereby the Trouble of fearching out for different Magnifiers is remov’d.

The Body of the Microfcope is fupported by the Arm T, having a cir-
cularCollar, whereinto it may be fcrewed, or from whence it may be eafily
taken ; this Arm proceeds from the upper Part of the fliding Socket
T :

The aforefaid Socket T, f, together with the fcollop’d Plate M M M,
and the Body of the Microfcope ; may be moved up or down the fquare
Bar R S, which is divided into as many Parts (1, 2, 3, 4, 5, 6.) as there
are Magpifiers of different Foci; fo that the Diftance of the Objeét from
the Object-Glafs may be found without any Trouble, by fetting the Finger
of the Hand engrav’d upon the Socket, to the correfpondent Number of
the Magnifier (then, under the Body of the Microfcope) on the Bar R S,
and fixing it there by Help of the Screw 4. But as it is fcarce exaétly
enough determined this Way, the Objet may be brought nearer to, or
removed farther from the Magnifier at Difcretion, by a Turn or two of the
Screw P, Remembering at the fame Time, the upper Hand is fet to any

Number
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Number on the fquare Bar, to place the Index on the Piece Q, to the
Flower-de-luce on the upright Pillar E.

O, is a refleéting Speculum highly polithed, which muft be placed at
R, when an opake Object is to be viewed, on which a direct Light becomes
reflected from the aforefaid Speculum.

The fquare Bar R S, fits into the Top of the upright Pillar E, and may
be made faft thereto by the Screw at =, :

The Objeét-Bearer I, Ivory Slider, illuminating Glafs F, with its Sup-
port H, and round Piece G, and the Apparatus V, with its Nippers and
fliding Wire, {¢. having been fufficiently defcribed in the foregoing Chap-
ter, I thall refer the Reader to that for the Ufes thereof, and alfo for a De.
fcription of the Apparatus, which is exaétly the fame as that reprefented in
Fig. 2. and its Ules and Application to this Univerfal Double Microfcope,
the very fame as in the foregoing Univerfal Single One.

I have alfo adapted to either of thefe two New Microfcopes, a particular
Apparatus for confining Frogs, Mice, Bats, &%. in order for viewing the
Circulation of the Blood in the Mefentery, or any of the tranfparent Skins,
which will by and by be fully defcribed.

It remains therefore only to fhew how thefe two New Microfcopes are
beft illuminated by Candle-Light, which is by letting the Rays of Light
tranfmitted from the €andle, firft pafs through a Glafs Globe *, filled
with Water before they fall on the illuminating Glafs F, and if that thould
prove too glaring, as it fometimes does, interpofe between the Globe and
Microfcope, a Piece of thin oil’d Paper, by which Means moft Sorts of
Objeéts may be view’d as well by Night, as in the Day-Time.

Either of the foregoing new invented Univerfal Microfcopes, may be
applied to the folar Apparatus, and may be had at my Shop feparate or
together. They are very portable, and neatly packed up in fmall Cafes.

After having given a Defcription of the new invented Univerfal Micro-
fcope, in both its Forms, that s to fay, either fingle or double; it is convenient
to fay fomething concerning the Ules thereof. And here I muft inform
the Reader, that my Curiofity and Defire of rendering this Inftrument as

rfect as poffible, hath engaged me to find out Methods, which might fully
atisfy thofe who are willing and defirous of prying into the minute Re-
cefles of Nature, and repeat the Experiments and Obfervations related in
the following Natural Hiftory.

In order therefore to obferve Flies, and other Infects of the like Bulk,
ftick them upon the fliding Wires Point, or pinch fome Part of them be-
tween the Nippers, and apply them under the refleting Specalum O.

I ha?c already fhewn that Lice, Fleas, Ants, and other Animals of the
fame Size may be obferved alive, by being confined between the two

* For the Want of a Jeweller's Globe, a common globular Decanter, filled with clear Wa-
ter, will anfwer the fame End,

Glaffes
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Glaffes 8, S, Fig. 2. ' They may alfo be pinch’d by the Breach between the
Nippers m of the Apparatus V, Fig, 2. by which Means you will have
the Pleafure of obferving all the external Parts of their Bodies, and may
fometimes fee other Animals running too and fro upon them, which feed
on and torment them; thefe are called Lice of the Loufe, and Fleas of
the Flea, They may alfo be placed between two Mufeovy Talcs, as at
T, Fig. 2. in an Ivory Slider.

Mites of Cheefe, and their Eggs, Lice of Birds, and the Infeés which
infet Pears, Apples, &'c. may be fixed upon the black and white Object-
- Plate, with a hittle Gum-Water, if they are opake, or if tranfparent, they
may be ftuck to the Obje&-carrying Glafs R, Fig. 2. with Gum Water ;
by which Means you may examine them with the greateft Magnifier, and
with Satisfaction and Delight view their internal Struture and the Periftal-
tick Motion of their Bawels, &5¢.

All the other Sorts of little crawling Animals, which are fo very fmall
that one can hardly touch them without deftroying their Lives, are beft
glewed as it were upon the Point of a fine fewing Needle, dipped in Tur-
pentine,  (The Needle being firft made faft to the End of a fhort Bit of
Stick by Way of Handle to it) If you do but juft touch the Back or Side
of any one of thefe minute Animals therewith, it will ftick fo faft thereto,
as not to be able to remove itfelf ; by which Means they may be examined
with Eafe and Pleafure. The {fewing Needle muft be held between the Nip-
pers m, of the Apparatus V, Fig: 2. and fo placed before the Magpnifier,
either of Fig. r, or 3. any Part of the Animal may be turn’d before the
microlcopick Lens, by twilting the Handle of the fewing Needle, as you
find Occalion.

Hairs, Wings of Flies, {mall Feathers of Birds, £5¢. are beft perceived,
- and eafieft examined, when placed between two Mufeovy Talcs, in an
Ivory Slider.

All Sorts of inanimate Objeéts, fuch as Grains of Sand, Seeds of Plants,
Farina of Flowers, &¢.- may be commodioufly examined, upon the Obje&-
carrying Glafs R, Fig. 2. if they are tranfparent; or if they are opake,
ftrew: them lightly on one of the black and white Objeét Plates W ory, and
apply them to the Microfcope, under the refleéting Speculum o,

To preferve any of thefe tranfparent Objects, place them in an Ivory
Slider, between two Mufiovy Talcs, and the opake ones being thinly
ftrewed upon fome of thole Holly Slips of different Colours (hereafter de-
feribed in Chap. 10.) the Slips being firlt wetted with Gum-Water.

In the Manner laft mentioned, Objects of a- larger Size may be pre-
ferved, fuch as the Heads: and fealy Wings;tq’c. of curioufly colour’d
Flies, and'may be conveniently placed before: the'Microfcope, by pinching
the End, or any other Part of the Slip between the Nippers m, of the Ap-
paratus V5, Figi 2¢  ~
.. To-examine the Animalcula in Fluids, thruft the Point of an Hair Pen-

cil,
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cil, or rather the Point of a Pin about one Tenth of an Inch under
the Surface of the Liquor, and near the Sides of the Veffel, that a little
of it may may be taken up and placed in the Hollow of the Object-car-
rying Glafs R, Fig. 2. which fhould be no more than to form a Drop a-
bout +% of an Inch in Diameter, and that will be a Kind of Lake or Pond,
in which you may difcover a furprizing Quantity of extremely minute fith-
like Animalcula of different Sizes, Figures, and Motions.

I have already fhewn how to apply the Thail of a fmall Fith, and the
Foot of a Frog, to the Fith-Pan a, b, f, Fig. 2. in order to fhew the Cir-
culation of the Blood. And fhall by and by explain another Method
which I have contrived, for viewing the Circulation of that Purple Tide in
Animals of a larger Size.

The Eafe and Readinefs with which every minute Obje& may be applied
to this Inftrument, hath render’d it the moft univerfal and commodious of
any other of the prefent Sorts, for by this one Inftrument, all the particu-
lar Ufes of every other Sort are obtained with lefs Trouble, and confequently
more Satisfaction to the Obferver,

CHAP: L
Of the Improved Solar, or Camera Obfcura M

crofcope.

HIS moft furprifing Contrivance, is compofed of a Locking-Glafs,

a Tube, and the Univerfal Microfcrope, Fig. 1, or 3, and as it de-
pends entirely on the Sun-fhine, is to be ufed in a Chamber, from whence
all the Light muft be excluded, except what paffes through the aforefaid
Tube,— A Picture of the whole Apparatus put together, is thewn Fig. 4.
and the other Side of the Solar Apparatus by itfelf, Fig. 5.

Whereof A, A, inboth the Figures, is a fquare Brafs Plate, thro’ which
two Screws B, B, pafs; their Screw-Nuts are feen at B, B, Fig. 4. and the
Head of their Screw Pins at B, B, Fig. 5. A large Hole, 43 Inches
Diameter, muft be cut in the Window-Shutter, which is fomewhat big-
ger than the Circle DD, Fig. 5. And then applying the fquare Plate
thereto, bore thro’ it two other fmall Holes, anfwerable to thofe in the
Plate at B and B.  Put the Screw-Pins thro’ thefe laft made Holes in the
Shutter, and with their Nuts, fcrew the fquare Plate faft thereto, the Look-
ing-Glafs being without the Window. 3

In the Middle of the fquare Plate A A, is made a circular Hole to receive
the flat Brafs Ring D, D, on' one Side, and on the other Side a parrower
Ring F, whofe Edge, which projeéts a little beyond the Hole, is turn’d

C into




10 Improved Solar, - Or

into a fhallow Groove a a, wherein runs a filken Line, which by twift-
ing round, and then croffing over a Brafs Pulley G, performs an eafy
Motion for turning round the lac Wheel D, D, and all the Parts thereto
affixed.

H, is a Brals Tube, that fcrews into the Middle of the two Brafs Rings
D D, and F, and becomes a Cafe for the leffer Brafs Tube I, to be drawn
backwards or forwards in.

K, is a fhort Tube of Brafs, which fits inta the Foot D of the Univerfal
Microfcope, Fig. 1, or 3. the illuminating Glafs F, and the round Piece G,
being firlt taken out to make Room for its Reception. The Tube K,
fits over another fthort Tube L, which is folder’d ta the End of the inner
Tube I, and is diftinétly feen in Fig. 5.

" E, is a Looking-Glafs of an oblong Figure, fet in a Frame of polithed
Brafs, and fixed to the broad Ring D, D, Fig. 5. by Means of a long
Steel Screw M, going through a Joint at the Bottom of the Frame, and
may be fcrew’d in, or taken out at Pleafure. = At the Bottom of the
Looking-Glafs Frame, is fixed a circular Piece of Brafs N, againft: which
the End of the Screw O prefies, in order by fcrewing it to elevate the Glafs,
which is depreffed on its being difcharged; by the Force of a ftrong
Spring P, acting againft .a Bracker, fixed to the Side of the Looking-
Glafs Frame.

R, a convex Lens, whofe Focus is about 12 Inches, fixed at the out-
ward End of the Tube H, to collett the Sun’s Rays, and throw them
ftrongly upon the Object.

S, Fig. 4. is a Steel Pin, having one End of the filk String faftened to
it, by the Turning of which, the String may be tightened, if at any Time
it fhould be too flack ; the other Extremity of its being tied by a Knot
to the Ring F. '

When this Microfcope is ufed, the Room muft be made as dark as
poffible ; for on the Darknefs' of the Room, and the Brightnefs--of the
Sun-fhine, you .are to expet a perfeétly clear and diftinét Image.

The Looking-Glafs being put thro’ the Hole in the Window-Shutter,
and the fquare Plate A, A, faften’d thereto by its Screw Pins C, C, and
Nuts B, B, as before directed. Screw the Tube H into the Middle of
the Plate and Rings, and the double convex Lens R on its Outfide. Then
adjuft your Looking-Glafs to the Altitude and Situation of the Sun, by
Means of the Screw O, and the Silk-Line with its Pullies F and G, the
firlt of thefe raifes or depreffes the Looking-Glafs, and the latter by turn-
ing the Bgﬁ T, inclines it to either Side ; by . which compound Motion,
the Glafs is fo readily managed, as to be brought into a right Direétion
for throwing the Sun’s Rays thro’ the double convex Glafs R, and Tube
H, upon a Paper-Screen, placed about 5 or 6 Foot Diftance from it; and

to
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to form thereon a round Spot of Light, which is a Proof of your Glafs
being rightly adjufted ; but this muft not always be expected, for the Sun
15 fo low in Winter, that if it fhines in a direét Line againft the Window,
it cannot then afford a perfectly round Spot of Light, butifit be on eithér
Side of you, it may be obtained even when the Sun is in the fouthern
Tropick. .

Being thus far prepared, fcrew the Tube K into the Foot D of the Uni-

verfal Microfcope, Fig, 1. or Fig, 3. and flip it over the fmall End L of
the inner Tube I, (all which is reprefented as done and ready for Ufe in
Fig. 4.) and pull out the faid Tube I, more or lefs, as the Object is ca-
pable of fuftaining the Sun’s Heat, Dead Objeéts may be . placed within
about an Inch of the Focus of the double convex Lens R, which Diltance
mult be fhortened for living Creatures, or they will foon be killed.
. If the Light falls not. exactly right, you may readily direét it thro’ the
Axis of the Microfcopick Lens; and there keep it during the Time of
your Examination, by the Help of the Screw O, and Bofs T, following
the Sun’s Motion. ' -

The Objeéts are to be managed and brought. to their true focal Diftance,
by obferving the Dire@ions given in Chap, I. in the Defcription of the
Um‘wr_,’b’!‘]ﬂ%;mﬁope, Fig. 1, thatis, they may be placed between the Ob-
Je@t-carrying Plate I, and Springs b, ftuck upon the Point, or held in the
Nippers, and adjufted to their exadt Focus, by the Screw P, &9c.

The moft ufeful Magnifiers in the folar Microfcope, are the 4th, sth,
or 6th. -

Having taken Notice of a Screen to throw the Images of Objecs upon 3
fuch a Screen is ufually. made of a Sheet of the largeft Elephant Paper,
ftrain’d on a Frame, which flides up and down on a round mahogany Pil-
lar, in the Manner of fome Fire Screens. A larger Sort are compofed
of feveral Sheets of the fame Paper pafted together on Cloth, and let down
with a Roller from the Ceiling in the Manner of a large Map.

There are many Conveniencies in this, which no other Microfcope has,
for as it thews Objects larger than any other Way, there is Reafon to
hope that further Difcoveries will be made by it. Befides this particular
Property it hath, that Numbers of People may view an Object at the fame
Time, and may paint to the different Parts thereof, and by difcourfing on
what they fee, may underftand each other better, and more probably find
out the Truth, than when they are obliged to lock one after another.
Befides the weakeft Eyes may ufe it without the leaft Straining or Fa-
tigue. By this Means alfo, an Obje&t may be outlined exaétly, and there-
by a Drawing of whatever 15 curious be eafily obrained.

C 2 CHAP-




12 Screw-Barrel, Or

C A P Y

The Defcription of the Screw-Barrel, or Mr.
WiLsoN's Singlé " Pocket Microfcope.

HIS Microfcope of Mr. Wilfens, is an Invention of many Years
ftanding, and was in fome Meafure laid afide, till Dr. Liberkun in-
 troduced the folar Apparatus, to which he applied it, there being no other
Inftrument at that Time would anfwer his Purpofe fo well ; fince which
Time it has been revived, and efteemed the beft, tho’ very troublefome in
moft Cafes. -

The Body of the Mictofcope is reprefented by AB, A B, Fig. 6. made
either of Silver, Brafs, or Ivory.

C C, is a Jong fine threaded Male Screw, that turns into the Body of
the Microfcope. :

D, a convex Glafs, at the End of the faid Screw; on which may be
placed, as Occafion requires, one of the two concave Picces of thin Brafs,
with Holes of different Diameters in the Center of them, to cover the faid
Glai’s,i_ and thereby diminifh the Aperture, when the greateft Magpifiers
are ufed. '

E, three thin Plates of Brafs, within the Body of the Microfcope, one
whereof is bent femicircularly in_the Middle, fo as to form an arched
Cavity for the Reception of a Tube of Glafs.

F, a Piece of Wood or Brafs, arched in the Manner of the faid Plate,
and faftened thereto. .

G, The other End of the Microfcope, where a_hollow Female Screw
is adapted to receive the different Magpifiers.

H, a fpiral Spring of Steel between the faid End G, and the Plates of
Brafs E, intended to keep the Plates in a due Pofition, and counter alt
againft the long Screw C.

1, a fmall rurn’d Handle for the better holding the Inftrument, to fcrew
on and off at Pleafure.

To this Microfcope belong feven different magnifying Glaffes, fix of
which are fet either in Silver, Brafs, or Ivory, as in the Figure K, and
are marked 1, 2, 3, 4, 5, 6. Obferve the lowelt Numbers are the
greateft Magnifiers.

L, is the feventh Magnifier, fet in the Manner of a little Barrel, to be
held in the Hand fér viewing any larger Object.

M, is a flat Slip of Ivory, called a Slider, with four round Holes thro’
it, wherein to place Objeéts between two Mufcovy Talcs, &

ix
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Six 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
Colleétion of Objects, may have as many as he defires.

There is alfo a Brafs Slider, not expreffed in the Figure, to confine
any {mall Objet, that it may be viewed without cruthing or deftroy-
“ing it

N, is a Forceps, or Pair of Plyers, for the taking up of Infe&s, or o-
ther Objeéts, and adjufting them in the Glaffes.

O, a little Hair Brufh or Pencil, wherewith to take up and examine a
{mall Drop of Liquid.

P, is a Tube of Glafs, to confine living Objeéts, fuch as Frogs, Fifhes,
&¢. in order to difcover the Circulation of the Blood.

When you would view an Objeét, thruft the Ivory Slider in which the
faid Object is placed, between the two flat Brafs Plates ; obferving always to

ut that Side of the Slider where the Brafs Rings are fartheft from the

fye. Then fcrew in the magnifying Glafs you intend to ufe, at the End
of the Inftrument G, and looking through it againft the Light, turn the
long Screw C C, till your Obje& is brought to the true focal Diftance,
which you will know by its then appearing perfeétly clear and diftinét.
The Way of examining any Object accurately, is to look at it firft thro’ a
Magnifier, that will fhew the whole thereof at once, and afterwards to
infpect the feveral Parts more particularly with one of the greateft Mag-
nifiers ; for thus you will gain a true Idea of the Whole, and all its Parts.
And tho’ the greateft Magnifiers can fhew but a minute Portion of any
Object at once, fuch as the Claw of a Flea, the Horn of a Loufe, or.the
like ; yet by gently moving the Slider that contains your Objeét, the Eye
will gradually overlook it all ; and if any Part fhould beout of Diftance,
the Screw C C will eafily bring it to the true Focus.

As Objects muft be brought very near the Glaffes, when the greateft
Magpnifiers are ufed, be particularly careful not to fcratch them, by rub-
bing the Slider againft them, as you move it in or out. A few Turns
of thchScrew CC, will eafily prevent this Mifchief, by giving it Room
enough.

How to change the Obje@s in the Ivory Sliders, has been fhewn in the
firft Chapter.

The Circulation of the Blood may be eafieft feen in the Tails or Fins of
Fifhes, in the thin Membrane between the Toes of a Frog’s hind Foot, or
beft of all in the Tail of a Water-Newt. If your Objeét be a fmall Fith, place
1t within the Tube, and fpread its Tail or Fin againft the Side thereof :
If a Frog, chufe fuch an one as can but juft be got into your Tube, and
with a Pen or Stick, expand the tranfparent Membrane between the Toes
of its hind Foot, as wide as you are able. When your Object is fo ad;uﬂc:l-

: ol
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ed, that no Part thereof can intercept the Light from the Place you intend
to view, unfcrew the long Screw C C, 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 pafling along its Vefitls with
a rapid Motion.

Make Ufe of the third and fourth Magnifiers for Frogs, or Fifhes;
but for the Tails of Water-Newts, the fifth or fixth will do; the firflt or
fecond Magpifier cannot well be employed to this Purpofe, for the Thick-
nefs of the Tube, wherein the Object is placed, will fcarce admit its being
brought {o near to the focal Diftance of the Magnifier. »

This Single Microfcope of Mr. #ilfon’s, has fometimes been formed into
a double one, by fcrewing it to-a Tube, with an Eye-Glas at the End
thereof, it is alfo made to anfwer nearly the Purpofes of the large double
reflecting Microfcope, by the Addition of the following Contrivance,

The beft Light for viewing Objects, is a clear Sky-Light, the Sun
fhining on any white Thing; or the Reflection of its Rays from a Looking-
Glafs ; which laft is found to be full as ftrong as any, and much more con-
venient for Ufe, particularly in examining Liquids; for if -you hold this
Microfcope up to to receive the Light from the Sky, your Liquid fubfides,
and is foon loft ; but when placed in a perpendicular Pofition; fo as the
Rays of Light may be thrown from a Glaf, fixed beneath it, you view it
with more Eafe, and lefs Inconvenience. Far the Application of which
obferve, e

G- APV

A Contrivance jfor fixing Mr. WiLsoN's Pocker
“Microfeope, and reflelting Light to it by a
Mirrour.

B C, Fig. 7. is a Brafs Scrole, ‘which, for the better Conveniency of

Carriage, is fo order’d, as to take into three Parts, and put into the
Draw upon which it ftands, with its refleting Mirrour, and Wilfon’s
Pocket Microfcope. '

The Top-Part of the Scrole is taken off at B, by unfcrewing half a
Furn of the Screw ; then [ift it up, and it comes out of the Socket. The
lower Part unfcrews at C, and the Bafe unfcrews at E,

The Mirrour lifts out at F, which with the Scrole lic in one Partition
of the Box. : .

To apply this Scrole to Ufe, fix the Body of the Microfcope to the
Top thereof, by the Screw A, as in Fig. 7. by fcrewing it in the fame
Hole as the Ivory Handle. .

2 <




Screw-Barrel Microfcope. Iy

The Brafs or Ivory Slider being fixed as before deferibed, and the Micro-
fcope placed in a perpendicular Pofition ;' move the reflefting Glafs D in
fuch a Manner, as to caft ‘the Light of the Sky, the Sun, or a Candle,
direétly upwards, through the Microfcope; by which Means it is made to
anfwer moft of the Ends of a double reflecting Microfcope, hereafter to
be defcribed.

It is alfo rendered more ufeful for viewing opake Objedts, by ferewing
the Arm Q, Fig. 6. into the Body of the Microfcope, at G, then fcrew-
ing into the round Hole R, that Magnifier, which you think will beft fuit
your Objeéts and put the concave Speculum S, on to the Outfide of the
Ring R, you will find in the Body of the Microfcope, between the Wood
or Brafs F, and the End of the Male Screw C C, a fmall Hole U, through
which flide the long Wire T, which has a Point at one End, and Forceps
at the other, that may be ufed occafionally, as your Object requires:
When you have fixed this, and your Objet on it, turn the Arm R,
which is performed by two Motions, till the Magpifier is brought over the
Object ; it may be thenadjufted to. the true Focus, by turning the Male
Screw CC, in the fame Manner as before deferibed. It muft alfo
be turned exaltly over the Speculum, by twifting the upper Part of the
Scrole to one Side, till your Objet, and the two Speculums, are in one
Line, as will be found by Trial, and then fix it by the Screw B, at which
Time the upper Surface of the Object will be fo exceedingly enlightened
by the Light reflected upward from the Mirrour, to the concave Specu-
lum, as to be feen as clear and diftin& as any tranfparent one.

CHAP VL

Of the Manner of applying Mr. WirLsoN's Pocke?
Microfcope, to the Solar Apparatus.

HE Solar Apparatus having been already defcribed in the 3d Chap.
It remains only to thew how Mr. Wilfen’s Pocket Microfcope, is to
be applied to it,
. After having fixed the Apparatus to the Window-Shutter, and adjufted
It to the Altitude and Situation of the Sun, fo as to form a round Spot of
Light on the Screen,

Screw the Tube H, Fig, 5. into the Middle of the Plate and Rings,
taking Care not to alter the Looking-Glafs ; then fcrewing the Magnifier
you choofe to employ, to the End of your #ilfen’s Microfcope, at G,
Fig. 6. In the ufual Manner, take away the Lens D, at the othtl:_;: En;_l

thereof,
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thereof, and place a Slider, containing the Object to be examined between
the thin Brafs Plates E.

Things being thus prepared, fcrew the Body of the Microfcope A B,
by the Screw D, Fig. 6. to the fhort Brafs Tube K, Fig. 5. which flip
over the fmall End L of the Tube I, and pull out the faid Tube I, more or
lefs, as the Objeét is capable of enduring the Sun’s Heat.

The fhort Tube K, which your Microfcope is fcrew’d to, enables yop

* by fliding it backwards or forwards on the other Tube L, to bring your
l Obje&s to their true focal Diftance ; which will be known by the Sharp-
- nefs and Clearnefs of their Appearance: They may alfo be turned round
by the fame Means.

For the Screen, and all the other Particulars, See Chap. 3.

T p——

C-H:A:P. VIL
: Of the Microfcope for Opake Obyelts.

a Fig. 8. is a fixed Arm, through which pafles a Screw B, the other

9 End whereof is faftened to the moveable Arm C. :
is a Nut ficted to the faid Screw, which when turned, will either
feparate or bring together the two Arms A C.

E, is a Steel Spring, that feparates the two Sides when the Nut is un-
ferewed.

F, a Piece of Brafs turning round in a Socket, whence proceeds 2
{pringing Tube, moving on a Rivet, through which runs a Steel Wire,
one End of which finithes in a Point G, and the other End hath a Pair
of Plyers R folder'd to it; thefe are either to thruft inte, or to take
up and hold any Objeét ; and may be turned round as required.

I, a Ring of Brafs, with a female Screw fixed on an upright Piece of the
fame Metal, which turns on a Rivet, that it may be fet at a due Diftance
when the leaft Magnifiers are ufed ; and ferves the Screws of all the Mag-
r nifiers,

; K, a Concave Speculum of Silver polifhed as bright as poffible, in the
' Center of which a double Convex Lens is placed, with a proper Aperture
to look through it : On the Back of this Speculum a male Screw L, is made
to fit the Brafs Ring I, which may be fcrewed into the faid Ring at Pleafure.
Four of thefe concave Specula of different Depths, are fitted to four
Glaffes of different magnifying Powers; to be ufed as Objets to be ex-
amined may require, The greateft Magnifiers have the leaft Apertures.
M, a round Obje& Plate, one Side white, and the other black, intended
to render Objects the more vifible, by placing them, if black, upon the
- white, and if white, on the black Side. A Steel Spring N, turns dﬂ‘;‘;
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Micrafcope for Opake Objects. 17
on each Side to make any Object falt ; and iffuing from the Object Plate
is a hollow Pipe to fcrew it on the Needles Point G.

O, a fmall Box of Brafs, with a Glafs on each Side contrived to confine
any living Obje&, in order to examine it ; this alfo has a Pipe to ferew
upon the End of the Needle at G.

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

Q, a Pair of Plyers to take up any Objet, or manage it with Con-
veniency.

R, a foft Hair Brufh to clean the Glaffes or Specula.

When you would view any Objec, fcrew the Speculum with the Mag-
nifier you intend to ufe, into the Brafs Ring I, place your Objet either on
the Needle G, in the Plyers H, on the Objeét Plate M, or in the Brafs
hollow Box O, as may be moft convenient according to the Nature and Con-
dition of it: Then zolding up your Inftrument by the Handle P, look
againit 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 deprefled, brought, nearer the
Glafs, or put farther from it, till you hit the true focal Diftance, and the
Light be feen reflected from the Speculum ftrongly upon the Objet; by
which Means it will appear very diftinét and clear. -

CH AP VIL

A Defeription of ‘the Double Microfcope, commonly,

though very improperly, called the Reflecting
Microfcope.

Q B C, Fig. g, is the Body of this Microfcope, in which flides C D,

the inner Tube, that contains all the Glaffes. ‘The Eye Glafs is at
E, the broad middle plano convex Glafs at F, and the Obje& Glafs being
fet in a Button at G, is fcrew’d upon the End of the narrower Tube I,
which being fixed in the Bafe of the inner Tube, pafies freely through a
Hole in_the Bafe of the outer. ;

The Buttons that contain the feveral Objeét Glaffes are number’d 1, 2,
3» 45 5, and the Convexity of the inner Tube, is alfo marked with dotted
Circles number’d 1, 2, 3, 4, 5, in order to bring that Circle to coincidé .
with the Mouth of the outer Tube, whofe Number is the fame as that of
the Object Glafs then made ufe of : But if the Obje& does not then appear
Quite diftin&, flide, or rather twift the inner Tube gently, higher or

' ; D lower,
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Part of the Object you would examine diretly under the Magnifier,

18 Double Microfcopes.

lower, or turn the Screw of the Magnifier gradually till the Object appears
diftin¢t, The greatelt Magnifiers are known by their having the fmalleft
A pertures.

The Bafe B C of the outer Tube is fupported by three Brafs Pillars on
Scroles, fixt on a Mohogany Pedeftal H K, in which is a Drawer L, to
hold the Magnifiers and other Parts of the Apparatus. A little below the
Objeét-Glafs is fixed a Plate M, like a Stage between the Pillars.

N, three fmall brafs Circles with Holes thro” the Middle of them which
are to be placed over the Hole in the Middle of the Stage, and then the Ivory
Slider O may be put between the two uppermoft, which are prefled toge-
ther by a fpiral {pringing Wire lodged between the two undermoft. The
two outermolt being held rogether by four fmall Pillars pafling through four
Holes in the Circumference of the middle Circle. -

P, is a Fifh-pan to faften a fmall Fifh on, to fee the Circulation of the
Blood, its Tail being fpread acrofs the oblong Hole at the fmalleft End ;
then by fhoving the Button inwards through a Slit made in the Stage, a
fmall Brafs Spring under the Stage will keep it fteady ; for viewing it the
Tail may be brought exaétly under the Magpnifier, by turning the Pan on
Ehc Button, or by fhoving it inwards or outwards along the Slit in the

tage.

All tranfparent Objeés are well illuminated in this Microfcope, either
by Candle or Sky-Light refle€ted upwards from a concave Looking Glafs
R, placed in a Frame upon the Center ofithe Pedeftal. While you are
viewing the Object through she Microfcope, turn this Concave upon its
hotizontal Poles a b, and you will foon find out that Pofition of it wherein
it reflects the moft Light through the Hole c upon the Obje.

Opake Objeéts when laid upon the Plate s, which is on one Side black
Ebony, and on the other a Piece of white Ivory, being laid over the
Hole ¢, in the Stage may be illuminated by the Light of the Sun-fhine or
a Candle tranfmitted through a double Convex Lens a, which by turning
on two Screws, e, d, and the Foot of it put into the Hole f of the Stage.
The Candle mpft be placed in a Line drawn from the Objet through the
Middle of this Lens at fuch a Diftance to be found by Trial as will form
the fmalleft Spot of Light upon the Obje&t Plate. By Day-light this Glafs
is of no Service. :

T, an Ivory Cone to fcrew on to a male Screw under the Center of the
Stage : Its Ufe is to intercept fome Part of the oblique Rays when the firft
and fecond Magpnifiers are ufed.

V, a Glafs Tube to put a fmall Frog or Newt in, to fee the Circulation
of the Blood. When the Object is well expanded on the Infide of the
Tube, flide it over the Hole ¢, in the Center of the Stage ; and bring that

w,
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W, a Cell, canminin? a concave and 2 plain Glafs, is to confine Fleas,
Lice, Mites, or any f{mall living Objects, and being placed over the
Middle of the Stage may be viewed with Eafe.

X, a plain circular Glafs to be placed over the Center of this Stage to
lay any Objeéts on that may at any Time offer, and a loofe concave
Glafs being laid with its hollow Side downwards, will eafily confine
any living Infect.

Y, a long Steel Wire with its Pliers and Point to hold or flick Objects
on, flips backwards and forwards in a fhort Brafs Tube, which by the But-
ton fits into the Hole of the Stage, and then it may be conveniently ma-
naged under the Magpifier.

O, a flat Piece of Ivory called a Slider with four round Holes through it,
and Obje@s placed in them between Mujcovy Talcs,

Z, a lictle round Ivnz Box to hold Ifinglafs for the Sliders.

U, a fmall Hair Brufh to wipe any Duft off the Glaffes, or to apply 2

Drop of any Liquid.
J, a Pair of Nippers to take up any Object to be examined.

N. B. When the Body of this double Microfcope is made of Brafs, it is
fupported with a fingle Pillar, to which is fixed a fliding Bar, an adjult-
ing Screw, and a concave Speculum for opake Objedts, &F¢, But as
this Apparatus comes to double the Price of that juft defcribed, and be-
ing not at all better for Ufe', I have omitted a drawing thereof.

CHAP IX

Of a Single or Double Microfcope, what, how it
' magnifies, and why.

Q Single Microfcope is only a very fmall Globule of Glafs, or a double
: convex Lens, whofe focal Diftance is very fhort. T he former be-
ing at prefent difus’d, I fhall confine myfelf only to a De cription of the
Nature and magnifying Powers of the latter,

A thin Piece of Glafs bounded on one Side by a polifhed plane Surface,
reprefented by the Line E F, Fig. 10, 11, and on the other Side by a
fmall Portion of a polifhed fpherical Surface, reprefented by the Arch
ACB; or bOundecF on both Sides by fpherical Surfaces ACBED F,
Fig. 12, 13, 14. is called a Lens, or fimply a Glafs ; and by Mathema-
ticians is conceived to be generated or defcribed by turning the Figure
ACBF DE round about the Line C D, drawn through the Middle of

i, perpendicularly to both its Sides. . ‘
D 2 This
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This Line produced is therefore called the Axis of the Lens ; and paffes
through G and H, the Centers of its Surfaces.

The Points C D, where it cuts the Surfaces, are called the Vertexes of
the Lens, and the middle Point between them is called its Center.

The 10th Figure reprefents a plano Convex, the 11th a plano Concave,
the 12th a double Convex, the 13th a double Concave, and the 14th a
concavo Convex, or a Menifcus Lens, -

As Rays of Light are thrown out and difperfed in all poffible Direétions
from every Point of a luminous Body ; fo as they illuminate other Bodies
upon which they fall, they are alfo inceflantly thrown back from, or tranf-
mitted through every Point of thefe Bodies. For the Points of opake and
traniparent Bodies fo enlighten’d, are vifible to the Eye, at any Point of
Space, and in any Point of Time, as well as the Points of the luminous
Body that enlightened them, The numberlefs Rays which flow from all
vifible Bodies, called Objefts, are confidered as confifting of fo many
phyfical Points, and thefe Points are conceived to radiate all Manner
of Ways.

"l"hl:jIr Point Q, Fig. 15. from_ which Rays diverge, or towards which
they converge (being made to go back towards the fame Point, though
they may never meet at it) is called the Focus. And in both Cafes, any
Parcel of thefe Rays, as Q BC, or QB A confidered a-part from the
reft, is called a Pencil of Rays; and thefe Rays are faid to belong to that
Focus, whether they be near at Hand, or at an immenfe Diftance ; and in
the latter Cafe, the Rays are called, and confider’d as parallel, or equi-di-
ftant from each other ; becaufe the Difference. of their Diftances at any
two given Places is inferifible, * as thofe from the Sun, and other vaftly
diftant Objeéts. A B, Fig, 16. reprefents fuch parallel Rays, which falling
upon the Lens CD, are made to a proach nearer and nearer together in
their Progrefs ; tending to one certain Point, where they all unite. Thus
the Rays proceeding from the Lens C D, to the Point E, are called con-
verging Rays ; and the Point E their Focus, where they crofs, and conti-
nually recede from each other as they pafs along.  So that thofe Rays flow-
ing from the Point E, towards F G, are called diverging Rays.

Let A B, Fig. 17. be a douple convexLens, E F the Objeét at its Fo-
cus C; G, the Eye very near the Lens E F, the Rays coming from the
Object, will, after their Refration, fall parallel + upon the Eye, and con-
fequently make diftin¢t Vifion. For the Fabrick of the Eye having its fo-
cal Diftance juft at the Bottom of it, vpon the Retina, requires that the
Rays from each fingle Point, fhould fall nearly parallel, in order to be there
colleted ; that is, that the Bafis of each Cone of Rays, flowing from every

* Smith's Opt. p.6. 1 Greg. Opt. 170. Point
o
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Microfcopes explain'd. 21
Point of an Object, which Bafis is the Pupil of the Eye, fhould bear fo
finall a Proportion to the Length of the Cone, as that thefe Cones may be
looked upon as little Cylinders. The Diftance requifite for diftinét Vi-
fion, is not limited to a Point, but is indulg’d in larger Bounds; becaule
Nature has furnifh’d us with the Power of contraéting the Pupil, as the
Objet comes nearer 3 and fo diminithing the Bafis of each Cone in Pro-
portion, and confequently of preferving,di[tin& Vifion ; but this is only to
a certain and that no very great Degree.

Therefore a minute Objet E F, feen diftinétly thro® a fmall Glafs Lens
A B, by the Eye put clofe to it, appears fo much greater than it would to
the naked Eye; placed at the leaft Diftance ED, from whence it appears
fufficiently diftin&, as this latter Diftance E D, is greater than the
former E C 3 for having put your Eye clofe to the Glafs A B, in Order
to fee as much of the Object as pofiible at one View, remove the Object
to.and fro till it appears moft diftinétly, fuppofe at the Diftance C E, then
conceiving the Glafs A B, to be removed, and a thin Plate A B, with a Pin-
hole in it, Fig. 18. to be put in its Place, the Obje&t will appear diftinét,
and as large as before when feen thro’ the Glafs, only not fo bright. For
if the Hole be fo fmall as to ‘admit but a fingle Ray, from every diftinét
Point of the Object, thefe Rays will fall upon the Retina, in as many other
diftinét Points, * and will make a diftinét Picture +3 and when the Pencils of
Rays fall upon a thin Lens, their Axis go ftrait thro’ the Middle of it, and
confequently will proceed to the fame Points upon the Retina, as when
they paffed thro’ the Hole. Now fuppofing the Lens to have fuch a Fi-
gure, that the Rays of every Pencil ihall be refratted by it, and by the
Eye together, to thofe very Points of their Axis which touch the Retina,
the Picture will ftill be ditiné ; and will be the fame in Magpitude and
Pofition as before.. The only Difference in the Effeéts, between the Hole
and Lens, will be in the Degree of Brightnefs upon the Retina. And in
this latter Cafe, the Obje appears fo much greater than it does to the na-
ked Eye, at the Diftance E D, either with the Pin-hole, or without it;
as the Angle CE F, is greater than the Angle A D E, or as the latter Di-
ftance is greater than the former.

Since the Interpofition of the Glafs has no other Effe€t than to render
the Appearance diftin&, by helping the Eye to increafe the Refraction of
the Rays in each Pencil, it is plain, that: the greater apparent Magpitude
is entirely owing to a nearer View than could be taken by the naked Eye.
If the Eye be fo perfect, as to fee diftinétly by Pencils of parallel Rays
falling upon it, the Diftance C E of the Obje& from the Glafs, is then the
focal Diftance of the Glafs.

* Greg. Opt, p. 17t + Smith, Opt. p. 37 gl
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Now if this foral Diftance of the Lens, be & of an Inch, and if the Di-
ftance E D be 8 Inches from the Objeét, the ufual Diftance at which we
view minute Objects, the apparent Image, or Diameter of the Objeét, may
be faid to be fo much magnified, as thofe 8 Inches exceed the little
Space CE, or the focal Diftance of the Lens A B, which is at the Rate of
40 to 1, Therefore the lefs the focal Diftance of the little Lens is, the
greater will its Effects be in dilating the Image of a fmall Objeét ; (for if
its focal Diftance be yet fmaller, fuppofe <= of an Inch; the Diameter or
Length of an Object will appear 160 Times longer thro’ fuch a Lens,
than to the naked Eye, at 8 Inches; its Surface 15600 Times greater,
and the Solidity or Bulk would be magpnified to 2,496,000 Times) info-
much that its focal Diftance may be fhortened, till it is reduced to an
infinitely {mall Spherule. Tho' there are fome Inconveniencies which here
offer themfelves, and forbid our going beyond certain Limits; for thefe
fmall Spheres are inferior to little Lens’s, on this Account, that for the
fame Degree of magnifying, the Lens’s are three Times more diftant from
the Object than the Spheres, the Effects of which are thus demonftrated.
Let there be a Glafs Sphere, Fig. 19. whofe Center is A, and Axis B D,
in which, produced on both Sides, the Eye is placed at H, and the Ob-
ject at C, each of the Diftances B H, D C, being taken equal to half the
Radius A B, and confequently the Point C is the Focus, where Rays falling
parallel to the Axis B D, upon the Sphere at B G, - are after Emmerfion
colleted. Wherefore an Obje&t placed at C, will fend Rays upon the
Sphere, which will, after Refraction, be received parallel by the Eye, and
confequently make diftin& Vifion. But if we take the Point L, fuch that
L B may be equal to the Radius A B, the Point L is the Focus, towards
which parallel Rays, after Refrattion, at the firft Surface D E tend in their
Paflage through the Sphere, and from which they are diverted after Re-
frattion at their Emmerfion, and colletted at H. Make E F parallel to the
Axis, and comprehending the Portion of the Objeét CF, and draw the
right Line F H. The Ray F E being refrafted at E, proceeds according
to EL, and being again refratted at G, goes on to meet the Eye at H,
wherefore the Line C F is feen under the Angle BH G, and would appear to
the naked Eye under the Angle C H F, which is but half the former Angle.

Becaufe B L is double to B H, the Angle BH G is double to B L. G,
but H L is parallel to FE, and to be looked upon as equal to it, or to the
right Line D C; becaufe C F is to be a Line very {mall, with Refpeét to
the Diameter of the Sphere.  Therefore the Angle B H G is alfo double
of the Angle C H F, and confequently equal to the Angle C A F. From
whence it is plain, that to the Eye placed at H, the Line C F will appear
under the fame Angle, in which it would appear to the naked Eye, zi‘:cing
from the Point A. Whence if the Diameter of the little Sphere B D,

were v of an Inch, we fhould have A C equal to +%; of an Inch; which
is
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is to the Diftance of 8 Inches in the Proportion of 1 to 128, fo that the
Magnitude of the Object will be increafed 128 Times.

But if K E, the focal Diftance of the Lens M N, Fig. 20. be equal to
the right Line A C of the laft Figure ; we have thewn, that by this Means
the Obje& L P would be feen in the fame Magpitude, as if the Eye were
placed at K, without the Lens 3 nor in ufing this Lens will the apparent
Magnitude be any Ways changed, in whatfoever Part of the Axis KE,
produced, the Eye be placed. Therefore, ’tis plain the fame Degree of
magnifying, and the fame Effeft every Way is performed equally by the
Lens M N, Fig, 20, and the little Spbere BD, Fig. 19: and it is alfo ma-
nifeft, that the Diftance K L, is equal to thrice DC, Q E D.

If an Objeét A B be placed in one Focus of a Lens M N, Fig. 21. and
the Eye in the other Focus D ; fo much of the Object as is equal to the
Diameter of the Lens, will be feen by the Eye, éﬁl‘ the Rays A M and
B N, which flow from the Objeét to the Extremities of the Lens, proceed
from thence converging, till they meet at D the Focus ; muft neceffarily
pafs from the Objeét to the Lens, parallel to the Axis, and therefore pa-
raliel to each other. Confequently that Part only of the Object A B, feen
by the Rays M D, and N D, will be equal to the Diameter of the
Lens MN.

If the Lens be covered with a thin Plate, and only the Part mn,
Fig. 21. be left open, then only fo much of the Objeét a b, as is equal
thereto, will be perceived by the Eye. For as A Bis equal to M N, or
abtomn; the Angle MDN, or m D n, is the Meafure under which
Part of the Objeé A B, or m n appears to the Eye at D. ;

In order to fee a larger Portion of an Obje& than the Lens, or its Aper-
ture 5 the Eye muft be placed nearer the Lens, than its Focus 3 for, let
the two Foci of the Lens M N, Fig. 22. be Hand G. Let an Obje&
A B be placed in the latt Focus, larger than the Lems. The Rays proceed-
ing from the Extremities A B of the Objet, towards the Lens, will, after
Refration, unite in the Point C, between the Lens M N, and its Focus
H. Therefore if the Eye be placed at C, its Field of View or Portion of
an Object, will be greater than the Lens M N.

If E F be aPortion of an Obje@ lefs than the Lens, the Rays EM,
E N, produced to the Extremitics of the Lens, will after Refraction unite
n a Point D, farther diftant from the Lens, than the Focus. From whence
It appears, that if the Eye be placed farther from the Lens than its Focus,
?3{;10! fee any Part of an Obje@t fo large as the Lems, but always
m "

Therefore, in the Univerfal Single Microfeope, 1 have contrived
the Manner of fixing the Magnifiers, which are Dowble Convex

15’5, fo as to admit the Eye to be placed almoft clofe to them, by
which Means we always fee a Portion ofp an Objeé larger than the Aper-

3 ture
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ture of the Lens. And in this Way of ufing fingle Lens’s, microfcopick

Objeéts appear exceedingly diftinét and clear, and are in all Refpets far
referable to the Double Microfcopes, which are compos’d of three con-

vex Glafles.

Upon the Apertures of Microfeapes, all their Effects and Virtue entirely
depend. It is therefore to be obferved, that in fingle Lens’s, if their focal
Diftance be about + an Inch, or greater, there will be no Occafion for li-
miting the Aperture, in order to make diftinét Vifion ; becaufe the very
Narrownefs of the Pupil of the Eye excludes as many of thofe Rays
which difturb Vifion, as is neceffary, and as much as they would be exclu-
ded, if the Lens were made to have a lefs Apersure. But in fmaller Lens’s,
where this Limitation of the Aperture is neceflary, the Rule is, that the
Diameters of thofe Apertures fhould be in the fame Proportion with the
focal Diftances of their refpective Lens’s, in order to have the Obje& feen
by both equally diffiné. But the Eight or Brightue/s will be in a duplicate
Proportion of thofe focal Diftances * ; fo that the more convex the Lens
is, the greater indeed, but then the more obfcurely will the Object be
feen.

In my Univerfal Microfcope, 1 have contrived the black Eye-Piece N,
in fuch a Manner, as to receive any Lens, whofe Aperture wants no Li-
mitation, and have taken Care to limit all the Apertures of the fix Mag-
nifiers, fo as to admit as much Light as poffible, without deftroying diftinct
Vifion, an Advantage which few of the modern Microfcopes have.

In order to find the magnifying Power of any Lens, we need only find
its exa& focal Diftance in 1ooth Parts of an Inch (which is eafily done
by fetting a minute Objeét in the Microfcope, fo as to appear perfectly
clear and diftinét ; this Diftance meafured on a Scale of an Inch, divided
into 100 Parts, will give its true focal Length;) and by computing
how many Times thofe Parts are contained in 8 Inches, we fhall have the
Number of Times the Diameter of an Objet is magnify’d to, and that
Number multiplied into itfelf, will produce the Magnitude of the Superfi-
cies, which Product, multiplied by the Diameter, will fhew the Solidity
or magnified Bulk. _

It was with thefe Sorts of fingle Microfcopes, that the famous Mr, Leex-
wenboeck made fuch wonderful Difcoveries ;3 and it was this Confideration
which induced me to contrive an Apparatus that fhould make thefe fingle
Microfcropes ealy in Ufe, to thofe Gentlemen whofe Curiofity leads them
to fearch into the minute Receffes of Nature, and thereby be taught to
contemplate and adore the wonderful and furprizing Contrivance of Nature's
AvmiGHTY Arobilel,

* Gregory's Opt. p. 184.
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Of Double Microfcopes.

A double Microfcope is compofed of two convex Glafles, placed at E
and L, Fig.23. the Glafs L next the Object P Q is very {mall, and very
much convex, and confequently its focal Diftance L F is very fhort ; the
Diftance L Q_of the fmall Obje&t P Q, is but a little greater than LF ;
fo that the Image p q may be formed at a great Diftance from the Glafs,
and confequently may be much greater than the Objet itfelf. This Pic-
ture p q being viewed through a convex Eye-Glafs A E, whofe focal Di-
ftance is q E, appears perfeétly diftint. Now the Object appears magpi-
fied upon two Accounts, firlt, becaufe if we view its Piture pq with
the naked Eye, it would appear as much greater than the Object
at the fame Diftance, as it really is greater than the Objett, or as much
asL.q is greater than L. Q 5 and fecondly, becaufe this Picture appears mag-
mi-it-::‘]l through the Eye-Glafs, as much as the leaft Diftance, at which itcan,
be feen diftin@lly with the naked Eye, is greater than q E, the focal Di-
fance of the Eye.Glafs. For Example, if this latter Proportion be 5 to 1,
and the former of L q to L Q, be 20 to 1, then upon both Accounts the
Objeét will appear 5 times 20, or 100 times greater than to the naked Eye.

To fit thefe Microfcopes to fhort-fighted Eyes, the Glafles E and L
muft be placed a little nearer together; fo that the Rays of each Pencil
may not emerge parallel, but may fall diverging upon the Eye ; and then
the apparent Magnitude will be alter’d a little, but fcarce fenfibly.

In the laft Example, let us fuppofe the Eye-Glafs E A to be 1 Inch
Focus, which will Pi)e found exattly 5 times in 8 Inches, the Diftance at
which the fame Objeét would be feen diftinét by the naked Eye. There-
fore this Eye-Glafs magpifies 5 times; and if the Obje& Lens L, has
for its Focus L. Q + of an Inch, and the Picture be formed at P q, whofe
Diftance L q is 5 Inches, the Picture will be magnified 20 times; becaufe
the Diftance L Q_3 of an Inch is contained 20 times in L g, 5 Inches;
and this Piture magpified 5 times greater (as appears above) by the Eye-
Glafs E A, and therefore 5 times 20, that 1s 100 times.

The Length being magnified 100 times, the Surface of Objetts will
be magpnified 10000 Times, and their Solidity or Bulk 1000000 times.

Altho’ we can readily, by this Method, find out the magnifying Powers
of the feveral Sorts of Microfcopes, yet our Notions of the comparative
Smallnefs of any minute Obje&t, muft be affifted by a larger one, whole
Dimenfions we know, and by finding how many Times the leffer is con-
tain’d in the greater; which fhall be the Subject of the remaining Part of
this Chapter.

* Smith's Opt. p. 41.
E
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Mr. Hook’s Method of computing the Magnitude of Objedls, feen in
the Microfcope, was, after he had adjulted the Micrafcope, to fee the Obje&
very diftinétly: At the fame Time that he look’d upon the Objeét thro’
the Glafs with one Eye, he looked upon other Objeéts at the fame Diftance
with his other bare Eye, by which Means he was able, by the Help of a
Rule divided into Inches and fmall Parts, * and laid on the Pedeftal of the
Microfcope, to caft up, as it were, the magnified Appearance of the Obje&t
upon the Rule, and thereby exatly to meafure the Biameter 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 magnifying. This
Method is very eafy to thofe Perfons who can accuftom themfelves to fuch
a Prattice, I mean of obferving two Objeéts at the fame Time, one of them
with one Eye by direct Vifion, and the other by refrafted Vifion, through
the Glafs. Itis indeed a Method I have prattifed with Succefs to eftimate
the magnifying Power of Telefcopes for many Years.

The Method Mr. Leuwenboek made ufe of to compute the Size of Ani-
malcules in Water, in Semine Mafeulino, the Salts in Fluids, &¢. was by
comparing them with a Grain of Sand, one hundred of which laid ina
Row, will but jut equal an Inch in Length. Then coneeiving one fingle
Grain of Sand, magpnified to the Bignefs of Fig. 24. A B C; and feeing
an Animalcule fwimming, or running by, or acrofs it, the Magnitude of
Figure D. The Axis of which he eftimates by his Eye, and concludes
it to be a twelfth Part of the Axis D C of the Grain of Sand. From
whence it follows by the common Rules, that the Figure of the Body or
Sphere A B C, is 1728 times larger than the Sphere D.

Alfo amongft the reft, he fees a fecond Species of Animalcules E, the
Diameter of which, by the Help of a very good Microfcope, he alfo mea-
fures, and eftimates it to be a Fifth ; but left he thould exceed, fets it down
to be only four times lefs than the firft Animalcule D ; therefore according
to the former Rules, the Animalcule D is 64 times larger than that of E.
Likewife upon a clofer View, he fees a third Species of Animalcules F, ftill
lefs than the fecond, whofe Diameter he meafures by Eftimation as before,
and judges it to be 10 times lefs than the Diameter of the Animalcule E.
Thercfore the Animalcule, Fig. E, is 1000 times bigger than that of F.

In multiplying the firft Sort by the fecond, and that again by the third,
will plainly thew how many of thefe laft are required to fill a Sphere no
bigger than a Grain of Sand, wiz.

* Preface to Hook's Mycographia, printed Aumo 1675.
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Diameter of D 12 times lefs than a Diameter of E 4 times lefs than
12 Grain of Sand. 4 that of D.
144 16
. 12 4
—_— — Sort D,
1728 in a Grain of Sand. 64 in one of the firft
of Sand.
The third Sort F, whofe Diameter 1728 of the firflt Sort D in a Grain
is lefs than that of E, 64 of the fecond Sort E in one
10 times e of the firft Sort D.
10 6912
— : 10368
100 ' : of Sand.
10 110,592 ofthe 2d Sort E in a Grain
— 1000 of the 3d Sort F in one

1000 in onhe of the 2d Sort. of the 2d.

110,592,000 of the 3dSortF, contained
in a Sphere no bigger than a Grain of Sand *,

The ingenious Dr. James Furin, in his excellent Differtation on Phyfico
Matbematical Subjeéls, Pag. 45. has taught us a more accurate and ready
Way of meafuring microfcopick Objeéts ; as follows,

He firft twifts a very fine filver Wire a great many times upon a flender
Pin, fo clofely as to leave no Interval between the Wreaths, which he
carefully examines by a magnifying Glafs ; then he takes the Interval of
the outermoft Wreaths, between the Points of a Pair of fine Compaffes,
and applies this Extent to a diagonal Scale of Inches, and by dividing this
Meafure of that Extent by the Number of Wreaths thercin contained, he
obtains the Thicknefs of the Wire itfelf. Then cutting it into very fmall
Bits, and fcattering them upon the Obje@-Plate, he places the Objeét up-
on them, if tranfparent ; or the Wires upon the Obje&, if it be opake ;
and by the Eye he compares the Parts of the Objeét, with the Thick-
nefs of thofe Wires that happen to lie contiguous to them.

Thus he obferved, that 4 Globules of human Blsed would generally
cover the Breadth of a Wire, which he had found to be %+ Part of an
Inch, and by Confequence, that the Diameter of a fingle Globule was
+v¥o Part of anInch, which was alfo confirm’d by Mr. Leeuwenbock’s Ob-
fervations upon human Blood, made with a Piece of the fame Wire tranf--
mitted to him from Dr. Furin. Philof. Tranf. N° 377.

_This Method of Dr. Jurin’s gave Rife to another which I have con-
trived, that is, 2 Method of ftraining a few of thefe fmall Silver Wires, int

® Vide Leeww. Exp, & Contemp, Tom.IV. Pag: 23. g
orm
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form of a Lattice 3 in fuch a Manner, that the Diftances between the Wires
are exactly equal to the Diameter of the Wire itfelf. By which Means
having a Wire, whofe Diameter is a certain known Part of an Inch, we
may be able to meafure a very fmall Animalcule, .&F¢. and be more exat
in our Calculations, than by either of the former Methods. For by placing
this Lattice of Wires, clofe under a Mufcovy Talc, upon which the Ooject
may be placed, if it be tranfparent, or placing the Lattice over the Objec,
if it be an opake one. And when the Objet is adjufted to the Magnifier,
the Parts thereof may be eafily compar’d with the Number of Wires and
Intervals, and their true Magnitude, or Dimenfions very nearly known, or
if I obferve the Diameter of an Obje& to be juft the fame with one Wire,
or an Interval, I know it is the 560th Part of an Inch, fuppofing the Wire
of that Size. If half that Width, the 1120th Part of an Inch; if one
Quarter of the Width, the 2240th Part of an Inch, and fo on ad infinitum.

Or thus, if an Object cover but the 6th Part of the Diameter of a Wire
or Interval, it will be but 3360th Part of an Inch in Diameter, which
multiplied into itfelf, will thew the Superficies to be the 11,289,600th
Part of an Inch, and that Produ& multiplied by the firft Number will fhew
the Solidity to be the 37933,056,000th Part of an Inch, and thus may the
Minutenefs of any Object be exactly determined.

However, this laft Method, tho’ infinitely better than any other in Prac-
tice amongft us, is flill deficient on this Account s if ‘the Objeét be confi-
fiderably lefs than the Diameter of one fingle Wire or Interval between
the Wires, we are obliged to efltimate, or guefs its Proportion to that Dia-
meter or Interval 3 but if the Obje& be no fmaller than one fourth Part of
fucgig?tcwal, the Eye is able to determine that to the utmoft Exa&nefs
poflible. :

I have, therefore, to remove this Deficiency, invented a particular and
curious Micrometer, applicable: both to fingle and double Microfcopes,
bué particularly adapted to my Univerfal Microfcope, defcribed Fig. 1,
and 3.

The magnifying Power of the folar Microfcope, is found by rec-
koning how many Times the focal Diftance of the Magpnifier is contain’d
between it and the Diltance of the Screen, or Sheet, upon which the Image
of an Objedt is caft.  For Inftance, let us fuppofe the Focus of the Lens in
Ufe, to be % of an Inch, and the Screen fet at the Diftance of fix Feet,
and as the focal Length of the Lens will be contained 288 times in the
Screen’s Diftance, the Diameter of an Object is magnified in the Propor-
tion of 288 to 1. The Superficies 82,944 times, and its Solidity, or
Bulk 23,887,872 times, and by removing the Screen farther off, the Ob-
Ject may be magnified to almoft what Size you pleafe.

CHAP
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CHAP X

Of chufing, preparing, preferving, and applying Obs
Je€ts to the Microfcope.

E muft be very curious in chufing fuch Objeffs as are proper for

the Microscore, which arc either fmall Parts of larger Bodies, or

exceeding fmall Infects, Salts, Sands, Seeds, Farina of Flowers, &c. or

the Interftices between the folid Parts of Bodies, as Minerals, Shells, the

Air Ve[fels in Vegetables, Poresinthe Bones, Skin, &c. of Animals, or the Mo-

tion of the feveral Parts of minute Animals, or of the Fluids in Animal or
Vegetable Bodies.

The greateft Care imaginable fhould be taken in preparing Ojeés for
an Examination; otherwife the beft fkill’d in magnifying Glaffes may be
milled, if they give too fudden a Judgment on what they fee, without af-
furing themfelves of the Truth by repeated Experiments.

If Objects are Aat and tranfparent, the belt Method is to inclofe them
between two Mufcovy Talcs, in an Ivory Slider, as the Farina of Flowers,
Scales of Fifbes, Wings of Butter and other Flies, &c. the Bodies of minute
Infeéts, &c. By this Method, every Virtuofo may always have ready two
or three Dozen of thefe fvory Sliders, furnifhed with the moft curious O2-
J¢is 5 which will be a moft delightful natural Hiftory of the furprizing
Beauty, Perfection, and Contrivance, we find in the Works of Nature.

In colleting Objests for the Ivory Sliders, Care fhould be taken to put
thofe into the fame Slider, which are of the fame Degree of Tranfparency
and Size ; that they may all be viewed with the fame Magnifier. There is
aconvex Glafs of about an Inch Focus to hold in the Hand, in the Cafe with
EZ' New Univerfal Microfcope, by the Help of which you may adjult the

ecls properly between the Talcs, before you fix them down with the
Brafs Rings ; the Number of the Magnifier may be alfo marked on each
Slider its Okjes are fitteft for. Many {mall living Objeéts may be placed
In this Manner between the Talcs, fuch as Mites, fmall Spiders, Lice,
Fleas, &c. without being killed or hurt, and will remain alive feveral Days in
thisManner. But for prefent Examination, thefe as well as larger Objef?s, may
be put into the Glafs Slider V, Fig. 2. defcribed Page 4, and defigned for
that Ufe, or in the jointed Cell X, Fig.2. Pageg4, or clfe ftick them upon
the Pin 1, or pinch them between the Nippers m of the Apparatus V. Fig. 2.

The Animalcula in Fluids, may be examined in a fmall Drop, taken
up with a Pen or Hair Pencil, and placed in the Glafs Slider before de-
fcribed, Page 3, or on the fingle GP]a.fs Slider R, Fig. 2. if in viewing
them you find them (as is often the Cafe) fo exccedingly numergus, th;t
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by their continual running over one another, their Shape cannot be diftin-
guifhed : Some Part of the Drop muft be taken off the Glafs, and a little
fair Water put to the reft, which will feparate, and make them appear di-
fiinct. It is neceffary thus to dilute, with fair Water, the Semine Mafeuli-
sum of all Animals; otherwife their Shape cannot be difcovered, they
are fo crowded together in fuch infinite Numbers,

If Salts in Fluids are to be view'd, you muft let the Fluid evaporate,
that the Salts may be left behind upon the Glafs, and be more eafily exa-
mined.

For viewing the Circulation of the Blood in the Tails of Fifbes, in Frogs,
Newts, &c. they are fometimes put into Glafs Tubes, but my Univer/fal
Microfcope hath a particular Contrivance a b f, of Fig, 2. defcribed Page 3,
Eropu' to hold down the Tails of Newts and Fifhes, and the filmy Mem-

rane between the Toes of a Frog’s hind Foot; the Circulation is beft
feen in the Mefentery, or thin tranfparent Membrane, that joins the Guts
together, and this Part, by pulling out the Gut a little, may be eafily ad-
jufted to the Magnifier, by Help of an Apparatus hereafter to be defcribed,
which is another Method quite new, and never before applied in fo eafy a
Manner.
. Patience and Dexterity are required to diffect Infects, and view theirin-
ternal Structure, fuch as Gnats, Mites, Lice, Fleas, &c. which will be ea-
fily done with a fine Needle and a Lancet; if they are placed in a Dro
of Water, their Parts will then be feparated with Eafe ; and the Stomac
and Bowels lie plainly (before the Microfcope) to be viewed and examined.

Bits of different colour’d Glafs are neceflary for this Purpofe, to place
Objeéls on, becaufe many Objeéts are muih more diftinguifhable, when
placed on one Colour, than on another. Glafs Tubes of all Sizes, are like-
wife of Ufe, from £ an Inch Bore to a fine Capillary.

It is alfo neceffary to have a few Glafy Tubes, ready prepared, with
Cork Stoppers, one at each End, each Cork having a Bit of a fmall capil-
Jary Tube, run thro® its Center, as at Fig, 25. in this Manner pregnant
Jnfefls may be kept alive till they lay their Eggs; and their Worms or
Maggots after they are hatched, tll they pafs thro’ their feveral Changes;
and in fuch Glafs Tubes it is, that Mr, Leeuwenboek made his greateft Dif-
coveries: They are more particularly defcribed in the 2d Section of the 1gth
Chapter, and are to be applied to the Univerfal Microfecope, between the
Objeét-carrying Plate I, and Springs b.

Fig. 27. isa very fhort cylindrical Glafs, which may be filled with Wa-
ter, or any other Liquid, in order to examine Aquaticks, which are to0
large for the Slider S. 3

Fig. 26. A rectangular Box having its two broadeft Sides of Glafs, is
defign’d on Purpofe to be filled with Water, in order to apply Aquaticks
o the folar Microfcope. il
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Thefe two laft are alfo to be placed between the Springs b, and Objed-
Plate 1. .

Fig. 28. Is another Contrivance to place tranfparent Okjeffs between
two circular Plates of Ifing-Glafs, one of them being divided inro Parti-
tions, by pafting a cut Paper to it, wherecon the Partitions are number’d,
having different Objeéts placed between them, and covered with another
Talc, which is held down by a Brafs Ring, as in the Ivory Sliders. This
is a concife Way of keeping a great Number of Objefs, ready to thew a
Friend at all Opportunities ; fo that any Perfon who is defirous to preferve
a large Collection of Objefls, may have as many of thefe, or of the Ivory
Sliders, as he thinks proper. - They are to be applied to the Univer/al Mi-
¢rofeope, between the Obje@-Plate I, and Springs b s the two Brafs Ribs
to which the Springs are fixed, being filed into concave circular Arches
for their Reception, they may be trn’d round at Pleafure, and by puth-
ing the Obje&-Plate cither nearer to, or farther from the Pillar E; any Ob-
Jeé contain’d between them will be eafily brought under the Magnifier.

There is no better Way to preferve tranfparent Objesfs, than placing
gcm berween two Mufeony Talcs in Sliders, or in the circular Talc-Plates,

1g. 28.

And the very beft Way of preferving opake Objests for thofe Gentle-
men who are defirous to keep a Colletion of them, is to prepare fmall
thin Slips of Ivory, or rather Holly, about an Inch long, and +% of an
Inch wide, and fome a little broader, according to the Size of the Objeéts
to be put thereon. Which Slips being ftai’d of feveral Colours, we
fhall obtain a Contraft to almoft any Colour, and by fixing Objeéts upon
Colours the moft contrary to themfelves, they will be feen to the beft Ad-
vantage,

I have contrived thefe chiefly for my new Univerfal Microfeope, to be
applied between the Nippers, under the reflecting Speculum O, Fig. 1.

Wet the Slips about half their Length with ftrong, but very tranfpa-
rent Gum-Water, and upon that ftick on your Objeéts,

I have alfo contrived a little Ivory Box, in Form of a Parallelopipid, to
keep thefe Slips in. In the Sides of which there is cut fmall Curfs, to re-
ceive the Ends of thefe fmall Ivory Slips, that they may be placed three
or four of them in a Row, and alfo fo high above each other, as that
the upper Row fhall not touch the Obje&s in that next under it.

T have prepar’d fome of thefe little Cabinets for opake Objeits, which con-
tain fome 30, fome 60, &F¢. of thofe Slips, which when ftored with Objeds,
Will be always ready for Examination, and may be carried from Place to
Place, withour doing the leaft Injury to the Objects therein contain’d.

The Reader may be fupplied with thefe Jvory and Holly Slips, Cabinets,
]WU Sliders, Talc Rings, fﬁart cylindrical Glaffes, reftangular Boxes, with
Glafs Sides, circular Uing-Glafs Plates, and Glaji Tubes, all together in ];mt
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Box, or feparate if he pleafes, at my Shop, the Sign of Tycbo Brabe’s Head,
the Corner of Racquet-Court, in Fleet-Street, LoonDoON,

Having defcribed the new invented Univer/al Portable Microfcope, toge-
ther with its Application to the folar Apparatus ; and the other Sorts which
are moft in Ufe amongft us : By which the Reader will be able to deter-
mine how much eafier it is in all its Applications than any, nay all of them
taken together are, and have alfo fhewn how to calculate their magnifying
Powers, and how. to prepare and preferve Objects: I fhall next proceed
to fhew what wonderful and furprizing Difcoveries have been made by the
Microfcope. In the Procefs of which, I fhall not only prefent the Reader
with a Variety of Copper-Cuts, of moft of the minute Infeéts and Animal-
cules that have been obferved by Mr. Hook, Mr. Leeuwenboek, Mr. Foblott,
myfelf, and others, but alfo fhew how to apply either the whole, or the fe-
veral Parts thereof to the Microfcope. In doing of which I have fpared
neither Coft nor Pains to make the EVork compleat,

CH AP XL

Of the Circulation of the Blood, and how to exa-
mine it by the Microfcope.

S E'ox L

HIS noble Fluid, the Blood, yields us the moft fublime Specula-
tions imaginable, by the Affiftance of the Microfcape. For by the
Help of it, buman Blood, and that of Land Animals is found to confift of
round red Globules, which float in a tranfparent Fluid, each of which is
compos’d of fix fmaller, and more tranfparent ones, and each of thefe (as
Mr. Leeuwenboek has thewn in his 128th Epiftle to the Royal Society) into fix
more minute and without Colour. He hath alfo fhewn us how eafily fix
foft flexible Globules, which are compreffible into any Shape, and in con-
tinual Motion, may, by ftriking againft each other, compofe one large
Globule of a perfettly fpherical Figure, one of which, and five of the fmal-
ler Sort, as they appear in Conta&, the fixth lying behind, is reprefented
Fig. 29. which, by their mutual Attraction to, and Preffure againft each
other, readily unite to form a perfeétly round Body, as at Fig. 3o. Their
Artraction towards each other is fo confiderable, as to form a Kind of
flelhy Subftance, when brought into Conrat ; and their fpecifick * Gravity
moreé than the Serum in which they float,
How thefe Globules, and alfo the more minute ones of which they are
compofed, are cccafionally feparated, in order t6 pafs through extremely

* Phil. Tranf. No. 361, ~
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minfite Veflels, ‘which without fuch ‘a Separation, they cannot poffibly en-
ter;sand how they re-unite'again in Veflels where: they have more Room,
is eafily comprehended by -a due Confideration of - the two foregoing:
Figures. 3 !

%umﬂhﬂieteroﬁt common tound Globule of buman Blood, is equal “to
the ayipe thoPart of: anilnch, as by the: Method: defcribed, Page 27.
a?la ordér. to view the: Blood with the Microfcope, upon the Tip of an Hair
Pencil, take a fmall Drop of warm Blood, immediately ‘as it comes from
the Fein;!and {preadit as thin as poflible upon the Objeét carrying Glafs R,
Fig. 2. of the Univerfal Microfcope, and apply it between: the Objeét-Plate
I, andSprings, to the: firfboand fecond Magnifiers: | It may alfo be ex-
treamly well examined;if @ little of ‘it be taken upcinto a fmall, but very
thin capillary:Tube, swhich; béing heldiin the Nippers m of -the Apparatus.
V, Fig, 2. /may be readilyapplied to:the Magnifier. ' If you dilute a Drop:
of Blood with warm Water, and apply it either of thefe. Ways to the Mag-'
nifier; fome of the larger Globules will be feparated from each other, ‘and
feveral of them will be divided into the {maller ones of which they are

By either of thefe Methods, the Globules of the Blsod may be diftinctly
feen, and a little Practice will difcover any ‘Alteration. that may happen in:
the Colour, ' Shape,: or Size of them ; in its feveral Changes:between Sick-
nefs and Health. Mixtures of medicinal, or poifonous Liquors, may be
blendedwith it immediately as it comes from the Vein, and a Drop of this
' Mixture, 'if applied as before direfted to the Microfcope, will difcover what
Alterations can be producéd on the Contexture: of the Blood. = The Vefiel
in which the Blood is!received, . thould be:put into a Bafon of Water;’
fomewhat hotter than the Blood +, to prevent its coagulating before the:

The Cireunlation of the Blood thro’ its Veflels, is to befeen in fuch fmall.
Creatures, whofe Tranfparency permits'us to look within them, or in the:
thinneft Parts of larger ones ;. by which we are very well informed, the
whole animal Syftem being eftablithed on the fame Plan, the Circulations
carried ‘on-in Veffels of a like Form, both in the meaneft and noblett living
Creature, and accelerated or retarded by the fame Caufes.

In thefe fmall Creatures we are not only able to fee the general Courfe,
of the Blood, but can perfetly diftinguifh each Globule, and the Alteration
they fuffer in pafling out 6f the larger into the more minute. Veflels, many:
of them!being fo fmall, that fingle Globules can fcarce enter, till they are

'+ The ‘exa Blood-beat of theWater, may be obtain'd by a Pockes Thermemeter, made.
with Quickfilver, with which the Reader may be fupplied at my Shop, at Tycbo Brake's
Head in Fleet-Street. - : ;
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comprefled into an oval Form 5 and yet thefe very Veffels are large, when
compar’d with the finelt of all, in which the Globules muft be divided and
fubdivided into their fmalleft component Parts, before they can find a
Paflage. UG
Providence has been furprizingly careful in the Difpofition of :the Veins
and Arteries, for thefe laft, which convey the Blood tothe Extremities of
the Animal, continually lefien their Diameters in their Progreffion, and di-
vide into fmaller Branches. At which Divifion, the Globules ruth againit
an Angle, which as it were caufes them to recoil upon thofe i
behind, before they can readily feparate into the two fmaller: Branches
C D, of the Artery AB, Fig. 31. in which the Blood flows upwards from
B to A, towards the Extremity ; and on the contrary in its Return'back
frony the Extremities to the Heart, their Diameters increafe, and thofe
fmaller Veffels are continually uniting into larger, as .in the: foregoing,
Fig. 31. the Branches C and D join their Currents in the Vein EF, uill at
laft all their Streams fall into one, at every fuch Conjunétion: of two
Branches, as at E, and their Streams violently rufl agdinét each other; by
which means unnatural Cohefions are prevented nads Yo Is
The Microscore affords us an ample View of the Veins and Arte-
ries, the latter of which is very diftinguithable by a Protrufion : of the
Blood, at each Contraction of the Heart, then a Stopy and then ‘@ new
Protrufion, continually fucceeding each other, whillk in the Veins it rolls on
with inexpreflible Rapidity. ; M ' ;
Fhe ingenious Mr, Leeuwenboek hath told us, that with greac Admiiration
he faw in the utmeft Extremities of a very fmall Fifb's Fail, how the larges
Arteries were divided into the finefb Veffels, * and maoy of the fmali Veins,
which returned from: the faid Extremities, met together in a larger Vein ;
that there was fuch an Agiwtion of that Bisad, which flowed from the
larger Arteries, towards the evanefcent ones, at the Extremity of the ail,
and returned afterwards through many minute Veins into a larger one, as
can hardly be conceived: In the larger Arteries he faw a continual new
lProttrEﬁ%t;D of thcrEbaf;a.Courﬁ', received from the Heart; but in the fm‘:;
er, the Motion feem'd equable withourany fuch repeated ulfion: 5
tho’ no Colour appear’d m the minute Veffels, yet in thzr?lprg:r Arteries
and Veins, that were near the Extremity of the Tail, the Blood was
plainly red. _
» The exa& Magnitude this Fifh appear’d of to the naked Egye, as deli-
neated by him, is reprefented in Fig: 32. Its Tail magnified, as it ap-
pear’d in the Mic co?:, at Fig. 33. In which were 17 litdle Bomes ar
Griftles, that give a Stiffnefs to the 7ail, three of them are fhewn by the
Letters A B C, on each Side of which he faw a very open Communication

® Are. Nat. Tom. IV. p. 167, ¢
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Of the Circulation of the Blood, 3
'of the Veins and Arteries, the Blood running thro® Arteries, and returning
back thro’ Veins, which were of the fame Size, and evidently a Continua:
tion of the fame Veflel, this- was diftinétly feen in 34 different Places; fo
that in the Tail of this fimell Fifb could plainly be feen 64 Blood Veffels,
34 of them Arteries, and as many Veins, befides the little Spaces about D
and E,  which were not obferved. ks . 33 : o3

This will be better underftood by a micrefcopical Reprefentation of Part
of one of thefe little Gritles F H G, Fig. 34. on each Side of which rans
an Artery I K and M Ni. ' The Blood . Howing rapidly from I and M, to
K and N, their open Communication with the Veins K L, and N Oy
from whence it return’d to L and O, fo that both thefe were but one
continued Blood Veffely for no Veflel can be properly called an Artery be-
yond the Pulfation; farther than which, and returning towards the Hearr,
it may, be called a Vein 3 for Veins, as by the prefent Figure appears, are
only Arteries clongated ; and as they generally divide into Branches that
elcape the Sighe, it is very difficult to determine where the Arteries end, or
where the Veins begin. If in the Tail of this fmall Fith, the whole Bulk
of which was no bigger than that of Fig. 32. and confequently under half
an Inch in Length, 34 diftinét Circulations of the Blood could be feen, how
incredibly numerous muft thac of the Circulation be in an ‘human Body?
Nor is it to be wonder’d at, when we fee it iffue forth at every Prick of a
Pin or Needle. In this Confideration he alfo adds, that he s fully con-
vinced in a Space no bigger than his fore Finger Nail, a thoufand diftinét
Circulations of the Blood are performed.

Mr. Leeuwenboek obferved the Motion of the Blood in a fmall Veffel, in
the Tail of a Tadpale, fomewhat wider than to admit a red Globule there-
of, as A and B, Fig. 35. which Veflel is called an Artery, through which
‘the Blood coming from the Heart, in the Dire&tion A, B, is impelled with
great Swiftnefs, and divided at B into two Branches, B C and B E, which
are again united at D, and continue fo to F; where they are again divided
into two other Branches F G and F I running craoked till they are again
united at H, where they formed a fomewhat larger Veffel as H K, and
became bigger at K, for which Reafon we muft call the Blood Veffels A B C,
DFG, and A BE F I, Arteries; * becaufe they convey the Blood to their
greateft Diftance from the Heart at G and I, and the Bload Veffels G [ K,
and I H K, Veins, becaufe they return the Blood to the Heart again.

In another Place he faw the Blsd running in an Artery, large enough
to admit about 20 red Globules + at once 5 this was a great Artery in Pro-
{ortion to that before-mentioned, a fmall Part of which is delineated at

M, Fig. 36. out of which proceeded a leffer, as M O. The Blood in
the W}r:ﬂ'cl from L to M, had not fo quick a Motion as it had in others,

® drc. Nap; Ep. 119+ Phil. Tranfi Ne. 260. :
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becaufe the Blood in the Veffel at R, did in a Manner ftaghate, infomuch,
that no feparated Parts could be diftinétly feen, it appearing there’ of ‘one
uniform red Colour 5 yet in the Veffel M Oy the Circulation was as fwift as
in any other Vefiel. - That the blue Spots, occafioned by a Fall'or Bruife,
is not ftagnated Blood, which perfpires before it begins to corrupt” through
the Skin with the Sweat, Mr, Leewwenboek was convinced of “by” the fol-
lowing Obfervation. ' The Bloed at R being thus without the leaft Motion,
it was by every Puifation of the Heart impelled upward, from N to P,
and the next Moment recoiled back again, and this alternately with ar un-
dulatory Motion ; as is known if never fo much Violence be ufed in pref-
fing Water, yet it cannot be':prefiéd clofer than it was before ; fo the
Blood bring now impelled forwards through ‘the ‘Heart, cannot bé com-
prefled into a lefs Space ; this being' fo, we muft conclude, that ‘the Tu-
nick of the Blood Veffels between N and P, and alfo fomewhat below N, is
diftended at ‘every Pulfation ‘of the Heart ; and as foon as this uncommon
Diftention is performed, fo foon alfo does the Tunick of the Veffel con-
tract itfelf again ; whereby the Blood that was thus pufhed forwards  is
forced to run back again. = After a fhort Space of Time he faw the Blood
begin to move from P to R, in fuch a Manner 4s tobe pufhed back again,
and that during his Obfervation, the Blood Veffel M O, was a lictle more
extended ; confequently more Blood ran through it than when he firft'began
10 look upon it; the Bloed in the Veflel N S, ‘wherein was little or rio Mo-
tion before, now ran as fwift as lin'any other Veflel, the Veflel PQ
was fo fmall, that only one fingle.Globule could pafs through it ‘at once,
wherein not the leaft Motion, at his firft obferving it, could be difcovered,
now began to flow; yet the: Particles of Bloed, which at Frit paffed
through it, were bur few in Number, and confequently far afunder ; hence-
forward all the Blood from P to'R-was put into Motion, as well by being
puthed forward, as by, recoiling back again, and that at every Pulfation of
the Heart; Mr. Leeuwenboek fpent about two Minutes in thefe Obferva-
tions, From whence it plainly-appears, that ‘the ftagnant Blood can not
only be made to move again by the Motion of  the Heart, which we call
the beating of the Pulfe, but alfo that the coagulated red Globules are again
diffolved, and affume their firft Figure ; from ‘which we may reafonably
conclude, that the coagulated Blood in any Animal ‘occafion by a Blow
or Bruife, can in a few Days be made to move again; it being taken for
granted, thar the Heart of a Man pufhes out the Blood 75 times in one
Minute, which is 4500 in one Hour, and 108000 times in the Space of
@ Day and Night ; and finding that in 1o Days Time the coagulated Blsod
feem’d to vanith, and alfo confidering that in this Time the Heart performs
1080000 Pulfations, and that in each Motion, into feveral Veflels toge-
ther, there has been loofen’d and fet a-going the Quantity of a Grain of
Sand, how much - more will ' be puthed forward in the fame Tilr:}c-
. r.
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Mr. Leenmwenbock could fee 'the Blood received from- the Heart-at each Im-
pulfe; in the Veffel above-mention’d, If 'e,fugpoﬁ: that the Quantity of
a cubick Inchrof coagulated: Blood, occafioned by a Blow,  is too much,
and that feldom fo much -is coagulated at once, we may eafily conceive,
that fuch coagulated Blsed, by Means of fo many Protrufions as above-men-
tion’d, ‘may be:loofen’d, and its Motion again reftor’d, if notin all, yet
in moft of the Veffels. 1/ .o - _ I yabir
At another Time Mr. Leewwenbock laid one of thefe Tadpeles upon a Piece
of white Paper, a little while' before he came: to-Jook- upon .it, - A fmall
Part of the Tail was wounded by the Skin ftichin&,to the Paper ;. fo that
out of anArtery in the excoriated Part, fo large that about four red Glo-
bules of the Blood might pafs:through it at once, there flowed fome Blood
that remain’d without Motion about the wounded Part, yet-that whereon
his Eye was' fixed, not being half an Hair’s Breadth from ) the: excoriated
Artery, there proceeded a Branch of a Vein, ‘wherein the Circulation of the
Blood did fhill remain, . asif the:Artery bad not been broken, Fig. 37. T V,
exhibits the ' Artery wounded a little above V. .V X fhews the extravafased
Blood. "' V-W, the' fmall Artery wherein: the Blood retain’d its full Courfe,
altho’ it was fo near the Artery T V, out of which the Blood flowed 3 which
at firft feemed very ftrange; but obferving that the Blood-Feffel V.'W was
united at'W 'to a large Blood effel, that conveyed the Bloed to the Heart,
the Blood ‘out of V.'W was continued as fwift as if it had been, impelied
from Tto 'V, »in fuch a Manner that Mr. Leenwenbock imagined, the
Vein at 'V had not been united with T, but had lain with: its Aperture ag
V, inthe extravafated Blood ; fo that the extravafated Blogd was ooly for a
litle fucked upsand convey’d thro’ it.| He then faw a Vein whercin the
Motion of the Bloed feemed very uncommon, as at Fig. 38. whereofa b
reprefents an Artery, whereby - the Blood  is impelled  with, great Velocity
from a to b, then b ¢, whereby the Bloed is conveyed towards the Heart,
muft be called a Vein, clofe by -which lies another Artery d c e, wherein
the Blood is conveyed from the Heart from d to ¢; now if the Vein be
be united with: the Artery de, asis feen.at ¢, and the Bloed be thus con-
veyed from cto e, b ¢ thould be called a Vein, and the Blood .coming io
¢, being there transfufed into ce, is the -arterial Blood, becaufe it is con.
veyed: thither from the Heart; it being certain, that d c ¢ is an Artery,
Amongft: others, Mr: Leenwenboek had a Tadpole, wherein he could per-
ceive no Motion at all of the Bleed, how attentively foever, he view'd its
at firft there appear’d no Reafon for it, till upon examining this Animal
with his naked Eye; he obferved the fore Part.of his Body was contracted,
by which he imagin’d-the Heart :was fo opprefied, that it could nog. force
out the Bleed, and receive it' backs again.  Whilft he ‘was thus, contems
plating, the Animal made a very ftrong Motion ; beating its Tail about,
and bending its Body, by which it got clear of the Opprefiion it was dun-
er s
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der;, and on’ viewing it again, “perceived the Blosd to have a flow Motian;
and Impulfe in feveral Veflels,- which increafed tiliic at length came to its
proper Motion, ‘yet not' with' fuch Velociey" as it ' would have had, if the
Heart or' Body had not been opprefled.’ Mr. Lecawenboek fays, that the
Motion of the Blood in thefe Tadpoles, exceeds what hé ever faw in any -o-
ther Animal.  Fig. 39. exhibits: a Tadpele arrived .to fuch a Bignefs, ‘as to
ufe its hinder Legs, and the fore Legs were alfo dilcernable, bus yet.co-
vered with ‘the Skin, ) i3 sthions 1A

Mr. Lecwwenboek obferved the Circulation of the Blood -in' feveral Burts,
éne of which, bating ‘the Tail, was but an Inch in Length, Ithe greateft
Motion of ‘the Blood obfervable through the Fins, was on each Side the
various little fingle Bones placed ‘therein, where, the Blood-Viffels were fo
large, that'25 of thofe Particles which conftitute the Blood of a red Co-
lour, cotild pafs in Breadth, but difappear’d as they drew nigh the Extre:
mity ‘'of the Fins, fmall Veffels being all along difpers’d from the Arte-
ries 3 on ene Side of a lietle Bone, runs an Artery, and on' the other a
Vein, correfponding thereto ; and finding it eafy 1o extend’ the Tail, he
accordingly ftretched it in Breadth, equal to what the Fith givesin fwim-
ming, that he might the better obferve the Motion of the Bloed in thefe
extended Veffels, and found when the Fith did not move, fome of thofe
{mall Veflels, which before received three Particles in Breaft, being now
ftretched out with the Tail-fin, which they run a-crofs, did not only admit no
more than one Particle; but likewife thefe Particles did not move fo falt;
as when the Veflels were not extended; and in fome Places were at fuch 2
Diftance, that one or two more might lie in the Intervals, but could not
from all this determine, that the Particles were perfectly oval *.

But to trace the Matter further, he took the Bleed running from 4 live
Salmon, + when cutinto Pieces, and put it into a Glafs Tube, no larger than
a fmall Quill, which in a fhort Time congealed ; but when it became partly
fluid again, he put it into a fmaller Glafs Tube, and having placed it be-
fore his Eye in the Microfcope, the Particles being in Motion, fome of them
appear’d of a flat oval Figure, and others, which fhewed themfelves fide*
ways to the Eye; feem'd a little thick, and thofe whofe Sides did not di-

y face the Eye, feem’d a little broader, without the leaft A ce
of any glebular Form. = Mr, Leewwenbock alfo put fome of the fame Blood
upon a very clean Glafs, and where the Particles lay thin, he pefceived
them oval ; nay in feveral Ovals he difcovered Globules, and in fome few
fix Glebules.

Fig. 40. A BCD reprefent the oval Particles of the Blood of a
Salmon, that weighed 30 Poundss A B, the Particles that appear’d flat and
bread, but did not direttly face the Eye ; thofe about ¢ were ftreight bes
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fore the Eye, and for the moft Pare 4 litele clear Sort of Light in the Mid-
dle, larger in/fome thanothers.: o ' _
" Mr. Leenwenbock, likewil, placed fome of the Bloed of a very fmall
Butt before the Micrefcope, which was not mixed with any Liquor, only
the Particles lay in their Serum, and are reprefented by Fig.g1. | :
Thofe Particles of the Bised; which are- diftinguithed by fhining Spots
in the Middle, are delineated Fig. 42.  Mr. Léewwenboek pro‘ecuted this
Enquiry yet farther, with a greater Magnifier than he had hitherto ufed,
and fo he plainly made out'the oval Particles ; now the greater the mag-
nifying Power of the Glafs, the {wifter does' the Circulation: of the Blosd
appear ; and having retarded: this Motiof, he employed - two;or three Se-
conds of Time,-in obferving the little Véins; and found, that in feveral
fmall Veffels, the oval Particles were fo broke, that he could neither fee
them, nor thofe, of which fix conftituted - a Parncle of Blsed, but only a
fimple Fluid of a faint Colour, running along the Veffels ; but in a great
Artery at the Tail, the Blood mov’d fo flowly, that he could eafily difcern
the Particles were oval; andmot only fo, but he likewife: perceived miore
clearly than before, the Globules: that conftituted the oval Parts, if not al-
ways, yet at leaft for the moft Part; as reprefented in Fig. 430 -
- How wenous Bloed may become arteriois withiout being: firlk in. the
Heart, appears by the following Experiment. 'Suppofe A B, ‘in Fig. 44.
to be a Vein, in which the Blood ‘view’d thro’ the Micrefcope, palies with
great Celerity from B to A, from this Vein proceeds’ two {mall Branches,
C and Dy which unite between E and F.. - Again' fuppofe H T 10 be an Ar-
tery, in whicli the Blaod moves upwards ~with equal Swifinefs from H to
1, out of H I arifes a venous Spring, delineated in K FL; the Bleod
moving from K to F, joins theiother at ¥y and: by this Means, Part of
the Blood coming from the Amery, is thrown into the Vein, as pafling
from F to G, and to the beft of Mr. Leewwenboeck’s Obfervation, a Quantity
of Blood, juft equal to that cirried from K F to/ G; moves from CE to F,
and dire&s its Courfe upwards from F to L, fo that whatever Quantity of
arterious Blood paffes thro’ K F and F G, an equal Quantity of venous
Blsed returns thvo' € E and F L. Though the agreeable’Motion: of  the
Blood was formerly apparent, yet this Experiment afforded him a very clear
Perception of the above-mention’d Variety 5 and:befides, this Union of the
Blood-Veffals was not formerly difeover’d. . - :
. Mr. Leeusvenboeck, in his 112th Epiff. has given us an accurate Delinea:
uon of the Blsod-Veffeis in Pare of.the Tail of an Eel, whofe whole Length
did not exceed thar of the Length of his little Finger. = The Figure, as by
him delineated, is reprefented in Fig. 45. whereof A, C, Ej reprefents the
Veins, and'B, D; F Arteries. 1 - i
The Letter D' reprefents: an Artery, from which a Branch G proceeds,
8 divided about H, into two leffer Branches, one of them Icprffcnté
€
1
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cd by the Letters H I K, fo: muchof this fmall Veflel as reaches to I, is cal:
led an Artery, becaufe the Blood may to that Place:be propelled-in its Pro-
greflion from the Heart.'s Theoother Part; LK wof ‘the! fame Branch may
be ‘called-a Vein,: becaufe by it the Blood is conveyed back again to the
Heart. In.the wther 'Parvob therfame Branch - H L. M, the Blsed is drove
forwards till it gicives at M, where it is difcharged into the Vein E, which
in this Figure ‘is ‘the firft:Place that can take the Name of:a Vein;,

. “Here'alfoit may be obferved, that as the Arteries are extended in Lcngth
they gradually lefien. ~And on:the :onmry, th:- Veins. tncreafe in  their
Diameters as they approach the Heart. -

Furthérmore;” from this: fame Artery! D.; 'andthcr Vnﬁ'cl may be. feen
branching out'from N, 'from whéncc the B!ood ﬂovn to O, and there dif-
charges itfelf into the VeinE.~ w
* Raifeyour Eye ‘@ liecle hlghei: to P, wh:re anothcr ﬁmll Artcry ad-
vances ' from the: great om: D, towardn Q, whcrc it qlol’ns again ‘with
the Vein 'E. |
‘1 Alfo abfervw rhat about rhalcttch, annthtr fmail VfIFel luds frm:n
the fame Artery towards S, at which Place the:Blood that flows both from
the Artery Dand'B, is joined, and from thenee pour’d:into the Vein C.
~ Somewhat-higher, about T;-advances a little Blood-¥effel, which is divi-
ded into two Branches at'V, fo-that from thence two:diftinét Veflels may
be feen to difcharge themfelves into theVein E, at X and h.

About’ the Letrer Y proceeds: from the fame / Artery D, | another fmall
Vcﬂ'cl whieh' at'Z branches ‘out into two more minute V:ﬂ't:ls; thc Blood
%omng through ' them toward aand b, where it is dnfchnrpd sinto the

ein Gy 1078 20

Not far fromY, aboht - procceﬂs a fmall Branch from; thc Artcry D,
through whu:h thl: Bimd alfo returns mtuthe ch C, with which it joins
ard.wDe
From the ﬁme Artcry D' rifes a minute; Branch e, f wh;ch is fepara-
ted lztg two leffer Branches at f, fending: back the Blood to the Vein E,
gan C

If the'famé Artery be: examined a little hlgher, another, Branch I k b
will ‘be" feen iffting from I, which is alfo divided at 1 into two others,
that likewife difcharge themfelves into the Vein E, atm and n, nearl ; at%
are alfo two other Branches, which vent. dmrStrmms at pand L into the
ch CJ 21830

Mon:ovef ﬁ'om the fame Artery" D, ;about: r pmcc:ds forward a fmi“
one r f,> which‘is divided into!finer Branches, -one of which r. £ t,-joins the
Vein C, the other f, u, w; x; joins the Vein E at x;

The moft evanelcent Artery, flowing from the. large one D, which.is

reprefented b)r thc Lctters ty z4 unites - wIlh the Vein E ati A5 -the f““::
) o ; bobivibrmne
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minute Artery, near the Letter u, is again divided into two Branches, the
Part u b is difcharged into the Vein C, att. '

An Eel of this Size may be conveniently placed before the Magnifiers in
the Univerfal Microfeape, either in the Fifh Pan, or in a fmall Glafs Tube
filled with Water, and put between the Object Plate and Springs, after
wiping off its Slime, which would obfcure the Glafs, ftop both its Ends te
prevent the Water from running out ; the Tail may then be viewed, and the
Circulation will appear in an agreeable and pleafant Manner, as in the fore-
going Figure is deferibed.

The Tails of any Sort of fmall Fith, may be alfo readily applied to the
Magpifiers in the fame Manner. Under the Spring of the Fith-Pana b f,
as is before directed in Fig. 2. of Chap. 1. Flounders, Eels, and Gudgeons
live a long Time out of Water, and are to be had at almoft any Time in
London alive.

Alfo the Tail * of a Water Newt, or a Lizard, if applied to the Micro-
Jfeope in a Glafs Tube, rcg;:fcnta an agreeable Profpeét of the Circulation,
through Variety of fmall Vefels, particularly in an exceeding fmall one of
the Water-Kind, which may fometimes be procured fhorter than an Inch,
and fo tranfparent, that the Blood may be feen running in all Directions,
not only through the Tail, but particularly in every fingle Toe, and thro’
its Fins or pointed Branches. The Blsod may be feen running through an
Artery towards the Extremity, and returning through a Vein, with which
its Communication is very apparent, and furprizingly delightful.

Mr, Leeuwenboek informs us, that he has obferved the Circulation of the
Blood, in the fartheft Joints of little Crabs | hinder Legs, with greater
Rapidity than in any other Creature, and that their red Globules were
twenty-five times fewer than in any other Land or Water Animal he had
before examined.

Exceeding fmall Crabs may be found under Brickbats and Stones, on the
Shores of the River Thames, when the Tide is out.

The Circulation of the Bloed may be feen in the Legs and Tails of
Shrimps, if view'd in Water, whercin you have mixed a little Salt, but in
thefe the Blood is not red.

1 have frequently feen a Fluid flowing through the filmy Wings of
Grafshoppers, of a greemfh Colour.

The Motion of the Blosd is alfo to be feen in the tranfparent Legs and
Feet of fmall Spiders, and in the Legs of very fmall Buggs, and an ex-
traordinary Vibration of the Veffels not difcernable in other Creatures.

You may often obferve in viewing feveral of thofe Objeés, the Globules
cannot pafs through the fmaller Veffels, otherwife than fingle, and then
fqueezed into an oval Form,

® Phils/. Tranf. No. 288. + Are. Nat, Tom. IV. Ep. 84, and 86.
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If a little Frog’s Spawn, in the Spring Time, be kept a few Days in
fome of the Ditch-Water, in which it is found, you’ll have a greac Num-
ber of exceeding fmall Tadpoles, which at their firlk beginning to fwim, are
nearly tranfparent, place them before the Microfcope in a fmall Tube, with
a little Water, or in a cylindrical Glafs, and you may behold the Circula-
tion of the Blosd in every Part of the Subjeét, and in a mere particular
Manner in the Tail, near * fifty Veffels prefenting themfelves at once to
View ; and alfo the Pulfation of the Heart ; but they grow fo.opake in a
Day or two, that the Circulation can then be only feen in the Fins; and at
the joining on of the Head, and in the Tail: . e T ug

The Circulation of the Blsed affords an entertaining Sight in the thin
Membrane between the Toes of the hind Foot of Frogs, if well expanded;
in the Machine a b f, of Fig. 2. Chap, 1. of the Univerfal Microfcope,
and being fo placed before the Magnifiers as there diretted, the Arteries
and Veins will be diftinétly feen,

The Blood may be retain’d in the Lungs of Frogs and Lizards, as fol-
lows; on making an Incifion into the Bodies of thefe Animals, their Lungs
will ftart out, and be diftended with infpired Air ; on thefe as quick as you
can, pafs a waxed Thread, and tie it firmly towards the upper Part of the
Lobe, as near the Heart as pofiible; when the Lungs are dried, after being
thus diftended, they may be placed in Parts, between the Talcs of the Ivory
Slider T, Fig. 2. and by this Means you may always keep by yow, Ob-
jects of the Lungs of thefe Animals, only remember to place their ex-
ternal fmooth Surface towards the Magpifier. Thefe feveral Parts of the
Lungs, are very entertaining Objeéts in the Microfcope.

But the Circulation of the Bleod is no where feen with fo much Satis-
faction as in the Mefentery of a Frog, For which I have contrived an
eafy Method to hold the Animal during the Operation, as will be feen in

the following
S plpdyeidh
The Defcription of a New Apparatus jfor confining
Frogs, Mice, Bats, or any cther Creatures of the
like Size, particularly adapted to the Univerfal
Microfcope, Fig. 1.
T'HIS Apparatus confifts of a fquare Frame of Brafs A, B, C, D,
Fig. 46. which may be taken to Pieces at Pleafure. It is held to-
gether at the Corners, by the four Pillars F, F, F, F, which alfo fupport

the Frame. At the lower End of the two Pillars which fupport the Cor-
ners C and D of the Frame, is fixed a Steel Bar G H, having one of its

® Arcan. Nat. Epiff. 112. Ends
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Ends'made faft to one of the Pillars at G, and the other End fcrewed to
the oppofite Pillar by the Nut H: On this fquare Bar is fitted a fliding
Socket 1 K, with its Stem T V.

When a Frog is to be diffefted, tie 2 String to each of its four Legs ;
firft having ftrain’d Strings thro’ fome of the principal Holes of the .
Frame, croffing each other, as in the Figure is reprefented by the fmall
Letters ab, cd, ef, gh, ik, I m, which form a kind of Lattice, or
Couch, whereon to extend the Frog. Then firft put the two Strings which
are tied about his Arms, thro’ two Holes, the neareft to the Corners
A, C, and there fix them with two Pegs made of Fur, as at n and o, in
the Figure.  The Reafon why I dire& his two fore Legs or Arms to be fa-
ftened firft is, becaufe you may with Eafe hold his hind Legs in your Hand,
till the fore Legs are pegg’d down faft; whereas if you attempt to fix the
hind Legs firft, the Creature will give fuch Springs and Starts, as will not
only tire himfelf, and thereby prevent him from being able to go thro’ the
Operation, but even make it almoft impoffible for you to fix him to your
Mind. ‘Then fix his hind Legs as before directed by the Pegs p, q. [If
now you find him not quite faft, you may make him fo, by pulling out one
of the Pegs at a Time, and ftraining the String a little tighter, after which
teplace the Peg. The Ends of the Strings which confine his Arms and
Legs, are reprefented in the Figure by the Lettersr, {, t, v, and the Frog
lying upon his Back.

The Obje& being thus extended, and faftened on the Frame, as above
directed, open the Skin of the Belly, from near the Anus to the Throat in
the Dire&ion of the dotted Line I K, by firft juft entering the Point of a
very fharp Penknife at I, thro® the firft Skin only, taking Care not to touch
the fecond Skin, and let the Incifion be no longer than the litle ftreight
Stroke I w, in which thruft the Probe or Director, Fig. 47. almoft up to
his Throat, with the Curf x y upwards, in which Curf you may run the
Point of a Pair of Sciffars, without being in any Danger of cutting any o-
ther Part of the Subject, and thereby open the upper Skin from I 1o K,
then turn the Direétor fideways from K to L, and from I to M, and give
it a little Snip in that Dire&ion, both at the Top and Bottom. Stick a
Fifh-Hook, with the Barbs filed off, into each Corner of the Skin, firft hav-
ing put the Strings N O, to which the Hooks are tied, through any two of
the Holes in the Frame, as at P and Q. Then by gently pulling the
Strings N O, 'the Skin will readily ftretch out into the Direction of a fquare
Flap, as reprefented in the Figure by the Letters L M R S, and the three
dotted Lines which furround them, :

If now you put the Stem T V into the Hole of the Pillar E of the Univer-
Jal Microfcope, you may place any Part of this Flap before the Magnifiers,
either by flipping the fquare Steel Bar G H backwards and forwards in its
fliding Socket T K, or elfe by pulling the faid Socket farther from, or

G2 pufhing
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pufhing it nearer to the upright Pillar E of the Microfcope, Fig. 1. by
which Means, you may with the greateft Eafe imaginable, examine all the
Blsod Veffels in this tranfparent Flap or Piece of Skin, by fitting at a Table
before 2 Window, and diredling the illuminating Glafs, fo as to fling the
Rays of Light immediately under this Part of the Skin.

If the Sun fhines, and you have the folar Apparatus, deferib’d Page g.
fcrew’d ready in the Window Shutter, take out the illuminating Glafs F,
and in its Stead, fcrew the Socket K, of the folar Apparatus, and apply
the Microfcope and Frog to the folar Part as before fhewn, and after having
directed the Sun’s Rays thro’ the Tube, upon any Part of the fkinny Flap
L.R § M, and placed the Screen at about four or five Foot from the Ma-
chine, fo as to receive the Sun’s Rays, and adjufted the Objeét to the Focus
of the Magpnifier, and Diftance of the Screen, by Help of the Screw P, as
in Fig. 1.

You will have reprefented on the Screen, a moft beautiful Picture of the
Veins and Arteries in the Skin, with the Blood circulating thro’ them 3 in
the Arteries you may plainly perceive the Bloed ftopping, and as it were
receding a little at each Dilatation of the Heart, and then immediately ruth.
ing forwards again at each Contraction ; -whilft in the Veins it rolls on in 2
continual Current, with inexpreffible Rapidity ; and when the Arteries are
very much magpnified, if you remove the Screen to a confiderable Diftance,
the alternate Expanfion and Contraction of their Sides are very vifible.

When you have confider’d this as long as you think needful, open the
Abdomen, and extend the Mufcles before the Microfcope, by Means of
the two Fith-Hooks, as before in the Extenfion of the Skin, and you will
with Pleafure view their Struéture, which confifts of Numbers of tranfpa-
rent Serings or Fibres, lying parallel to one another, and joined together by
2 common Membrane.

Thefe Strings or Fibres appear thro® their whole Length, to be made u
of minute roundifh Veficles; and the Blood Veffels which intermix wirﬁ
them, afford an agreeable Profpect.

The pext Experiment is gently to draw out a Part of the Frog’s Gut,
in order to appll; the Mefentery to the Microfeope, which is a moft beauti-
ful and furprizing Phenomena, when view’d through the Univerfal Mi-
¢rofcope, as ftanding upon a Table : But when applied to the folar Appara-
tus before defcribed, you may view it in fo dri,lf'nél: and fine a Manner,
that no Words can defcribe the wonderful Scene which will then be pre-
fented to your Sight. The Blood flowing through numberlefs Vr.ﬁ'clg at
one and the fameInftant, in fome one Way, in others the quite contrary 3
feveral of the Veflels may be magnified to an Inch in Diameter, and the
Blood Globules rolling thro’ them, will appear near as large as Pepper-
Corns, and at the fame Time in the minuteft Veffels, only fingle Globules
can find a Paffage, and that not without putting on the Form of otg]ol!:g_
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Spheriods ; here alfo in-the moft inexpreflible Manner, will be feen the Pul-
fation and Acceleration of the Blood in the Arteries, as before defcribed. .

As the Animal grows languid, and near expiring, the Blsed in the A rre-
ries will be feen to ftop fuddenly, and as it were feem to coagulate, and
then run backwards for fome Time ; after which it will again recover its
natural Courfe, with a great deal of Rapidity.

A due Confideration of thefe Appearances, may poffibly account for the
Il}urmimons, Starts, and Irregularities in the Pulfe of Perfons near the Point
of Death.

Fig. 48. M, L, R, S, ‘reprefents a microfcopick Picture of a Part of the
Frog’s Gut, and Mefentery extended, by Means of the Fith Hooks
R, S, M, the Ends of their Strings being pegg’d to the fquare Frame, one
of which is feen at p. B, I, K, C, is a Part of the Body of the Frog.
And I, K, that Part where the Belly was opened, D, E, Part of the
fquare Brafs Frame, The fhaded Part within the Gut, marked M, L, R, S,
is called the Mefentery, in which is plainly feen the Blosd-Veffels. Thofe
Vefiels, which are a little darker than the reft, are called Arteries. In
every one of which I plainly faw a Pulfe, and the Blood flowing from A to
R. The others are Veins, thro’ which the Bled flowed in a conftant
Stream, in the Direction V, N.

As there are many fmall Fifb, whofe Fins are more tranfparent than their
Tails; T thought it might be acceptable in this Place, to give a Cut of the
Manner how they may be faﬂ'encg upon the fame Frame the Frog was,
which take as follows,

Firft cut a Piece of Leather in the Shape of Fig. 49. and tie a String
to each Corner of it, as at A, B, C, D, and obferve, that the Part G H
of the Leather be no longer than from the Fi’s Neck to the Parc where
the Tail begins to grow fmall, and cut a Slit from A to I, and from B to
K, then put the String C E through the Slit A1, and the String D F
thro’ the Slit B K, and put the Fifb in Head foremoft ; after which draw
the Strings clofe, and apply it to the Frame, Fig. 50. fixing down the
String D F to the Frame by the Peg N, and the String B M by the Peg O,
The String C E'may be made faft with the Peg P, and the String A L
with the Peg Q, in which Pofition- the Fifb cannot poffibly get away, but
on the contrary will lie exceeding quiet : Then may you ftick a Fifh-Hook
to the thick Part of its Fin at R, and ftretch it out by drawing the String
RS fgt:ntly, and then making it faft by the Peg T. :

After which place the Frame to the Microfcope, as above directed 3
and you will have a beautiful Profpect of the Circulation, if viewed thro
the Eye. Piece N upon a Table ; but much more fo if you apply it to the
folar Apparatus. |

I hope by this Time the Reader will be enabled to fix any other Subject
of the like Size to this Apparatus, in order for Diffection, and alfo be n:ady;

a




S s ogm—

- = e
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at applying them to the Microfcope, cither to be look’d at by the Eye
through the Magnifiers, or caft upon a Screen when applied to the folar
Apparatus. The Reader will alfo percceive that none of the modern Mi-
crofcopes, is fo capable of having all Sorts of Subjeéts applied to them, as
this is, and that in one Apparatus ; and fo eafy in its Ufe, as to give
Gentlemen as little Trouble as poffible in the Application of all Sorts of
Objedts.

CHAP XII
Of Bones.

HEIR fuperficial Part is found to confift of a valt many' fmall

Vefiels, and fome few of a larger Size ; which laft, when they came
to the Surface of the Bone, appeared to Mr, Leeuwenboeck either with a
Membrane, or dony Subftance, perfectly tranfparent: He once difcovered
four or five Vefiels in a fmall Piece of a Shin of a fufficient Size for a
fingle Filament of Silk to pafs through them, and one of them feemed to
him to have a Valve * fo difpofed as to admit nothing into it, but only
to let out what was therein contained, -

The fpongy or cellular Subftance on the Infide of the Bonme, confifts of
long Particles clofely united, that are made up of a vaft many fmall Vef
fels, fome running lengthways, others tending towards the Sides of the
Bonmy Particles, fome lying parallel, and others perpendicular to the Length
of the Bone, thefe laft have Veflels proceeding from their Extremities;
and others that compofe the Cortex or fuperficial Part of the Bone,
from their Sides, thofe long Particles, which lie parallel to the Length of
the Bone, emit Veflels from their Sides, that iffue out through the Side of
the Bone, It is impoffible to conceive what a prodigious Number of fmall
Veflels compofe the cortical Part of the Bome, which on the fpongy Part
in fome Places is no thicker than a human Hair ; tho’, in others, three or
four times that Thicknefs. _ 01Ty’

The Periofieum is united to the Cortex of the Bowe, not only to the Out-
fide of the Cortex, but even by enteting into its very Subftance in feveral
Places, and is joined thereto by the Veflels which proceed from the Bone.

Fig. 51. reprefents a fmall part of the Bone with the Periofteum ad-
hering to it; ABCDEF fhews the Bony Part, B G H1E the Perio-
fteum, in which all the fmall Veflels are reprefented by Dots, In other
Places where the Thicknefs was twice as much, not only thofe Veflels that
had been tranfverfly cut, and confequently reprefented by fo many Pointss

® Phil. Tranfa&. No. 366.
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but alfo many other Veflels running lengthways, as in Fig.52. LOPQN M.
and that Part reprefented by BG H LE, Fig.: 51, are not entircly mem-
braneous, but really bony. LMN A reprefent the domy Part, in which
tho’ no Pores or Veflels are here reprefented, yet it is full of Openings.
Fig. 53. RSWXTYV reprefents a Parc of another Bone, SW X T the
Periofteum, which in this Place was no thicker than a large Hair of a
Man’s Beard ; but in another Part of the fame, and at a fmall Diftance, it
was four times that Thicknefs. In another Piece of Bome fo placed before
the Microfcope as to thew only the Perioffeun and mufcalar Fibres, which
were cut tranfverfly, and appeared to be furrounded by Fibrils of the Pe-
riofteum, as in Fig. 54. where Y Z A B is the Perioffewm, and ZCDA
are the flethy Fibres cut tranfverfly, this was part of a Rib taken from a
fat Ox.

It appears therefore from Mr. Leenwenboeck’s Oblervation on Bones of
all Kinds, that they do confift of exceeding fmall Vefiels, arifing from the
inner hollow or fpongy Part of the Bone, and paffing thro” the fuperficial
or cortical Subftance, enter the Perigffeum 3 and from thence are continued
farther into the Body, even to the remote Parts thereof, Hence it is,
that in a healthful Body there is a conftant Supply of an oily Subftance
conveyed into the Bomes ; which again is conftantly carried out from the
Bones by Means of thefe Veflels into all Parts of the Body, even to the
Extremity of the Fingers, He examined a very fimall Piece of the folid
Part of the Shin Bone of an Ox, and found it to confitt of four Sorts of
Tubes, perforated lengthways. The firft Sort fo fmall and fo clofely
united, as fearce to be difcernable in a tranfverfe Section of it. The fe-
cond Sort of Tubes (fome of which are four, fome fix times larger than
the firft) are alfo difficule to be difcover’d; becaufe in cutring or fhaving
the Bone, although the Knife was fharp, it deftroyed and broke many of
the tubular Parts, which fhut up their Apertures. The third Sort greatly
exceed thofe of the fecond, but were alfo difficult to be difcerned, becaufe
the Knife tore fome of them in cutting ; yet notwithftanding he was per-
fwaded, that Bones are compofed out of fucceflive Additions of Rings of
Tubes, in the fame Manner as Wood is. The fourth Sort are much
larger than thefe, and fewer, as will -appear in Fig. 62. whereof M repre-
fents a very fmall Piece of a Shin Bowe, which when viewed by the naked
Eye, appeared no bigger than the Spot, Fig. M.

ABCD is the fame Piece of Bone magnified, EFG is the Point of a
very fmall Needle, upon which this little Piece of Bome * was ftuck for Exa-
mination before the Microfcope, he was not able to reprefent the firft Sort
of thefe little Tubes in the Picture, becaufe their Surface was fo mangled
Incutting, but the fecond Sort is reprefented by the Letters HH H, the

® drc. Nat. Tom. 1. p. 200. g
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third Sort by the Letters [ 11, which are feldom circular, but of different
Shapes, like the great Vefiels in Wood, The fourth Sorc are a grea
deal larger, as fhewn by the Letters K K. The curved Lines L and M
are little Clefts or Cracks made by the Knife in Cutting:

To examine the Bones, fhave off with a very fharp Razor thin Pieces of
them croffways, lengthways, and obliquely, and that from the Infide, Out-
fide, and Middle of the Bone: Then apply to the Microfcope fome of
thefe Shavings dry, and others moiltened with warm Water, by which
Means you may view the Veficles in all Directions, Or put the Bones in
a clear Fire till they are red hot ; then carefully taking them out, you will
find the bony Cells perfe&t and entire, and being quite empty, may be
view’d with great Eafe and Pleafure.

They may be applied to the Univerjal Microfcope, Fig. 1. either upon
the Glafs R, Fig, 2. or ftuck upon the Point of a vegy fmall Needle,
which Needle may be held between the Nippers m of the Apparatus V,
Fig. 2. and thereby examined with Eafe, amﬁl lictle Bits thereof may be pre-
ferved between the Talcs in an Ivory Slider, or in one of the circular Talc
Rings.

CHAP XL _
Of the Mufcular or Flefby Fibres of Animals.

R. Leeuwenboeck hath difcovered each mufcular Fibre to be made
ulP of fmaller Fibrils, which, notwithftanding their Smallnefs, he
lainly difcern’d to be vafcular, for on cutting a-crofs their Length, the
iight might be feen thro’ their Apertures; but if he cut them ever 00
lietle obliquely, could fee no Light. He alfo obferved the Struture of the
Fibres in the Fleth of an Ox, and of a #bale, but plainer in that of a #balt;
the Fibres of the other being more compa and clofe, and found allo that |
the Fibres of a Moufe were of the fame Size as * thofe of an Ox, from
whence he concludes, the different Size of Animals is entirly owing to the
Number and Length of their Fibres. Thefe flethy Fibres appear throughout
their whole Length, to be encompafied as it were with fpiral Circumvolu-
tion, as is exaltly reprefented in Fig. 69. i
Which Difpofition feems to be wonderfully contrived  for Readinefs in
the Diftenfion and Contraction of the Fibres,  Two of thofe flgly Fibrts
are reprefented by G H, and I K, Fig,. 68.
To view the mufcular Fibres with the Microfcope, cut off a Piece of
dried Fleth or Fifh, as thin as poffible, and lay it upon the Gla& R, of

* Arc. Nat. Tom, 111 - 108, ﬁs’
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Fig. 2. and moiften it with warm Water, which drying foon away, will leave
the Veffels open and diftinguifhable. As the Learned differ in their Opinions
with Refpect to the Figure and Struéture of thefe little Veficles, I fhall
Jeave it to the Curious for farther Examination.

Mr. Leeuwenboek informs us, that the flefhy Fibres in Infeéts are no lefs
vifible than thofe of larger Creatures, which he found by cutting off the
Legs of Fiies, Gnats, Ants, &c. in all which he could plainly diftinguifh
the circular Wrinkles or Circumvolutions encompafling the Fibres, as in
Fig. 69.

gUpgn cutting the flethy Fibres of a Whale, length-wife, and a-crofs, + he
plainly difcovered each Particle, or flefhy Fibre, to be enveloped in a fine
thin Membrane. It appear’d in the Microfcope, as reprefented Fig. 55.
in which the Parts lay fo clofe together, that their encompafling Mem-
branes, reprefented by the black Lines, were but jult difcernable ; fome
however appear’d ‘larger than others, and thefe, 1 if attentively view'd,
feem’d to be divided into a great many others, fome alfo cut ‘tranfverily,
and crowded fo clofe together, that their Figure, as well as Size, wasvery
different. Fig. 56, reprefents a thin Slice of the Fleth of a WWhale, which
after having been made throughly wet, and applied to the Microfcope, ap-
pear’d as in the Figure.  Upon letting the Moifture evaporate from thefe
Slices, the Particles became much finaller, and the Meémbranes, with
which each was encompafled, were very vifible, Fig. 57. reprefents a
Piece of the fame Flefh, wherein the Particles feem’d to touch, but on
their being dried, fhrunk up, from the' furrounding Membranes, whereas
the Membranes themfelves could not fhrink, becaufe they were all join’d
together, All along thefe flefhy Fibres § ran Membranes about the Thick-
nefs of an Hair, and Diftance of a Grain of Sand ; from thefe larger
Membranes, other Parts ‘were fpread, dividing each Fibre into a great
many Fibrils ; from whence we may fay, that each flethy Fibre, no'bigger
than an Hair, isa fmall Mufcleencom paffed with its peculiar Coat orMembrane.
Fig. 58. reprefents a {mall Piece of thefe Fibres greatly magnified ; on moi-
ftening again the Fidres reprefented by the two laft Figures (that were dried
and fhrivell’d up) they became fo diftended, as to fill up the Spaces between
the Membranes, and re-affume the Shape they bad chorc they were dried.
Among feveral little Pieces of Flefh, moiften’d as above, and placed be-
fore the Microfcope, there was one, whofe Particles were not feparated up-
on drying ; fuppos’d to be owing to the fplitting and tearing ¥ afunder of
a large Membrane, which run thro’ its Middle, as reprefented in Fig. 59.
by QRS T VW, where between S T and V, the dried Particles remain
unfeparated, S W fhews the thick Membrane that divided this Piece about

t Epifh. Phyfe p. 3. § Ibid. p. 4. 1 Phil. Tranf. No. 39.
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the Thicknefs of an Hair, that fent out a Branch at T, and at W was fplic
into two. . Fig. 60. reprefents a very fmall Piece, confifting enly of five
Fibres cut lengthwife, as they appear’d thro’ the Microfcope ; between C
and F may be feen the little Membranes which encompafs the Fibrils, but
are here torn afunder.  Fig. 61, exhibits four {mall Fibrils of a Piece of
Flefh of another Whale, by which it plainly appears, that the Diameters
of thefe Fibres are as fmall again as thofe in the foregoing Figure, therefore
they mult be four Times as big as thefe; as each fefhy Fidre is compefed
of a great many fmaller Fibrils, we may imagine each of thefe inclofed
ones, to confift alfo of athers of the like Nature. - '

M. Lecuwenboek, on viewing feveral finall Fibres of Ox Fleth, obferved
cach of its contained Fibrils to be encompafled with a thin. Membrane ;
but could not fhew thefe Membranes fo diftinétly to others in this Fleth,
as in that of a Whale ; becaufe the Parts of the firlt are of a Texture
much more compact and clofe, than thofe of the latter ; for which Reafon
they do not fhrink fo much in drying; Aand is alfo of Opinion, that what he
has faid of the Membranes encompafling the Fibres and Fibrils of Whale-
Fleth, will alfo hold true in other Kinds of Elefh, even down to that of 2
Rat or Mouyfe.

Mr. Muys confirms the foregoing Obfervations on the flethy Fibres of
the Mufcles, being compofed of fmaller Fibriis, and cotmputes that 500
or 600 of them may be reckoned into one flefhy Fidre, whofe Diameter is
the 24th Part of an Inch, * and that each of thele Fibrils are alfo made up
of more than 300 tranfparent Tubuli, but fo flender as not to admit a 24th
Part of a fingle Globule of Blood. He has thewn, that tho’ the flethy Fi-
bres of the Mufcles are joined to the Tendons, and tendinous Membrane
of a Muicle ; yet thofe tendinous Filres are not a Continuation of the flefhy
ones, as is generally fuppofed. - He found that upon injecting warm Wa-
ter into the crural Artery of a Lamé of a Year old, all the flethy Fibres
loft their Rednefs and became White, He then injeted a colour’d Liquor
into the fame Artery, upon which not only the fmall Arteries appear’d re-
plete with the tingid Liquor, but that it had alfo paffed chro® cach Fibre.
He alfo obferved, that feveral Branches of the Arteries now became vifibly
ipread round the {mall Fibrils, and tingid with the fame Liquor ; and upon
examining the Parts of the flethy Fidres, near the Extremity of the Arte-
ries with a Microfcope, found the fmall Fibrils filled and tingid with the
fame Liquor ; and not the leaft Appearance of the Liquor in: the Irirer-
ftices between the Fibrils. And upon injeéting another colout’d Liquor by
the crural Artery, he faw not only the Fibres in fome of the Mufcles,
and moft Part of them in others, filled with this Matter, but vpon exa-
mining them in a good Microfcope, found the Fibrils, and even the leaft

* Phil, Tranf. No. 339 .
Tubuli




Front- T p:,e S0.







Flefby Fibres of Animals. §1

Tubuli that compos’d them, filled and tingid with the fame, yet the fmall
Ramifications of the Nerves appear’d perfe&tly white. 'Whence it appears,
that the fmall Tubes which form a Fibril, are really hollow 3 and that the
Extremities of the capillary Arteries open into them, and empty therein a
Part of their Liquor, which is re-conveyed by the Veins into the Heart.

In the fpinal Marrow of an Ox, Mr. Leenwenboek tells us, he faw with
great Delight minute hollow Veffels of an inconconceivable Finefs, inveft-
ed with their Membranes, and extending length-wife parallel to each other,
make up their Compofition. He did not only difcern their Cavities, which
he computed to be 3 times lefs than their Diameters, butin fome perceived
the Orifices, as the Holes in a prick’d Paper are feen, when held againft
the Sun, This Examination requires the utmoft Dexterity. For after a
thin Slice of the fpinal Marrrow is placed before the Microfcope, in lefs
than a Minute’s Time it becomes dry, and the whole Appearance loft *.

He alfo examined the Brain of an Iudian Hen, a Sheep, an Ox, a Spar-
row, 8e. and did in them diftinguith Multftudes of Veflels extreamly fmall 5
and farcher + obferv’d, that the Veflels in the Brain of a Sparrow dre no
fmaller than in an O, 4fid from thence e argues, that there is no other
real Difference between the Brain of a larger and a fmaller Animal, but
only a greater or a fmaller Number of Veflels ; and that the Globules of
the Fluid paffing thro’ them, are in both of the fame Size.

CHAP. XIV.
Of Hairs.

F ROM Malphigi’s curious Obfervations of the Hair, we are inform-
ed, that they are compos’d of a Number of extreamly minute Tubes,
which are moftly diftinguifhable near the End of the Hairs, in a Horfe’s
Main and Tail, and in the Briftles of a Boar; wherein thofe Tubes fo ma-
nifeftly appear, that he could fometimies reckon above 20 of them ; and
in the Hedge-Hog’s Prickles, he plainly faw thofe Tubes, together with
medullary Valves and Cells. )

That which this fagacious and not enough to be commended Obferver,
took Notice of in the Stru€ture of Hair, and its Parity to the Spines, §
is obfervably true in fome Meafure in the Hairs of Cats, Rats, Mice, and
in divers other Animals, whick look very prettily when viewed with a
good Microfcope.

Fig. 63. A, B, C, reprefents three cylindrical Pieces of human Hairs, they
are cranfparent chroughiout their whole | Length ; and are compolfed of fmall

"_' Are. Nat. Tom. 111 p. 310, 358, 440. % Ibid. Tom. 1. Part L p.38. § Derbam's
PYJ. Thef. p. 230, | Heok's Microgra. 1 Ed. p. 158.
H 2 long
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long tbular Fibres, encompafied with a Kind of Bark s from which Serue-
ture, the Ends of long Flairs when fplit, appear like a Stick fhrivelled with
Beating, fome of them in Men, Horfes, Sheep, Hogs, &c. having fix or
more Splinters,

Fig. 64. reprefents a cylindrical Piece of the Hair, or Brifle of an Hog,
which is neither perfetly round nor fharp edged, but prifmatical, with di-
vers Sides and roundifh Angles.

Part of a Whifker of a Caz cut tranfverdly, is reprefented by the fhort
Cylinder, Fig. 65. which feem’d to have a large Pith in the Middle, like
that of Elder, :

The Hairs of Indian-Deer appear perforated from Side to Side. The
long Hairs of Horfes, as at D E ¥, Fig, 66, feem cylindrical, and fomewhat

ithy.
i Tj;':c Hair of a Moufe feems to be one fingle tranfparent Tube, with a
Pith, made up of a fibrous Subftance, running in dark Lines, in fome
Hairs tranfver(ly, in others fpirally, thefe darker medullary * Parts are no o-
ther than fmall Fibres convolved round ; and lying clofer together than o-
ther Parts of the Hair ; they run from the Bottom to the Top of the Hair,
and it is apprehended that they run round in a Screw-like Fathion, A B,
Fig. 67. reprefents that Part of the Hair which grew near the Skin, the
middle Part of the fame Hair is thewn at C D, and the Point of it at
EF.

Hairs taken from the Head, the Eye-brows, the Noftrils, the Beard,
the Hand, and other Parts of the Body, appear unlike, as well in the
Roots as in the Hairs themfelves, and vary as Plants do of the fame Ge-
nius, but of different Species.

Hairs have each a round bulbous Root, which lies pretty deep in the
Skin, being planted in the pyramidal Papillz, and, by this imbibe their
proper Food from the adjacent Humours, and as hinted above, their Ex-
tremities fplit or divide in two or three Branches, efpecially when kept
dry, and left to grow too long; fo that what to the naked Eye appears
only a fingle Hair, to the Microfcope feems a Brufh.

CHAP XW
Of the Scales in Human Skin.

HE Cuticula, fcarf Skin, or outward Covering of the Body, is re-
markable for its Scales and Pores.
The Scales grow upon our Bodies, Jult as the Scales grow upon the ex-

S dre. Nat. Tom 1, 3, 47.

gernal










Of the Scales in Human Skin. 53

ternal Skin of a Fifh, * and are placed as in Fifhes three deep, 7. e. each
Scale is fo far cover’d by twa others, that only a third Part thereof appears,
as at M, Fig. yo. theit 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-Vefitls are
feen thro’, and the Parts look red.

The perfpirable Matter is fuppofed to iffue between thofe Seales, (which
lie over the Pores or excretory Veflels, through which the watery and oily
Humours perfpire) and may find Vent in an hundred Places round the
Edges of tl?: Skin.

A Piece of Skin taken from between the Fingers, Neck, Arms, Forehead,
or any other Part of the Body which is not hairy, ferves beft to fhew the
Scales : Or if they be fcraped off with a Penknife, and put into a Drop of
Water, and fo applied ta the Microfcope, they will be feen to good Ad-
vantage, as at L, Fig. 70. and generally confift of five Sides.

Mr. Leeuwenboek tells us 200 of them may be covered with a Grain of
Sand +, fo that if a Grain of Sand can cover 200 of thofe Scales, it will al-
fo cover || 20,000 Places through which Perfpiration may iffue.

1o view the Pores of the Skin.

Cut a Slice of the upper Skin with a fharp Razor, as thin as poffible ;
and then immediately cut a fecond Slice from the fame Place, which apply
to the Microfcope, in a Piece about the Bignefs of 2 Grain of Sand, innu-
merable Pores will be perceived. If a Piece of the Skin between the
Fingers, or in the Palm of the Hands, be thus prepared, and then exa-
mined, the Light may very pleafantly be feen thro’ the Pores.

The Pores thro’ which we perfpire, are moft remarkable in the Hands and
Feet § ; for if the Hand be well wathed with Soap, and examined bur with
an indifferent Glafs, in the Palm, or upon the Ends and firft Joints of the
Thumb and Fingers, innumerable little Ridges parallel to each other, of
“qual Diftance and Bignefs, will appear ; upon which the Pores may be per-
ceived by a very good Eye, but when view’d thro’ a very good Glafs, every
Pore feems like a little Fountain, with Sweat ftanding therein, as clear as
Rock Water, and if wiped away, it will be found immediately to fpring
Up again,

.* Philef. Tranf. No. 159. + Arc. Nat. Tom. 1. Par. 11, p 208, | Arc. Nat, Tom:1IV.
248, '§ Pbilof. Tranf. No. 159. .
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CHAP XVL
Of Feathers.

HE Featbers of moft Sorts of Birds afford a beautiful Variety, ob-

fervable in that incomparable Curiofity with which every Feasber is
made ; the Vanes thereof are curioufly gaged, broad on one Side, and nar-
row on the other; both which adminifter to the progreflive Motion of the
Bird, as well as to the Union and Clofenefs of the Wing 3 and no lefs ex-
quifite is the textrine Art of the Plumage alfo, which is fo curioufly
wrought, and fo artificially interwoven, that it cannot be viewed without
Admiration, efpecially if the Eye be armed with a Microfcope.

Mr. Hook obferves, that the Make and Textre of their downy Parts
are moft admirable; for, fays he, there is fcarce a large Featber, but con-
tains near a Million of diffiné Parts, and every one of them regularly
thaped ; with his naked Eye he counted 300 of the long downy Branches
on one Side, and an equal Number on the other Side of more ftiff and
thorter Branches, in a middle fized Goalfe Quill, and_examining many of
thofe long downy Branches with his Microfcope, found feveral of them t©
contain near 1200 fmall Leaves, fuch as A B of Fig. 71. and as many
Stalks on the other Side, fuch as A C, of the fame Figure, each of thefc
Branchings A B, feemed divided into 16 or 18 fmall Joints, out of moft of
which grew long flender Fibres, as are exprefled in the Figure byabed,
feveral of which terminated in a Hook ; thofe on the other Side were
much fhorter, the Stalks A C were divided into as many knotted Joints,
but without Strings or Hooks, being divided at I info two Parts, onc
Side extended from D towards C, in Length equal to A C, the other Side
at D was very fhort. The tranfverfe Settion of thefe Stems or Branches,
were fhaped like E F G H, whofe Covering appear’d like Horn, and the
Pith like that of the main Stem of the Feather ; thefe Stems or downy
Branches are fo ranged, that the Leaves or hairy Stalks of the one, lic
Top, or are incumbent on the Stalks of the other, and crofs each other,
much after the Manner of Fig. 2. by which Means, each of thofe: fittle
hooked Fibres get between the naked Stalks, which being full of Knots
a pretty Way disjoined, the two Parts are fo clofely and admirably wove
together, as to refift the Air; and are fo extreamly {mall, that the 500t
Part of an Inch exceeds them in Thicknefs, :

The Parts of the Feathers of a Peacock, appear through the Microfcope
no lefs beautiful than the whole Featber does to the naked Eye ; the St
of each Feather in the Tail, fends out Multitudes of lateral Branch“;
fuch as A B, of Fig. 73. which reprefents s Part of an Inch, eac gh:F:
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thefe lateral Branches emits Numbers of little Sprigs or Hairs, on each Side
asCD, CD, CD, each of which in the Microlcope appear to confift of
a Multitude of bright fhining Parts, which are a Congeries of fmall Plates,
s e e e, e ¢ (9 ecach fhaped like a, b, ¢, d, of Fig. 74. a ¢
being a Prominency or Stem; and d'and b the Corners of two fmall
thin Plates, that grow into the fmall Stalk in the Middle, making a
Kind of little Feather, and lie clofe to, or rather upon each other in the
Manner of Tiling ; they grow on each Side of the Stalk, oppofite to cach
other, by two and two " in the Manner expreffed by Fig. 75. the Tops of
the lower ones covering the Roots of thofe next above them ; the under
Sides of each of thefe Plates are very dark and opake, refleting all the
Rays caft upon them; much like the Foil of a Looking-Glafs; but their
-upper Sides feem to confift of a Multitude of exceedingly  thin plated Bo-
dies, lying clofe together, and  thereby like Mother of Pearl Shells- do not
only refleét a very brifk Light, but even tinge that Light fo refletted in a
moft curious Manner, which by various Pofitions of the Light, reflett firft
one Colour and then another, in a moft vivid and furprizing Manner. And
that thefe Colours arife only from the Refra&ion of Light: He found
that wetting the colour’d Parts with Water, deftroyed their Colours, and
though he was not able to fee thofe Hairs at all tran{parent in common
Light, yet by looking at them againft the Sun, found them to be finged
with a “darkith Red, not at all refembling the curious Greens and Blues -
they exhibit.

The changeable colour’d Feathers of Ducks, and feveral other Birds, he
found upon Examination with the Microfcope to. proceed from the fame
Caufes and Textures.

The beft Way to apply one of thefe fmall downy Fibres to the Micro-
lcope, is to pinch them between the Nippers.

Mr. Derbam, in his Defcription of the Vanes of a Flag Featker of a
Goofe's Wing, obferves thefe two Particulars, 1. That the exterior or nar-
fow Vanes bend downwards; the interior, wider Vanes upwards; by
which Means they catch hold, and lie clofe to onc another, when the
Wing is fpread, fo that not one Feather may mifs its full Force and Im-
pulfe. 2. That the very Tips of thefe Feasbers are alfo neatly [13;)4:«1 to a
Point, towards the outward Part of the Wing. The exterior Vanes to-
Wards the Body.

The Vane or Web of a Feather, confifts of (everal Laminz, which are
tin, §iff, and fomewhat of the Nature of a thin Quill, towards the Shaft
of the Feathers (clpecially in Flag Featbers of the Wing) thofe Laminz
ire broad, and of a femicircular Form, which ferves for Strength, and al-
fofor fhutting thefe Plates clofe to one another, when Impulfes are made
Upon the Air. Towards the outer Part of the Vane, thefe Laminz grow

lender and taper, on their under Side they are thin and fmooth, but 3“;
! partec
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parted into two hairy Edges on the Upper: Each Side having a different
Sort of Hairs laminated, or broad at Bottom, and flender ‘and bearded
above, the other half.

- The uppermolt Edge of one of the Lamina, with fome of the Hairs
on each Side, is reprefented in Fig. 76, as it appears a little magnified in
the Microfcope. . 'Thefe bearded Briftles, or Hairs, are fireight on one
Side thereof, as Fig. 77. thofe on the other Side have hooked Beards on
one Side of the Briftle, and ftreight ones on the other, as Fig. 78. both
thefe Briftles magnified (only fcattering, and not ¢lofe) are reprefented, as
they grow upon the upper Edge of the Laminz { t; in Fig, 76, and in the
Vane, the hooked Beards of one Laminz, always lie next the ftreight Beards
of the next Lamina, and by that Means -lock and hold each other, and
by a pretty Mechanifm, brace the Laminz clofe to one another, And if

ac any Time the Vane happens to be ruffled and difcompofed, it can by this
caly Mechanifm, be reduced and. repaired.

CHAP  XVIL
Of Flies.

SecT "L

T HE common Fly is an Obje& beautifully ornamented with a Mix:
ture of Silver and Black, and thick fét with Briftles, pointing from

its Head towards the Tail ; in its Head are two large hemilpherical Eyes,
embroider’d with Silver Hairs, a wide Mouth, an hairy Trunk, and a Par
of fhort Horns. Its Trunk has two Parts folded over each . other, and
fheathed in the Mouth, whofe Extremity is fharp. In thofe Flies which
are of a light Colour and more tranfparent than others, the Motion of th
Inteftines may be plainly feen, and alfo the Motion of the Lungs, as they
alternately dilate and contraé themfelves,

In general, the Female Fly is fupplied with a moveable Tube at the
End of her Tail, by the Extenfion of which fhe can convey her Eggs it
convenient Receptacles, fuch as may afford a proper Nourithment to_the
Young. From thefe proceed minute Mzg%ots or Worms, reprefent-
ed in Fig. 79. which after feeding voracioufly for fome Time, arrive t©
their full Growth, and are transform’d into little Aurelias as in Fig. 0

;hcnsce after a longer Space of Time, they iffue forth perfect Flies, #
ig. 81.
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: S E C T._ II."
Of the Feet of Flies, &c.

IG, 82, A, is a microfcopick Reprefentation of the Foot of a Fly, in
which is feen three of its Joints, the two Talans, and the two fkinny.
Palms or Soles in a_flat Pofture. = Fig. 82., B, fhews only one Foint, the
Talons, &c. in another Pofture, which is o admirably and curioully con-
trived, as to enable the Flies to walk againft the Sides of Glafs, and to fuf-
nd themfelves under the Surface of a Ceiling, with the greateft feeming
acility and Firmnefs. = The two Talons ﬁ'é A G, are very large in Pro-
portion to, the Fooz, the biggeft Part of them from A to I?: is all hairy,
their Points C and B fmooth, and bending inwards. Each of thefe Talons
are jointed at A, o that the Fly is able to open and fhut them at Pleafure :
The Claws readily enter the Pores of moft Subftances, at which Time, as
the Fly endeavours to fhut them, the Claws CB, do not only draw towards,
but fix each other ; and alfo draw the whole Foot GG A'D D forward ;
fo that on a foft Body, the Points G G G G (of which the Fiy has about ten
to each Foot) enter. This is fenfible to the naked Eye, in the Feet of a
Chaffer, and if you fuffer him to creep over the Hand, he makes his Step
as fenfible to the Touch alfo. . N N (U
But as this Contrivance often fails the Chaffer, fo would it the Fly, had
not Nature furnifhed his Feet with another curious Contrivance, which is
the Palms. or Soles D D, They are two fmall, thin, flat, and horny Sub-
flances, that arife from the under Part of the laft Joint of the Foot, and. are
feemingly flexible ; o that their two Sides do not always liein the fame Plain,
but may be fhut clofer, and as it were grafp a Body of themfelves : Befides,
the under Sides of thefe Soles are all befet with fmall Briftles, like the Wire
Teeth of a Card, whofe Points tend forward. Hence the Zalons drawing
the Feet forward as before, and thefe Soles being applied to the Surface of
the Body, with all its Points looking the contr ay, if there be any
arity, or yielding therein ;. the Fly fufpen ir.fc{f very firmly and
@fily. ‘That the Fly is enabled to walk on Glafs, proceeds partly from a
Ruggednefs of the Surface, or a Kind of Tamifh. or dirty fmoaky Sub-
&a_nu;h.,ghcring to_the Surface of that very harddBody 5 and tho’ t:c
inted Parts cannot penetrate, yet may find Pores enough in the
?‘miﬂh or at leaft mzi;n dt:::’ Il'histhﬁ&y‘ufhni Mr, Hook furveyed with
great Diligence, becaufe he could not comprehend, that if there was any
flﬁiﬁluﬁnom tter in thofe fuppofed Sponges (as moft that have ob-
fery that Object in a Microfcope, have ﬂlicvcd) how the Fly could fo

readily unglew and loofen its Feet ; and alfo becaufe he had found no other
-Teature any Ways like it.

1 ; A Con-
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A Contrivance nearly alike to this is to be found in all Kind of Flies,
and Cafe winged Infects, and in the Flea, in Mites, €. fome of which
have only one fharp Talon at the End of each Leg. Which drawing to-
wards the Center or Middle of théir Bodies, enable thefe exceeding light
Bodies to fufpend and faften themfelves to almolt any Surface. This will
not feem ftrange ; if we confider firt how fmall their Bulk is when com-
pared to their Superficies, their Thicknefs frequently not amounting tw
the 100th Part of an Inch.” ‘Sécondly their Strength and Agility compared
to their Bulk, ‘which in that Proportion perbaps may be an 100 times
ftronger than an Horfe: Thirdly, if we ‘confider that Nature always ap-

ropriates the Inftruments in the moft fir, eafy, and fimple Manner pof-
Eblc to perform their Office; which is alfo verified in the Foot of a
Loufe, each of his Legs being footed with two fmall Claws, with which
it grafps, and thereby moves itfelf to and fro-wpon the Hairs of the Cres-
ture it inhabits, .

The Legs of Flies are beft applied to the Univerfal Micrafepe, by being
either ftuck upon the Point, or held between the Nippers.  Though we
frequently place them between two Talcs in an Ivory Shder.

Secr IL _
Of the Eyes and Head of a Grey Drone Fly.

I HE Strufure of the Eye in all Creatures, is an admirable ' Piece
| " of Mechanifm ; but the beautiful Contrivance of the Eyes of Infefts
i8 fo peculiar, that it muft excite our Admiration, fo fenced with its owd
Hardnefs, ‘that ‘its own accurate Vifion 1§’ a ‘good Guard againft externil
Injuries’; ‘its outward Coat being all over befet ‘with ‘curious lenticulat Inlets;
enabling thofe Creatures to fee’ very accurately every Wa;r, without any
Interval of Time, 'or Trouble to move the Eye towards Obje@s ®.
See Fig. 83, This Fly was made Choice of, becaufe the Inquiry beng
chiefly abotit 'the Zyes, it was found to have the bi ‘Clufter of Eyés
in Proportion to its Head, of ‘any other fmall Fly, = Tt inclining fomething
fowards the Make of the large Dragon Fly, which is the moft remarkable
of all other Infeéts for'its ‘fine ‘perled Eyes. ” <. ' i
The greateft Part of the Head was nothing ‘elfe but twe large Protube-
fances,’ A’B'C D'E, whofe Surface was coverd over with a Muhitude of
fmall Hemifpheres, ‘placed with ‘the utmoft Regularity in Rows, croffing
cach other in a Kind of Lattice:Work. ' i
That half of them C D E, € D E, which looked towads its Legs, were
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obferved i to- be fmaller than' the other ~half:A B C E; A B C E;' which>
looked upwards and fideways. * The Surface ofthefe Hemifpheres were fo
exceeding fmooth and regular; that in ‘each of them Mr. Hook was able to:
difcovéra Landifcape of thofe Things which lay before his Window, Pare
of which was a large Tree, whofe Trunk and Fop he plainly faw. Alfor
the Motion of his Hand dnd Figures, if moved between the ‘Object  and
the Light. .| Thefe Rows of Eyes were {o difpofed, that'no Object was wi-
fible from his Head, but fome of thefe Hemifpheres were difected againft
it: And further; that where the Trunk of the Body feem’d to hinder thé
Profpec, thefe Protuberances were elevated, fo that a Fiy"may be truly
faid to have an Eye every Way. Thefe little Hemifpheres have each of
them'a minute tranfparent Liens in the Middle, each of which hach adiftinét
Branch of the optick Nerve miniftring to it, and rendering it' as fo many
diftin® Eyes ; fo that as moft Animals are binocular, Flies, Beetles, &c,
are multocular, having as many Eyes as these are Perforations in their
Cornea ®*. By which Means “as other Creatures &re obliged to turn their
Eyes to Objects, thefe have fome of their Eyes ready placed towards Ob-
Jeéts nearly all round them, * ' o0 T

Two of thefe optick Nerves are reprefented as delineated by Mr. Leex-
wenboek, in Fig. 84. And 'in 'Fig. 85i ‘are exhibited ¥ a great many of
them in a Clufter, as they appeared before’ the Microfcope, wheteof that
Part of them which was fitvate next the Cornea is fliewn by the Letters
N:O Py it is alfo obfervable, ‘that thofe Nerves, which were neareft to the
Circumference ‘of the Cormea, were fhorter than thofe next within them
and fo-on, till they grrive ac the cemival Nerve, which is the'longeft of all.

The Number of the Pearls in this Fly, Mr. Hook reckon’d to be 14000:
Mr. Leewwenboek computed 6236 in a Silk w's ¢wo Eyes, when 'In' its
Fly Suate s> 318+ in each Eye of a Beetle ; and 8000 in the two Eyes of ‘4
common Fly. . pivsiO Jo 17 :

Cut’ off 'the Eye of any Fly, and witha Pendil, and fome clean Water
with outrall the Veflels y thofe Veffels may be examined by theMicro-
! and-then if you carefully dry the outward Covering, fo as not to let
it {hrink, “it'will be rightly prepared- for making Experiments ; and upon
vViewing it, we fhall diftinguifh the numerous Protuberances or Hemi-
fpheres divided from one another with a fimall’ Light, iffuing between them,
and fix Sides to each. Mr. Leawwenbock having prepared an Eye in ‘this
Manner, placed it a litdle farcher from his Microfeope than when he would
Samine an Objeét, fo as'to leave a right and exact focal Diftance between it
and the Lens of his Microfcope ; and then look’d thro® both, in the Manner of
A Telefcope, at the Steeple of a Church, which was 299 Feet high, and
750 Feet from the Place where he ftood; and could pgtinly fee through

® Derb. Phy. Theas p. 372, 4 dArc. Nat, Ep. 111,
I2 every
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every little Lens, the whole Steeple inverted, tho’ not larger-than the Point
of a fine Needle; and then directing it to a neighbouring Houfé, faw
thro” Abundance ‘of the little Hemifpheres, notenly the Front of the Houfe,
but alfo the Doors and Windaws, and was able to difcern diftin&tly whether
the Windows were open ot fhut. -/ . s esw (loi

. An Eye of a Fly thusgrtpa.md. may be held between the Nippers for
Examinationi  But;the Head of any Fly is beft' feen when ftuck upon one
of thofe Ivory Slips, or Pieces of Catd, sor Holly, swith' fome ftrong :Gum’
Water, and applied: 1o the Microfcope under the'Silver Refleéter, which
Slips may be:beld in the:Nippees.v. v v - d

N..B. The Homs'F F, ‘the Feclers G/G; the Probofeis. F1 H, -and the
Hair and Britles K K, fhall be defcribed in Se@V. of this Chapter.:

: g (oFy SR &
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HE Wings of all Kinds of Infeéts afford ‘an’infinite Vatiety, no lefs
% agrecable to the Mind, than pleafing to the Eye ; being diftended
and ftrengthened by the fing? Bones, and cover'd with the lighte/F Mem-
branes.. Some of  them are adorned with neat and beautiful Feathers, and
many of them provided with the-fineft Articulations and Foldings, for the
Wings to be withdrawn, and neatly laid up- in their #agine and Cafes, and
again readily extended for Flight: .= '« o 000 o0 10 dn i s
.. This of the d/ue Fly, Fig, 86, here exhibited, is not without- its pece-
liar Ornaments;;. it grows out of the, middle Part of the Body of the Fs
and -is feated a little beyond the Center of Gravity thereof, towards the
Head ; but that is curioufly ballanced by the expandéd Area of the Wing,
which confifts of feveral bomy Ribs, that give Strength to the filmy Parts s
which are thickly befet with.innumerable fmall Briftles, intermixed with as
many dark Spots, which feem to be: the Roots of - the Hairs that grow on
the other Side. ot s ug ! .
Of-other Flies, fome of their #ings are filmy, as the Dragon Flies 5 ©
thers ftuck over with thort Briffles, as the Flefb Fly 5 others have divided
Wings, as the grey and wbite feather’d Moths ; many Sorts ‘of Gnats Wings
are adorned with Rows of Feathers along their Ridges, and Borders of Fea-
thers round their Edge ; fome have Hairs, and others Hooks, placed with
the greatelt Regularity and Order. In the Butterfly and fome Moths, there
are an infinite. Number of fmall Feathers, -which cover both the under
and upper Surfaces of this thin Film, not only fhaped much like the Fea-

thers of Birds, but alfo variegated with the greateft Varicty of cgﬂ;ﬁ
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bright and vivid Colours; which is evident to the naked Eye, but much
more entertaining when viewed thro® the Microfcope ; by which we are in-’
formed, that thefe curious colour’d minute Feathers end in ‘Quills, and are
El:cud in ‘orderly Rows with great Exaétnefs, as the Holes they come

m fhew when they are rubb’d off. - ' DR TYRORRT B
+'Fig. 87. reprefents a fmall Piece of ‘a Batterfly's Wing ;A B ' fhews one
of thofe domy Ribs that gives it Strength, along whofe Sides are fuppofed
to'branch out varieus Blood-Veffels, conveying Nourifhmént to the interme-
diate Parts 3 although no Circulation can be difcern’d therein, wecan fearce
doubt but that a continual Supply of Juices muft be carried ofi to thefe mi-
nute Quills, ‘Hairs, and Bri&[;sa C, C, C, exhibits three of ‘thefe fingle
Plumes, with their Quills adhering to the tranfparent Membrane of the’
Wing, in which Membrane G, G, G, when divefted of its Feathers, may
be feen, the Order of Pits or Holes where the Quills are rooted, and from
whence they fhoot, D, E, F, fhews a few of’ the Featliers exatly in the
Form as they cover the whole Wing. i 4.
_“Some Flies have Hairs, and all the Scdrab Kind have Elytra, or Cafes
nto which their Wings are folded and preferved, till they want to employ
them, as in Fig. 110. fome of thefe Cafes reach almoft to the Extremity of
their Tail, as in moft Kinds of Beetles ; and ini others are very fhort, as in
the Earwigg. They do by a very curious Mechanifm ‘extend and with-
draw their membraneous Wings, "It is’ very curious to - fee them prepare
themfelves for Flight, by thrulting out, and then unfolding their Wings ;
and again withdraw thofe Joints, and neatly fold in the Membranes, to be
laid uT fafe in their Elytra or Cafes ; for which Service the Bones are ad-
mirably placed, and the Joints miniftring thereto are accurately contrived
for the moft compendious, and commodious folding up of the Wings.
Mr. Hook hath obferved the Motion of thefe filmy Wings in fome mi-
fute {pinning Flies, which naturally fufpend themfelves as’ if pois’d and
ady in' one Place of the Air, in which by a faint Shadow he could per-
ceive the utmoft Extremes of the vibrative Motion ; which Shadow, while
endeavour’d to fufpend themfelves, was not very long; but when they
endeavour’d to fly forward, it was fomething longer ; he alfe fixed the Legs
of a Fly with Glew or Wax, upon the Top of the Stalk of a Feather, and
n making it endeavour to fly away, was thereby able to view itin any
re; and found the Motion of the extreme Limits of the Vibrations,’
t be about the Length of the Body diftant from each other; and con-
tluded by the Sound, that the Wing was moved forwards and backwards
¥ith anequal Velocity, (and comparing it with a mufical String tuned
nifon to it) the Vibrations whereof are fo {wift, that it is probable there
are many hundred, if ‘not thoufand Vibrations in one Second of Time,
and fuppofes them the fwifteft Vibrationsin the World ; whence he reflecfs
on the Quicknefs of the animal Spirits, which ferve to fupply this Mq::ticmi
3
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It is obfervable that moft Infe&ts.are provided with.a Jittle Ball, * or Blad-
der under each W:.ng, fix’d at the Top of a flender Stalk, moveableevery
Way at Pleafure ;, in fome they alone, in others (as in;the whole
Ilefb Fly, Tribe); .they have l:ttle Covers, under which they lie.and: move;
with thefe Poifes, and fccundary lefler Wings, they. obviate all the Vacil-
lations of their Bady, poife i, in Flight, as,a Rop&Dmcer ballances
himfelf by his Pnlc{ua&:n at each Ead with Lead,,

If one of thefe be, cut off, the Creature flies aukwardly for a- nr]nk, ad
at Jaft falls 1o the Ground, . Thefe Bladders being hollow, may ferve like-
wife to produce| the Noife many Sorts of Flies make by Rfiking theit
Wings againft them 3 Infects - that have four 'Wings. ballarice tlmfclm
with the two lefler ones,

. The Wings of Flies are beft apphcd to the chmﬁwpe betwu:n two

feovy Talcs, in-an Ivory Slider.

If with aa Hair Pencily, or Point. of a Pcﬁmfe, you gtm.l bmlh or
ftroke off fome of the minute Feathers from the Wings of Butter-
flies, and fome) Sort of Moths 5 then. breathe upon -a fingle Tal¢ in one’of
your Sliders, and apply it to the Feathers, which.feem only:like ‘a fine
Duft, they will immediately adhere to its. if upen their Application to the
Microfcope they lie not to your Mind, wipe them off, and put en others
in the fame Manner, till they lic fair for Examination, then m'mrﬂmm
with another Talc, and faften them down wuh a ng. .

A V.
Of a Blue Fly.

4 1G. 86. reprefents a microfcopical Picture of this Fy; it hﬁ many
Things about it worthy of Note ; feveral of which are already de-
nibed, viz. the Head, Eycs. ngs, and Feet.

The Clufters of Ejrca in this Fly are much fmaller than that of the Drose
F{y in Proportion to its Head, n thefe two Clufters of Eyes ap°
pear'd a fealy Prominency B, armed and adorned with black Briftles, fharps
and tapering, growing in Rows on either Side, and bending towards each
other, formed a Kind of briftly Arbor, which almoft cover’d the fore Fronti
at the End of this Arch, and about the middle. of the Face or:a rifing Part
ﬁ:.hﬁ:w two oblong Bodies D D, which through the Microfcope looked 0t

the Pcndznts of Lillies, and a ppear’d to be jointed on two fimall
Parts at C, cach of which feem’d agam jointed into tﬂ Front: Outof th
upper Part of each of thefe Horns grows a Feather, or brufhy Briftle EE

® Der, Phy. Th. p. 377+
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on the under Part of the Face F F, were feveral of the former Sort of
bended Briftles ; and below all is ‘the Mouth, out of ‘which grew the Pro-
bofeis G H'1 3 which by Means of feveral Joints, the Fly was able to move
to and fro, and to thruft in and out as it pleafed. The End of this hol-
low Body, which" was cover’d over with fhort Hairs, feem’d bent at H,
and the foremoft Side of the bended Part flit into two Chaps* HI, H I.
Thefe he could open and fhut very readily, and when he feem’d to fuck
any Thing from the Surface of a Body, he would fpread thofe Chaps, and
apply the hollow Part of them clofe to it.

; cither Side of the Probofcis, within the Mouth, grow two fmall
Horns K K, which were hairy and ‘fmall in this Figure, but of another
Shape, ‘and bigger in Proportion in Fig. 83. where they are marked G G,
which two are generally called, the Antennz or Homns of Infets ; Mr..
Derbam imagines them to be abfolutely neceffary to the fearching out and
finding their Way, 1 as their Eyes are immoveable ; fo that no Time is re-
uir'd for their turning them to Objects ; there is no Neceflity that the

etina, or optick Nerve, fhould occafionally be brought nearer to, or re-
moved farther from the Cornea, as it is in other Animals ; but their Cornea
and optick Nerve being always at the fame Diftance, and fitted only to
fee diftant Objects, they would be infenfible of, and apt to run their
Heads againft’ Bodies very near 'them, were they not affifted by their
Feclers: "And that this, rather than wiping the Eyes, s fome have ima.
gined, is the particular Ufe of the Feelers, and is apparent from the Flefh
Fly, and many other Infects, which have their Antennz fo fhort and
%‘U@t,a not to be capable of being bent unto, or extended over the

.. i b - .

The middle Part of this Fly was cafed with a firm Coat of Armour, the
Upper Part of which was thickly befet with conical Briftles, pointing back-
wards ; from its under Part/fprang fix Legs, three of which are apparent
i the Figure at M, N, O; they were all of the fame Struéture, being co-

ver'd -with an baj Shbl:f-and fed of eight Joints, to the laft of
which grew thm.r' and Claws bé;ore ﬂéfcribeg in Page 57. From the
‘g:pﬂ Part of the Trunk grew the two Wings, which are defcribed Page 604
hinder Part of his Body was of a moft curious fhining Blue, and exadly
like polifhed Steel, brought to that Colour by Nealin,g. T B
Lhe Jamellated Afntenne of fome, the cavelated of others, the neatly
aticulated of others, and the feather’d or tufted of others, are exceedingly
iful when ‘viewed through a Microfcope.
- And in fome thefe dntenne diftinguifh the Sexes, | for in the Gnat Kind
"Eﬂf_nfe with Tufts, Feathers, ‘or Bruth Horns, are Males; and thofe with
h"ﬂ Lingle fhafted .dnlemne, are Females. :

¥ Heak's Mycro. §. 183, + Derbam’s Phy, Theo. . 372. || Derbam®s Phy. Theo. p. 573
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Flies of any Kind may be examined in the Microfcope, by fticking them
upon the Point, or pinching any Part of them between the Nippers, and
fo applied to the Magpnifier under the reflecting Concave, if it be opake,
And if you are defirous to keep its Head, or any other Part, it may be
ftuck with Gum Water upon a Picce of Card, or upon one of thofe Ivory
or Holly Slips, mentioned before in Page 31. _ :

It is very obfervable, that Infeffs take particular Care to depofite their
ng or Seed in Tuch Places, where they may have a fufficient Incubation,
and where the Young, when hatched, may have the Benefit of pro
Food till they become able to fhift for themfelves.. Thofe whofe Food is
in the Water, lay their Eggs in the Water ; thofe to whom Flg/b is a proper
Food, in Flefh ; and thofe to whom the Fruits or Leaves of Vegetables are
Food, are accordingly repofited, fome in this Fruit, fomein that Tree, and
fome in that Plant, and fome in another, but conftantly the fame Kind in
the fame Tree, &9¢. : : _

As for others that require a more conftant and greater Degree of Warmth,
they are provided by the parent Animal with fome Place in or about the
Body of other Animals ; lI:)mc in the Feathers of Birds, fome in the Hair
of Beafts, fome in the Scales of Fifhes, fome in_the Nofe, fome in the
Flefh, nay fome in the Bowels and inmoft Receffes of Man, and other
Creatures. And as for others, to whom none of thefe Methods are pro-
;'écr, they make them Nefts by Perforation in the Earth, in Wood, In

Combs, and the like, carrying in, and fealing up Provifions that ferve both
for the Produ&ion of their Young, and for their Food when produced.

In Flies, Butterflies, &c. it is obferved there is a kind ofP Gluten, IE
which the Female faftens her Eggs to the bearing Buds of Trees, &%
that the Rains cannot wath them off, nor the fevereft Froft hurt them.

_ §: $opl W SRR dsbau =i
Of Infects that infeft Fruit and other Trees.

HESE Infelts are of the Ichnumon Fly Tribe, that generated I
the Plumb, is black, of a Middle Size, its Body near +sths of a
Inch long, its Tail not much lefs, confifting of three Briftles, wherewith It
conveys its Eggs into Fruit, its Antennz long, flender, recurved 3 its Belly
longifh, tapering, fmall towards the Thorax, Legs reddifh, Wings mem-
braneous, thin and tranfparent, in Number four, ' l

The Bloffoms of Apples and Quinces are infefted with Multitudes of final
Animals, fo likewife are the green Leaves of Goofe-berry, Currant, :
Grape, Plumb, and other Trees, overftock’d with infinite Numbers of thefe

minute Flics. . Some blackifh, others green, fome winged, Othm.'”i!hﬂuf
. “Wings
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Wings ; feveral of which bring forth their Young alive and perfet ; for
if their Bodies be opened, feveral imperfet Embrio’s may be found
therein,  Alfo Iafe&ts of a greenith Colour of the Shape of Fig. 88.
but no bigger than a Grain of Sand when firlt hatched, which at full .
Growth appear to the naked Eye of the Size of Fig. 89.

Thefe little Infects Leeuwenboek calls Pediculus,® or Loufe, who on pluck-
ing a Leaf from a Plumb-tree, and putting it into fuch a Glafs Tube as is
deferib’d Page 3o, which he applied to his Microftope, and found thereon
36 black Flies, and feveral hundred of thefe green Lice, and among them
many which were but juft hatched. In a fhort Time thefe green Lice di-
ed, and from their Carcafe came forth a black Fly. Fig. 88. reprefents
the Carcafe of one of the green Lice as it appear’d before the Microftope.
The Shell or Skin of its Back had feveral Rows of Knobs upon it; its
Eyes A B were like thofe of other Flies; CD fhew its two Antenna arti-
culated and fet with Hairs. EFGHIK fhew the Legs, having at their
Extremity two hooked Nails, and fhort Hairs. L M reprefents the Aper-
ture, from whence came out the Worm, from which the Fly was pro-
duc’d,” having firft eaten up all the Infide of the Body of the green Loufe.

Fig. go. exhibits one of thefe minute black Flies thus produced from a
Worm, which had increas’d itfelf by deftroying its fofter Parent, and then
changed into a Nymph, and at laft from that to a Fly, furnithed with all
thofe. minute Organs as are exprefled in the Figure ; whereof A B fhews its
two Eyes, CD its Antennz, which afford a pleafant Sight in the Micro-
[eope, its curious Joints being finely befet with Hairs.

E F are two Organs, through which it fucks its Nourifhment, its long -
Tail GHI, KLMN, its four Wings bedeck’d with exceeding fine Hairs
anda much finer Membrane, OQQOOQO its fix Feet, which were alfo fur-
nithed with many Joints, and thickly fet with Hairs. The Letters P QR
exprefs the Point of the Nippers: which held the Fly before the Micro-
score. Thefe Lice are alfo to be found upon the Leaves of Filberd-Trees,
with this Difference, the former being green, and the latter whire.

Upon the Leaves of /pples and other Trees are found a curious Fiy, 1 the
exquifite Make and Form of its Parts are not to be difcerned without a
Microfcope, Fig. g1. reprefents the Size and Shape it appears of to the
naked Eye. And Fig. 92. a Part of its Head, whereot A B are its two
protuberant Eyes, CD E its Snout, farnifhed with various Forceps or
Teeth, with which it perforates the Buds of Fruit and Flowers; this Snout
is flexible and capable of bending every Way, CF and D G are the two
Horns which adorn the Snout. - Fig. 93. is almoft a fourth Part of the Leg
of this Fly, which confifts of four Joints. H I are two Nails which appear

® drc. Nat. Ep. 135, + mekf,‘x. & &n. Epift. 8q.
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in the Microfcope, as Horn does to the naked Eye, and K L thews its two
fkinny Palms or Soles. -

There is another Sort of Animalcule found in the Wrinkles and wreathed
Curls of blighted Leaves *, and in the Extremity of the Sprouts of Leaves, as
in Garden Currants, Cherries, Peacbes, Neflarines, 8tc. may be found
great Swarms of thefe minute Infecs, no bigger than an half-grown Loufe,
one of which is reprefented by Fig. 94. of its foll Growth, and of the Size
it appear’d of to the naked Eye. Fig. 95. thews the fame magpnified and
near its laft Change, the folded Wing juft beginning to appear at AB.
It had fix {mall jointed Feet, fenced with fhort Hairs, and two Nails on
each; C thews one of its Eyes, which was of a furprizing Make. DF
reprefents the Probofcis, with which it perforates the Leaves and Buds of
Trees, and then thrufts out its Dart E and fucks their Juice. From its
Tail proceeds two upright Parts G H, out of which a tranfparent Liquor is
frequently diffufed as at H, 1K L is the Needle’s Point, upon which the
Animal was ftuck ; and Fig. 94, as before hinted, the fame Animal when
changed into a Fly.

Mr. Derkam could never obferve any other kind of Fly but the lefler
Phalene + about +*% of an Inch long to be bred in Pears and Apples ; it is
whitith underneath, greyifh brown above, fpotted about one Third with
Waves of a Gold Colour, its Head fmall, a Tuft of whitith Brown on its
Forehead, and Antennaz fmooth. The Aurelia of this Moth is {mall, of a
yellowifh Brown.

Bn'e 2 “VH:

Of Excrefcencies growingy on Willow-Leaves, and
a_fmall Fly bred thereon.

M R. Leeuwenboeck frequently difcovered more than one Sort of Worm
upon opening the knotty Part of Willow-Leaves, and having put
feveral of thefe Knots, whofe contain’d Worms were not full grown, into
a large Glafs Tube, that the Worms might ateain their full Growth, could
not find that any of them did fo ; obferving at the fame Time feveral of
thefe Knots to have none of the Warms in them, but almoft full of the
Excrements of the Worms which had been therein, and were diflodgeds
through a fmall Hole he could perceive in the Knots. :
Fig. 96. A B reprefents a Willow Leaf, in which are feveral Exerefcencitss
fome of them with Holes as F, others as CDE ; G H fhews two of thefe
Knobs cut open, and the Pofture of theWorm therein, feveral Worms lay dead

* Leew, Ex. & Con, Epiff. go.  + Ph. Theo. p. 387-
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in the Knobs fuppofed to be killed by other leffer Worms, produced from an
Egg depofited by another Fly fince the Production of the former, which
devoured and lived upon the larger Worm.

In the Middle of Fuly Mr, Lecuwenboeck cropt feveral Willow-Leaves, in
which were fuch like Knobs *, and difcovered feveral Worms nearly -ar-
rived to their full Growth : - After thefe Knobs had been in the Glafs Tubes
about eight Days, upon opening one of them he found, that the Worm
was turned into a Tomnekin or Aurelia, and in fome others 13 or r4 more
of the fame ; in fome of the Knobs he found the fmall devouring Waorms
above-mentioned, being fo ' far advanced in Growth that they were ready
to be chang’d into flying Infets ; he put thefe alfo into Glafs Tubes. Af-
ter fome Weeks certain dlack Flies proceeded from thofe Tonnekins, their
hinder Parts of an oblong Figure, and fafhioned like a Hook. He alfo
faw two of thefe fmall Worms (which devoured the large ones) endeavour-
ing to enclofe themfelves in 2 Web 3 but by reafon of the large Space in
which they lay, could not bring it quite round them, having made it only
on one Side, and their Change happened in fo fhort a Time that he could
not make his Remarks thereon. :

Fig. 97. reprefents the aforefaid Fly as it appears to the naked Eye.
A B fhews the long, flender and hooked Part; on examining this little In-
ftrument in the Microfeope, it appear’d to be hollow, and was cover’d with
a great Number of fine Hairs, as in Fig. 98. and on endeavouring to fplit
it, the Dare, Fig. 99. appear’d, whofe Point is only jagged with faw like
Teeth, which being alfo fplit, two other diftinét Hooks -+ were taken out of
it both of the fame Shape, a fmall Part of one of them is reprefented by
Fig. 100. each of them being fortified with faw-like Teeth, and the Dart
Fig. 101, was found to be only a fecond Cafe or Sheath for the two Hooks,
wherein the Hollownefs does plainly appear, whicl is filled with a corro-
five Water. The Fly makes ufe of this Auger to prepare a convenient
Lodgment for her Eggs (and choofes thofe Leaves that are moft latteous
and juicy) under the Skin of the Leaf, from whenee the Worm upon
gnawing the Veflels for its Suftenance, occafions the Sap to flow out of
them and to coagulate into that knotty Subftance. Mr. Leentwenbock took a
fmall devouring Worm from a larger that lay dead by it, and put it upon
a living one to which it immediately faftened, whilft the other at the fame
Time ufed all Means, by bending, ftretching, contraéting, and winding
its Body, to free itfelf from chis troublefome Gueft, but in vain, the {mall
one ftill keeping its Hold, -

Fig. 102. exhibits a Tomekin, which was a Worm but the foregoing
Evening, and had caft off a very thin Skin, this alfo confifted of feveral
Rings and Circles as when in the Weorm State. The Feet and Joints there:

* Ph. Tranf. No. 269.  + Arc. Nat, Epif, 136.
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of were very vifible; AB and AC reprefents its two Antennz ; and al-
though they were inclofed in a thin Membrane, yet all the Joints might
be clearly feen. The Change of this Worm was fo fudden, that Mr.
Leeuwenboek was never able to fee it,

Not only the #illows and other Trees, but Plants alfo have Cafes pro-
duced on their Leaves, as Nettles, Ground Ivy, &c. by the Injection of
the Eggs of an Ichneumon Fly. Thefe Cafes are generally obferved to grow
near to fome Rib of the Leaf, and their Produétion thus. The Parent In-
fect with its fiff fetaceous Tail, terebrates the Rib of the Leaf when tender,
and makes way for its Egg, into the very Pith or Heart thereof, and pro-
bably lays in therewith fome proper Juice of its own Body to pervert the
regular Vegetation of it. From this Wound arifes a fmall Excrefcence
which (when the Egg is hatched into a Maggot) grows bigger and bigger,
as the Maggot increafes, {welling on each Side the Leaf between the two
Membranes ; and extending itfelf into the parenchymous Part thereof,
until it grows as big as two Grains of Wheat; in this Cafe lies a very {mall
wjhire rough Maggot, which turns into a beautiful green fmall Ichneumon
Fly. : ;

S EcrT VIIL
Of the Crane-Fly, or Father Long-legs.

HIS little Creature, though but feldom taken Notice of, affords

an agreeable Variety of Subje@s, when examined by the Microfeope.
It is produced from a Worm hatched in an Egg, depofited by its Parent
under the Grafs in Meadows,

Thefe Worms are to be met with but in the hot Weather upon the
Ground under the Grafs in the Meadows and Fields. Fig. 103. reprefents
one of them, which could not be difcerned to change or increafe between
the Months of May and Augufh.* Fig. 104. fhews the Worm changed into
a Nymph, and at its firlt coming forth greatly agitated. Fig. j05. fhews
the caft-off Skin, which in its Change the Worm forfook, after which
it took Wing and flew away in the Form of Fig. 106. which reprefents
one of thefe male Flies, asdoes Fig, 107, alfo thew the Female.

The Tails both of the Male and Female are of a curious Struture, that
of the Female is fharp, and of the Confiftence of Bone, wherewith he

erforates the Ground, and depofites her Eggs under the Grafs in a moift
lace. ~ This acute Tail of the Female is fhewn at N, Fig. 107. which fhe
can open into four diftinét Parts +.  Upon opening one of thefe Females

® Leew. Ex. & Contemp. p. 347. t Leew. Ex. & Contemp. 3. 349.
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Mr. Leeuwenbock counted upwards of 200 Eggs of a blackith Colour and
fmooth, like polifhed Glafs, and about twice as long as they were thick.
The Inteftines of this lictle Creature: are alfo very curious, which when
opened with unfpeakable Admiration he faw them by the Affiftance of the
Mli:raﬁap:, as plainly as the Bowels in larger Animals can be feen by the
naked Eye.

In thcyFtt't of this Fly, if diffected in a Drop of Water upon the Glafs

R, Fig. 2. of the Univerfal Microfcope, the flethy Fibres may be feen to
diftend and contract themfelves in a moft furprifing Manner, and to
continue o for the Space of three or four Minutes. The Eggs alfo after
Diffection may be applied to the faid Glafs, and eafily examined by the
Microfcope, or on dipping the Point of a very fine fewing Needle (it
being firlt fixed in a wooden Handle) into fome Turpentine, and ap-
plying that to the Eggs, they will be glued thereto. The Needle itfelf
muft be held between the Nippers, and by its Handle may be turn’d round
at Pleafure,
. Itis very. wonderful how fo fmall a Creature as fome of thofe newly
hatched Maggots, that are found in the Ends of blighted Leaves, can be
able to convolve the ftubborn Leaf, and then bind it with the Thread or
Web it weaves from its own Body, alfo to line the Infide of it with the
fame, and ftop up the two Ends thereof to prevent its own falling out.

In the Bodies of many Caterpillars, and other Nymphs of Infeéts, are
frequently found to be generated great Numbers of fmall Flies, whofe pa-
rent Animal had wounded the Caterpillar *, and darted its Eggs into it;
and fo made it the fofter Mother of its young.

Some Infeéts lay up their Eggs in Clufters, as in Holes of Flefh, and
fuch Places, where it is neceffary they fhould be crowded together, which
without doubt contributes towards the hatching +.

Other Infects obferve great Order in the Difpofition of their Eggs,
which may be found upon the Pofts and Sides of Windows, very neatly
laid, being round and refembling fmall Pearl, which Eggs produce a fmall
hairy Caterpillar |. The white Butterfly alfo lays its Eggs on Cabbage-

aves, and always glues one certain End of them to the Leaf. If thefe
E_ggs be applied to the Univerfal Microfcape on the Glafs R, Fig. 2. you
Will find them curioufly furrowed and handfomely adorn’d.

The Peafe Ichneumon Fly § is very fmall, its Wings large, reaching beyond
tht.Pcdex-, Antennz long, Alvus fhort, fhaped like an Heart, with the

oint towards the Awus, it walks and flies but flowly. No Tail appears,
tthey have one concealed under the Belly.

Iekmeuman properly fignifies the Egyptian Rat **, which has its Name from

* Pb.Th. p.3g0. 4+ Ph.Th 393 | Pb.Th. p-393.  § Ph.Th. 387,
- P.in'!.g,‘: Tranf. No. 77+ 293
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its hunting ot tracing out the Eggs of Crocodiles and Afps: ‘A like Obfer:
vation made by fome of the Ancients on certain Infects of the Wafp.
Kind, occafioned the Application of that Name to Wafps, as well as tﬁc
Egyptian Rat; there is but one Paflage in all Antiquity concerning thef¢
Walps, viz. in Ariffot. de Hift. Anim. Lib. 5. ¢.20. which Pliny, Lib.11.
¢. 21. hath render’d thus, Pefpe Ichneumones vocantar (funt autem minores
quam alie) unum genus ex aranes perimunt, pbalangium appellatum, & in
nidos fuos ferunt, deinde illinunt, & ex iis, incubando, fuum gemus procreant;
that 1s, the Waips, called Jebnumons, and which are {maller than other
Walps, kill a Species of Spiders, called Phalangium, and carry them to
their Nefts, after which they befmear them, and by Incubation: produce
their own Species out of them,

There is alfo a certain lack and curious Fly, which proceeds from the
gouty Excrefcencies of the Briar Stalk ®, with red Legs. ~Black, fmooth
_loinr_cd Antennz, large Thorax, and Belly in the Shape of an Heart. It
eaps like a Flea. :

The Excrefcencies of the Roots of Cabbages, Turmeps, and divers
other Plants, have always a Maggot in them, not yet fufficiently obferv'd.

Caterpillars, and divers others Infeds, can emit Threads or Webs for
their Ufe. In this their Nymph State, they fecure themfelves from falling,
by letting themfelves down from the Boughs of Trees, and other high
Places, with one of thefe Threads, and fecure themlfelves in their Aurclia
State, in Cafes of their own Weaving.

Some of the Fly Tribe are alfo endowed with this textrine Art, of thele
one Sort fpins a long milk white filken Web as big as the Top of one’s
Finger, woven round bent Stalks of Ribwort, &c. in Meadows, The
other is a Lump of many yellow filken Cafes fticking confufedly together
on Pofts, under Coleworts, €¢. thefe Webs contain in them fmall whitill
Maggots, which turn to a fmall dlack Ichneumon Fly, with long capillary
Antenne, tan-colour’d Legs, long Wings, reaching beyond their
with a black Spot near the Middle, the Alvus like an Heart, and in fome
a fmall fetaceous Tail. Some of thefe Flies are of a beautiful fhining
glrien Colour. . The Flies coming from thefe two Produétions are nearly
allKe,

Many of the febneumon Wafps 1 are remarkable for the Nidification and
Provifion of their Young. Thofe which commonly have golden and black
Rings round their A/vi, line the Cells they perforate in the Earth, Jay theif
Eggs therein, and then carry into them Maggots from the Leaves of Trecs
and feal them up clofe and neatly ; thefe Waips have their Jaws not 9"'?
very ftrong but nicely fized, curved, and fet for- gnawing, and fcraping:
Thofe little Holes they perforate in the Earth and Wood, as well as the fe-

* Ph.Th. p. 2500  + Ibid. p. 2284 v—:ﬂi
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“veral Parts of the Walp itfelf, are a pleafant Objeét for the Microfcope.

The Bearers of Fruit-Trees are full of Afperities, and not fo fmooth on
their Bark as the other Parts of the Tree are. If after Harveft, and any Time
in Winter, you view thefe Bearers in the Microfcope, their Cavities will be
found to be full of Eggs, of an oblong Figure, and citron Colour, efpe-
cially in thofe Years wherein the Caterpillars * have been numerous. Out
of thefe they are hatched in the Spring. The Seafons which ufually de-
ftroy them, are fuch as come in with early Heats, before the coming out
of the Buds and Bloffoms, and on which a nipping frofty Air enfues,
which foon kills them,

S®cT I
Of Oak Cones.

THE SE Comes are to Appearance, erfc&ly like Gems, only bigger,
being nothing elfe than thefe increaled in Bignefs, inftead of Length.
The Caufe of this Obftruétion in the Vegetation is this, into the very Heart
of the young tender Gem or Bud, (which begins to be turgid in Fune,
and to thoot forwards towards the latter End of that Month, and the Be-
ginning of the next) into this Bud the parent Infect thrufts one or more Eggs,
and perhaps not without fome venomous + Ichon therewith ; this Egg foon
becomes a Maggot, and eats itfelf a little Cell in the very Heart or Pith
of the Gem, which is the Rudiment of the Branch together with its
Leaves and Fruit. The Branch being thus deftroyed, or at leaft its Vege-
tation obftruéted, the Sap that was to nourifh it is diverted to the remain-
ing Parts of the Bud, which are only the fcaly Integuments, by this Means
growing large and flourithing, becomes a Covering to the Infect Cafe, as
before they were to the tender Branch and its Appendage.

. The Cafe lying within this Cone, is at firft but fmall, as the Maggot
included in it is, but by Degrees, as the Maggot increafeth, it alfo grows
b‘EE’:R to the Size of a {mall Pea, long and round, in the Shape of a

g AAcorn,

The Infeét produced from thefe Cones, hath four membraneous Wings,
ttaching a little beyond the Belly, articulated Horns, large Thorax, Belly
fhort and conical, Legs partly whitith, partly black, of a beautiful fhining
grcen, in fome tending to a dark Copper Colour.

The Aleppo Galls, wherewith we make Ink, are no other than Cafes in
which Infeéts breed, which when they come to Maturity, gnaw their Way

& Philef. Tranf. No.237. 4 Pb.Th. p. 397.
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out of them, which -occafions thofe little Holes obfervable in them ; Se
Pbilof. Tranf. No. 245.

Of this Sort alfo are the little fmooth Cafes, about the Size of larg:
Pepper Corns, which grow clofe to the Ribs, under oaken Leaves, at firft
of a bluthing red, afterwards growing brown, hollow within, but an hard
thin Shell without, in which commonly lies a rough white Maggot, after-
wards transformed into a black Zchneumon Fly, that eats a little Hole in the
Side of the Gall, and fo gets out.

Some of thefe Balls are tender, as thofe of a yellowifh green Colour
with a reddifh Caft, about the Size of a fmall Mufket Bullet, growing clole
to the Ribs, under Oaken Leaves, their Skin fmooth with frequent Rifings
therein, inwardly they are very foft and fpongy ; and in the very Centeris
a Cafe with a white Maggor therein, which becomes an Ichneumon Fiy*
This Gall is remarkable for the Fly lying therein all the Winter in its 10-
fantile State, and comes not to its Maturity till the following Spring. In
Autumn and Winter thofe Balls fall down with their Leaves to the
Ground, in which the inclofed Infet is fenced againft the Winter Frofts,
partly by other Leaves falling pretty thick upon them, and efpecially by
parenchymous {pongy Walls, afforded by the Galls themfelves.

From the large Oak Balls, called Oak Apples, which grow in the Place
of the Buds, out of thefe Galls, come another Species of Black Flies.

The gouty Excrefcencies in the Body, and Branches of the Black-bery
Bufh, produce a fmall thining black Ichneumon Fly, about a Tenth of an
Inch long, with red jointed Horns, four Wings, red Legs, and a fhort
Belly. They hop like Fleas.

All thefe Infeéts afford an entertaining and agreeable Variety when
viewed through a Microfcope.

S r s X

Of an Infect found upon the Leaves of Spices and
tn Woods of [everal Kinds.

R. Leeuwenbock difcover'd upon the Leaves of fome whire N&©

megs, an Animalcule or minute Worm, which appeared © ghess
ked Eye of the Size of Fig. 108. but is reprefented in Fig. 109. 35 I* “‘1?'
pear’d when placed before the Microfcope. Its Body was jointed i cd
veral Places, and thickly fet with Hairs; it had fix fhort Feer, which €%
with a fhining Nail, toothed like a Saw, as at A, B, C, D, the hindt
Part of its Body was very full of Blood Veffels, as appears at E, F, G, F

® Ph. Th. p. 400. At
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At IK are two fhining Horns jointed and befet with Hairs. At L are
reprefented its Forceps, with which the Worm eats its Way into Leaves
or Wood, €&¢. MN fhew the two leffer Horns which adorn the Head
of the Worm. This Worm after fome little Time was changed into a fly-
ing Infect, as exhibited in Fig. 110, whereof LM, BN are its two Horns,
which confifted of divers Joints and Hairs, BL. its Eyes furnithed with a
Number of little Lenfes, as the Eye of the Drone Fly before deferibed.
It had alfo fix. Feet armed with Talens, as before thewn : Thefe Legs had
feveral Joints, and were cover’d with Briftles or Thorns, two of thefe
Feet and Nails are fhewn by the Letters CO, DP. DE, and K1 repre-
fents the two Cales or Shields under which the Wings are folded. Thefe
Cafes are moft curioufly adorned with ftrait Rows of Rings throughout their
whole Length. The hinder Part of its Body is jointed as it were with hol-
low Notches, much after the fame Manner as the Worm from which it was
produc’d. If the Wing be confidered, it will be found to confift of feveral
imall Veffels or Nerves that affift in the Expanfion thereof. The exquifite
Neatnefs with which this minute Wing was folded under the Shields, is
furprizingly beautiful, asappears between G H, with what wonderful Nerves
muft thefe minute Wings be ftrengthned, that can enable this Infeét fo
readily to fold up the Extremity of this filmy Membrane in fo neat a Man-
ner, and to expand it again, as it were inftantaneoufly, whenever it is in-
clined to fly # That the curious Folding of thefe fort of Wings might be
comprehended, Mr. Leenwenboek took off one of the fhelly Cafes and placed
the Wing hefore the Microfcope, which appeared as in Fig. 111, QST
VWXY reprefent the Wing as it lay cover’d under its Shield. It was
broadeft about V 5 the fecond Wing, which I fuppofe to be its Ballance or
Poize, is fhewn at S T. The Extremity WX Y, fhews thofe neat Fold-
ngs before fpoken of, which, together with the Strength of the Nerves, dif-
cover the Almighty’s Wifdom in their Contrivance,
I have found of thefe Infet Flies in Summer-time flying about my
Work-fhop, and have obferved them to anfwer all the above Defcription.
hey are fo fmall, that I have applied them to the Microfcope in the I;vm'y
Sliders, but they are better feen when applied in the Nippers V, of Fig. 2.
Thereis likewife a fmall Scarab in the very Tips of Elm-Leaves.* In the
Summer many of thefe Leaves may be obferved to be dry and withered,
and alfo turgid, in which lies a dirty, whitifh, rough Magget, from which
Proceeds a Beetle of the fmalleft Kind, of a Weefel-Colour ; it leaps like a
Grafbopper, although its Legs are but fhort, black Eyes, Vaginz thin,

and prettily furrow’d, with feveral Cavities, fmall dubed Antennz, and a
long Probofcis,

® Phb. Theo. p. 251.
L
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The fame, or one much like this is found on the Tips of Oak and Holly
Leaves.

The Horfe-Fly is alfo a curious Objeét, its Eye is in the Form of other
Flies, bur is as it were indented all over with a pure emerald Green, it
Body like Silver in Froft-Work *, fringed all over with white Silk.  If the
Head of this Fly be cut off juft at the fetting on of the Neck, a pulling
Particle may be feen beating through the Skin for half an Hour together.

The Trunk or Probofcis of a Butterfly, which lies wound up like an Helix
or {piral Spring, gradually growing flender as at Fig. 113, fupplies the
Office both of Mouth and Tongue, it may with a Pin be eafily drawn out
to its full Length, if it be cut off and laid upon the Objet carrying Glafs
R, of Fig. 2. and fo applied to the Microfcope you will fee it wind and
coil T itfelf up, and then to open itfelf again for a long Time together, Na-
ture having made it of a fufficient Length, that when extended it may reach
into the Hollows of Flowers, and trom thence extract their Dews and
Juices. It confifts of two Tubes near its Extremity, as reprefented at A C,
Fig. 113. the Cavities of which unite at D, and from thence to the Throat
of the Butterfly form but one Channel |. Thefe tubular Extremities are un-
folded in the Manner exprefied at BT N, Fig. 114. in order to extra& the
Dews, &¢c. from Flowers ; after which it is immediately drawn back and
coil’d up into an Helix. MM, Fig. 115, reprefents one of the extreme
Parts viewed with a greater Magnifier, and delineated exatly: in the
Manner as it is applied to Leaves and Flowers. Whence it appears, that it
is not the extreme End of the Probofcis, which extra&ts the Dews and
Juices ; but feveral Nipples DEF, that are applied to the Leaf AC, at
the Pointsiii.

In all Grafboppers there is a green Film or Plate (like a Croflet) which
covers the Neck and Shoulders ; if you raife it up with a Pin you may fee
their Heart beat § for a long Time together, The Grafbopper is beft held
between the Nippers V, and fo applied to the Magnifier,

There is a pretty Object, which is a white oblong Infeét that fticks to
the Back-fide of Rofe-tree Leaves ** in Auguft, of a perfect white, it changes
into a fmall yellow Locuft, with two white Wings longer than its Body, and
two Pointers in the Snout like a Pair of clofed Compafies, and may
plainly feen when the Fly is laid upon its Back.

Upon the Backfide of the Leaves of Goofeberries, Sweet Briar, and
golden Moufe-ear in April and the Beginning of May, is a greenith Grafbop-
per or Locuft ++, which is a pleafant Object ; when placed before the Mierof-
cope it hath two Horns and four Legs, and two curious black Eyes.

® Power's Micro. Ob). p. 7.+ Ibid. p.8. | Microgra. de Bonan. Pars 2. p. 48. § P
e's Micro. p. 24 ** Ibid. p.27.  +1 Iid. p. 26, On
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On Sycamore Leaves there is a yellow Infe& *, which at firft hath no
Wings, burt fix Legs and two Horns which are flit ; it runs nimbly, the
Eyes are globular and red, pearled and prominent ; near the Shoulders are
two Stumps, whence two long Wings come (forth, when it changes into
a Fly or Locuft, it confifts of annulary Circles, and is hairy towards the
Tail.

There is to be found a fmall long black Infect, creeping and leaping
amongft Pinks, Gilly-Flowers, Rofe-leaves, 8&c. with a Wafp-like Body,
with fix or feven annulary Divifions ; two curious Horns arifing from a
black knobbed Root, two fine long yellow Wings, black Eyes, and fix
black Legs, they are kill’d with the leaft Touch imaginable ; their Size is
lefs than that urr a Loufe: * They may be taken up with the Point of a
Pin dipped in Spittle, and by that Means placed, or as it were glewed to
a very imall Bit of Card, which may be applied to the Microfcope in the
Nipj:ers of Fig. 2. And ftronger Infects may be ftuck to a larger Piece of
Card with a Touch of Turpentine, and applied to the Magnifier in the
Nippers as before,

On the Froth, which hangs on the Leaves of Lavender, Hor [e-mint,
Rofemary, &c. | (by fome called Cuckow-fpit) is always found a little Infeét
of a golden Colour ; it hath fix Legs, with two black Claws at the End of
cach, which it can open and fhut at Pleafure ; its Eyes are pearled and of
4 dufky Red, along reddifh Probofcis is fituated between its fore Legs ; its
Tail had feveral annular Divifions that ended in a Stump, which it could
;: Pleafure thruft out or draw back, it firft creeps, then leaps, and at laft

s,

The Cow-lady, Lady-bird, or fpotted Scarabee, is a very nimble Animal 5
cut off its Head, and ereét it perpendicularly upon the Neck (which may
be faltened to a Bit of foft Wax Arft ftuck upon the Point, or by a Drop
of Gum-Water upon a Piece of Card, which may be held in the Nippers,
and fo applied to the Microfcope) and you’ll fee two fmall black Eyes fet
upon three white Plates like polifhed Ivory, two fmall ones on one Side,
and a Jarge one on the other; pull off both the cruftaccous and filmy
Wings, which are a Fence to a thin tender black Skin, under which the
Pulfation of the Heart § may be feen to beat vigoroully for 12 or 14 Hours,
after the Head and Neck are feparated, 3

There is a Fly with greyand black Streaks on the Shoulders **, and chequer’d
on the 7a:l with the fame Colours 3 upon opening the Female of this Fly,
Which may be diftinguifhed by a Rednels on the Extremity of the Tail,
You will find two Bags of live white Worms **, long and round in Shape,
With black Heads, moving both on the Hand and in the unopened Veficles

* P - 4 . . * 4 . b P.b's
Trg,yc’;;:‘.r;jﬁ' Ob. p. 32, + Bid. p. 30, | Bid. p. 28, § Jbid. p. 30 ‘
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backwards and forwards, being difpofed in Cells according to the Length
of the Animal’s Body.

8 spaptaplv KD,
Of the Cochineal Fly.

HE Microfcope hath difcovered to us that Cochineal, fo valuable for

its Ufe in dying Crimfon, Scarlet, and Purple, is an Infe& bred
upon the Plant called prickly Pear, or Indian Fig +; and upon the Leaves or
Twigs thereof are fmall Knobs or Protuberances, which produce little Worms
that in Time become Flies, refembling Cow-ladies, or Lady-birds; which,
when arrived at their full Growth, are taken by the Inhabitants (of the Iflands
of Cuba, Hifpaniola and Famaica, from whence it moft commonly comes)
and expofed to the Heat of the Sun to dry, and rubbed between the Hands
till their Wings, Legs, &5¢. fall of. Upon fteeping fome of the Grains
of Cochineal 24 Hours in Water, a Truniowith Scales and Legs will ap-
pear; and if their Bodies be opsnsd, many Eggs of different Sizes may be
alfo found.

Fig. 116. reprefents a Grain of Cochineal ; Fig. 117. another Grain, a5
it appear’d through a Microftope, in which at the extreme Parts C and
E F, an Orifice appears, from whence the String was broken off, whereby
both Parts of the Body were joined together. The concave Arches DG,
&F¢. are not natural, but adventitious to the fame Grain, proceeding only
from the drying or fhrinking up of the great Number of Eggs that li¢
within the Animalculum ; for if the fame Grain was well foaked in Water,
the concave Parts would become convex. Fig. 118. fhews an Egg with it
Membrane, as it was taken out of a Grain of Cochineal fteeped in Rain-
Water for about 24 Hours ; in which might be feen the young one, a0
its Shell furrounding it. L M N, Fig. 119. reprefents one of thefe unbo™
Animalcula. Fig. 120, fhews the Body of another Animalcum which was
taken out of the Egg-fhell, in which not only the Body was diftinétly feens
but alfo the Parts thereof divided into feveral Circles, and likewife the tWO
Horns with the Joints wherewith Nature hath provided all thofe unborn 4%
mal.ula, were plainly vifible when placed before the Microfcope. B H,
DI, and DK, fhew its four Legs, the other two being hid from the
Sight. F G reprefent the Horns, at the Extremity of each of which ar
three fmall Hairs,

+ Phi. Tranf. No. 292. Sgc™
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Szcr XIL
Of the Death-watch.

T HERE are two kind of Infects which make a regular clicking Noife

like the Beats of a Pocket Watch ; one of them called by Swammer-
dam, Scarabeus Sonicepbalus, and the other called by Mr. Derbam, Pediculus
Puifatorius.

The firlt of them is a fmall Bzetle, about <5 of an Inch in Length, * of a
dark brown Colour, with Spots fomewhat lighter irregularly placed. Itis
reprefented of its natural Size at Fig. 121. Under its Vaginz are pellucid
Wings, the Head large, by reafon of a Cap or Helmet which covered it,
only a little turned up at the Ears; under this appear’d its Head, which
was flat and thin, the Eyes forward, the Lips hard and fhining, the Bars
of the Helmet greyith ; two Antennz proceeded from under the Eyes,
the Head all hairy, and Face thick of curled Hair; on the Belly was a
lictle Hair, but thinly fet ; its Eyes like thofe of a Fly. Fig. 122. is a
Microfcopick Picture of it ; between the Eyes the Face rifes in a little Ridge,
which is the Nofe ; and juft below it the Noftrils are covered with ftrait
pendulous Hair, the Lip-fhades fhew the more depreffed Places ; under this
Lip are four vifible Forceps, two on each Side to lay hold on its Food.
They make a Noife juft like the Beats of a Pocket-Watch. Mr. Derbam has
often caufed one of them to beat when he pleafed by imitating its Beating,
and this he kept in a [little Box about three Weeks ; and imagines, that
thefe Pulfations is the Way thefe Infe@s woo each other, and invite to
~ Copulation 5 and that it always draws back its Mouth, and beats with its

Forehead +.

The other Death Watch is an Infe& different from the foregoing, that
beats only about feven or eight Strokes at a Time, whereas the former will
beat fome Hours together without Intermiffion, and its Strokes flower,
and like the Beats of a Watch. It is a {mall greyifh Animal, much re-
fembling a Loufe; for which Reafon it is called Pediculus Pulfatorius. ' It

15 very nimble, but extremely fhy when difturbed ; it will beat frecly :

enough before you, and alfo anfwer you when you beat, if youcan view it
without giving it any Difturbance, or fhaking the Place whereon it lies, It
Is not certain whether they beat on any other Thing but Paper, their Noife

being heard only in or near it.
Fig. 123, reprefents the fecond Sort of Death Watch ||, as it appears to the
Eye. Fig. 124. fhews it a little magnified ; its Shape and Colour

* Phil. Tranf. No. 245. + Phil. Tranf, No. 271, | Phil. Tranf. No. 291.
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is not much unlike a Loufe ; it is common in moft Houfes in the warm
Months, but in the cold Seafon of the Year it hides itfelf in dry obfcure
Places, and is feldom feen; fome Time after Copulation, they lay their
Eggs in dry dufty Places; they are much more minute than the Nits of
Lice, of a whitilh Colour, and are hatched by the Warmth of the ap-
proaching Spring, which to them is all the fame as an Incubation: The In-
feét is fully hatched, and can creep about at the Beginning of March, or
fooner if the Weather be warm ; ar their firft quitting the Egg-Shell, they
are fo exceeding fmall, as fcarce to be difcern’d, without the Affiftance of
a convex Glafs: In this State Mr. Derbam could find no other Difference
between them and Mites in Cheefe, when viewed with a Microfcope that
magnified much, but only that Mites had more Briftles about. the Breech:
In this Shape they continue fix Weeks or two Months, feeding on divers
Things they can meet with; after which they gradually increafe towards
their more perfect State, when they become like the old ones.

Mr. Derbam has plainly thewn, that their ticking Noife is a wooing A&,
and that it is commonly about Fuly; * he never found them in Coitu, till
about a Week or a Fortnight after their ticking ; tho” it is probable they

_copulate at that very Time. He has feen the old Dearh Watches feed up-
on dead Infects, as the young ones do, and alfo upon Bifkets, Tallow,
&¢. nay Duft itfelf, and hath obferved them thro’ a Microfcope to f-
lect fome Grains thereof, and reject others,

CHAP XVIIL
Of a Gnat.

S Bio v L

HE firfk obfervable in the Generation of this Infe@, is its vaflt
Spawn, fome of them being 1+ Inches long, and + of an Inch broad,
floating in the Water, but being made faft to {fomething to prevent its be-
ing walhed away; in this tranfparent Spawn the Eggs are neatly depofiteds
in fome a fingle, in others a double fpiral Line +, running from End to
End, asin Fig. 125, and 126. and in fome tranfverfly, as in Fig. 127-
When the Eggs are by the Heat of the Sun, and Warmth of the Sealons
hatched into {mall Maggots, thefe Maggots defcend to the Bottom ; and
by Means of fome of the gelatine Matter of the Spawn, which they take
along with them, they ftick to Stones, and other Bodies at the Bottom,

® Phil. Trasf. Nai 271, + Phi. Theo. p- 394 and
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and there make themfelves little Cafes or Cells, which they creep into,
and out of at Pleafure, till they arrive at a more mature Nymph State, and
can fwim about here and there in Queft of Food; at which Time they are
aKind of red Worms about half an Inch long, but of the Shape of Fig. 128.

It has a very large Head, in Proportion to its Body, which is all cover-
ed with a Shell ; feveral Tufts of Hair on feveral Parts, two Horns, a
large Mouth, &¢, The Form of the whole Creature will be better perceiv’d
by a Defcription of Fig. 128. the hinder Part or Belly confifts of eight fe-
veral Joints. From the Midft of each of which, on either Side, iffue our
three or four fmall Briftles. The Tail was divided into two Parts, very
different in Make ; one of them A, had feveral Tufts of Hair or Briftles,
with which it could fteer itfelf as it pleafed, and was enabled to fwim about
by Curvations and flapping its Body fideways, this Way and that, and
keep itfelf near the Surface of the Water: The other Part B appeared to
be the ninth Divifion of its Body, and on each Side had many fingle
Hairs, From the Part C to the Head, appeared a darkith colour’d Gur,
through which the periftalftick Motion was very difcernable. The Chet D E
of this Creature, was thick and fhort, and fo tranfparent, that its white
Heart could be feen to beat: Its Cheft was ftuck with feveral Tufts or
Brittles, and the Head was alfo adorn’d with the fame, it had two black
Eyes, and two fmall Horns F G.

Both the Motion and Reft of this Creature are furprizing and pleafant,
The Tail feems much lighter than the reft of its Body ; and being a little
lighter than the Water in which it floats, buoys it up to the Top thereof,
where it harigs fufpended with its Head downwards ; they lift their Heads
fometimes into the Air, at other times lunge them into the Water, their
Tails all the while fliding along its Surface.

After having lived in this Manner the Time which Providence has allot-
ted them, a ftranger Change fucceeds; they appear in Form of Fig. 129.
and then they caft off their whole Skin, Eyes, Horns, and Tails; and iﬂ'gc
forth as Infeéts of a quite different Element: The moft beautiful and ele-
gant Plumage adorns their Heads ; their Limbs are of the fineft Texture ;
their Wings are curioufly fringed and ornamented ; their whole Bodies are
tvefted with Scales and Hair ; ‘and they are aGuated by a furprizing Agi-
lity ; in fhort, they become Gnats, and fpring into the Air; and what is
Moft amazing, a Creature, that but a Minute fince was an Inhabitant of the

ater, would now be drown’d if it were plung’d therein.

It is very probable, that many Sorts of the Animalcules in Fluids un-
dergo fome fuch like Change.

Szcr.
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Of the Tufted, Brufb-horn'd, or Male Gnar.

I TS furprizing and garticular Beauties are only to be difcover’d by the
Microscork ; and is exaétly of the Shape of one of thofe which Mr.
_Hook obferved to be generated out of one of the little watery Infects jul
_deferibed. i
Nature has adorned it in a moft furprizing Manner: Its Head A is
exceeding fmall in Propartion to its Body, which confifts of two Clufters of
pearled Eyes, Fig. 130. curioufly ranged like thofe of other Flies ; between
which, upon two blackifh Balls, are placed two long jointed Horns D, t-
pering towards the Top ; from whence iffued out in a circular Manner,
“Multitudes of fmall fiff Hairs from its feveral Joints, exa&ly refembling
“the Sproutings of the Herb Horfe-Tail. There are alfo two other jointed
“and briftled Horns or Feelers D,  And a Probolcis F, underneath which is
the Sucker or Sting, which, in fome Gnats is very long. This fmall Head,
with its Appurtenances, is joined by a fhort Neck to the Thorax G,
which is large, and as it were cafed with a black Shell ; out of its under
Part proceeded fix long flender Legs H H, £5c. much like thofe of other
‘Flies, but longer and flenderer, which are not exprefled in the Figure,
becaufe of their great Length. From the upper Part proceeds two long
‘flender tranfparent Wings, fhaped fomewhat like thofe of a Fly; under
neath which, as is obfervable in many Sorts of Flies, are placed two fmall
Bodies, which are its Ballances or Poifes. Its Belly large, and extend
into nine Partitions, each being armed with Rings of Shells ; fix of which
were fo tranfparent, that the periftaltick Motion was plainly vifible, A
fmall clear white Parc at I, feem’d to beat like cthe Heart of a arger An-
‘mal ; the three laft Divifions of the Tail were cover’d with opake Shells.

By bas, Daagi
Of the great belly'd or Female Gnat.

Lthough this Gnat, as reprefented in Fig, 131. differs from the for

mer in Shape, yet this Sort alfo has been found to be generated 0%

of the Water Infeét before defcribed: Ies Wings were larger than thofe of
the other ; its Belly bigger and fhorter ; its Thorax not much unfike
of the other, having a ftrong rigid back Piece and Breaft Plate; its Hﬂ]
- larger and neater thaped ; the Horns, that grew out of thofe twon}{:;j:,
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Balls which were between its Eyes, was of a different Shape from the
Tufts of the other Gnat ; thefe having but a few Knots or Joints and a
few fhort Briftles; the foremoft Horns or Feelers like thofe of the former.

In different Species of Gnats their Wings are alfo different; fome hav-
ing a Border of long Feathers, others of fhort ones, and others none at all :
The Rib-work of the Wings is feathered in fome and fcaled in others, and
in fome befet with Prickles.

Mr. Hook fuffered one of thefe Guats to pierce the Skin of his Hand, and
thence to draw out its Fill of Blood, which made it appear very red and
tranfparent, and this without any further Pain, than wﬁnlﬁ the Sting was
entering ; a good Argument that thefe Creatures do not wound the Skin out
of Revenge, but for mere Neceffity to fatisfy their Hunger.

This Piercer, Sting or Sucker, as reprefented by F G H 1, Fig. 132. is
a Cafe cover’d with long Scales and Hairs ; it lies concealed under the
Gnat’s Throat, when not made ufe of 3 but when it is, the Side G H opens,
and four Darts are thruft out therefrom occafionally; one whereof HK
(minute as ir js) ferves for a Cafe to the other three; the Sides of which
towards the Point K are barbed or indented. F1 fhew that Part of the
Sting where it was cut off from the Gnat’s T hroat.

Fig. 133. reprefents Part of the fecond Sheath, whofe Sides near the
Top are barbg, but not here expreffed. This alfo opens Side-ways for a
Paflage to the three included Stings.

Fig, 134, thews all the Parts of the Stings wherein two of the interior
ones might be feen barbed and indented towards the Point; their Finenefs
is inexpreflible, they have three Sides, as reprefented in Fig. 135,
whofe Edges feemed to join alternately (which when fo united refemble a
three edged Sword, or er.) Fig. 136, fthews another Part of one of

fe interior Stings, which is remarkably fmall and fomewhat curved. Its
Top on the plain Side is thewn at Fig. 137. which Top is reprefented in
angther Pofition, Fig. 138. A. and in the Pofition of B its Hooks might
be feen, When thefe Darts are thruft into the Flefh of Animals either fuc-
ceflively or in Conjunétion, 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 Compreffion of the external Air can afford them no

tiet. 'When a Gnat finds any tender juicy Fruits, or Liquors, fhe fucks
Up what fhe likes through the outer Cafe, without ufing the Darts atall;
but if it is Flefh, that refifts her Efforts, fhe ftings very feverely, then
ﬂi@m’hs her Weapons in their Scabbard, and through them fucks up the
Juices fhe finds therein. Upon Diffe@ion many curious Things may be
difcovered, viz, numberlefs Animalcules in the Semen of the Male *, and
in the Female a furprizing Quantity of Eggs.

* drc. Nat, Tom IV, p. 22, "
M There
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There is a kind of Gaat which lays its Eggs frequently in dead Beer, &,
and fome Time after this the Maggots are fo numerous, that the whole
Liquor feems to be alive, being full of Maggots; the larger Sort being the
Offspring of this Gnat * ; and the fmaller that of a fmall dark coloured Fly,
tending to a reddifh Colour, frequent in Cellars and fuch obfcure Places ;
they turn to Aurelia, and the larger Sort from that to a Gnat of a brown
Colour. The chief Difference between the Male and the Female is, that
the Male is leaft, hath a flenderer Belly, and its Podex not fo fharp as the
Female’s is. This Gnat hath no Spear in its Mouth.

"Thefe Infeéts may be applied to the Univerfal MicroscorE, by pinch-
ing them between the Nippers, or fticking them upon the Point; their
Stungs when cut off may be beft examined upon the Glafs R of Fig. 2.
when placed between the Objeét-Plate and Springs.

CHAP XIX.
Of the white feather'd winged Moth.

g R e Pl o

T appears to the naked Eye to be a fmall milk-white Fly with four

Wings, the two foremoft fomewhat longer than the hindermoft, and
thefe about half an Inch in Length, cach of thefe Wings confifts of w0
Feathers, as reprefented in Fig. 139, very curioufly tufted or hair’d oneach
Side, with exceeding white butminute Hairs ; its whole Body, Legs, Homs
and Stalks of the Wings were cover'd over with various Kinds of whit¢
Feathers, which rub off between the Fingers when touched. Underneath
thefe Feathers this curious Infe& was covered all over with a crufted Shell
It had alfo different Feathers, that covered feveral Parts of its Body ; the
Tufts or Hairs of its Wings, when viewed in the Microfcope, appear #
reprefented in the Fi%{ by D, The Feathers which covered a Part of its
Body, like A, confifting of a Stalk and a feeming Tuftednefs on each
Side ; others which covered. fome Part of its Body, and the Stalks of it
Wings much like Fig. B, thofe which covered its Horns and the fmaller
Parts of its Legs, in the Shape of Fig. C. Mr. Hook obferved, that the
fmooth winged Infe@ts have the ftrongeft Mufcles ; and even this very In-
fet had a very fmall Body, if compar'd to the Length and Number of his
Wings ; which therefore as he moved them very flowly, confequently
moved them as weakly ; which laft Property isin fome meafure obfervable

* Ph. Theo. p. 386.
1
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in‘the larger Kind of Alying Creatures, as Birds, &¢. So that by the Afliftance
‘'of ‘the Microféope we find, that the Wifdom and Providence of the all-wife
'Credtor, 'is no lefs fhewn in thofe defpicable Creatures, Flies, Moths; &,
‘than he is in the larger Parts of the Creation.

*Thefe fittle Animals' may be pinched in the Nippers, or ftck upon the
"Poifit, #id fo applied to the Microfcope ; and its Feathers may be placed
‘Between two Mufeovy Talcs. :

Of the Wolf, or fmail Moth.

' ,'_H'I,S\,f#ﬁﬂ is-a lictle wbhite Worm, which infe@s. Gramaries and
. A Corn-Chambers, _In its perfeét ‘State it is really a Mith, of the Size
;nhj.l -'kFgrfn reprefented at Fig. 140. it has four whitifh Wings {potted with
black Spots,” L i .

Wh'ég?in the Reptile State, it appears as reprefented under Fig. 141. 4
magnified Reprefentation of which is feen at K L, the fore Part of its Bo-
dy had fix Feet, which were not difcernable till the Worm was turned on
his Back, with its Belly upwards in this Pofition, Part of its Body is tepre-
fented ac M N, Fig. 146, wherein its fix Feet may be feen, As it creeps
along, an exceeding fine Thread or Web iffues from its Mouth, by which
it hangs to every 'lghing'lt touches, its Mouth is armed with a Pair of red-

 Forceps, wherewith it gnaws its Way, not only into Wheat, and other
Grain, but even perforates.into Wood, and almoft any Thing it meets with.
_In thtﬁ_&ra-gaﬁ}m that are infefted with this Vermin, they may be
feen near the Decline of the Summer, crawling up the Walls in great Num-
bers, Jearching out fot Places whete they may abide in Safety, during their
Aurelia State': For when the Time of undergoing a Change into that State
ipproaches, ‘they forfake their Food, and thofe little Cells they had formed
of hollow’d Grains of Comn, clotted together by Means of the Web
“ming from their Mouths ; and wander about till they find fome wooden

iM, or other Body to their Mind, into’ which they gnaw Holes with
teir tharp Fangs, capable of concealing them ; and there envelope them-

¢S in a Covering of their own fpinning ;3 where they foon become me-
Hmorphofed into dark colour’d Aurelias *, and continue fo all the Winer
Unaltive and harmlels : But about April or May, as the Weather grows
Yarm, they are transformed into Moths of the Kind before defcribed, Then
e they to be feen in great Numbers taking little Flights, or creeping

¥ Leeurcen. Exp, & Contemp. Epifl. 71. :
Ma * along
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along the Walls 5 in the Fly-State they eat nothing, therefore are not mif-
¢hievous, but foon copulate and lay Eggs, ,not larger than a Grain of
Sand, in Shape like thofe of an/Hen, each Female fixty or feventy, which
by Means of a Tube at the End of her Tail, reprefented by - Fig. 142.
as it appears in. the Microfcope, fhe thrufts or, infinuates into the little
Wrinkles, Hollows,, or Crevices of the Corn; where in about fixteen
Days, they hatch, and then the Plague begins : For the minute Worms ar
Maggots immediately perforate the Grain where they are hatched upon,
eat out the very Heart of it, and with their Webs cement other Grains
thereto, which they likewife fcoopout;and devour, leaving nothing but
Hufks and Duft, and fuch a Quantity of their Dung, as fhews them t be
more voracious Infe@s than the Weevil, hereafter to be defcrib’d.

Thefe Werms or Maggots may be kept all the Winter in Glafs Tubes,
that are ftopped at each End with_a Cork and Wax, having firft.a Bit
of a very fmall Glafs capillary Tube, put thro® the Cork to give them Air.
Tn this Manner Mr. Lecuwenboek contin’d fome of thefe Moths with a few
Grains of Corn, and faw them lay their Eggs in the Crevices of the Com;
alfo in this Manner he obferved all the above Particulars.  Therefore
thefe Glafs Tubes may be readily applied to the Univerjal MicRroscoPE,
and are alfo very commodious to confine any Kind of Infe&, in order ©
obferve their Manner of Propagation, 1 apprehend it will not be im-
proper to_exhibit a Drawing of one of them in this Place, Fig. 25
A, B,C, D, reprefents a Glafs Tube AD and B C, ‘its Extremitics
ftopped with Corks and Wax. E G and F H are two exceeding foall .
Glafs Tubes, cemented in the Corks, but fo that the Air may have a free
Paffage quite thro’ them. Thefe Tubes are to be placed between the Ob-
je&t-Plate I, and Springs b, of the Univerfal Microscors, Fig. 1, feve-
ral Dozens of them will be neceffary to confine a few out of the grest
Variety of Infeéts that one Summer Seafon produces, therefore any Gentle-
man may be fupplied with more or lefs of them as he pleafes, at rn]fShZE
at the Sign of Tycho Brabe’s Head, in Flees-Street, 1oxNDoN, where 1
ways keep them ready prepared. :

Thefe little Moths are cover'd all over with an infinite Number of !WFI“
Feathers joined to their Wings, and other Parts of their Bodies by a Qu
as thofe of Birds are, but fo extremely different in Shape, thar fcarce ™
of them can be found alike. Fig. 144. fhews three of the larger Sort
fomewhat blackifh towards the Top, but tranfparent near the Stalk.
Fig. 143. fhews three others perfectly tranfparent, ten of the fmaller Sort
are exhibited at Fig, 145. butall of them of a different Shape. Thefe F?!;
thers which compofe the Borders of the Wings, but efpecially thofe whic
grew upon that Part of the Wing which was near the Body of the Moth, Wer®
alfo of different Fafhions, and much longer than the former. Five of
Sort are thewn at Fig. 146. . The
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The Methods. of dellro{irpg this;Vermin is,; when they forfake their
Food, and afcend the Walls, or when they appear in the Moth State ; at
both thefe Times. they: may be cruthed to Death by clapping Sacks vpon
them : But they may ftill_be more effectually deftroyed by clofing up all
the Doors and, Windows, and. filling the Corn.Chambers with the Fumes
of Brimftone #, by leaving it burning on a Pan of Charcoal, without giv-
ing it any Vent for 24 Hours : However, after that great Care muft be
taken to open them all again for fome Hours, that the Fumes may be en

tirely gone before any Body. enters. ; . _

. B. The Fumes of the Sulphur are not hurtful to the Grain.

The Nympb. of the Cloaths Math, called by Mr. Hook, the filver colour’d
Book-Werm, is a curious Object. It is a fmall filver colour’d fhining Worm,
and is often found fcudding among Books and Papers.; Fig. 147. reprefents
this Worm as it appears -in the Microfcope, having a tppica} Body, divi-
ded into fourteen fhelly Partitions, each of which are cover’d with a Mul-
tiplicity of thin tranfparent Scales, which from their feveral refleiting Sur-
faces, make the whole Animal appear of a, perfe& Pearl Colour: The
fimall blunt Head of this Infe@ is furniffied on either Side with a Clufter
of Eyes, (but fewer in Number than thofe of other Infeéts) each of which
was befet with a Row of fmall Briftles. ‘It has two long Horns A B, ftrait
and tapering towards the Top, curioully ringed and briftled, with a Gir-
dle of fmaller Hairs at each Ring, and feveral larger Briftles here and there
difperfed among them, alfo two fhorter Horns or Feelers C D, knotted
and fringed like the former, but without Briftles ; its hinder Part termina-
ted in three Tails, refembling the two long Harps in every Particular. It
had fix Legs fcaled and hair’d, which could not be reprefented in this Po-
fition, Thefe little nimble Animals are beft applied to the Microfcope,
upon a fingle Piece of Talc, or a thin Slip of Glafs, pinched in' the Nip-
pers, luvin% firft ftuck them thereto with a flight Touch of Turpentine,
ora Drop of Gum Water..

C'H"A P I XX,
Of the Weevil, or Corn-Beetle.

THIS little Jufeff is fomewhat bigger than a large Loufe of the
_ Scarab Kind. It does much Harm to many Sorts of Grain, by eat-
ing into them, and devouring all their Subftance : As many People are un-
acquainted with the #zevil, I have exhibited a Picture of it, in Fig. 148 .‘of
the full Size it appears of to the naked Eye. It has two jointed Horns, which
are reprefented as they appear when viewed through a Microfcope, at

* Leewwen, Exp. &5 Contemp, Epiff. 71. p. 246.
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86 Of the Weevil.
E, H, G, Fig. 149. Tts Trunk'at E D B, and ‘its Forceps or tharp Teeth
D, with which it gnaws'its Entrance into'the 'Heart' of the Grain, - either
for Food, or' to depofite its'E%gs. Bettveen the Forceps at D, appears 2
Kind of Sticker, with which it licks op the Flowbt of Dufk of the Grain,
If fome of thend are kept in Glafs Tubes,’ prepired as before deferibed,
that the'Aif may have a free' Paflage into them, ‘with a- few Grains of
Whear, their Copulation may be difcover’d,”and ‘alfo theit Manner of Ge.
‘neration, ‘Which ‘is thas’petformed. * The Féniale pérforacés’ a Grain of
Wheat, and therein depofites a fingle- oblong B or two at the moft,
and this Thé does to' five oF fix'Grains every Day, for feveral Days toge-
ther'y thefé 'Eggs, which'4re not above ‘the Size of a’Gtain ‘of Sand, in
abot fevén' Days produce an odd Sort of white Maggot, ‘which ‘wriggles
its Body very hni:tE. but'i§ fearce able t0“move from Plite to Place, the
Maggdt tirns ifito al Pﬁ'u'}:éﬁ_a_, “which'in" dbout " fotrteen Days comes ont 3

perfedt Wesbil. 0 L
by i ows A BTy o )

T HESE Iittle Creatures are 'a farprizing Objeét, when eiamined by
A the Microftope ; they are Male and Female, and undergo the fame
Changes as the Silk-worms do. ' They depofite their Egas at the Roots of
the Hair *} of Dogs, Cats, and other Animals; and by a. glutinous Marter
ftick them faft thereto ; one of thefe Eggs is reprefented ified in
Fig. 150. and at 151, the fame Egg broken by the Worm, gig. 152
hatched therein, ‘This Worm § contains the' Flea, ‘and is compofed of feve-
ral annular Divifions, thinly fet with long Hairs, having at its Head w0
extremely minute Horns at A ; thefe Worms feed upon the Juices of the
Body whereunto they clofely adhere. They are very nimble, but if di-
fturbed, roll themfelves fuddenly into a round Figure, and continue mo-
tionlefs for fome Time 5 after which they open themfelves by Degrees, and
crawl fwiftly away,. They endeavour to conceal themfelyes when their
Change draws nigh, éat nothing, lie quiet, and appear dying, but if 1:>lﬂ§?°‘i
before the Microfcope, will be found with the Web in their Mouths, weaving
a Covering round them ; the Infide of which is perfeitly white, but its
Outfide asit were foil'd with Dirt. In this Bag they put on the Chry/aliss
which is reprefented at Fig, 153. divefted of its Permicular Skin. About
two or three Days before they break forth from this Confinement, theif

* Lesno. Eip. of 6 dng. 10 the Royal Society. 4 Phil. Tranf; No. 249. % Are Nt
Tom. IV, Epift. 76. > Colow
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Colour darkens, and as foon as they iffue from the Bag, are perfect Fleas,
and able to leap away. A microfcopick Picture of a perfeét Flea is repre-
fented by Fig. 158.

It is all over adorn’d with a curioufly polithed Coat of Armour, or hard
fhelly Scales, neatly jointed and folded over each other, and befet witch
long Spikes, almoft like Porcupines Quills: Its Neck bears fome Refem-
blance to a Lobfter’s * Tail : Its Head is adorn’d on either Side with a
beautiful quick and round black Eye; behind each of which appears a
fmall Cavity, in which moves a thin Film, fet with many fmall tranfpa-
rent Hairs, which may probably be its Ears . = From the fore Part of its
Head, proceeds a Pair of little jointed hairy Horns, or Feelers A B.  Be-
tween thefe and its two fore Legs C D, is fituated its Piercer or Sucker, that
includes a Pair of Darts, which after the Piercer has made its Entrance, are
probably thruft farcher into the Flefh, to make the Blood flow from the ad-
Jacent Parts, that it may be fucked up ; and feems to occafion that round
red Spot, with a Hole in the Center of it, which we commonly call a
Flea-bite. This Piercer, its Sheath opening fide ways, and the two Lan-
cets within it, are very difficule to be feen, | unlefs the two fore Legs, be-
tween which they are ufually folded in, and concealed from View, are cut
off clofe to the Head ; for a Flea rarely puts out its Piercer, except at the
Time of feeding, but on the contrary keeps it clofely folded inwards ; one
Way therefore of coming at it, is by cutting off the Head firft, and then
the ; fince in the Agonies of Death, it may eafily be managed
and brought before the Microfcope. But this requires a great deal of Pa-
tience and Dexterity, Therefore another more likely Way to fucceed in
this Experiment, is,” when the Flea is juflt dead, to rake hold of its Back
with the Nippers m, of the Apparatus V, Fig.2. and then apply it to
the fixth Magnifier ; and having a fmall fewing Needle ready fixed ina
Handle, T have been able to prefs the Horns forward with the Point of
the Needle, and its two fore nearer to the Body; and this whilft I
Was looking thro’ the Microfiope 3 by which Means I could then exaétly
E;!S?lhm to place the Point of the Needle, fo as to raif;_ up the Picn:;r in

tuation D E, as exprefied in Fig. 154. which ents a Part of the
Flea’s Head ; and at the fame Time I have open’d :i:??icrcu', and fepara-
ted its two Lancers, and this withour cutting off any Part of the Flea,
Fig. 154. A B C are the two Horns, and D E are the two Sides of the
Piercer, which are partly hollow, that they may the better include the Lan~
;ﬂn or Dart, which in this Figure appears to be but one, but if carefully
“parated, will be found to confift of two Parts, as in thenext Figure 155;
Whereof G K and G I reprefent as before the two Parts of the Piercer be-

" Pow. Mic. Obf. p.2.  + Hook's Mic. p. 210. || Arc. Naz. Tors. IV. p. 332
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88 Of the Flea.

fet with feveral Hairs, and G H fhews the two Darts, but not feparated,
1At Fig. 156, they may be feen afunder, whereof L, O, L N, are the two
hairy Parts of the Piercer before fpoken of, and L M, O L P the Darts, in
L M may be feen the Cavity, which includes or receives the other Dart
L P, when :hcry are fhut up between the I'leas fore Legs, all the four make

but one Probolfcis,

Belides thefe two Legs before fpoken of, which adhere to the Head of
this little Creature, it has four others, which are join’d to its Breaft ; thefe
fix Legs the Flea clitches up altogether 5 and when he leaps, fprings them
all out at the fame Inftant, and thereby exerts his whole Scrength at once,
which carries him to a furprizing Diftance, above 100 times its own Length.
Its Legs have feveral hairy Joints, which terminate in long hooked Claws;
as in Fig. 158.

If the Eggs of Fleas be kept conftantly warm in one’s Bofom' (it has
been obferved that) in the Midft of Summer, they hatch in .four Days;
then feed the Maggots with dead Flies, which they greedily fuck. In
eleven Days they come to the full Perfection of the Reptile State, when
the Maggot fpins its Bag, and in four Days more changes into a Chryalis;
after lying in which Condition nine Days, it becomes a perfect Flea. Itis
then immediately capable of Coition, and in three or four Days lays Eggs:
fo that in * 28 Days, a Flea may come from its Egg, and propagate its
Kind ; and their vaft Increafe will not feem fo greata Wonder if we confider,
that from March to December there may be feven or eight Generations of
them; after having laid their Eggs they foon die, as all Creatures do thi
undergo fuch like Changes. : '

If you keep Fleas in fuch a Glafs Tube, as is before defcribed, fo 15 1
admit frefh Air, their feveral Actions may be obferved, and particularly
their Way of Coupling, which is performed Tail to Tail. The Femal
- (which is much the larger) ftanding over the Male: They will alfo be feen
"o lay their Eggs, not all at once, but ten or twelve in a Day for f

Days fucceflively; which Eggs hatch in the fame Order.

A Diffection of the Flea may be effected in Water, the + Stomach and
Bowels, with their periftaltick Motion, may plainly be diftinguifhed, ad
alfo the Teftes and Penis, together with Veins and Arteries, minute be-
yond Conception, Mr. Lecuwenbock affirms, that he has likewife difc>
ver’d innumerable Awimalcules, fhaped like Serpents, in the Semen Maful
pum of a Flea,

® drc. Nat, Tem. IV, p. 325.  + Bid. . 335
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€20 Al P, oo R
Of the Loufe.

T HE Tranfparency of its Skin enables us by the Help of the Micro-
dﬁmpe, to difcover the Motion of the Mufcles, * (which unite inan ob-

long dark Spot in the Middle of its Breatt) as the Loufe moves its Legs;
and alfo in the Head, when the Horns are moved, and in the feveral Ar-
ticulations of its Legs. The periftaltick Motion of the Inteftines is really fur-
prizing, which is continued from the Stomach thro’ the Guts to the Anus.
The various Ramifications of the Veins and Arteries, which are white,
and a regular Pulfe may be alfo difcern’d.  From its Head proceeds two
hairy Horns B B, Fig. 159. with four Joints. Its two black Eyes
are fhewn at C C, fenced round with feveral fmall Hairs; it has fix Legs,
cover’d with a very tranfparent Shell, and jointed exactly like a Crab’s or
Lobfter’s Claws ; each Leg hath five, Joints with feveral fmall Hairs inter-
fpers’d about them ; at the End of each is two fharp hooked Claws, as
may be feen in the Figure, unequal in Length and Sizes one of which re-
fembles that of an Eagle, but the other of the fame Foot + ftands ftrait out,
and is very fmall ; between thefe two is a raifed Part or Knob, moft ex-
quiﬁtclty_]conn'ivod for performing thofe Motions of walking and climbing
up the Hairs of the Head ; for when it walks, by having the leffer Claw
G fet fo much fhort of the bigger H, that the former does not touch, and
by Means of the fmall Joints in the latter, it is able to bend it round, and
fo with both Claws to grafp and hold faft the Hairs . Fromits Snout at the
Hole D, when the Loufe is going to feed, it puthes out a pointed
Part, which is reprefented at Fig. 157. whereof L. O P is the Snout Part
of the Loufe’s Head. At O is the Nipple, from whence the Sheath, or
Cafe M, and from within this alfo, the Picrcer § or Sucker N is pufhed out;
at N, its Point is fomewhat cleft. Thefe are thruft into the Skin to draw
out the Blood and Humours it feeds on ; for Mr. Hook placed a Loufe upon
the Back of his Hand that had been fafting two or three Days, which im-
mediately thruft its Sucker into the Skin, and he could plainly fee a fmall
Current of Blood come directly from its Snout in a fine Stream to the fore
Part of the Head, and then to fall into a roundifh Cavity ; it paffes again
i a like Stream to another circular Receptacle in the Middle of the Head
& A, from thence through a fmaller Veffel to the Brealt; and then to a
ut that reaches to the hinder Part of the Body, where in a Curve itturns 2

* Philyy. Tran/. No. 284. ftid. No. o4. Hook's Microf, p. 212. § Leewwenh,
Exp. 8 Com. sk, 4 1 94 i - Hoo icref. p
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litle upwards. In the Breatt and Gue the Blood without Intermiffion is
moved with great Force, and in the Gut with fuch a ftrong Propulfion
downwards, and fuch a Contraftion of the Gut as is furFriﬁng. In the up-
per Part of the crooked afcending Gut the propelled Blood ftands fill, and
feems to undergo a Separation 3 * part of it becoming clear and waterifh,
while certain little black Particles pafs downwards to the Anus. The Thorax
is cafed with a tranfparent horny Subftance, through which the Blood was
varioufly di&ributﬂ£ ; and at I, appeared a pretty big white Subftance;
many very {mall milk-white + Ve[feﬁpw:rc difcernable between its Legs, our
of which on either Side were many minute Branchings, The Belly is co-
vered with a thin tranfparent Skin ; at the upper End of this its Stomach
KK is placed, and the white Spot L ; at the Extremity of the Tail are
two femicircular Parts covered all over with Hair.

Place a Loufe on its Back and two darkifh bloody Spots will appear;
the larger in the Middle of the Body, and the lefler towards the Tail. In
the larger Spot a white Film 1 or Bladder contraéts, and dilates upwards and
downwards from the Head towards the Tail ; the Pulfe of which is follow-
ed by a Pulfe of the dark bloody Spot, in or over which the white Bladder
feems to lie. ‘This Motion of Syftole and Diaftole is feen beft when the
Loufe is grown weak ; the white ffn.rl[ing Bladder feems to be the Heart,
for on pricking it the Loufe inftantly dies.  The lower darkifh Spot is
thought to be the Excrement in ‘the Guts.

The Males have Stings | in their Tails, the Females none: The Females
lay Eggs or Nits, from whence Lice are produced perfet in all their Mem-
bers, and undergo no farther Change.

Mr. Lecuwenboek obferved that in fix Days one of them had laid 50
Eggs, and diffeing it, he faw as many more in the Ovary ; concuding
from thence that it would have laid 100 Eggs in 12 Days. Thefe Eggs
hatch’d in fix Days, would probably produce 50 Males and as many Fe-
males ; and thefe Females coming to their full Growth in 18 Days, might
in 12 Days more probably lay roo Eggs alfo, which Eggs in fix Days
farther, the Time required to hatch them, might produce a young Brood
of 5000 ; fo that in cight Weeks a Loufe may fee 5000 ** of its 0Wn
Defcendants.

Upon the oblong Slip of Glafs R, Fig. 2. a Loufe may be eafily diffe-
ed in a {mall Drop of \R’ater and applied to the Microfeope ; thus five o
fix Eggs ready to be laid may be Eaund in the o?ln Female, with
many other of a lefs Size. In the Male the Penis is remarkable, and a].i'o
the Teftes, whereof it has a double Pair, The Females appear very white
if falting, and even when fed are lefs red than the Males.

® Pbi. Tran. No. 102. 1 Hook's Micro. po 213. 1 Pow. Mi, Ob. .9 j £
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Of Lice, or

The Vermin adhering to and feeding on the Bodies of different Animals
are commonly called Lice.

Infets are infected with Vermin that feed * on and torment them ; fever-
Beetles have Lice on them.

The Earwig is troubled with minute Infeéts, which ftick like Lice on
the feveral Parts of the Body, efpecially under the fetting on of its Head.
They are white like Mites, but fmaller; are round back’d, flat bellied,
long legged, efpecially the two foremoft, the fame has not been obferved
on any other Animal.

Snails of all Kinds have Infefts feeding on them. Small red Lice are
frequently to be feen about the Legs of Spiders.

White Lice are commonly found on Humble-Bees, on Ants, on Fifhes,
&¢, and probably very few Creatures are free from them.,

The Polipe alfo is not exempt from Vermin of this Sort.

There is another Sort of Loufe found about unclean People, called a
Crab-loufe.

Seignior Redi at the End of his Treatife de Generatione Infetts, hath
obliged us with Microfcopick Drawings of feveral Serts of Lice, that feed
upon the Bodies of different Animals, to which I refer the Reader.

In the Hawk and Turkey Hen he obferved three Sorts, four in the
Wild Duck, in the Wild Goofe, Swan, Keftrel and Plover two ; yet there
are feveral Sorts of Birds, which have either the fame Sort of Lice, or
fome nearly like them. The Keftrel hath a fort of Lice differing only in Co-
lour from thofe of the Raven; and the Raven others, like thofe found
ﬁn the Egret: On the Wood-pecker and Chafinch are fome refemblin

fe of the Starling ; on the large Wild Duck are fome much like thofe
of the Wild Goofe. It is alfo obfervable, that the Bignefs of each Bird’s
Lice bears no adequate Proportion to the Bignefs of the Birds they are
found upon ; bue that on the largeft Birds both large and fmall Lice of dif-
ferent Keggs may be found ; for on the Black-bird hath been feen fome as

as thofe on the Swan.

There is alfo a little Animal in Shape and Colour like a Loufe, com-
monly found among the Leaves and Covers of Books, and in rotten Wood 3
it .hls a fwift Motion and runs by Starts ; it is called a #sod-loufe + or Wood-
Wite, If this Animal be ftuck upon the Point of a very fine fewing Needle
¥ith a little Turpentine, it will gg found a very curious Object ; its whole

Body being cafed in annulary Circles, full of Silver Hairs, efpecially to-
¥ards the Tail, with fix Legs, that terminate in two Talons ; it hath two
Hm'ﬂ&. but pointing backwards; its Eyes are of a golden Colour, and
Pulhed out or drawn in at Pleafure ; it hath alfo two Pointers before like a
Bair of Pincers,

® Phi. Tran. No. 288.  § Peaw. M, 05, p. 10.
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C HAP XXIH:
Of Mites.

SE LT L

THEY are cruftaceous Animals, having a fmall Head in proportion

~to their Bodies, a fharp Snout and Mouth like that of a Mole, * when
open it appears red ; they have two little Eyes, fome have fix Legs, others
eight, each of which terminate in two hooked Claws: The Divifions of
the Head, Neck and Body are eafily difcernable by the Microfaope ; the
hinder Part of its Body is plump, and of an oval Form, with a few exceed-
ing fmall Hairs iffuing therefrom, and from other Parts of its Body alfo.
The Female lays Eggs, the young ones iffue forth with all their Members
Ferfe&, though extremely minute ; they caft their Skins feveral Times be-
ore they attain their full Growth.

Fig. 160. reprefents one of the Mites in Cheefe ; its Head is feen at A,
and exa&ly anI{:rcrs the Defcription before given. One of a Mite’s Eggs
is feen at Fig. 165.

They may be kept alive many Months between two-concave Glaffes,
and applied at Pleafure to the Microfcope ; by often looking at them they
may frequently be feen in coitu,+ conjoin’d Tail to Tail, for though the
Penis of the Male be in the Middle of the Belly, it turns backwards like
the Rhinoceros. The Coitus is performed with an incredible fwift Motion-
In warm Weather their Eggs hatch in 12 or 14 Days; but in Winter-
time and cold Weather not under feveral Weeks: The young ones may
be frequently feen near a Day ftruggling to get clear of their Egg: fhell

A

s e d o -
Of the wandering Mite.

T HESE Creatures appear to the naked Eye to be a kind of black
Mite, though much nimbler and ftronger than the Cheefe Mt
but on viewing them in the Micrafeope, they will be found to be a very ﬁz
crultaceous Infect, like Fig. 161. with a protuberant oval Shell indent
with feveral fmall Pits, covered all over with white Briftles, they h“;:
cight Legs, each of them furnithed with a fharp Claw at the End. T

* Pow. Mi. Qb. p. 16, .+ drc. Nat. Tem. IV. p. 360. Thoras
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Of Mites: 93
Thorax was cover’d by two Shells, its Snout taper with a knobbed Ridge *
running along the Middle of it ; juft over each of its Eyes arofe two very
long and ftrong Britles, its Eyes black and fmooth like thofe of bigger In-
fetts. Thefe Mites are to be met with on almoft any Subftance where they
can get Food. i

Another Sort of Mite as delineated by Dr. Heok, is reprefented in Fig.
162, cover'’d with a curioully polithed Shell, which rege&cd the Light
from all Sides.

Thefe Creatures are very much diverfified in Shape and Colour,
and in feveral other Circumftances, according to the Nature of the Sub-
ftance out of which they feem to be fed, + being in one longer, in another
rounder, in fome more hairy, in others {moather, in this nimble, in that
flow, here pale and whiter, there browner, blacker, or more tranfpa-
rent. They are to be met with almoft on all Kinds of Subftances, that
are mouldy or putrifying, in Oatmeal, agd in Malt-Duft ; there are Mites
bred among Figs, | in Hay, and in the Powder that falls off dried Roots 1.
They are voracious Animals, and devour not only Cheefe, but alfo all
Sorts of dried Flefh, Fifh, Fruits, and Grain, and almoft every Thing
befides that has a certain Degree of Moifture, without being over-wet.
Fig. 164. reprefents a fmall Hair of a Mite as delineated by Mr. Leeuwen-
boek, which a certain Gentleman compared to an Indian or Fapan Cane,++
with feveral Joints, and faid it appeared to him through the Microfeope as
if fharp Twigs were fprouting out of each Joint. And Fig. 163,
reprefents another Hair or Briftle of a Mife magnified, which was
fpicated, er bearded like the Ear on the Seed-beard ** of fome Grafs,
Every Briftle on its Body arid Legs had the famie Formation s yet all Mites
are not fo for of feven or eight which were inclofed together, but one of
them was found whofe Briftles were all of this Make, ‘in the reft the Horns
only were fpicated.

Their Mouths open horizontally to the Right and Left, like that of a
Walfp; feveral of them being thur up together without Food for fome

ays, fome were found dead, and the Survivors preying on them; by
which Means their manner of feeding 11 was obferved, which is very remark-
able 5 for they thruft one Mandible forwards, and draw the other back-
Wards at the {fame Time, and thus they do alternately ; fo that they feem
t grind their Food.  After feeding they munch or chew the Cud.

Mr. Leeuwenbock hath obferved that Mites in Cheefe turn into Aurelias,
and from thence to Flies ; when they turn into Aurelias | they are inclofed
In a thin tranfparent Membrane, which in fome meafure fcreens them from
the Infults of the Maggots that fwarm in Cheefes. He alfo obferved fome

* Hook's M;. p. 206. t Ibid. p. 214. | Pb. Tran. No. 333. 1 Poaver’s Mi. Ob. p.18.
Bl No, 38y, id Mo 335 13 Tod. Newobss Vi) g, Mo, 36 .
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of the Flies produced from thefe Cheefe-Worms, that he kemn a Glafs.
Tube in which he had put Cheefe for them to feed upon, coupled ;
and foon after laid Eggs of an oblong Figure, and then died : From thefe
Eggs came young Worms, which alfo fed on the Cheefe, and when he
judged them to be at their full Growth, and the Weather began to be cold,
he took fix of the biggeft, and carried them about him ; and a few Days
after he obferved that four of them were changed into Aurelias, that two
Worms were dead, and two Flies fkipping about the Glafs ; he repeated
the fame Thing in January, and with the like Succefs; when he kept them
in the Cold, little or no Sign of Life or Motion appeared ; but as foen %
he put them into his Pocket, they were as brifk as in Summer. Upon
opening an Aurelia that had never produced a Fly, a dead one was found
within it, which had been making its Efforts to get out, but was not ftrong
enough to effect it. :
Thefe Vermin creep into the Cabinets of the Curious, and deftroy their
choice Collections of Infeéts : But to prevent this,  keep in your Drawers,
€. a continual Supply of Camphire, whofe hot and dry Effluvia will pe-
Em&e, fhrivel up, and deftroy the tender Bodies of thefe little mifchievous
underers,

SecT I
Of a Crab-like Infect.

r I "HIS Infe&t is about the Bignefs of a large Mife, and of a very

curious Form, as delineated in Fig. 166, it had ten Legs, eight of
which aaaa terminated in very fharp but double hooked Claws, ben8
thofe it walked upon, which were fhaped much like thofe of a Crab: the
two other Claws A A, that were the foremoft of all the ten, feemed t©
branch out from its Head, and were exa&ly formed like Crabs, or Lo
fters Claws, as are expreffed in the Figure, whofe Ends terminated 10 3
Pair of Pincers, (with which I have often feen him ftroke thofe other Claws
EE) which grew out of his Snout; in walking the Creature elevated the
former above its Head and Body ; its Eyes were fituated aboutdd, 1S
Head was covered with a kind of fcaly * Shell at F, its Thorax G G with
two fmooth Scales, and its Back with eight knobbed ones HEH. Thef
Infecs are frequently to be met with amongft Books and Papers that come
from China, when firft unpacked.

® Hook's Micr. p. 208,
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CH-A P XXIV.
 Of the Semen Mafculinum.

Pontaneous Generation, is a Do@rine fo generally exploded, that a
Difproof of it is altogether needlefs in this Place, it being put be-
yond all Difpute that all Awimals and Vegetables owe their Production to
t Animals and Vegetables; and that Animals are from Amimalcuia.®
hefe Animalcula being originally in the Semen of the Male, and not in
the Female ; therefore can never come forward or be formed into Animals
of their refpective Kinds, without the Ova in the Female - 5
By the Affiftance of a good Microfcope, Myriads of Animalcules may
be diftovered in the Semen Majeulinum of Animals, alive and vigorous ;
though fo exceedingly minute, that it has been computed 3,000,000,000
of them are not equal to a Grain 1 of Sand.

_The general Appearance of the Animalcules in the Semen Mafculinum of
different Creatures is very much the fame, that is, their Bodies all feem to
be of an oval Form, with long tapering flender Tails iffuing therefrom,
fomewhat tefembling Tadpoles : Though their Tails in Proportion to their

ies are much longer than thofe of Tadpoles. And the .4nimalcules in
the Semen of Fifhes have Tails fill longer and flenderer than either, info-
much that the Extremity of them is rarely to be difcerned. Their general
Appearance as above defcribed is fhewn Fig. 187. . :
Mr. Leewwenboek, upon viewing the Milt of a Cod Fi Il with a Mi-
trofeope, obferved therein fuch prodigious Numbers of iving Animalcula,
with long Tails inceflantly moving to and fro, (he obferved the fame Thing

i the Milts of Pikes or Jacks) that according to his Computation 10,000
of them mighe be contained in the Quantity of one Grain of Sand §. Whence
he argues, that there are more living Animalcula in the Milt of one Cod-fifb,
thin there are People alive upon the Face of the whole Earth, at one and
the fame Time. He computes one hundred Grains of Sand to make the

cter of an Inch, then a cubic Inch will contain a Million of fuch
5. And as he found the Milt of the Cod-fith to contain 15 Inches, it

Mt contain 15 Millions of Quantities as big as a Grain of Sand 3 and if
@ch of thefe Quantities contain 10,000 Animalcules, the whole muft con-
Gin one hundred and fifty thoufand Millions. Then to calculate the Num-

of People, he reckons a great Circle to contain 5,400 Dutch fquare
: Whence he calculates the Earth’s Surface to contain 9,276,218 fuch
quare Miles: And fuppofing one Third of the whole or 3,092,072 Miles

> Phi.Tr. No. 192.  + Vide Harvis's Lex. Tech,  wnder the Word Generation. 1 Fide
Kl dnat, b 6. | Ph. Colle@ions, No. L. p. 3. § dr¢. Nat. Tem. 1. Par IL p. 9~t0




|
{

96 Of the Semen. Mafculinum.

to be dry Land 3 and of this 5 or 2,061,382 Miles to be inhabited, And
fuppofes farther, that Holland and k- Frizeland are 22 Miles long, and ;
broad, which make 154 fquare Miles : The habitable Part of the World
is then 13,385 times the Bignefs of thofe Places.

If the People in thefe two Provinces are fuppos’d a Millien, and that all
the other Parts of the World are as populous as thefe, which is improbable,
there would be 13,385 Millions of People on the Face of the whole Earth:
But the Milt of this Fith contain’d 150,000 Millions of Animalcules, which
is 10 times more than the Number of Mankind.

The Seminal Veffels of a Cock* being opened, and a fmall Drop of the 8-
men fqueezed out, and apply’d to the Microfcope, great Numbers of Ani-
mals were feen {wimming therein in Legions, and croffing one anothes fike
Clouds in a ftormy Day, as brifk as if the Cock was but newly dead, 1 altho’
it was killed the Day before ; they appear as at Fig, 168. if viewed with due
Attention, and with the greateft Magnifiers, otherwife only in the Form of
Eels. :

Mr. Leeuwenboek, in the Spring-time, when the Frogs engender, open'd
the Tefticles of the Male, | and on applying fome of the /eminal Matter to
the Microfcope, Multitudes of xfuimf’::u.’e: appear’d therein, about rvvsth
Part of the Thicknefs of a humanHair ; and there feemed to be ten thou-
fand of them 4t leaft to each one of the Female Ova, their Form is as i¢-
prefented in Fig. 169. _

Mr. Leeuwenboek’s Method of computing the Size of Animalcules was this,
he placed an Hair § of his Head near them, which Hair appear’d an Inch in
Breadth ; and being fatisfied that 60 of thefe Animalcules could lie within
that Diameter ; whence their Bodies being fpherical, 216,000 of them ¢
but equal to 2 Globe, whofe Diameter is no more than the Breadth of fich
an Hair. Another Method of his alfo follows. ;

He firft foppos’d a Drop of Water equal to a Pea; then took a littl
Quantity of Water, of a round Figure, as big as a Millet Grain ; and reckon
ed thistobe 5+ of a Pea; 1 for when the Axis of a Millet Seed makes I, that
of a Pea will make 43, whence it follows, that the Seed of a Millet s 3¢
leaft the 5% of a Pea; this fmall Quantity of Water he put into 3 V'Y
flender Glafs Tube, dividing by this Means that little Water into 25 O 3°
FParts, and found more than 100 Animalcula in the % Part of Wateh ©
qualling the Bignefs of a Millet Seed. Whence it appears, that if 199°
are to be feen in the s Part of a Millet Seed, there may be feen 30,000
in one fuch whole Seed ; and confequently in a Drop of Water gt 80¢
bigger, there may be feen 2,730,000. Befides he compared the Water 10
the Bulk of a Grain of Sand ; that if the Axis of a Grain of Sand be 1, ¥

® Phil. Tranf.No. 279. * + dre. Nar. Tom. IL. Part I, p. 369, || dre. Nars T
PartL p. 51, § Phil. Tranf. No. z70. 1 Bid. No. 131, i of
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of a Drop of Water is at lealt 10, confequently a Drop 1000 times bigger
than that Grain of Sand, and therefore there are 1,000,000 of Animalcula
in one Drop of Water, at the Rate of rooo little Animals in that Quantity
of Water.

* In the fame Manner he alfo computed that 4,096,000 Eggs were in
the Roe of a Crab. Each of which received its Nourithment by a String
from the Crab’s Body.

To view the Animalcules in the Milt or foft Roes of Fithes, fqueeze out
a lietle of it, and putting the Quantity of a Pin’s Head upon the Glafs R,
dilute it with River or Rain-Water, till they have fufficient Room to fwim
freely about, and thew themfelves to Advantage.

. B. The Eggs 1 in the Roe 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. -

Some of the feminal Matter taken from the Tefticles of a Dog, [abound-
ed with Animalcules in Form of Fig. 170. and fome of them remain’d a-
live after having been kept feven § Days in a Glafs Tube.

The Tefticles of a Hare, altho’ four Days $ dead, were found to be ex-
ceeding full of Animalcules, like thofe in Dogs, fwimming in a clear Li-
quor, but without Motion. :

A Female Rabbit being killed immediately after the Coitus, and the Ute-
rus opened, innumerable Quantities of Awimalcules were found in a fmall
Drop taken from the Mouth: of the Fallopian Tube, where it opens into
the Matrix ; but none were difcern’d in the Uterus itfelf, or farther along
the Tube ; they had long Tails, and moftly ** fix tranfparent Globules ap-
pear’d on the Body of each, asinFig. 171. A; tho’ fome had only one
Globule at the End of the Body, and another in the Tail, as Fig. 171. B.

A Buck being killed in Rutting-Time, the Pafa Deferentia were found
turgid, and full of a milky Fluid, a Drop of which diluted with a Drop of
warm Water, juft enough to change its Colour, and then applied before
the Microfcope, appear’d full of Animalcules moving very brifkly || |.

A Drop of the feminal Matter taken from the Telticles of a Ram, flow-
¢d with .Znimalcules in as great Numbers as that of other Creatures; but
With this Difference, that they fwam in Droves together the fame Way, l
ad feem’d to follow their Leader §§ as Sheep do.  Mr. Leeuwenbock found
o much Pleafure in this Obfervation, that he called in fome Neighbours to |

it with him., 1

This ingenious Enquirer after Nature, opened the Uterus of an Euwe, |
dbout feventeen Days after fhe had been coupled with a Ram ; and in one

» * Arc. Nat, Tom. 1. Part 1. p.339.  + lhid. Tom 1L p.188. || Zid. Tom. L

Tm L' p. 160, § Jhid. p. 150, and 4. 1 Ibid. Tom, 1. Part IL. p. 160. ** [bid.
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of the Cornea obferved a little reddifh flefhy Subftance, wherein no Shape
could be diftinguithed, which he extended very gently out of the Round
in which it lay, and could plainly perceive the Formation of all the Verre
bre, with the Blood-Veffels and Ramifications pafiing over them, and could
fee the fpinal Marrow in two Places *, and diftinguithed not only the
Head, buc alfo the Mouth, Brain, and Eyes, the Bignefs of two Grains of
Sand, and clear as Cryftal ; he likewife faw the Ribs and Inteftines, tho’
the whole Creature was no larger than the eighth Part of a Pea. Afer
which he open’d the Uterss of another Ewe, + three Days from the Goitus,
and fearching the Liquor coming therefrom with a magnifying Glafs, ob-
ferved a little Particle the Size of a Grain of Sand ; and examined it with
a very good Microfcope, and with great Pleafure found it to be an exceed-
ing minute Lamb, lying round in its Integuments, and could plainly difcern
its Mouth and Eyes.

The buman Semen has alfo been viewed by the Microfcope, and found to
be as plentifully ftocked with Animalcules, as that of other Animals: Mr.
Leenwenboek has feen more than 10,000 living Creatures moving in a Quan-
tity of the fluid Part thereof, no bigger than a Grain of Sand: And in the
thicker Parts, they were fo thronged together, that they could not move
for one another; their Size was fmaller than the red Globules of the Blood,
and even lefs than a millionth Part of a Grain of || Sand, their Bodits
roundith and fat before, as in Fig. 172. but ending fharp behind. Their
Tails are exceedingly tranfparent, and five times longer, and flenderer than
their Bodies. They move by the Agitations of their Tails in various Bind-
ings, after the Manner that Eels fwim.

The § Animalcules in the Semen Mafeulinum of all Creatures differ but
little in Shape or Bignefs, for which Reafon it follows, that the Animallé
may be dilcover'd in the Semen of the fmalleft Birds, Quadrupeds, and
Fijfbes ; nay, and even in Infe@s to. For Mr. Leeuwenbock aﬂirnﬂ,.th“
he found in the white Matter he had fometimes fqueezed from the hindef
Parts of Male 4 Spiders, a prodigious Number of Animalcules. He found
them alfo in the Semen of the (a) Dormoufe, in (b) Oyfers, in (¢ Silk-
worms, in the (d) Labella minima, or fmall Dragon Fiy, the common
(¢) Fly, in the Male (f) Flea, in (g) Gnats, and many other Infects.

It is obfervable that amongft the many Species of Animalcules found ™
Waters, and other Infufions, there are none like thofe in Semime ; but thit
thefe laft, in all Sorts of Creatures, have a general Likenefs to each-othefs and

: 1, part 1L
* Are. Nat. Tom. 1. PartIl. p.164. + Iid. p. 173. | Arc. Nat. Tom. 1L Pert
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appear in continual Motion without any Intermiffion, if the Fluid be but
fufficient for them to {wim in,

It is farther obfervable, that no Animalcules can be found in the Bised,
Spittle, Urine, Gall, Chyle, or any other of the Humours, except the Se-
men only.

CHAP XXV.
Of the Oyfter.

ANY little round living Animalcules have been found in the clear
Liquor of an Oyffer, * fuppofed to be the Animalcules in the Ros
or Semien,

Mr. Leeuwenbock open’d an Oyfter on the 4th of Auguf, (which is the
Time that Oyffers are fuppos’d to breed) and took out of it a prodigious
Number of minute Oyffers, all alive and fwimming brifkly in the Liquor,
by the Means of exceeding {mall Organs, extending a little Way beyond
their Shelis, which he calls their Beards ; in thefe he could diftinguifh the
joining of the Shells, and perceived fome that were dead, with their
Shells gaping, and as like large Oyffers in Form as one Egg is like another,

Upon opening a Female Oyfter, incredible Multitudes of minute Oyffers,
cover'd with little Shells, perfectly tranfparent, were plainly feen therein ;
in another they were found of a brownith Colour, without any apparent
Life or Motion,

Monf. Azout obferved a fhining clammy Matter, which ftuck to the
Shells of Oyfters, and being drawn out, thone+ in the Air its whole Length,
which was four or five Lines, and continued fo for a confiderable Time
when laid on the Obferver’s Hand, and afterwards opening more than 20

in the Dark, and then examining fome of this thining Matter with
2 Microfzope, he found it to confift of three Sorts of real Worms. One
was whitith, having 24 or 25 forked Feet on each Side, with a black Speck
on one Side of the Head, taken by him for a Cryftalline. Its Back like an
Eel ftripp’d of its Skin ; the fecond was red, refembling the common
Glow-werm, with Folds on its Back, Legs like the former, and a Nofe like
that of a Dog’s, and one Eye; the third Sort was fpeckled, with a Head
like 2 Soal, and many Tufts of whitith Hair on itsSides. There was a
blsirr Species, that was greyith with a big Head, and two Homns like
thofe of a Spail ; it had feven or eight whitifh Feet, but thefe fhined not.

The two former confift of a Matter eafily diffolvable, the leaft Touch
Wming them into a vifcous and aqueous Matter, which falling from

® drc. Nat. Tom. I1. Part L. p. 2.+ Phil. Traef. No. 12. p. 203.
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the Shell, ftuck to the Obferver’s Fingers, and fhone there for 20 Seconds.
If any Part of it fell to the Ground it appeared like a fmall Piece of flaming
Brimftone, and when fhook off nimbly, it feemed a fmall fhining Line,
which was diffipated before it reached the Ground. Some of it was whitifh,
fome reddifth, but both afforded a violet Colour to the Eye, The Worms
give no Light when irritated ; and if they do, it lafts but a little while:
Whereas in thofe that are not provoked, it continues a good while.

As tainted Flefb, rotten Wood, Bodics of Lobfers, and fome other Kinds
of Fijbes, and other Subftances, are fometimes found to fhine with a Light
refembling the foregoing, may it not probably proceed from the fame
Caufe, viz. from Animalcules ? Some have alfo fuppofed, that the [gnis
Fatuus, Will in a Wifp, or Fack in a Lantborn, is nothing elfe but a Swarm
of minute Infeéts, that emit Light round them in the Manner Glow-
worms do.

CHAP XXVL
Of the Mufile.

N a Diffection of the Ovarium of a Mufcle, Mr. Leeuwenboek difcovered
Numbers of Embrio Mufcles, * which appeared as plainly in the Micro-
Jeope as the Mufcle does to the naked Eye; lying with their fharp Ends
faltned to the Strings or Veflels whereby they received their Nourifhment.
Thefe minute Embrio Mufcles are in due Time laid or placed by the
Parent, in a very regular and clofe Order, on the Outfide of the Shell;
where, by means of a glewy Matter, they adhere very faft, and continually
increafe in Size and Strength ; till becoming perfect Mufeles, they fall off
and fhift for themfelves, leaving the Holes wgere they were placed behind
them, as Abundance of Mulcle-fhells when viewed by the Microfecope €30
fhew. Two or three thoufand of thefe Eggs adhering fometimes to the
Shell of one Mufele ; it is not certain they are all fixed there by the M e
itfelf, but are frequently -placed there by another Mufcle, The fringed
Edge of the Mufile, calied by Mr, Leeuwenboek the Beard, has in every the
minutelt 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 manf
moving Particles, which one would almoft imagine to be Animaleules .
The Strings or Threads, which we term the Beard, are compofed of 2
Glew, which the Mufcle applies by the Help of its Trunk to fome fixed
Body, and draws out as a Spider does its Web, thereby faftening itfelfs
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that it ‘may not be wath’d away. If Maufcles be put into Salt and Water,
they will faften themfelves to the Sides of the Veffel we place them in.

Scallops, Cockles, Limpets, Perriwinkles, and Abundance of other Shell-
fith, are Objeés that have as yet been very flightly examined by the M;i-
crofeape 3 and therefore the ferious Enquirer into Nature’s fecret Operations
may here be certain of difcovering Beauties, which at prefent he can have
no Conception of.

CHAP XXVIL
Of the Itch.

O®or Bononio hath difcovered that this Diftemper owes its Rife to lit-

tle Infeéts ® under the Cuficula, whofe continual Bitings caufe an

Oufing of the Serum from the Cutis, and produce thofe Puftules whereby
the Difeafe is known.

For on obferving People in this Diftemper pull out of the Scabs, little
Bladders of Water with the Point of 2 Pin, and crack + them like Lice upon
their Nails, from a Place fcabbed over, and where there was a grievous
Itching, he picked out a little Puftule, and from thence fqueezed a
thin Matter, in which he could but juft difcern a fmall white Globule ; but
on applying it to his Micrafcope, ff:und it to be a minute Animal of a
whitith Colour, in Shape refembling a Tortoife, but fomewhat dark on its
Back ; it is repreented in Fig. 173, at A and B, they have fome long Hairs,
fixLegs, a fharp Head, and two Horns, and are very nimble. He repeated
this Experiment on Perfons of all Ages, Sexes, and Complexions, and at
all Seafons of the Year, and found the fame Sort of Animals in moft. of
the watery Puftules ; they begin to enter in the Furrows of the Cuticula by
gnawing and working in their Heads till they are quite got under, where
they caufe a grievous Jsching, and force the infected Perfon to fcratch,
which only heightens the Malady : From his frequent Obfervations he alfo
faw one of them drop an Egg, almoft tranfparent, from the hinder Part of its
Body, and afterwards faw feveral others of the fame Sort, one of which
15 r}cg:rcfcntr.d at C, Fig. 173.

ence follows the Reafon why this Diftemperis fo very catching, fince
by ﬁm})lc Contaét thefe Animals can readily pals from one Perfon to another,
not only from their fwift Motion, but by their clinging to every Thing they
touch; ‘and crawling as well upon the Surface of the Body, as under the
outward Skin. A few being once lodg'd, they multiply apace by their
Eges; nor is it any Wonder if this Infetion is alfo propagated by the

* Bonani Micro. p. gv.  t+ Pb. Tran. No. 283: e
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Sheets, Towels, Handkerchiefs, or Gloves, ufed by itchy People; fince
thefe Animalcules may eafily be harboured in fuch Things, and will live
out of the Body two or three Days. '

This Difcovery alfo accounts why this Diftemper is never cured by in-
ternal Medicines, but requires lixivial Wafbes, Baths, or Ointments, made
up of Salts, Vitriols, Mercury, Sulpbur, Precipitate or Sublimate, or fuch
kinds of corrofive and penetrating Remedies as can powerfully kill thefe
Vermin in their Skin. It is neceflary to continue the Anointing for fome
Days after the Cure feems perfeted ; for though the Ointment may have
deftroyed all the living Antmalcules, it may not probably have killed their
Young in the Eggs, which are laid in Nefts in the Skin, which if fuffered
to be hatched may renew the Dillemper.

CHAP XXVIIL
Of Animalcules in the Teeth.

HESE are to be found in great Numbers of different Kinds, 1n
the whitith Matter, that fticks between the Teeth of Men, Women,
and Children 3 * but efpecially between the Grinders, although they wah
their Teeth frequently ; but from People that are more carelefs a Sort of
Eels are found. The firft Sort A, Fig, 174. move along very fwiftly, i
Spittle or Water without Bubbles. The fecond Sort feen at B, Fig. 174
move in the Diretion of the doted Line. The third Sort is feen at E, and
the fourth Sort at F.
They all die if Vinegar be put to them ; from whence it feems probabl,
that if the Teeth and Gums be frequently wathed with it, it maybed
Means to preferve them from thefe Creatures,

o . e .9 b,
Of the Snail.

HIS flow paced flimy Animal hath many curious Obfervables

The firft are its four Eyes, like atramentous Spots, fixed at the £
of its Horns, or rather at the Ends of thofe black Filaments, or 0pt
Nerves + that are fheathed in its Horns, which it can thruft out, draw 1
turn, or direct as it finds Occafion. If when the Horns are fully extend-
ed, you nimbly clip off their Extremity, and place them before the Mid*

® Leew. Ex. & Canty po 40, Tom IV, + Pow, Mi. 0b. p. 36, Speids de la Nat. Da‘aj;- ;:,
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Jeope, either upon the Obje& carrying Glas R, Fig. 2. or ftick the End ‘of
them with a little Turpentine to the Point, they may eafily be examined
in the Univerfal Microfcope, with all the Magnifiers, and will be found to
be two Hemifpherical Eyes. And when the Stump is re-éxtended, it will
appear evidently hollow, or tubular to the naked Eye.

Snails partake of the Nature of both Sexes, infomuch that as foon as one
has impregnated the other, the fame A& of Generation is immediately re-
turned ; each of them, eighteen Days after thefe Approaches; drop “and
conceal their Eggsin the Earth ; the Young of which, when hatched, ap-
pear with Shells compleatly formed *.

If you would view the internal Fabrick of this Animal, the Microfeope
will after a dextrous Diffetion difcover to you the Heart, juft againft a
round Hole near the Neck, which probably is the Place of Refpiration,
the Heart may be feen to beat near a Quarter of an Hour after Diffeion.+
Its Guts are green (from the Herbs it eats) and curioufly branched over
with fine capillary white Veins. This Creature, how contemptible foever
it may feem, hath a compleat Sett of the fame Parts and Organs with other
Animals, as Heart, Liver, Spleen, Stomach, Guts, Veins and Arieries.

If the Head be cut off, a little Stone will be found, faid to be of a diure-
tick Quality, and of fingular Service in gravelly Diforders.

They have a Mouth like a Hare or Rabbit, and Teeth as reprefented in
Fig. 175. whereof A B C fhew the upper Jaw, which is white and of a
femicircular Form ; the lower black Part C DE, hath feveral prominent
Parts or Teeth FF F, but all fixed together fo as to compofe the fame
Bone.  Mr. Hook obferved this very Snail (of which the Figure now before
usis a Pi¢ture of its Teeth) to feed on the Leaves of a Rofestree, and to
bite out half-round Bits of the Size and Shape of the Letter C.

Ifa Snail be fuffered to creep upon a Bit of Glafs, youmay by the naked
Eye (but better if you apply the Hand-Glafs of your Microfcope to view it
through) obferve a little cloudy Stream paffing from its Tail to the Head,

that never returns the fame Way; and this as long as the Snail is in
tion,

. CHAP XXX
Of the Scales of Fifbes.

Ve

T HE outfide Coverings of Fithes are Scales, formed with inconeeiva-
ble Beauty and Regularity ; fome longifh, fome round, fome trian-
Bular, fome fquare, and fome or other of all the Variety of Shapes imagin-
® Nat. Delin. p. 148. 4 Pow. Ob. p. 38. ad
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able : Some again are armed with fharp Prickles, as thofe of the Perch,
Soal, &c. others have fmooth Edges, as the Cod-Fifb, Carp, Tench, &c.
There is likewife a great Varicty even in the fame Fith ; for the Scales a-
ken from the Belly, the Back, the Sides, the Head, and all the other Parts
are very different from each other.

The Scale of a Soal Fifh is delineated, as it appear’d in the Microfeope, at
Fig. 176. whereof C D E F reprefents that Part of the Scale which fhews
itfelf on the Outfide of the Fifh, and A B C D, the Part which adheres to
the Skin, being as it were furrowed, that it might hold the fafter, * each of
which is terminated on the Outfide by pointed Spikes; and every other of
thefe much longer than the interjacent ones,

M, Leenwenbock fuppofes thefe Seales not to be fhed during the whole
Life of the Animal ; but to have an annual Addition of a new Scale grow-
ing over the old one, and extending every Way beyond its Edges, in Pro-
portion to the Fithes Growth : Somewhat in the fame Manner as the Wood
of Trees enlarge yearly by the Addition of a new Circle next the Bark;
and as the Age of a Tree may be known by its Number of Ringlets ; foin
Fithes the Number of Plates + compofing their Scales, denote to us ther
Age.
To prepare Scales for the Microfiope, take them carefully off with a Pair
of Nippers, and wath them very clean, and place them in a fmooth Paper,
between the Leaves of a Book to make them dry and flat, and then place
them in Sliders between the Talcs for Examination.

The Eel, Snake, Viper, Lizard, Slow Worm, and the Eft, &c. afford 2
great Variety of Scales. The Dog-Fifb Scales confift of a great Number of
horny Points, which appear in the Micrafeope to be curioufly ridged or carved.

CHAP XXXL
Of Spiders.

HERE are fo many difierent Sorts of Spiders, and their Form
gt:ncral}i known, that a Defcription of them in this Place, caonot
expected. 1 fhall therefore proceed to defcribe fome of thofe Particulars
this Creature, that are only to be difcover’d with the Affiftance of the ¥
erofcope. ? .
Some Spiders have fix Eyes, others eight, others fewer, and fome more.
They all feem to be Creatures of Prey, and to feed on other fmall Infets
but their Ways of catching them are very different. The Shepberd Spider

* Hook's Myc. p. 162, t Leawws. Epifl. Phyfel. Epift. 24 Mei 3716
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by running on his Prey 5 the Hunting Spider by leaping on it ; other Sorts
weave Nets, or Cobwebs, whereby they enfniare them. Nature having
equipped them both with Materials and Tools, and taught them how to
work and weave their Nets, and lic Perdue, and to watch diligently, and
run on any Fly, as foon as.ever entangled.

* Their Eyes are immoveable and tranfparent, but not pearl’d ; they are
fitvated in a moft curious Manner, and deferve the ftri@eft Fxamination.

The Way to view them is to cut off the Legs and Tail, and bring only
the Head Part before the Microfeope, upon the Glafs R, of Fig. 2. or
to flick them upon the Point I, or pinch them between the Nippers of the
fame Figure, and fo apply them to the Micrafiape.

They have all eight Legs, and two Arms, or fhorter Legs near their
Mouth, that affift in taking their Prey ; they are befet thickly with Hairs,
have each fix Joints, and end with two hooked Claws, ferrated, * or having
Teeth on their Infide, whereby they cling faft to any Thing; and may be
often feen to hang down from the Branch of a Tree, on a Thread of their
own making, aflifted by the Help of thefe Claws.

Fig. 177. reprefents Part of the Leg of a §pider; B, C, D, fhew the two
extreme Claws armed with Teeth like Saws; E, the third that hath no Teeth.
Itis certain, that when the Spider does not wind itfelf by its Thread up-
Wwards, but runs along its Web, it then takes hold of the fpun Thread with
this third Claw. This Spider had eight Eyes, two of which were on the
Top of the Head, to fee what pafies before him ; below thefe two others,
which look ftrait forwards ; on each Side of the Head were two more, the
Wokforcmoﬁ to fee collaterally before him, and the two hindmoft to fee

wards,

Fig. 182, reprefents that Part of the Head, which contain’d the Eyes fe-
Parated from tll:c Membrane in which itlay. P Q, the Eyes that look up-
¥ards, K I, thofe that look ftrait forward, IM thofe that look fideways

ard, H N thofe that look fideways backward. They have no Eye-lids,
bt are fortified with a_hard, polifhed and tranfparent Cruft: As thefo

Y¢S are immoveable, Nature hath indulged them with fo large a Number,
©give them Information of any Thing that any Ways concerns them.

E‘i'try Spider is furnithed with a Pair of Farceps, reprefented at A B,
ad C D, Fig. 183. in the fore-part of its Head., They ftand horizontally,

when not made Ufe of, they let the Claw of them fall down on their
Ttipective Branches, like a Knife clafped upon its Haft, as at C D, and
there they lic between two Rows of Teeth, that are likewife employed to
hold faft igs Prey,

Authors are divided in their Opinions on the Poifon of Spiders, fome

g thefe Forceps Stings; as Mr. Leeuwenboek, who calls the hooked

" Plbf‘fc .Trﬂ”;’: N°| 2?30
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Claws A B and C D Stings ; and fays, that towards their Extremity at B
and C are two {mall Holes, from whence, according to all Appearance,
when it ftrikes its Enemy, it therefrom ejects a liquid Matter, we call
Poifon, ; :

He put a Frog and a Spider together into a Glafs, and having made the
Spider fting * the Frog divers Times, the Frog died in about an Hour's
Time.

Dr. Mead believes this to be a Miftake, and that while the Spider bites,
a (hort white Probofcis + is thruft out from the Mouth, which inftilsa Liquor
into the Wound.

They frequently caft their Skins, which are to be found in Cobwebs, in
which ‘the Forceps may be examined, being always fhed with the Skins,
and eafier feparated than when alive. They are commonly fpread out to
View, and by their Tranfparency, every minute Part is feen with much D
ftinétnefs. P

The Micrafeope hath alfo informed us of the Manner how the Spiders
weave their Webs, and of their Comtexture, for the Performance of which,
Nature hath endowed them with five little Teats, or Nipples, near the Ex-
tremity of the Tail ; whence a gloomy Liquor proceeds, which adheres ©0
any Thing its prefled againft [, and being drawn out, hardens inftantly
in the Air, and becomes a String or Thread ftrong enough to bear five 0f
fix times the Weight of the Spider’s Body ; this Thread is compofed of -
veral finer ones, that are drawn out feparately, but § unite together at W0
or three Hair’s Breadth diftant from the Body of the Spider. The Threads
are finer or coarfer, according to the Size of the Spider that fpins them.

Fig. I{c& reprefents a Part of the Threads, which came out of two O
their working Inftruments, and were divided from each other, juft as they
iffued from the Body ; and RS TV, Fig. 179. reprefents one of the four outer
moft Inftruments or Nipples, with its Quills or Reeds, which put togethe”
is not fo. large as a common Grain of Sand ; from whence it is eafy to con
ceive, how {mall thofe Inftruments muft be, and how fine the Threads
encafed within them ; At W thefe working Inftruments ftood as thick Y
cach other, as they are reprefented between R and S. And that Part
the Figure, from the Sight, was not cover’d with thofe Sort of Quills, but -
with Hairs only : Itis alfo obfervable, that a few of thefe Inftrument e
bigger than the reft, and confequently produce a larger Thread. ’
Fig. 180. reprefents one of thefe between two others of the fimaller Sort
D E and A B, one of which had a wrinkled or harled Thread. :

Spiders emit their Eggs, not out of the hinder Part of their Bodys ”;;s
all other Animals, but under that upper Part of the Belly, near the hi
Legs, where grows a Kind of Hook, of a particular Figure, which partlf

® Phil. Tranf. No. 272. + Meadof Paifon, | Phil Tranf. No. 372, § Bid- No- 2%
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covers the Aperture, from whence the Eggs iffue. Fig. 181, reprefents a
Spider of an ordinary Size, with its Legs contradted, as if it was dead, .in
order to fhew the above-mention’d Aperture ; and at D the Hook is feen.

Fig. 184. G H I K fhews the Hook feparated from the Spider’s Body,
as it appear’d through the Microfeope; between I and K are feen the
Wrinkles or Folds, which Mr. Leeuwvenboek fuppofes are made to produce
a more than ordinary Motion : E F fhews the Part that join’d it to the Bo-
dy, and between F and G are two round Balls.  The Ufe of which he could
not difcover.

The Eggs of fome Spiders are a good Obje&, being fattith at one End,
and round at the other, with a Deprefiion at the Center of the fattifth
End, and a yellowifh Circle round it; their Colour is a blueith white like
counterfeited * Pearl ; when they hatch, the little Spiders come out perfect-
ly form’d, and very nimble. = They depofite their Eggs to the amount of
five or fix hundred, in a Bag ftrongly compos’d of their own Web,
which the Spider either carries under her Belly, and guards with the great-
eft Care, or elfe hides it in fome fafe Recefs.  When juft hatched, the
young Spiders make an entertaining Objeét for the Mierofcope.

The Current of the Blood may be feen in the Legs and Body of Spiders,
as has been before hinted ; many other Wonders will be difcover’d by the
Curious in the Diffe@tion and Examination of their feveral Parts.

The Carter, Shepherd, Ficld, or Long-legged Spider, is different from
moft other Spiders in two Particulars, the firft, which is only difcoverable
by the Microfcope, is the curious Contrivance of its Eyes ; it has only two,
and thofe placed upon the Top of a fmall Pillar, rifing perpendicularly out
of the Middle of its Back, or rather the Crown of its Head, + The two
Eyes, B B, Fig. 185. were placed Back toBack, with the tranfparent Parts
or Pupils more protuberant than the reft of the circumambient Matter, |
looking towards either Side, but fomething more forward than backwards,
5; Fig. 187. fhews the Column on which they ftood, and D.D the Crown of

¢ Head.

The fecond Peculiarity is the prodigious Length of its Legs, which are
eight in Number, in Proportion to its fmall round Body. Each Leg of this,
of which the Figures 185, and 186, are a Reprefentation, was above 16
times the whole Length of its Body ; they are jointed juft like thofe of a
Crab ; each of which proceeds from a fmall fthell-like Cafe, of a conical
Figure, as at 1111, &e. of Fig. 186. which reprefents the under Part of
ts Belly, thefe are faftned on to the protuberant Body of the Infet, form-
ing a Kind of blunt Cone, whofe Apex is at M, about which the fmaller
Cones of the Legs are placed, each of them reaching almoft to the Top,
In fo admirable a Manner, as does not a little manifeft the Wifdom of
* Pow. Mycr. Qb. p.13. + Hook's Mycr, p. 198. § Peaw. Myc. Ob. p. 14.
mslas P2 Nature’s
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Nature’s Alm'ghty Architet, in the Contrivance thereof. [t has two fore
Claws K K tipped with Black like a Crab’s, which cpen and fhut exaétly
like thofe in a Scorpion, and are Saw-like or indented on the Infide. It
Horns are feep at A A and Mouth at L.

The beft Way to obferve this Spider is to cut off all its Legs, and place
it before the Microfcope upon the Objeé carrying Glafs R, of Fig. 2, or
upon the black and white Object-Plate,

The little white Field-Spider with fhort Legs, found plentifully among new
Hay, whofe Body appears like white Amber, embofled with black Knobs, out
of each whereof grow Prickles like Whinpricks, fome have fix, fome eight
Eyes, that may be diftinétly feen, quick and lively 5 each Eye has a violet
blue Pupil, * clear, and admirably furrounded by a pale yellow Circle.

The wandring or hunting Spider, who fpins no Web, but runs and
leaps by Fits, has two Tufts of Feathers fixt to its fore Paws, which, to-
gether with the great Variety of Colouring all over this Animal, affords
beautiful and delightful Profpeét for the Microfcope.

There is a red Mite or Loufe often found feeding upon Spiders, in Shape
much like a Tortoife, + with a little Head, and fix long but fmall Legs:
and about the Legs of the Field-Spider they cling exceeding clofe whillt
the Animal is alive, but when dead they all fall off and creep away.

Mr. Bon hath made feveral Pair of Stockings and Gloves, from a Silk
wound off from the Egg Bags of fhort legged Spiders,

C HAP. XXXIIL
Of the Siing and Scraper of a Bee.

S the Contrivance and ‘Struture of the Stings of moft Infeéts ar¢
nearly alike, they will be fufficiently underftood by a Defcription of
t

t of a Bee, as difcovered by the Microfcope.

A Bee’s Sting is a horny Sheath or Scabbard, that includes two bearded
Darts ; this Sheath ends in a Point, near the' Extremity whereof a SIt
opens, through which at the Time of ftinging, two bearded Darts are pro-
truded beyond the End of the Sheath, one whereof being a little longef
than the other, fixes its Beard firft, but the other immediately after ; they
penetrate alternately deeper and deeper, taking hold of the Flefh with their
Hooks till the whole Sting becomes buried in the Wound, and then 2 V¢
nemous Juice is injected through the fame Sheath, from a little Bag at the
Root of the Sting, which occafions an acute Pain, and a Swelling of the
Part continues fometimes for feveral Days after. = This is beft prcvcntod by

® Pow. Mi, Ob. p. 13. t Pow, Mi. Ob. p. 19. 1 Phi. Tram. No. izifl.argiﬂg




PL so}
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enlarging the Wound immediately to give it fome Difcharge, and anoint-
ing it with a little common Oil.

A BC, Fig. 188. reprefents the Sheath or Cafe, out of which the two
Stings or rather Spears are protruded. * E the Cavity, in which they lie.
C the Thicknefs of the Cafe below ; and about C, A, the two Spears thew
themfelves each in a feparate Place, Fig. 189, fhews Part of the Sring
taken out of the Sheath, K its Edge or bearded Part, L.its Back without
Beards. M N, Fig. 190, reprefents the whale §#ing taken out of the Sheath
with itsBack that is without Beards next the Eye; the upper Part M O isin-
clofed round about and hollow within, the lower Part O Popen; PN fhews
Part of the broken Nerve, QR is Part of the Body faften’d to the Sting,
and placed in the thicker Part of the Cafe D C A, Fig. 188. A BC, Fig.
191, reprefents both the Darts as they lie together clofe againft the Sheath || ;
yet one of them with its Point a little before that of the other, to be ready
(as T conceive) to be darted into the Fleth. And Fig. 192 fhews both the
Darts in part out of the Sheath ; and one 'a little higher than the other,
a if it were at work.

Fig. 193, reprefents one of the two 4rms wherewith Mr. Leenwenboek
thinks the Bee makes her Honey-Combs, and are furnifh’d with three pe-
culiar Joints as at D, A, B. . Fig. 194, is one of the Scrapers placed on the
fore Part of the Head, by which fhe fcrapes the #ax from Flowers. Fig.
195, is the #iper placed forward on the Head, and with it the wipes the
Homey off the Flowers; all which Inftruments when the Bee hath done
working are {kilfully fheathed under her Head. Fig. 196 reprefents the
Seraper of a wild Bee. ;

When the Darss are ftruck deep in the Fleth, if the wounded Perfon
farts before the Bee can difengage them, fhe leaves her Sting behind in the
Wound; but if he has Patience to wait until fhe withdraws the Spears into
their Scabbard, the Wound becomes much lefs painful.

Ifyou divide a Bee, efpecially an Humble Bee, § near the Neck, you will

the Heart beat moft lively, which is a white pulfing Particle.

Within the yellow Plufb or Fur of humble Bees you may frequently find
3fmall whitifh very nimble Animal, ** not much unlike the Shape and
Form of a Cheefe Mite,

he Way to view a Bee’s Sting with the Microfcope, is to cut off the

of its Tail, and then touching it with a Pin or Needle, it will thruft out

ih" Sting and Darts, which may be fnipt off with a Pair of Sciffars and
Pt for Obfervation ; or if you catch a Bee in a Leather Glove, its Sting
left therein, being unable to difengage its Hooks from Leather :
When it is quite dead, which it will not be till after feveral Hours,

* e, Nat, Tom. III. Ep. |3'3. Phi. Tran. No. 97. | Derbam Ph. Thes. p. 249-

VPru, 25,08, 5.4, ** lhid. 3. 20.
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you may quite extract it with its Darts and Hooks; by fqueezing the Tail,
pulling out the StiﬂliJ *, and prefiing it at the Bottom, you may likewife
pufh up the Darts; -but without fome Practice this will be a little difficult.

The potfonous Juice may eafily be found in the Bag which contains it;
and by letting the Bee ftrike its Sting upon fome hard Body, enough of
the faid Juice may be obtained to put upon a Slipof Glafs, in order to view
the Salts foating therein at firlt, and afterwards fhooting inte Cryflals; or
if you gently fqueeze its Tail, you may perceive a Drop of this diaphanous
Liquor at the very End, of the Sting, which if wiped .off will be imme-
diately renew’d.

The Stings of Scorpions may be examined in the like Manner.

The Poifon of Vipers has alfo been viewed by the Micmf:gre, but for

a Defcription of this I fhall refer the Reader to Dr. Mead’s Effay on
Poifons.

CH AP. XXXIIL
Of Animalcula in Fluids.

D.E.C.F L

H E-Microfcope hath difcovered to us that the fmalleft of all lwig
- Creatures, we have been able to trace, are the dnimalcula in Fluids,
which would for ever have remained invifible, had it not been for the Af-
ance of that Inftrument, :
If Pepper, Pafte, Vinegar, Hay, Straw, Grafs, Oats, &c. or any other ¥¢
getable Production be infufed a few Daysin Water, expofed all that Ti™
to the open Air ; they will abound with inexprefiible Numbers of minut
living Creatures peculiar to themfelves, but of various Forms and Sz
Whereof feveral of the fame Species of Animalcula, are frequently © be
met with in different Infufions, and even in Waters, that have been &
pofed, efpecially in September, without any Mixture ; fuch have been fre-
quently found therein, as are found in the Cavity of a Cabbage leaf, OF u?
the Dipfacus, 1 &c. and that certainly feveral of thefe are the fame Anima’
under different Forms, fuch a regular Procefs ‘being obferved in them = -
conftant Uniformity in their Appearance, makes it probable that ﬂ‘-'-"ﬁ;d
them are produced from the Spawn of fome invifible volatile Paret®™ =y
generated like Gnats and feveral other Sorts of Flies, which ar¢ b“di. ¢
undergo feveral Changes in the Water before they take Wing i that E ©
of them originally may be Water Infe@s, or really Fifh, {mall enovs

* Posy. Mi. Ob. p. 4.  +-Ph.Tran. No. 284 be
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b rifed in Spa

wn with the Vapours, and to fall down again in Rain, and
to grow and breed in Water that is kept. -

It has been thought that thefe minute Flies, which hover every Way in
the Air, when they find a Fluid ftored with a convenient Nourifhment for
their future Offspring, refort to it in Swarms to lay their Eggs, which be-
ing foon hatched, the Animalcula produced therefrom fwim about, and
live happily, till grown to a certain Size, change their Forms, take Wing
and fly away. :

If the Infufion is covered only with a fine Lawn or Mullin, few Animal-
cules will be found therein ; but if it ftands open it will be full of Life in a
“few Days: In the leaft Drop taken from the Surface of fuch Infufion, the
Microfcope will difcover Millions of living Creatures,

SecT. ' IL

Of Eels, Serpents, or little worm-like Animalcula,
japmxd in Vinegar and Pafle.

IF Vinegar be expofed to the open Air but a few Days in hot Weather,
it will abound with Eel-like Animaicula, reprefented by Fig. 197, two
of which are feen at A, making equal Undulations, fometimes four or five
are feen to move in the fame Manner ; at B, B, B, B, are fhewn four others
- differently coiled, they coil and uncoil themfelves with a furprifing Swiftnefs,
 Cis a Reprefentation of one with a forked Tail. Monfieur Joblor faw
but one of tl:lcfc in 36 Years Obfervation: However, the folar Microfcope
m fails of difcovering fome of them every Obfervation. That marked
D, although its Mouth feems different from the reft, is not fo, but owing to
s not being reprefented in the fame Pofition. They are to be applied ta
the Univerfal Microfcope, by taking up a Drop of the Vinegar on a Pin's
Head, and placing it upon the Obje&t carrying Glafs R, Fig. 2. When
Drop begins to evaporate, their Motion will be confiderably retarded,
& which T'ime their Mouths may be feen, and many other Particulars may
be obferved in them,
Some People have imagined, that the Sharpnefs of the Vinegar, is occa-
['Ungd by the Eels ftriking their pointed Tails againft the Tongue and Palate
it is very certain that the foureft Vinegar hath none of thofe Eels, and
ltths Pungency is intirely owing to the pointed Figure of its Salts, which
erein.

nimalcula in the Shape of Eels are often found in many Infufions but of
3 different Size.

* Joblott’s Ob. p. 2. Imprimé & Paris. 1718.
1 rn
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Dr. Powers obferves, that if Vinegar, in which thefe Eels abound, be
but moderately heated *, they will all die, and fink to the Bottom. But
Cold does not hurt them, for after fuch Zinegar had been expos’d a whole
Night to the fevereft Froft, and was frozen and thawed, and frozen again,
and fo feveral Times over, they were as brifk as ever: He alfo tells us,
that he put fome Zinegar full of thefe Eels into an k.flence Glafs, and pour-
ed thereon about the fame Quantity of Oil, which floating on the Vinegar,
all the Eels would conftantly creep up into the Oil, when the Finegar began
to freeze, but when it thawed, they as conftantly returned to it again.

To furnifh yourfelf with minute Eels, always ready for the Microfeope,
boil a little Flour and Water, till it comes to the Confiftence of fuch Paje,
as the Bookbinders and Sheemakers ufe; expofé it to the Air in an open
Veflel, and to prevent its hardening, or becoming mouldy on the Surface,
beat it well together whenever you find it tends that Way ; after a few
Days it will turn four, and then if it be examined with Attention, you will
find Thoufands of thofe Eels on the Surface thereof. To preferve them all
the Year, you need only put a little Water to them, if the Pafte grows dry,
or a Supply of other Palte, always obferving to keep the Surface in aright
Condition, which will be eafily done when it is once ftored with thefe -
malcula.  Their continual Motion will prevent any Mouldinefs thereon.

Apply them to the Microfcope upon the Objeét carrying Gl R,
Fig. 2. firlt putting on it a Drop of Water, taken up upon the Head of
a Pin, for them to fwim in, ‘and if the Pafte be thick, it muft be dilueed
with a fufficient Quantity of Water to difentangle the Eels, and render them
diftintly vifible.

They are very entertaining Objets, but more particularly fo if examined
by the folar Microfcope, with which they may be magnified to an Inch of
more in Diameter, The internal Motion of their Bowels may be very
plainly feen, and their Mouths to open to a confiderable Width.

S cowr. . 1L

Of Animalcula in [everal cold Infufions of whole
Pepper.

B D, K, H, O, R, L, Fig. 198. exhibits the firft Sort of them, ¢ich
) having feveral little Spots more tranfparent than the reft of their Body
The Regularity of the Figure, under which thefe Animalcula generally 32"
pear, and the Rapidity of their Motion, prevents us from difcovering "

Y * Pow, My, Ob. p. 34 what
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what Part of their Body their Head is placed, but after a little Time we are
enabled to do it, altho’ they continue in Motion ; for when the Drop of
Water in which they fwim, is grown thick by the infenfible Evaporation
of its fubtle Parts, it gradually retards the Motion of thefe minute Fifh ;
and affords us fufficient Time to obferve many Things, that will teach us
to admire the Creator’s Wifdom, even in the {malleft Part of thefe minute
Creatures.

You may then perceive that as two of thefe Animalcula are advancing
forward, one moving along the Line from A to B, and the other from C
to D, in turning about the firft follows the dotted Line B E, and the fe-
cond moves from D to F.

You may alfo frequently fee that of two of thefe Animalcnla, one of them
will run as it were along the Line G H, and the other over that of I K,
leaving a fmall Space between them, yet too little for a third L, to find a Paf-
fage, which thus inclofed between them, rufhes forwards to fave himfelf in
the Dire&ion of the dotted Arch towards M. Others after having moved
along a ftrait Line, as H G to O, turn about fo {wift upon a Point at O,
which is their Head, that their oval Figure appears almoft circular, after
which they launch out with an extremely fwift Motion towards P. Others
alfo having run along a Line as Q R, and as it were turning upon their own
Center at R, defcribe feveral Circles, then fhoot forwards with an extraor-
dinary Swiftnefs along the Line S T.

Fig. 199. reprefents another Sort of Animalcula, whofe Head is adorned
with Hairs, and Motion generally circular, called Copple Crown *. A third
Sort reprefented at Fig. 200. called a filver Bag-pipe +. A fourth Sort is
4 Kind of Water Spider, with its Mouth open, as at Fig.201. Two of

are reprefented at Fig. 202. conjoined and turning upon their com-
mon Center. Fig. 203. fhews two more of them alfo coupled as they fwim
in a ftrait Line. Another Sort is reprefented at Fig. 204. in fome Meafure
refembling a Weaver’s Shuttle ; its hinder Part is tufted with Hairs, which
affift him in fwimming. Fig. 205. exhibits a Swarm of exceedingly mi-
nute Infeéts of different Sizes and Shapes, which ferve for Nourifhment to
the farger Sorts,

L ]
Jobl. OB, p. 14.
THeNlnzu ti'm i to the Animalcula of the feveral Infufions, by Monf, Foblot,
¥ho endeavour'd to call after the common Names of Things and Animals, to which
M-&imiqda bore fome R »
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B e e )
Of White Pepper.

Nfufions made of whole white Pepper, produce finer Awimalcula than the
foregoing, but not in fo fhort a Time. - The large Bag-pipe of this In-
fulion advances and recedes by Turns, as it fwims before the Microfiope;
and juft before the Water is totally dried, a great Number of Eggs may be
feen within them, and in the next Moment they will be all dried up, and
appear like a confufed Mafs.

A e i
Of Long Pepper.

LOn,g Pepper put whole into common Water, produces Animaleula o
lefs fm;‘%rizing than the two foregoing 5 in this is fometimes found a0

Aunimalcule lomewhat like a Caterpillar 5 and a different Sort of Eels, from
thofe found in Vinegar and Pajte, being thicker and fhorter than they, bu
do not live near fo long. i

On repeating thefe Experiments at different Seafons in the Year, and
in different Years, other Sorts will be found not here reprefented.
., Take common &lack Pepper grofly pounded, and put it into a Glafs Ve
fel, as much as will cover the Bottom thereof, about half an Inch thick, or
which pour about three or four Times that Depth of Rain or River-Wateh
fhake and ftir the Pepper and Water well together at firflt, but afrerwards
not at all, and expofe the Veffel to the Air uncover'd ; in a few Days #
little Skin may be feen on the Surface of the Water, which, examined by
the Microfiope; will be found to contain Millions of rimaicule, 4t firk
fcarce difcernable, but continually increafing in Bulk, till ghey armive at
their full Size. Their Numbers too increafe prodigioufly, till at laft the
whole Surface of the Fluid feems alive. 4 0N

This Experiment will fucceed in'Winter, /if the Water is not frozen.
""The Animalcula reprefented by Fig, 206, are very common, and are de-
fcribed by Mr. Leeuwenbock, who hath feen thé Tails of fome of them 9 of
10 times longer than their Bodies, * which are about one Third of an Hair's
Breadth, but in general they are 4 or 5 times as long, In moving they

com=

* Phil, Tranf. No. 284.
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commanly twitch up their Tail into a ferew-like Form, as at b, Fig. 206,
and this Spring is fo ftrong, that when the Tail is entangled, as it frequent-
ly is by the Extremity, they bring back their whole Bodies by the Jerk and
Convolution of the Tail, which quickly returns to its firft Straitnefs. W hen
they lie ftill, they thrult out and pull back again a bearded Tongue, and a
Current conftantly runs towards them, occafioned probably by the Motions
of fome Fins or Legs too fine to be difcerned.

Thofe Animalcula exhibited by Fig. 207. abound in all Waters, and are
largeft of all; their Length is about an Hair’s Breadth, and three or four
Times more than their own *, they are very thin and tranfparent, and turn
themfelves very quick, fhewing both Back and Belly, their Edges are a-
dorn’d with a great Number of minute Feet, feen chiefly at the two Ex-
tremities ; at one End there is a Kind of Bruth refembling a Tail ; they are
fwift in Motion, and by their Turns, Returns, and fudden Stops, feem to
be continually hunting for Prey. a reprefents one of them on its Back'; b
one on its Belly ; at c and d, is-feen how they oftenappear in other Pofitions.

There is generally another Sort of an oval Shape, as at Fig. 208. a b c,
lengthening and- fhortening  themfelves as Occafion: requires, and fome-
times two of them'may be feen conjoined, as at a.

Another Sort are a Kind of capillary Eels, they wave their Bodies but
isi;l;le., move equably and flow, and fwim as well backwards as forwards.

Fig: 200t ' :

Several: Kinds: of Mixtures' put amongft them, while they are before
the Microfcope, produce different Effeéts. The fmalleft Drop of Spirit of
Vitriol;. upon the Point ‘of a Pin, being put to them, they immediately
tumble:down: dead’; diffolved Salts kill' them, but with this Difference, in-
ftead of being flat as in“the former Cafe; they fhrink into oval Forms,
TinGture'of Salt of Tartar throws' them into convulfive Motions, after
which they foon grow languid: and® dié, ‘without changing’ their Shape.
E;{ilis them, and 'fo does freth Bided, 'Urine, Spitcle, and diffolved

¥ }

There i alfo another Sort of Awimaleule, frequently found in this Infu-
fion, of a fpherical Figure, only pointed like a Pear, as at Fig. 210, in
which  are ‘a vaft Number- of dark Spots; in a confufed Agitation, they

lefly-turn as it were upon a Center, firft one’'Way, and then the contrary,

imes they take a large Circuit, but always with their pointed End
foremoft, :

Another Sort: reprefented at'Fig. 211. is alfo found in great Numbers,

‘move brifkly, are very active, contra@ing, and dilating as they fwim
they haver feveral Feet in- their fore Parts' very vifible ; when the
Drop of Water is almoft evaporated, they flrink-up into a globularForm,

® Phil, Tranfv No.284,  + Ihid. No. 203, !
Q.2 , then
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then their Feet ftanding out, may be feen to move nimbly, a, fhews them
at their Length, and b when contraéted.

Fig. 212. reprefents another Animalculum, not uncommon amongft the
reft; its Motion very nimble, always keeping its tharp Extremity foremoft;
fome ace clear and ribb’d from the Point to the thick Extremity, others
tranfparent only at the fore Part, asat a and b.

The Water which drains from Dunghills, and is of a brown Colour, is ge-
nerally fo prodigioufly ftored with various Sorts of Animalcula, that it mult
be diluted with Water before they can be fufficiently feparated, todiftinguith
their different Kinds ; one particular Sort is found amongft thefe, which is
very rarely to be met with elfewhere, and are fhewn at Fig. 213. their
middle Part dark, and befet with Hairs, but both Ends tranfparent, their
Tails tapering with a long Sprig at the Extremity thereof, their Motion
flow and wadling.

S 2 0. ¥l
Of Animalcula in a cold Infufion of Senna.

g Bout the Middle of ¥uly, as much as could be taken up with two of

three Fingers of the Leaves, Stalks, and Branches of Senna, was put
into cold Water, and in about eight Days, the Surface thereof was
with extremely minute longifth Bolgics, feparate from each other, but with-
out Motion. The Corpulcles reprefented at Fig, 214. were thought to be
nothing elfe but Pieces of the Bark from the Branches of the Senna; but
in about eight Days after, they all difappear’d, and a furprizing Number
of worm-like Animalcula fucceeded them, but lefs than the firft, beng
alive, and fwimming a little below the Surface of the Water ; one of thefe
Worms is feen at Fig. 215. Its Head round at I, its Body compos’d of
eleven Ringlets, the lowelt Extremity of which ends fometimes in a Plain
pcrpir&dncuhr to its Body. At other Times with three round Protuberadc®
as at Lvl.

Through the Skin there a a very white Fibre, branching as it We™®
from cach Side of the Tail, glpc:r{;mt I.?ne towards the Hcad,n%rherc they
unite in an Arch, as at N, Fig. 216. This Fibre extends and con
itfelf alternately, by which Means the Ringlets are drawn nearer to, Of
pufhed farther from each other ; Part of the Water being evaporated 0
its ftanding feveral Days. A lictle frefh Water was poured thereon, ¥
caufed the Skin that fwam on the Surface of the Infufion to fink t© th
Bottom of the Veffel ; the Infufion was thereby refined, and more tranfps
rent than it was before, which occafioned the Difcovery of two new Sorts

of Animalcula, and this i . i
malcula, and this in the leaft Drop that could be applied to erofiopés
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crofcope, D, and EF, Fig. 217. are their Reprefentatives, The largeft
of them refembles the Silver Bag-pipe, each having crooked Heads, as at F;
they have alfo two Motions, one ftrait, and the other circular, flow enough
to be eafily obferved.

Another Kind of fith-like Animalcula refembling a Carp, is fhewn at Fig,.
218, its Motion was wrigling as the dotted Line abcd.

In Yanuary a great Number of another Sort were found in this Infufion
of Senna, which ballance themfelves from Right to Left as they fwim di-
redtly forwards. Another Time, after replenifhing the Water, other mi-
nute Animalcules that do not ballance themfelves were found therein, and
the fame Day others alfo {o exceeding fmall that their Form could not be
difcerned. A few Days after another Sort fhaped like Fig, 219, its Head
terminated almoft in a Point. _After this Infufion had ftood a whole Year,
another worm-like Animalcule was found therein, reprefented at Fig. 220,
whereof A was its Mouth, which was round ; from whence iffued three
Fibres to its forked Tail BB, two other Sorts, as reprefented by K L,
Fig. 221, were alfo feen in this Infufion.

e C.T. .
Qf the Water jfound in Qyfiers.

A Dozen of Oyffers being opened, all their Liquor was put into a clean
drinking Glafs, which in the Space of two Hours appeared to be
upon the Fret, and of a fine Pearl Colour, and its Smell like that of the
Sea; on applying fome of this Liquor to the Microfcope after it had ftood
four Days, a great Number of minute tranfparent Oyffers * in rapid Motion
were obferved therein. abcd, Fig. 222, reprefents one of them, of which
a8 the Head, their Shape altered as they placed themfelves in different
Pofitions before the Eye, their Motion was fometimes dire&, at others cir-
cular, The fifth and fixth Day fome of them feemed to be dead ; but, on
continuing to obferve them, were afterwards found to move with :uErodigious
Swiftnefs, one going one Way, another the contrary, often rubbing and
flopping againft cach other; then being difturbed by others ruthing ftrong-
ly againft them, altered the State of their Rencounter, and direfted them-
klves to another Place; they ftretch out and fhorten themfelves confider-
ably, and are often feen coupled as at a and c, Fig. 223, and Fig. 224.
M‘“’lﬂg together from a towards b, and from ¢ towards d, they turn much
flower - than thofe in Pepper-Water, and perform their circular Motion
much as they do, turning fometimes on their own Center, and fometimes.

® Jobl, Obferw. p. 208
ey \ oa
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on a Point near the Extremity of their Head. This Liquor being obfetved
near eight Days, no other Animals than thofe of the fame Figure could be
found therein,

In Frefh Oyfter Liquor diluted with common Water, were found Ani:
malcules with two moving Horns in each of their Heads, which formed 2
kind of Crefcent as at e, in others as at d, Fig. 225, but the Horns are
fo tranfparent, that they muft be viewed attentively, and that for fome
Time before they can be difcovered.

On putting the Liquor of fix or feven Oyffers into a Glafs Vefel one Day
at Noon, the next Day at Seven a Quantity of - thefe. minute Oyffers were
found {wimming therein, although the Veffel was. ftopped .+ Whence it
feems not improbable, but that thefe Animals were produced from the Eggs
of the Oyffers themfelves, and that they do net:proceed from other Ani:
mals that either fly or float in the Air. Six Days after twol different Sorts
of new Animaleula appeared in the fame Liquor ; the firft are réprefented
at Fig. 226, it ftretches itfelf out and fhortens itfelf alternately. ‘The fecond
Sort is feen at Fig. 227, which moved fo flow that the following Particu-
lars were obferved ; it had four fhort Legs near its Head, and five longer
behind. In the fame Liquor was alfo found, another Sort reprefented
at 228, . L

In other frefh Oyfer Liquor were alfo found different Animalcules,
reprefented at*i, 1, m, o, 0, p, g, Fig. 229. 'm" exhibits ‘a"Worm with 2
fharp Head and round Tail. Thofe at n and o fhew two of the fame Worns
Joined together, the ftrongeft dragging along the weakefh. ' At p is feen
one of another Figure, and at q are two fmaller, holding each other by the
Beak and fivimming in Company. .

Sriler g YHE ¢

Of an Infufim of Pinks made in common Water
both cold and hot.

S OME Pinks not quite blown being fteeped in cold Water, produced
“living dnimalcules, which upon Examination with the Microfcope Wer¢
found to be of the Shape reprefented by Fig. 230. On the. fixth Day p-
peared a larger Sort, but fewer, being ‘very tranfparent, and ftrewed With
little Spots, Fig.231. The eighth Day the larger Sort appeared finef
longer than before, and moved: after a different Manner ; in fifteen Days
the Surface of the Liquor was covered with little white Worms, fomewhat
below which was a prodigious Number of minute Auimalculés. The ﬁt:
Day a large Worm fhewed itfelf under the Form of Fig.232. The 48t
fome Eels, like thofe in Vinegar. The soth Day- a little white Wormm:::
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taken upon the Surface of this Water, * its Body fo tranfparent, that feveral
litde white Fibres were difcovered therein, the two middlemoft of which
being a lirtle feparated, and proceeding from the Extremity of the Body,
run parallel to each other, and are united by an Arch near the Head: It
hath two black Eyes, and two Hooks in the fore Part of its Head, as re-
prefented at Fig. 233. At G of the fame Fig, is feen another of a curious
Form, found alfo in this Infufion.

Some Pinks being infufed in boiling Water, which in eleven Days Time
fwarmed with Animaleules, but very {mall, and on the r5th Day were not

to be found, only fome Worms might be feen on the Surface thereof with
- the naked Eye.

§iqive p 30TERE

Of a cold Infufion made of a Nofegay, compofed of
?I;g.;ﬂ', Rofes and Fellamin. i

HIS Infufion was made the r1th of May, and the Nofegay cut into
Pieces for the better placing it in the Veffel, and in about three or four
Days a great Number of minute Animalcules, and fome larger ones, were
therein 5 their Figures, Colour and Motions are fo various, that it
would be a Tafk too long to undertake a Defcription thereof. Neverthe-
lefs T cannot pafs over in Silence, an Animalcule that was found in this Li-
quor on the Beginning of September. It confifted of three diftinét Parts,
Fig. 234, The firft Part A is its Head, which advances and retires by
Jetks,” B, the Trunk of jts Body, and C its Tail, it is of a tranfparent
White, and often draws its ‘Tail'in, at the End of which are two black
DD.

TS GO £ e
. Of an Infufion of Blue-Bottles.

THE Stalks of a large Nofegay of Biue-botses with fome of the Flow-

ers, were put into cold Water on the fecond Day of Fune, and at the
fme Time fome of the Flowers by themfelves were put intp a Glafs of
Water 5 in. 12 Hours Time the Microfcope difcovered feveral Animalcules
B the Form; of . Fig. 235, in a fmall Drop of this Liquor. And the next
Vening four other Sorts, very tranfparent, of an oval Figure, unequal i

* Yebl. Obferv. p. 28. =
izey
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Size, and different in their Motion. The sth of the fame Month, another Sort
of the Shape of Fig. 236. appear’d thercin ; and on the Sixth a new Sor,
A B C, Fig. 237. with an oval Head, and a Tail, which terminated ina
Point, being five or fix times longer than its Body. On the feventh Day,
one of thefe laft was obferved to drag after it a Bunch of the Sediment of
the Infufion, which funk to the Bottom of the Concave, upon which the
Drop of Liquor was placed for Obfervation. It is very pleafant to behold
fo {mall an Animal endeavouring to pull this Bunch about, which he s
fcarce able to move, as at I, drawing himfelf back, and wriggling its Tail,
as at M. Sometimes five or fix of thefe Animalcules may be feen faftened
by the Tail, to a great Bunch of this Sediment, that fticks ro the Bottom
of the Obje@t carrying Glafs, drawing themfelves nearer to, and retiring
farther from it by Turns. During this Exercife, they change their firft Fi-
gure, and recover it again alternately ; and as their Tail is naturally firait,
as at I, they endeavour to drag the Lump after them in a right Line.

Tt is remarkable, that extremely hot Weather kills them, and in five of
fix Days they are fucceeded by others.

We have no Reafon to doubt, but thefe minute Animalcules are furnifhed
with Eyes, for two of the fame Figure are often feen to approach each
other without touching, and then turning with a prodigious Swiftnefs about
their own Center.

Another Sort is fometimes found in this Infufion, whofe Extremities ¢
terminated by two plane Surfaces, parallel to each other, as at Fig. 2 38

SectT. XL
An Infufwn of Tea.

tity of boiling Water, as would make fix large Cups, on the 15th

Fuly 3 the Tea-Leaves which remain’d after the hot Infufion, Wer o
into a large Glafs Jar, filled with Spring-Water, and expofed to the
Air for about ten Days ; after which, in the leaft Drop that could be ¢

up, when applied to the Microfcope, were found a Swarm * of dﬁﬂd‘ﬁg

H}hing ut into the Tea-Pot, as much Tea, and a fufficient Quan-
0

minute Animalcules, of a round Figure, moving flowly. .
they were fewer in Number, but increas’d in Size, clearer, much mor¢ di
ftinc, and of an oval Figure, as at Fig. 239. the Circumference of ‘l:';
Body appear’d black, but all the reft perfeétly white and tranfparents.

now fwam with a furprizing Swiftnefs. Their Bodies were of 0 delicate

* Job. Obfer. p. 3+-._ 5 Con-
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a Confiftence, as that their natural Figure was preferved for the Space of
two or three Minutes after they were dead.

The 23d of September, three other Sorts of more minute Animalcules
were found in this Liquor, and fome of the E¢l-Kind alfo.

SR C.T. A
Zn Infufion of Rasberry Stalks.

HIS Infufion is one of them which does not caufe a difagreeable

Smell, neverthelefs it produces in about 24 Hours Time, the fineft *
Animalcules that are to be met with in Fluids, and in as great Numbers.
Their Reprefentation is at 0 o, Fig. 240. they are at firft very white and
tranfparent, but more fo in fome Places than in others, with little Marks
upon them, and at length this Whitenefs changes into a tranfparent yellow
Colour. They may be feen ftretching out, and fhortening themfelves from
oval to round, by Means of Ooftacles, which they find in their Way.
They are often feen to hold each other by the Beak, and in that Pofture
they move exceeding faft, without quitting their Hold, as at P. Another
Sort of Animalcule was found in this Infufion, of the Shape reprefented
at Q; between the Middle of its Body, and the Head, was a tranfparent
Subftance, regularly beating, but fo quick, that the Shape of it could net

be difcern’d.
S 2 c 1. XL
Infufions of Fennel, Sage, Melon, [our Grapes,
Stalks, and Leaves of Marigolds.

[FEnnel, with its large and fmall Stalks, was put into cold Water to in-

fufe, Auguf 11. andoh the 13th following, in the {fmalleft Drop that
culd poffibly be raken up, and placed upon the Objeét carrying Glafs,
"“Ehlﬁ feen a Swarm of an almoft innumerable Quantity of little Ani-
mals, reprefented at Fig. 241. amongft which were others of a round Fi-
gure, and about five o fix times longer.

The 22d of Auguft, fome Sage Leaves were infufed in cold Water, and
'etain’d their patural Smell all the Time of the Infufion, which was about
12 Days; nothing was ften in this Liquor but fome httle Animelcules T that
ippear’d no bigger when magnified, than a Grain of Millet does to the na-
ked Eye ; ‘and an infinite Number much {imaller, that when magnified, ap-
Pear'd no bigger than the fmallelt Dot that can be made upon Paper, with

¢ fineft Pen, and a little below the Surface of the Liquor, was found three
¥ery fmall but white Worms.

* Yobl. Obf. p. 35. $ Wid p. 3.
R The «
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The 28th of September, in a Drop of this Infufion, was found two Sorts
of minute Animalcules, reprefented at Fig, 242. '

The 22d of Auguft, fome Barberries were put into cold Water, which
produced Animalcula of the Shape of T, Fig. 243. in 24 Hours Time.

The 25th of the fame Month, a Bit of the Rind of a Melon, with alit-
tle of the Pulp, and a few of its Seeds were put into cold Water ; the
next Morning appear’d fome fine tranfparent Animalcules, whofe Form is
fhewn at V, Fig.243. Many little white longifh Bodies were alfo found
therein, whofe Figures are feen at X and other lefs Bodies marked T,
without any fenfible Motion. .

Some four Grapes were alfo infus’d in cold Water, on the 14th of Augyf, -
and on the zoth, a great Number of Animalcules appear’d therein, but fo
exceedingly minute, that their Shape could not be diftinguithed ; on the
2 5th two Sorts prefented themfelves, one as fmall as the laft ; the other at
Y, Fig. 244. The 4th of September thefe lictle Animalcula were exceed-
ingly multiplied and increafed in Size, fome of them were join’d together
in the Form of a Figure of 8, asatP, Fig. 244. and moved fometimes cir-
cular and fometimes in a right Line; on the 8th of September were found
upon the Cruft, which fwarm upon this Infufion, fome minute Worms,
and alfo in a Drop of the Liquor a confiderable Quantity of other Eel-like
Animalcula.

On the 25th of duguft, fome of the Stalks and Leaves of Marigolds,
were put to fteep in cold Water, and eight Days after there was thre
Sorts of Animalcula found therein 3 the firft is reprefented at Z, Fig, 245
the fecond at R, of the fame Figure; and the laft, for which there wis
no Room in this Plate, were of the Eel-Kind, different from thofe in Ve
negar, and different alfo from thofe in Pafte.

B 2 €T, Sl¥sl,
Firf? Infufion of new Hay in cold Water.

THIS Infafion ftood but 24 Hours before it was filled with Life, and
at the End of five or fix Days, in the moft minute Drop of dhis
Water, five or fix Sorts of living Animalcula were difcoverable ; different
in Colour, Size, Figure, and Motion.

The Smell of this Infufion is very ftrong in hot Weather, but e
as the Infufion grows old, Animalcules are very rarely to be met with 17
any other Infufion that are larger, finer, more tranfparent, or that live
long as thofe found in this,

SECT.
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BirR o€ T 10 KV
The [econd Infufion of new Hay.

THE 4th of Ofober fome new Hay being put into cold Water in two
different Veflels, one of which was ftopped clofe with a Piece of Vel-
lum, made very wet, and the other left open : T'wo Days after, three Sorts
of Animalcula were difcover’d in eachInfufion, and alfo a fufficient Quan-
tiy of them: This Experiment is a Proof, that thofe Animalcules
were produced from Eggs, which had been depofited by their parent * Ani-
mals upon the Hay, and dlfo that they were not wafted thither in the
Air, : :

The 1oth of the fame Month, more of thefe Animalcula were found in
one Drop of that Infufion, which had been covered, than could be feen in
the like Quantity not covered.

S EcT. XVL
The third Experiment made upon the fame Hay.

THE 13th of Offober fome of the fame mew Hay was boiled in com-
mon Water, above a Quarter of an Hour, and an equal Quantity of
it put into two Veffels, nearly of the fame Size, one of which was imme-
diatcliy cover’d, even before it was cold, and the other left open, in which
was found fome Animalcula, at the End of a few Days, and not one in the
Infufion, which had been covered ; 1 after which great Care was taken to

it clofe for a confiderable Time, to try if there were any living Ani-
malcula therein, but none could be found, at length it was left open, and
in a few Days, fome Animalcules were found therein, which determined
that thefe Animals proceeded from the Eggs of their parent Animals, wafi-
ed thither in the Air, fince thofe which had been brought there in the Hay,
were totally deftroy’d by its being boil’d in Water.

8T ¢’ XVIL
A Compofition of [everal Infuyfions mixed together in
| " ome Vellel. |
TAK-E.cquil Parts of an Infufion of Senna, of Rafberry Stalks, and of Hay,

&c, mix thefe all together, and half an Hour afterwards take as ufual

afmall Drop of this Mixture, which béing put upon the Object carrying Glafs,

® Tobl. 05, p.39. '+ Bid. . s0.
. 'I ~

2 and




124 Of Animalcula in Fluids.

and placed before the Microfcope, will give you the Pleafure of fecing in
this lirtle Drop, the Animalcula of  all the Infufions you have mix'd toge-
ther. * And here it is proper to take Notice, that all thefe -different Ani-
malcula cannot fubfift long in this Mixture, each being defirous to re-
main in its firft Infufion, therefore all Sorts of Infufions are not proper to
afford the Pleafure of this Sight, for they ought to contain in them fome-
thing upon which the Animals can fubfift,

S1BrC T VML

An Infufion of Rhubarb.

RHuirarb is a purgative Drug, and muft be a long Time infufed in Wa-
ter, before any Animalcula can be found therein, or any difagreeable
Smell, for in about five Weeks there was found only one Sort of Anima"
cula, which does not merit a partizular Defcription ; we fhall only fay that the
Mixture of a Drop of this Infufion, with as much of that of Semna, docs
not deftroy the Animalcula in either ; and that atthe End of 15 Days the
Animalcula in the Infufion of Rbubarb + were all dead.

S Ec 1. XIX.
Of an Infufion of Mufbrooms.

Large Mufbroom being infufed in cold Water, produced from on¢

Day to another an aftonithing Multitude of infinitely fmall Animal-
cules, of a round Figure, which appear’d in a Microfcope that magnif
twenty-five thoufand times, of the fame Size, that a Grain of Rape-

does to the naKed Eye |.
The third Day fome of a larger Size were found therein, with a crooked

Neck, and very tranfparent ; foon after a third Sort was difcovered of an
oval Figure, and fluttering Motion,

BB €' Toii XK

Of the little Flowers of different Colours that @°
Jfound in Meadows.

I F fome of thefe Flowers, when they are juft blown, be put into cold Water,
in a few Days a tpartir:u!ar Sort of Animalcule will be found therein,
a

fembling the Sole of a Shoe, one of which is reprefented at Fig. 246. Ies IM0-

® Vobl. Ob. p.4o0.  + Bbid. p.48. | Jbid. p.48. S8
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tion is flow, and its Head direly under the Letter A ; it inclines itfelf to-
wards B and C, ftretching itfelf out, and contralting alternately ; fometimes
all its Body appears as round as a2 Bowl, at which Time the Surface thereof is
uneven : Their Body is marked with longifh Spots, and is fo tranfparent, that
all their Inteftines, and the periftaltick Motion may be diftinguithed, which
are a very agreeable Sight. * Thefe larger Sort appear at the Beginning of the
Infufion, but at the End of fifteen Days, a great Number of thofe reprefent-
ed at Fig. 247. was feen therein, which is contrary to what generally hap-
pens in other Infufions, where the fmalleft appear firft,

S.g.eT XA

Of an Infufion of Jweet Bafil, which [mells like Citron.

THREE Sorts of Animalcules fhew themfelves in a few Days after
fweet Bafil hath been infufed in common Water ; the firlt are feen at
A, Fig. 248. the fecond at B, and thofe of the third Sort almoft like that
reprefented at C.  This lalt fwims in a fpiral Line, folding and unfolding
its Body every Way.

A, B, C, Fig. 249. reprefent the Animalcules found in the Infufion of
new Hay, the Colour of one, and Figure of the other, was the Occafion of
calling one golden, and the other filver Bag-pipe. That Sort reprefented
aDE, are called Clubs; the Head whereof is feen at D. Thefe Ani-
malcules extend and contract, twift and untwilt themfelves feveral Ways,

8 mlerr. XXI.
Infufion of Blue Bottles.

F IG. 250. reprefents a new Sort of Animalcula found in this Infufion
" of Blue Bortles. A fhews the Head, B its Tail, CD its Breadth,
Which feems divided throughout its whole Length by a curved Line, drawn
om B towards A, that Part of the Body marked C, feem’d to be filled
With feveral little Globules, lefs tranfparent on this Side, than on that
Marked D ; the Neck of this Animal, which is very long, fhortens itfelf
m Time to Time, as doesalfo the hinder Part, marked B. 1 It fiwims ex-
Wordinary flow, and does not live upon the Object carrying Glafs above
§0r 6 Minutes, but two of thefe were difcovered in 5 or 6 Drops, and the
, Fig. 251, was fomething different from the firft, for its Body BC

¥as furnifhed with little Globules, that render’d it lefs tranfparent than the

Was, at A B and C D.

* Yobl. 0b. p. 4. + Bid. p. 5t
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S EcT1. XXIL
Infufion of old Hay.

N this Infufion were two Sorts of Animalcules that merit a particular
] Defcription. The leaft is feen at Fig, 252. it was of a tranfparent
White ; A its Head, B its forked Tail, with which it pufhes itfelf forward}
and it fwims fo fteadily that no particular Motion of its Body can be dif
cerned. {

The fecond Sort are more extraordinary and furprifing, as well in Size
as other Circumftances ; two of them are reprefented at Fig. 253 and 254
marked A, C, DB, and ACEFB; A fhews the Head, B its forked
Tail, C its Heart, 'which may be feen in a regular Motion, and D it In-
teftines. It is called an aquatick Caterpillar, there are two different Colous
of them, one of a tranfparent White, the other of a pale Yellow. In
moving on the Objet carrying Glafs, they firft fix the Points B, and then
extending their Body as much as poffible, reft the fore Part upon another
Place, and draw up the hinder Part, and then agdin fix the Point B & be-
fore and fo on; they alfo fix the Points of their Tail to the Object carrying
Glafs, and ftretch out and retraét themfelves by Jerks, and fometimes W
round about upon the Point B, at other Times they fpring forwards witk
a fudden Jerk, and fwim about for fome Time. ]

When they reft themfelves, they commonly open their Mouths very wide
as at A, Fig. 254. its Lips alfo are furnithed with Hairs, as exprefied
the Figure, which move very quick ; it is really furprifing to fee howh%ﬂl.’]'
they fwallow down other fmaller Animalcula that happens to be lefhm
the Reach of their Mouths. At certain Times all the Hairs at the hind”
Pare of their Body which ftand upright, are feen to lie down from EF
B. ‘The Circumference of the Body feemed indented like the Teeth of 354"
which upon a clofer Examination was difcovered to be Ringlets lying °°
over another, coming out with a furprifing Swiftnefs, and fometimes €V
the nervous Fibres were vifible, extending from Head to Tail, fwelling
contracting alternately as they crawled along,. P

A Mixture of the Infufions of Hay and Celery, does no Hurt t© .mhtc
of the Animalcula of the two Liquors; but the leatt Drop of this M!Ii'-”t
affords a very pleafant Profpect to the Spectator, who will in @ Infta0
difcover Variety of thefe fith-like Animalcules of - different -Sorts, MOV
in all Diretions. ) a3 s il

See alfo a Defign of another aquatick Caterpillar at Fig: 255, 1t W&,
ed out of an Infulion made of tﬁ- Stalks of arpNofcgay c%mpofcd of P’;‘fﬁ
Jeffamin, Tuberofe and other Flowers; this: differs from the forfg"f’f

1

)
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firft, in being longer; fecond, that its Tail marked I, -is compofed of
three Points inftead of two ; third, that it hath two little Arms L M, one
on each Side its Heart a; fourth, that its Inteftines marked b are without
any vifible Separation ; and laftly, that neither Ringlets, faw-like Teeth,
nervous Fibres, nor Hairs in the Length of its Tail could be difcovered in
this Animalcule, but in all other Refpects it was the fame as the foregoing
Caterpillar. -

§ 089 g FIUKTYS
An Infufion of Citron Flowers.

IN Auguff fome of thefe Flowers were put into cold Water, in a few
Days three Sorts. of Animalcules were feen therein, which did not merit
a figurative Reprefentation. But fome Time after others appeared, called
Tortoife, one of which is reprefented at Fig, 256. Its Head, though large,
18 very fhort, and adorned with two Horns like thofe of a Deer : Its Body
feemed to be covered with Scales, its Tail very long, and fwift in Motion.

SeeT XXV,
- Infufion of Animony.

Ature is pleafed to diverfify all her Productions, and is furprifingly

N admirable in all her Works, by continuing to give us Proofs there-

of in this Infufion of wimeny prepared after the ordinary Manner with cold

Water, which at the End of eight Days afforded a new Animalcule, re-
prefented ar Fig, 257. *

All the Surface of its Back is covered with a very fine Mafk in Form of
3 buman Face perfe@tly well made, as appears in the Figure. It hath three
Feet on each Side, and a Tail coming out from under the Mafk.

SecrT XXVL

Infufions of three different Portions of Celery Stalks
and Leaves, put feparately into different Glaffes.

0 N the 1ft of November fome of the Stalks of Celery were broke into
little Pieces, and put into the firft Glafs, and common Water poured

® Fubl. Ob. 3. 57.

thereon, ~
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thereon, and alfo upon the green Leaves in the fecond Glafs, and in the
third Glafs fome Pieces of the Stalks with foine of their Leaves with Water,

Seven Days after thefe Preparations, fome Animalcules were found in
each of them, two Sorts in the firlt, and but uvne.only Sort in both the
other : But in about a Month’s Time all the three Infufions contained ten
different Sorts both in Shape and Size.

Thofe of Fig. 258, and 259, are the fmallelt ; but in Number they ex-
ceed all the other, when coupled they refemble a Figure of 8, as at 3,
Fig. 259. Thefe alfo are called Bag-pipes 5. they couple by the Beak, which
is a little crooked and fharp, and notwithftanding this Coupling they fwim
very faft, diving to the Bottom of the Drop of Liquor which is placed upon
the Object carrying Glafs, and rifing up again to the Top thereof alter
nately ; they feparate from, and approach cach other, without Intermiffion.
Thele Bagpipe-like Animalcules are not entirely alike ; but there is in thefe
as in all other Animals, different Sorts of them.

Some of them fwim alone with a furprifing Rapidity, while others ad-
vance with a moderate Swiftnefs, fome go very {low, and others reft quict
for a long Time together ; but the greater Part of them are in a perpetul
Agitation, fome of them are long, fome fhort, others as white as Silver,
fome of a golaen Colour, and others brown.

It is a fingular Curiofity to obferve what paffes upon the Surface and all
around the Circumference of a Mafs Jf Matter which hath formed itklf
into a very lictle Bit -of thin Skin, fo fmall, that the beft Eyes are ot
able to fee it without a Microfcope : They are found by Chance on the
Surface of the Infufion, and are generally faftened to the End of the Stalks.
If a Bit thereof be taken out with the Point of a Pin, and placed upon the
Object carrying Glafs before the Microfcope, there will be feen Swarms of
all thefe Animalcules we have been fpeaking of. There are fuch gre
Numbers of them moving with fo much Celerity, that it is troublefome 10
turn the Eye upon a Sight fo new and furprifing. In certain Places thert-
of there are feen fome differently coupled. Others alfo, that reft them
felves, and keep the Watch as Soldiers do, which feem apprehenfive ©
being furprifed ; whilft others go out a good Way from the Mafs as though
they would make fome Difcovery, then they return again as if they ha
fomething to relate to thofe which kept the Watch, and this is fecn
round the Mafs, '

In another Drop, taken from another Place of the fame Veffel, has beed
often feen another new and curious Sight, viz. that Sort of Animiﬂlh,“hfc
are long and flat, called Soles, and are reprefented by ABCD, i kig.
260.. The Sides of this Animalcula is very fharp ;3 the Head and all the
reft of its Body is tranfparent, except a few brown Spots which appe
within. The different Poftures, and the Variety of Motions obfervablc 1"

thefe Animalcula, caufe much Plealure in beholding them through 2 e
crofeipts
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trofcoﬂr, and afford much greater Satisfattion than can poflibly be ima-

gined by reading the moft particular Defcription of them.

In the Glals where only the Leaves were infufed, there were amonglt
others fome Animalcules like thofe exprefled at E, F, G, Fig. 261, at cne
End of each of thefe Figures may be feen a confiderable Opening which is
their Mouth, and appears fometimes round as at F, and fometimes ovalifh
s at Eand G; at other Timés itis fo firmly clofed as not to be difcovered.
It fwims by Jolts, and Ballancing from Right to-Left, conducting itfelf in
Appearance by a circular Motion of its Head, It alfo changes its Figure
by folding, unfolding, and fuddenly rolling itfelf up in the Farm of a Ball,
and then alternately ftretching out again very quick into its natural State.

There is another Sort of Animalcula that appears to have neither Head
nor Eyes, and are reprefented at HIK, Fig. 262. their Body ends in a
long trar.fparent Tail, and Motion generally very flow. They are frequently

to have a Bit of the Skin (which is formed on the Surface of the
Infufion) fticking to their Tail as at L, fometimes they drag it after them,
ut other Times 1t happens to ftick to the Object carrying Glafs; at which
Time they draw themfelves back on a fudden towards it, and then ftretch
out again very {lowly. _

In the Jeaft Drop that could be taken up from the third Glafs, wherein
the Leaves, Stalks, and Roots were mixed, was fuch an infinite Number of
thofe listle Animalcula reprefented at Fig. 258, that they could fcarce find
Room enough to pafs between each other. y

There was alfo a large oval Animalcule, as at- M N, Fig, 263. its Head
could not be diftinguifhed.

In a fecond Infufion of the Leaves of Celery was a new Animalcule, re-
prefented ac Fig, 264, its Head is feen at O, and is befet with long Hairs
that move alternately, its Motion is flow and Figure uncertain, appearing
g?ﬁﬂms under the Form of a Bag-pipe, and at others, under that of a

Fig. 265. reprefents another Sort of Animalcule of a fpheroidical Figure.
er Sort at Fig. 266. and others like Fig, 267. this laft moves with
& furprizin Velocity, and frequently turns itfelf upfide down.

Amongft other Infufions o Celery, was found an Animalcule in the
Sllap? of a Bottle, as at Fig. 268. Fig. 269. exhibits anocher Sort of the
l!‘g':"'l’e-lillie Animalcules, two of which are feen-at P, differently coupled
fom any of the foregoing.

ly, at Fig. 270. is reprefented a moft extraordinary Animalcule, al-
Woft round, its Body c_ovcr’g with Hairs and Motion circular,

S SEcT.
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S E €T .XXVII.. _
Of Infufions of Straw and the Ears of Wheat.

N the Beginning of March, fome wheaten Straw, and two Ears of Wheat
1 were put_into cold Water, the fecond whereof produced Animalcules,
of the Shape of Fig. 269. : .

Others alfo were found therein, reprefented at Fig. 271. its Mouth i
feen at A, the Infide of its Body was filled with a Quantity of little whit
and brown tranfparent Corpufcles. -

A third Sort is reprefented at Fig. 272. turning according to the Order
of the Letters A B C, and moving flowly, its Colour like that of unpo-
Jifhed Silver, ftrewed with little brown Spots. 'Its Head is feen at A, Tl
at B, and Back atC. ' ' !

Another Sort of Animalctle is feen therein of “an oval Form, and on¢
called a golden Bottle, reprefented at Fig. 2 6. its Mouth is fometime
fixed to a round Body, to which it ftrongly adheres, ‘as at Fig. 273

Another Sort called Soals, ‘contratting and feretching themfelves out &

‘they fwim along, which is very quick, are reprefented at Fig. 274

See-alfo another Sort, at Fig, 275. their Mouth is'at A, which is fome-
times extended to a great Width. B C is the Tail. P

Fig. 277. reprefents an Animalcule with a Swan-like Neck, “A 818

‘Head ; Z! its T4il, and C its Body. ‘They are’of two Sorts, on° very
tranfparent, and the Infide of the Body of the other browaifh, - Their [at-
ftines may be feen in Motion. ° : "

The Animalcula’S and T, Fig: 278. are thofe which were before cil
Water-Spiders, or rather greedy Guis, from the Quantity of other minuts
Animalcula they fwallow. " 3

That reprefented Fig. 279. is the only one of its Sort found in the In 4
fion of wheaten Straw. Its Figure is like a Purfe, its Mouth larg® "
here reprefented open ; but when it ‘ftretches itfelf Gut for fwimming *

“fo neatly fhut, as to enclofe its Horns. - 81

Fig. 280. exhibits an Animalcale, called a little Soaly and at Fig-?_ "
and 282, are two others that move extreamly flows and are 1009
fmaller than an Hair *. A& - .

Fig. 283. reprefents a Worm-like Animalcule, compofed of 3 E‘;
Number of very fmall fpiral Rings, whofe Extremities are terminate® =
very long, and exceeding fine Points.

* Fobl. Ok p. 67 sgcT
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. Of aguatic Pomegranaies.

1@ W 190.] j ] i
A H 1S Name  of ‘aquatick Pomegranates, crowned and bearded, is given
"''to. the Animalcula, which are reprefented by the Figures 284, 285,
286,287, 288; and 289, becaufe their Shape in fome Meafure refembles
that Fruit; * they were found in a fmall Drop of an Infufion ‘of ‘wheaten
Straw, ‘and ‘feery with a Léns; 3th of an Inch Focus. = *» = °
They appear’d of a fine tranfparerit amber Coloury which therefore af-
fords'a curious Sight of their Inteftines, ‘the feveral Forms under which this
_ alcule "appears; refuire a particular Defcription, which take as
followts' 1o =0 o -.:,'._" L 2l .

In Fig. 284 under the Tietters A B'C D, are fhewn four little Eminen-
cies, adorned with Hairs, which remain but a fhort Time in this Situation,
for that marked B joins Ay and € unites with D fo clofely, that they then
appear as at A D, Fig. 285.  Thefe increafed Eminencies, form the fepa-
rated Lips of thr.ATr;\alcd and the_ regular Motion of the Hairs with
which they aré” adorned,’ ole'.i]ig‘cs all minute Bodies, ‘at 'a fmall Diftance
from thefe Lips, to enter into its Mouth. Part of which is alfo as ftrongly
repelled, “as it was greedily fwallowed. e "

Al the Protuberances A, B, C, D, ‘of Fig.-284. or the two of Fig, 285
contralting ‘themfelves'a hittle towards E; ' difcover a Sort’ of Crown, with
four' Points;” reprefented at Fig. 286, which are prefently cover’d again with
thefe Eminencies, ‘and then expofed again; ‘and foon.” -

* In éach of thefe Figures, at E, is feen a'regular Pulfation, fuppofed to be
s Heart ; ‘it feens to ‘be embraced by two Lobes,’ that ‘feparate and join
dternately, ‘which probably‘are the Lungs 3 from thefe proceed’ two  little
Ligaments 4t G, towards the Inteftines, whofe periftaltick Motion is alfo
m%hc Tail of this Animalcule appear’d fometimes round and clofe, - at
Eehn" Timés open, ‘whén two little Points, as at H, Fig. 284. might be

One of thefe ‘Anjmalcules had four of thofe fharp Points, Fig.287.

two on' cach ‘Side the Anus ; between which @ long Tail T L is pro-

, “and drawn’in again with great Swiftnefs : The End L, ‘in fome of

Animalcules, “appedred forked; as Fig! 285. the Tail can be entirely

drawn into the Body, at, which Time the Rings that compofe it,. flide
one over the other, and cauft it to’become opake.

* b, Gé' 7. 68.
2

Their
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Their Eggs are frequently feen faftened to their Breech by fmall Threads;
foms of the Females carry butone, as at M, Fig. 289. others two, Fig.
285, and fome others fix, Fig. 286; but this is feJdom, and then alfo they
are fmaller.  They rub their Eggs with their Tail, which as it enters into,
and goes out from the Body, turns from one Side to the other with a great
sieal of Pliablenefs ; thofe Eggs which are full, appear hanging down, and
are very regular and bright, thofe that are empty are feen quite flar, and of
an oval Form, and more tranfparent than the others, and although empty,
- their Mothers carry them almoft always faltened. to . their Breech, as at
Fig. 286. Two of thefe Eggs were feen in the Body of one of thefe
Animalculés, and appeared as at G G, Fig. 288.

Thefe Animalcules are a delightful Object for the Microfcope, particu-
larly when they tumble over Head and Tail, becaufe they do it dextroufly.
Some turn themfelves circularly, as much on one Side as the other, and
about the Point F, which is the Center of Gravity of their Bodies.

: o ol e b o b A :
Infufion of the Bark of an Oak.

OME of this Bark being put into cold Water, the 15th of Decen

ber, and examined feveral Times for the Space of a whole Year, during
which Time the following Animalcules were difcovered. The firft was
called a Tortoife with an umbelical Tail, Fig, 290 This Infet ftretches
out and contradts itfelf very eafily, fometimes affuming a round Figurt,
which it does not retain above a, Moment; then opening its; Mouth 10 3
lurprizing Width, forms nearly the Circumference of a Circle ;- its Lip$
are furnithed with Hairs, whofe Motion is very pleafant, becaufe it obliges
fome of the adjacent little Bodies, to precipitate into. its Stomach, Where
that which is fit for Food remains, while the other is repelled with grea*
Velocity ; its Motion is very furprifing and ' 1

Fig. 291. is another Sonofxnimakula with an umbselical Tail, differ
iSnc%n only from the former in having its Mouth fixed, and Tail without 0¥

ration. : '

Fig. 292. reprefents another of the fame Sort, although under. & Form
fomewhat different ;. the Top of its Head is double, and two Prominencics
aEpcaé] thereon under the Form of Horns, which were imtirely covered i
the other. .

That reprefented at Fig. 293. is called a Water-Rat, its Head wel
{haped, and Lips adorned with long Hairs.

Another Sort at Fig, 294. .is called a Crab’s Claw, becaufe of its t':g
' . crook
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crooked Beaks, whofe Motion as well as that of its Body is very flow,
its Body is adorned with a great Number of fhining Globules.

Fig. 295. is called a Club, its Head large in Proportion to its Body,
which ends in a Point, the Infide of which is ftrewed with little Grains
both tranfparent and opake.

That Sort exhibited by Fig, 296. is called a Silk-worm’s Bag, becaufe
its Body iscompofed of feveral Rings and longitudinal Fibres, the Shape of
its Head is fo nearly like that of the Tail, that it can only be diftinguifhed
by its Swimming.

The Animalcule, Fig. 297. is called a Spheroid, its Head is feen at A,
a little below which may be feen its Heart regularly beating; and feveral
round Bodies of different Sizes, which probably were its Eggs.

There are in this Infufion feveral Sorts of Eels, different amongft them-
felves, and different alfo from thofe found in Vinegar.

Fig. 298, reprefents one of them very thick with refpect to its Length,
which was ftored with a confiderable Number of exceeding fmall Fibres,
and others alfo that ran {pirally from near its Head towards the Tail.

V‘At Fig, 299. ‘is exhibited another kind of Ecl-like Animalcula of great
ivacity.

Another of a larger Size is allo reprefented at Fig. 300. that had been
dead for fome Time, when by Chance a little Eel* was difcovered Auttering
very much to get out of the Belly of its Mother, but not being able to
do 1t, at laft died therein. i

This Obfervation is a fufficient Proof that the Eggs of thefe Eel-like
Animalcula are hatched in their Mother’s Body.

Fig. 3o1. reprefents an Animalcule, called a Weaver’s Shuttle 5 it fwims
hﬁ:l:lthlr’ having in the Middle of its Body feveral little Corpufcles re-

ing ;

Fig, 30??&1&& the Beak of an Halbert, its Head ends in a Point ;
the other Extremity of its Body is like a Drop, and upon the Throat arg
feveral long Hairs.

Fig. 303. is called a Water-Spider, it is of a fpherical Figure, with fe-
Veral brown parallel Lines ; between which are {ome Spots browner than
the reft of their Bodies.

Fig. 304. is called a Drop, its Body uniform and tranfparent, its Neck
g but a lirtle crooked.
~ F'E- 305. is called a Slug, its Head is round, Tail fharp, Body large

™ Proportion to its Length, and becomes fo fhort in Motion as to appear

Pretty regular.
Fig. 306. is called a Water Caterpillar, they are found of different Sorts,
and in feveral Infufions of Plants it has been before obferved, that the

® Yeb. OB. p. 76.

Hairs,

. T i e A
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Hairs, of which we have elfewhere {poke, are planted on the two-Lips of
this Caterpillar, which feem to turn at. certain Times like the Rowel of 2
Spur. 1 nol B dal) s
PFig. 307. is called the great:aquatic Spider, .its.Figure fomewhat ovalih,
Mouth a little funk, which appears fometimes to. reach to, the Middle of
its Body, its Lips are adomed ‘with. Hairs in Motion, which feem to have
a Communication with a litde Part that probably may be the Heart, and
Lungs furrounding it 5 its hinder Part s alfo furnifbed with Hairs that forn.
2 kind of Tail ; a little above the Anus is a brown Spot, fuppofed to be
the Excrement ; the reft of their Body is generally ftored with lictle regu-
lar Corpulcles. . bl i e} e e el

This Sort of Animaleule-is alfo found in Jufufions of wheaten. Straw, in
that of Barley mixt with. fome: of the Ears; in Turkey Corn, ;Indian Care,
in the #ood and Bark of Acaias,, or in that.of whole Pepper, &c, All thefe
different Sorts of Water-Spiders, -have Hairs. round their Body, inclining 2
lictle from their Head towards their Tail, -and may be. feen with a Lens of
¢ of an/ Inch-Foeus, » o1 Lgskd . ; Mg o1

Fig. 308. is called great Mouth, becaufe its Mouth takes up about half
the Length of its Body ; its upper Lip is much longer than the lower,
and are each adorned with little Hairs ; its. Infide is filled with darkifh
Spots, and hinder Part terminated with a fingular Tail." ;1

Fig. 309, ABC, is named a Funnel, and'is here reprefented under three
different Forms, in the middle one the Mouth is open and round, the In-
fide of its Lips are adorned with little' Hairs, “which have a quick Motion ;
the Infide of its Body ftrewed with many little irregular Spots, a.%itilskgﬂs
Tail generally drags after it little Pieces of Skin faftened to its remity-
The fecond is feen at A with its Mouth fhut; and the third at C, whofe
Body is roundery and its Tail at certain Times twifted in the Form of 3
Cork-ferew. FanfT

Fig. 310. hath a Head like Clover Grafs, and a forked Tail; its Mouth
very {mall and round. |

Fig. g11. is called a Sock, the Infide of its Body is adorned with feeral
tranfparent Spots, which appear like Eggs. : 1

At the Time this Infufion was intended to be thrown. away, it "
thought proper to put a Drop of it upon the Objeét carrying Glafs, ‘"‘%
to examine it by the Microfcope, whereupon one of the moft cular 0
all the foregoing Animalcula was found therein, It is a kin of Water
Caterpillar, and fo fearce, that no more than feven or eight could be 10!
in many Trials during three Days. Fig. 312. thews three ngcfmtaﬂ?g
of one of them ; in that exhibited by A B, its Bedy is feen to compo
of feveral Ringlets, that enter one into. the other, as the Animalcula co™
trafls itfelf ; it puthes out of its Mouth a Snout compofed of feveral Piec®
theathed in each other, which are fhewn at AC and D. The Eﬂfﬁmlr{;j
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this Snout appears to be perforated in fome Pofitions as at D ; it is fome-
times fplit in two Parts, at other Times into three, as at A, where they
form two or three little Protuberances. At L L are feen two Lips furnifh-
ed with moveable Hairs. In other Pofitions not one Hair can be feen.
While thefe Things were obferving, a kind of Horn F, was fuddenly pro-
truded from its Breaft : Its whole Length appear’d to be compofed of fe-
veral Furbelows of unequal Thickneffes, which go one into another like
the Drawers of a Pocket Telefcope : At its Tail are two very fharp Points
as at BE, and in fome particular Pofitions it appears in three Parts as at L

e T e T .9 %
Infufion of the Bark of a young Oak.

] ABOUT the 25th of December feveral little Pieces of the Bark taken

from off a Branch of young Oaks were put into cold Water, and in
two Hours after fome of thofe Animalcules called Silver Bag- pipes was feen
therein, and ‘on the 15th-of Fanuary ina very fmall Drop was feen feveral
new ones.  Some of them Mr. Foblot called Caterpillars, others Stockings,
Stirrup-Stockings, &e. :

Thofe reprefented at Fig. 313, are called golden Caterpillars, being of
an Amber-colour, the longitudinal Fibres are feen from one End of its
Body to the other, between which are ittle irregular Globules. ;

Fig. 314. is called a Stirrup-Stocking ; at C is a great Opening which
changed its Shape every Moment, and appeared to be its Mouth ; the Lips
were fometimes fo extended as to ferve it fora Rudder to fteer its Courfe,
its Body was befet with extremely fmall Hairs. .

That reprefenited at Fig. 315, is in the Form of a Fifhing-Net.

Fig. 316, is another, of which the Part G H refembles an ill-fhaped
:ﬁ’ the Middle of its Body appeared to be tied with an invifible Li-

re.

Fig. 317, is called a Club, its: Mouth -intirely clofe, and Body fhaped
like one,. feveral little Globules were feen within-fide, fuppofed to be Eggs.

Lattly, at Fig. 318, is one of another kind of the Bottle Sort, which
{“_m amongft the preceding ones ; and alfo a great Number of other Sorts
Which do not merit a Defeription. The cold Weather increafed fo faft, that

"0 35 Days Time all the dnimalcules in this Infufion were deftroyed.

Sz cT.
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Of [fome other larger ayuatic Animals.

H E Waters cvery where are ftocked with Life, which makes the

Subjeét endlefs for the Employment of the Microfcope, Seas, Ri-
wers, Ponds, Ditcbes, and almoft every Puddle, can prefent us with living
Wonders ; but as thefe Examinations have been very little atzended too
even by thofe who are fupplied with Microfcopes, 1 hope thefe Diretions
and the new Univerfal Micrafeope, will be a Means to whet the Inclinations
of the induftrious Enquirer, the Difficulties in the Ufe of the common In-
ftruments being here removed. . _ _

Mr, Leeuwenbock found fome furprifing Animalcules, adhering to the
Lens Paluftris * or Duck-weed, which he examined in a Glafs Tube filled
with Water ; one Sort of thefe were fhaped like Bells, with long Tails,
whereby they faftened themfelves to the Roots of thefe Weeds. HM,
Fig. 319, reprefents a fmall Part of the Root as it appear’d in the Micro-
fcope, fuppofed to be almoft withered and over-grown, with a great many
long Particles which are feen between K and L. The Awimalculs repre-
fenting little Bells, + are feen at IST. '

On feveral of thefe Roots were obferved one, and fometimes two Sheaths
or Cafes of various Sizes, faftened thereto by the fmall End : The largel
is exhibited at R XY, out of which Sheath appeared a little Animal, whoft
fore Part was roundifh as at X Y Z, from whence proceeded two lirte
Wheels that had a fwift G{‘minn always one and the fame Way, and were
thickly fet with Teeth or Notches as at PQRS. When they have for
fome Time exerted their circular Motion, they draw the W heels into theif
Bodies, and their Bodies wholly into their Sheath, and foon after
themfelves out again and renew the aforefaid Motion, Mr. k
obferved the Cafe of one of thefe Animalcuies to be compofed of round
Bubbles, # as is reprefented at N, O, T. When this Animalcule had throf
that Part of its Body from O to P, out of its Sheath N O ; it extruded
the fame Time that furprifing Wheel-work (which before was taken ff
two diftinét little Wheels, and was here plainly feen to be but one and ¢
fame Circumvolution) that confifted of four round Parts' P QR S, three ©
which were to be feen, the fourth being almoft hid ; its Motion was from
P to Q, according to the Order of the Letters. Fig. 320, reprefents the
Wheel-work by itfelf, and larger than it appeared to the Sight. J

Mr. Leeuwenbock found feveral Kinds of thefe Wheel-work Animalcui®

® Pli. Tranf. No.283, 295, 337 1 Jbid. No.383. % Ibid. Ne.295- .
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in the limy Matter which is to be found in leaden Pipes, or * Gutters, when
the Water dries away they contrad themfelves into an oval Figure, and a
reddith Colour, and become fixed in the dry. Dirt, which grows as hard as
Clay 5 bue if to this Dirt you put Water, in about half an Hour’s Time
they open, and by Degrees extend their Bodies and fwim about ; and this
they did after fome of this Gutter-dirt had been kept dry for 21 Months
together : Whence he concludes, that the Pores of their Skin are fo per-
fectly clofed as to prevent all Perfpiration, by which Means they are pre-
ferved till Rain falls, when they open their Bodies, fwim about and take in
Nourifhment.

Fig. 321 and 322, reprefents two of them in different Pofitions, and
Fig. 323 thews how they appear when dry and contracted,

Several Species both of ¢.uftaceous and teftaceous Animalcules are to be
found in the Waters of Ditches ; two of the former Sort are reprefented in
Fig. 324 and 325, in the Pofture they fwim with their Backs next the Eye,
their Legs are fomething like thofe of Shrimps or Lobfters, bur of a Struc-
tore much more curious ; they are lefs than a very fmall Flea, are all
Breeders + and carry their Spawn in two Bags, which hang from their
Sides, or under their Tail, as in Fig. 325. Thefe Bags are fometimes feen

roke, and the Spawn fcattered about the Water. There is a third Sort
amongft thefe as beautiful as the foregoing, but not near fo large ; its
Shape nearly refembles a Shrimp, and carries its Spawn as the Shrimp does.
Thele three Kinds of Animalcula have but one Eye, and that placed in the
Middle of their Forehead ; they are often to be found fo tranfparent, that
the Motion of their Bowels is very plainly difcovered by the Microfcope,
:;gﬂthcr with a regular Pulfation in' a little Part, which we may fuppofe

¢ Heart. ' '

In the Summer-time it is common for the Water in Ditches to appear
lometimes of a greenifh, and fometimes of a brownith Colour, which upon

mination by the Microfcope is found to confift in infinite Numbers of
Aimalcula, blended together on the Surface of it, and giving it fuch an
‘“‘PPﬂarancc-, their Shape is oval, but the Middle either green or red, and

: fgﬂs to be compofed of Globules, refembling the Roes or Spawn of
1 €S,

® Leewaw, Are. Nate Tom, 11, Epiff. 149, + Phil. Tranf. No, 288,
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CH AP. XXXIV.
Of the fre/b Water Polipe, with Arms in Form of

aris.

B e i
Of their Motion and Strulture.

HE Nature of this Infet is both extraordinary, and contrary to the

general received Opinions of Animal Life, and requires the moft cor-
vincing Proofs to perfuade many People into a Belief thereof. In order
therefore to clear up this peculiar Affair, 1 fhall lay before the Reader the
following Obfervations, which were made by Mr. Trembley, and alfo affure
him, that I have repeated the major Part of his Experiments on this Animal
with the fame Succefs,

And firlt thefe Animals were not hitherto entirely unknown, for Mr.
Leeuwenbock gives a Defcription of a furprifing Sort o}' minute Animal, 18
the Philofophical Tranfa&ions, Number 283.  Itis 1e refented at Fig. 325
as it appeared faftened to a Root of Duckweed, whillt in the Water, and
about three Times bigger than it appeared to the naked Eye; this wa 2
large one of the Sort, and had cight Horns: At C is hewn a very fmal
Aimaleule coming out of the other’s Body, fuppofed at firft to be fa
thereto by fome Accident ; but on a clofer Examination, was found
a young one in the Birth, although it had at firft but four fmall Horns;
ter 16 Hours its Horns and Body was grown much larger, and in fl;:
Hours more was quite excluded its Mother’s Body 5 againit this on !
other Side appeared a litde round Knob, which gradually increafed in Big:
nefs, and in a few Hours was pointed as at D, Fig. 328 ; about 14 Hours
after it was grown much larger, and had two Horns; three Hours aftef £
alfo fell off from its Mother and fhifted for itfelf. b

An Englifp Gentleman * difcovered one of them in fome clear Wit
taken out of a Ditch ; but with the utmoft Attention he could find 70
more therein, It appeared the firft Day as at Fig. 326, but varied "fgc
Moment, and the lgnob at a, looked like the Gut Cenum ; tWO Lo
Days after he obferved fome white Fibres at the Extremity of the 1
on the fourth it was extended at full Length, and appeared as Fig. 53,;
which then convinced him this Excrefcence was really an Animalcule

* Phil. Tranf. Ne. 288. fame
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fame Species, having fix Horns ; next Day he found it feparated from its
Mother 3 it is feen in its contrated State as delineated by this Gentleman
at Fig. 329 and 330.

There is a near Agreement between the Obfervations of thefe two Gentle-
men, both of them having difcovered the moft remarkable Préperty of the
Polypes, that is to fay, their ataral Manner of multiplying. They have alfo
given us their exterior Figure, and fome of their Motions ; but their more
furprifing Properties, were referved for the Difcovery of the inguifitive and
bappy Genius of Mr. Trembley. It was alfo known to feveral other Gentlemen
before him, but none of them difcovered this remarkable Re-produétion,
which is found in the different Parts of a Polype after they are feparated,
each diftiné Piece becoming as perfet an Animal as that of which it was
only a Part.

Mr. Trembiey having taken Notice of fome Plants, which he had taken
out of a Ditch, and put into a large Glafs full of Water, and employing
himfelf in confidering the Infe@ts therein contained, he caft his Eye upon
a Polype, which was fixd to the Stalk of an aquatick Plant, and is repre-
fented at Fig. 331.

Their Bodies a b are very fmall, and from one of their Extremities at a,
proceed feveral Horns a, ¢, which ferve them for Feet and Arms, and are
much fmaller than their Bodies. I call the Extremity a, anferiof, becaufe
itis the Polype’s Head § and the oppofite Extremity b pofierior.

_ The firlt Sort of Polypes Mr. Trembley found, were of a fine green Co-
lour, and in the Pofture of thofe reprefented by Fig. 331. The firft Motion
he obferved in them was that of their Arms, which they extend and con-
trac, bend and wind divers Ways; they alfo contract their Bodies upon
the leaft Toiich, fo fhort that they appear only like a Grain of Matter.
They conftantly turn themfelves towards the Lights for if that Part of the
Glafs in which they are, be frequently turned from the Light, they will be
found the next Day to have removed themfelves to the light Side of the
Glafs, the dark Side being quite depopulated.
. For Mr, Trembley inclofed a great Glafs well ftored with green Polypes,
ina Pafle-board Bax, which had a Hole cut on one Side in the Form of a
m, that exaétly anfwered to the Middle of the Glafs in which the
Polypes were: When this Hole was turned to the Light, it always hap-
pened, that the Polypes affcmbled themfelves together at that Side of the
Gh, and alfo in the Form of the Chevron ; although the Glafs was turned
feveral Times in this Box, yet at the End of a few Days the Polypes were
always found ranged as before. To vary this Experiment, he turned the
Chevron upfide-down, and notwithftanding this, the Polypes always af-
fembled themfelves together; and in the Form of the Chevron, whether
or inverted,
The 25th of November 1740, Mr. Trembley cut a Polype wanfverlly (f]c:r
: the
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the firft Time) but the Head Part a little thorter than the Tail Part, and
put the two Parts into a flat Glafs, in which the Height of the Water did
not exceed a quarter of an Inch, by which Means théy might be eafily ob-
ferved with a pretty deep magnifying Glafs.

In that Inftant the Polype was cut, both Parts contratted, and funk to
the Bottom of the Glafs, like two little Grains of green Matter. Some few
Hours after both the Parts ftretched themfelves out, and were eafily to be
diftinguithed from each other, the anterior End of the firft being furnifhed
with Horns, whereas the other had none at all.

The firlt Part moved its Arms, and the next Day he faw it change its
Place in the Glafs, and both were obferved to extend and contract them-
felves for feveral Days.

He only looked upon the Motion of thefe two Parts, as Signs of the
weak Remains of Life, efpecially with refpect to the hinder Part, and
therefore obferved it only to know how long it would remain alive, not
in the leaft hoping to be the Spetator of this fo marvellous a Re prodution.

But obferving the cut Pieces on the gth Day with a magpifying Glaf,
perceived three little Points coming out from the Edges of the anterior
End of the fecond Part, which had neither Head nor Arms. The next
Day he was convinced they were Arms, and the Day following rwe new
Arms came out, and fome Days after tbree more ; this fecond Part had then
eight, which in a little Time was as long as thofe of the firft Part, fo that
now there was no Difference between the fecond Part and a Polype that
had never been cut. They both appeared fenfible, being each of them
compleat Polypes, and performing all the known Funions of fretching
themfclves out, comtraiting and walking.

(After this he difcovered one in a great Glafs he had by him, which was
well ftored with green Polypes, from which young ones began to fhoot.

In the Month of April he found a new Sort of Polypes, reprefentedat
Fig. 332. and foon after faw them eat and fwallow down /#orms longer
than themfelves, and to digeft them aad be nourithed therewith: There:
fore this is a certain Proof of their being Animals.

They are to be found indifferently upon all Sorts of aguatick Plants, and
other Bodies that are in the Water (upon which they fix themfelves by th
Tail) at the Bottom of Ditches, and are fufpended upon the Surface of the
Water, upon Branches of Trees, Boards, rotten Leaves, Bits of Sirews
Stones, and many of them Mr. Trembley hath found on the Bodies of divers
Animals, as on the Shells of Snails, ¢,

The beft Way to find them, is to take up thefe different Bodies and Pt
them in Glaffes full of Water, and if there are any Polypes, they will foon
be perceived adhering to thofe Bodies and moving their Arms. _

Mr. Trembley hath alfo taken the Trouble of going often to the Sidcs
of the Dizch in which he found them, ata Time when the Sun fhone “Pl_.‘;:
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Of the frefb Warer Polype., I4.I
the Bottom of the Water, and chofe thofe Places where the Water was clear,
and that had an eafy Declivity, and fays, he hath diftinétly feen them at
the Bottom of the Water, on all the Bodies that were therein, and on its
Superficies ; by which Means he acquired thofe Ideas concerning them,
he could never have attained to without this Precaution.

The moft common Pofture they are generally found in, whether in their
ordinary Places of Abode, or in Glafles, is reprefented by the F igures 331,
and 332. The poflerior End b, of the Poiype ab, is fixed againft a Plant
ef, Fig. 331, or againft a Straw g h, Fig. 332, the Body a b, and Arms
ac, being extended in the Water.

The general Figure of the. Polype’s Body in this Attitude is not perfeétly
the fame ; in the three Kinds of Polypes here defcribed, the Body of the
green ones, Fig. 33 1. diminith from their anterior to their pefterior End, the
Diminution being almoft infenfible.

That Sort reprefented Fig. 332, are the fame; but thofe of the third
Sort, Fig, 333, differ from the two preceding ones in this Refpect, that
their Body does not diminith infenfibly, but from the anterior Extremity a,
to the Part d, and fometimes even to two Thirds of the Length of their
Body; as atd, Fig. 334, becoming from this Point much finer, and do not
diminifh from thence to the pofterior End. They wave their Arms in all
Directions, as at a, i, k, Fig. 331, at aand ¢, Fig. 332. and ata, Fig. 333
ad 334, The Number of their Horns in thefe three Sorts of Polypes, is
generally at leaft fix, and at moft 12 or 13, yet neverthelefs there are fome
ff_w of the fecond Sort which have 18 Arms. They can contraét their Bo-
dies gill they are not above the 10th of an Inch or thereabouts in Length :
For Example, that reprefented at Fig. 333, could contrat itfelf fo as to

ome like thofe two Reprefentations Fig. 335. They  can alfo ftop at
iy Degree either of Extenfion or Contraction, from the greateft to the leaft,

¢ green ones are generally about half an Inch in Iength when

tched out. Thofe of the fecond and third Sort are moft commonly

¢en 3 of an Inch and an Inch ; but fome may be found of both Sorts,
“hofe Bodies are an Inch and half long. .

They grow fmaller as they extend, and increafe in Bulk as they contract
temfclves, The Figures 331, 332, and 333 reprefent the general and
pueal Size of thefe three Sorts of Polypes ; and at Fig. 362. is an exact
R'«'Prefentation of one, as it appears in the Microfcope.

P4 may oblige them to contract more or lefs, in Proportion as they are
‘E“ﬁhed, or as the Water in which they are, is agitated more or lefs.

Yery Polype, when taken out of the Water, contracts itfelf in fuch Sort,
10 appear like a mere Lump of Jelly on the'Body it is faftened to, as
:t Fig, 336. which Figure is fo different from what it bears when {tretched

" that it can fearce be known at firft Sight, but when the Eye is once
wiomed to it, they are eafily dittinguithed from all other Bodies that are
of the Water,
Heat
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 Heat and Cold hath the fame Effefls on the Polypes, as it hath upon all
other Land and Water Infels.  Heat animates, and Cold benumbs, or makes
them faint and languid 3 yet neverthelefs ic requires a confiderable Degree
of Cold, to reduce them to a motionlefs State, and that mult be very neat
to that of Freezing. At which Time they are more or lefs contratted, and
fo remain 3 but as foon as the Water in which they are, acquires fome De-
gree of Warmth, they ftretch themielves out, and move proportionably to
the Heat thereof. It is not neceffary that this Degree of Heat be very con-
fiderable, but is fufficient for them, if the Water be of a femperate Hedl,
which is exa&tly thewn by the 48th Degree on Farenbeidt's Thermometer .

The Arms of the green Polypes feldom excced the Length of their Bo-
dies, as at Fig, 331, An Inch is commonly the Length 0% the Arms of
the fecond Sort, as at Fig. 332. tho’ fome are longer. The Arms of the
third Sort are generally about eight Inches, Fig. 333. for which Reafon
Mr. Trembley calls them long arm’d Polypes.

The Polype can extend and contract its Arms, without extending or con-
tracting its Body ; and its Body, without any Alteration in the Arms, it can
alfo extend and contra& all or fome of its Arms, independant of the others.

Its Body and Arms are alfo capable of bending in all poffible Direétions;
fome of which are reprefented by Fig. 337. in which Attitude they arc
fometimes found ; the Body and Arms can alfo twift themfelves, & &
Fig. 338, and 334. It is likewife remarkabie, that the Arms of the kS
and 3d Sorts of Polypés, generally bend at fome Diftance from their joni"g
to the Body. :

The third Sort, for the moft Part; let their Arms hang down, making
different Turns and Returns, as 4t Fig. 333. and fometimes they dire& ¢
of them towards the Top of the Water.

Their progreffive Motion is performed by Means of that Faculty they hatt
of ftretching out, contracting, and turning themfelves every Way. For letthe
Polype ab, Fig. 349. be fixed by its pofterior End b, having its Body aby
and Arms extended in the Water. In order to advance, it draws ltﬁ?'f 0
gether, by bending its Body on whatever it moves ; and then fixing m;"'r
terior End a upon ‘this Body, fometimes the anterior End only, atot Ei
Times fome of its Arms, and at others the Arms and anterior End 8, #°
Fig. 350. When the anterior End is well fixed, it loofens the
b, and draws it to the anterior a, faltening the End b, as at Fig. 3
which it again loofens its anterior End a, and ftretches it out, a3 at F13
Thus much for a general Defcription of the common Steps 3 Poly
in moving from Place to Place. e

They walk very flow, and ofen ftop in the Middle of a Steps difP°
of, and winding their Body and Arms every Way ; as at Fig. 338-

J el
Som

.IJI f
% Farenbeide’s Thermameters, as well as thofe of Sir Jfaac Neavton, Mr. W""!rp i

and others may be had at my Shep, made after the BEST Manner, and g
from afdual Experiments 5 at Tychs Brabé's Head, in Flect-fireets Lonpoxn.
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Sometimes they make an extraordinary Step, as follows, Let the Polype
ab, Fig. 353. be fixed by its pofferior End b, and its Body and Arms ex-
tended in the Water. ' Firft it bends its anterior End a, towards the Body
upon which it moves, and fixes it at a, Fig. 354. after which it loofens its
pofierior End b, and raifes it up perpendicularly, as at Fig. 355. then bend-
g its Body to the other Side, fixes the poflerior End b, as at Fig. 356.
and loofening the anterior End a, raifes it up again, as at Fig. 357.

The third Kind of Step the Polype makes, is in the following Manner, let
the Polype a b, Fig. 358. be fixed by its pofferior End b againft the Side of
aGlafs. Its Body, and molt of its Arms being ftretched out forwards, and
one of its Arms a ¢, fixed againft the Glafs at c: When the Pohpe is in
this Attitude, it loofens its pafferior End b, and contraéting its Body, draws
it up a little nearer to the Point ¢, and fixes it againft the Glafs at d, after
which it repeats the fame and fixes its pofierior End at e, and fo on. All
&a{ is here faid of the Pohypes progreflive Motion equally refpeits the three

s,

They defcend to the Bottom of the Water, and come up cither by the
Sides, or upon aquatick Plants, and often hang down from the Surface
thereof, by their pofterior End, as at b, Fig. 334. and are often feen to
fufpend themfelves by one Arm only, as at ¢, Fig. 339. They walk as well
upon the Superficies of the Water, as upon thofe Bodies juft mentioned ;
and perform the fame Motions in a Glafs, as they do in greater Waters:
They pafs over Plants or other Bodies; they go up the Sides of Glafs,
tven to the Surface of the Water, and pals either under or over it, and

times reft themfelves there; then they march to the oppofite Side of
the Glafs, and fo defcend to the Bortom.

If you examine the Extremity of a Polypes Tail, while it is fufpended,
sat b, Fig.334. (from the Surface of the Water) with a magnifying

lafs, it will be found a little out of the Water, fomewhat concave and dry,
“atband ¢, Fig. 359, and to prove that this Circumftance is abfolutely
feceffary to fupport them at the Superficies of the Water, only wet the
dry End with a Drop of Water, and the Polype will immediately fall to the

om,

When a Polype defigns to pafs from the Sides of a Glafs, to the Superficies of

Water, it need only put that Part out of the Water by which it would be
rted, and give it 'l"Pimc to dry, which is what it always does, and what

May eafily be obferved.  If, for Example, a Polype is fixed againft the Sides
ofa Glais, near the Superficies of the Water, (on which it intends to go) as
%ef, Fig. 359. in order to convey itfelf thither, it raifes up its anterior
» and puts it out of the Water, there letting it dry, then loofening its
poﬁ:n?r End f, from the Glafs, draws it up, and puts it above the Water,
Where it alfo becomes dry in an Inftant, and capable to fupport the Polype,.
UPon which it draws its anterior End under Water, and remains fufpc?ded-
1 rony.
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from its Surface, as at cand b, often extending its Body and Arms.

It has been often found neceflary, in the Courfe of thefe Experiments, to
fufpend a Polype from the Surface of the Water, becaufe they are not always
to be found fufpended there of themfelves. ‘To effet which, take inone
Hand an Hair-Pencil, and in the other a pointed Quill, or a Tooth-pic;
with the Pencil lcofen the Polype from the Glafs, and gradually raife it near
the Top of the Water, in fuch a Manner, that the anterior End of the Pr-
dype be next the Point of the Pencil; then liftic out of the Water, and keep
it [o for a Moment, nay a Minute if you will 5 after which thruft the Point
of the Pencil, together with the anterior End of the Polype, by lictle and lit-
tle under the Water, until no more than about half the Tenth of an Inch
of the Polype’s Tail remains above its Surface; at this Inftant, with the
pointed Quull, remove that Part of the Polype from the Pencil, which
15 already.in the Water. And at the fame Time blowing againit the
Polype, its Tail will be alfo loofen’d, and remain out of the Water.

A Polype, that is already fufpended, may be removed from a Glaf of
dirty Water, to a clean one with frefh Water, by endeavouring to plact
the Pencil parallel to the Polype, and in this Pofition to advance it g
dually till it touches him, he will then apply himfelf againft the Pencil
and on being drawn out of the Water, s Tail, which was dry beforc,
will remain fo ; and it may be immediately put. into the clean Water, by
obferving the foregoing Direétions.

Polypes commonly fix their Tails to Stomes, or aguatick Plants, &c. fo
falt as to prevent their being drove away by the Stream, and are fometim®
fixed not only by their Tails, but by two or three of their, Arms alo
which they dire& different Ways; and being thus fixed cannot be toffed -
bout by the Motion.of the Water. _

Two long armed Polypes {ufpended from the Surface of the Water in 2
Glafs, are reprefented exactly in the Pofition they were found, at a, b, 3
¢, d, Fig. 359. One of them d ¢, had two of its Arms d, i, and d, k, fiX
againft the Bottom of the Glafs, but on oppofite Sides thereof, at i and k-
The other a b had alfo one Arm a g, fixed againft the Bottom of the Glaf:
at g, and its other Arm a h, fixed againft the Side at h; they held them-
felves fo faft in this Pofition, that the Glafs was forcibly fhaken before thef
quitted their Hold. 4

The Polype’s Mouth is fituated at the anterior End of its Body, i the
Middle between the fhooting forth of the Arms. It is very often ftret®
ed out, at which Time it reprefents a little conical Nipple, as at 3 Fig.
333, and Fig. 343, The Cone it forms appears fometimes truncated, ‘f
at a, Fig. 362. At other Times no Nipple can be difcovered, the Intcfr
val between the Arms being clofed, as at a, Fig. 338, and 344. 1 othe
Circumftances it is hollow, being open, and a little widen’d, as at I Fig

331. or at ¢, Fig. 332. and a, Fig, 362. it is not only open in thisci{i‘:;?;
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ftance, for if itis obferved with a magnifying Glaft, when flat, or when it
forms a truncated Cone, a little Hole is generally feen at the End thereof,
which is reprefented, as it appears when magpified at a, Fig. 362.

The different Opening of the Mouth and Lips, are feen Fig. 343, 344,
and 345.

T%csPobpe's Mouth opens into its Stomach, forming a Kind of Bag or
Gut, from Head to Tail. The naked Eye may be convinced of this, but
much better if it be armed with a Microfcope. It is exactly reprefented as
it appears through the Microfcope at a b, Fig. 262.

Mr. Trembley not being fatisfied that the Polype was perforated from End

to End, by only obferving it from without, cut one tranfverfly into three
Parts, each Piece immediately contratted itfelf, and remained very fhorr,
and being all three placed on the flat Bottom of a fhallow Glafs full of
Water, and viewed through a Microfcope, from the upper End, the Bot-
tom of the Glafs was feén through the lower, fo that all the three were vifi-
bly tECl'fOI‘ath‘, they are reprefented as they appeared in the Microfcope,
by the Figures 340, 341, and 342. Its Mouth was at the anterior End of
one of thele Parts a, Fig. 340. and was then wide open. The pofterior
Extremity was at the End b of the third Part, Fig. 342. as this Piece was
perforated thro®, it plainly appears, that the Tails of the Polypes are alfo
open,
This Perforation which is contined from one End to the other of the
Polype, is called the Stomach, becaufe it contains and digefls the Aliments,
and the Skin which inclofes the Stomach, and forms this Bag, is the very
Skin of the Polype. Therefore the whole Animal confifts but of one Skin,
difpofed in the Form of a Tube or Gut, open at both Ends,

If a Polype be obferved with the Microfcope, its whole Body appears
like Shagreen, or as if it were ftrewed with little Grains, as reprefented at
Fig. 362. both when contracted or extended, it is more or lefs varied ac-
tording to thefe or other Circumftances.

If the Lips of a Polype be cut tranfverfly and placed upon the Object
tarrying Glafs, in fuch a Manner as that the cut Part of the Skin a, Fig. 341,
may lie direétly before the Microfcope, it will be found to confilt of an
infinite Number of thofe little Grains throughout the whole Thicknefs of
the Skin : Therefore, in order to know whether the Infide of the Stomach
had any of the like Grains ; Mr, Trembley opened feveral of them in the
following Manner ; by putting a Polype upon his Hand, he mide ir, by
touching, to contract as much as poffible, and then he introduced a very

ne Point of a Pair of Sciflars into its Mouth, and forcing it out at the
Tail, and immediately clofed the Sciffars, which cut one Side of the Palype’s
in from the Top to the Bottom, and laying it open from one End to the
er difcovered the interior Superficies thereof, which is reprefented as it
appeared in the Microfcope at Fig. 346 5 and this was alfo, compofed of as
U great
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great a Quantity of the fame Grains as the exterior Superficies and tthé Edge
a, of the cut Piece of Skin, Fig. 346. To examine thefe Particulars a
little farther, a Bit of the Skin was laid upon the Obje& carrying Glals in
a Drop of Water, and placed before the Microfcope, a, Fig. 347. and fome
of thefe Grains feparated therefrom, as at b, ¢, d, by prefling them with
the Point of a Pin, ftriking them againit the Glafs, and endeavouring, t
tear them in Pieces; the Grains fpread themfelves to all Parts of the Wa-
ter, and at laft remained in Heapsasateand f., = 3 atesq

If a Polype be carefully rp]ach_hefhrq- the Microfcope, fo as not to wound
him, you’ll feldom be difappointed of fecing thofe Grains, feparate from
fome Part or other, and that in the moft healthy Polypes ; but when they
feparate in large Quantities, it is a.certain Symptom of a dangerous llincs
T he Surface of the Polype from which they fall becomes irregular, and s
no more terminated as before. The Grains fall off from all Sides, it con-
tralts itfelf, -the Body and Arms fwell and  lofe their. fhining, Whitenefs,
and at laft their Form, as at a, Fig, 348, and nothing is to be found in it
Place but an Heap of Grains asatb. i1 e sl

The Struture of the Polypes Arms bears a near Refemblance to that of
its Body ; and when obferved with the Microfcope, .we firid their exterior
Surface to appear fhagreened alfo, Fig. 362, an Arm much contrafed
appears extremely fo, and even much more fo than the Polype’s Body.

If a fufpended Arm that extends itfelf be obferved, the Grains may be
feen a little afunder, which when contracted almoft touch, but fo thatlr-
tervals are left between them, as at Fig..363.  When at a certain Dege
of Extenfion, its Surface feems only to be ftrewed with Pimples as at Fig.
464, which continue ftill to feparate, as the Arms extend, -and are atl
placed upon a Thread ee e, Fig. 365. ‘Thefe Pimples_are formed by the
Re-union of many Grains, and at the firft Glance appear like a String of
Beads, Fig. 365. 293t 150030 ,

The different States of a Palype’s Arm, may be obferved at the fame
Time, in the fame Arm, but at different Places thereof, by cafting the Eye
armed with a Microfcope from one End of the Arm to the other, and ¢fpc-
cially if the feveral Portions thereof be carefully obferved with a large Mag-
nifier; they will appear as at Fig. 363. which reprefents that Part of the
Arm ftretched out, which is near the Polype’s Head, the Grains thereof %
ing but little feparated, but are farther afunder in Fig. 364. which i about
the Middle of the Arm ; and Fig, 365. fhews the Grains as if they ¥
irung upon 2 Thread, as they are feen upon the Extremity of a Polypé’s

rm. ; 3 AW 2 - 3 )5 WD

This Extremity is often terminated by a Knob, and the Hairs mﬂkfg
e, ¢, e, Fig. 364, 365. are tranfparent, and may be feen with the firlt a0
fecond Magpnifiers. ; The
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The beft. Method to obferve a Polype’s Arm, is to choofe one that is
fixed to the Side of a Glafs, and near the Superficies of the Water ; at which
‘Moment, any one of its Arms being very well extended, take a Pair of Nip-

in one Hand, and aSlip of Glafs, about twoor three Inches long, and

f an Inch ‘broad in the other, holding it at onc End between the Finger
‘and Thumb; then 'with the Nippers, or a pointed Quill, pull the End of
the Arm gently out' of the Water, and the reft will follow. If it is not
‘ftretched enough, ftretch it more, by drawing it out, the Polype ftill re-
maining fixed to the Glas, put the Arm upon the Slip of Glafs, and turn
it under till it meets icfelf again ; then giving it a Jirk, the Arm will break
off on both Sides the Slip of Glafs, one Part remaining with the Polype, and
“the other in the Forceps, and the middle Part will ftick upon the Glafs Slip,
“in which Manrler ‘it may be 'applied to the Microfcope, and preferved fiojr
“[everal Days, as well as when it is at firft taken out oﬁhe ‘Water, for when
once dry it does ot chiange for a confiderable Time.

S E ¢ 1. 1L

Of the -?’a{ype:_ﬁ;ad, and Manner of their [eizing
T g, and foallowing their Proy.

J T was fome Time after the Difcovery of the fecond Sort of Polypes, be-
+ll. fore Mr, Trembley could find out a proper Food to nourifh them, but
-the Water at that Time happen’d to be " plentifully ftored with a Sort of
..M!lleﬂeﬂ&:[h . 360. {mall enough, and about £ ths of an Inch in Lanh.
+ They are remarkable for a Horn, or flefhy Dart, proceeding from the fore
Part of their Head at d. M. Reaumeur hath called then darted Millepedes.
ETI:,G! fupport themfelves, and fwim in the Water by Means of the feveral
fwift Inflections_ they make with_their Bodies; they reft themfelves, and
creep upon, all the Bodies they meet with, and are often found in %'rcal:
L.I"ﬂmbgr; ‘upon aquatick Plants, ‘ thofe upon which the firlt Palypes of the
fecand Sort wcré'?ound, were well ftocked with thefe Millepedes, and were

(3

-aken out of the Water together with_them, and put into the fame Glafs |

Without any, Defig .
: .A_fEW_Days a&:; the anterior End a, of a Polype, Fig. 366. was ob-
ferved, with one of thefe Millepedes partly within its Mouth, and the other
'- :I:‘E!_t_g:t without it at m, not knowing at firft whether the Pofipe was eat- 1i
ang the Millepedes, or whether the Millepedes “had introddiced itfelf vBlyn- 1'
Aarily into the Polype’s Stomach, to be nourithed “thiere, o lodge its Egas,
gl;:l': fite its Young therein, but at Taft ic was entirely enter’d into the Po-

pe's y.fu.“. LT OT RO QUTR L SYewid ] i

The long arm’d Polypes bcing the moft remarkable in their feeding, &e.
el caaabt < for

e
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for that Reafon principally, Mr. Trembley thought proper to defcribe thef
Experiments, upon that Sort, from which one may ealily judge the
‘fame of rhe other two Sorts. :

To fee thefe Polypes feize their Prey with their Arms extended, they
muft be put into a Glafs, 7 or 8 Inches deep, if the Polypes are fixed to
the Top of the Glafs, their Arms for the moft Part hang down towards the
Bottom. This is then the moft convenient Situation to give them Food,
and 1o obferve how they manage it. To this End one might caufe them
to hang frem the Surface of the Water, but thisExpedient is not always

The Polypes we breed, and feed, are commonly infefted with litle Lice,
itis therefore neceffary to cleanfe them from thefe Tormentors, by rubbing
them with an Hair Pencil, and if the Polypes fufpend themfelves from the
Surface of the Water, it is fcarce poffible for them to be freed from thele
Lice. In that Cafe make the Polypes fix themfelves to a Packthread, of
fix them to it, as at Fig. 367. at the Place b, letting the two Ends hf,
and k g hang down over the Edges of the Glafs. One may then ftroke
them even fomething rudely, backwards and forwards, with an Har
Pencil, without pulling them off, and in changing the Water, only tke
hold of each End of the Pack-thread, draw it gently out. of the Water,
and put it immediately into another Glafs, prepared for its Recepuof,
If feveral of thefe Pack-thread Strings are put into a Glafs well ftored
with Polypes, there will be always fome that will fix * themfelves thereto.

When the Arms of the Polype are well extended, put a Millipedes, o
any other Worm into the Glafs, and with the Point of a Pencil, puth it o
one of the Arms, which it no fooner touches, but it is feized, and wheo
the Millipedes m, ¢, n, or Worm perceives itfelf taken, it endeavours b¥
very quii and ftrong Efforts to difengage itfelf, often {wimming and drig-
ging the Arm ac, Fig. 367. from one Side of the Glafs to the other this
violent Motion of the Millipedes, obliges the Polype to contrat its A
in the Performance of which he often difpofes them in the Form of 2 Cork-
ferew, 0 i, which alfo contributes to the fhortening of it. ‘The Millipedes
by its continual Struggles, entangles itfelf in the Arm that holds it, m ! ™
and often meeting w%t% other Arms, they alfo affilt, and with a fudde?
Pull, enable the Polype to contra& himfelf, or to draw near his Prey, ‘,‘“d
in an Tnftant the entangled Millipedes is convey’d to the Mouth, agaio®
which it is held and fubdued. '

When a Polype hath nothing to eat, its Mouth is generally oper but
that fo fmall that it cannot be feen without the Affiftance of a magnifyi"é
Glafs: Whereas, as foon as the Arms have conveyed a Prey to the M“.“;ﬁ
it opens itfelf more, and always in Proportion to the Size of the Ani

® Hiff. de Polyp. p. 85. chat
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that is to be devoured ; ifs Lips gradually dilate, and precifely adjuft them-
felves, to the Figure of their Prey.

All the Worms which are feized by the Polypes, do not prefent them-
felves in the fame Manner to their Mouth ; for if the Worm prefents itfelf
by one of its Extremities, it is not requifite: the Polype fhould open its
Mouth confiderably, -neither does it open otherwife, but precifely to give
Entrance to the Worm, Fig. 366.

If the Worm is not too long for the Stomach, it remains therein ex-
tended ; but if longer, that End which firft entered bends, and when it is
entirely fwallowed it may be feen folded within the Polype, Fig. 379.

When the Middle or any other Part of the Worm is prefented to the Poly-
pes Mouth, it feizes this Part with its Lips, extending them on both Sides,
and applfy‘mg them againft the Worm ; at which Time its Mouth takes the
Form of a Boat pointed at each End, Fig. 368, after which the Polj:gc
gradually clofes the two Points of its Boat-like Lips, which doubles the .
Worm in that Part, and fo it is fwallowed, Fig. 36g. h

As foon as the Stomach is filled, its Capacity and the Skin thereof is
augmented, and the Body becomes fhort, Fig. 372. its Arms alfo are for
the moft part contratted. The Polype hangs down without Motion, and
appears to be in a State of Numbnefs, and in Shape very different from
that of its Extenfion, Fig. 367. As theFood digefts, and it voids that which !
does not ferve for Nourifhment ; its Body lengthens, and gradually reco-
vers its natural Form,

Mr. Trembley finding thefe Millepedes a proper Food for the Polypes,
he colleéted a great Quantity of them, to feed thofe he kept in Glaffes, and

nd them in Swarms at the Sides of Ditches, creeping on Plants, and all
other Bodiies that were in the Water. .

. Alfo on obferving how voracioufly the Polypes eat thefe Millipedes, he
magined it was not the only agreeable Food to them, and was therefore
defirous of finding out other Animals to nourifh them withal, befides the
Trouble of getting a fufficient Quantity of Millipedes from other Places

up too much Time ; upon which he opened a Polype that was taken
ut of the Water, with its Belly full of Food ; from whence came out little
Infets, which he calls Pucerons or Fleas, and amongft thefe ancther Sort
13t multiply extremely, and are often ealfily to be procured in great Quan-
Uties; fee the Fig. marked p, at the End of -one of the Arms, Fig. 367,
¥hich reprefents one of thefe Fleas of its natural Size, and as it appeared
n the Microfcope at Fig. 361 : They are exattly defcribed by Swammer-
dam, * and are remarkable for two branching Arms, which proceed from
theirHead, which ferve them inftead of Fins. The Arms inclined Swam-

® Sovam. Hift, de Infe2. p. 86, &cq Edit, de Leid, 1737
5 ' merdam
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smerdam “to - call ‘them by the'Name of Puceron branchus, they are conti-
nually fkipping about the Water, and are generally fomewhat reddifh.

On Fnting fome of thefe Pucerons into a Glafs ‘with- Polypes, .they pre:
fently feized on fome of them, and began to -cxtend,:hcir-mm,.ﬁrit in
the'Form of a Cencave, in which Part of the Flea is lodged, as at 3,
Tig. 370. the Lips continue to enlarge, . till they included the Puceron, and
then entirely clofe themfelves again. -

"The Polypes are not content with two or three of thefe Pucerans, but will
continue to fwallow them till the Sides of their Stomach are {o increafed, asto
contain two of thefe’ Fleas in Breadth one: by the Side of the other, as&
Fig.'g?:.“which-was-ahfalut‘cly» full) fromy Head to: Tail.  If .it.be one of
the. third Sort, the narrow Part of its Body b.d, Fig. 372. generally re
1mains empty, but fometimes this alfo is forced to.ingreafe and receive fom
of thofe Fleas. "When the Polype hath fwallowed . no more of. thefe Flts
than can be contained within its Stomach 3 itsBody, inthat Cafe, becomes
very {mall near the Head, -and .forms in: that Place. a Kind of, remar
“Neck ¢, Fig. 373.

' If a-Number of thefe little Fleas be haftily thrown into a Glafs of hungry
Polypes, their Arms are foon: fo- loaded. with them, that onc can fee no-
‘thing but a confufed’ Mafs. of thefer Pucerons . gathered . together, net
'the Polype’s Mouth a, -Fig. 375.-which they fwallow. one after another tl
“they are entirely full.

~ So long as thefe Puceroizs could be procured, he fed his Polypes with.0>-
‘thing elfe : His Method of fifhing “out. of the Water,. was with 3
fmall Hoop, ‘of about 8 or 10-Inches Diameter, made. of Brafs, or I
"Wire, ‘to which was faftened a Pouch ‘of Linen Cloth, and ﬂie.whol#-ﬂfd
to the End of a Stick. This being put-flope-wife. into. the ‘Water, where
there is & Quantity-of thefé Animals, may.be eafily moved to and fro, .any
"Way you fee Octafion, by which-Means the Fleas. will be. gathered ©08©
ther into- the'Hoop. - You may-then put. them into, a Glafs of Wate,
which will fwarm therewith from the Beginning of June to the End of &¢"
témber ; thefe were eafily to be procured, but when they began to faily
was at a Lofs to find out other Nourithment for his Polypes. '

"“He went feveral times a Day to the Water-fide, which  had before for &
long Time furnifhed him wich Fleas, and ftooped down near the S
of the: Water, endeavouring -to difcover young ones, byt all in vains -4
verthelefs in feeking thefe he {aw -feveral Places at the Bottom. of the rt]T
ter, with Worms all ftanding an End, one End of which was int
~ “and the other End out’ of the Edrth in the Water, making conti

dulations, Fig. 376. He thought, as foon as he faw. thefe'W
would ferve to nourifh the Polypes, and to make up for the Fleas ’
and the Millepedes which could at that/Fime be found only in fimall Q27

tities ; it was with a great déal of Trouble that he took up fome
1
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Worms, which he gave to the Polypes who eat them. Therefore, to pro-

cure as many of thefe Worms as you may have occafion for, you need only

fix a Circle of Iron Wire, two or three Inches Diameter, to the End of a
Stick, and putting this into the Water, and about half of it under the
Farth, run it along a little Way, always holding it in the fame Pofition,
and that a little inclin’d ; this will meet the Worms, and drag them along
with it, and bring up a large Quantity thereof, which on fhaking the
Wire Circle in a Glafs of Water, will all fall to the Bortom. 1If the Ditches.
where you fith for thefe Worms fhould be cover’d with Leaves and Herbs,
it is neceffary firfk to cleanfe them with a Rake, before you put in the Iron
Circle, otherwife you'll get but few Worms at a Time. There are alfo
other Places fo muddy, as to hinder the Wire from holding the Worms; in
this Cafe it is expedient, that you throw upon the Mud fome Inches of
Sand, for as the Worms are obliged to keep Part of their Bodies above
the Superficies of the Earth, they quit the Dirt, and pafs into the Sand, and
remain near the Superficies thereof, They may be taken in very great
Quantities, after preparing the Bottom of the Water in this Manner.

Thefe Worms are found in great Abundance in the Mud of the River
Thames; when the Tide is out, they rife in fuch Swarms on the Surface
thereof, thak it appears of a red Colour.

You may give to each Polype @ Worm much longer, and alfo a little
thicker than the Polype is when extended; but then Care muft be taken to
let the Wormh fall tipon their Arms, otherwife they will mifs of them, be-
caufe they fall directly to the Bottom. Their Senfe of Feeling is fo deli-
cate, that if a Worm touches even the utmoft Extremity of thefe very
lender Arms, théy iminediately by clafping them ‘about it, “invelope
and fetter it in 'fo many Places, ‘that it is foon'renter’d uncapable of ftrug-

ling to any Purpofe, it eafily ‘yields, and at laft is fwallowed into the Po-
ﬁs Stomach, Fig. 380. where it ‘may be difcern’d thro” the Polype’s

Thefe Worms are the beft Nourithment for the Polypes, efpecially in
the Winter, therefore if you gather a fufficient Quantity of them in Novem-
Jer, and put thém into large Glaffes full of Water, with three or four Inches of
Earth at the Bottom, you will have a Supply for the Polypes all the Winter,
and may fifh thém up out of thefe Glaffes, as out of the River.

_S_le:ﬁm'.i:s a pretty thick red Worm, about half an Inch long, is taken
mth the reft, and is reprefented at ¢ d, Fig. 382. Itis the fame as that
Geferibed by Mr. Reaumer, -in the Firt Memoir of the 5th Tome of bis Hi-
""’g.:_ Infects. Page 29.

olypes may-alfo be nourifhied by thefe Worms, ‘but they are ‘more diffi-
Gt for them to digeft, and not at” all fit Food for them in Winter.

Mz, Trembley hath alfo feen’ themeat @ Worm, which he calls a tranfpa-

: . « oeng




152 Of the frefb Water Polype.

rent Tipula, of which Mr, Reaumer {peaks in the 4oth Page of the Memoir
juft cited.

- Having in the Month of Fune taken a great Quantity of lictle Fifh, s
bout four Tenths of an Inch long, and given fome of them to the Polypss,
but the extreme Vivacity of this Fifh, was almoft too much for them w
encounter with ; however, all the Polypes that feized them, did {wallow
them, and the Tails of the long armed gort were obliged to ftretch open to
receive the Fith: One of the fecond Sort is reprefented at Fig. 377. which
had fwallowed one of thefe little Fith ; and as its Skin a b, was l{; tranfpa-
rent, and flexible, it took the Form thereof, and appear’d like a Fifh wita
long W hifkers.

The Polypes eat the major Part of thofe lictle Infects that are found in freh
Water, they are very well nourithed with #2rms, and the Nymphs of Gnals,
and other Flies ; they will alfo eat larger Animals if they are cut into little
Pieces, as Swails, and other larger aquatick Infefls, and Earth Worms, the
Entrails of Frefb-Water Fifb, and Butcker's Meat, as Mutton, Beef, and
Veal,

Mr. Trembley put into the Bottom of a Veffel, fome of the Earth taken
out of a Ditch, imagining, that a great Number of little Infects might b
lodged therein, or at leaft the Eggs of fome; which Experiment fucceeded
very well,. for from the End of February 1742. it was ftored with vanow
Sorts of little Animals ; but particularly with one Sort, which is inclofed i
a two-fold Shell ; when this Shell was but a little opened, they put forth
feveral minute Feet or Arms, that move exceeding quick, and by Means of
this Motion they fwim. Thefe Animals place themfelves upon all Bodics
they meet with, and are about the Bignefs of a Grain of Sand ; fome Po-
lypes being put into this Veffel, without taking any other Care of the™
were nourifhed therein, and multiplied for eight Months.

Whence it appears, that large Glaffes or Pails, thus prepared with Earth
(at the Bottom of them) taken out of Ditches in the Summer-Time, ¥
be a convenient Refidence for. the Polypes ; for befides thofe Infect ES%°
that are contain’d in this Earth, may be very often feen (efpecially if
- Water in the Glafs be expofed to the Air) the Spawn and Nymphs of 674/
and of Tupula, or Water-Spiders, &c. Thefe \I;:ﬁ'els may then be foccel

fully employed, and will fave the Trouble of feeding the Polypes we 10t
10 preferve, and alfo of often changing the Water, But when it i ™
changed and cleanfed for fome Time, it is generally filled with an Herb,
as fine as Hairs, in which the Polypes entangle themfelves, and by *

we are hinder'd from looking within-fide, if the Veffel be not mﬂd:;g
Glafs ; however this Inconveniency is prevented by putting into each V c:t
a few aquatick Snails, more or lefs in Proportion to its Size 5 they W'Ié (he
thefe Plants as faft as they grow, whereby the Water, and the Sides ©

Veflel, will always remain clean, Some-
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Sometiimes two Polypes feize the fame Worm, and each begins to fival-
low its own End of the Worm, cuntinuinF to do fo till their Mouths meet,
Fig. 378. In this Pofture they remain for fome Time, after which the
Worm breaks, and each Polype hath its Share; but at other Times the
Battle does not end “there, for each of them continuing to difpute the
Prey, one of the Polypes opens its Mouth advantageoully, and' attempts
to fwallow the other Polype with its Portion of the Worm, which he effeéts
in fome Degree, and fometimes almolt entirely as at Fig, 380. Neverthe-
lefs this Combat ends more happily than we can at firft believe, in Behalf
of the deévoured Polype ; for the other gets the Prey entirely out of its
Stomach, and the devour’d one comes forth again found and fafe from the
Body of its Enemy, after having been detain’d there above an Hour.

“Polypes can eat a grear deal at aTime, and they can faft a great while;
and they void their Excrements at their Mouth.

After 2 Worm is fwallowed, ‘the Tranfparency of the Polype’s Skin will
permit us to' fée it diftinétly, as at Fig. 379. the Worm gradually lofes its
Form, and is at firft macerated in the Stomach of the Polype, the Juice
nourifhes, and being feparated, the Remains thereof are thrown out at the
- Mouth, as-at Fig. 381.

It is alfo obfervable, that'their Aliments are pufhed backwards and for-
wards, from one Extremity of the Stomach to the other, which contri-
butes' miich to'ies Digeftion 5 which Motion may be feen in the Microfcope,
if'you choofe a Polype that is not too full. - This Kind of periftaltick Mo-
tion fpreads the nourifhing Juice all over the Stomach. But for an Obfer-
vation ‘of this' Kind, it'is beft to feed the Polypes with fuch Aliments as can
beftow a lively colour’d Fuice, for Example, thofe Worms whofe Inteftines
are full of a'red Matter, for by this Means we may fee, that this alimental
Moifture is conveyed not only to the Extremity of the Body, but alfo into
is Arms ;' whence it is plain, that a Polype’s Arms are perforated, each of
them forming a Kind of Gut, which communicates with that of the Body. "

This was confirmed by examining a Polype, which had fucked the red

itter contained in the Inteftines oFa flat Worm, Fig. 283, Its Body is
of 4 tranfparent White, and Inteftines extreamly vifible, and of a crimfon

ed; Care muft be taken to choofe thofe which are of a proper Size for
the Polypes to fwallow ; they come out of the Polype’s Body without be-
ing macerated, the red Matter which was in their Inteftines being only ex-
talted from them. : :

But this Experiment was yet better confirm’d on giving a Polype fome
Bits of the Skin of a little black, flat Snail, 1o be met with in great Abun-
Gance in Ditches. The Matter of this Skin was foon reduced in the Polype’s
Stomach to a Kind of Pap, principally compofed of little black Fragments,
ad on examining their Motion attentively with the Microfcope, were

to be drove about in their Stomach, and to pafs from Head to 'I'au&
X an




54 Of the frefb Water Polype.
and into their Alrins, even to a Thread ; and afterwards were fent back in
to the Stomach; and chafed from thence to the Extremity of the Tail, an
were again repelled from thence towards its Mouth, and into the Apms, ad
fo on continually, eh | '

d
Thefe Experiments were, feveral) Times repeated, and fucceeded in the
fame Manner. G

They are alfo a Proof of the Polype’s Arms being tubular, and that they

have an open Communication with the Stomach.
" The Arms of the Polype are of the fame Colour with its Body, and a0
Heap of the extravafated Grains before fpoken of, are of the fame Colow
alfo ; it is therefore evident that the Colour of the Polype depends on the
Colour of thofe Grains which compofe the Skin, (for when the Polype be
comes white, they lofe thofe Grains) and their Dependance is upon the nv-
tritive Juice, drawn from the Aliments,

Thefe Grains, for Example, become red or black, if the Polype be fe!
with a red or black Juice ; they are more or lefs tingid with. thefe differcat
Colours, in Proportion to the Strength and Quantity of the nutritive Juict
Itis alfo obfervable, that they lofe their Colour, if not fed with Aliments o
the fame Colour to themfelves, and likewife that they will faft agrat
while, but then they wafte propertionably  to' their fafting.

They are alfo fubjeét to be infefted with a Kind. of aquatick Lice befor
fpoken of, which are very common in expofed Waters ; they are of #
oval Figure, and generally white ; they run wery fwift upon the Polyp<’
Body, and crowd about its Head, more than-any other Part, as at Fig: 335
Neverthelefs they may be feen in great Numbers running over the Body3b
and Arms acc.  The prefent. Figure is 8 Reprefentation .of the Polj
and Lice, asthey appéar in the Microfcope. - If roper Care is not taken
to keep them clean from thefe Animals, they will be devoured by thems
their Arms will gradually diminifh, and at laft their Body, till there is
thing left. = Fig. 386. reprefents one that, had all its Head Part eat up)

which after having been cleanfed, had a new Head, and new.Arms and
became a very fine Polype. : [s )
- Thercfore the beft Way o preferve thefc Animals. in Flealth, & o
to change the Water, and that efpecially afer they have done eating: +
is not enough to pour it off, but they muft.all be taken out, and the »

tom and Sides of the Vefiel rubb’d clean from. the flimy Sediment adherité
thereto, which is caufed by the Faeces they difgorge therein, whic M

conyerted into a Kind of Slime; fatal to them if not clear’d away. Yl
Way is to loofen their Tails from . the Sides or Bottom of the Glafs, thc“in
take them up one by one with a Quill, cut Scoop-fathion, and. place ‘.hc':-}mh
another Glafs with clean Water; fometimes they cling to the Ql“l,l " et
a-Manner, as not eafily to be difengaged. . The only Way then, i1

the Quill remain a Minute or two in the Water, -till they difcharge ﬁ‘ﬁ,fs'.
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felves, otherwife you’ll be in Danger of breaking their Arms off, how-
ever when an Arm is broke, it is quickly repair’d again, but for fome
Days there appears a Swelling or Callofity in the Place which wears off
in Time, .

River, or any other very foft Water, agrees beft with them, or what
is taken up clear, out of fome Ditch or Pond ; but that which comes from
a Spring or Pump, or is in its own*Nature hard or fharp, prevents their
thriving, and kills them in a few Days.

They are beft kept in fuch large Glafies as hold three of four Quarts of
Water, for in'a Glafs of this Size, the Water need not be renewed fo fre-
?mnt!y, efpecially if the Faeces are taken out from Time to Time, with the
cather’d End of a Pen, to which it very readily adheres, Befides the Trou-
ble is in fome Meafure faved of feeding each particular Polype, for here
you need only throw in a Parcel of Worms, and let them take their

Chance, but then all of them are not conflantly fed, nor any of them fo
often as in the fmaller Glaffes,

The Worms you feed them with, muftalfo be well cleanfed from the
Mud, and always remember to wath them in clean Water, every Time
you feed the Polypes therewith.

Polypes are to be fought for in the By-Corners of Ditches, Puddles, and
Ponds; for it is obfervable, that the Wind drives them together with the
Plants, upon which they float into thefe Places ; although we may fearch
'for them ‘in fome Places without Succefs, yet on coming there again, they
may perhaps be found in great Abundance.

here are fewer of them in the Waters in Winter, than in the other
Seafons.  About the Menth of April, Duck-Weed begins to rife above the
Superficies of the Water, and to increafe, and many other Plants alfo float
upon the Water, the Warmth revives the Polypes, and ‘they fix them-

felves to thefe Plants in Queft of Prey, at which Time they may be taken
out of the Water with them,

S EcT. IL
Of the Generation of Polypes. .

HEN a young Polype firft begins to fhoot, there only appears
an Excrefcence, which terminates in a Point e, Fig: 185.
Some Time after that, when it appears cylindrical, its Arms alfo begin
thoot at its anterior End, c, i, Fig. 3847, Its pofterior End is fixed to the
¥ of its Mother, and gradually grows narrower, tll at laft it only ap-
"> t0 adhere thereto by a Point b, Fig. 388. at which Time it is ready
% be feparated 3 which they all perform in the fame Manner. The l\f:]o-
X 2 ther
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ther and young one fix themfelves to the Glafs, or other Bodies upon which
they are Titated, with their Arms and Head, and this is their Preparative
for a Separation ; fometimes the Mother gives a Twitch, at other Times
the young one, and often both together. _

A Polype a b, Fig. 389, with a young one cd, ready to be feparated,
difpofes of its Body ‘n an Arch of a Circle, a, b, d, againft the Sides of
the Glafs. The young one being faft to the Top of the Arch at d, and its
Head fix’d againft the Glafs ; the Mother only contracts her Body, which
by that Means becomes ftrait, as at-ab, Fig. 390. which was before cir-
calar. ‘While both its Extremities remain fixed againft the Glaks, the
young one, which was alfo faltened to the Glafs, does not follow the Mo-
ther when fhe withdraws, but remains in its Place, and its Tail d, by ths
Means is feparated from the Body ab of its Mother. J

Young Polypes fhoot in Proportion to the Warmth of the Weather, and
Quantity of Food the Mother eats ; fome have been perfectly formed in
24 Hours, and others not till the End of 15 Days. The firft fhot fort: in
the midft of Summer, and the: other in a Seafon when the Water in which
the Polype was contained, made * Farenbeidt’s Thermometer defcend to 48
Degrees.

They fhoot forth from the Side of their Parent as a Branch from the
Trunk of a Tree 3 and the Excrefcence which is the Beginning of 2 Polype,
is nothing but a Continuation of the Skin of its Mother, which is fiwelled

.and raifed, nay even forms a Tube communicating with its Mother’s Sto-
mach, as appears from the following Experiment ; for on choofing a large
Polype of the fecond Sert, with a young one at its Side, which beng
placed upon a Slip of Paper in a little Water, the Middle of the your§
one’s Body was cut, and the fuperior End of that Part which remained 10
the Mother was then open 3 next cutting the Mother on both Sides of the
Eoung Shoot, it became a very fhort Portion of a Cylinder open at

nds, which being viewed through the fuperior and open End of the young
Polype, the Light was fenfibly feen in the Stomach of the Mother; but
Jeaft there might yet be a Skin, which giving Paffage to the Light, might
neverthelefs feparate the two Stomachs, the remaining cylindrical Portion
of the Mother was cut Lengthwife, and the two oppofitc Parts to that from
whence the young one came o, were opened ; and on obferving 1t with
a Microfcope, not only the Hole t, of Communication, Fig. 391, W&~
ftin&tly feen, but one might fee quite through the End o, of the remainifg
Portion of the young one: Afterwards changing the Situation o =
two Pieces of prepared Polypes, and looking through the laft opening ©
Fig. 392, the Day-light was feen through the Hole of Communication

® I muft again remind the Reader, that thefe Thermometers are to be had at my Shop ¥*
Fleet-Street. ] M:
I i | .
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Mr. Zrembley mot being contented with, making this Experiment once,
repeated it feven Times, and met with the fame Succefs in five of chen.

This Communication. between the Mother and its Young may be feen

on feeding them ; for after the Mother a b, Fig. 393, had eaten, the
- Bodies of its young ones fiwelled, being fll'd with the Aliments as if they
themfelves had been eating them at their own Mouths cdeio.

In the long armed Polypes, the young ones do not fhoot out from the
Tail Part be, but only from the Partac, Fig. 3g6.

Itis alfo remarkable, that Polypes do not only produce feveral little ones
at the fame Time, all remaining fixed to their Mother, but that even fome
of thofe little ones at that very Time have two or three young ones aifo, of
which fome are perfeétly formed, as at Fig. 396.

This Figure is fufficient to fhew with what Promptitude the Polypes in-
creafe and multiply. The whole Groupe formed by this Mother and her 19
young ones, was but an Inch and 3 long, and one Inch broad Dutch Mea-
fure ; the Arms of the Mother, and the little ones, for the moft part were
hanging down towards the Bortom of the Veflel, whilft the Polype was fu(-
pended on the Surface of the Water. This Mother eat about a Dozen of
the aquatick Fleas every Day, and the little ones, which were in a State to
cat, devoured amongft them about 20 every Day.

All the frefh Water Polypes, with Arms in Form of Horns, are Mo-
thers, for each Individual of this Sort produce young ones,

Mr. Trembley fays, be hath nourifhed a thoufand Polypes, and never

one which did not multiply, after it had been well fed, and always
oblerved their Motions very attentively, in order to. difcover- if nothing
paffed between them analogous to Copulation in other Animals ; but could
never find any Thing like it. j

He then put feverl Polypes of the fecond Sort by themfelves, that he
might be very fure they neyer had fince their Separation any Communica-
tion with other Polypes; and took none for thefe Experiments but thofe
which he feparated from their Mothers himfelf ; or thofe which being fe-
Parated of themfelves, were taken out of the Glafs in which their Mothers
Were, before any other young onc could be feparated, with which it might
have been poffibly coupled ; yet notwithftanding all thefe Precautions of
Gufing thefe Polypes to live in a perfect Solitude, they all multiplied, eat,

continued to produce young ores,: more and more in Proportion as
' were fed. . :

Not only thele which he firft put alone have multiplied, but alfo many

their Defcendants have alfo been put by themfelves, from Generation 1o

Neration, even to the feventh, with the fame Precautions. Whenee it
;g;'ﬂfs that Copulation is in no wife neceflary to the Praduction of a Po-

Mr. Trembley hath alfo made an Experiment to prove, that a young Po-
- lype
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lype had in itfelf the Principles of Fecundity, before it could be thoughtto
receive it from its Mother, or any other Polype: For on cutting off 2
young one which enly began to fhoot, and at that Time was only like 2
little Button, as e, Fig. 387. it is feen alone and of its natural Size after
it was cut off, at Fig. 304, and as it appeared in the Microfcope at Fig.
395. it was put into a Glafs by itfelf, and gradually increafed, had Arms,
and at laft multiplied.

It is therefore very plain, that a young Polype, after being feparated from
its¥Mother, does hot want the Company of another Polype to multiply.

And that even before Separation it hath within itfelf the Principles of
Fecundity, fince from that Time it multiplies.

That if this Principle is communicated to it by the Mother while they
are united, there is no Sort of Communication between the Head and Arms
of either. :

Neither is there any Communication after this Manner by another young
one, that comes from the fame Mother at the fame Time with itfelf. And
that if this Principle of Fecundity is within itfelf, it certainly is in anim-
perceptible Manner.

If we have not from hence difcovered how the Polypes become fruitful,
we have at leaft learned, that in this Point they differ from the moft part
of known Animals, and by Confequénce have made an Exception to ti
general Rule, that fays, rhere is no Fecundity without Copulation. d

After Mr. Trembley had made the foregoing Obfervations, he was fil
farther defirous of finding out, whether there might not be fome other i
tural Manner of their multiplying by Slips, as the Branches of a Tre¢; *
if, on the contrary, this Manner of multiplying would fucceed when they
are cut in one or more Parts. Mr. Trembley hath feen Polypes which h*
divided themfelves into two Parts, after which each Portion became 2 com-
pleat Polype ; whereby the fame Re-production was performed as we have
before remarked on cutting thefe Animals in two.

What hath been already faid on this Head is fufficient to fhew, thit P
Iypes bear a nearer Refemblance to Plants than Animals, yet notwithft
it 1s evident that they are Animals, becaufe they eat and digeft their Food:

8. 8n Qe o dVa
Of cutting Polypes afunder and their Repradagiﬂf"

HE moft extraordinary Part in the Hiftory of this Creature is tl"'i’
| that when cut into Pieces each Piece can repair itfelf and
perfect Animal *,

® Hift. de Polypes p. 193. ’ To
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To perform which put a little Water on a_f{mall Piece of Paper,
whereon place a Polype, and wait a little while till it extends itfelf ; then
with a Pair of fharp Sciffars cut it into two Pieces, Paper and all, and
examine each Piece with a, magnifying Glafs, to judge the Succels of the
Operation, putting each Portion into fuch a fhallow Glafs as is reprefented
Fig. 26, which does not contain above 3 or 4 Tenths of an Inch in Depth
of Water, by which Means they may, be.always obferved with a magnifying
Glafs, or in the Microfcape.

A, Fig. 397, reprefents the Head Part of a cut Polype, its pofterior
End b, being a little larger,than that in a common Polype, and is fenfibly
open. In the Summer-time this firft Part often walks, and eats the fame
Day it is cut.

The fecond Pare, Fig. 398. hath its anterior End ¢ more than ordinary
open, and the Edges turned a little outwards, which afterwards folding in-
wards, clofes the Aperture;: The anterior End appearing then to be fimply
fwelled, as at c, Fig. 399. This Part is never feen to change its Place be-
fore its Re-production is finifhed ; the Arms fhot out from its anterior End
as thofe do in young Polypes, at firft three or four Points begins to fhoot,
as ate, Fig, 400. and while thefe increafe, others appear between them ; be-
fore the Arms have done growing they can feize a Prey, and from that
Time its Mouth is perfe@tly formed.

This Re-produétion is performetl fooner or later, as the Weather is more
or le warm, In the Height of Summer the Arms will fometimes begin
to fhoot in 24 Hours, and in two Days have been in a State to eat, but in
cold Weather it will be 15 or 20 Days before the Head is formed.

_ If a Polype, having young oncs, be cut tranfverfly, the young ones con-
tinue to grow after the Section.

It often happens, that the fecond parts which have had no young ones at
the Time of the Setion, have had young Shoots before itfelf could eat, and

it had Arms.
. In whatfoever Place a Polype was cut, whether at the Middle or near
tither End, the Experiment equally fucceeded, and each Portion became
tcompleat Polype, which walked, eat and multiplied.

A Polype being cut clofe under the Arms, as at Fig. 401. and though
fmﬂj:“ it was, it became a compleat Polype, which at the Beginning was

ms, |

If a Palype be cut tranfverlly into three or four Pieces ; the pofterior End
Pf the firf produces a Tail, the anterior End of the lalt a Head, and the
"termediate Picces acquire both Head and Tail.

To cut a Pobype Lengthwite, it muft be made to contra as much as
Poifible, becaufe the more itiscontratted the larger its Body is : Therelore
PUt the Polype upon a Slip of white Paper in a imall Drop of Water, and
When by touching, it is very much contrated, drain away the Water,

whereby
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whereby its upper and under Sides colapfe, and the Pol;;ﬁc becoming fpread
in Breadth, remains fixed upon the Paper ; then with a fharp Pair of Sciffars
cut through both Paper and Polype, the divided Parts will adhere to
the Paper like a Jelly, but may be removed therefrom to the Object carry-
ing Glafs with the Point of an Hair Pencil, firflt dipped in Water, upon
which it may be applied to the Univerfal Microfcope ; or if the Papers are
thrown into a Glafs of Water, the divided Pieces will foon fall from them.

The Sides of a Polype cut longitudinally, foll themfelves up different
Ways, generally beginning from one of their Extremities, -as at Fig. 402.
and turns the Out-fide of the Skin inwards ; after fome time it unrolls, and
the cut Side forms itfelf into a Tube, whereof the Edges a’b, and ei,
Fig. 403. on both Sides meet each other, and re-unite themfelves ; fome-
times they begin to join at the Tail End, at other Times they graduallyap-
_Rroach all at once 3 ‘when they begin’ to unite at one End, it'is eafy to

inguith that Portion which is joined ¢ i b, from'that which is not.joined
cae, Fig. 404. R

The Sides join o clofé, ‘that from the firlt Moment no Scar can be feen;
after which they become compleat Polypes, but with a lefs Number of Arms,
and that in an Hour’s Time, and in 24 Hours will feize and devour &
Worm ; in a few Days other Arms thoot and become as long as the reft.

Mr. Trembley cut a Polype into four Parts length-wife, as follows: After
having cut it in two, in the Manner juft fhewn, he cut each of thefe into wo
alfo. Thefe four Portions of the fame Polype, had each of them fix AmS
within fix Days after the Se€tion; and feven in four Weeks, they all &
and muldplied.

When a pregnant Polype is cut length-wife, the young ones continu¢ 10
grow after the Seétion.

He hath alfo cut a Polype length-wife, and dire@tly after cut the fam®
tranfver(ly, and each of thefe four Quarters became compleat Polypes-

He likewife cut another, in Part length-wife, beginning at the Heads
which became a Polype with two Bodies, two Heads, * and but on¢ Tal.
After having nauriz-ned this two headed Polype, by feeding it af both

Mouths ; he alfo fplit thefe Heads, and in ‘a little Time it had fous

and at laft by cutting it after the fame Manner, it had feven Heads

Fig. 405. il
If a Polype be cut in Part length-wife, beginning at the Tail, it ¥
foon have one Head and two Tails ; and in this Manner the Number ¢
Heads and Tails may be augmented by cutting, almoft ad infinitum. o
As all Sorts of thefe frefh Water Polypes form only a Tube or ¥
proceeding from one of its Extremities to the other, they may b¢ tumﬂ 1
Infide out as one would turn a Sack, viz. give a Worm to the Polype ¥

® Hift. de Polype, p- 247 would
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would perform this Experiment upon, and when it is fwallowed, put the
Polype into a concave Glafs, or into the Hollow of the Object carrying
Glafs, with a little Water ; afterwards prefs it near the Tail with an Hair
Pencil, ftroking it towards the Polype’s Mouth, that the Worm within its
Stomach may be forced partly out, as at ce, Fig. 412. its hinder Parc
3, remaining empty.  As the Worm goes out, the Stomach enlarges prodi-
joufly, efpecially if it goes out double, as is exprefled in the Figure.
hen the Polype is in this State, make it contract as much as pofiible,
which contributes much to the Enlargement of the Stomach. It muft be here
obferved, that as the Worm is partly out of the Stomach, it keeps it open,
then taking an Hog’s Briftle in the right Hand, pufh it againft the Extre-
mity of the Tail b, rill it enters into the Stomach, continuing gradually to
advance the Hog's Briftle, till it hath quite turn’d the Polype. When it
comes to the Worm which keeps the Stomach and Mouth open, it ¢ither
pufhes that out, or paffes by on one Side thereof, and at laft goes out of
the Mouth, as at a b, Fig. 414. Sometimes the Polype is entirely turn’d
at firft, and then it covers the End of the Brittle a b, Fig. 413. In this
Cafe the exterior Superficies of the Polype is become the interior, which
now touches the Hog's Briftle, however it feldom happens that the Polype
is entirely turned, but moft commonly the Tail Part a b is out of the
Mouth b, Fig. 414. and at the fame Time a Part thereof is not turned ;
that is, its anterior End a ¢, which being terminated by the Arms, is folded
over the turn’d End. Then to finifh the turning, take an Hair Pencil in
your right Hand, and the End of the Hog's Briftle in the left. Always
holding the other End of the Briftle together, with the Polype in the Wa-
ter, and ftroke the End a c, which is not turn’d, very foftly with the Hair
Pencil, that Way which is neceffary to turn it, that is to fay, from ato c,
Fig, 414. which is prefently performed, at which Time it appears as at
ab, Fig, 413. Then holding it in the Water, puth it from a to b, with
the Point of an Hair Pencil, and it will fall to the Bottom of the Glafs
Without being put out of Order.

When it is firft turn’d, the Mouth clofes, and the Lips a, incline a lit-
tie inwards ; the Arms a ¢ appear to join in a Bundle, and to come out of

‘the Middle of the Polype’s Mouth, as at a, Fig. 415.
After the Polype is turned, extend it as much as pofiible with the Hair
encil, then taking an Hog’s Briftle with a Knot near one End thereof,
fun the other End through the Polype’s Body, near its Lips ; at that In-
t let the other End of the Briftle e, drop into the Water, and with the
Point of the Pencil, puth the Polype to the Middle a, of the Briftle,
8. 416. then take out the Briftle and Polype, and put them into a Glafs,
' g, h, taking Care that it only touches the Glafs by its two Extremities
€and d, that the Polype may be a great Way from the Bottom and Sides
freof, and the Knot End towards the Bottom ; that if the Polype ﬂu[:ult_ﬂd
) 4 ide
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flide by its own Weight, it might not be able to dil’cnﬁgc itfelf. This
Method is ufed to prevent the Polype from turning itfelf back into its natu-
ral State, which they fometimes do in 24 Hours after they have fuffer'd
this Operation ; and often after they have been turned, and fpitted, to prevent
them from returning, they have tore their Lips, and by that Means have
formed two Heads.

Several young ones have been produced from thefe turn’d Polypes, which
have alfo multiplied.

Sometimes they will eat in two Days after they have been turn’d, but ge-
nerally not till 4 or 5 Days after.

Moft of thofe Mr. Trembley turn’d, endeavoured to return themfelves a-
gain, but could not entirely effet it, remaining like a Polype, partly tum’d,
as at Fig, 406. the Skin of its anterior Part being applied upon the other,
and forming a Kind of Pad at the anterior End a ¢, one Part thereof being
turned, and the other not. Its Lips a, are no more at the anterior End,
but are round that Part of the Body which is not turn’d back again, from
whence alfo the Arms proceed, varying their Diretion, fometimes point-
ing towards the Tail, Fig. 406. and at others are bent over the Hed,
Fig. 407. their anterior Extremity c, Fig. 406. formed by the Edges of the
reverfed Part ¢ a, remain’d open, and fome Days after began to clofe ; and
on being attentively obferved, new Arms began to fhoot near the old ont,
and feveral Mouths * were alfo formed near the Middle of the Bodies of thef:
Polypes, that is to fay near the Place where their Arms joined the Body &
a, Fig. 406.

A Polype partly turn’d back again, remains but a little while in thit
Situation, as at Fig. 406. The Place a, to which this returned Poruon
a ¢, was fixed to the other Part a b of the Body, became a little ftreighten’d,
and the Portion a ¢ formed a right Angle therewith, as is fhewn &
Fig. 408. where a ¢ reprefents the returned Portion, and a b the other Pat
of the Body ; the fame Day another Head appear’d at e, and feveral A
began to fhoot, on one Side a o, of one Mouth a 0 n, which was form
on this Side; the other Side a n of this Mouth, being border’d by Part of
the old Armsa d, ad. Next Day the Lips of the new Mouth was difp>
fed in Form of a conical Nipple, and the new Arms fmaller than the ol
ones, The fame Day the returned Portion a ¢, Fig. 408, which the D3y
-before made the right Angle c a b, with the other Part a b, not rewrneds
was drawn nearer to this Jaft Part, and made an acute Angle therewith, #
at Fig. 409. where a c reprefents the returned Portion, and a b that Por-
tion not returned. The doubtful Part e, remain’d as before; a Wom
being given to it, fell upon the old Arms, was feized, conveyed t0 the

‘& Hift, de Polype, p. 268, e
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new Mouth, and fwallowed in an Hour’s Time, and the Portions a c,
ab, and a e, Fig. 409. were fwelled with the Contents of the Worm.

Four Days after, its Form was much different, as appears by a Compa-
rifon of the Figures 410, and 411, whereof a e reprefents the returned
Part, -and a b the Part not returned. Having now but one common Mouth
a, Fig. 410. the new Arms are feen between a and t, the equivocal Part ¢
as in the Figures.

This Form was changed but little in fifteen Days, as is {feen on com-
paring the two foregoing Figures ; the old Arms which were before be-
tween a and t being vanithed, and a Head at u, Fig. 411. which was at
firft taken for a young one, but remain’d in the fame State above three
Months, This Polype had two young ones, which proceeded one from g
the returned Part, and the other from f, the Portion not returned.

Thefe Obfervations are fufficient to fhew the Nature of a Polype, thatis,
partly turn’d back again, and the different Revolutions made in thefe A-
nimals, are feen in the Figures 406, 408, 409, 410, and 4r1. which re-
prefent the fame Polype, and the return’d Part always a c; and thar Part
not returned a b.

Thefe Changes are not exaétly the fame in all Polypes, but vary confi-
fiderably, feldom any two of a great Number being perfectly alike.

The Polype reprefented by Fig. 417. was turn’d, and the following Day
returned Pare of its Head, as at Fig. 407. which 7 Days after was formed
into three Heads, as at Fig. 417. a b fhews the Tail of the Polype,
which remain’d turned. ad c g e, the Portion turn’d back again fo confi-
derably changed as to form three Heads d g e. :

Fig. 418. exhibits the fame Polype 14 Days older, a b the Portion which
remain’d turn’d, ad cn g e o, the Portion turn’d back again, ad, n g,
‘l“_ e, its three Heads and Necks ; marked d, g, e, in the foregoing

igure,

Fig. 419. is the fame Polype 13 Days after it was in the State of Fig. 418.
The Portion o ¢ of Fig. 418. is parted from o to ¢, and the two Portions,
hlcdo., and c n g e 0, Fig. 419. are only faftened to each other by a
Thread o, a b is the turned Portion, ac and o ¢ two Portions, which in the
Preceding Figure are re-united, and marked o ¢, a d, n g, n e, and are the
three Heads with Necks, and are marked by the fame Letters, Fig. 418.

The two Portions held by the Thread o, Fig. 419. are feen as they were

rated in Fig. 420. and 421. a b, Fig. 420. is the turned Part, and
d one of the#Heads, n g, n ¢, Fig. 421. the two other Heads.

Mr. Trembley imagined, that if one Polype could be put into' the Sto-
Mach of another, in fuch a Manner, that the external Superficies of the Skin
of the firft, fhould be applied to the internal Superficies of the Skin of the
fﬂtond! they might ftick together, and become but one Polype. :

To introduce one Polype into another, firft feed fome of them, and wiwn
18 they
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they are {wclled by the Aliments, their Mouths will be alfo-extended. Take
that Polype our of the Water, you would introduce into the Stomach of
another, and put it upon your left Hand, making it contra&t as much as
poflible by ftroking it with an Hair Pencil, in fuch a Manner as to force the
Aliments out of its Stomach, and thereby caufe its Mouth to open; then
raking an Hog's Briftle in the right Hand, put the biggeft End thereof in-
to the Polype’s Mouth, and thruft it to the Bottom of its Stomach. When
this is done, place the Polype upon your Hand, into which this is to bein-
troduced, caufing it to open its Mouth, as in the other Polype, and thruft
that which is upon the Hog’s Briftle, into the Stomach thereof, and dip it
into a Glafs of clean Water, that you may examine it with a magpifying
Glafs; then to prevent the inner Polype from extricating itfelf, fpit them
both together upon an Hog’s Briftle. ; .

Fig. 422. reprefents two Polypes put one into the other, ab the exterior
Polype, and ca, bd, the interior one; ef in all the Figures fhews the
Hog’s Briftle which run through both the Polypes at e.

Fig. 423. is the fame Polype, aib the exterior one, caid the interior
one ; the Partid by bending having ript up the Part i b of the exterior
Polype, and by this Means got out. :

Fig. 424. thews the fame two Polypes, whereof id, of the interior, tore
the Part ib of the exterior one farther up, even to e; where the Briftle 2
firft ran through both the Polypes together : But when in the State repre-
fented by this Figure it pierced the interior one caid at e, and the exterior
oncaib ati.

Fig. 425. reprefents the fame two Polypes after the interior one aeb,
had tore up the Lips of the exterior one c ed, and came out therefrom;
they were feparated in a few Days, and both of them did well.

Mr. Zrembley hath given us a curious Drawing of an aquatick Animal
which he calls a plumed Polype ; it is reprefented as they appear in the M-
crofcope at Fig. 426. The Plume and Length of its Body taken together ar¢
about +x of an Inch in Length, its Body very fmalf, almoft cylindrics)
and Skin perfeétly tranfparent. The Plume is a Continuation of this tranfps-
l;nt Skin, very large in Proportion to its Body, and of a very remarkable

igure, ?

Its Bale e ac is in the Form of an Horfe-fhoe, from the Edges of which
proceed the Arms ad, ad, ad, whofe Extremity is a little turned outwards,
and are {o clofe together, that each Plume contains 50 or 60, The Bk
eac of this Plume ferves the Animal for a Mouth ; its Infeftines may
diftinétly feen through this tranfparent Skin at e b, fg, fa, and arc of 2
brown Colour ; after the Animal hath eaten, three principal Parts of ther
ln&e[ﬁn;s are vifible, the Gullet e b, the Stomach fg, and the firait In-
teitine 1 a.

Thefe Animals withdraw  themfelves into a Cafe i, k, 1, B, I, m.ﬁ:]:;;
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feems to be compofed of the fame tranfparent Matter with the Skin of the
Body, which is faftened by its inferior mity ib, I B, to the Orifice of
the Cafe ; fo that whenever the Animal retires into the Cafe the Skin of the
Body is reverfed. The Plume which is upon the Bafe c, enters with it,
and appears, when all inclofed, like A B. After it is thus inclofed, it will
foon come out again if it be left quict. ;

When it is out of the Cafe, you may fee a Tendon fixed by one End g,
to the inferior Extremity of the Stomach ; and the other at o, the Bottom.
of the Cafe. There is alfo another of thefe Tendons fixed to the Bafe of
the Plume at a, and the other End of the fame to the Bottom of the Cafe
ato; it is by the Help of thefe two Tendons that the Animal draws itfelf
into the Cell.

Thefe plumed Polypes are {eldom alone, but many of them placed toge-
ther one by the Side of the other ; and there are feveral of them that come

out of the fame Cafe, but by different Orifices, which is the Way they
multiply.

At firft there is a little Elevation upon the Superficies of the Cafe of an -

old one, after which the Body and Plume st begin to appear ; or when
a young one begins to thoot the Bafe of the Plume and Points of its Arms
uuu, fhew themfelves and increafe as the Body enlarges.

They can only eat very fmall Animals, but of thefe they devour greae
Numbers in a Day. -

The quick Motion of the Plume, or rather the Feather-like Arms there-

of, form a kind of Whirlpool, into which moft of thefe little Animals that
are fwimming near it are precipitated. :
. Every Inftant one or two of its Arms fuddenly bend into the Plume, and:
immediately replace themfelves into their firft Sitvation ; the fame Arm fel-
dom bends twice together, nor do they touch the Prey but by their rapid
and continued Motion caufe a turning in the Water, which condués thofe
minute Animals into the Plume, although they make feveral Efforts to
ﬁﬂlﬁﬁ the fudden Infletion of one Arm, adds a new Degree of Rapidiry
0 the Torrent which hurries them into the Plume, where they are imme~
diately fiwallowed, by the Mouth which is in the midft thereof.

CHAP XXXV.
Of Fegetables.

S E ¢.7... L

T HIS feemingly inferior Branch of the Creation, when carefully ac-
tended to, by the Affiftance of the Microfcope, exhibits to us ;ln.
ampie:
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ample Scene of the Creator’s Wifdom, Curiofity and Art, in the wo nderfu
Contrivance even of the maft abject Pegetables, but more efpecially in the
Anatomy of them ; wherein may be feen the admirable Provifion made for
the Conveyance-of the lymphatick and effential Juices, in communicating the
Air as neceflary to Vegetable as Animal Life, and more particularly in the
Generation and Make of the Seed, wherein the Lineaments of the parent
Vegetable are inclofed in Minature ; and wherein allo we fee that God Al-
mighty has by one A& of his creating Power provided for all fucceeding
Ages; and the future Pofterity of each Seed does of Neceflity produce its
own Refemblance : For the Prefervation of which, Nature hath endowd
fome with light downy Wings, to be conveyed about by the Winds; other
are laid up in elaftick fpringing Cafes, that upon burfting dart their Seed at
convenient Diftances, and others, €7¢. are planted by the Induftry of the
Hufbandman.

- The Seeds of Plants are inclofed in different Sheaths or Cafes, till they ar
lodged in. the Earth. Some are depofited in the very Heart of the Fruit
as the Kernels of Apples and Pears, others grow in Cods or Shells, as Pes
Beans, Lentils, Pappy Seeds, and Cocoa Nuts ; fome in wooden Shells, &de.

The Farina of Flowers appears to the naked Eye a kind of mealy Pow-

der, which is found on the pendant Tops of almoft every Flower; its Co-
lour various in different Flowers, but its Strufture conftantly the fame 1
Plants of the fame Species. Here alfo the Microfcope hath difcovered
prizing Beauties, and hath fhewn us, that this Powder is produced with the
utmoft Care in Veflels wonderfully contrived to open and difcharge it, whed
it becomes mature, and that there is a Piftil, Seed Veffel or Uterus, in’
Center of the Flower, ready to receive the minute Grains of this Powiet;
either as they fall of themfelves, or are blown out of their little Cells. We
are alfo taught by Experience, that the Fertility of the Seed entirely depend?
on this ; for if the Farina Veffels are cut off before they open and fhed thef
Powder, the Seed is unprolifick *.

'S B ¢ ol
Of Seeds.

HE Seed is the laft Product of a Plant whereby the Species aré P>

pagated ; it is frequently the Fruit of the Plant, as 1s the Cafe 1"

moft Herbs: Sometimes it is only a Part inclofed in the Fruit, and that
Form either of Grain, Kernel, or Berry. -

It is the natural Offspring of the Flower, and that for whofe PrOd“&”?“

* Pkil. Tranf. No. 207. all
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all the Parts of the Flower are intended ; fo that when this is once well
formed, the feveral Parts of the Flower dwindle and difappear.

It is produced from the Farina of the Apices let fall on the Head of the
Piftil; and thence forwarded to an Uterus at the Botrom thereof, divided into
feveral Cells ; where coming to receive the nutritious Juice of the Plant,
it is firft foftned, then fwelled, increafed both in Matter and Bulk, and at
length comes to its State of Maturity.

By the Ufe of the Microfcope we difcover in the Seed feveral Parts of the
furure Tree, only in Miniature ; particularly a little Root call’d the Radicle,
and the Stem call’d the Plumule.

1 thall exhibit the curious and gradual Procefs of Nature in the Vegetation:
of the Seed ; and firflt, in that of the Garden Bean, reprefented by Fig.
427. by which a general Idea of all Seeds may be eafily formed. It hath
a fmall Hole at a, that upen Diffection is found to terminate againft the
Stalk of the Plumule ; its End is apparent at a, in the tranfverfe Seion of
the Bean, Fig. 428. in which Figure the feveral Coats of the Bean appear,
the innermoft is every where twice, and in fome Places thrice as thick ‘as
the outermoft ; and where it furrounds the Stalk of the Plume, it is fix or
feven Times as thick, as may be feen at b, Fig. 428.

The Hole a, Fig. 427. is not cafually made by breaking off the Stalk,
but defign’d for the Nurture of the young Plant, and may be feen in feveral
other Kinds, as Peas, Vetches, French beans, Lupines, Lentiles, 8c. in other
Seeds alfo, Medica Tornata, Fenugreek, Goats-rue, &c. in feveral of thefe
it is not difcernable without the Affiftance of the Microfcope; and in fome
not without cutting off Part of the Seed. When any of the above-named
Seeds have been foaked in Water, feveral Bubbles will alternately break
through this Hole on their being fqueezed.  All Seeds having thick and hard
Covers, are alfo perforated in the like Manner; and thofe lodged in Stones
and Shells, though not vifibly perforated, yet the Stones and Shells them-
felves always are ; when the Coats of the Bean are ftripped off, the Seed
appears 5. its main Body is divided into two Lobes, joined together at the

of the Bean, as at Fig. 429. In young Beans, efpecially if boiled,
thefe Lobes eafily flip afunders but in dry Beans are very difficult to be
"Parated, unlefs they be firft macerated for 24 Hours in Water. Some
Seeds are divided into more Lobes, as the Crefles into fix, and fome
"ot at all, as Grains of Corn, &¢. moft other Seeds, even the fmalleft, are
divided exadtly into two Lobes like the Beans that which joins the two.
bes together is called the Stem or Radicle, out of which the Root 1s
formed when the Seed vegetates,  This Stem is found in all Seeds ; in the
Bean and feveral others, it is fituated fomewhat above the thick End, in
Kermels, commonly called Acorns, Apple-Kernels, Almords, &c. it
tands prominent juft from the End.

The Plume or Bud iffucs out of this Stem, and is that which aftt;:frwards

comes.

rF
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becomes the Trunk of the Plant, feparable in feveral already formed, tho'
not difplayed Leaves, which appear upon the fprouting of the Seed, and
may befeen in the Seed itfelf by the Affiftance of the Microfeope.

The Plume is inclofed in a Cavity formed in the Lobes on purpofe for it
Reception, which may be feen at b, Fig. 429. it is almoft of the fame Co-
lour with the Radicle, or little Root, on the Bafis whereof it is fuftained.

It is the firft Part that appears out of the Earth ; as in effe@ it is the
firlt Part that appears out of the Membrane, or Cover of the Seed, ther
being a Hole over againit it in the Membrane, through which it makesis
Efcape.

ItP;s the Appearance of the Plame without the Cavity of the Grain, th
makes what we call the Bud or Germ of a Plant.

In diffetting a Bean, if you hold your Knife aflope, and very gently bex
upwards, an exceeding thin and tranfparent Skin will fhew itfelf, jut &
the Knife enters ; this Skin is not only g:ad over the Convex of the Lo,
but alfo upon the Flat thereof, and is extended both upon the Radick ad
Plume, and fo all over the Bean. This fine Skin vegctates impercepridly,
and the two Extremities of the Bag, which furround the Head of the Bud,
expand and rife with it in order to preferve it, from all fuch Frictions #
may injure its tender and delicate Texture *. Next to this is the Parenchyms,
confifting of an infinite Number of extremely fmall Bladders, which maf
be feen in a very thin Slice of a Bean when applied to the Microfepe, 1
appears like Pith while fappy in the Roots su-usl Trunks of Plants ; on o
ting the Radicle tranfverlly in feveral Parts, another Body of a quite diff-
rent Subftance from the Parenchyma or Pulp, will be found, which is 1l
confpicuous in a tranfverfe Section of the Lobes, and appears there like
veral fmall Specks, and of a different Colour from the Pujp: Thefe it
the feveral Branchingp. of the Tubes proceeding from the Radicle, a4
forming but one intire Trunk till it rifes to ab, Fig. 430, from wheat
it iffues forth into three main Branches, the middlemoft diredly into th
Bud c, and the other two after a little Space, pafs from e e on either Side
into the Lobes, where they divide into fmaller Branches, and thefe 3g®
fpread into other more minute Ramifications, and terminating near theVerg®
of each Lobe, become a perfect Root.

This feminal Roo being fo tender, is difficult to be difcovered, but
be come at by a careful paring off the Parenchyma in thin Slices Lﬂﬁ‘h‘
wife, in new Beans, or if old Beans are foaked a confiderable Time I
Water, the fame may be effected.

The Specks that appear on cutting the Radicle and Plume tranfverly
are moft vifible in the Bean and great Lupine,

The feminal Root hath not yet been difcovered in Apples, Plumbs, Not

_- Greaw Ana. P!‘"Jl j- 4. &C;




Of Vegetables. 169
8ec. Glurtly from their Colour, being the fame with that of the Pulp, yet in
the Gourd

Seed the main Branches with their feveral Ramifications appear”

immediately on feparating the Lobes.

The Parenckyma of the Lobes is a kind of Meal intermingled with a nu-
tritious Juice, or Sap of the Earth, forming a kind of Pap or ladteous Sub-
ftance, which being filtered through the feveral Branchings of the feminal
Root, are conveyed thro® the two fmall Tubes a and b, Fig. 430, into the
Bud, which is gradually replenifhed therewith. When thefe feminal Roots
have communicated all the Nourilhment of the Lobes to the young Plant,
they begin to wither, together with the Skin that covers them ; the Stem
Erﬁiadick then alfo begins to take Root in the Ground for its future Sub-

ce.

Bdw loilay o« 3k
The Coats of the Seeds.

OW it was in its State of Pegetation hath jult been fhewn; it re-

mains then to enquire into its State of Gemeration ; for what in the
other State was not apparent, or intelligible, will in this occur; and here
alfo we fhall find a large Field for the Employment of the Microfcope.

The two general Parts of the Seed are its Covers and Body. The Co-
vers in this State are ufually four; the outermoft, which is called the Cafe,
and is of various Forms, fometimes a Poxch, as in Nafturtium, Cochlearia,
&c. a Cod, as all Pulfe; fometimes parted as Sorrel, knotted Grafs, &c.
The two next are properly the Coats, in a Bean efpecially, and the like;
fom whence the Denomination may run to the correfponding Covers of
other Seeds ; their Figures are fometimes kidneyed as Alcea, Bebn, Poppy
wangular, as Polygonatum, Sorrel, &c. fpherically triangular, as Mentba,
Meliffa, &e. circular, in Leucoium, Amarantbus ; globular in Napus, Afpe-

'3 oval in Speculum Venmeris, Tithymalus; femi-globular in Coriander,
kemi-oval in Anife, Fennel, pirimidal in Geranium Althezfol, with many
other Differences.

times gliftering, as in Penus Looking-Glafs, rough caft in Catanance,

tuded in Bebew, Blataria ; favous in Papaver, Antirrbinum, Lepidum ,
wmvm, Alcea-Veficaria, Hyofcyamus and many more, * before the Seeds have
""‘hng by ; pounced in Phalangium Crete, Lithofpermum ; ramified in Pen-

| ;gzﬂm fragiferum ereitum majus, refembling the Fibres of the Earsof the

All Seeds have their outer Coats open, as in Beans and Pulfe, as before

* Grew An, Hnni P 45
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fhewn, or elle by breaking ‘off the Séed from its'Peddricle oF Stool; as in
Cucumber, Chitory, &ec. or by the Paffage’ of 2 Branch or'Brariches] not
only into the Concave near the Cone or Top' of the’ Séed, but through the
Cone itfelf. by . '

The fourth or inmoft Covier, 38 called the' Seconiditie, & Sight of which
may be obtained by cutting off’ the Codts' of an Infahe' Bean ‘in véry thin
‘Slices, -at the Cone thereof, if not broke, it1s tranfparent;’ if torh, it g
thers up into the Likenefs of a'Jellyl  In’large old’ Beans it is not to be
diftinétly feen, but i moft Seeds it may, even when full grown, as in Co-
cumber, Colobynihis, Biirdock, Cartbamium, Gromwell, Endivé,” Mallows, &c.
though in thefe it"is generally thin and difficult to be difcovered,' yet in
fome Kernels, as Apricocks, it is very thick, and remarkably fo in fome
other Seeds. R

The Concave of this Membrane is filled with*a moft tranfparent Liquor,
out of which the Seed is formed, as appears on cutting an Infant Bean, of
better in 2 young Walnut. ] Linay s}

Through this Membrane, the lignous Body or Seed-Branches, in the innef
Coat, fhoot down in two flender Fibres, near the Bafe of the Radicle, 0n¢
into each Lobe of the Beah, and there fpread into 4 great many Ramifict
tions, which convey the Juices on' the Vegetation of the Seed, into'the R#
dicle and Plime, ds before defcribed.

| SecT IV
Of the Seed Ceg/é.r or membraneous Uterus.

HE Seed Cafe is 4 Kind of flefhy Uters; growing more moift
pulpy as the Seed ripens, but the Cafe itfelf whether called Cody ¥
6r by any other Ndme, is a membrancous Uterus, which grows mofe 07
and hard as the Fruit ripens. In fome the Seed Cafe is originally 05:‘:‘[
in i5:.:1'4|4.:rs it opens when the Seed is fipe, and in others not at all till the
is fown.

Garden Radifb-Seed breaks within as it ripens into feveral white dry Mer™
Branes, round about the Seed. Near the Sides of the Cafe run a Pair 0
vafeular Fibres, from which branch forth feveral fmaller Fibres, [0#1:::0:
wards the Sides of the Cafe for their Support, and others towdrds the O
ter thereof upon which the Seeds hang, EP

ig, 431,

Of thofe which open as foon as the Scc;Ei iigzip':, fome open at th‘.ToP;:
as Poppy Heads, Fig. 432, others on the Side, as moft Cods ; and for® ht
the Bottom as Coded Arfmat, ¥ig. 433. the Poppy Head is divided by EEBS
or ten Partitions into as many Stalls, and on both Sides the Partitions
a moft numerous Brood of Seeds. of

3
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Of thofe which r.;pcn on the Side, fome open on one Side, fome on bgth,
ides

others with three
about.

The Cod of a Garden Bean opens on one Side, and hath a two-fold Pa-
renchyma ; in the outermoft ftands all the Veflels in feveral Parcels, from
one of which, being larger than the reft, and at che Back of the Cod, fhoots
forth thefe lefier. Veffels whereon the Beans grow ; the inner Pulp is wholly
compofed of Bladders, in which many of thofe Threads whereof the Blad-
ﬁrs,am wove,, are. fo loofe, as to be eafily drawn out to a confiderable
Length, and are very vifible when applied to the Microfcope. '

- %q Seed Cafe abed, of yellow Henbane, Fig. 4 34, -opens on both Sides,
«from its Top at a, grows a Stem, which diminifhes as the Cafe fwells, and
.at latt falls off. . On the Sides of the Cafe run two oppofite vafcular Fibres,

as the Cafe gradually increafes, it as gradually feparates on both Sides in
the Trad of the aforefaid Fibres as at b. . The Cafe is lined with a fmooth
+thin Skin, in whofe Center is a great Parenchymous Bofs ¢, being the Bed
of the Seeds which lie all over as in a Strawberry ; throughout this Bed the
\ Veffels d, for the Generation and Nourithment of the Seed are diftributed,
a5 may be feen in the tranfverfe Seétion thereof at d, in which a very fmall
HP;;T. thooring from the direct Fibres obliquely into each Seed is plainly
vifible. &
~The Seed Cafe of a Tulip, whereof a, reprefents the Cafe intire, b is a
wranfverfe, Section of it, and c the Cafe fplic down. Fig. 433, it opens on
lh{cp,s_igcs,_f:pm. the mid{t of each proceeds a Partition, all meeting in the
- Center of the Cafe, and making fix Divifions for the Seed. The Veflels are
. curioufly. difpofed .after. they rifle above the Stalk, being at firft divided into
 three principal Branches, running along the three Angles of the Cafe, from
Which divers leffer Branches tend horizontally, and meet at the Middle of
.&ach Side ;. whence they proceed through the Breadth of each Partition' to
 their Edges, in the Center of the Cafe, where they are again diftributed
.-’FF%EW;;QNF_@_;!L‘I fhort Threads, whereon the Seeds hang.

, fome more, and others horizontally, or round

~The Sced of Anagallis or Pimpernel, Fig. 436, is a little Globe opening
5-@Wﬂuyjnto twf;_ Hemifpheres, the uppermoft falls off when the Seed

isripe, and fo the Wind fows them. :
wLhe Seed.Cafe of codded drfinat, Fig, 433, neither opens at the Top «
~B0r on, the Sides, but at the Bottom, “being compofed of four Sides, in the
v Center of. the Cafe is a Column a, upon which the ‘Seeds hang loofely.
~41om this Mechanifm that violent Ejaculation of the Seed is -intelligible,
\ Which is not a Motion in the Seeds; themfelves, but contrived by the Struc-
~ture of the, Cafe, the Seeds hanging very loofely, not on the Sides of the
" 4l bue.on the Stem in the Center thereof, with their thickeft Ends down-
«Wards, ftanding_ready for a Difcharge ; ‘the Sides of the Cafe being lined
«¥ith  trong Membrane,_they petform the Office of fo many little Baws
; Z remain-
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‘rerairing falt at the Top b, are let off at Bottom, and forcibly curl
upwards and drive all the Seeds before them.

S'EHC Tt e
Of the Number and Motions of Seeds.

Ature hath procured the Propagation of Plants feveral Ways, but
chiefly by the Seed ; for the Producion of which the Root, Leave,
Flowers and Fruit do all officiate ; and according as the Plant or the Seed
it bears is more or lefs liable to be deftroyed, Provifion is made for the
Propagation of either by a greater Number of Seeds, or otherwife ; for
Inftance, the Sceds of Strawberries being gathered, or eaten by Vermin with
the Fruit, the Plant therefore is eafily propagated by Trunk Roots ; the
wbite Poppy being an annual Plant is highly prolifick, commonly bearing abot
four mature Heads, in each of which are at leaft ten Partitions, on both
Sides whereof the Seeds grow, and on one fourth Part of one Side, abot
100 Seeds, that is 800 on one Partition, which multiplied by 10 ma
8000, and this multiplied again by 4, the Number of Heads, g"
32,000 Seeds, the yearly Product of that Rlant.
So alfo in Typha Major, the Seeds being blown off and fown with gred
Hazard, are prodigioully numerous, they ftand altogether upon the Spike,
and make a Cylinder at leaft fix Inches long, and near § of an Inch in D
ameter. Nine of thefe Seeds fet clofe together upon a Right Line make
but the Eighth of an Inch, fo that 72 make a Line of an Inch in Length
but becaufe upon the Spike, the Hairs belonging to the Seed come between
them, we will abate 10, and count but 62 ; to which if 3 be added (abat"g
the Fration, viz. 46.) makes 108, for the Circumference of the C linder,
which being fix Inches long, there are 6 Times 62 for a Line the Leng!
of the Cylinder, which is 372 ; which Number being multiplied by 108,
?roduccth 40176, the Number of Seeds that ftand upon one Stalk : Th™
ore upon three Stalks which one Plant commonly bears, there
Year 120,528 Seeds. :
As foon as the Seed is ripe, Nature taketh feveral Methods for its being
duly fown, not only in opening the Uterus, but alfo in the Make of the
Seed itfelf ; for firft the Seed of many Plants which effect a peculiar Soib %
Arum Poppy, &c. are heavy and fmall enough without further Care f© hl
direétly down into the Earth, and fo to grow in the fame Place whert
had their own Birth. But if the Seeds are fo large and light as to b¢&
pofed to the Wind, they are often furnifhed with one or more H
prevent their wandering too far from their proper Place, till by the

Leaves or otherwife, they are fafely lodged. - The Seeds of Avens have !
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fingle Hook, thofe of Agrimony and Goofe-Grafi many, both the former
loving a warm Bank, and the laft a Hedge for its Support; on the con-
trary, divers Seeds are furnithed with Wings or Feathers, partly with the
Help of the Wind to carry them when ripe from off the Plant, as thofe of
A, Maple, Orach, &c. leaft faying thereon too long, they fhould either be
corrupted, or mifs their Seafon, and gartly to enable them to make their

Flight more or lefs abroad ; that by falling together, they may not come
up too thick, and if one fhould efcape a good Seil or Bed, another may
light thereon. The Kernels of Pine have Wings, not unlike thofe cf fome
Infects, but very fhort, in refpeét of the Weight of the Seed, they do not
fly into the Air, but only flutter about upon the Ground ; thofe of Typha,
Dandelion, and moft of the papousKind, with many more, have very long
and numerous Feathers, by which they are wafted every where, and to
any convenient Diftance. :

Some Seeds are fcatter’d, not by ﬂyin‘% abroad, but by being fpurted a-
way as Wood Sorrel, Fig. 437. which is effetted by a white, thick and ftrong
Cover of Tendons of a fpringy Nature, in which the Seed within its Cafe is
inclofed.  This Cover, as foon as it begins todry, burfts open in an Inftant
:Eu;cecgidc, and is violently turned Infide out, and fo fmartly throws off

€ .

The Seeds of Harts Tongue, Fig. 439. and all that Tribe, are flung or
fhot away by a curious Contrivance in the Seed Cafe 5 as in Coded Arfmart,
or other like Plants, only there the Spring moves and curls up inwards, but
here it moves outwards; every Seed Cafe ftands upon a little Pedicle,
aaa, Fig. 439. being of a filver Colour, and of a fpherical Figure; it is
girded about with a ftrong Tendon or Spring a, (whofe Surface refembles
afine Screw, of a golden Colour, which breaks the Cafe, immediately up-
on its becoming elaftick enough) into two hemifpherical Cups, as at b c,
and by that Means fling off the Seeds. Thefe Cafes grow in Furrows, d e,
de, d e, on the Back of the Leaf, as at Fig. 438. in one of which of an
Inch long are more than 300 of the above-mentioned Cafes ; and allow-
Ing 10 Seeds to every Cafe, makes 3000 Seeds; which multiplied by the
Number of Furrows in one Leaf, with Allowance of the leffer Furrows, and
that Sum by the Number of Leaves commonly growing upon one Root, a-
mounts to above a Million of Seeds, * the annual Produét of this Plant. The

is of a tawny Colour, flat and fomewhat oval; of thefe ten thoufand
are not fo big as a white Pepper Corn.  Fig. 439. reprefents a few of
the Seed Cafes magnified ; they were cut out of the Furrow at f, in the
lﬂfl reprefented by Fig. 438. :

Divers notable Means of Semination are obferved by other Authors ; M.

tells us, that a Quantity of Fern Seed, laid in a Lump, on a Paper,

® Grew, Ana. Plant, p. 119, i
the
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the {feminal Velicule are heard .to crackle, burft, and, by, the Microfiope,
the Seeds are feen to be_projected to a confiderable Diftance from each other.

Dr. Sloane obferves, that the Gentianella flore ceruleo, or Spirit Leaf, re-
quiring wet Weather to be fown in,,as foon as the lealt Drop of Rain touches
the. End  of .the Seed Veffels, with a fmart Noife, and a fudden Leap, it
opens.itfelf, and .with a Spring fcatters the Seed.

Other, Plagts, fow their Seeds by, invating; Birds by . their agreeable Tafle
and Smell, - to feed on them, {fwallow them, and carry them about ; thereby
alfo fertilizing, them,, by pafling through their Bodies. | In fuch Manper ae
Nutmesgs-and Mizzletoe fown and propagated. :

ISEE rigoeal )t
Of the Covers. of the Seeds.

"T HE next Step.which Nawre takes, relates chiefly to the Growth of

A the Seed,, when fown,,and, for, this Purpofe the outer Covers art

“fomewhere. furnithed with Apertures, fufficient for . the Reception of al
mental Moifture, to be received from the Ground, and for the fhooting
. forth.of the young Root intosit; as in the Seed  of, a Gourd at the Botton,
in a Bean on the,Side, and in.a Chefpus at the Top, in which Place t
-young Plant always lies, and_puts_forth, in the faid feveral Seeds. T
Seed..of Palmi Chrifti falls« to the Ground, not only in_the ufual Covets
but alfo in the faid Calfe. _

If the Cover-of the Seed be ftony, and very hard, it is divided into &
veral Pieces, whereby they eafily cleave afonder: The Shell of a Hazd M,
.divides on the Edge, and the Cleft begins at the Point, where the Root
ftands and fhoots -forth; the, Shells of fome Walnuts cleave into four Pt
-and . the Stone of Bellerick Myrobalan into five :, The Covers and Hufks o
fome Sorts of Grain, as. Millet, are folded over each other, the better t0 8%
Way to their tender, Sprouts.

The Covers of all, or at lealt;the far greater Number of Seeds, art .‘h"’lf'
and fometimes, four, .even thofe. of ftoned Fruits have- three,, befides
Stone ; in Goffipium. there are two under that lin’d with Corton. The?
«of Cusumbers, | Goat's) Beard,. Broom, Scabious, Lattice, 8c. althoug

fmall, have plainly  three Coats;, in. fome, of; thefe, and in many.
only two are diftinétly vifible,..except inthe State of Generation.
upper Coat the Seed Veflels are diffeminated ; the fecond is at firlt 3¢
Pulp, which afterwards fhrinks up, and fticks clofe to the upper.. The ¥
-or inmoft more.denfe 3 and if it.be. thin, for the moft Part .“F”‘.',ﬁf""mi;
whereby the Seed feems to be fometimes naked while it lies therein, &
Almonds, Cucumbers, &c. In
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I Meliffa; arid forite other Seeds; it comes finely off, on being foaked in -
warm Water. 2=

S“g ¢ r. . VIL
Of the Fatus, or true Seed.

AMong Seeds of the thinner Covers are thofe of all Sorts'of Corn and
LX Grafs, different from that of moft other Seeds. The main Body
being of one entire Piece, doubled in the Form of a Pair of Lips. In the
Séeds of Dafes, and: fome other like Plants, that which is generally called
the Stone, feéms indeed to-be the main Body of the Seed, deubled or fold-
ed up in the fame Manner as Corn, to-which that Part which becomes the
Plant is annexed. In Corn it is placed in the Bottom of the main Body, but
here in a fmall round Cavity .in.the Middle of the Back.

For the moft Part the main'Body is divided into two Lobes, plainly to
be diftinguithed in moft Kermels, and other large Seeds, and not difficule in
many leffer ones, as i Piolaslunaris, Scabious, Doves-Feet, &c. if flipped
out of their Covers before they are full ripe; in Hounds Tongue they are of a
circular Figure 5 in Cucumbers, oblong, with fome vifible Branchés of the
feminal Root, &de. ; :

In the foregoing Sceds, the Lobes lie flat one againft another, but in
Garden Radifb they are folded up, fo as to receive the Radicle into their
Bofom. - In Holy-Oak the Lobes are plaited over each other. In Cotton
Seed they ate very broad and thin, and their Folds curious and very
numerous,

Many of the Seeds, with bulky Covers, dre not divided.into two Lobes,
being in a Manner of one Piece, as all the bulbous Kind : In Flag it isabove
20 times bigger than the Seed within it, and confifts of Bladders ra-
diated towards the Seat of the Seed, arid thefe difpofed in parallel Lines
funning lengthwife. )

But the greateft Number of Seeds with: bulky Covers, are divided into
two Lobes.  In the purging Nut of Angola, if the Shell be taken off, the
Upper Covers, [dried and fhrunk up] feem to be but one: In thefe the
foermatick Vefiels are branched, and uader them the thick and inmoft

er which being cut down the Middle thereof, fhews the true Seed,

eonfifting of two veined Leaves, as white as Milk, joined together with the

or Radicle at their Bafe, and funk into a Hollow made in the Cover.

The fame is alfo obfervable in the Barbadee Nuts, Ricinus, Americanus, and
fome other ndian Fruits,

In the foregoing Fruits, the Bulky is very foft, butin Nux Vomita Offici-
#arwm, it is nearly as hard as a Date Stone 3 in this, and the furcgomg.s d:ic

ceds
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Seeds are large, butin others are fo fmall, that they are fcarce difcernable
without a Microfcope, as in Stapbifagria. The thick or inmoft Cover is
conical towards the Bafe, at whofe Point is a little Cavity where the Seed is
lodged ; the Root thereof -pointed, and Lobes rounded at the Top. In
Peony the fame Cover is foft, white, and of an oval Figure, the Part ufed
for Medicine, is thought to be the Seed itfelf, but is near 200 times bigger
than the true Seed ; which lies in a little Cavity near the Bottom of the
Cover, with a blunt Root, and two pointed Lobes.

In Coffee-Berries, the Seed lies in the inner Cover, near the Top; the
Back of the Lobes are veined like two minute Leaves, and*joined to a long
Root,

The Seed of Stramonium is inclofed in a bulky Cover, which being foak-
ed in Water, and carefully cut about the Edges with a fharp Razor or Pen-
knife, its Seed may be taken out entire, and examined by the Micrafeope.

S 5B T ehodValbl-
Of the Buds of Seeds.

THE Stalk of the Plant rifes up from between the Lobes, which may

always be feen, in fome by the naked Eye, and in others by the M-
crofeope 5 in many Plants Nature fees fit only to lay the Foundation there-
of in a round Node, as in Fiola luniaria, &c. :

But in moft Seeds is formed a true Bud, confilting of perfect Leaves, n
fome two, others four, &c. In Bay-berry only two, very fmall, but thick,
and finely veined ; in the Seed of Carduus Bemedifius, they are alfo tW0,
pointed at Top, and fituate a little Diftance from each other, for the tw0
next to rife up between them,

In fome Herbs, although the Bud confifts but of two perfed Leaves, y¢
they are very confpicuous, not only in the larger Seeds, as Phefcolus, O
French Beans, but in fmall ones two, if examined by the Microfcope, 8 11
the Seed of Hemp. A B, Fig. 441. in which the two Leaves are plai

-and fet Edge to Edge, c fhews the other Part of the Seed which was fep
rated to lay the Bud fair to View. In the Seed of Seme, the Bud hath four
Leaves : In the Seed-Bud of an Almond C, D, Fig. 442. there are fix of
eight, and fometimes more diftinét Leaves vifible, if by a dextrous f:r“
tion of the Outer, the Innermoft are laid open, they are folded inward 0
over the other, as appears at D, which reprefents them open, and ar
the fame Seed-Bud is feen fhut.

The Lobes of the Seed, and fo likewife the Stalk and Bud, confift of 3
Skin, Parenchyma and branched Veffels, as before defcribed ; all which
are apparent to an Eye armed with a Micraofcope. The
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The firft Skin, as in French-Beans, may be eafily feparated from the Pa-
renchyma, efpecially if the Bean be foaked in Water for fome Days, it will
flip ealily off, and will be found to confift of Bladders, fmaller than thofe
ofp the Parenchyma, and intermix’d with a kind of lignous Fibres which give
a Toughnefs to theSkin. The branched Veffels run through the Parenchyma,
and compofe the feminal Root in the Lobes, being no where extended to
the Circumference of the Lobes, but are all inofculated together at a con-
fiderable Diftance from it ; all meeting therein in one folid Nerve, but in
the Staik are dilated into an_hollow Trunk, filled with a Pith compofed’
of Bladders, which in the Stalks of French Beans is very confpicuous; they
confift of Sap and Air Veflels as the other Parts of a Plant, not running
collateral, the latter being fheathed in the former, and are plainly vifible in
the Microfeope.

N R O et LK ¢
Of the Generation of the Seed.

S a Garden Bean was chofe to fhew the Manner of the Seeds Vegeta-
é tion, fo an Apricock is very fit to obferve and reprefent the Me-
Nature takes in its Generation.

A proper Uterus is firft prepared, both to keep the Membranes of the
Feetus warm and fucculent, and to preferve and fecure it afterwards il it
takes Root in the Ground. For this Purpofe both the Pulp and Stone of
the Fruit are neceffary ; but firft the Stone, the Pulp being only necelfary
 form the Stone, the petrifying of that Parenchyma which is the Ground
of the Stone, being effected by the finking of the Tartar * thereinto; for

It is evident on cutting a young Apricock, and then with a fharp Razor

ving off a thin Slice, and viewing it through the Microfcope, that at firfk

Ground of the Stone is a diftiné and foft Parenchyma, compefed of
ders, as the Pulp itfelf is, which Bladders, as it hardens into a-Stone,

up and difappear. - 12

his Parenchyma takes its Rife from the Pith, as the Pulp does from’
the Bark, and compofes the greatelt Part of the Stoney its Infide is lined
Al over with a thin Skin, covering the Seed Branch on its firft Entrance into
the Hollow of the Stone 5 which Skin is alfo compofed of exquifitely fmall’

ers, by which Means it foon becomes a very hard and dry Body.
~ The Stone being made hard and dry, could never be fufficiently foftned
12 8ive Paffage for the Vegetation of the Seed) by lying under Ground,
4d it not cafily cleave in two ; for which Purpofe the Skin of the Fruit_is

PR ————

* Grew, Ap, of Plaats, pi 20q. L
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immediately concerned ; for in a tranfverfe Slice of a young Apricack, if it
be cut with a tharp Knife, this Skin may be feen (when applied to the Mi-
crofcope) fairly doubled inwards from the two Lips ab, a b, of the Frui,
Fig 443 and 444, and from thence continued through the Pulp and Stone
itfelf into the Hollow thereof, where it meets and is united with the Lining
before-mentioned 3 and as it conduces towards the drying of the Stone, fo
alfo it renders it cleaveable in that Part where it runs through it.

Nature having thus provided a convenient Uterus, her next Care is about
the Membranes of the Feetus, thefe are three apparently diftinét, and in
many Refpects different from each other.
 The firft of thefe, Fig. 443. reprefents a tranfverfe Slice of a young Apri-
cock near the lower End, fhewing the Duplicature of the Skin half Way
through the Stone. Fig. 444. a tranfverfe Slice cut through the upper End,
fhewing the Duplicature of the Skin quite through the Stone ; and at ab,
Fig. 446. is thewn the Branches which run through the Stone to the Flower
and Sced, in a well grown Apricock cut Lengthwife.

The outermoft of thefe Membranes takes its Rife from the Parenchyms,
and furrounds the Seed Branch, and upon its Entrance into the hollow of
the Stone is expanded into two Bladders, one within the other; whereo
one beconies the Lining of the Stone, the other the outer Membrane, and
is beft feen on cutting a young Apricock when it is about half an Inch long
through the Middle, or from the Seat of the Flower to the Stalk, between
the two Lips ab, Fig. 443. At this Age the outer Membrane hath a ful
and firm Bedy, and is compofed of Bladders, as may be plainly feen on i
Application to the Microfcope. :

- The Veff¢ls contained in the Seed Branch, are diftributed throughout
this Membrane, beginning a little below its fmaller End, and running
round both Ways, meet in the Middle of the greater, where they are all
inofculated and form a kind of umbelical Node, as at a, Fig. 445. from
whence they ftrike deeper into it till they arrive at the middle Membranc,
where they become invifible ; thefe Vefiels convey the Sap to the middle
Membrane, whofe Bladders are more angular and amplified towards the
mc;, being at leaft two hundred * Times bigger than thofe of the ot

rane.

- This middle Membrane is fo called from the State and Condition it hath
upon the Augmentation of the Seed, at which Time it obtains the Name
of an Involucrum +, but originally is every where entire without an Ho
low, filling up the Cavity of the outer Membrane like a foft and delica®®
Pulp, After afhort Time a fmall Channel appears therein, running from
the Bottom to the Top ; at firft no wider than to receive a human Ham
and then only vifible in a tranfverfe Slice, and that not without a Mir?

* Greww, Aw, Plan, p. z10. 4 Bhid.
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Jeape s but when grown a little wider, may be feen if the Membrane be care-
fully cut Lengthwife, at which Time it 1s dilated into two oval Cavities,
ef, Fig. 446. one at each End, into which a moft pure Lympha continu-
ally owzeth, and is therein referved for the Nourithment of the Seed, and
alfo pafies freely from one to the other.

A few Days after this, the inmoft Membrane begins to appear like a foft
Bud growing out of the upper Cavity, being joined to its lower End by a
thort and tender Stalk ; from whence it is produced into a conical oval Figure,
anfwerable to that marked g in the Cavity, Fig. 447. This Membrane,
though foft and full of Sap, is compofed of Bladders, three hundred Times
{maller than thofe of the middlemoft, by which Means the Seed is fo well
guarded, as not to be fupplied with any other Part of the Lympha but the
pureft, and that only but by flow Degrees.

If with a fteady Hand this Membrane be pulled very gently upwards, it
will draw a {fmall tranfparent String after it to the Bottom of the middle
Membrane : This faid String, though for the greater Part parenchymous,
is neverthelefs ftrengthned with fome lignous Fibres, which feem to be a
Portion of thofe thar are inofculated at the Bottom of the outer Membrane,
and thence produced through the middlemoft under the Channel which joins
the two oval Cavities, till at laft they break forth into the upper Cavity,
where they form this inner Membrane, which is originally as entire as the
middlemoft ; but as it increafes, becomes a lictle hollow near the Cone, and
the aforefaid lignous Fibres fetching their Compafs from the Bafe, fhoot
forth into the Cone, and make a very fmall Node therein, for the firft Ef-
fay towards the Generation of the Seed, as at h, Fig. 448. which are fpun
out to the utmoft Degree of Finenefs for that Purpofe. In this Figure the
inmoft Cover is laid open to fhew the Seed itfelf.

When this Node is grown to about the Size of the fifth Part of a Cheefe-
Mite, it begins to be divided by a little Indenture towards the Top, as at k,
Fig. 449, which gradually grows deeper till the Node is diftinguifhed into

s or thick Leaves ; ang as thefe increafe, their Bafe is contracted into
the Radicle, or that Part of the Seed which becomes the Root 3 at this Time
.ﬂk Seed is foextremely fmall, rhar the Lobes:capnot be feparated ; butiit
i probable, that as foon as the Radicle is finihed,: the next Step is the pufh-
ing forth another Node between the Lobes, inorder to the Formation of
the Bud, and fo the Perfection of the Seed. ) :

This being done, or in doing, the Stalk of the Seed is more and more
Contralted at Bottom, and hangs at the inner Membrane anly by an ex-
ttemely {mall and fhort Ligament m, Fig. 450. which at laft breaks ; and
then the Seed, as Fruits when. ripe, off and lies loofe in the inner

embrane, which gradually Thrinks up and becomes more hollow to make
More Room for the farther Growth of the Seed.

In Malpighi’s Life was a Debate between him and Seignior Triumpbetti,

Aaz Provoft
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Provolt of the Phyfick Garden at Rome, whether the whole Plant be adtualiy
contain’d .in the Seed? The Afirmative is maintain’d by Malpighi with co-
gent Arguments s among which this is one, that in" a Kidwey Bean, ere
fown, the Eye, afifted with. a Microfeope, eafily difcovers Leaves, a Bud,
and-even the Knots or Implantation of the Leaves on the Stem. The Sten
itlelf is very confpicuous, and plainly confifts of woody Fibres, and Series’s
of little Utricles. . Whereas Seignior Triumpbetti had objected, that by Po-
verty, Tranfplantation, €F¢. feveral Plants degenerate into others, particu-
larly Wheat into Tares, and Tares again into Wheat 3 in Anfier to this,
which is one of the ftrongeft Objections againft that Opinion, Malpighi re.
plies, that he is not fully fatisfied as to the Truth of the Objettion ; for that
both himfelf and his Friends making the Experiment, no Metamorpholis
of the Wheat fucceeded : But granting the Metamorphofis, it is the Soll,
or the Air, or the Culrire ‘isiin Fault. Now, therefore, from a morbid,
and monftruous Condition of Nature, there is no inferring her genuine and
permanent State,

That Experiment related in- the following Seétion, of the Orange Kernc,
which Mr, Leeuwenboek made to germinate in his Pocket, isa plain Demon-

fration, that the Plant and all that belongs to it, was attually in the Seed
wlelf. '

5B oreps G
Of the Seed of Oranges.

TH E Proces of Nature in the Pegetation of Plants, is very. aceuratcly
deliver’d by Mr. Leeuwenboek, to the Effe&t following, by an Orang
Kernel which he made to germinate in his Pocket, wiz.

The Kernels of Oranges being divefted of their outer Membrane, will 3
pear as Fig. 451. on one Side of which lies a String a, which caufes a little
Protuberance in' the firft Skin ; from this String, not only the Seed, b
alfo ‘the Plant within it, receive their Increafe and Nourifhment, and ©
which through the fecond Membrane, it extends its fmall Veffels to the
Seat of the Plant. Mr, Lecuwenboek was of Opinion, that this String 4065
a&tually comprehend in itfelf, as many diftin& Veffels as are to be found ‘“I
the Orange-Tree when arrived at its full Maturity *.  For, fays he, if 4l
thefe Veflels were not in the young Plant, whilft it lies involved in the Ker-
nels Matrix, whence could they afterwards proceed ? Fig, 452, reprefents
Part of the fame String, cut a-crofs, and atly magnified, which at KL
M N, has Abundance of exceeding fmﬂﬁcﬁ'ds, but very difficult to b

g
* Phil. Tranf. No. 287. Pchﬁi" ®)










Of Fegetables. 181

perceived. - About I HN M, they grow larger, and confequently are more
vilible. B, Fig. 453. reprefents a Seed divefted of its Membranes, which
feemed to have but one Plant within it, tho’ often there is two, and fome-
times three diftinct Seeds with their Plants -contain’d under the Membrane
of an Orange Kernel; thefe Seeds, with their inclofed Plants, are eafily di-
vided into two Lobes ; which are framed by Nature, tonourith the tender
Plant within, till it is able to ftand alone, and draw its Subfiftence from the
Earth about it ; having fplit the Seed into two Parts, they are reprefented
by CaniD, Fig. 453. in the firlt, is Par: of the Plant, which would have
become a Tree, and is no bigger than a Grain of Sand to the naked Eye,
The Counterpart of the faid Kernel is reprefented at D, with the Concave,
in which Part of the Plant lay. Fig. 454. reprefents the laft mention’d
Plant, as it appear’d in the Microfcope, whereof Q LM is partly that
which Nature intends for the Body and Roat of the Tree; MN O P the
Leaves with which the young Plant is already provided, O P that Part of
the Leaves which is fomewhat protuberant, by Reafon of the fmall inclofed
Leaves, M N, and P Q fhews the two Sides of the Plant torn off from
the Kernel, to which it was united, and from which it received its Nou-
rihmeht.  Fig. 455. S T V, fhews the fame Plant a little turned about
before the Microfcope, in order to reprefent the two largeft Leaves, between
which, ‘according to all Appearance, a great many fmall ones are fhut up.
If the Leaves be cut a-crofs, fome of the included ones may fometimes be
difcerned, and on cutting that Part of the Plant which is to be the Body
and Root of the Tree, that which was defigned for the Pith, and even the
Wood itfelf may be difcover’d.

Fig. 456. thews the Root when the Plant vegetates, T V and W X the
two Halves of the Kernel, and Y that Part which is to become the Body
of the Tree, _

Fig. 457. reprefents the young Plant of 12 Days Growth, whereof A C D
foews the Root, and F G that Part which is to be. the Tree, D E the Seed
orKernel, which being furrounded with its Membrane, which was taken off

¢ better to expofe thofe Parts to view, that ferve for the Nourifhment not
only of the Roor, but of the upper Parts of the Plant likewife, as alfo the

t String D. Thus we may fee how fmall a Particle, that is no bigger
‘h_‘ﬂ'ﬂGn&n of Sand, * as the Plant was at firft, is increafed in Bulk! and all
tis s brought about by Heat and Moifture, it being rais’d to this Degree
of P frfcﬂion, in fome Sand firft moiftened, and then inclofed together with
te Seed, in a Glafs Tube, wore all Day in the Pocket, clofe to the Body,
and gt Night, placed within a large Tin Bottle, filled with hot Water,
*iich is a_plain Demonftration that the Plant, and all that belonged to it,

¥ actually in the Seed ; that is to fay, not only the young Plant, its

* Phil. Tranf. No. 287. Bod
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Body, Root, and Fruit, but even its Seed alfo, to perpetuate the Species’
as hath been before obferved.

Mr. Leeuwenbock comparing the Animalcula in Semine Mafeulino ; and
thefe Plants, computes them to be 1,000,000 times {fmaller than a Plant in
an Orange-Kernel; and tho” we cannot make our Obfervations of the Growth
and Increafe of the faid Animalcula from Time to Time in their Mother's
Matrix ; yet we may certainly conclude, that the Laws which the wife Creator
of all Things hath prefcribed to bimfelf, in the Produffion both of animate
and inanimate Creatures, are homogeneous and uniform ; and thatasthe Earch
is the common Matrix of Plants, fo is the Fallopian Tube in moft of thofe
Animals that are formed Ex Semine Mafculino; for as thefe receive their Nov-
rithment, and increafe by a String, tll they are brought into the World;
o are all Seeds (at lealt as far as we know) fupported and nourifhed by
like String ; and the Seeds thrown into the Ground, do again, by the fame
String, whereby they reccived their Increafe, convey Nourifhment to the
Seed or Kernel.

L T M €
Of the Seeds of Venus Looking-Glafs, or Co
Violets.

I G. 458. reprefents one of the Seeds of Corn-violets ; the Seed is ver)
fmall, black, and fhining, and to the naked Eye looks almoft like
a very fmall Flea, but through the Microfcope appears to be covered with 2
tough, thick, and bright, reflecting Skin, very irregularly thrunk, and pt*
ted, that it is almoft impoffible to find out two of them wrinkled alike, fo
great a Variety there is even in this little Seed.

S EcT. XIL
Of the Seeds of Thyme.

HESE Tittle Seeds, although they differ fomewhat in Figure a2
5 Bulk, yet when looked at rlﬁgmugh The Microfeope, all of hets o2l
refemble a dried Lemon, one of which is reprefented at Fig. 459. Joute |
them are a little rounder, and of the Shape of an Orange. They have each
of them a confpicuous Part, by which they are joined to_their ligtle St52
they are a little creafed or wrinkled, as is expreffed in the Figure.

Sgc™
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SEcT XIIL
Of the Seeds of Poppy.

POm Seeds, one of which is reprefented in Fig. 460. deferve to be taken

Notice of among the other microftopick Seeds of Pegetables ; both for
their Smallnefs, Multiplicity, and Prettinefs, and alfo for their admirable
foporifick Quality, although they grow in a very large Cafe, yet are they
fo fmall, as not to exceed the Bulk of a very fmall Nitt, being not above
+r Part of an Inch in Diameter ; whereas the Seed Cafe oftentimes exceeds
two Inches, and is therefore capable of containing near two hundred thou-
fand of them, They are of a brownith colour’d Red, curioufly Honey-
comb’d all over with a pretty Variety of Net-work, or a fmall Kind of
Embofsment of very orderly raifed Ridges.

Sopnioipes XV,
Of Purflane Seed, &c.

TH E Seeds of Purflane feems of very notable Shapes, and ap
through the Microftope like Porcelane Shells, as at Fig, 461. It is
coyled round in the Manner of a Spirial ; at the greater End, which repre-
fents the Mouth or Orifice of the Shell, is a white, fkinny, tranfparent
Subflance B, which feems to be the Place where the Stem was joined. Its
whole Surface is cover'd with little Prominencies, orderly ranged in fpiral
Rows; one of thefe being cut afunder with a tharp Penknife, difcovered the
hell to be of a brownifh Red, but fomewhat tranfparent, and manifefted
lh\; Iqﬁdc to be filled with a whitifh green Pulp, the Bed wherein the feminal
Principle lies inveloped.
Fig. 465. reprefents the Seed of Ben, it is fomething like a Kidney, but
its Circumference rais’d up into double Ridges, towards which feveral
fmall Ridges do in fome Sort radiate from one Center.
Fig. 464. reprefents the Seed of Chickweed, this alfo is partly like a
Kidney, and partly like a Retort, being rough caft with fmall Pieces, as if
were Infects with little Feet.

'8. 463. reprefents the Seed of Bellis Tanaceti Folio. Tt hath two tri-
agular Sides, and the third conical ; the two firlt have feveral Ridges run-
Nng to the Bafe, the Head triangular with one Side convex, the other two

ight with a little Pinnacle in the Center, '

Fig. 462. reprefents the Sced of #artworth, or Sun Spurge, it is of a very
- complex
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complex Figure, its Belly confifting of two Planiconick Sides, and back
Sphericonick. The Bafe and Head are both flat, in the Middle of the for-
mer is a Peg, by which the Seed is faftened, and of the latter a pointed
Knob, The Belly-Sides is hollowed, fo as to make a flat Rim of equil
Breadth ; and the Hollows filled up with Bladders, like thofe of the paren-
chymous Parts of a Plant.

There are Multitudes of other Seeds, which imitate the Forms of divers
Sorts of Shells ; as Seed of Scurvy-Grafs, a Kind of Purcelane Shell ; others
reprefent feveral Sorts of larger Fruits, Sweet and Por Marjcram reprefent
Olives, Carrot-Seceds dre like a Cleft of a Cocoa Nut Hujk. 6[]1:1'5 are lke
artificial Things, as Succory Seeds are like a Quiver of Arrows, the Seeds of
Aramanthus are fomewhat like an Eye, the Skin of the black and fhrivell'd
Seeds of Onion, are all over knobbed like a Seal Skin, and Sorre/ has 2
black fhining three-fquare Seed. It is almoft endlefs to reckon up the fe-
veral Shapes of Seeds, they being fo many and fo various in their Forms.
I fhall therefore leave them to the further Examination of the curious Ob-
ferver.

The Seed or Powder of the Fungus Purverulentus, or Puff-Ball, when
cruthed, appears like Smoak to the naked Eye, but when examined by on
of the greateft Magnifiers, is found to be infinite Numbers of little Orange
colour’d Globules, fomewhat tranfparent ; in another Sort the Globules arc
of a darker Colour, each of them having a little Stalk or-Tail,, which ar¢
evidently fo many minute Puff-Balls, * Elrniﬂ:ed with Stalks, to penetrat¢

eafily into the Ground, and the Mifchiefs they do the Eyes, is probably
owing to the Sharpnefs of thefe Stalks,T which prick and wound that teader
Organ.

CHAP XXXVL
Of the Roots of Plants.

L L

HE Root is that Part of a Plant which immediately imbibes the Juicts
of the Earth, and tranfmits them to the other Parts for Nutrition. It
confifts of woody Fibres, cover'd with Bark, more or lefs thick, and arifes
from a little Point in the Seed called the Radicle. 4
We learn by the Affiftance of the Microfcope, that Plants confift of diffe-
rent Parts, Veflels, &¢. each of which is fuppofed to be the Vehicle of 3
different Humour, or Juice, fecreted from the Mafs of Sap, which is confi-
der’d as the common Fund of them all.

* Phil. Tran/. No.284.  + Derbam’s Phyf. Theo. p. 418. [ muft
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I muft not here omit a curious Phenomenon in the Natural Hiltory of
Plants, and that is, when the Radicle in fowing happens to light loweft, it
is no wonder the Root fhould fpread itfelf under Ground, and the Stem of
the Plant rife up perpendicularly : But when the Radicle falls uppermoft,
by what Means it is that it changes its Pofition, to favour the Afzent of
the Stem, is one of the Wonders of Vegetation.

M. Dodart firft obferved this Perpendicularity of Plants, and publifhed it
in an exprefs Effay of the Affe@tation of Perpendicularity, obfervable in the
Stems or Stalks of Plants, ‘€5¢.

The Matter of Fact is, that though almoft all Plants rife a little crooked
yet the Stems fhoot up perpendicularly, and the Roots fink down per-
pendicularly ; even fuch as by the Declivity of the Soil come out inclined,
or are diverted out- of the Perpendicular by any violent Means ; again re-
drefs or ftrengthen themielves, and recover their Perpendicularity, by mak-
ing a fecond or contrary Bend, or Elbow, without rectifying the firft.

A common Eye looks on this Affectation, without any Surprize ; but a
Man, who knows what a Plant is, and how formed, finds it a Subject of
Aftonithment, .

It has been before fhewn, that each Seed contains a little Plant, already
formed, needing nothing but to be unfolded ; the little Plant has its lictle
Root and Pulp, which is generally feparable into two Lobes, and is the
Foundation of the firft Food the Plantule draws by its Root, when it be-
gins to germinate.

If a Seed in the Earth be fo difpofed, as that the Root of the little Plant
be turned downwards, and Stem upwards, and even perpendicularly uf)-
Wards ; it is eafy to conceive, that the little Plant coming to unfold itfelf,
its Stalk and Root need only follow the Direion they have to grow
perpendicularly,  But,

It is very well known, the Seeds of all Plants, whether fown of them-
felves, or by the Help of Man, fall into the Ground at random ; and
among an infinite Number of Situations, with refpe to the Stalk of their
Plant, the perpendicular DireCtion upwards is but one.

It is therefore neceffary that the Stalk redrefs or re@ify itfelf in all the
other Situations, in order to find its Way out of the Ground : But what
rorce is it that effets this Change, which is certainly a violent Action? Is
ity that the Sralk finding a lefs Looad of Earth above it, goes naturally that

ay where it finds the leaft Obftacle ; were it fo, the little Root when it

PPens to be uppermoft, .muft for the fame Reafon follow the fame Di-
rection, and mount on high.,

Therefore M. Dodars, fuppofes the Fibres of the Stalks are of fuch a

ature, as to contract and fhorten by the Sun’s Heat, and lengthen out by
the Moifture of the Earth ; and on the contrary, that the Fibres of the

- Bb y
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Roots contract by the Moifture of the Earth, and lengthen by the Hes
of the Sun,

Then when the Root of the Plantule is uppermoft, the Fibres which
compofe one of the Branches of the Root, are not equally expofed to the
Moifture of the Earth; the lower Part is more expofed than the uppe,
which muft thercfore contract the moft; this Contra@ion is again pro-
moted by the lengthening of the upper, whereon the Sun a&s with the
greateft Force ; confequently this Branch of the Root muft recoil towards
the Earth, and infinuating thro® the Pores thereof, get under the Bulb, ée.

By inverting this reafoning, it will appear, how the Stalk comes to get
uppermoft. ;

In a Word, we may imagine, that the Earth attra&s the Root to itfelf,
and that the Sun contributes to its Defcent ; and, on the contrary, that the
Sun attraéts the Stem, and the Earch in fome Meafure fends it towards the
fame. Again,

M. de la Hireimagines, that the Root draws a coarfer and heavier Juice,
and the Stem and its Branches a more volatile one ; which Difference of
Juices, fuppofes larger Pores in the Roots than in the Stalks 5 therefore in
the Plantule we may conceive a Point of Separation; fuch, that all one
Side of the Root fhall be unfolded by the groffer Juices, and all the other
Side by the more fubtle ones.

If now the Plantule be inverted when its Parts begin to unfold, the
Juices which enter the Root being coarfelt, when they have enlarged the
Pores to admit Juices of a determinate Weight, thofe Juices prefling the
Root more and more, will drive it downwards, and this the more as the
Root is more extended or enlarged ; for the Point of Separation, being cor-
ceived as the fix'd Point of a Lever, they will aé by the longer Arm.
At the fame Time the volatile Juices having penetrated the Stalk, will ted
to give a Direétion from below upwards, and by. Reafon of the Lever, wil
give it more and more every Day till it be perfe@tly erect.

Mr. Afiruc accounts for Perpendicularity of the Stems, and their redreF
fing themfelves on thefe two Principals,

Firft, that the nutritious Juice arifes from the Circumference of the Plant,
and terminates in the Pith. Second, That Fluids contain’d in Tubes, €
ther parallel or oblique to the Horizon, gravitate on the lower Part of the
Tubes, and not atall on the upper.

Whence it eafily follows, that in a Plant pofited either obliquely or paral-
lel to the Horizon ; the nutritious Juice will a& more on the lower Part of
the Canals than on the upper ; and by this Means infinuate more into the
Canals communicating therewith, and be collefted more copioufly therein ;
thus the Parts on the lower Side will receive more Accretion, and be mor¢
nourithed than thofe on the upper ; the Confequences whereof muft b&
that the Extremity of the Plant will be obliged to bend upwards. The

3
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The fame Principle brings the Seed into its due Situation at firft; in a
Bean planted upfide down, the Plume and Radicle are eafily perceived with
the naked Eye, to fhoot at firft direétly for about an Inch; but thencefor-
ward they begin to bend, the one downwards, and the other upwards, as
in the Example of the Orange Seed, Fig. 457 ; the like is feen in a Heap
of Barley to be made Malt, in a Quantity of Aeorns laid to fprout in a moift
Place, €5¢. each Grain of Barley in the firft Cafe, and each Aeorn in the
fecond hath a different Situation, and yet all the Sprouts tend direétly up-
wards, and the Roots downwards, and the Curvity or Bend they make, is
greater or lefs as their Situation approaches more or lefs, to the Direétion
wherein no Curviture at all would be neceflary. Now two fuch oppofite
Motions cannot arife without fuppofling fome confiderable Difference
between the two Parts ; the only one we know of, is, that the Plume is fed
by a Juice, imported to it by Tubes parallel to its Sides ; whereas the Ra-
dicle imbibes its Nourifhment at all the Pores in its Surface, As oft there-
fore as the Plume is either parallel or inclined to the Horizon, the nutritious
Juice feeding the lower Parts more than the upper, will determine its Ex-
tremes to turn upwards, for the Reafon already affigned. On the contrary,
when the Radicle is in the like Situation, the nutritious Juice penetrating
more copioufly through the upper Part than the under; there will be a
greater Accretion of the former than the latter; and confequently the Ra-
dicle will be bent downwards : And this mutual Curvity of the Plume and
Radicle muft continue, till fuch Time as their Sides are nourithed alike,
which cannot be till they are perpendicular *,

Roots are generally diftinguifhed by their Figures, fome being entire,
as Liguorice ; parted, as St. Jobnwort ; fome parted at Bottom, as moft
Roots ; others at Top, as Dandelion, 8c. fome parted and ramified, as Com-
frey; others having divers Strings iffuing from one Head, as Crowfoor ;
fome ftraic as Radifh, crooked as Biffort, fmooth as Buglofi, ftringy all
round as Columbine ; fome thick as Rhubar’, {lender as the Fime, long as
Fennel, thort as Turnep, 8cc. &c. 3

The Motions of Roots are fometimes perpendicular, as Parfuip, level as
Hops, mmi, Cinguefoil, 8. :

There is a kind of wreathing or twifting in the Veffels of fome when the
Bark is ftripped off, in Carduus, Somchbus, &c. in which may be fometimes

two or three Circumvolutions. _

But the moft remarkable of all Reots are fuch as are annually renewed or
repaired out of the Trunk or Stalk itfelf, as drum, Rape-Crowfoot, Valerian,
Brownwort, Bearsfoot, Tanfy, Lychnis, Sapier, Primrofe, Ammi, Avens,
Waod-Sorrel, Iris, and others ; that is to fay, the Bafis of the Stalk conti-
nually and by infenfible Degrees, defcending below the Surface of the Earth,
and hiding itfelf therein, is both in Nature, Place and Office changed into

® Men. d. |. Acad. Roy. dus Science, m. 1708.
Bba2 a
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a Root. So in Browmwort the Bafis of the Stalk finking down by Degrees
till it lies under Ground, becomes the upper Part of the Root; and conti-
nuing ftill to fink, the next Year becomes the lower Part, and the next
after that rots away, * a new Addition being yearly made out of the Stalk, as
the older Parts annually rot away.

In a Diffe@ion of the Rost we fhall firft find the Skin, next the Cortical,
which when thin is commonly called the Bark ; next within this are the
woody Fibres, which together with all its Parts, are vifible in a Circle;
its Pores being nothing near fo numerous as that of the Cortical, butin
fome more open than in others, as may be feen on cutting a very thin
tranfverfe Slice of the Branch of a Tree, and holding it againft the Light,
or placing it before the Microfcope. In Curramt and Goofberry-Trees 1t s
lefs confpicuous than in Osk or Plumbs, in Damfins it is more, and in El-
der and Vines more ; the cortical Body doth not only furround the Wood,
but is as it were wedged into it in many Places, and is even inferted therein
as far as the Pith, and appears in a tranfverfe Se@ion of a Roor like Lines
drawn from the Center to the Circumference.

Fig. 466. reprefents a tranfverfe Slice of the Root of Afparagus, and
Fig. gﬁ}yl, exhibits a microftopic Picture of a Piece thereof cut out atab,
in winc ¥
A B fhews the Skin, inner Edge of the Bark.
ABCD the Bark, or all that Part | EFGH the Wood in which the

analogous to it. black Spots fhew the Air Veflek.
CDEF the Lympheduéts on the | GHI the Pith.

Fig. 468. is a tranfverfe Slice of the Root of Mallows, Fig, 469. repre-
fents a Piece thereof, which was cut out at cd, as it appeared before the M-
crofeope 5 in which
ABCD fhews the Skin. EF G H the common Lymphedufs.
CDEF the Bark, or all that Part | GHIK the pithy Part of the Root.

of the Root which anfwers to it, | IK L more Lymphedudts, in both

in which the round Spots are the |  which the black Holes are the Air

Muciduéts. the Air Veflels,

Fig. 470. reprefents a Slice of a Vine Root cut tranfverfly, out of which
at e f was cut a fmall Piece, which when placed before the Microfcope "
peared as reprefented by Fig. 471. wherein a2
A B fhews the Skin, fmall are the Air Veffels.
ABCD the Bark, EF parenchymous Infertions betwee™
L.S Parcels of Sap Veflels. the Parcels of Wood.
L1 Parcels of Wood in which the | GG others within them.

darker fhaded Circles great and

* Grew. Anat. of Plants, p. 59.
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At Fig. 472. is feen a tranfverfe Slice of a Hor/e Radifb Root, and atab
the Place from whence a Gore was cut, which is reprefented as it appeared
in the Microfeope by Fig. 473. whereof -

AB is the Skin, darker Circles are the Air Veffels.
ABCD the Bark. KLMN a Ring of more Sap Vef-
CDEFGHI the Sap Veffels in fels.

Form of a Glory. MNO the Pith,

CDKL the Wood in which the

Fig. 474. exhibits a tranfverfe Seftion of Buglofe Root, from which at
c¢d was taken a fmall Piece, that when magpified appeared as Fig. 475.
in which
AB is the Skin. curved Arches,

ABCD the Bark. CDGH a Ring of Sap Vefiels,
ABEF the Bladders in the outer | 11 a parenchymous Infertion, of

Part of the Bark ; they are figured which there are feveral in the

fomewhat oblong, and are ranged whole Section.

in Circles. LKKL the Wood in which the
EFCD the inner Part of the Bark dark Spots are the Air Veffels,

in which the Bladders are ranged in | K K M the Pith.

SsRe€ 1.  IL
Of the Skin of Roots. .

THE outer Part of all Reots is the Skin, which in Skerrits is white,
- yellow in Dock, red in Potatoes, brown in Lovage, black in Buglofs, &c.
their Surface is fometimes fmooth, as in Horfe radifh, rough, as in Scorze-
™ra. The Skins of the feveral Shells of a Tulip-Root frefh taken up, ap-
Pear to be perforated with a Number of fmall Holes, This Skin is very
thin in Parfuip, thicker in Buglofs, very thick in Iris, opake in fome as the
Thiftle, and tranfparent in others, as the Madder.
Every Root hath two kinds of Skin, one of the fame Age with the
er Parts, and the other fucceeding in the Place of the former ; as in Dan-
&lion, the old Skin feems to be that Part which compofed the cortical Body
€Year before, which by the Generation of a new Ring next the Wood, is
now outward, and fhrunk up into a Skin as at A B in an Hor/e-
4difb Root, Fig. 473. orat AB in a Buglofs Rout, Fig, 475. as far as the
Bladders in the former, and Veflels in the latter, are radiated ; the cortical
y feems to thrivel up into a new Skin, as the old ones fall off, and pro-
bably the whole Body of the perpendicular Roots, except the woody Fibre
¢ Center, becomes the fecond Skin, as in Afparagus, Fig. 467. s
is




190 Of the Roots of Plants.

This Skin is made up of two Kinds of Bodies, one parenchymous, gene-
rally compofed of exceeding fmall Cells or Bladders, which are plainly vi-
fible, if viewed through a Microfecope, and appear as in Fig. 467. which
reprefents a tran{verfe Piece of the Root of Afparagus magpified ; thefe Blad-
ders are of different Sizes, being larger in Buglofs than in Afparagus, &c.

The other Part of this Skin is compofed of tubular Wood-Veffels, inter-
mix’d with the Bladders before-mention’d.

If a Root be cut tranfverlly, and laid by for fome Time, all the Pars
where there are no Veflels will fhrink below the Surface of the cut End;
but the Veffels will all retain the fame Length, at which Time they may
be examined by the Micrafcope.

Of the Bark of Roots.

THE Bark is fituate juft within the Skin, in fome Roots it is yellow,
as in Dock, red in Biffert, but in moft white, in fome it is very thin,
and in others it makes the greateft Part of the Root, the thinneft and thickef
being all analogus.

It is exceeding porous both in Length and Breadth, as appears from
its fhrinking up equally both Ways, and dilating to its former Size on be-

ing foaked in Water, ~ All this is apparent to the naked Eye ; but the M
¢rofcope confirms the Truth thereof, by fhewing that thefe Pores are an in-
finite Number of little Cells o Bladders, fometimes running in Ranks both
the Length and Crofs-ways of the Root, as at A B C'D in Buglofs. Fig. 475
it may be feen both in a tranfverfe and upright Seétion, and always beft
ter the Pieces fo cut hath lain bfY fome Time to dry.

This parenchymous Part is of an uniform Texture in many Roots, and
diverfified in as many others; the Bladders, though very regular, yetdifier
in Shape, Size and Situation ; in fome Places like white Rays, ftreaming
from the inner Edge thereof outwards to the Circumference of the Bark, 25 5
apparent in a tranf{verfe Section of Lovage, Melilot, Parfuip, 8c. contib™
ing in direct Lines the whole Length of the Root.

The Bark, as before obferved, is intermixed with a few lignous Vefics
which are apparent in moft Roots in the Refemblance of Threads. T
tubular Threads do not run in direét Lines, but are frequently braced Ws‘&
ther in the Form of Network, as is apparent if the Bark be ftripped off, 28
a Piece of it examined by the Microfcope. .

In Parfuips thefe Veffels yield a thin Lympha. It is certain that this clear
Sap afcends only in thefe Veffels, becaufe no Liquor will do the like fro™
any parenchymous Part ; fometimes they yield a thick mucilaginous Lymp™
as Comfrey ; oftentimes thefe fucciferous Veffels yield a milky or white Saps

and fometimes yellow, as in Sonchus, and moft cichoraceous Plants ; in Iir:‘
gf ]
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gelica, and moft umbelliferous ; in Bardock and divers Thiftles; in Scorzo-
nera, common Bells, and many other Plants, not commonly taken Notice
of to be milky. Thefe milky Saps, although of different Colours, Thick-
nefs, and other Qualities, agree in being more oily than any of the lymphous
Saps 3 for the Mixture of the oily Parts, with fome other limpid Liquor,
caufes them to be of a milky *, or other opake Colour. In the fame Man-
ner as common Oil, and a ftrong Liquament of Tartar, fhook in a Bottle,
become white,

Sometimes the Oil will feparate, as is obfervable on cutting a Fennel
Root tranfverily, after it hath lain fome Days out of the Ground. The
fame Veffels, which before yielded Milk, will now yeild Oil.

All Gums and Balfams are likewife the Contents of thefe Veflels, for thefe
and Milks are nearly a-kin. The Milk of Fenne! ftanding fome time, turns
toa clear Balfam, of Scorzonera ; Dandelion, and others, toaGum. In the
dried Root of Angelica, when fplit, the Milk +is feen in Clods, in the Con-
tinuation of thefe Veffels, condenfed into an hard fhining Rofin. TheRoot
Helenium cut tranfverfly, prefently yields a Balfam of a Citron Colour, fo
called becaufe it will not diffolve in Water. The Root of common #orm-
wood yields a true Balfam, with all the defining Properties of a Terebinth ;
the Roots of Trachelium and Enula, yield both a Lympha and a Citron Bal-
fam; and Wormwaod both a Lympha and a Terebinth § at the fame Time.
It is doubtful whether all Roots have Lympha Duéts, but probably they
h‘“‘? and for the moft Part ftanding in a Ring, at the inner Verge of the

rk,

The Situation of thefe Veffels are very curious, if viewed in a tranfverfe

ion of the Root ; fometimes they only form a Ring at the inner Edge

of the Bark, as at E F, in Afparagus, Fig. 467. in which Pofition they are
'nmoft, if not all Roots ; in fome they ftand in Rays, as Borage, or Peri-
ial, as in Celandine. 'Thefe vafcular Rays are extended in fome towards

the Circumference " of the Bark, about half Way, as between CDE F, in
lofs, Fig. 475. in all Docks and Sorrels, about § ths of the Thicknefs

of the Bark toward the Circumference, feveral of them are alfo arched
ut. In all, or many Trefeils, and of the leguminous Kind, only

one Third of the Bark. In the umbelliferous, they are fituate between the
dametrical Portions of the Parenchyma. In the Microftope they all of them
4Ppear to be real Circles; and in a tranfverfe Setion, when the Milk has
been licked off with the Tongue, till no more will rife. They may alfo
¢ foaked in Water, after which the Pofition of the Milk Veflels will be
Vifible ; in fome Roots they run more parallel, and keep afunder, as in
"bood, and join towards the Circumference of the Bark, in Enyngo.
They terminate more circular, in Briony angular, or in the Form of a

* Grew. An, Plant, p.67.  + Lid. p. 67, & Bid. p. 68.
Glory,




192 Of the Roots ‘Qf Plants.

Glory, as will appear alfo on viewing an Horfe Radifp Root, 'C DEFG
H I, Fig. 473. in the Microfeope. In fome almoft entire Circles, as in Dax-
deliony in others compofed of fhort Chords ; in fome thefe Specks are fo ex-
ceeding fmall, that to the naked Eye they feem continued Rings, but when
viewed in the Microfcope, are diftinét Vefiels, as in Marfh-Mallows, and
Liquorice. In Marfb- Mallows the Lymphaducts appear in Rays, and the
Lacteals in Rings, Fig. 469. In Dandelion they appear to the naked Eje
like numerous Rings, but when viewed through the Microfcope, are found
to confift of very many fmall Rays, ftreaming from the inner Verge of the
Bark, a-crofs three or four of the fmaller Rings.

SecT I
Of the Weod of Roots.

H AT Portion of the Root, which is contiguous to, and within the
Bark ; in Trees, and fhrubby Plants, is the Wood, which confifs

of the Parenchyma and lignous Subftance. The firft of which is of the fame
Nature with that of the Bark. The Pofition of its feveral Parts are moftly
diametrical, running between the /ignous Parts, from the Circumference to
wards the Center of the Roo#, and all together conftitute that which is be
fore called the Infertment. Thefe Infertments are moft obfervable in the
Roots of many Herbs, as Comfrey, which exhibits a good Notion of all othe',
as well Trees as Herbs ; fometimes this parenchymous Body is difpofed ir
to Rings, as in Femnel. In moft woody Roots, they ftream between th
Pith and Bark, like fo many fmall Rays. In fome Roots they continue ©
the Center, as Columbine, in others not, as Parfuip ; and fometimes diff
rent in the fame Root, as E F in the Vine, Fig. 471. They are compofdd
of many fmall Bladders, as in the Bark, but generally fmaller, T heir Shap:
ufually round, but fometimes oblong and oval, as in Borage, or oblong
fquare, as in the Vine. !

The lignous Part alfo confifts of two Kinds of Bodies, fucciferous, or g
nous, and Air Veffels. The lignous are of the Nature with thofe of £
Bark, and in a tranfverfe Se&ion of the Root, emit a Liquor as thofe d*
Thefe Veflels are no where interwove or braced together, but continue from
one End of the Root to the other. :

The Pofition of both thefe Kind of Vefels is various, the fucciferous o
lignous are fometimes fituate in diametrical Lines, as in the ine, Fig-47"
and moft Trees, fometimes oppofite to the Areal, as in Beer, &c.
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Of the Pith of Roots.

‘ ‘ / Ithin the woody Part, is the Pith which is not common to all

Roots, for fome have none, as Nicotian, Stramoniam, and others,
The Pith, for the moft Part, efpecially in Trees, is a fimple Body, yet like
the Bark it is compounded, fome fucciferous Veflzls being mixed with it, as
in Ferufalem Artichoke, Horfe Radifh, &c. many Roots that have no Pith
at their lower Part, have one at the Top, as Columbine, Lovage, &c.
Their Contexture by the Microfeope, appears to be of the fame general
Kind in all Plants, both in the Parenchyma of the Bark, in the Infertment
or diametrical Portions, and in the Pich, all being compofed of Bladders,
which are of very different Sizes, feldom lefs than thofe of the Bark, as
in dfparagus, Fig. 467. but generally much bigger, as in Horfe Radib,
Fig. 473. their Pofition feldom varies, but is uniform in a tranfverfe Sec.
tion of all Parts of the Root - piled up evenly one over another. In an
upright Section they feem to run in dire& T'rains, length-ways ; they are for
the moft Part orbicular, though in the larger Roots fomewhat angular. On
obferving thefe Bladders with the Microfcope, their Sides will be found to
confift of feveral Ranks of exceeding fmall Fibres, lying for the moft
Part evenly one over another, from the Bottom to the Top of every
Bladder, and running a-crofs alfo from one Bladder to another. If the Pith
be cut with a fharp Razor, or Penknife, and fo applied to the Microfeope,
they will be feen diftinétly.

All Plants exhibit this Spectacle, but thofe beft with the largeft Bladders;
nor the fame Pith fo well in any other Condition, as when dry; becaufe
then the Sap being voided, the Spaces between the Fibres, and the Fibres
themfelves are more diftinétly feen. Yet it muft not be dried after cutting,

fe its feveral Parts will thereupon coincide and become deformed, butc

1o be chofen while the Plant is growing, at which Time it may be often

found dry and not deformed ; as in the Trunks of common 9 bifple, Ferufa-

lem Artichoke, &c. cut off the white Bottoms of the Bladders of a Bulrufh

Wanfverfly, and they will appear like a curious Picce of Needle-work. The

Whole Body of a Raot therefore confilts of Veffels and F ibres, and probably
fe Fibres themfelves are tubular.

If you take the Roots of Vine, Fennel, Dandelion, Plumb-tree, Elder,
Willow, 8cc, and lay them for fome Time to dry, then cut off a thin Slice
of each tranfverfly, and place it before the Microfcope, by pinching one
Edge thereof between the Nippers, thellight will then be trajected through
ﬂ]e Perforations of all the Veflels both great and fmall, they are fcarce ever
fible in the frefh Slices of thefe Roots. P

: L. &
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A clear and elegant Sight of the Fibres which compofe the Air Veflels,
may be obtained by fplitting a Vine Root, or a Piece of Oak, and may be
feen in the Side of the greater Air Veflels, in the Refemblance of Needle-
Work ; the Spiration of the Fibres may be better obferved in the Trunk
than in the Root, and beft in young Plants, but not fo well by cutting as
fplitting, or by tearing off fome fmall Piece, through which they run;
their Confirmation being by this Means not fpoiled.

But in the Leaves or tender Stalks of all fuch Plants as fhew upon break-
ing, « kind of Down or Wool; they may be feen drawn ourt, and tha
fometimes to the naked Eye. This Wool being nothing elfe but a certain
Number of Fibres drawn out of their {piral Polition, appearing more of
lefs in the Leaves and other Parts of moft Plants, as in the Fine, Scabiow,
&c. in the Scales of a Squil they are fo eafily feparable, as to fhew the
Plate or Zone into which the Air Veffels are ufually refolved, which is not
one fingle Piece, but made up of feveral round Fibres, running parallel, and
knit together by other fmaller ones tranfverdly in the Form of a Zone.

CH AP XXXVIL

Of the Trunks of Trees.

8B € Fa

THE Trunk comes next under Confideration, which confifts of the
Bark, the Wood, the Infertions or Veins, and the Pith.
The crofs Shootings of the Wood in Trunks of feveral Years Growth a
pear in Rings, fo that we may judge by the Number of Rings of how mafy
§ears * Growth the Tree is ; in each of thefe Rings is one Circle of W&
open Pipes, but the fewer of thefe the ftronger the Timber.

The Pores of the Wood in well-grown Timber are very confpicuous both
in an upright and tranfverfe Section thereof. g

The lignous Body in the Trunks of Herbs are extremely vifible 10 the
Microfeape, each Fibre thereof being perforated with 30, 50, 100, ©*
Pores, as may be feen in a magnified Piece of Burdock, Fig. 477 and
although each Fibre appears to the naked Eye to be but one, yet whet
magnified we plainly find them to be compofed of a Number of Fibres,
rather hollow Tubes joined together, fo that what we call the woody ¢
of a Tree, notwithitanding all its Solidity, is nothing elfe but a Clufter 0
innumerable and extraordinary fmall vafcular Fibres ; fome of which nie
from the Root upwards, and are difpofed in Form of 2 Circle, 4
which Dr. Grew calls Infertions, tend horizontally from the Surface t©

* Pbi, Tranf. No. 213,




H. 49
473 B
47 4
;
b :
D
C
: L
N
G : D ot
C
F
E
475
A
Gy Front. * Page. 194,







Of the Trunks of Trees. 195

Center, in fuch a Manner as to crofs each other, and are interwove like
the Threads of a Weaver’s Web.

Thefe Infertions are vifible on fawing Trees Lengthwife, and fhaving
from thence very thin Slices. They are alfo difcernable at their Entrance
into the Wood on ftripping off the Bark.

As the Pores or Veflels are greater or lefs, fo are alfo the Infertions, to
the naked Eye, the largeft only are difcernable ; but by the Help of the
Microfeope they appear very numerous.

The Infertions in the Trunk are vifible in a tranfverfe Seftion, and are
difpofed in even Lines or Rows throughout its whole Breadth ; they are re-
prefented as they appear in the Root of a Zine, when viewed through a
Micrafcape, by E F, Fig. 471.

The Pores of the Pith are moftly obfervable in the Trunk, being larger
than in the Root ; and through a Microfcope appear like fo many Bubbles
or Bladders, as in a Piece of Burdock, Fig. 477.

In the Piths of many Roots and Plants, fome of the larger Pores or Blad-
ders have {maller ones within them, fome of which are divided with crofs
Membranes, and between their feveral Sides other {maller Bladders are in-
ferted, in orderly Ranks Length-wife.

What Dr, Grew calls Fibres and Infertments, or the lignous Body inter-
woven with that which he takes to be the cortical, that is the feveral Di-
ftin&ions of the Grain, are called by Mr. Liffer Veins, * that is, fuch Ducts
as feem to contain and carry in them their nobleft Juices, analagous to hu-
man Veins. Mr. Liffer makes it appear, that thefe Veflels are not the Pores
of the lignous Body, from a tranfverfe Seion of Angelica Sylveftris magna
vulgatior 3 the Veins there clearly difcovering themfelves to be diftinct from
the Fibres, obfervable in the Parenchyma of the fame cortical Body, the
milky Juices always rifing on the Side, and not in any Fibre. Alfo in a
like Incifion of Burdeck, in Fune the Juice fprings on each Side the Radii of
the woody Circle, that is, in the cortical Body and Pith only ; again where
there is no Pith none of this Juice is obferved.

In a tranfverfe Cut of a Leaf it is obfervable, 1. That thefe Veins ac-
" company the Ribs and Nerves. 2. That the middle Fibre or Nerve feems
to yield one big Drop of a milky Juice fpringing as it were from one Vein,
yet by the Microfcope it is plain there are many Veins, to the making up of
that Drop, 3. That if a Fibre or Nerve be carefully taken out of the Leaf,
the Veins will appear therein like fo many Pipes running along the Nerve,
and yet thefe numerous Veins are all of an equal Bignefs.

It is obfervable in the Motion of thefe Juices, that the milky Juice always
moves and fprings brifkly upon the opening of a Vein, '+ the limpid Sap only
at certain Seafons.

* Phil. Tranf. No. 79. 1 Ibid. No. go.
Cca2 Dr.
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Dr. Grew affigns the Offices of the feveral Vefiels, viz. thofe placed on
the inner Verge of the Bark, he calls Lympbeduls, and fuppofes them de-
ftined for the Conveyance of the molt watry Liquor; thefe Mr. Bradly
calls the new furming Veffels, which are annually produced, and help to in-
creafe the Bulk of the Tree. .

Thofe in the Middle of the Bark Dr. Grew calls lafiferous or refiniferous
Veflels : Their Ufe, according to Bradley, is to return the fuperfluous Sap :
Thefe Veflels Grew obferves, are the principal Vifcera of Plants 3 and adds,
that as the Vifcera of Animals are but Vefiels conglomerated 3 fo the Vef-
fels of a Plant are Vifcera drawn ‘out at length, all which will be ealily un-
derftood by an Infpeétion of the following Figures.

Fig. 476. reprefents a {mall Piece cut out of a walking Cane, as it ap-
peared in the Microfcope. ABEF fhews a tranfverfe Se&ion thercof,
wherein are feen Clufters of Air Veffels furrounded with Rings of fap Vef-
fels, and at A BC D the Pores in the outfide Skin or Bark of the Cane are
plainly vifible, .

Fig. 477. reprefents a magnified Piece of the Stalk of Burdock cut
tranfver(ly and down the Side.

Fig. 478. exhibits a Piece cut out of a Branch of Pine, wherein at ABCD
is feen the Bark Side-ways, and at A BEE a tranfverfe Section thercof,
through which the Turpentine Veffels run Lengthwife. G H reprefents
one of them cut down the Middle to fhew the Infide of it, and another is
feen intire at 1 K,

Fig. 479. reprefents the Milk Veffels in the Bark of Sumach, in the fame
Manner as the Turpentine Vefels are reprefented in the foregoing Figure,
and are exprefled by the fame Letters alfo.

Fig. 480. reprefents Part of -a Vine Branch cut tranfverfly ; and Fig. 481.
a Piece cut out of the fame at a b, as it appeared in the Microfcope ; where
of ABCD fhews the Skin Length-ways. At ABEF is feen a tranfverfe
Section of the Wood and Air Veflels, and between GH and I K part of
the Wood and Bark is taken away to thew the fame Lengthwife,

Fig. 482. a, is a tranfverfe Section of an Apple Branch, in which the
feveral Circles of Wood that fhew of how many Years Growth the Tre¢
is, are vifible to the naked Eye. Fig. 482. b, reprefents a Gore cut out of
the aforefaid Slice dc ab, as it appeared in the Microfcope ; in which
A B reprefents the Skin. K LMN oneYear’s Growth, in which
ABCD the Bark. the dark Spots reprefent the A
H I fpiral fap Veflels in arched Par- Vefiels.

cels. ggg the true Wood.

O O the common fap Veffels which | P P the Infertions,

begin to turn into Wood. EF other fap Vefiels.
CDEF the Wood of three Years | EF G the Pith.
Growth.
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Fig. 483. thews a tranfverfe Slice of a Hazel Branch, and Fig. 484 re-

prefents a Piece thereof, which was

placed in the Microfcope.

AB the Skin,

ABCD the Bark.

QQQ the fimple Parenchyma.

HI a Ring of fpecial Vefiels.

PP common fap Veflels.

CDEF the Wood of three Years
Growth.

KLMN one Years Growth.

XXX great Infertions.

cut out at cd, as it appeared when

P O leffer between them, the black
Parcels between thefe Infertions
are the Wood, which is compofed
of minute Tubes (although it is
here reprefented in a Shade) in

which the dark Spots are the Air
Veflels.

EFG the Pith,

Fig. 485. exhibits a tranfverfe Slice of a Walnut Branch, and Fig. 486. a

microfcopick Picture of a Gore thereof

A B is the Skin.

ABCD the Bark.

RR the Parenchyma.

HRI two Rings of fpecial fap Vef-
fels.

D C common Lymphedués.

DCEF the Wood of four Years
Growth,

ddd the true Wood.

ABCD the Bark.

MMM the Parenchyma.

DLC the Lympheduéts.

HH Turpentine Veflels,

DCEF the Wood in which the

whence a Piece i k was cut, which is
trofcope, by Fig, 490. whereof
ABCD is the Bark.
AMB the Parenchyma.
HMI Balfamic Veffels.
L another Sort of fap Veflels in
Parcels.
KLCD Lympheduéts.

492,

cut out from ef, in which

KLMN one Year’s Growth.

Qd, Qd, part thereof whiter than
the reft, by the Mixwre of fap
Veffels, which are reprefented by
the tranfverfe Lines.

M N the great Air Vefiels.

ce, ce Parcels of leffer ones.

E F a Ring of other fap Veffels.

EFG the Pith.

At Fig. 487. is feen a Slice of a Branch of Pine cut tranfverfly, and at
Fig. 488. a magpified Piece of the fame cut out from g h,

white Spaces tending to the Center
fhew the Infertions.

EFG the Pith, the larger Holes
both in the Wood and Pith are

more Turpentine Veflels.

Fig. 489: reprefents a tranfverfe Section of a Wormwood-Stalk, from

exhibited as it appeared in the Mi-

DCEF the Wood in which the
dark Spots are the Air Veffels.

M M the Infertions,

R another balfamic Veflel

E FG the Pith,

Fig. 491. is a tranfverfe Seion of a Thiftle-Stalk, out of which at Im
Was cut a Piece, which is feen as it appeared in the Microfiope at Fig.

ABCD
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ABCD the Bark.
HI the Parenchyma.
ce a Sort of fap Veflels.
aa another Sort.

c ¢ Milk Veflels.
DCEF the Wood,
V'V the Air Vefiels,

Fig. 493. fhews a tranfverfe Secti

Of the Trunks of Trees.

tt more Lymphadudts.

{{ mere Milk Vefiels.

at Infertions.

EFG the Pith compofed of angular
Bladders, Bladders of T hreads, and
Threads of fingle Fibres.

on of Sumach Stalk, and Fig. 494 2

magpnified Gore thereof, which was cut out at no,

ABaa the hairy Skin,

A BCD the Bark.

HW 1 the Parenchyma.

DMC the common Lymphzaduéts.

KM L three Milk Vefiels.

HI another Sort of Lymphzduéts.
arched over the Milk Vefiels.

X X feems to be a third Sort of

Fig. 495. reprefents part of a Vine

Lymphaduéts.

D C EF the Wood,
the white Rays tending from M
to M are the Infertions.

YY the true Wood in which the
dark Spots are Air Veflels,

EF a Ring of Lymphadués.

EF G the Pith.

Branch cut tranfverly at A BG, and

at A BC, and alfo fplit half way down the Middle at GG B B, whereof

ABAB is the Skin.

ABCD, ABCD the Bark.

HHH fap Veflels in arched Parcels.

I the Parenchyma,

CDEF the Wood.

ddd the true Wood, in which the
dark Spots are the Air Veffels,

KK the Infertions.

EFG the Pith.

Between GG, FF, is thewn the Po-
fition of the Bladders in perpend-
cular Rows.

Between D D and BB is feen the fame
of the Bark ; and

Between FF DD is feen an upright
ISe&iun of the Wood and Air Ve

els.

EF a Ring of other fap Vefiels.

SEC

ey |

Of the Bark of Trees.

HE exterior Part of Trees is the Bark, and ferves them for a Skin o

Covering ; in general it is of a fpongy Texture, and by many I
Fibres, which pafs through the capillary Tubes whereof the Wood con
communicates with the Pith ; fo that the proper Nutriment of the Tr

being imbibed by the Roots, and carried up
fels of the Tree by the Warmth of the Soil, é¢. to the Top of the P
is ufually fuppofed to be there condenfed
own Gravity down the Veflels, which do the Office of Veins,

the Wood and inner Bark, leaving, as

through the fine arterial ;:;t,

the cold Air ; and returns by &
lying bcnvri:

it paffes by, fuch Parts of its _[1.111:i=thc
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the Texture of the Bark will receive and requires for its Support. That foft
whitih Rind or Subftance, between the inner Bark and the Wood, which,
Mr. Bradley thinks, does the Office of Veins; fome account a third Bark,
differing only from the others in the Clofencfs of ies Fibres; 'ns this
contains the liquid Sap, Gums, &e. found in Plants in the Spring and
Summer Months, It hardens by little and little, by means of the Sap it
tranfmits, and is imperceptibly canverted into the woody Part of the Tree.
There are few Trees but what have it ; yet icis fill found in lefs Quantity
as the T'ree is more expofed to the Heat of the Sun. It is here the Corrup-
tion of Trees generally begin ; whence thofe who fell and cut Trees ought
always to take Care to leave as lictle of it on as poffible. L 8

The Bark confifts of two Parts, the outmoft Skin and the main Body;
the Skin is generally compofed of very fmall Veficles or Bladders ; but as
the Plant grows, the Skin dries, and the Bladders fhrink up and difappear.
Amongft thefe {kinny Bladders are intermixt a Sort of woody Fibres, as in
Malloo, Nestle, Borage, Thiftle, and moft Herbs. .

The Skin of the Trunk is fometimes vifibly porous, as in the better Sort
of Walking Canes, Fig. 476. ABCD.

The main Body of the Bark alfo confifts of two Parts, the Parenchyma
and Veffels ; the Parenchyma is compofed of an infinite Number of fmall
Bladders, and the Veflels are very numerous ftanding in or near the inner
Margin of the Bark, and are always fap Veflels *.

The Properties of the faid Veflels are diftinguithed from one another in
the fame Plant, and in the feveral Species of Plants which Properties are
not accidental, but fuch as fhew the conftant and univerfal Defign of Nature.

For in the Figures 482, 484, 486, 488, the Veflels of the Bark are only
of two Kinds, which in the firft two feem to be roriferous + and Lymphe-
dufts (yer in all the four their Number and Pofition is very different.)
In Hazel, Fig, 484, they are but fews in Apples, Fig. 482, they are more,
and alfo in Pear, Plumb, Elm, &c. ftill more numerous. As to their Po-
fition in Hazel, the Lymphaducts or Veflels next the Wood, ftand in femi-
circular Parcels ; and in Holly they ftand in Rays, yet fo numerous and
clofe together as to make one intire Ring. In the Apple Branch, Fig. 482.
the Lymphazdu@s OO are radiated, they are alio radiated in the Pear and
Plumb, €9¢. In Hazel, Fig. 484. the roriferous Veflels HI, as Dr. Grew
calls them, make an intire Ring. In Apple, Fig. 482, they are neither
radiated nor make an intire Ring, but ftand in peripherical Parcels, much
after the fame Manner they ftand in Eim. In Afh the Veflels make two
Rings, the inmoft or Lymph=zducts confift in arched Parcels, and the out-
moft o roriferous of round ones ; whereas in the foregoing the Lymphz-
duéts are contiguous to the Wood, and the roriferous more or lefs diftant

*® Grew. Ana, Planty B 108, + Ibid. 109, T
I
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from the Skin ; here, on the contrary, the firft are diftant from the Wood,
and the latter contiguous to the Skin.

In the two next Branches, Fig. 486 and 488, the Veflels of the Bark are
alfo different in Number, Pofition, Size and Kind. In Pine they are lef,
and in Walnut more numerous ; as to their Pofition, the inmoft D C in Pin,
Fig. 488, compofe a radiated Ring, the utmoft are ftragling up and down
without any certain Order, In Walnut, Fig. 486, the inmoft D C make
alfo a radiated Ring, and the utmoft a double Ring H R [, not radiated but
of round Parcels: As to their Kind, they differ moft apparently from the
Diverfity of Saps thofe different Veffels contain ; which in the Bark of
Pine, Fig. 488. are alfo of two Sorts, the inmoft are Lymphaduéts, asin
the two former ; the outmoft are not Milk, but Gum Vefiels, or refinife-
rous, and ftand ftraggling or fingly abour the Bark ; all the clear Turper-
tine that drops from the Tree iffues from thefe Veflels, which are apparent
even to the naked Eye ; whereas thofe of the Lymphaduét are not to be
difcerned without the Affiftance of a Microfcope.

The two next Pieces of Branches are common Sumach, Fig. 494. and
common Wormwood, Fig. 490, which are remarkable for their having three
kind of Veffelsin the Bark, whereas the former have only two. Firft then
in common Sumach is a thick radiated Ring DM C of Lymphaeduéts, {tand-
ing on the inner Margin of the Bark contiguous to the Wood 3 thefe Veflels
exhibit their Lympha very apparently.  The fecond Kind of Veffels XX
compofe a Ring, and are fituate near the outward Margin of the Bark. Be-
tween thefe two Kinds ftand the Milk Vefiels K M L, each of which being
empaled or hem’d in by an Arch of roriferous Veffels.

The next-is a Branch of common Warmwesd, Fig, 490, in the Bark of
which are alfo three kinds of Vefiels ; firft there is a thin radiated Ring,
CDLK of Lymphadués, contiguous to the Wood, yet this Ring is not
entire, but made up of feveral Parcels ; which are intercepted by as many p&-
renchymous ones, inferted from the Bark into the Pith. The fecond Sort 0
Veflels K L, which feem to be roriferous, are fituate near the Middle of
the Bark, and ftand in arched Parcels ; thefe alfo compofe a Ring,

Beyond thefe Arches, and towards the outer Margin of ‘the Bark, ftand 2
third Sort of Veflels HMI, their Content is a- kind of ' a lguid, oleous and
vifeid Gum, which for its pleafant Flavour may be called an aromatick Bal-
Jam ¥, becaufe it perfectly affordeth whatever is in  the Smell or Tafte ©
Wormwood, being the Effence of the whole Plant, fo that they are in
Refpeéls analogous to the Turpentine Vefiels in Pine. :

The Structure of the Milk and Gum Veflels when viewed with the Micro-
Jeope, feem to be made by the Conflipation of the Bladders in the Bark, thit
15 to fay, they are fo many Chanels, not bounded by any Sides proper ©

* Grew An. Plants, p. 111,

them-
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themfelves, as a Quill thruft into a Cork, or as the Air Veflels in the Wood,
but by the Bladders of the Parenchyma * which are fo crowded up together,

8 to leave certain tubular Spaces throughout the whole Length of the
Bark.

One Difference between thofe Veflels juft defcrib’d, and thefe hollow
Tubes, &c. in the Pith, is this, that they are not originally formed with
the Pith; but are formed partly by the ftretching it undergoes from the
Dilatation of the Wood, and partly from the drying and fhrinking up of
its Bladders, and of their component Fibres; whereas the Veflels in the
Bark are many of them originally formed + therewith; and thofe which
fucceed them are not caufed by any Rupture as thofe in the Pith are, buc
from a regular Difpofition of the parenchymous Fibres, and Conftipation of
the Bladders thereof ; all which will appear very plain upon viewing the
three Figures 4775 4785 and 479. :

It has been before obferved, that the lignous or towy Parts of all Plants
are tubulary and that the Juices are conveyed the whole Length of the
Plant through an infinite Company of fimall Tubes.

Thefe very Tubes or Lymphaduis are likewife made up of other yet
much {maller Tubes, fet round together in a cylindrical Figure ; by which
alfo appears the admirable Smallnefs of thefe Fibres ; for there are fome
Lymphaduéts that may be reckoned 50 Times fmaller § than an Horfe-
hair, and that thofe minute Fibres are alfo compofed of other fuch Fibres,
but much fimaller, is not altogether improbable ; allowing therefore but 20
of thefe to compofe a Thread no bigger than one of thefe Lymphaduds ;
then one of thefe Fibres muft be 1000 Times fmaller than an Horfeshair.

They may be obferved in a very white and clear Piece of Afh torn care-

lengthways, and fometimes alfo in a very white Piece of Fir.

An the Eqgff Indies they manufaiture the Bark of a certain Tree into a
kind of Stuff or Cloth 3. it is fpun and drefs’d much after the Manner of
Hamp: The long Filaments which are feparated from it, upon beating and
fieeping it in Water, compofe a THread, of a middle Kind between Silk
and common Thread, neither fo foft or bright as Silk; nor fo hard or flat
@Hemp. Some of thefe Stuffs are pure Bark, and are called Pinafies,
Bambonnes, €5¢. In others they mix Silk with the Bark, and call them
Ginghams and Nillas ; the Fontalungees too, are part Silk, part Bark, and
e only ditinguifhed by being ftripped.

* Greww Ama. Plants; p. 113, + fbid, § fbid. p. 112,
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St e 02
Of the Wood.

T HE next general Part of a Branch is the Wood which lies between
_ the Bark and Pith, it is compofed of parenchymous and lignous Parts ;
the parenchymous Part of the Wood in all Trees, though much diverfified,
is difpoled into many Rays or Infertions running between as many woody
Portions, from the Bark to the Pith.  Thefe Infertions are various accord-
ing to the feveral Sorts of Trees or Plants, in Pine, Fig, 488, and Worm-
wood, Fig. 4g0. they are not fo numerous as ip Sumach, Fig. 494. in the
Apple, Fig. 482, or in the Hazel, Fig. 484.

Thefe Itfertions do not run only through the Wood, but alfo fhoot out
beyond it into fome Part of the Bark, as in Elm, Sumach, Waermwoed, 8.

The Texture likewife of thefe Infertions is alfo various in 'Wormswood
and moft Herbs, they are manifeftly compofed 'of fmall Bladders, yet larger
in thefe than in Trees,

The Woed is likewife compofed of two Sorts of Bodies, that whichis
fri@ly woody, and the Air Veffels. The true #ood is nothing elfe but 3
Mafs of antiquated Lymphzdu@s, viz. thofe which are originally placed o
the inner Margin of the Bark ; for in that Place there annually grows a ne¥
Ring of Lymphaduéts, which by degrees lofing its firft Softnefs, is at ¢
latter End of the Year turned into a dry and hard Ring of perfe& Wi,
Whence it is evident that the Bark of a Tree is divided into two Parts, 2
diftributed two contrary Ways ; the outer Part falleth off towards the Skin,
and at length becomes the Skin itfelf. The outward Skin of a Tree is 0
originally made a Skin, but was once fome of the middle Part of the Bark
itfelf, which is annually caft off and dried into a Skin ; the inmoft Port%
of the Bark is yearly diftributed and added to 'the Wood, the parench]-
mous Part thereof makes a new Addition to the Infertions within the #/#
and the Lymphzduéts a new Addition to the woody Pieces between which
the Infertions ftand ; fo that a Ring of Lymphaduéts in the Bark this Y&
will be a Ring of Wood the next, and another Ring of Lymphadutts
of Wood fucceffively from Year to Year; fo in Fig. 482, of part of #
Apple Branch cut tranfverfly, three Years Growth, are reprefented in that
of Sumach, Fig. 484. one Year only is exhibited, and in that of Wals¥
Fig. ESFG are fhewn four Years Growth of Wood between the Letie
DCEF. - i

Here alfo may be obferved, that certain Parcels of Wood make eithc?
feveral fmall white Rings, as in Oak, or feveral white and crooked Parce
tranfverfe to the Infertions, as at DC, KL, &¢. in Walnut, Fig. 4.3_6-

" In the Branches of Fir, Pine, &c. arc a few Turpentine Veflels dsz"{f;




Of the Wood of Trees. 203
up ‘and “down - the #%od. ' The Air Veflels’' with' the Infertions, and true
Wood altogether, make up that 'which is commonly called the Wood of
T Rea0. P00l 159 yilah

The Variety of ‘the Air Vefitls are many, with refpe@ both as to’ their
Number, *Size, ‘and Pofition,’ and are not to be found alike in'any two Sorts
of Plants whatfoever : As to their Number it is very great, in Apple, Ptar,
Hazel, &e¢. "but'in different Degrees, ‘they are reprefented by all the black
Spots in the Woed, in all the Figures before referred ro.

Their Sizes are as dulferent as the Trees to” which they belong, being at
lealt twenity Times bigger in Elmor Oak, than in Hoelly or Pear, &c.

Their Situation is allo' differefit: 'In Apple, Fig. 482. and in Walnut,
Fig, "&c. ‘they are fpread abroad in -every annual Ring; in others they
keep more in ‘the Compafs-of fome Line or Lines, either diametrical or pe-
ripherical. - In: Holly, &c. they are radiated or runin even diametrical Lines
between ‘the Pith and Bark, 3
“'Whether' the Air Veflels are irregular or radiated, Nature hath fo dif
pofed them), “as that many of them ftand always near the Infertions.

In 4 the Air Veflels ftand in Circles on the inner Margin of every
annual Ring, * Thefe Circles'are in fome very thick, as in 4/b and Barberry,
i fome thin, as Elm, &c. '

Their Form is fuch that they are never ramified, but continued from one
End of a Plant fmall or grear, quite through to the other End thereof.

As to their Texture they oftentimes appear to be unwreathed in Form
of a very fmall Plate, which alfo is not only of different Breadths in different
Plants, ‘and ufually broader in the Root than in the Trunk ; but alfo the
faid Veffels are oftentimes unwreathed, not in the Form of a Plate but of a
round Thread.  The Caufes of which Diverfity are principally three, the
Weftage of the Fibres of which the Air Veflels confift : “The Difference be-
tween the'faid Fibres, or between the Warp and Woof, and the different
Kinds of Wiof. '

By the Weftage of the Fibres it is, that the Vefiels oftentimes untwift in
the Form of a Plate ; as if a fin¢ narrow Ribband be wound fpirally, and
Edge to Edge, about a Stick, and then the Stick being drawn out, will
leave the Ribband in the Form of a Tube * and of one of thefe Air Vefiels,
for that' which upon the unwreathing of the Veflel feems to be a Plare, is as
It were a natural Ribband, confifting of a certain Number of Threads or
found Fibres, ftanding parallel as the Threads do in a Ribband ; and as in
4 Ribband fo here, the Fibres which make the Warp and run fpirally, do
Rot prow together, but are held in -that Pofition by other tranfverfe Fibres
which embrace them, and are in the Place of the Woof,

And as the faid Fibres are tranfverfly continved thereby making a Warp

® Grecv, An. Plan, ‘ﬂ 1y,
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and Woof, fo are they (as in divers Woollen Manufactures) of different
Bulk; thofe of the former being ftronger and bigger than thofe of the lat-
ter ; by which Means, as Cloth and Silk will ufually tear fooner one Way
than another ; fo here while the Warp or thofe Fibres which run  fpirally
are unwreathed, without breaking the fmaller ones which hold them toge-
ther, eafily tear all the Way, .

In the I{:IIowing Figures are thewn the Pofition of the Veflels in feveral
Sorts of Timber cut Length-wife and Crofs-wife as follows :

Fig. 507. reprefents a fmall Piece of the Wood of an Oak-Tres, cut
tranfverily, and of its natural Size ; and Fig, 508. A BC D, f(hews the fame
Piece as it appeared before the Microfcope when greatly magnified,” whereof
the Parts F F feemed to be brown dark Streaks, the Wood included between
the Spaces H I and K L, is the Breadth of that Circle which the Tree had
increafed in one Year. EE are the Cavities of very large 1 Air Veflek,
which run the Lengthway of the Tree. Thele large: Veflels are. compofed
of feveral fmaller Membranes, as may be fcen at Fig. 512. which reprefents
Eart of one of the aforefaid Air Veflcls feen length-wife, and as it appeared

efore the Magpnifier. _ i

The fecond Sort of perpendicular Veflels which. tend upwards, are feen
at ee, Fig. 508. and are alfo compofed of exceeding fine Skins, * in which
are feen fome Spots that in the Microfcope appear like Globules, asatON,
Fig. 511, which thews one of thefe fecond Sort of Veflels cur lengthwife.

The third Sort of thefe Veflels which run upwards, are extremely fmall
and in great Abundance, as appears throughout the whole Space HIKL,
Fig. 508. Thefe alfo are compofed of extremely fine Skins ; they are feen
length-ways between P Q, Fig. 511.

GGG,F 1& 508. are another Sort of Veflels, which run horizontally from
the Bark to the Pith : Thefe feemed to extend themfelves in Furrows, and
were crooked or bowed round the Knots, When the #%ed is cut lengih-
wife, thefe horizontal Veffels are cut acrofs, as at GG G, Fig, s11. The &
cond Sort of horizontal Veflels are greatly numerous, which when the Oak is
?gr length-wife, are alfo cut acrofs, and appear to the naked Eye
g, 513, '

Fig. 496. fhew a Piece of Elm cut tranfverfly as it appeared to the naked
Eye; and Fig. 497, a microfcopick Picture of the fame. AB, CD isthe
Breadth of the Ring the Tree had increafed in one Year. The fmaller
perpendicular Veffels are fituate between and joined to the larger, having
fmaller ones between them, as in Oak ; the Tubes here alfo are compofed
of fkinny Membranes, A C and BD, Fig. 497, are horizontal Veflels
feen lengthwife. Fig. 408, is an upright Setion of the Wood of Elw
magnified, in which GG fhews the exceeding fmall Veflels length-ways

* Lecwwen. Anat. & Contemp. Vol. 1. p. 3. HH
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H H is the Cavity of one of the great Vefiels, being full of Turpentine
Threads, or little Tubes, with black Spots curioufly wove together ; as at
Fig. 499.

gFig?goo. is @ {mall and thin Piece of Beach, cut tranfverlly, and Fig.
so1. reprefents the fame as it appear’d in the Microfeape. Its Length
between AB and D C is the Breadth of a Circle, of one Year's Growth.
The perpendicular Veffels in this Wood are of two, and the horizontal
Ones of three Sizes; of which thofe expreffed by E E, Fig. 501. are ex-
ceeding fmall ; in the upright Section, Fig. 502. thefe horizontal Veflels
are cut tranfver{ly, and thewn by HH, the fecond Sort of horizontal Vef-
fels are feen lengthwife, from D to A, Fig. 501. and a tranfverfe Section
of the fame Veffels are feen in the upright Section of the Timber, Fiz. 502.
atl, I, I, and at K K are feen the great perpendicular Veffels,

Fig. 509. reprefents a traniverfe Section of a fmall Bit of Black Ebony,,
greatly magnified, of which G, G, G, are the large upright Veffels,. K ?,
in Fig. 510. fhews one of thefe large Veffels cut lengthwife, and at Fig.
511, 1s feen another of a larger Sort, in which are many Streaks and Spors.
The fecond Sort of perpendicular Veffels are feen between A B, A B, and
the third Sort between C D, C D ; a fourth Sort are fquarifh, 4and included
between the fecond and third in the uprighe Section, Fig. 510. L L fhews
gc {malleft Veffels, and I, I, the tranfverfe Sections of the horizontal

NEs. i

Fig. 503. A B C D is a fmall Piece of Box, cut tranfverfly, and of the
fame Size to the naked Eye as the Piece of Ebony. This Wood alfo confifts
of large and fmall perpendicular Veflels intermix’d ; the large ones are com-
pos’d of Skins, and are full of extremely minute Particles, as may be feen in
the upright Section thereof at E E, Fig. 504. the Cavities of the leffer
Veflels are fhewn lengthways at FE. A B and C D, Fig. 503. are_hori-
zontal Veffels, running lengthways, and at G G, Fig. 504. 1s feen a trani-
verfe Se@tion of the fame. ; .

ABCD EF, Fig. 505. reprefents a tranfverfe Section of a fmall Piece
of Straw. A B EF is the fhining Bark, compofed of an incredible Num-
ber of exceeding fmall Veficles. G G G G_are Veflels, or rather Bladders,
having four, five, or fix Sides, and compofe the greateft Part of the Infide
of the §traw., H H H are fome of the before-mentioned Veffels, inter-
mixed with, or furrounded by a great Number of exceeding fmall Vefiels.
Ac F;? 06. the fame Veflels are feen lengthways in a perpendicular Sec-
ton Straw.

Se c.T
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HE third general Part of 'a Branch is the Pith, being in Subftance
nearly allied to the Parenchyma in the Bark, and the Zufertions in the
Wood, %

s Size is various, not being ‘the fame in, any two Branches heére repre-
fented.” In Wormwood, Fig. 490i, and Sumach, Fig.'494. it 'is very
large. " 'In Pine, Fig. 488. and Walnut, Fig. 486. not fo large. In Ap-
ple, ‘Fig. 482. and. Hazel, Fig. 484, itis fmailer.” '

It is allo. remarkable, that the Bark and #oed in moft Plants increaf
yearly; ‘and the Pith, on the contrary, grows fmaller. :

The Pith, for the moft Pare, is furnithed with a certain Number of Sap
Veffels, which form a Ring round the Margin thereof. . They are numerous
and eqofpicyous in Walnut, Fig. 486. and in Fig, Pine, &c. and are of
diversKinds, bting Lymphzdudts in Walnuts, Lalteals'in Fig, and Refini-
férousin Pirte. ' !

“T'he'Parenchyma of the Pirb is compofed 'of Bladders the very fame with
thofe in"the Bark, and oftentimes’ in the Infertions within the Wood, only
thefe of the Pith are largeft, thofe in the Bark lefs, and thefe in the Infer
tions Teaft'of all, — TR - e
_The Bladders of the Pilh, tho’ always comparatively gredt, are of very
different Sizes, * Thofe of Thifle, Borage, &c. appear in"‘the Microfeop:
Tike the Cells of an'Hohey-Comb; the Bladders in common Thiftle and Borag,
are fp large 4s to contain” within_their horizontal Area, about twenty Blad-
ders of the Pith of Oak. ~“Wherefore one Bladder "in 95if#le "is at leaft an
hundred times bigger than another in Oak.” ~ " "

The, Shape of the PirbBladders admit of fome Variery, they are for the
moft Part round, yet oftentimes angular, as'in Reed Grafs, a Water Plant;
where they are alfo cubical ; inBorage, Thiftle, and ‘many others they are
pentangular, fexangular, and feprangular. :

As'to the Texture of thefe pitky Bladders, they are oftentimes compoled
of fmaller ones, as in Borage,” Bulrufb, 'dnd miany other Plants.

Whence it appears, ‘that as the Veffels of Plants, viz. the Air Veffels and
Lymphzdu&s are made up of Fibres, {o the Pith, -or the Bladders of which
the Pith confifts, are likewife compofed of Fibres, which is alfo true of the
Parenchyma of the Bark, and of the Infertions in the Wood, and even of the
Fruit, and all other parenchymous Parts of a Plant, and that the very Pulp
of an Apple, Pear, Cucumber, Plumb, or any other Fruit, is nothin_gﬁ'ff
but a Ball, of moft extreamly fmall tranfparent Threads or Fibres, erlllacdr

3 [Ugﬂ[
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together. in a different, but curious Manner, even all thofe Parts of a Plant,
which are neither formed into vifible Tubes, nor Bladders, are made up of
Fibres 5 and though it be difficult to difcover them in thofe Parts which are
the moft compaét and clofe, yet in the Pith which confifts of more open
Work, they are vifible ; and that in the Pith of a Buirufb, common 7biftle, &cc.
not only the Threads of which the Bladders, but alfo the fingle Fibres of
which the Threads are compos’d, may be diftinctly feen, when placed be-
fore the Microfcope. .

The Fibrofity of the Parenchyma is alfo vifible in fome Woods, being
interwove with the lignous Parts, and with every Fibre of every Veflel, as
in_very white 4/b or Fir may be difcover’d.

Whence it foliows, that all the Parts of a Plant confift of Fibres, of
which thofe of the Lymphzduéts run lengthwife, thofe of the Pith,
Infertions, and Parenchyma of the Bark horizontally, thofe of the Air
Veflels begin their Circuit horizontally, and continue it in Height or
lengthwife.

From what has been faid, there appears to be a great Similitude between
the Mechanifm of Plants and Animals, the Parts of the former feem to bear
a conftant Analogy to thofe of the latter ; and the Vegetable and Animal CE-
conomy feem to be both formed on the fame Model; for from the foregoing
Obfervations, and the Affiftance of the Microfcope,

Firft, the Root is found to be a fpongy Body, whofe Pores are difpoled
to admit certain humid Particles, prepared in the Ground.

Second, the #ood which confifts of capillary Tubes running parallel from
the Root. throughout the Stalk, (the Apertures of thofe Tubes are too mi-
nute to come under_the Cognizance of the naked Eye) thefe Mr. Bradiey
SP:ES arterial Veffels; it being through thefe that the Sap rifes from the

ot.

Third, befides thefe there are other larger Vefiels, difpofed on the Outfide
of the arterial Veffels between the Wood and  the inner Bark; and leading
down to the Covering of the Root, which he alfo calls venal Veffels, and
fuppofes them to contain thé liquid Sap found in Plants in the Spring,.

Fourth, the Bark being of a fpongy Texture, which by many little
Strings communicates with the Pith. .

Fifth, the Pith, or Pe&ten, which confifts of little tranfparent Globules,
f{-aincd together fomewhat like the Bubbles that compofc the Froth of

iquor.

Malpighi was the firft who obferved, that Vegetables confifts of two Sorts
of Veffels. 1. Thofe abovementioned, which receive and convey the ali-
mental Juices. 2. Trachee, or Air Veffels, which are long hollow Pipes,
wherein Air is continually received and expelled, i. . within which Tra-
chee he fhews all the former Series’s of Veflels are contained.

Hence
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Hence it follows, that the Heat of a Year, nay of a Day, of a fingle Hour,
or Minute, muflt have an Effe& on the Air, included in thefe Trackee, |, .
it muft rarify it, and confequently dilate the Trackeas whence alfo muft
arife a perpetual Spring or Force of Action to promote the Circulation in
Plants.

~ For by the Expanfion of the raches, the Veflels containing the Juices

are prefied 5 and by that Means the contained Juice is continually propel-
led, and fo accellerated ; by which fame Propulfion the Juice is continu-
ally comminuted and rendered more and more fubtle, and fo enabled to
enter Veflels ftill finer and finer ; the thickeft Part of it being at the fame
Time fecreted and depofited into the lateral Cells, or Loculi of the Bart,
to defend the Plant from Cold and other external Injuries.

The Fuice being thus conveyed from the Roor, to the remote Branches,
and even to the Flower ; and having in every Part of its Progrefs depofited
fomething both for Aliment and-Defence ; “what is redundant paffes out
into the Bark, the Veflels whereof are inofculated with thofe wherein the
Sap is mounted ; and through thefe it defcends to the Root, and thence to
the Earth again, and' thus is Circulation effe@ed.

Thus is every Vegetable atted on br Hear during the Day-time, and the
Sap Veffels thus are fqueezed and prefs’d, and the Sap protruded and raifed,
and at length evacuated, and the Veflels exhaufted in the Night again ; the
fame Trachea being contraéted by the Coldnefs of the Air, the other Veflels
are eafed and relaxed, and fo difpofed to receive frefh Food for the ner
Day’s Digeftion and Excretion.

The Juice being carried on to the Germs or Bud, is more concreted ; and
here having unfolded the Leaves, which being expofed to the alternate Ac:
tion of Heat and Cold, moift Nights, and hot corching Days, are alter-
‘l?tcly expanded and contratted y and the more on account of their reticular

exture.

By fuch Means the Fuice is farther altered and digefted, as it is further
yet in the Petala, or Leaves of the Flowers, which tranfmit the Fusce;
now brought toa further Subtility to the Stamina ; thefe communicate it t0
the Farina, or Duft in the Apices, where having undergone a farther Ma-
turation, it is thed into the Pi#lil, and here having acquired its laft Perfec-
tion, gives Rife to a new Friit or Plant.

Fig 514, and the four following Figures, reprefent the Struélure of the
woody Fibres and Lymphaduéts both in the Bark and Wood.

Fig. 514, fhews a fingle Veffel in the Bark of Flax; and Fig. 515. re-
prefents the fame Veflel as feen in the Microfeope; and greatly magniﬁﬂd)
whence it appears to be compofed of a great Number of other lignous Fi-
bres, with which alfo the Parenchymous are intermixr,

Fig. 516, exhibits a Parcel of the fame Veffels in the Wood of Fir, great-

ly magnified ; and at ay is feen the fame Piece of its natural Size. -
1 15
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Fig. 517, AB, thews a Lymph=duc, and Fig. 518, C, reprefents a
lactiferousVeefTel, both of which are furrounded with parenchymous Bladders,

and are greatly magnified.

Fig. 519, reprefents part of the Stalk of Sumach, fomewhat larger (and
more magnified) than that of Fig. 494, with feveral Breaks in it, to fhew
 the Contexture both of the perpendicular and horizontal Fibres ; in which,

as before,

AB aa thews the hairy Skin.

ABCD the Bark 'in which the Fi-
bresbb, cc, and dd, that hang
down therefrom areLymphazduéts,
one of which ddd, is compofed
of a great many other fmaller Fi-
bres.

H W the Parenchyma.

DMC the common Lymphzdués,

KML the Milk Veffels compofed
of Bladders.

HI another Sort of Lymphzduéts
arched over the Milk Veffels.

D CEF the Wood, from which the
Fibres ef, that hang down, are
fome of them the old Lympha-
dutts turned into Wood ; gh gh
are two Air Veffels in which che
wreathing thereof is plainly feen,
and from h to i is alfo feen Part
of the fame Veflels unwreathed.

OP is part of one of the Infertions
compofed of Bladders, and thofe
Bladders of Threads.

EFG is part of the Pith compofed
of thready or fibrous Bladders.

CHAP XXXVIIIL
Of Leaves.

S.E.C Tk

TH E Leayves of Ttees or Plants are full of innumerable Ramifications,
that convey the perfpirable Juices to the Pores for their Difcharge,
The Fibres of the Leaf do not ftand in even Lines from the Stalk, but al-
Ways in an angular or circular Pofture, and their vafcular Fibres or Threads
are 3, 5 or 7 3 the Reafon of their being in this Pofition, is for the more
€e&t Growth and greater Strength of the Leaf, as alfo for the Security of its
Sap. Another Obfervable in the Fibres of the Leaf, is their orderly Pofition,
fo as to take in an eighth Part of a Circle, as in Mallows, in fome a
Tenth, but in moft aTwelfth, as in Holy-Oak, or a Sixth, as in Syringa.
he Art of folding up the Lesves before their Eruption out of their
ms, &F¢. is incomparable both for its Ele and Security, viz. in
“k{hg up (fo as their Forms will bear) the leaft Room ; and in being fo con-
veniently couched, as to be capable of receiving Proteftion from the other
%1, or of giving it to one another, e. gr. firft there is the Bow-lap,
where the Leaves are all laid fomewhat convexly, one over another, but
10t plaited, but where the Leaves are not fo thick fet as to ftand in the .B:,m
Ee aps
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lap 5 there we have the Plicelure, onthe flaz Eap, as.in Rofestree, &e. To
thefe Di. Greew adds their various Foldings, which he calls by the Names of
the Deuplicature, Mulliplicature, the fore Rowl, back Rowl, and tre Row! or
ireble Rowl. !

To thele curious Foldings may, be added another noble Guard by the
Interpofition of Films, &'c. of which Dr. Grew faith there are about fix
Ways, viz. Leaves, Surfoyls, Interfoyls, Staks, Heads, and Mantlings.

The various Methods which, Nature takes to preferve the Leaves from
the Injuries both of the Ground and Weather are, wiz. the young Buds of
Ammi, at cheir firlt Eruption from the Ground, are couched, as Fern is
rowled inward ; each Bud, againit the Brace of the Stalk of the foregoing
Leaves, and molt exadtly inclofed in the Membranes thence produced. - Na-
ture hath generally provided them with another Protection, where the
- Stalks of the Leaves are fo long that they cannot lap over each other, the
Bottoms of the Stalksare expanded into broad Membranes, as. in Grozos-fos,
Doves-foot, Clover, Cranfbull, . Sinawberry, Harrow; &c. and fomenime
inftead of two Skins lapped over each other, one entire Skin is. produced
from the Stalk, in which, as within a Secundine, the Bud is fafely lodged,
which it gradually breaks open, in its Growth.

It is alfo obfervable in Dock, Sorrel, Bifiort, and all other Plants of this
Sort, with this Difference, that every Veil or Secundine is not here produced
from the Stalk of the Leaf ; whereas in the former every Bud hath one to
itfelf in thefe Plants, -every lefier-Leaf, together withits own proper Ve,
is always inclofed with the next_greater Leaf; in another common to them
both, and both thefe with the next in another, and fo on to the greateft.
The Orcbis, and other Plants of this Sort, have a double Sheath over all
The Buds of fome Herbs as Plantain, having no Hairs growing over them,
are covered with hairy Thrums, and the Nestle bath Baftard-leaves or
Interfoyls between Leaf and Leaf, for the Prefervation of its Stings..

Another Sort of Protetion is. feen, in white drchangel, and oti:r Plants
of a like Shape. In which the greater Leaves do alfo inclofe the lefier,
by a double fore Curl at the Bottom of every two great Leaves, which
embraces the lirtle under Bud, and fo keeps it clean and warm. ;

The Leaves of Onions are all Pipes one within another, having a fmall
Aperture about the Middle common to all of .them, even the moft minute
ones in the Center. ey .

As the Buds of common Sumach are exceeding tender, Nature appears in
a peculiai Manner folicitous for their Prefervation, being lodged within
the Body of the Stalk, as entirely as a Kernel is within an Apple; from
whence it is that the Bafis of every Stalk is extremely fwelled.

There are allo globular Excrefeencies, Spots, Hairs, Thorns, and Prickies.

Globulets are feen upon Orach, but more plainly. upon Bonus Heﬂfﬁﬂi-:;
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in thefe growing almoft. upon the vhole Plant, and being very large, are
by moft People taken Notice of ; bt the Micrafecope hath difcovered to us
that they are the natural and conftagt Offspring of very many other Plants,
they are of two Kinds' tranfpareny as upon the Leaves of Hyfop, Min,
Baume, 8cc. white on Germander, {age, 8c. Sometimes they appear like
a fine Powder upon the Leaf, thefdwere: firft white and tranfparent as in
Bears Ear. If this be licked of, |t will afford the Tafte of the effential
Content of the Plant. They freqently grow on both Sides the Leaf, yer
{fometimes, as in Ground Jvy, chiefly on the Back fide thereof, and in many
Plants where the Elder-leaves havanone, on the young Buds they are very
numefous, as in Corin tree, Sorrel/and others.

Spots are obfervable in St Folys-wort, Rue, Ground-Iyy, Pimperne] or
Anagallis, &c. when held up agaigft the Light.

Thorns are lfgnous and cortical,|the firft are fuch as thofe of Hawtborn,
fomewhat like thefe are the Spintts or: therny Prickles, upon the Edges
and Tops of divers Leaves, as Baperry, Holly, Thiftle, Furz, &c.

Cortical Thorns are fuch as thok of the Ra/berry-Bufb, being not, unlefs
in an invifible Proportion propagaed from the lignous Bedy. They are of
Ufe not only for the Protection df the Bud, but alfo for the Support of
the Plant. . -

The Ufe of Hairs on Leaves ar to preferve young Buds, not only from
the cold Air, but alfo from teo. much wet, which if it were contiguous
would often rot and dry them. But being made to ftand off in Drops,
at the Ends of the Hair, does nof hurt but refrefh them. Thus we fee by
the Afiiftance of the Microfcope, that Nature oftentimes makes the meanelt
Things fubfervient to the beft Ends.

SeicT 'IL
Of the Parts and Texture of the Leaf.

T HE firft Part which here prefents itfelf is the Skin, a fmall Bit of which
being ftripped off the Leaf, and laid upon the Objeét carrying Glafs
R, of Fig. 2. or held between the Nippers, and then placed before the
Microfcope, will appear to conlift of parenchymous and lignous Fibres, all
very curioufly and admirably interwoven, as in Flag, Tulip, &.

From hence it is eafy to conceive;: ehat'the Skins of all Plants (as well
as thofe of Animals) are perfpirable between the feveral Fibres of which
they confift, - formed into. feveral Orifices; ! cither for the better Avolation g’;
ﬁlﬁ'ﬂuuus Sap, or the Admiffion of ‘Air; thefe Orifices are not in all Leavg
alike, but: varied in Bignefs, Number, Shape and Pofition, and are the

Caufe of the Glofs on the Upper-fide of the Leaves, the Backfide having
none of them, 31 .4

Eea Next
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Next the Skin lies the pulpy Parvdf the Leaf, called the Parenchymas
being compofed of an incomparable Number of lictle cylindrical Fibres,
which are in moft Leaves wound up hto minute Bladders, bue generally
more vilible in the Stalk than iin the Body of the Leaf. In fome Leaves,
as in Borage, Fig. 520 the greater Bladders are made up of lefler ones, and
in fome others thefe parenchymous Fibies are all drawn up clofe together.

The pithy Part in the Stalk, and almeft up to the Top of the chief Fibre,
in many Leaves is tubular, even whilft they are yet young and fappy, as in
Sweet Cervil, Hemlock, Endive, Cichow, Lampfana, Dandelion, Burdock,
Daize, Scorzeméra and others, and fomeiimes the faid pithy Part is opened
into feveral pithy Pipes; the Fibres alfoof the Leaf, which is vifible’to the
naked Eye, are compofed of Sap and Air Veffels. Their Pofition is various
and regular, not only in the Body of the Leaf, but likewife in the Stalk,
as in the Stalk of a Mallow-leaf, Fig. 521. they ftand in fix oblong Parcels
of equal Size, and in a Circle near the Crcumference. In Dandelion, wild
Clary, and in Borage, Fig. 522. they ftand in five Parcels.

In the Body of the Leaf, befides the Pofitions of the fibrous Strings,
there is one in particular which runs reund the Edge of the Leaf in all
Plants; but can hardly be well difcover’d without ftripping off the Skin of
the Leaf. The Continuation of the Veflzls feem to be ramified, and feems
alfo to be inofculated. '

Thele Trachee or Air Veflels are vifible, and appear very pretty in the
Leaf of Scabious, ‘or the Vine, by pulling afunder fome of its principal Ribs
or great Fibres; between which may be feen the fpiral Air Veflels (like
Threads of a Cob-web) a little uncoyled, as reprefented by Fig. 523. which
fhews a Piece of a Vine-leaf, wherein thefe Veffels were drawn out and a
little magpified, and at a, the fpiral Circumvolutions are reprefented as they
appear’'d in the Microfcope when greatly magnified, and as they ftand in-
tire within the Wood ; and at b, is feen one a little ftretched.

Mr. Leenwenbock tore a Leaf of Bax toPieces, called Palma Cereris, that
he might the better examine it, and computed one Side thereof to contain
172090 Pores, and as the other Side muft confequently have the fame
Number, the whole Pores in a Box-leaf will be 344180.

S E e I,

: Of Rofemary-Leaves.

I i‘lG. 524. reprefents a fmall Part of the Underfide of a Rofemary-leaf,®
- whereof A B fhews Part of the Upper-fide which was doubled over,
and gonfilted of a fmooth fhining Subftance, but its Under-fide appearcd

L
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in the Microfeope like a Thicket of Bufhes, amongft which were 2 great Num-
ber of round Balls, exaétly globular, and afford‘a very agreeable Profpect.
he Back-fide of a Rofe-tree Leaf, but efpecially of a Sweet Briar leaf,

looks diapered with Silver.

The Back of the Leaf of Englih Mercury * looks as if rough caft with
Silver, and all the Ribs fet round with white tranfparent Balls,

A Leaf of Rue looks full of Holes like an Honey-Comb.,

A Sage-leaf is taffeled with white Silver Thrums, and one or two Cryftal
Beads, or Pendants, faftned to every Knot.

0 N
Of Stinging- Nettles.

A Nettle is a Plant known almoft to every body, there being very few

but what have fele as well as feen it ; but how the Pain is fo fuddenly
~ Created, and by what Means continued, we muft have recourfe to the Mi-
crofcope for our Information, and that will if almoft any Part of the Plant
be on, fhew us the whole Surface thereof to be very thick fet wich
fharp Points, that penetrate the Skin when touched, and occafion Pain,
Heat, and Swelling ; they are reprefented in a fmall Part of the Leaf as
they appear in the Microfcope, by Fig. 525. at A B, confifting of a rigid
ollow Body tapering from B, till it terminate in the moft acute Point ima-
gnable, being exceedingly clear and tranfparent. At the Bottom of this
Cavity Jies a minute Bag B, containing a limpid Liquor,+ which, upon the

Touch of the Prickle, is fquirted through the little Orifice, and if it
enters the Skin, produces the before-mentioned Mifchiefs by the Pungency

15 Salts,  C D fhews one of the chief Fibres of the Leaf, from whence
the Stings proceed.

The other Parts of the Leaf or Surface of the Nettle have very little
Confiderable, but what is common to moft Plants, as the Ruggednefs, In-
denting, and Hairinefs, and other Roughnefles of the Surface, on the Oue-
fide of the Plant,

- Js K5, e v A8
Of Cowage, or Cowitch.
T HERE is a certain Down of a Plant, brought from the Eaft-Indies,

& Which grows on a Kind of hairy Kidney Bean §. The Pods about
fee Inches long, refemble a French Bean, and are cover’d with this Down

® Pow. Mi. 0b. p. so. + Hook's Mi. p. 143. § Ibid. p. 146,
2 or
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or Hair, which is very {tiff for its Bignefs, and caufes Pain, and Inflamma-
tions, if rubbed on any Part ; and when viewed by the Microfcope, - this
Down appears to be 2 Multitude of pointed Thorns exquifitely. fharp.

001 S woeiy Vik
Of the Texture of the Leaves of Sea-Heeds.

T is a Plant which ‘grows upon the Rocks under Water,. increafing and
] {preading itfelf into a great Tuft, which is not only handfomely
branched into feveral Leaves 3vbut its whole Surface is cover’d over with 2
curious Kind of carved Work, * tonfifting of a Multitude of very fmall
Holes, ranged in the neateft and moft delicate Ordér; a fmall Picce there-
of is reprefented as it appear’d in the Microfcope, at Fig. 526.

G H A P XXXIX.
Of Flowers.

Flower is that Part of .a Plant which contains the Organs of Generi-
_ tion, or the Parts neceffary for the Propagation of the Kind.»
.. It 1s 2 natural Produétion, which precedes the Fruit, and yields the Gran
or Seed. : y e

Their Struéture is fomewhat various, though the Generality, according®
Dr. Grew, have thefe three Parts entire, the Empalement, the Foliation, and
the Attire. '

.. Mr. Ray reckons, that every perfe& Flower hasthe Petala; Stamina, /
pices, and Stylus, or Piffil ;. fuch as want any of thefe he deems imperfed
Flowers. :

In moft Plants: there is a, Perianthium, Calyx; or Flower Cup, of 2
ftronger Confiftence than the Flower itfelf, and defigned to {trengthen and
preferve it. : - :

Flowers;, whofe Petala are ftrong (as Tulips) have no Calyx 5 Carnatons,
whofe Petala are long and flender, have an Empalement of one Pit:‘::t:;_““j
others as Kwap-Weeds, have it confifting in feveral Pieces, and in diveP
Rounds, and all with a counterchangeable Refped to each other, for ¢
grear:;r Strength and Security of themfelves and the Petala, &c. they
include.

The next is.the Foliation, as. Dr: Grew, the Petala, or Folia, ias Mr. R/
and others; in thefe, not only the admirable Beauty, and luxuriant Colov®
are obfervable, but alfo their curious Foldings, in the Calx before theéir E¥

* Hook's Mi. p. 140.

panﬁoﬂs




T R R e

LT

..r..—r-onun'__-
.EEHF: L

nting ZFage. 224,

Fro
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panfion, of which Dr, Grew hath thefe Varieties, vi2., the Clofe Couch, as:
n Rofes, and feveral other double Flowers 3 the Concave-Couch, as in Bla~
taria 3 Flora alée, the fingle Plait, as in Peafe-Bloffoms ; the double Plait,
as in Blew-bottles, &, the Couch and Plait together,. as in -Marigolds,
Daszes, &e. - The Rowl, as in Lady Bower ; the Spire, as -in Mallows ;
and laftly, the Plait and Spire together, as in Convolvulus Doronici Folio.

As to the Sramina with their Apices and Stylus (called the Awire by Dr.
Grew) they are admirable, whether we confider their Colours, or their
Make, but efpecially their Ufe, if it be as Dr. Grew, Mr. Ray, -and others
imagine, namely, as a Male Sperm, to impregnate and fruétify the Seed ;
which Opinion 1s corroborated by the ingenious Obfervations of Mr. Samue!
Moreland, viz,

All Flowers, in general, or at leaft the greateft Part of them, are fur-
nilhed with Chives, Tops, and Piftils,

The Farina, or fine mealy Powder, which is at.its proper Seafon, fhed
out of thofe, Thecae or Apices ; Seminiformes, which grow at the Top of
the Stamina, does in fome Meafure perform the Office of a Semen Mafeuli-
num, by dropping upon the Outfide of the Uterus or Vafculum Seminale,
and impregnate the included Seed, &c. But Dr. Moreland was of Opinion, '
that the Seeds which come up in their proper Involucra, are at firft, like the
unimpregpated Ova of Animals ; * that this Farina is a Congeries of feminal-
Plants *, one of which mufk be conveyed into every Ovum, before it can
become prolifick. That the Stylus, as Mr. Ray, or the upper Part of the:
Piltulum, as Mr. Tournefort calls it, is a Tube defigned to convey thefe fe-
minal Plants into their Neft in the Ova; and that there is fuch a valt Provi-
fion made thereof, becaufe of the Odds there are, whéther one of fo many .
hall ever find its Way into, and thro’ fo narrow a Conveyance. ) yisils

For in the Corona imperialis, where the Uterus or Vafculum Seminale of the -
 Plant ftands upon the Centre of the Flower, from the Top of which ftands ;
the Stylus 5 the Vafeulum Seminale, and Stylus together, reprefenting a Piftil«
lum; round this are planted fix Stamina 3 upon the Extremities of each of
thefe are Apices, fo artfully fixed, that they turn every Way with the leaft
Blaft of “;;nd, being in Height almoft exactly equal. to: the Sty/us, abouc
which they play, and which in this Plant is maniteftly open at Top ; it is
hollow all the Way, and upon the Top of the Stylus there is a Sort of Tuft,
confifting of pinguid #illi, fuppofed to be placed there to catchand detain -
the Farina, -as it flies out of its Thez ; and that the Rain either wathes it; or
the Wind fhakes it down the Tube, till it reaches the Vafculum Seminale.. . .|

In the Caprifolium or Honey Suckle, there rifes a Styius, from the:Rudis. |
ments of a Berry, into which it is inferted, to the, Top. .of the. monopeta-!

Flower ; from the Middle of which Flower are fent forth feveral Sta-

* Phi. Tranf, No.283.
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mina, that fhed their Farina off the Cafes, upon the Orifice of the Stylus,
which in this Plant is villous of tufted, upon the fame Account as the for.
mer 1s. i

In Allium or common Garlick, there arifes a tri-coccous Uterus, or Seed-
Veflel, in the Center of which is inferted a fhort Stylus, not reaching fo
high as the Apices, which thus overtopping it, have the Opportunity of

fhedding their Globules the more eafily into its Orifice ; for which Reafon
there is no Tuft on this as on the former, to infure its Entrance, that being
provided for by its Situation jult under them.

From whence we conclude, that where a fine Powder is curioufly prepa-
red, carefully repofited, and fhed abroad at a peculiar Seafon, where there
is a Tube planted in fuch a Manner, as to be fit to receive it, and fuch Care
i difpofing this Tube, that where it does not lie dire@tly under the Cafes
that fhed the Powder, it hath a peculiar Apparatus at the Extremity to in-
fure its Entrance, fo that nothing can be more genuinely deduced from
any Premifes ; than it may from thefe, that this Powder, or fome of
it, was defigned to enter this Tube; if thefe Stamina had been only
cxcretory Ducls, to feparate the groffer Parts, and leave the Juice defigned
for the Nourifhment of the Seed the more referved, what Need was there
to lodge thefe Feeces in fuch curious Repofitories? They would have been
convey'd any where, rather than where there was fo much Danger of their
dropping into the Seed-Veffel again, as they are here. Again the Tube over
the Mouth of which they are fhed, and into which they enter, leads a-
ways diretly into the Seed-Veffel ; to which may be added, that the
Tube always begins to die, when thefe Thece are emptied of their Con-
tents 5 if they laft any longer, it is only whilft the Globules which enter at
their Orifice, may be fuppofed to have finithed their Paffage ; nor can we
expect a more convincing Proof of thefe Tubes being defigned to convey
thefe Globules, than that they wither when there are no more Globules to
be conveyed!

In leguminous Plants, if the Petala of the Flower be carcfully taken off,
the Pod or Siliqua may be difcovered, clofely cover’d with an involving
Membrane, whick about the Top, feparates into feveral Stamina, each be-
ing fraught with its Quantity of Farina; and thefe Stamina bound clofe up-
on theBrafh, which is obfervable at the Extremity of that Tube, which here
alfo leads to the Pod; it does nor indeed ftand upright, but bent fo as to
make almoft a right Angle with it: In Rojes there ftands a Column confift-
ing of feveral Tubes, clung elofely together, tho’ eafily feparable, cach
leading to its peculiar Cell, having the Stamina in great Numbers planted
all round.  In Titkymalus or Spiirge, there arifes a tricoccous Veflel, that,

whillt it is fmall and o net eafily difcernable, Jies at the Bottom, ik it is
impregnated ; but afterwards it grows up and ftands fo high upon a tll
Pedicle of its own, as would incline one to think, that there was to gc no
om-




w

L 58,

Borwles 17

Front. "’.Fag 270







of Flowers. 217

Communication between this and the Apices, which he fees dying below.
In Strawberries and Rafberries, the Hairs which grow upon the ripe Fruit
are fo many Tubes, each leading to its particular Seed; and thercfore we
may obferve, that in the firft opening of the Flower there {tands a Ring of
Stamina within the Petala; and the whole inward Area appears like a lictle
Wood of thefe Hairs or Pulp, which when they have received and con-
veyed their Globules, the Seed fwells and rifes in a carnous Pulp.

Fig. 527. reprefents a yellow Lilly. A, the Top of the Piﬁil or Tube,
at which the feminal Plants are fuppofed to enter, and through which they
are conveyed to the unimpregnated Seeds in the Seed-Veflels; bb the
Apices Semini-formes, which when open, fhed that Powder which enters
the Tube at A ; C the Place of the Seed-Vefiel at the Bottom of the Tube,
the Tube and Veflel itfelf being concealed under the Leaf in this Figure.

Fig. 528. reprefents the Siligua in a Flower of a Pea kind, E the Tube
which arifes from the Siligua, and conveys the Plants thereto ;. F the mem-
braneous Coat which involves the Siliqua laid open; gggg the Apices,
which before the membraneous Tegument is laid open, appear to rife from
its Edges, and by the Petala of the Flower are kept clofe upon. the Orifice
of the Tube, that they may conveniently fhed their Farina into it. :

Hence we learn from the general Structure of the Flowers of Plants,
though diverfified infinite Ways, that fome have no fenfible Pittil, others
no Stamina, others have Stamina without any Apices ; and what exceeds
all the reft, fome Plants have no Flowers. .
~ Mr. Bradley obferves, that at the Bottom of the Piftil of the Lilly, there
is 2 Veflel which he calls the Uterus, or Womb, wherein are three Ovaries
filled with little Eggs, or Rudiments of Seed, which, fays he, always decay
and come to nothing, unlefs impregnated by the Farina of the fame Plant,
or fome other of the fame Kind.

It is this Farina or Duft falling out of the Apices on the Piflil, feecundi-
fies the Grain or Fruit inclofed therein ; and hence they call it the Farina
fecundans,  Thus the Farina fhould be the male Part of the Plant, and the
Pitil the female.

‘The Fruit is ufually at the Bafis of the Piftil, fo that when the Piftil falls
with the reft of the Flower, the Fruit appears in its Stead. The Piftil is
frequently the Fruit itfelf, but ftill they have both the fame Situation in
the Center of the Flower, whofe Leaves difpofed around the little Embrio,
only feem deftined to prepare a fine Juice in their litle Veflels for its Sup-
port. Mr. Bradley imagines their Ufe to be only to defend the Flower.

The Difpofition of the Piftil, and the Apices about it is always fuch, as
that the Farina may fall on its Orifice ; it is ufually lower than the Apices;
and when we obferve it to be grown higher, we may conjecture the Fruit
has begun to form itfelf, and has no further Occafion for the male Duit,
Alfo, as foon as the Work of Generation is over, the male Parts, m’E‘"b‘i"
Ff with
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with the Leaves, fall off, and the Tube leading to the Uterus begins to
fhrink. Nor muft it be omitted, ‘that the Top of the Piftil is always either
covered with a Sort of Velvet Tunicle, or emits a gummy Liquor, the bet-
ter to catch the Duft of the Apices. In Flowers that turn down, as in the
Acantbus, Cyclamen, and the Imperial Crown, the Piftil is much longer than
the Stamina ; that the Duft may fall from their Apices in fufficient Quantity
thereon. :

“This Syftem favours much of that admirable Uniformity found in the
“Works of Nature, and carries ‘with it all the feeming Chara&erifticks of
“Truth. Mr. Gesffroy fays, that the Plant is vendered barren, and the
Fruits pbecome abortive, by cutting off the Piftils before the Dult could
&m;;;cfgna:c them, which is fince confirmed by other Experiments of Mr.
Bradley.

In many Kinds of Plants, as #illew, Oak, Pine, Cyprefs, MulberryTrec,
&c, the Flowers are fterile, and feparate from the Fruit; but then they
have their Stamina and Apices, which may eafily impregnate the Fruis,
which are not far off. '

There is fome Difficulty in reconciling this Syftem to a Species of Plants,
which bear Flowers without Fruits, another Species of the fame Kind
and Name, which bear Fruits without Flowers; hence diftinguifhed into
Male and Female 4 of which Kind are the Palm-Tree, Poplar, Hemp, Hops,
&c. for how fhould the Farina of the Male here come to impregnate the
Seed of the Female, MTr. Tournefors imagines, that the fine Down always
found on the Fruit of thefe Plants, may ferve inftead of Flowers, and do
the Office of Impregnation’; but Mr. Geoffroy rather takes it, that the Wind
doing the Office of a Vehicle, brings the Farina of the Males to the
Females. 3

For the Manner wherein the Farina fecundifies, Mr. Geoffroy advances
two Opinions, 1. That the Farina' being always found of a fulphurous
Compofition, and full of fibtile penetrating Parts, falling on the Piftils of
the Flowers, there refolves, and the fubtilelt of its Parts penetrating the
Subftance of the Piftil and young Fruir, excite a Fermentation fufficient £
open and unfold the young Plaxs, contained in the Embrio of the Seed; In
this Hypothefis the Seed is fappofed to contain. the Plant in Miniature, only
wanting a proper Juice to unfold its Parts and make them grow.

-"The fecond Opinion is, that the Farina of the Flower is the firft Germ, 0
Bud of the new Plant, and needs nothing to unfold it, and enable it to grow
but the Juice it finds prepared in the Embiio’s of the Seed. ;

“The Reader will here obferve, that thefe two Theories of vegetable Gent:
ration, bear a riét Analogy to thofe of Animal Generation, viz. either thit
the young Animal isin the Semen Mafeulinum, and only needs the Juice ©
'the/Macrix to cherith and bring it forth, or that the Animal is contained 1
thie Female Ovamy and peeds only the Male Seed to éxcite a Fermentam;;-r
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Mr. Geoffroy takes the proper Seed to be in the Farina, becaufe the beft
Microfcopes do not difcover the leaft Appearance of any Bud in the little Em-
brio’s of the Grains, when examined before the Apices have fhed their
Duft. i

In leguminous Plants, if the Leaves and Stamina be removed, and the
Piftil, or that Part which becomes the Pod, be viewed with the Micro-
feope, ere yet the Flower be opened, the little green tranfparent Veficule,
which are to become the Grains, will appear in their natural Order, but ftill
fhewing nothing elfe but the mere Coat or Skin of the Grain.

If the Obfervation with the Microfcape be continued for feveral Days
fucceflively, in other Flowers as they advance, the Veficula will be found
to fwell, and by Degrees to become replete with a limpid Liquor; where-
in when the Farina comes to be fhed, and the Leaves of the Flower to fall,
we obferve a little greenifb Speck, or Globule, floating about at large. At
firft there is no Appearance of Organization in this little Body; but in Time,
as it grows, we begin to diftinguith two little Leaves like two Horns. The
Liquor infenfibly diminifhes as the little Body grows, till at length the Grain
becomes quite opake ; when upon opening it, we find its Cavity filled with
a young Plant in Miniature, confifting of a Plumula, Radicle, and Lobes.

The Tops or Apices fometimes ftand eret above their Chives or Sta-
mina, as thofe in Lark-beel, but generally hang a little down by the Mid-
dle like a Kidney Bean, as in Mallows, they have for the moft Part a double
Cleft, tho’ it is in fome fingle, from which they difburfe their Powders,
which ftart out, and ftands upon the Lips of the Cleft, as at Fig. 524.
which reprefents one of the Apices of the Flower of St. Fobn's Wort mag-
nified,

The Particles of thefe Powders altho’ like Meal or Duft, yet if viewed
thro’ a Microfcope, they have all of them very curious and regular Forms.
In Dog's-Mercury and Borage they are extreamly fmall, but in Mallows
fairly vifible to the naked Eye. In fome Flowers thefe Powders are yellow,
asin Dogs-Mercury, Goats Rue, 8&c. And in fome of other Colours, but
in moft they are white 3 thofe of yellow Henbane are very elegant, being to
(t:hc naked Eye as white as Snow, and in the Microfcope as tranfpafent as

ftal.

l-:’r'I'h.: Tops or Apices which contain theFarina, are for the moft Part either
white or yellow, fometimes blue, but never red, whatever Colour the
Flowers be of, They differ in Pofition, fometimes ftanding double upon one
Chive, as in Toad-Flax, Snap-Dragon, 8c. In fome they are faftned to their
Stamina at their Middle, as in Spanifb Broom, Hy[fop; Scabeous, Beben, &c.
in fome eret, as in Clematis, Aufiriaca, Ladies Looking-Glafs, RapeCraw-
Joot, &c. Coded Arfinat hath no Chives, but ftand upon a large Bafe.

Their Number are alfo different, in great Celandine, Rofe, Rape-Crow-
Joot they are numerous ; in great Plantain, and fome other Herbs, much

Ff2 more
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more confpicuous than the Foliature itfelf. In Germander Chickweed, they
are always two, and no more ; in fome they follow the Number of the
Leaves, efpecially in the Number five ; as in Blattaria, black Hewbane, &c.
In Stichwort and Lychnis [ylveftris they are ten, juflt double to the Number
of Leaves.

Their Shape is different, and always very elegant, wich great Variety.
In Borage, like the Point of a Spear; in Blataria, like an Horfesthoe; in
Clematis like a Spatula, wherewith Apothecaries ‘make their Mixtures : In
Mallow like a Head-roll; in Hyfop they have one Cleft before, in Blattaria
one round about's in #Water Betony one at the Top 3 in Scabious they have
a double Cleft, one on each Side; :

In Colocynthis the Farina is not contained in feveral Thacae or Apices
{tanding upon Chives, but is all of one entire Part, like a thick Column in
the midit of the Flower, having feveral little Ridges or Furrows  winding
. from the Top to the Bottom round about, in the Middle of each of which
runs a Line, where the Skin, after ‘fome Time, opens into two Lips, and
prefents the globular Particles contained in the Hollow of every Ridge.

But where the Seeds are contained in the Apices, a Stilus or little Column
ftands upon the Top of the true Seed-Cafe, which is alfo regularly and va-
rioully figured. . In Bind-weed it bath a round Head like that of a great
Pin. In the common Bell, St Fobnwors, &ec. it is divided into three Parts. In
Gerarium into five; in Afarum into fix, fometimes the Head is fmooth,
and in others it is befet with little Thorns, as in Fyofeyamis. ]

The Piftil is a little upright Part in the Middle of the Calx, or the
Leaves of Flowers, called allo the Style.

Itis an effential Part of a Flower, and the principal female Organ of
Generation, it being in this that the Seeds or young Plants are formed. It
arifes from the Pedicle of the Flower, or the Center of the Calx, and at
length becomes the young Fruit, which is fometimes hid in the Calx, and
fometimes quite out, _ .

Its Figure is very different in different Flowers 3 in fome it is a little
Stalk, which enlarges at the two Ends, in others a3 mere Stamen or Thread,
fometimes it is round, fometimes fquare, triangular, oval, &e.

Almoft all Pittils are furnifhed at Top, either with fine Hairs, or little
Filaments difpofed in Plumes, or are befet with little Veficles full of a glu-
tinous Juice. ! : :

Some Flowers have feveral Piftils, or rather the Piftils terminate in fe-
veral Branches, which have their Rife from as many young Fruits, or as
many Capfulz containing Seeds. . ;

Whatever Form the Piftils are in, they have certain Apertures at their
Top;, or Clefts, continued their whole Length, to the Bafe or Embrio of
the Fru, i

The Seed Veffels confifts fometimes of two, and for the molt pain'tt|I of
: three
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three Pieces ; for which Reafon they are called Suits, as at abed .
Fig. 52%.

gT[‘l;j: ::urer Part of each Suit, according to Grew, is its Fioret, whofe
Body or Tube is divided at the Top (iike that of a Cowllip) into five
Leaves as at b, which forms a Flower in Miniature, and is all the Flower
in many Plants, as Mugwert, Tanfie, &c. Upon the Expanfion of the Flo-
ret, the next Part c, of the Suit begins to appear from within its Tube, which
may be called the Sheath (with refpect to that within it). This Sheath ina
fhort Time divides at Top, through which Aperture the Blade d difplays
itfelf. ‘This is the third Part of the Suit, and terminates in a forked Point,
abour which appears little Globules,

In fome Flowers every one of the before:mention’d Florets is encompaffed
with an Hedge of Hairs, and every Hair branched on both Sides, almoft
like a Sprig of Fir, as at cd in golden Rod, Fig. 520. which fhews one of
the Suits thereof as it appeared in the Microfeape, in which at e is the little
Column or Blade that contains the Farina, which is alfo feen by itfelf at F.

The Bafe of the Floreris generally cylindrical, but fometimes fquare, as in
French Marigold, at a, Fig. 531. and the Leaves thereof, which for the moft
part are fmooth, in the fame Flower are all over hairy. The middlemoft
of the three Parts or Sheath b, is ufually faftned to the Top, or clfe at the
Bottom of the Floret, and is rather indented than parted into Leaves : The
Surface feldom plain or even, but wrought into five Ridges and as many
Gutters, running almoft parallel from Top to Bottom.

The inmoft Part or Blade runs through the Hollow of the two former
as at a, Fig. 531. and is faftned with the Floret to the Convex of the Seed
Cafe ; the Head and Sides of this Part is always befet round about with
Globulets,  In fome growing clofe o the Blade, as in common Marigold ;
and in the French Marigold, as at Fig. 532. and others, upon little flender
Stalks. Thefe, as the Blade fprings up from within the Skeatb, are rubbed
off and ftands like a Powder upon them both. - In fome, as in Chicory, they
feem to grow within-fide the Sheach, as will appear if it be fplit * with a fmail
Pin, as alfo in Knapweed they are very numerous,

The Head of the Blade is always divided into two, and fometimes into
three Parts, as in Chicory, Fig' 533. which gradually cur} outwards afer
the Manner of Scorpion Grafs. '

This Defcription agrees principally to the corimbiferous Kind, as Tanfy,
Camomilc, &¢. but in Scorzonera, Chicory, Fig. 533. Hawk-weed, Moeufe-ear,
and all the intibous Kind, with many more. The Fiftil is feparated from the
Foliature, fo as to ftand alone therein, every Leaf a bc of the Flower having
a Piftil of its own ; for which Reafon the Bafe of each Leaf is formed into
a little Tyube a, Fig. 533. that inclofes the Piftil, which commonly confifts of

® Grew An. Plants, p. 170.
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o Sheath and Blade e the Leaf itfelf anfwering to the Floret in other
Flowers. The Blade (or rather Stamina) is feen drawn out of its Sheath at
f & of the fame Figure, and at g the Head of the Blade is open’d into three
Parts, which are full of thofe globular Particles before-mention’d.

The Time in which the Flower is generated, is hardly any where, if at all
raken Notice of among fo many Obfervers of Plants. It is therefore to be
remarked, that all the Parts of the Flower in all Flowers, are perfectly fi-
nithed long before they appear in Sight, ufually three or four Months, and
in fome fix. And that in Perenial Plants, thofe Flowers which appear in
any one Year are not formed in that, but were a&ually in Being and intire
in all their Parts the Year before. The Flower of Mezerom, which opens
in Yanuary, is intirely formed about the Middle of Auguft in the foregoing
Year ; at which Time, if the green Leaves of the Bud be carefully removed,
the Leaves of the Flower and Seed-like Attire, encompafling the Seed-
Cafe, may be diftin&ly feen when placed before the Microfcape.

In order to obferve the mealy Powder or Farina, let it be gathered in
the midft of a Sun-fhiny Day when all the Dew is off, fhake, or elfe gently
bruth it off with a foft Hair-Pencil upon a clean Piece of white Paper 3 then
breathe upon a fingle Talc, and inftantly a ply it to the Farina, which will
adhere to it. If too great a Quantity of gowdcr fticks to the Talc, blow
a little of it gently off, if not enough breathe on it again, and touch the
Farina with it as before, then fix itina Slider as before directed.

But T would here advife the Curious not to negleét an Examination of
the liccle Cells that contain the Farina, and alfo of the Piftils and Uterh
and other Parts of Generation of the Flowers. :

Fig. 534, veprefents the Flower of St. Johnwort a lictle magpified, 19
which may be feen the Stamina and their Apices furrounding the Seed-Cale.
Fig. 529, is one of the Apices more magnified.

Fig. 530, reprefents one Suit of golden Rod Flower, confifting of
Seed-Cafe A, and a Stamina e, one of which is feen by itfelf at F.

Fig. 531, fhews onc of the Suits of French Marigold, or Flos Africans
magpnified, of which there are about 12 in one Flower, each confifting
of three Pieces, the middlemoft of which is feen alone at Fig. 532.

Fig. 535, reprefents one Suit of Chryfantbemum-Creet, confifting alfo of
three Pieces, of which there are about 8o in one Flower.

Fig. 536, exhibits one Suit of Knapweed magpnified, confifting of three
Pieces, a b 15 the Seed-Cafe, at the Bottom of every Suit.

Fig. 537, 152 microfcopick Reprefentation of one of the Suits of 3 M
rigold, of which there are about 40 in one Flower. .. j

Fig. 533, reprefents the Piftil and Blade, proper to cach Leaf in the
Flower of Chicory. I

Fig. 538, reprefents one of the Flowers in the Bud of Mezeron pcfff;‘-‘n‘itci

0
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formed in all its Parts the Year before it appears, but differs in Shape as
a Feetus doth when newly formed.

Fig. 539, fhews the fame Flower cut open, wherein may be feen the
fpermatick Thace and the Uterus,

: C -3 AP XL,
Of the Fruit of an Apple, Lemon, Cucumber, and
Pear.

SegcT L

THE general Compofition of all Fruit is one, that is, their effential
Parts are in all the fame, and but a Continuation of thofe which have
been already obferved in the other Parts of a Plant. Yet from the different
Conftitutions and Tinctures of thofe Parts, the feveral Varieties in Fruits
proceed. _

An Apple confifts of a Skin, Parenchyma, Veffels and Core, the Paren-
chyma or Pulp is the fame with that of the Bark of the Tree, as is apparent
not only from the vifible Continuation thereof, from the one through the
Stalk into the other, but alfo from their Structure, being both compofed of
Bladders, with this Difference, that whereas in the Bark they are very
fmall and fpherical (as may be plainly feen when viewed through the M-
crofeope,) here they are oblong and very: large, in Proportion to the Size
and Tendernefs of the Fruit, being all uniformly ftretched out by the arch-
ing of the Veflels, from the Core towards the Circumference of the Apple.

The Vefiels, as in the other Parts of a Plant, are fucciforous, and for Air,
both the Branches of the former and the fingle Veflels of the latter are ex-
tremely fmall, running every where together ; not collateral, as Veins and
Arteries do in Animals, but the latter fheathed in the former.

They are diftributed into twenty prinm"%;al Branches, the ten outermoft
a little within the Apple, are diverted from a ftreight Line into fo many
Arches; from which a few fmall Branches are without any Order difperfed
through the Apple ; the five middlemoft and the five inmoft run in a ftraic
Line as far as the Core, and are there diftributed into as many lefler Arches,
the former at the outer and the latter at the inner Angles of the Core, upon
which Jaft the Seeds hang.

All thefe main Branches meet together at the Top of the Apple, where
originally they all ran into the Flower.

A Lemon hath a three-fold Parenchyma, feemingly derived from each
other ; the Texture upon every Derivation being fomewhat altered, by
being made more clofe and elaborate. The outmoft called the Rind, hath
the moft open and coarfeft Texture, being compofed of the largeft Threzd.ii

al




224, Of the Fruit.

and thefe wove up into-larger Bladders. Thofe little Cells which contain
the effential Oil of the Fruir, and ftand near the Surface of the Rind, are
fome of the fame Bladders, but more dilated.

From this outmoft Parenchyma, nine or ten Infertions are produced,
betwixt as many Portions of the pulpy Part towards the Center, where
they all unite into one Body, anfwérable to the Pith in the Trunk or Root
of the Tree ; and are a confpicuous Demonftration of the Communication
between the Bark and Pith. - - e s .

Throughout this Parenchyma the Veffels are difperfed, but the chief
Branches {tand on the inner Edge of the Rind, and the outer Edge of the
Pith, juft at the Extremities| of every Lamell® from thofe Branches at the
Edge of the Pith; other little and very fhort ones fhoot into the Pulp of
the Fruit, upon which the Seeds are appendant. In the Center of the Pith
are eight or nine in a Ring, which run through the Fruit up to the Flower.

Between the Rind and Pith, and thofe feveral lamelated Infertions which
join them’ together, ftands the fecond Sort of Parenchyma, being clofer
and finer, and divided by the Lamels into feveral diftinét Bodies, every one
of them being an entire Bag ; in every one of which the third Parenchyma
is contained ; which is alfo a Clufter of other leffer Bags, all disjoined from
one another, each having their diftiné Stalks of feveral Lengths, by which
they are all faftned to the utmoft Side of the great Bag wherein they are
contained. Within thefe lefler Bags alfo the Microfcope can fhew many
Hundreds of Bladders, confifting of extremely fine Threads, as it were
wove together into that Figure; and within thefe Bladders lies the acid
Juice of the Lemon.

A Cucumber hath alfo a three-fold Parenchyma, the outermoft is derived
from the Bark, which being expofed for fome Time to dry, and then
tranfverfly cut with a Razor; not only the Bladders but alfo “the Threads
whereof the Bladders confift, are plainly vifible when viewed through the
Microfcope.

Throughout this Parenchyma are difperfed the Sap Vefiels, in ten or
%welvc very large Branches, each of which embofoms another of Alf

effels.

The middle Parenchyma is derived from the Pith, and divided into
three triangular Columns, within which are a diftin& Sort of Sap Veflek,
whence feveral fmall and fhort Fibres fhoot into the inmoft Parenchyma,
whereupon the Seeds do .

The inmoft Parenchyma wherein the Seeds do lie (and which anfwers
to the Pulp of a_Lemon) feems to be produced from the Seed-fibres, by
three Infertions from the Columns, and as many from the outmoft Paren-
chyma, and thefe reinferred ; it is divided into fix triangular Bodies, and
every Triangle into three Ovals.

A Pear, befides the Skin, confifts of a two-fold Parenchyma of Vefleh,
. 2 tartareois
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Zartareous Knots, or Grains, and a Core; the Skin when viewed in the Mi-
crofeope, appears to be lined with a great Number of thefe tartareous Grains,
which are alfo difperfed round about the Fruit, for about the Thicknefs of
the Third of an Inch, as will appear on applying a tranfverfe Slice of a
Pear to the Microfcope. '

The outer Parenchyma is of the fame Original and general Structure as
in -a::j ;;pplc, but the Bladders not altogether fo long with refpeét to their
Breadth.

The Bladders here have alfo a different Polition from that they have in

. an Apple, being in that all ftretched out towards one common Center,
which s that of the Apple itfelf. But here they every where bear a Refpect
to the faid tartareous Grains, every Grain being the Center of a certain
Number of Bladders.

Throughout this Parenchyma, the Veffels for Sap and Air are likewile
difperfed into fifteen principal Branches. The five utmot make as many
Arches, but commonﬁr not fo deep as in an pple ; from thefe fome fmall
Fibres are difperfed throughout the Parenchyma. The ten inner Branches
proceeding to the Seed, and from thence with the other five to the Flower.

Next the Core ftands the inner Parenchyma, confifting of fmall roundifh
gla.dde'rs, anfwerable to that of the Pith, from which it feems to be

erived.

Between this and the outer Parenchyma, the faid tartareous Grains begin
(firft) to ftand nearer together, to grow bigger, and of a more unequal Sur-
face ; and by Degrees to unite into a Body, in fome- Pears, and efpecially
towards the Cork, they are almoft as hard as a Plumb-Stone.

On cutting a Pear lengthwife, through its Center, thefe tartareous Grains
will be apparent.

At the Bottom of the Core in molt Pears, and a little below the Center
of the Fruit, is a Kind of umbelical Knot ; from whence extends a ftreight
Channel, which opens. at the Middle of the Cork or Stool of the Flower,
fearce wide enough to admit the fmalleft Pin. :

Secr IL
Of a Plumb, and [ome other Fruits of the [ame Kind.

Plumb confifts of a Parenchyma, the two general Kind of Veficls, and
aStone; and in Proportion to the Bulk of the Fruit, hath more Vel

fels than an pple or Pear.  Alfo in Plumbs, all thefe Veflels arc braced to-
gether into one uniform Piece of Net-#ork, every where terminating atan

equal Diftance from the Circumference, the Skin is fibrous and tough.

+The Stone is compofed of two, or rather three diftiné& Parts, one of them
the Lining, taking its Rife from the Parenchyma, which the Seed Branch
"Gg brings
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“brings along with it, through the Channel in the Side, and at laft ino the
Hollow of the Stone, and is there fpread ail over it. ‘

The Foundation or Ground of the outer and more bulky Part of the
Stone, is the inner Part of the Parenchyma, upon which the tartareous Parts
of the Sap are continually precipitated, and thereby petrified, as appears on
comparing the feveral Ages of the fame Fruit together ; on the Surface of
many Stones, fome of the faid tartareous Parts appear in diftinct Grains,

An Apricock is of the Plumb Kind, but fome Things are herein better
obferved, as firft the Pofition of the Bladders of the Parenchyma ; for the
tartareous Parts of the Sap, not being here difperfed in little Grains, through-
out the Fruit as in a Pear, but are all thrown off into the Stone ; there-
fore the Bladders all radiate exatly to the Center of the Stone, conveying
thereto the feculent Sap, in {fo many little Streams.  This is beft feen when
the Fruit 1s full ripe,

The gradual Tranfmutation of the inner Part of the Parenchyma into a
Stone, is alfo more apparent in this Fruit, and fo are the three Coas
which ferve for the Generation of the Seed ; being now all very diftinét and
remarkable,

A Peach hath a much bigger Stone, and therefore when full ripe, it hath
a more defecated or better refin’d Fuice ; the Reafon why the Stone is fo
great, is becaufe the Veffels run fo numeroufly through the Body of it; and
fo caufe a more copious Perfpiration of the Lees therein.

A Cherry is likewife nearly related to a Plumb, but the Bracement or Re-
ticulation of the Veffels, is here carried on farther, fo as to be all round a-
bout contiguous to the Skin. :

A Walnut is a Nuciprune, or between a Plumb and a Nut, for the Rind
anfwers to the Pulp, and the Shell, as the Stone, is alfo lined ; but the
Seed-Veffels, which in a Plumb run thro’ a Channel, made on Purpofe in the
Stone, do here enter as in a Nut, at the Center of the Shell ; by which
Means they are invefted with a more fair Parenchyma.

S8 ¢ 1.1
Of the Grape.

A Grape is as it were a Plumb with two Stones, for their Thicknefs are
as hard as any other. The principal Fibres run direétly between the
Stones ; and the fmaller Fibres, and make only one fingle Ne#; near the
Circumference they all meet together at the Top of the Grage. Many lig-
nous Fibres are alfo mixed with the Skin itfelf, whereby it becomes very
thick and tough. :
The Parenchyma, or Pulp of a Grape feems to be derived from the Pith,
at leaft as far as the Reticulation of the Fibres.

CHAP.
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C H A P.. XLIL
The Anatomical Preparation of Vegetables.

Hofe Leaves of Plants are only fit for this Purpofe, whofe internal
Structure is compoled of woody Fibres, and are of a pretty good
Thicknefs, as the Leaves of Oranges, Lemons, Feffamin, Bays, Rofes, Cher-
ries, Apricocks, Peaches, Plumbs, Apples, Pears, Poplars, Pines, Qats,
Ty, &c. :
There are feveral other that have no woody Fibres or Veins, but thefe
diffolve without feparating, as thofe of Vines, and Lime-Trees.

The Leaves are to be gather’d * in JFune, or Fuly, when they are full
grown, and have not been damaged by /#7erms, or Caterpillars ; puc them
into an earthen Pot or large Glafs, with a good deal of Rain-Water. The
Pot or Glafs being kept uncover'd; and fo expos’d to the Sun, or open
Air. The Leaves muft be quite cover’d with Water, and as it evaporates
a frefh Quantity muft be pour’d in. In about a Month’s Time, fome of
the Leaves will begin to putrify, but the others mult be kept two Months
longer. When the two external Membranes begin to feparate, and the
green Subftance of the Leaf to grow liquid, then it is Time to perform the
Operation, The Leaf is to be put into a white and flat earthen Plate or
Dith, filled with clear Water; then upon gently fqueezing it with
the Finger, it will open on one Side, and the green Subftance will
run out ; immediately on that the two outer Membranes. muft be ftripp’d
off, ¢hiefly in the Middle, and along the Nerves, where they adhere clofely.
If there be once an Opening, they will go off very eafily; the Skeleton that
remains between, is afterwards wafhed in clean Water, and kept between
the Leaves of a Book.

The Method of preparing Fruits, as Apples, Plumbs, Cherries, Peaches,
and the like, is as follows : ,

The fineft and largeft Pears, that are foft and not ftony, are fitteft for
this Purpofe ; firft pare them nicely, without fquecziu% them, taking Care
not to hurt the Stalk or Crown 3 then put them into-a Pot of Rain or frefh
fpring Water, cover it and let them boil gently, till they become throughly
foft; then take them out, and put them into a Bafon of cold Water, then
tke out one of them, and: holding it by the Stalk with one Hand, and
with one Finger and the Thumb of the other Hand, rub the Pulp gently
off, beginning near the Stalk, and rubbing equally towards the Apex ; and
you will eafily fee in the Water how the Fulp feparates from the Fibres,
which being tenderelt ocar the Extremitics, there the greateft Care muft be

* Pbil, Tranf. No. 416
Gg2 taken.
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taken. No Inftrument is of Ufe in this Operation, except laft of all a
Penknife, to feparate the Pulp fticking to the Core. In order to fee how
the Operation advances, fling away the muddy Water from Time to Time,
and pour on clean.  All being feparated, the Skeleton is to be preferved in
Spirits of Wine, the fame is to be obferved with Apples, Plumbs, Peaches,
and the like.

Carrots, and other Roots, that have woody Fibres, muft be bojled with-
out paring, till they in:mr foft, and the Pulp comes off; not only feveral
Sorts of Roots, but likewife the Barks of feveral Trees, may be reduced in.
to Skeletons, prefenting rare and curious Views of Vegetables,

CHUA' P XN
T preferve the Specimens of Plants.

Repare two Iron Plates as large as the Specimens you intend to preferve,
P let them be pretty thick, and very fmooth on one Side, with Holes
for Screws at each Corner ; then take your Flowers, Leaves, 8c. when full
ripe, and of their true Colour, fpread them on a brown Paper, with the
Leaves as diftinét as you can ; if the Flowers are large, more Paper muft be
laid under them ; and if thick you may pare away half thereof, as alfo of
the Stalk o as to lie flat; then put thefe between the Iron Plates, fcrew
them faft, and fet them in an Oven for two Hours ; after which take out
the Flowers, and with a Bruth dipp’d in equal Quantities of Agua fortis,
and Aqua vite, or Brandy, pafs over the Leaves and Flowers ; then lay
them to dry on frefh brown Paper, and take the Quantity of a Walnut of
Gum Dragon, which in lefs than 24 Houts will be diffolved in a Pint of
Water, and with a Brufh rub the Back-fides of the Leaves and Flowers to

make them ftick ; then lay them in your Paper-Book, and they will always
look frefh, *

CHA P XTI
Of Charcoal, or burnt Vegetables.

CHarma;‘, or a Vegetable burnt black, affords an Obje& no lefs pleafant

than inftruétive; for if a fmall Piece of Charcoal be fuddenly broke, 1t
will appear to have .a very fmooth Surface, but if examined by the Micro-
Jeape, Abundance of Pores are difcoverable in many Kinds of Wood, ranged
round the Pith both in a circular and a radiant Order ; and moft of thele
fo exceeding fmall, 7nd fo clofe to each other, that but a very little Space 1s

: Phil, Tr'ﬂ!p‘: No. 2237,

Jeft




_—“

Of Charcoal, or burnt Fegetables. 229

left between them to be filled with a folid Body. Thefe Pores, or rather
Tubes, are fo extreamly fmall,. that in a Line of them +'¢th Part of anInch
long, Mr. Hook reckoned no lefs than 150, therefore in a Line an Inch long
were no lefs than 2700 Pores, and in a circular Area, or of a Stick of an
Inch Diameter, are contained 5,725,350 Pores or minute Tubes, * a Num-
ber that to fome perhaps may feem incredible, were they not left to the
Judgment of their own Eyes to the Truth thereof. In Cocus, black and
green Ebony, Lignum Vite, &c. thefe Perforations are abundantly fmaller
than thofe of foft light Wood ; fo prodigioufly curious are the Contrivances,
Pipes or Sluices, thro’ which the Juice of Vegetables are conveyed.

To prepare or make Charccal of any Kind of Waoud,
in order to examine it-with the Microfcope.

The Body to be charred or coaled may be put into a Crucible, a Piece
of a Mufket Barrel, a Pot, or any other Veflel that will endure to be made
red-hot in the Fire without breaking ; cover it over with Sand, fo that no
Part of it be expofed to the open Air. Then fet it into a good Fire, and
keep it there till the Sand has continued hot, for a Quarter, Half, an Hour, l
or two, more or lefs, according to the Nature and Bignefs of the Body. }
Then take it out of the Fire, and let it lie till the Sand be very near cold.
The Wood may be taken out of the Sand well charr’d, and clear’d of all
its watery Parts.

C H A P. XLIV.
Of the Texture of Cork.

IF an exceeding thin Slice of Cork be cut off with a very fharp Penknife, -
or Razor, and applied to the Microfeope, in an Ivory Slider, or held be- !
tween the Nippers, it will appear to be all perforated and porous; having
but a little folid Subftance in Proportion to the empty Cavity, as is mani-
eft on a Sight of Fig. 540. Thefe Pores are not very deep, but confift
of many Jittle Cells, feparated out of one continued long Pore, by certain
Diaphragms, + vifible in Fig. B, which reprefents them fplit the long ways:
Hence the Microfcope informs us, that the Lightnefs of Cork proceeds from
its being a very fmall Quantity of a folid Body, extended into exceeding large
Dimenfions, and alfo why it is a Body fo very unapt to fuck in Water, and
confequently to preferve itfelf floating on the Top thereof, tho’ lefton it
‘never fo long ; and why it is able to confine Air in a Bottle, tho” confi-

* Hook's Myc. p. 101, + 2bid, p. 113.
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derably condenfed, and prefling very ftrongly to procure a Paffage with-
out admitting the leaft Bubble to pafs through its Subftance. As to the
firlt, the Microfcope hath informed us that the Subftance of Cork is filled
with Air, and that this Air is perfeétly inclofed in  little Boxes or Cells di-
ftinct from each other: This therefore makes it very plain, that neither
Water nor any other Air can eafily infinuate itfelf into them, their being
already within them an intus exiftens ; * for this Reafon Pieces of Cork are
good Floats for Nets and Stopples for Vials, c. and is capable of being
comprefled into a twentieth Part of its ufual Dimenfions, and to reftore it-
fcif to its former State by means of the included Air in the before-obferved
conltituent Cells or Bladders. Mr. Hook told feveral Lines of thefe Pores,
and found that there were generally about 60 placed Endwife in a Line of
the ¢ Part of *an Inch long: Whence there muft be 1160 in the Length
of an Inch, and in a fquare Inch 1166400 ; therefore a cubick Inch muft
contain 1259712000, a Thing almoft incredible, did not the Microfcope
affure us of it by ocular Demonftration. If you cut off a Piece from a Board
of Cork tranfverlly to the Flat of it, you will as it were fplic the Pores,
which will appear jult as they are reprefented at Fig. B, but if a very thin
Piece be cut off parallel to the Plane of it, the Pores of it will be tranfverfly
divided, and will appear as exprefied in Fig. A.

CHAP XLV.

S‘ele T.L

Of aPlant growing on the blighted, or yellow Specks
of Damask-rofe Leaves, Bramble Leaves, &c.

I T is obfervable that in the Months of Yue, July, Aduguft, and Septem-
ber, that many of the green Leaves of Rafes begin to dry and grow yel-
low, but efpecially the Leaves of the old Shrubs of Damafk-Rofes, are all
fpotted with yellow Stains, and the Under.fides jult againft them have
little yellow Hillocks of a gummy Subftance, and feveral of them have fmall
black Spots in the midft of thofe yellow ones. Upon examining thefe with
the Microfeope, Multitudes of little black Bodies like Seed-cods were per-
ceived to {pring out of feveral fmall yellow Knobs, and to be faftned to
thefe Knobs by a fmall Straw-coloured and tranfparent Stem, many of thole
Hillacks were bare as if thofe Bodies lay yet concealed, as at G, Fig. 541
In others they were juft fpringing out, as at A ; in others, as at B, they
were juft out, with very little or no Stalk ; in others, ‘as at C, the Stalks

* Hook. Mi. p. 113, Y
3 plainly
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lainly appear ; in others, and at D, thofe Stems were grown bi and
]F;rgcry; :ffg in others, as EF, &z, thofe Sterms and Cogds were ggg:arwn a
great deal bigger, and the Stalks more bulky about the Root, and very
much tapered towards the Top: As they increafed in Bulk they began to
wurn their Tops towards their Roots, in the fame Manner as that of Mofs
is obferved to do. The whole Square of this Figure reprefents a fmall Part
of a Raﬁ-Lef{ no bigger than the Letter H.

Thefe kind of vegetable Sprouts are to be found on feveral Kinds of Rofe-
Leaves, and on the Leaves of divers Sorts of Briars, and on Bramble Leaves
in fuch Clufters, that 3 or 400 of them make a confpicuous black Spot or
Scab on the Backfide of the Leaf.

g TR S | €

Of Mouldine[s, or the Principals of Végeiﬁ:ian ari-
Jmng from Putrifation.

R. Leeuwenbaek obferved, that Mowldinefs on Skin, Flefh, or other
Things, fhoots up firft with a ftreight tranfparent Stalk, in which a
globular Subftancé rifes that commonly fettles at the Top of the Stalk,
and is followed by another Globule driving out the firft either on the Side
orat the Top, and that again is fucceeded by a third, &¢. all which form
on the Stalk one great Knob, much thicker than the Stalk itfelf; and this
large Knob burfting afunder reprefents a kind of Bloffoms with Leaves, *
The blue, white, and feveral Kinds of hairy mouldy Spots that are ob-
fervable on divers Kinds of putrify’d Bodies, whether animal or vegetable
Subftances, fuch as the Skin, raw or drefs’d Flefb, Blood, Humours, Milk,
Cheefe, 8cc. or rotten fappy Weod, Herbs, Leaves, Barks, Roots, &c. are a
kind of fmall but varioufly figured Mufbrooms ; a Specimen of which is
teprefented at Fig. 542. which is nothing elfe but the microfcopick Ap-
Pearance of a fmall white Spot of hairy Mould found upon the Covers of
a Book that was bound in Sﬁcp’s Skin.  Thefe Spots appeared through the

Microftape to be a very pretty fhaped vegetative Body, which fhot out
Multitudes of long and flender cylindrical Stalks, not exa&ly ftreight, but
bent with the Weight of a round white Knob growing upon the Top of
€ach as at A A A ; others a little oblong as at B, others a little broken as ag
C, and others that were burft afunder forming a kind of Blofloms with

ves as at D.

® Phi. Tranf. No. g4.
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S g 1. HL
Of Mofs, &c.

OSS is_a Plant ne les worthy a microfcopick Confideration than
the molt clegant Plant that grows, and for its Shape and Beauty may be
compared with any other. It has a Root almoft like a feedy Parfuip, Fig.
543. furnifhed with fmall Strings and Suckers, all of them being as curioufly
branched as_the Roots of much bigger Vegetables; from this fprings the
Stem or Body of the Plant, which is finely ereafed or fluted ; on the Sides
of this are clofe and thickly fet a Multitude of well thaped Leaves, fome of
them of a roundifh, othersof a longer Shape ; all the Surface on each side
the Leaf is curioufly cover’d with a Multitude of little oblong tranfparent
Bodies, as at D, Fig. 546. From the Tops of the Lcaves proceeds a tran(-
parent Hair or Thorn : The Stem (hoots out into a long round Stalk, which
on cutting is found to be hallow without any Knot or Stop, from its Bot-
tom where the Leaves encompafs it, to the Top on which grows a large
Seed-Cafe ‘A, covered with a thin and more whitith Skin B, Fig. 544.
terminated in a long thorny Top, which at firft covers all the Cafe, and by
degrees, as that {wells, the Skin cleaves, and at laft falls off together with its
thorny Top, leaving the Seed-Cafe to ripen, and featter its Seed, at a Place
underneath this Cap B, which before the Seed is ripe appears like a fluted
Metal Button, without any Holein the Middle 5 but, as it ripens, the But-
ton grows bigger, and a Hole appears in the Middle of it E, Fig. 545. out
of which, ‘in all Probability, the Seed falls; for ds it ripens by the' Provi-
fion of Nature that End of this Cafe turns: downwards. On opening fe-
veral of thefe dry red Cafes F,. they were found to be quite hollow ; where-
as when they were cut afunder. with a fharp Penknife when green, in the
- Middle of ;this great Cafe was found another fmall round 'Cafe, the In-
terflices between the two Cafes being filled with Multitudes of {tringy Fibres
which feemed to fufpend the leffer Cafe in the Middle of the other, in
which without doubt the Seeds were contained ; it grows on the rotten
Parts of Stone, Bricks, Wood; Bomes, Leatber,&c. f. 9
This fmall Vegetable is wanting in nothing of the Perfe&ions of the
moft confpicuous and vafteft Vegetables of the;World, and deferves to be
ranged in as high a State ; for we do not know but that all the Contrivances
and Mechanifm requifite to a perfe@ Vegetable, -are crowded into exceed-
ingly lefs Room than this of Mafi ; for that Plant already defcribed, which
grows on Rofe- Leaves, is fo exceeding fmall that near 1000 of them would
* hardly make the Bignefs of one fingle Plant of Mofs; and by comparing
the Bulk of the latter to that of the biggeft Vegetable (fome Trees beings

as we are informed, near 20 Foot in Diameter in Guinea and Brazil) whﬂ:h“
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Of Sponge. 233
the Body or Stem of Mp/fs is generally not above % Part of an Inch, we
fhall find that the Bulk of one will exceed that of the other, no lefs than
2985,984,000,000 ; and fuppofing the Production of the Rofe-Leaf to be
a Plant, thofe indian Plants will exceed it rooo Times the former Number,
fo prodigioufly various are the Works of the Creator, and fo all-fufficient is
ke in his Performance of Things which to Man would feem impofiible.

SCRIC T.. RN
Of Sponge.

HE Microfcope hath thewn us, that Sponge is compofed of an infi-

nite Number of fmall and fhort Fibres, curioufly joined together in
the Form of a Net, as appears by Fig. 547. which reprefents a Piece of
Sponge as it appeared before the Microfcope, wherein' may be feen the
Joints which for the moft part are, where only three Fibres meet together,
the Length of each between the Joints is very irregular, the Diftance be-
tween fome two Joints being ten or twelve Times more than between
others. The Mafhes likewife of this reticulated Body are alfo various, fome
bilateral, others trilateral, and quadrilateral Figures, &c. ?

B e, |
Of the Beard of a wild Oat.

HE Beard of a wild Oat isa Body of a very curious Struture’; it
grows out of the Side of the inner Hufk that covers the Grain of a

wild Oar. Its whole Length when extended does not exceed an Inch ‘and
a half. ‘When the Grain is ripe and very dry, which ‘is 'ufvally ‘in" the
Months of Fuly and Auguff, the Beard is bent almoft to a right Angle, and
1ts under Part is wreathed and very brittle. e SPR
If you take one of thefe Grains and wet the Beard in“Water, 'the {mall
bended Top will prefently turn and move round, and by degrees, *if it be
continued wet enough, the Joint or Knee will ftreighten' itfelf, and if ‘it-be

fuffered to dry again, it will gradually bend into its former Pofture. Its.

Appearance in the Microfcope is reprefented by Fig. 548. which fhews
Part of the Beard at the Knee or Bend. Its whole Surface is adorned with
fittle Channels and interjacent Ridges, “which run the whole Length of the
Beard, and are ftreight where the Beard is not twifted, and wreathed where
It is; “being thickly fet-with {mall Briftles ; in the wreathed Parc was two
very ¢onfpicuous Channels which feemed to divide the wreathed Cylinder
into two Parts, ‘a bigger and’ a léfs, the ‘biggeft 4t the convex Side of the
s sl 3 iad ) e - Knge ;
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Knee; thefe Clefts are filled with a kind of fpongy Subftance, very con-

{picuous near the Knee, ;
This odly conftituted Vegetable is fometimes ufed, as an Hygrometer,*
to difcover the various Conftitutions in. the Moifture and Drynefs of the

Air ; and this it does to Admiration.

CHA P OAXLY]
‘S Ecoa. . L
Of Salts.

NDER the Denomination of Sait, is to be underftood moft of that
which gives Solidity to Bodies, is diffolvable in Water, and affects
the Tafte,with a peculiar, Pungency. - There are three diftinct Sorts which
%c_ncra]iy pafs under this Name, the fixed, velatile, and the effential : The
xed, is what remains after Calcination, and is procured by diffolving the
faline, Parts of the Afhes in hot Water, and evaporating it until the Salt is
left dry.at the Bottom 3 for that will not rife in Vapours, The wolatile is
what eafily paffes over the Helm, as the Salts of Animals. The ¢ffensial
Salt is that which is obtained by Chryftilization from the Juices of Plants,
and is of a Nature between the other two, and may moft properly be termed
effential, having no Force ofed in its Produttion.

If there be in a firict Senfe. any fuch Thing as a Principal, Salt is fo;
but then it muft be termed foff! Salt, or Sal Gemma ; for this not only ap-
pears to be the plain Produ&ion of Nature, but to be the moft homoge-
neous and uncompounded Part Nature can be divided into.

Its firft Appearance is in Springs and Rivers; being wafhed into them by
fubterraneous Currents ; thence by the Sun it is in fome meafure exhaled by
Vapours ; from whence it again returns, in Snow, Hail, and Dews (for com-
mon Rain-Water does not feem to partake of it ;) from this Return the
Surface of the Globe is faturated with it ; whence it re-afcends in the Juices
of Vegetables, and enters into all thofe Productions, as Food and Nourifh-
ment which the Creation {upplies. [ ad .

S'moom i H. -
To extrait vegetable Salts. .

URN any Sorc of Herd, Flower, Fruit, Waod, ot whatever it be, and
make Afhes thereof ; with the Afhes and pure Water in its patural
Temper, make Lee; which afterwards ftrain. through moift Paper or 2

® If the Reader is defirous of one of thefe Hygrometers, he may be furnithed with them 3
my Shop, &Jc.

Filter,
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Filter, fo that it may become as clear as poffible ; then put the Lee into a
Glafs Veffel, and let it remain in Balneo Mariz, until a great Part of it
evaporates ; the Quantity of Water is not determined, generally five Pounds
of Water will extrac all the Salt from two Pounds of Afhes ; Salts extract-
ed in this Manner, are wont to melt when the Air is foft ; to prevent which,
when you burn the Materials, in order to reduce them to Afhes, it is requi-
fite to ufe with them a proper Quantity of Sulphur ; and if it happens that
the Afhes are made to your Hand, you may mix them with Sulphar, and
keep the fame at the Fire, till fuch Time as it be burnt; by this Means the
Salt will never come to run, but become more white and cryftalline.
There is no general Rules for the Quantity of Sulphur to be put into the
Materials you thus burn, but at a Guefs, to 100 %ounds of Material, 4 or
5 Ounces of Sulphur is ufually f. ficient. All Salts have a peculiar and de-
termined Figure, which they always keep, altho® they are often refolved in-
to Water, and afterwards congealed; yet notwith{tanding fome Sorts of
Salts are obferved to have 2, 3, and 4 Sorts of Figures. Two Sorts have been
feen in Lettice, in the Scorzomeras, in the Mufk-Melon, the Scopa, in the
Roots of Efula, in the black Hellebore, in Endive, Eye-bright, Wormwood,
Sorrel, and in Shoots of Pines 5 three Sorts in black Pepper, and in incarnate
Rofes ; four Sorts in white Hellebore. Befides the above-mentioned Diver-
fity of Figures which are found in Salts, it is obfervable, that amongft all
Salts, of what Figure foever, there are found fome cubical, which though
they be never fo often diffolved and congealed, ;lf:pcn ftill of a cubical Fi-
gure, ot inclining to it. To make the Bodies the Salts when they con-
geal; remain diftiné from each ather, that their Figure may be obferved,
and not be entangled and heaped together; it is neceffary, that very great
Diligence be ufed in evaporating the Lee; for if that be wholly evaporated,
or too great a Part thereof, the Salts make a confufed Cruft at the Bottom
of the Veflel ; if the Lees are left too weak, the Sales require a very long Time
to congeal, and therefore it is requifite o ufe fuch Diligence as is not to be
gained without long Pratice. v ‘ . _

Cryftals of Salts are fuch a Combination of faline Particles, as' refemble
the Form of a Cryftal, varioufly modified, according to the Nature and
Texture of Salts. A

The Method herein ufed is this, diffolve the faline Body in Water, after
which filter the Solution, which being evaporated until 2 lictle Film a;Eears
upon it, runs into Cryftal. Diffolution and Filtration are made Ufe of,
that the Salts may be purged from all Drofs ; otherwife if any foreign Mat-
ter fhould get in, not only the Tranfparency of the Cryftals would be im-
paired, but their Figure alfo would be mangled and broken.

Hh2 Szcr.
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Qf the Figures of Salts.

J T is generally agreed, that all Bodies ‘have their Sals, which prodce
many furprifing, Changes; by their. different Configurations and Impref-
fionsy: beth in Solids.and Fluids, in Things animate and inanimate, _As to

, the Figures of them, they are obvious to every Beholder ; their Beauty and

“Variety are fo admirable, 'that fearce any Thing in Nature can entertain the
Eye more agreeably than thefe do, when it is affifted with a good Mi-
crofcope: - Jn :

In‘common Salt, we plainly difcover guadrilateral Pyramids with fquare
Bafes.  In Sugar, the fame Pyramids with oblong and fe@tangular Bafes.
In:dilum, -they rife with fix Sides, fupported with an hexagonal Bafe, The
CryRalsiof Zitriols, refemble Icicles, united one to another with great Va-
riety, atong which lie fome Polygons. . \Sal-Armoniack very elegantly imi-
‘tatesthe Branches of a Tre¢ ; and Hares-Horn looks like a Quiver of Ar-
rows ; Glauber’s Sal Mirabilis,» which is made of common Sa# and Fitridl,
exhibits the Figure- of -both Salts. - Nitre appears in certain prifmatick Co-
lumns, not much - unike Bundles of Sticks ; among which there are inter-
{pers’d fome of aiRhomboidal, and Pentagonal Figure, which feem to
come very near thofe-of common Salt. Hence Lemery very jultly remarked,
that Nitre ¢ould not: be purified : by any Arc. or Contrivance whatfogver,
but; fomething of a.8al Gem, or  fofhl Salt, would ftick to it ; but Salt of
Zin-outdoes all for Beauty, in which are Lines like little Needles, that
fpread themfelves every where from a Point, as from a Center, fo as to re-
prefent a Star, much like what we fee in the Regulus of Mars.

Salts have this peculiar Property, -that let them be ever o divided and
reduced into minute Particles, yet when they are formed into Cryftals, they
cach of them re-affame their proper Shape ; fo that they may be as eafily
divelted . and deprived of their Saltnefs, as of their Figure. Whence by
knowing the Figure of the Cryftals, we may underltand what the Texture
of the Particles ought to be, which can form thefe Cryflals. - And by know-
ing the Texture of the Particles, we may determine the Figures of the (ny-
Jals. 'For fince the Figures of the moft fimple Parts remain always the
fame, tis evident the Figures which they,run into, when compounded and
united, muft be uniform and conftant. ‘ .

LEffemtial Salts are made by exprefling: the Juice of any Plant, and fetting

it in a Cellar to fhoot; which fome do in fmall Quantities.

Fixed




Of Salts. 2..37

" Fixed Salts are made as follows : . :
Take any Plant, and burn it on a clean Hearth, and rake the Afhes as
long as any Fire appears among them ; put thofe Athes into an unglazed
Pan, which fet in a calcining Furnace, make Fire about it till the Pan is
red-hot 5 where keep it, continually ftirring the Afhes without any Black-
nefs. ‘Then put them into a clean Pan, and pour hot Water upon them 3
when that Water is fufficiently impregnated with Salt, filter it, and evapo-
rate to a Drynefs, until the Afhes are left infipid.

The Salts of Mesals or Minerals are to be come at, by quenching them,
when red hotin Water, then filtering, evaporating, and cryftallizing.

If Allum be burnt, diffolved in Water, and ftrained, its Cryltals will
confift of two fexangular Planes, whofe Sides are bounded by fix other, three
of which are quadrilateral, having between them three of a fexangular Fi-
gure ; as at Fig. 548. ;

Green Vigriol affords Cryftals, which are made up of ten unequal fided
Planes, the Middle-moft are Pentagons, and each of its tharp Ends triangu-
lar Planes ; as at Fig. 549.

The Cryfals of our Inland Sa/t Springs are of a cubical Figure, as at
Fig. 550. '

Salt-Petre fhoots into long Cryftals, whole Sides are fix Parallelograms ;
asat Fig. 551. :

It has been already mentioned, that Vinegar owes its Pungency to the
Salts which float therein ; their Shape is feen at Fig. 552. Expofe a Drop
or two of Vinegar to the open Air for an Hour or two upon the Obje&-car-
ﬂng Glafs R, that its watery Parts may evaporate ; then apply it to the

ierofeope. '

The Salts of Sugar candy’d, are reprefented at Fig. 553. The Salts of
Nitre are feen at Fig. 554. The Salts of Campbire, at Fig. 555. Sal Gem
s reprefented at Fig. 556. and Sa! drmoniack at Fig. 557.

It is beft to examine all Salts in the fmalleft Mafles, for in them their
Shape will be beft difcovered.

CHAP XLVIL

p RRCcaC-]
On _[triking Fire with a Flint and Steel, &c.

N ftriking Fire with a Flint againft a Steel, little Particles of Steel
are ftruck of, and melted into Globules by the Collifion ; which will
be evident on fpreading a Sheet of white Paper, and obferving the Place
Where feveral of thefe little Sparks feem to vanith, Mr. Hook examined
feveral of them with a Microfcope, and found that a black Particle, no big-

ger
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ger than a Pin’s Point, appear’d like a Ball of polifh’d Stecl, ‘as at Fig. 558.
and ftrongly reflefted the Image of the Window, and of a Stick which he
moved up and down berween the Light and it. Others were, as to their
Bulk, pretty round, but their Surface not fo {mooth ; fome were cracked,
as Fig. 559. others broke in two, and hollow, as Fig. 561. feveral others
were found of other Shapes ; but that reprefented at Fig. 560. was ob-
ferved to be a big Spark of Fire, and ftuck to the Flint, by the Root F,
at the End of which Stem was faftened an Hemifphere, or hollow Ball. It
is alfo remarkable, that fome of thefe Sparks are Slivers, or Chips of Iron
vitrified, others are only the Slivers melted into Balls, without Vitrification, *
and the third Kind are only fmall Slivers of the Iron, made red-hot with
the Violence of the Stroke given on the Steel by the Flint.

Many Sorts of Sand, fome gather’d on the Sea-fhore, or on-the Sides of
Rivers, and fome found on the Land, differ in the Size, Form, and Colour
of their Grains, fome being tranfparent, others opake, fome have rough,
and others quite fmooth Surfaces. It would be endlefs to defcribe  all the
Figures to be met with in thefe Kind of minute Bodies, they being fpheri-
cal, oval, pyramidal, conical, prifmatical, &¢. Mr. Heok trying feveral
magpifying Glaffes, by viewing a Parcel of white Sand, cafually hit upon
one of the Grains, which was exactly fhaped and wreathed like a Shell,
which he feparated from the reft of the Granules, and found it to apﬁcn‘ w0
the naked Eye no bigger than a Pin’s Point, but when viewed in the M-
crofcope, it appear’d as in Fig. 562. refembling the Shell of a fmall Water
Snail'; + it had twelve Wreathings, growing all proportionably one lefs than
the other, towards the Middle or Center of the Shell, where there was 2
very {mall round white Spot, In this minute Shell we have a very good
Inftance of the Curiofity of Nature, in another Kind of Animals, removed
by their Smallnefs beyond the Reach of the naked Eye ; and as there are fe-
veral Sorts of Infets and Vegetables, fo fmall as to have had no Names;’
fo likewife by this, we find there are alfo exceeding fmall, or rather minutt
Shell-fith, Nature, by the Affiftance of the Microfcope, having {hewn ©
us her Curiofities, in every Tribe of Animals, Vegetables, and Minerals.

S mi'e ¥ Uk
Of [mall Diamonds or Sparks in Flint.

A Flint Stone being broke in Pieces, the infide Cavity of it appear’d ©
be crufted all over with a pretty candidSubftance, reflecting the Light
from fome of its Parts very vividly ; but on examining it with the Mia®
Jeope, the whole Surface of that Cavity could be perceived to be befes with

* Hook's Micr. p. 44 .+ dhid. . 80.
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4 Multicude of little cryftalline or adamantine Bodies, curioufly fhaped, as
at B, Fig. 562: and afforded a very agreeable Object.

An Atom, or Globule of Quickfilver, when placed before the Microfcope,
feems like a convex -Mirrour, in which may be feen all the circumambient
Bodies ; as the Windows, Trees, and Furniture, &,

Secr. 1K
Of Mercurial Powders, &c.

IN thofe chymical Preparations of Mercury, which is called Turbith Mi-
neral, Mercurius Vite, Dulcis, Sublimate, Precipitate, and Mercury Cofine-
tical, Calomel, and all other mercurial Powders, are found, when examined
by the Microfeope, to be full of minute Globules of crude and unalter’d Mer-
cury 3 which fhews, that thofe chymical Preparations are not fo purely exalt-
ed and prepared as they are prefumed to be, ‘nor the Mercury any Way
tranfmuted, but by an atomical Divifion rendered infenfible.

CHAP XLVIIL
The Nature of Snow, &c.

ANY of the Parts of Swow, are for the moft Part of a regular Fi-

gure, “and as it were fo many Rowels or Stars with fix Points, and

are as perfet and tranfparent Jee * as any we fee on a Pool of Water ; ateach
of thefe fix Points are fet other collateral Points, and thefe always at the
ﬁ:mﬂnﬁ:s ‘with the principal Points them{elves ; that amongft thefe, many
others alike regular, but far fmaller, may be difcover’d ; there are alfo fome
others, which feem to have loft their Regularity, by various Winds, being
firft gently thawed, and then frozen again into irregular Maffes ; from all
which, Smow feems to be an infinite Number of Icicles, regularly figured, not
only in fome few Parts thereof, but originally in the whole Body of it ; not
fo much as one Particle of fo many Millions being originally indeterminate
or irregular ; that is, a Cloud of Vapours being gather’d into Drops, do
forthwith defeend 3 in which Defcent, meeting with a freezing Wind, or at
leaft paffing through a colder Région of the Air, each Drop is immediately
frozen into an Ieicle, thooting itfelf into Points or Jeicles on all Sides from
the Center but ftill continuing their Defcent, and meeting with warmer
Air, fome are thawed and blunted, others broken, but the greateft Num-
ber cling together in feveral Parcels, and form what we call Flakes of Snow
hence we underftand why Snow, tho’ it feems to be foft, is really hard, be-

* Philsf. Tranf. No. 9z.
caufe
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caufe it is a real Jre, wholfe infeparable Property is to be hard, its Softaefs
being only apparent. The firft Touch of the Finger upon any of its fharp
Edges or Points inftantly thaws them, otherwife they would pierce the Fin-
gers like fo many Lancets; | and hence alfo why Snow, tho’ a real Jce, and
fo denfe and hard a Body is notwithftanding very light, which is the extream
Thinnefs of each Icicle in refpeét of its Breadth: Hence it alfo appears,
why Snow is white, becaufe it confifls of Parts, each of which fingly is tranf-
parent, but mixed together, appear white, as the Parts of Froth, Glafs,
Ice, and other tran{parent Bodies, whether foft or hard. '

ABCDEF, Fig, 564. reprefents a few of an infinite Variety of cu-
rious Figures 'that are to be obferved in Snow. 7

In which it was obfervable, that if they were of any regular Figures,
they were always branched out with fix principal Branches, of equal Length
and Shape. As thefe Stems were for the moft Part of the fame Make in one
Flake, fo were they in differently figured Flakes, very different ; but this
was conftantly obferved, that of whatever Figure one of the Branches were
of, the reft were exactly the fame.:

The Point of an exceeding fmall Needle, appeared, when greatly magpni-
fied like Fig, 565. neither round nor fat, but veryirregular, and tho’ to
the naked Eye it was very fmooth and fharp, yet upon this Examination,
it appear’d to be full of Holes * and Scracches ;. fo unaccurate is human Art
in all its Produtions, even in thefe which feem to be the moft neat, that if
examined with an Organ more accurate than that by which they were made,
the more we fec of their Shape, the lefs Appearance will there be of their
Beauty ; whereas in the Works of Nature, the deepeft Difcoveries thew us
the greateft Excellencies s for in'the Sting of a Gnat, or a Bee, the Probofcis
of a Butterfly, or Flea, they appear, when examined by the Microfcope, t0
be formed with. the moft. furprifing Beauty, exquifite Workmanfhip, and
an exact Regularity of; and Likenefs in Parts is preferved. in each Partu-
cular of every Species; an evident Argument, that he who was, and is the
Authior of all thefe Things; is no other than OMniPoTENT ;. being able
to include as great a Variety of Parts and Contrivances in the moft minute
Point, as in the largeft Body. Lo:

Fig. 566. reprefents a very fmall Dot, Tittle, or Point,. that is generally
the Mark of a full Stop or Period. . Amongft Multitudes that were obferved
by the Microfeape, few could be found fo round and.even as this here deli-
neated, + but when greatly magnified, it appear’d to be rough, jaggeds
and uneven all about its Edges, and very far from being truly round, as at
Fig. 567. the moft curious and fmoothly engraved Strokes and Points,
when examined by the Microfcope, look but like fo many Furrows
Holes 3 and their printed Impreffions, ‘but like fmutty Daubings on a

® Hook's Micr.: p. 2. + feid. p. 2.
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or uneven Floor, made with a blunt extinguifhed Brand. Several Pieces
of fmall Writing, reckoned very curious of theirKind, one of which in the
Breadth of a Silver Two-pence, compriz’d the Lord’s Prayer; the Apofiles
Creed, the Ten Commandments, and about fix Verfes befides out of the Bible,
being examined by the Microfeape, fhew’d what the Writer had afferted was
true, but withal difcovered it to be compofed of as thapelefs, barbarous; and
uncouth Letters, as if written in frabian and Chinefe Charatters;, ' = .

A Part of the Edge of a very keen Razor was fo placed between the Micro-
fcope, and the Light, that there appear’d a Reflection from the very Edges,
and was perceived to be fharper in fome Places than in others, indented at
others, broader and thicker at others, and unequal and. rugged ; that Part of
the Edge which is polifhed by the Hone, appear’d to be prodigioufly full
of Scratches, crofiing each other every Way ;- befides it had feveral decp
Furrows. That Part of the Razer which was polithed upen the Wheel, look-
ed almoft as rough as a plowed Field. * HOTRER .

Mr. Leeuwenbock caufed himfelf to be fhaved with the fharpelt Razor he
could pick out of five by the Help of a magnifying Glafs. At firft it was
very foft and eafy, but at laft it grew fo painful he could not endure it,
and upon viewing it with his Microfecope, he found in it many more Notches
than at firft. In another he found little Holes in fix feveral Places near the
Edge. He wafhed the Back of his Hand with plain Water, and then with
this fame Razor fcraped off the! little Hairs, and on obferving the Razor
again, found that thofe little Holes were turn’d into Notches, and that fe-
veral Pieces of the Razor were broken out. From whenee it appears, that
if the Razor be too foft, it yields to the Hairs, if too hard, the Hair caufes
feveral Notches in it. In fhort when we obferve thro’ a Microfcope the fe-
veral Notches there are in the fineft Razor, itis furprifing how any of them
can cut fo well. T . ;

Fig. 568. reprefents a Piece, 6f exceeding fifielawn, as it appear’d thro’
the Microfeope, which from ‘the great Diftances ‘bepween its Threads, ap-
gvears like a Lattice, and the Threads thcm’['&!gg“s;_ﬂ m Qcoarfer than Rope-

arn. o 0 LTS

Fig. 569. exhibits a microfcopick Appearar
Ribb%ng, gbcing not much unl&cpﬁt Subftay
made. If the Silk be white, each T hread appe Bundle or Wreath
of tranfparent Cylinders ; if colour’d, they'dppear curioufly tingid, each of
which affording in fome Part or other.a vivid Refleftion, in fo much, that ,
the Reflection of Red appear’d as if coming from fo many Garnets or
Rubies.

Hence it is evident, that there are but few artificial Things worth obe
ferving with a Microfcope, for which Reafon I fhall conclude here ; the

ery fine Piece of
ch Door-Mats are

* Hool's Micr. p. 4. + Phil. Tranf. No.273. P
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Produ@ions of Ars béing fuch rude mifhdpen Things, that when viewed
with that Inftrument, we can obferve very hirtle ini thear but their Déformity.
The moft curious Carvings, appear no better than thole rudé Raffan Ima-
ges mentioned by Purchas ; where three Notches ac the End of a Stick ftood
for a Face : And the moft findoth and polifhed Surfaces that we can pof-
fibly meet with, appear foughand uneven. 'Fherefore why fhould we endea-
vour to find Beauties in Things which were defigned for no highér a Ufe
than to be viewed by our naked Eye? But only that we may fee the De-
felis of human Art, whén compared to thofe of Nature, in whofe Forms
there are fomething fo furprizingly fmall and cutious, and their defign’d
Bufinefs fo far removed beyond the Reach of our natural Sight, that the
more we magnify thofe minute Objeéts, the more Execelléncies and My-
fteries appear ; and the more we are enabled to difcover the Weaknefs of
our own Senfes, as well as the Ommipotency and infinite Perfeétions of the
Great CREATOR.










Mathematical, Philofophical, and Optical
INSTRUMENTS,

As Made and Sold by

GEORGE ADAMS,
eAr Tycho Brahe's Head, in Fleet-Street, London.

8 HE Study of the Mathematicks is now fo generally efteemed,
% T % as to become a neceffary Part of almoft every Gentleman’s Edu-
‘e el cation, Nor need we wonder at the great Progrefs, which this
RO gience has, of Jate Years, made in moft Parrs of Eurgpes fince
it contains duch an inexhauftible Fund of ufeful Knowledge, as is fuffi.
cient to gratify a!mq&wegl Tafte, and employ every Talent. The no-
bleft Genius may, in the Purfuit of it, exert his utmoft Facylties 3 and the
meaneft will not fail of finding fomething that is within his Reach. The
Theory affords an ample Field to the fpeculative Part of Mankind, and the
Practice is productive of feveral Advantages to Men of Aéionand Bufinefs.

In order, therefore, to render this Treatife, in fome Meafure, of ge-
neral Ufe, 1 have fubjoined an extenfive CATALOGUE, of the greateft
Part of Mathematical, Philofophical, and Optical Inftruments, that are now
in Ufe among the moft judicious and learned Men throughout Ewrope.

Matbematical Infiruments are the Means by which thofe noble Sciences,
Geometry and Philofophy, are render’d ufeful in the Affairs of Life. B
their Affiftance an abftracted and unprofitable Speculation, is made b:ncﬁ):
cial in a thoufand Inftances : Ina Word, they enable us to comnell Theary
with Praftice, and fo turn what was only bare Contemplation, into the mot
{ubftantial Ufes.

112 The
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The Knowledge of thefe leads to that ofpmﬁimeArunuancxs, and
experimental Puirosopsy 3 fo that the Ules of mathématical and philo-
fophical Inftruments, ‘make perhaps ‘one “of the moft ferviceadle Branches
ofp Learning in the whole World ; ‘and the natural Way, therefore, of ren-
dering this Knowledge general and diffufive, is by making that of its Zn-
Srraments {o. - ; : £ o B N b v LA RN

As praitical Mathematicks, and experimental Philofophy, teach us the
Powers of Nature, the Properties of natural Bodies, and their mutual Aétions
on one another: This Knowledge cannot be attained without Jufiru-
ments, and the Conclufions-and Proofs we expe&t from i, depend very
much upon their ExafZnéfsc In order therefore to. give a fufficient
Satisfattion to thofe Gentlemen who have honour’d me with their Cuftom,
it hath always been my particular and greateft Aim to produce fuch /n-
- frruments as might facilitate the Progrefs of Matbematical and Philofophical
Learning, which Metive hath been, and ftill is as prefling with me as that
of Inter¢f. For, - AL g, _

In the Conftruction of all the Machines T have ever made, my firft and
greateft Care hath been. to procure good Masdels and Drawings ,
feveral of them I have imitated from the et Autbors, as well Foreigners,
as thofc of our own Country; 1 have alter’d and improved others; and have
added many new ones of my own Invention.” And, PR

1. In all my Peformances I endeavour not to augment the Inftruments
and Machines with fuperfluous Ornaments, both that they may be of frequent
Ufe to thofe of middling Fortunes, and that their Neatne/s may render them
not unworthy of a Place in the Cabinets of the Curious.

2, That their Exaltnefs may be Farﬁculnrly attended to, I always infpect
and dire&t the feveral Pieces myfelf, fee ‘them all combined in my own
Houfe, and ‘finifh the moft curious Parts thereof with my own Hands.

3. To the End that their Conffrusfion may be as JSimple and fubftantial as
the UJes of the Inftruments will admit 5 it is my conftant Study to contrive
them in fuch a Manner that they may be managed with the greateft Eafe.

4 Talfo have Refpect to their being made applicable to feveral Opera-
tions, efpecially when the Extent of their Uf does not prejudice their Sim-
plicity, to the End that Tnftruments may not be multiplied without
Neceflity. .

In the following CaTavocue I have ranged the Inftruments in Claffes
under the Heads ‘of their feveral Branches, ‘and have number’d each parti-
cular Infirument, fo that if a Gentleman is defirous of any one or more of
them, and is at any Diftance from Loxbown, he need only fend me the
Numbers adjoining to thofe he intends to purchafe, ‘and he fhall be ferved
with Fidelity, and at the loweft Prices. '

Inflramenis
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fn/z’mmem‘.r for Geometry, .‘memg, &ec.

"Ariety of Pocket Cafes of Drawing Infiruments, in Silver, Brafs, &5,
Containing,

1 Plain Compaffes for meafuring Lines, &,

2 Drawing Compalfes, with three moveable Points, viz. an Ink Point for
fweeping Circles, or Arches of any determinate Thicknefs, a dotting
Point, and a black Lead Point.

3 A Drawing Pen, either with or without a protracting Pin.

4 A Sefor for finding Pro (Fortions between Quantities of the fame Kind,
as between Lines and Lines, Surfaces and Surfaces, &¢. either of
Box, Ivory, Brafs, Silver, &%

5 Plain Scales, or,

6 A fquare Protragior, or, : :

y Paj: allet Ruiir. Which & al either of Box, Ivory, Brafs, Silver, 9.
fo a Protraftor, £Je.

8 A Semicircle Protrafior of Brafs.

In the beft Cafes, the Compafies are always made with Steel Joints,
and the Knibs of all the Pens are made_to turn up, or open with a
Joint, in order to clean them, in which are alfo fometimes put,

9 A Pair of Hair Compafles, fo contrived on the Infide of one of the
Legs, that an Extent may be taken to an Hair’s Breadth,

10 A Pair of circular Compaffes, with which a Circle as fmall as a Pin’s
Head may be defcribed.

In a Magazine Cafe of Drawing Inftruments, is generally contain’d

all the above Inftruments, together with the following Particulars.

11 A Pair of Drawing Compaffes, With moveable Legs longer than thofe
of No. 2.

12 A: Pair of ffrong’ Compaffes, with Calliper and cutting Points. -

13 A Pair of Beam Compafes, for drawing larger Circles, and taking Iargcr
Extents.

14 A Pair of Proportionable Compaffes, for the ready diminithing Plans or.
Drawings, in any affigned Proportion.

15 A 12 Inch Brafs Seffor,. of a peculiar Make, .

16 A Pair of Triangular { Compaffes for transferring three or four Points

: at once, from a Map or any Drawing to
17 A Pair of Quadrangular |~ G020 L Sopicd,

18 A Pair of Compaffes, with two Pair of Points, whofe fhorter Legs are
at all Openings always half the Diftance of the longer ones.

19 A Pair of Plat Compaffes for meafuring Charts.
2 20 A
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20 A tracing Point having at its upper End an oval Plate for clearing the
Drawing Pen of any Dirt or Grit that may happen between the
Knibs, and in the Middle thereof is a protrading Pin, .

21 Elliptical Compaffes for drawing Ellipfis or Ovals of various Sizes,

22 A Bow for drawing curved Lines.

23 A Porté craiyon,

24 A large Plain Scale,

25 A Plotting Scale, } Sometimes thefe are all made in one Inftrument.

26 A Protratfior,

27 Plain and Parallel Rulers, of feveral Sizes.

28 Bottles and Shells of Water Colours. '

29 lvory Pallates for Indian Ink and Colours.

30 A Pointrel and Feeder,

31 A Pair of Gunners Callippers.

32 A Recipient dngle for meafuring the external and internal Angles of
Fortifications, Buildings, &dc.

" 33 Dialling Scales, &c.

In thefe Magazine Cafes, Gentlemen may have what Number of
Inftruments they think proper,

34 The Solids in Euclid’s Elements cut in Wood, with all thelr proper Sec-
tions, defign’d on Purpofe for the Eafe of thofe Per{ons, who would
inform themfelves demonftratively in the Praftice of Perfpedive,
Menfuration, Sphericks, &c.

35 The five regular Solids, or Platonick Bodies cut in Wood,

36 A Gylinder bifeéted,

37 A Cone with all its proper Setions,

Rules of all Sorts,

For Meafuring of Timber, Stone, Painting, Brick-work, Plaifter-
ing, Glazing, Gauging, &c. Fiz,

38 Cxﬁ-pextm Rules,

39 Folding Rules.

40 Coggefball’s Sliding Rules for meafuring Timber.
41 Scammozzi’s Rules.

42 Everard’s Sliding Rule for Gauging,

43 Leadbeater's Sliding Rule,

44 Veroy’s Sliding Rule,

45 Brenan’s Rule.

46 Malt Canes.

47 Dimenfion Canes.
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48 Four-Foot Ganging Rule with Joints.

49 Five Foot Ditto.

50 Tape Boxes.

51 Fiz; Foot Rods, for meafuring Brick-work, Wainfcotting, Painting,
¢.

52—
53 Horfe Meafures in Sticks and Canes, &,

Ditto, in Canes.

Surveying Inflruments.

54 PLafa Tables, with an Index and Sights, whereby the Draught or
Plan is taken on- the Spot, without any future Protra@ion, hay-
ing a Compafs fitted to one of its Sides, and the whole fixed up-
on a Ball Socket, with a three legg’d Staff, upon which it may
be turn’d round, or faften’d with a Screw, as Occafion requires,

65 Plain Tables improv'd, with an Index of a peculiar Make, whereby
the Line of Sights in viewing, is always over the Center of the
Table, which alfo is readily fet over the Station Hole, the Sta-
tion Lifies are likewifé drawn parallel to thofe micafired on the
Land ; and the Table is fet horizontal by a Spirit Level, 7.

Plain Tables are very ufeful in taking the Ground Plot of Build-
ings, and meafuring Gardens, or fmall Ehclofures (where the Short-
nefs of Lines, and Multiplicity of Angles are apt to breed Confufion
in protradting) but by no Means fit for furvéying large Tras of
Land, becaufe the leaft Moifture, of Dampnefs in the Air, makes
the Paper not only fink, but run up when dried again, and there-
by the Lines drawn thereon, make the Content lefs than it fhould
be; and in the leatt Rain or Mift the Inftiument is not at all to be
ufed, which Reafons has induced moft Perfons to ufe ficter Inftru-
ments for large Traéts of Ground. As the

56 Theodolite, for meafuring Angles, Diftances, Alfitudes, é9c. Thofe
Inftruménts are made various Ways, fome being more fimple and

ble, others more accurate and expeditious.

57 The Plain Theodolite, which confifts of four plain Sights, two faften’d
to the Limb, and two on the Ends of the Index, with a Compafs
on the Index Plate, divided into Degrees, and the Limb fubdivided
into Minutes by a Nonius Divifion, the whole fitted on aBall and
Secket; and that placed upon a threé-legg’d Staff.

58 Theodolites, with all the above Particulars, and the Addition of a Te-
lefcope.

59 Theodolites of the lateft Improvement, being the moft accurate Inftu-
ment yet invented for furveying Land, which by a peculiar Con-

trivance
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tiivance in the Head of the Staff; may be fet truly horizontal. = On

the Index, and over the Compafs-Box is fixed a double Sexrant, to
move exactly in a vertical Circle, within which is a Sgirithvel, and

over that a Telefcope, fo contrived, ‘that when the Bubble refts in
the Middle of the Spirit Tube, the Interfe@ion of the Hairs in the
Telefcope will cut an exalt Level, the double Sextant is divided in
fuch a Manner as to thew on one Side thereof the Degrees and Mi-
nutes of any Altitude or Depreffion within the Extent of its Divi-
fions. On the other Side are Divifions for taking the Height of
Timber ftanding in Feet; and on the Limb there are alfo Divi-
fions for meafuring its Breadth, It muft be alfo obferved here, that
+ both horizontal and vertical Angles are obferved at the fame Time,
which is extreamly ufeful in laying down Plots, when the hypothe-
nufal are to be reduced to horizontal Lines ; when the Telefcope is
direéied to any Obje@; the whole Inftrument ‘is fixed in fo firm a
Manner, that on direfling the Telefcope to the next, the Limb
remains entirely ftedfaft, which in other [nftrumentsof this Sort, is

very difficult to be effected,
Go Circumferentors, the principal furveying Inftrument ufed in the Wef
. Iudies. It is very fimple, yet expeditious in the Praétice, and con-
 fifts only in a Brafs Circle, with a Compafs divided into 360 De-
grees, on the Center of which is fufpended a ‘magnetical Needle,
-and .an Index, on whofe Extremities are two Sights ; the whole is

mounted on a Staff, and fometimes for Conveniency of its Motion,
on a Ball and Socket.

61 Gunters, or four Pole Chains.
62 Qffset Staves. o]
63 Sets of drrows for the Chain,

64 Air Levels which fhew the Line of Level, by Means of a Bubble of
Air,and Spirits of Wine hermetically inclofed within a Glafs T ube,
which is mounted in/a Brafs Tube, on a particular Frame, and may
be included in a Cafe for the Pocker. -

65 Air Levels, with Sights, which confift. of an Ajr Level fet in a Brafs

y Tube, with an Aperture in the Middle, being fixed on a ftraight
Ruler on whofe Ends are Sights for taking the Level of any Place.

66 Air Levels, with Telefcope Sights, are fomewhat like the former, but
with this Difference, that inftead of plain Sights it carries a Te-
lefcope to determine the Point. of Level precifely, at a good Di-
ftance, thefe Levels are mounted on a three-legg’d Staff, and havea
particular Contrivance ; by which they may be adjufted (if put out

of Order) to a true Level at any one Station,
67 drtillery Levels, '

68 Gumners Levels.

69 Le-
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69 Levelling Staves.

yo Plotting Scales.

=1 Sets of feather-edg’d Scales,

72 Hair Scales.

»3 Parallel Rulers for Plotting,

24 An improv'd Proiraétor, and Plotting Scale, in Form of a Beam-

mpafs.

75 Paraﬂ:!agrams, for the ready and exa& Reduétion, or copying of De-
figns, Schemes, Prints, . which is done hereby without any
Knowledge or Habit of Defigning. "x

26 Pedometers, fomewhat like a Watch, by which the Way may be
meafured in Walking,- '

29 Meafuring Wheeks for Surveying of Land.

28 Way-Wilfers, for Coaches.

79 Way-Wifers of a curious and particular Contrivance for Chaifes, &e.

80 Gunners Quadranss, Heights, &e,

81 Surveying Quadrants, made of Brafs, or Wood, ¢.

Navigation Inflruments.
82 ( Unter's Scales.
83 Sliding Gunter’s.

84 Davies Quadrants.

85 Mr. Hadley’s refleting Quadrants.

86 Mr. Smith’s reflecting Quadrants.

87 Mr. Smith's, Capt. Middleton’s, and Capt. Harrifon’s improv’d Azimuth
Compafs,

88 The common Azimuth Compafs.

89 Azimuth Compafs, on Frition Wheels.

go. An artificial Horizon of a new and curious Contrivance.

91 Mariner’s Compaffes, either for the Binacle or Cabin,

92 Nogurnals, adapted to the Polar Star, and the firlt of the Guards of
the little Bear ; and alfo to the Polar Star, and the Pointers of the

great Bear. _ s _ :

93 Noéurnals, which are a Projettion of the Sphere, fuch as Planifpheres,
Hemifpheres, &e.

04 Regtifiers for determining the Variation of the Compafs, in order to
retify the Ship’s Courfe.

95 Plane Scales. :
96 An Infirument for taking the Latitude of a Place at any Time of the
Day. May be cafily underftood, it immediately {hews the Lati-
Kk tude
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tude of the Place, and gives the Time of the Day at Sez, when
no other Inftrument will.
97 A Machine to meafure the Strength of the Wind.
98 A Machine to found the Depth of the Sea without a Line,
99 A Contrivance to fetch up Water from any Depth of the Sea,
100 Marire Barometers, for forctelling Storms at Sea.
101 Sinical Quadrants.
102 Telefeopes, Profpedts, and Spy-Glaffes,
103 Navigition Books, Gharts, &¢.

Inftruments for fhewing the Motion, Aitrattion,
- Weight, and Egwilibrio of Bodies, &c.

104 A Machine and Glafs- Planes for the Drop of Oil of Oranges.

105 Two Planes in a Frame to be fet in a Vellel of tingid Liquor.

106 Capillary Tubes and Apparatus. '

107 A Column with fliding Arms, additional Pieces, Nuts, Screws,
Hooks, Pullies, &. of & very ufeful, curions, and particular Con-
trivance, adapted to fupport a great Number of the Apparatus,
in which Pullies, Leavers, Ballances, Weights, Pendulums, &7c.
are ufed both in Mechanicks and Hydroftaticks.

108 A flrong Ballance graduated, for explaining the Properties of
Leavers, in which the Power, Refiffance, and Point of Sufpenfion

are moveable ; and may be readily placed in any given Proportions.
109 A Prifin with a Steel Edge.

110 Awis in Brafs Handles to illuftrate the Center of Gravity.

111 An Inftrument and Apparatus for 3 Leavers.
112 Compound Leavers.

113 An dxis in Peritrockio.

114 A double Cone, that runs up an inclin’d Plane, which is two Rulers,
fo difpos’d as to be inclined to each other, and to the Horizon,
which double Inclination may be varied as the Experiment re-
quires,

115 A Gylinder that runs wp an inclined Plane,

The two laft Machines prove, that a Body cannot remain at reft,
when its Center of Gravity is not lowermoft.

116 A Machine to demonttrate the Properties of an inclined Plane, fo
contrived, that its Inclination may be changed from an horizontal
Plane to that of a vertical one, and the aéting Power may be placed
in any given Direction,

117 A little Carriage, and its Appendages, for thewing the Adnuﬂgi

gres
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great Wheels have over little ones, and that in all Sorts of Roads,
as Clay, Gravel, Sand, Pavements, {Je. -

118 Machines for oblique Forces.

119 Blocks, or Sheaves of Pullies, after all the various Sorts of Combina-
tions and Conftruftions, curioufly framed, and turned in Brafs,
and running either on Steel Arbors, or Pivots, in which all poffi-
ble Care is taken to diminifh their Friction,

120 A Machine to explain the Nature and Properties of the #edge. In
which the Wedge is formed of two jointed Rulers, that may be
fet to any Inclination from each other, by which Means the Bafe of
the Wedge is varied, as may alfo its Force and Refiftance, by a
new and curious Contrivance.

121 A Colle@tion of feveral Wheels and Pinions, to fhew that either of
thefe act as Pullies, and their Proportions as Leavers.

122 A Model of Arebymedes’s Serew, the Effect of which becomes fenfible,
by the rifing of feveral little Balls thercin,

123 A Machine for explaining the Nature of the Watch-Spring and Fuffey.

124 An Inftrument to explain the Effe&ts of Friftion in Machines.

125 A Machine for fhewing the Accelleration of falling Bodies.

126 A firong Ballance, and its Appendages for the fame Ufes.

‘Thefe two laft Machines do not only fhew that Bodies are accel-
lerated by falling, but alfo makes the Laws of this Accelleration

. evident.

127 An Inftrument to illuftrate Motion and Pelocity.

128 A double Pendulum, mounted on a Trough, divided into two equal
Parts by aPartition, for fhewing the Proportions of re/ifing Medums.

129 An Inftrument for comparing the Swiftnefs of a Body falling in a Gy-
cloid, with that of another Body, down an inclined Plane.

130 Another Inftrument- for comparing the Defcent of two Bodies, from
any Part of an inverted Cyloid.

131 A Machine to thew the Direétion of a Body that is imprefled with a
perpendicular and horizontal Motion. -

132 Another Machine, by which is alfo fhewn' a Motion produced from
two Directions. _ 2 :

133 A Machine for {hewing the Line that a Body defcribes in falling,
after having received an-horizontal Direétion.

134 A Machine for thewing the Motion of a Bady, neglecting its proper
Weight, after having received by falling, a Direftion oblique to
the Horizon. ' :

As the Curve in Queftion depends upon the Obliquity of its
Dircttion, the Inftrument is conftruéted in fuch a Manner, that the
Degrees of its Qbliquity may be varied,: ' ;!

135.A Machine for explaining the Theory of central Forcesy contrived in
fuch a Manner, that its Fri®ion makes no fenfible Error: The
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Celerity and Bulk of the Bodies may be varied at Pleafure, Their
Times are thewn by Sound, and the Spaces run through by an
Index.

136 A Glafs Globe fixed to a double Axis, which may be whirl’d with
any Degree of Velocity, both in a wertical and horizontal Di-
rection.

With this Machine the Effeéts of central Forces may be feen
on Fluids of different fpecifick Gravities, when mixed together, or
on Solids which float therein.

137 A flexible Globe, or Sphere, whofe Poles are capable of being depref:
fed, on its being turned, by which Means the centrifugal Force
raifes the Equator, and reprefents the Form of an oblate Sphericd
to the Eye, which is the Figure attributed to the Earth from the
late Difcoveries.

138 A Machine for the Congrefs of Bodies, both elaltick and non-elaftick.
Its Parts are adapted in the moft convenient Manner, to facilitate
a Contalt whicE does not change the Direction of the Bodies,
whofe Solidities or Maffes are in known Proportions 5 the Points of
Sufpenfion are advantageoufly difpofed, and their Effe& made fen-
fible by an Index.

139 A Chronometer, or Inftrument to meafure fmall Spaces of Time,

140 A Macbine and Table for compound Motion, in which the Hammers
are fufpended in fuch a Manner, as to regulate the Quantity of
Motion, ecither by their Celerity or Weight.

141 A graduated dreh, and fuwinging Scale, for fhewing that a Body
thrown up perpendicular from any other Body in Motion, will fall
cza&clér on the fame Place, notwithftanding both the Bodies are
moved.

142 An Apparatus to ftrain Wires or Strings a-crofs a Room for Experi-
ments of the like Nature,

143 An Inftrument to explain the Force of Springs, 8c.

of a Prefs,
~of a Capftan.
of Cranes of various Sorts.
145, Models of Mr. Allen’s Crane at Bath.
of an Engine to drive Piles, £,
of an Engine to faw off the Tops of Piles under Water.

Many other Models of Machines, which are principally defigned
to explain the Application of fimple Machines, in thofe which are
combined, in all which Care is taken to leave thofe Places expos’d,
where the chief Motions are to be obferved,

146 An Inftrument to explain the Laws of Elafticity, on Springs and
Wires, &9¢,

147 Large
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147 Large Weights, for feveral Experiments.- -

148 Smaller éﬁfgbn, of a peculiar Shape, from half an Ounce to Six
Pounds,

149 A moveable Table for various Experiments, that may be rais’d or
lower’d.

150 A Pair of Scales for various Experiments.

Infiruments for Experiments on the Motion, Weight,
and Fguilibrio of Fluids,

151 Trough lin’d with Lead, and furnithed with a Cock ; for feve-
ral Hydroﬁ?lticnl Experiments. s

122 A Glafs Phial, with a folid Stopper, which in this State is heavi
? :har{ a like Bulk of Water. 1% ¥

153 Several Tubes bent in different Forms. :

154 'An Apparatus for proving how Fluids prefs againft the Bottom and
Sides of their containing Veflels, being compofed of feveral Vef-
fels, which may be fucceffively placed upon one common Bafe;
the Pifton, which is the Bottom hereof, is fo adjufted, as to caufe
no fenfible Error by its Friction, the Columns of the Fluid remain
always at the fame Height, and the Weights act in a uniform
Manner.

155 Hydroftatical Bellows.

156 A Glafs Tube with a Bladder fixed at one End.

157 A Glafs Bucket and wooden Cylinder,

158 An Hydroftatical Ballance of a commodious Structure.

159 An hollow Glafs Ball with a Cock to it, to prove that Water weighs
in Water. , .

160 Areameters, or Liquor Proofs, of Glafs,

161 Hydrometers of Brafs or Copper.

162 A Glafs Veffel for changing Water into Wine, and vice ver/d.

163 A Brafs cylindrical Veflel, with a Solid of the fame Size, to fhew
that Bodies plunged in Fluids become lighter.

164 A Glafs Veffel to be fufpended to the Arm of 2 Ballance, for Expe-
riments of the fame Kind.

165 Two Balls of the fame Weight, but of different fpecifick Gravity, to
be hung to the Arm of a Ballance, for fhewing, that what Bodies
lofe of their Weight, on being plunged into Water, is in Propor-
tion to their Bulk.

166 A Machine for thewing that a Body emerged in a Fluid, changes its
relative Weight, when the Bulk of the Fluid in which it is, is
either condenfed or rarified. i

167 A
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167 A Syphon, open at Top, to which may be fixed an exhaufting Sy-
ringe, mounted on a Frame with a graduated Scale, for compa-
ring the Denfities of two Fluids at the fame Time.

168 A cylindrical Glafs Veffel, and hollow Images.

169 Two cylindrical Glafs Veffels, mounted in a Frame, in which the
hollow Glafs Images may be moved by Compreffion, without be-
ing perceived by the Spectators.

170 A Model of the diving Bell and ﬁ'pgaratus.

171 A common Syphon, and others of different Forms.

172 A double Syphon.

173 A Syphon, whofe Arms are moveable by Means of a Knee-like
Joint.

174 A Zantalus Cup of feveral Fafthions.

175 Glafs Models of Sucking”) Pumps, (with or without Air - Veflels)
Forcing > which fhew the Reafons of Fire-Engines,
and Lifting \y playing with a continual Stream.
176 A Fountain of Command.
177 = Hiero,
178 Double.

179 A large Fountain by compreffed Air, with Variety of Jet d’Eaux, to
which alfo may be applied an Apparatus for fhewing the various
Curves that are made by Projectiles.

180 A Ballance to weigh Levity,

181 An Apparatus to make Lead fwim,

182 An Apparatus to make Cork fink.

183 A Column and Refervoir for [pouting Water, with Tubes that may be
inclined to any Angle Jet d’Eaux’s, &5¢.

184 Two tall cylindrical narrow Jars, and feveral folid Cylinders of diffe-

rent Woods, to fhew that they will fink differently according to
their {pecifick Gravities,

185 A Glafs-Bottle full of Holes.

186 Glafs Bubbles, which, on being immerged in Water, become fpecifi-
cally heavier, lighter, and of the fame fpecifick Gravity of the
Water fucceffively,

187" A Machine for thewing that Bodies emerged in Fluids, change their
relative Weight, and will fink or rife therein, as the Fluid in which
they are become more denfe or rarified.

This may be called an hydroftatical Thermometer.

188 Two Glafs Bubbles, one fwimming at the Top, and the other lying
at the Bottom of the Water in a Glafs Jar, fo contrived, that by
pouring in more Water, the Bubbles fhall change Place. 3

189 A Machine for fpouting Mercury, which fhews the various Parabola’s
that are made by Projetiles, and particularly the Truth of the fe-l

vera
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veral Rules in the Art of Gunnery, being conftructed in fuch a cu-

. rious Manner, that the Force may be varied as Occafion requires.

190 A peculiar Sort of Syhon, the Orifices of its two Legs being m the
{fame Line, and yer the Water will run out, and tho” the Orifices
be but in Part immerged, yet the Water will rife. This Machine
produces its Effeéts tho” continuing dry for a long Time, that
either of the Apertures being open’d, and the other remaining
fhut for Hours, or a whole Day, and then opened, the Water will
flow out, and will rife and fall indifferently in either Leg.

N. B. All,the Models of Pumps, Fountains, Syphons, &¢. are
made of Glafs, in which all the Parts of Attion may be eafily
feen.

Inftruments jfor Pneumatical Experiments.

191 Small fingle Barrel Air- Pump.

192 A large double Barrel ftanding, or tall Air Pump and Apparatus.

193 A double Barrel Table Air-Pump, which is the moft ufeful of any,
with a large Apparatus. :

194 A Machine particularly applicable to the double Barrel Table Air-Pump,
for whirling Bodies in Vacuo, of a new Contrivance, by which all
the eleCtrical Experiments on whirling Globes, cither exhaufted of
their Air, or not, may be repeated.

195 An Apparatus for the Experiments of Fire in Vacuo.

196 An Apparatus for the Experiments on Eleétricity in Vacuo.

197 A 30rtment of neceffary Things for Experiments on Eletricity in

acuo.

198 A very tall Receiver compofed of feveral Pieces, with a curious Ma-
chine at Top, by which Experiments on falling Bodies may be five
Times repeated in Vacuum, when the Air is only once exhaufted.

199 A double Transferer for communicating a Vacuum from one Re-
ceiver to another.

200 Two Brafs Hemipheres, with a Stop-Cock and Rings.

201 A Bottle with a Jet d’Eaux, and a long Tube with a Receiver, for
fhewing that a {mall Quantity of included Air, prefles equally with
the whole correfpondent Column of the Atmofphere.

202 A Glafs with a wooden Veffel at its Top, to prove the Porofity of Ve-
getables.

203 A proper Veflel for proving the Skins of Animals are porous, and that
an abortive Skin 1s not fo.

204 A
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204 A Machine to fhew that denfe Air will drive a yielding Solid into 2
Space occupied by rarer Air.

205 A Machine to ftrike two Hammers againft a Bell in Vacuo, and
compreflea Air.

206 A Machine of a new Contrivance for making Experiments in com-
prefled Air, and Apparatus thereto belonging,

207 An injecting Syringe.

208 A Wind-Gun, with a condenfing Syringe in its Stock, having a Ma-
gazine of fix Balls, from which one Ball at a Time may be put
into the Barrel, without letting the Air efcape, and once charging
it with Air is fufficient for the Difcharge of all the Balls,

209 Capillary Tubes of various Sizes.

210 An Apparatus for the Mercurial Phofpbori.

211 An Eolipile.

212 An Eolipile on a Carriage.

A folid Globe to be heated, and a Frame to receive the fame..

213 YThermometers, for ¢ of Spirits of Wine,

214 |meafuring the In-\ by Sirlfaac Newton’s; Spirits,
215 pereafe,andDecreafe by Farenbeit's, Standard, } Oyl,
216 \of the Heat  and by Reaumer’s. either of or
217JCold of the Air,{ by D’Lifle’s, &c. Mercury.

218 Monf. Azon’s Apparatus, for determining that it is the Air’s Preffure
which raifes the Mercury in the Barometer.

219 Diagonal

220 Stagnant

221 Portable Barometers.

222 Marine -

223 Dr. Moreland’s Scatical

224 Mr. Cafwell’s Barofcope.

225 An Apparatus for an artificial Storm. :

226 An Apparatus for the Explofion of Gun-powder in Vacuo,

227 A Pyrometer of a new and curious Contrivance, for meafuring the
Expanfion of Metals,

Optical Inftruments.

228  (Peflacles ground on Brafs Tools, fet in Silver, Tortoifefhell,
Horn, &,

229 Reading-Glaffes, fetin Variety of curious Frames.

230 Concaves for Myopes, or fhort-fighted Perfons,

231 Profpef?-Glaffes of all Lengths.

232 Opera Glaffes.

233 Diagonal Profpeits.
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234 Telefeopes of all Lengths. .
235 Newtonian refletting Telefcopes }Thc Speculums of which are finithed

236 Gregorian reflecting Zelefcopes
237 Microfecopes, Wilfon's

238 ————— Opake

239 ———— Double

240 —  Adams’s new invented Univerfa] One. And,

241+ =————— folar Apparatus to do.

242 Camera obfenra of various Sorts. _ 50

243 Camera obfcura, of a peculiar Contrivance, by which the Images of

with the greateft Care,

eéxternal Objets, are exhibited diftinétly on a Sheet of Paper, each.

cloathed in their native Colours, perfeitly like their Objeéts ; and

at the fame Time all their Motions are exprefled, which laftnoother

Art can imitate. By Means of this Inftrument, a Perfon unac-
quainted with Drawing, will be able to delifieate Objeéts, to the
laft Accuracy and Juftice ; and another wellvers’d in Painting, will
find many Things herein to perféct his Art. A

Inftruments for Experiments on Lights and Colours.

244 AN Heligflata, or Machine for dire&ting the Sun’s Rays into a
dark Chamber, which of itfelf dire@s the Mirrour in a proper
Manner, to caft the Rays in the fame Line for feveral Hours

 *_ together. - - .

245" A Machine for fhewing Experiments on the Attraction and Repul-
fion of the Rays of Light. Several Machines for Experiments on
the Laws of the Refractions of the Rays of Light, viz.

246 Boxes with Glafs Sides,

247 A wooden Box with {liding Sides, and changeable Ends.

248 Boxes, with Segments of Spheres, fixed in their Sides,

249 A folid Glafs Cube. [ 4

250 A particular Stand to manage thefe Boxes upon, by which they may
Ec rais’d, deprefled, or turn’d round at Pleafure.

251 An artificial Eye, furnithed with Lens’s of different Foci or Ages,
to fhew the Reafons how Glaffes help decayed Sights and Myapes.

252 A Semicircle and Prifm, with Glafs Sides to determine the Angles of
Refraétion.

253 Three Prifmatick Boxes. |

254 Solid Glals Prifims, mounted on Feet, by which Means they may be
raifed, depreffed, inclined, or turned upon their Axis.

255 Other Prifins, mounted on a vertical Fogy, which may be raifed, or
deprefled, and turned upon their Axis, :

Ll 256 Prifms
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256 Prifins of folid Glafs not mounted. : AT g

257 A Plane metalline Speculum, mounted on a Foor that may be rais’d, de-
prefled, inclined, or turned round at Pleafure. 0 T

258 A plain Glafs Mirrour, mounted in the fame Manner.

259 Several Glafs Lens’s, mounted in Frames, on Feet. - -

260 An Inftrument to open a Paflage for the Sun’s Rays, with Heles of
different Sizes.

261 A large double Contvex Lens compofed of two Segments, and mounted
on a Foot for Experiments, on-the Refraétion of different coloured

Liquors. .
262 A large Paper Screen for Experimenits ‘on the Priftns, and the Solar

Microfcope.
263 Concave .
o v Mirrours of all Sizes.
265 gyﬂmfa'r, :
266 ’ omes, ; . ;
i Metalline Pyrawils; with deformed Pictures,
268 Od&agons,

269 PiGures for a pyramidical GlaG.. .

270 Magick Lanthorns,

271 Pittures to Ditto.

272 Hollow Prifins that may be exhaufted.

273 An Inftrument to determine the Refraction of Fluids.

Inflruments, &c. for Experiments on Flericity, &

274 Atural armed Load- Stomes.

275 Artificial Loadftones.

276 Alil;:x of Filings, and Bits of Irom Wires, little Iron Balls, and Cy-
inders.

277 A Trough with enamelled Swans and Frogs.

278 An Iron Rod.

279 A polifhed Iron Blade.

280 A Compafs Dial.

281 A long Needle in an oblong Box.

282 A Sea-Compafs.

283 Several Steel Needles touched on the Load-ftone.

284 A large Glafs Tube, open at both Ends.

285 Another that may be exhaufted.

286 A Glafs Globe for whirling

[}
*

287 Another that may be exhaufted and applied to the whirling Machine.
288 Glafs Plates. '
%, 289 Se-
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289 Several little Stands.

290 A folid Stick of Sealing-Wax, of a proper Length and Diameter.

291 A Tube of Ditto,

292 A Stick of Brimftone.

293 A Cone of Ditto, cover’d with a Glafs.

294 A little Amber Ball, and another of Coral.

295 Several little Ivory Cups.

296 A Metal Pyramid for the Communication of Eletricity.

297 A Sufpendor furnifhed with Ribbands of different Colours.

298 A Rofin Cake.

299 A Cake of Rofin and Gum Lac, :

300 A Sufpendor furnifhed with Silk Lines for communicating Eleétricity
to living Bodies. _

gor A very long Packthread String, with Balls for communicating Elec-
tricity a great Way.

302 Silken Lines for the fame Purpofe.

All the Apparatus neceffary to perform eleétrical Experiments,

as well in the open Air, as in Vacuum, are, if defired, carefully
difpofed in one Box to maké them portable.

Inflruments jfor Aftronomy, Geography, &c.

g03 (Lobes, celgftial and terrefirial, of all Sizes, neatly fitted up, viz.
of 3, 9, 12, 17, and 28 Inches Diameter, from the lateft Ob-
fervations.

304 Globes, fitted up in fuch a Manner, that the Poles of the diurnal Mo-
tion in a celeftial Globe, pas in a Circle round the Poles of the
Ecliptick, and ferve the Purpofes of Chronology and Hiftory for
Times paft, and will alfo anfwer the fameThings for any fucceeding
Times to come; by which Means a View of the Heaven is obtained
fuitable to every Period, and will anfwer the antient Defcriptions,

" as Eudoxus, who is fuppofed to have borrowed his from the moft
early Obfervations, and of Hipparchus, &c. Nor can any Contri-
trivance better enable the meaneft Reader to judge of the Merits
of the Controverfy about the Argonautick Expedition, as far as it
depends on this, for it will verify to the Sight, the Place of the
Colures, ¢, atany Time. By this Contrivance the celeftial Globe
may be fo adjufted, asto exhibit not only the Rifings and Settings
of the Stars in all Ages, and Latitudes, but the other Phaznomena,
likewife, that depend upon the Motion of the diurnal Axis round
the annual ones,

305 Armillary Spheres of any Size.

Llz 306 Large
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306 Large Afironomical Quadrants, fitted with a Telefcope for taking the
Declination of the Sun, Moon,.and Stars; in the Meridian.

30y Tranfit Infiruments, for determining their right Afcenfions,

308 Portable Aftronomical Quadrants, that have both'a true horizontal and
vertical Motion, for obferving the Altitudes of the Sun or Stars
in any Pofition, with which (having a good portable Pendulum)
the Meridian and Latitude of the Place will be readily determined ;
which may be iof great Ufe-on the Sea-Coaft, and in the Surveys
of Countries. ' A

309 Equal Altitude Infiruments for obferving Stars of equal Heights, with
which having a good portable Pendulum, the Meridian and Lati-
tude of 4 Place may be very accurately found,

310 Zelefeopes, fitted with a Micrometer for obferving the apparent Mag-

' nitudes of the Sun, Moon, and Planets, with the Apulfes-of ‘the
Moon and Planets to the fixed Stars, _

311 Mr. Gray’s Inftrument for drawing‘a Meridian Line and Telefcope
for obferving the Time of the Night by the Pole Star.

312 Heligfeopes, or Inftruments for obferving the Spots in the Sun,

313 Parrallactick Telefcopes, '

314 An Aftronomical Seftor, which is a very commodious and accurate In-
ftrument, for taking fuch Differences of right Afcenfion and De-
clination, as are too large to be obferved thro® a fixed Telefcope,
being very ufeful for obferving the Places of the Planets or Comers
when they are near any known Star, .

315 Meridian Telefcopes for correcting the Motion of a Clock or Warch,
and finding the afcenfional Differences of any Objeéts in the Hea-
vens, by taking the Times of their Tranfits over the crofs Hairs.
The Differences of Declination of two fuch Objects as will pafs over
the Apertures of the Telefcope, may be alfo found.

316 Large double Infiruments, containing two chief Parts conneted toge-
ther, having four feveral Motions, all moved by Rack Work,
1. A circular Motion to fhew all horizontal Angles, 2. A Se-
micircular vertical Motion. 3. A circular equino€tial Motion, or
for any Place at right Angles to the Vertical. 4. A Motion thro’ a
double Sextant, at right Angles to the Third, that has a refratting
Telefcope fixed to it. By this Inftrument, all Angles, either ho-
rizontal, or of Elevation or Depreflion, the Azimuth and Alti-
tude of any Star, the Meridian and Latitude of the Place, with
the Hour of the Day and Nighe, are directly given ; alfo the right
Afcenfion and Declination of the Moon, a Planet, Comet, or any
Star, at one Obfervation ; which, if a Comet of quick Motion

fhould appear, may be repeated every five or fix Minutes, and
thereby its Path well known. -

317 A
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217 A new Univerfal Sun Dial; having all the abovefaid four Motions
but performed in a different Manner, with a particular and curious
Contrivance for finding the Time of the Day, within a few Se-
conds of Time.

318 Horizental Sun Dials of all Sizes and Sorts, for Pedeftals in Gardens,
or elfewhere.

319 Portable Sun Dials of various Kinds.

320 Gnomonick Polybedrons, with feveral Faces, whereon various Kinds
of Dials are projected ; of this Sort, that in the Privy-Garden,
Londm, now gone to Ruin, was antiently the finelt in the World.

321 Sutton’s or Collins’s Quadrants.

322 Gunter's Quadrants, &c.

323 Two Hemifpheres, projected on the Plane of the Ecliptick, contain- .

ing all the Stars in Mr. Flamftead’s Catalogue.

324 Two Hemifpberes on .the Plane of the Equator, fhewing the right
Afcenfion and Declination of the Stars in the fame Catalogue.

325 The Zodiack, containing all the Stars in_ the Way of the Planets,
with Dr. Halley’s Method for finding the Longitude at Sea.

326 Planifpheres, or Projections of the celeftial Sphere, upon the feveral
Planes, viz. that of Prolemy, where the Plane of the Projection is
parallel to the Equator; that of Gemma Frifius, where the Plane
of Projection is the Colure, or folftitial Meridian ; that of Fobn
de Royas, or Annelemma, whofe Plane of Projetion is a Meridian,
and Place of the Eye in the Axis of that Meridian, at an infinite
Diftance ; that of M. de Ja Hire, the Plane of which Projetion is
alfo a Meridian, and Place of the Eye in that Point where the Divi-
fions of the Circles projected are fenfibly equal. -

327 Orreries," or Planetariums, of about 12 Inches Diameter, which thew
the Motion of the Earth and Moon about the Sun.

Orreries, about two Foot Diameter, which fhew the Motion of
the Earth and Moon together, with the Inclination of the Moon’s
Orbit, the Retrogradation of the Nodes. The annual and diurnal
Motions of the Earth, and Motion of the Sun round his Axis, €c.

328 A Planetarium, about two Foot Diameter, with all the Motions of
the laft Number, and the Addition of the two inferior Planets Mer-
cury and Penus, the former having its annual, and the latter both
its annual and diurnal Motions. By this Inftrument the Situations
of the Planets, with Refpect to the Earth at different Times, as they
appear direct ftationary or recrogadé, are plainly vifible, as is alfo
the Eclipfes of the Sun and Moon, and the Viciffitudes of the
Seafons, .

329 A Planetarium, of two Feet and an half Diameter, with. all the
Properties of the two foregoing Numbers, and the Addition of

the
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the three fuperior Planets, Mars, Fupiter, and Saturn, with their
annual Motions.

330 A Planetarium of about three Feet and an half Diameter, hand-
fomely ornamented, containing all the Particulars of the three
foregoing Numbers, and the Addition of the diurnal Motions of
Mars, and Fupiter, together with the Motions of all the fecondary
Planets round their refpective Primaries in their proper Periods,
&e.

All thefe Planetary Machines are fo conftruted, as to render all
the Phalzarlmmena (they are intended to demonttrate) very eafy and
intelligible.

331 The fangmus Glafs Sphere of the Reverend and Learned Dr. Long’s

v Invention, which exhibits at one View both the real and apparent
Motion of the Heavens.

332 The Uranium invented by the Reverend Dr. Long,

333 Apronomical Clocks, or Regulators carefully performed.

334 A particularly new and curious Machine, containing a2 Movement
which plays cither an Organ, or Harpfichord, (or both if de-
fired) in a mafterly Manner; fhews the exa& Time of the
Day and Night, and fets a going a tranfparent Firmament,
which exhibits the apparent rifing, fouthing, and fetting of the Sun,
Moon, and Stars, their right Afcenfions, Declinations, Altitudes,
and Amplitudes, &. the Times of their Appearance and Difap-
pearance to an Inhabitant on any Part of the terraqueous Globe,
the Place of the Sun and Moon in the Zodiack, and amongit the
fixed Stars, whereby the cofmical, heliacal, and achronical Rifings
and Settings thereof, are eafily difcover’d, and the natural apparent
Face of the Heavens, at all Times of the Day and Night, and
that in any particular Part of the World, and many other Obfer-
vables of the Earth, £&¢. In fhort, it is 2 moft beautitul, inftruétive,
and ornamental Piece of Furniture, not unworthy the grandeft
Apartment in any Gentleman’s or Nobleman’s Houfe.

335 A CosmorHronrion, or Machine, of a new Invention, which at pre-
fent is without a Parallel,

It is about four Feet and a half Diameter, ftanding upon a Pe-
deftal of curious Workmanthip.

In its Center the Sun is feen to perform a Revolution about its
own Axis in 25 Days, its Axis being at the fame Time inclined
to the Plane of the Ecliptick, in an Angle of 665 Degrees. The
other Planets, move round it, in which Motion, particular Re-
gard is had both to their proportionable Diftances and Eccentrici-
ties, as well as to their refpective Inclination in the Plane of the
Ecliptick, Their proportionable Times and Magnitudes are like-
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wife remarked; (according to the Syftem generally received a-
mong Aftronomers) and the Planets themlelves are furround-
ed by a tranfparent Firmament, whereon the feveral Con-
ftellations are delineated, by which Means the Variety of Afpetts
the Planets appear under to a Spetator in either of them,
with Refpeét to their Motions and Situations amongft the fixed
Stars, are plainly feen, fometimes dire&, fometimes ftationary,
and at other Times retrogade. The Earth (on which the princi-
pal Kingdoms are defcribed, is accomﬁanicd by a natural Horizon,
and a reprefentative Inhabitant, which may be fer to any Lati-
tude) makes its Revolution in the Plane of the Ecliptick. Befides
its diurnal Motion about its Axis, its Axis remaining parallel to
that of the World, fhews the Caufes of Day and Night, and the!
Mutations of the Seafons. Round this Globe revolves the Moon,
in an inclined eliptick Orbit (in one of whofe Foci the Earth is

laced) the Apﬁcﬁ:s of which advance and recede every Lunation,
?o as to perform a Motion in Confequentia in its proper Period,
whillt the Nodes move round in Antecedentia. The Eccentri-
city of this eliptick Orbit, is continually changing into a new Curve,.
and its Latitudes both northern and fouthern are fully fhewn. It
alfo fhews the periodical and fynodical Month, the feveral
Phafes of the Moon, her Age, and Place in the Zodiack, which
gives a clear Idea of the Manner in which lunar Eclipfes are occa-
fioned, and may be very ingenioufly demonftrated. The Tides
are alfo accounted for in a very intelligible Manner, and as the
Obfervations of the Eclipfes of Jupiter’s Satellites is of great Ufe
in Aftronomy, a particular Regard hath been had to conftruct
their Motion in inclined Planes, as well as thofe of the Satellites
of Saturn and their Diftances, Magnitudes, and true Periods,
are alfo thewn, together with their Immerfions into, and Emmer-
fions out of the Shadow of their refpetive Primary. A Celidogra-

hy of ¥enus is alfo exhibited.

All the Planetary Bodies are put in Motion at once, and the
Movement that fets them a going, is regular, and eafy, and ca-
pable of being continued for a *\.n:ril confiderable Time. In fhort
the Contrivance of the whole Machine is fuch, that all the Pro-
blems of Aftronomy, Geography, &F¢. (the Phyficks excepted)
may be cither explain’d or illuftrated by it. -
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