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LN R ODVCT O N

$ H L Study of Nature, or in other I oras,
/| a ferious Contemplation of the Works of
e God, is certainly one of the moft pleafing
Vo8 and ufeful, as well as moft extenfrve Kinds
SSGIEMe of Knowledge. It is indeed the great, and
pmp&r Oéjeﬂ of our rational Faculties; for furely we can-
not employ our Reafon bettery than in endeavouring to
make our[elves acquainted isd the glorious Works of that
Being, to whofe Goodnefs we owe it.

Natural Philofophy is now [o greatly improv'd in all its
Jeveral Branches, that few Perfons, who bave had the
Happine[s of a liberal Education, are wholly unacquaint-
ed with the Value of it. But flill the Generality of Man-
kind are guilty of one very great Miflake, forthey are apt
10 form an abfolute Judgment of the Works of Nature,
Jrom ourward Appearances only; and fo imagine, that the

70ft grand and magnificent Parts of the Creation, are
always
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always moft perfect, and for that Reaforn moft worthy of
our Regard. The Splendour of the Sun is vifible to
every Eye, and we need only look upwards in order 1o
be convinced, that nothing lefs than infinite Power and
Wifdom, could firft create the Univerfe. What, but
an Almighty Hand, could raife Sfuch a glorious Canopy
as that of the Heavens, [o richly adorned with Stars?
Or firetch out fuch a fpacious Area, as this terragueous
Globe on which we tread, and fail; and which is Sfur-
nifl’d with every Thing that is neceflary for our Sup-
port or Happinefs? And indeed thefe great Truths are
Jo wery obvious to the lyweft Capacities, that few Per-

Jons pretend to difpute them s but then i muft likewife

be own'dy that Men are generally apt to confine their

Attention to the moft [bining Parts of Philofophy, and
Jo treat every Thing elfe with C volnefs and Indifference,
and even fome Degree of Contempt. But Jurely a true
Philofopher is one, who diligently purfues the Study of
Nature, in all its feveral Branches; - who can bebold
with Admiration her nobleft Produttions, and yet view
with Pleafure the Smalleft of her W orks; in fbort
one, who thinks every thing excellent, that owes its
Formation to her filful Hand.  Nor ‘is this g forced
and imaginary Defcription, but a real Charaer; and
we need only take g tranfient View of fome of thofe Crea-
tures, with which all Parts of the Earth are Jfo plenti-

Jully flored, in order to be comvinced of the Juftnefs of

it. For whether we regard their Elegance, and Beauty 5
or confider their Fitnefs to anfwer thofe Purpofes, for

which they were defigned 5 in both thefe Refpeéts we Shall
find,
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findy vhat the fmalleft Creatures are perfect in  their
Kind, and carry about them as flrong Marks of infinite
Wildom and Power, as the greateft. How many cu-
rious Animals inhabit the Air, and what Numbers tra-
verfe the deep Waters. The whole Earth is full of Life;
there not being a fingle Tree, Plant, or Flower, but
what affords Food and Shelter to a Species of Inbhabi-
tants peculiar to itfelf. And then if we call in the Af-
[fiffance 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 Clofene(s and

Attention, we fhall foon difcover their divine Original.
We [hall then [urvey with Admiration the wonderful
Art and Mechanifm of their Strufture 5 wherein fuch a
WNumber of Vellels, Fluids, and Movements, are colleé?-
ed into a fingle Point 5 and That often invifible to the
naked Eye. What a Profufion of the richeft Ornaments,
and gayeft Colours, are frequently beftowed wpon one lit-
tle Infet; and yet there are Millions of others, that are
as beautiful and wonderful in their Kind. Some are
covered with [bining Coats of Mail; others adorned with
Plumesof Feathersy, and all compleatly furnifly dwith thofe
Weapons, that are moft proper for defending themfelves,
as well as attacking their Enemies. In fbort, the more
we enguire into Nature, the more excellent fbe appears,
and we [ball 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 Meannefs in

any



6 INTRODUCTION,
any of her Produttions; fome indeed may be more grand,

and happen to [lrike our Senfes more Srrongly than others,

but all are perfeft in the highef? 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 5 and if all thofe
Works, though different in Degrees of Splendour, are
Sl perfelt it is hoped, that an humble Attempt  to
improve, and encourage the Study of any Branch of Na-
tural Philofophy, will not be unacceptable to the Publickh.
And fince the Knowledge of the Microfcope has always
been look’d upon as no mconfiderable Branch of Natural
Pbhilofophy, and as thar Pars of it has more particularly
Jallen within the Compafs of the Authors Studies, he
has ventured to make it the Subjeét of the fc:rf!awf?zg Trea-
tife; a Subjetl, which bas fo often employ’'d the moff
learned Men, that it can hardly ffand in Need of an A-
pology for the Choice of it.

Having [aid thus much with Regard to the Science, I

Jhall now beg Leave to fay Jomething of the Infrument
i2felf 5 and then make Hafle to acquaint the Reader with
what he is to expelt in the Jollowing Sheets.

The Microfcope is an Inflrument fo curious and enter-
taining, and fo generally eficemed amongf} the learned
Part of the World, that one great Reafon of its being [o
much difregarded by Men of Leifure and Fortune, muf} be
owing to the Difficulty of ufing fome of thofe, which have been
hitherto invented. Befides, many Perfons have neglefled
the Microfcope, from an Apprebenfion, that a good De-
gree of Knowledge in Qpticks would be necellary to their
Underflanding even the experimental Part of it ; where-

as
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as nothing more is really required, than good Eyes; good
Glaffes, and a well-confbrulted Infirument ; withthefe Helps,
a common Underflanding, and a little Pratlice, will be
Sufficient %o carry wus through this Branch of Natural
Philofophy.

Others, again, have confider'd the Microfcope as an
Inflrument, which is perhaps 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 ity than
the Inflrument 5 and therefore does not feem to deferve
the Ceremony of an Anfwer. Some alfo have laid afide
the Microfcope, after a little Ulfe, merely from a W ant
of knowing whar Qbjells to examine, and where to find
them; as well as bhow to prepare and apply them.

1 hope the Reader will find, that I have, in fome
Meafure, furmounted all thefe Difficulties. For, firfs,
1 have given a clear and accurate Defcription of my new
snvented Univerfal Microfcope; which comprebends all
2he feveral Ules of other Microfcopes, in one Apparatus
a Circumflance that deferves a very particular Confide-
ration. For Microfcopes have been generally conflrutted
Jo, as chiefly to excel in a fingle Inflances [ome having
been adapted for viewing Opake, and others for Tran/pa-
rent Qbjects; but none capable of [bewing both in the
Jame exalt Manner. I have therefore endeavoured to
contrive my Univerfal Microfcope fo, as to render it ca-
pable of doing every Thing that can be expetted from fuch
a Kind of Inflrument. I have likewile [hewn how it
may be applied to an improved Solar Apparatus; in

which Application of it, there is a particular Contri-
vance
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vance for confining Frogs, Mice, Bats; &c; sy ‘order
to view the Circulation of the Blood in the Mefentery,
and other Parts of thofe Animals. | RO
WNext I have proceeded to give a Defeription of all the
different Sorts ;f modern Microfcopes, that have heen hi-
therto invented;  [o that any Gentleman, who s willi g
to. purchafe, may readily comprehend their [everal Ules,
and by comparing them. together, be enabled ts form n
true Judgment of their ¥ alue. TR DR AR
1 come now to acguaint the Reader with what he is to
expect in the following Sheets, and this 1 fball do'in a
very few I ords. G PO R D GRS, BER
And bere I muft be fo ingenuous as to confefs, ‘that
my Book contains rather a faithful Colletion of ‘every
Thing that has bitherto been mention'd by the beft W riters
upon Microfeopes, vhan Matters of -my swn’ Ingention,
However, I can truly fay, that my fincere Endeavours
have not been wanting, in order to range thefe Materials
under their proper Heads, as well as 1o enlarge tpon
them, where it was reguifite, in the moft plain and in-
telligible Manner. I bhave likewife attempted a Tranfla-
tion of two very valuable Pieces 5 the one contaming Mr.
JoBLOT's Obfervations upon the Animalcula,: that are
Sfound in many different Sorts of Infufrons s the other Mr.
TREMBLEY s Aecouns of the frefb Water Polype ;' nei-
ther of which, I believe; bas hitherto appeared -in our
Language. | W SR
As to the Copper-Plates, I have taken particular Care
to have them copied from exceeding good Drawings, and'
then engraved in the very beft Manners and 2 order to
prevents as much as poffible; any Inacciraey, I ahways

obferved




“INTRODUGTION. 9

obferved the following Method & When I bad a Mind to
- make @ Drawing of any Objelty. I placed 3¢ in iy Uni-
verfal Microfcope, and applied it. to an improved Silar
Apparatuss by which - Means the Objest was throwsn up-
on @ large Sheet of white Paper, and magnified ro @ De-
greey that cannot be conceived by thofey. who have never
Seen the Experiment. I then took iy Pentil, and weini sver
every Line of the Qbject, with' all imaginable Gare and
Exaltnefs, "#ill I bhad. finifhed a compleat Drawing. of it
and this being fixed in the Camera Oeﬁ/ﬁ:;;m and, o re-
dutedy  according .to the ﬂrfﬂéﬂ Rules of Perfpetiive, to
a S:zg praper for my Book, I drew from it the Pattérn,
which was fent to my Eﬁgﬁmem nd. indeed. I -bave
been ﬁ extreamly - careful with Rs#eéf to. the Gopper-
Plates,- that no Ex"be;#zc‘e bhas been. wanting, in order to
their being engraved in.the very beft Mapner. . It is far
this Reafon that I am- obliged - to raije  the Price of vy
Book rmuch-bigher, than 1 ever intendeds or even defired;
Esmewr as it is not-a Matter of Ghoice; but abfolute
Weceffity, I hope the Publick will be Jo indulgent, as to
take it into their Confideration.

As my Microfcope has had the good Fortune to meet
with a favourable RE-‘S‘B_P;‘:Q?I f?‘ﬂ?ﬁ many Gentlemen of Di-
Sfinétion and Learning in ENGE®ND, as well as [eve-
ral Parts of BUROPE ;3 I thought. mﬁmmmm Defcrip-
tion of it would not be d ifagrecable’ 2o 2thofe, who had
been pleafed to honour me with. Ibﬂr G@fom This was

my fole Intention in [itting down fo wyite, bur 1 quickly
fazzﬁd myfelf engaged siich deeper’ Win.cr Jirft I defign-
ed 5 and at length began to believe, that o Cz?!z'f.&m;z of
the moft valuable Materials that could be met with i’;ﬂ
q ibe
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the beft Writers wupon Microfcopes, might perbaps by
pleafing, aswell as uleful to ihe Publich, I was grearty
affijted in this Undertahing, by beéing allowed 4 Jree Ay
cefs ta one of the Sineff Libraries in BExc LAND, delong-
ng to a noble Perfonage, whofe Wame I am nor permiz-
ted to mention, but whofe Goodnefs wupor this, and all o-
ther Occafions, I fhall conflantly acknowledoe with the
bigheft Refpe? and Gratitude. [ fball only add, thar I
bave neither fo much Ambition, nor V. anity, as to pre-
Sume to reckon m 1felf among the Number of thofe learsn-
ed Men, who bave wroze upon _this Subjest, My Pro-
Selfion indeed muf? neceffarily afford we 4 good deal of
Infight into Jeveral Brfmméa.r ?‘ Narural Pﬁﬂcfﬂp&_y, and
1 cannot reproach myfelf wir baving wilfully neglelted
any Opportunity o Immprovement, bur ST am Sfudlly
Jenfible,. that my Book muft have many Defelts bowever,
I rely wvery much upon the Candour of the Reader, amd
fo fball beg Leave, withour Jarther Ceremony, 1o throw
my Mite into the publick Treafury. '

I'HE
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Containing the Defcription and Ule of @ New Uni-
verfal Single Microfcope, invented, made and
Jold by GeorGE Apams, af Tycho Brahe's
Head, in Fleet-Street, .LoNDON.

7¢s| Portable and Univerfal, thatis to fay, OxE onLY Inffru-
| ==l ment, by which all Sorts of minute Objects might be ob-
idfaes ferv’d,

I fhall here prefent the Reader with a Defcription of
One, which comprehends all the wifh’d-for Advantages, becaufe it con-
tains a [ufficient (tho’ fmall, yet all that’s neceffary) Apparatus, to perform
the Effets of all the various Sorts of Microfcopes, (and fome of them very
elaborate 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
erawl upon the Earth, Trees, Flowers, &¢. thofe which fly in the Air,
and the Animalcula that fwim in prepared Liquors, and in thofe which
have had no Preparation ; it may alfo be very advantagioufly employed in
examining the Circulation of the Blood, &. in the Infide of larger Ani-
mals, and likewife in the Difcoveries of the minute Particles of Minerals,
Plants, £7¢. wherein may be perceived what amazing and ftupendious Con-
trivances, exact and perfeétly 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 beflt Eyes deprived of this Affift-
ance of human Art,

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

Reprefented, as put together for Ufe in Fig, 1.

When it is firft taken out of its Box, the two Legs A, B, are to be
turn’d about upon the Joint C, till they make an equilateral Triangle m;i1 h

the




2 - New Univerfal

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

I, is an illuminating Glafs, for reflecting the Light of the Sky, the
Sun, or a Candle, upon the Objeét: 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 lealt Number being the greatelt Magnifier ; in
the Center, and on the Underfide of this Plate, is a fhort Cylinder, with
a {mall Steel Pin near the End of it.  This Cylnder 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 Magpnifiers may be turn’d round at Plea-
fure 3 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 refle€ting Speculum of Silver, or other Metal, highly polithed ;
which when an opake Object 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 Obje& next the Eye; which will then be fo {trongly illuminated,
as to be examined with Eafe and Pleafure,

This removes the Inconvenience of having the dark Side of an Object
next the Eye, that having been hitherto an unfurmountable Obftruétion
to the making Obfervations on opake Objects, with any confiderable De-

ree of Exaétnefs. For in all other modern Contrivances generally known,
when a large Magpifier is ufed, the Nearnefs of the Inftrument to the Ob-
ject, unavoidably overfhadows it fo much, that its Appearance is render’d
obfcure and indiftin¢t ; although many Ways have been tried to throw
Light upon an Obje& from the Sun, the Sky, or a Candle, by a Con-
vex Lens, placed on the Side thereof, yet this refratted 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& placed be-
tween the Object carrying Plate I, and Springs b, is readily raigd or de-
prefled ; until it is brought into the exaét Focus of the Magnifier.

I, 2, 3, 4> 5, 6, are Marks on the Pillar E, to fhew the refpective
Diftances of the Object from the Magnifiers, according as each Glafs

magnifies more or lefs, — For Inftance, if you ufe the sth Magniﬁifi
ﬁ [



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 exat Diftance from the Magnifier; 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 exactly to your Eye.

The Object carrying Plate I, and Steel Springs b, are capable of hold-
ing Ivory Sliders ; or other Contrivances of different Thickneffes, 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 fhould wear eafy.

The Plate numbered ¥ig. 2. reprefents the Apparatus belonging to the Uni-
verfal Single Microfcope, Fig. 1. and alfo to the Univerfal Double Micro-
feope, reprefemted by Fig. 3. Whereof,

a, b, f, Is a Contrivance to confine a {mall Fith, by putting its Tail
under a Spring on the Infide at ¢, and tying the Body of the Fifh to the
long Part 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 firlt opened to a proper Thick-
nefs to receive it,) in fuch a Manner, that the Hole e, under which the
Tail of the Fith is placed, may lie nearly under the Center of the Hole f,
in the Obje¢t carrying Plate I. In this Pofition, the Magnifiers may be
* all {ucceffively turned over the Obje¢t: And the Circulation of the Blood
examined from the leaft to the greateft 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, |‘P

R, is a Piece of Glafs to be placed as Occalion requires, either upon the
Surface of the Objet carrying Plate I, or between it and the Springs b ;
its Ufe is to hold any accidental Object 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, &e.

S, 5, A jointed Slider, containing two flat Glaffes, with Cavities funk
in them, defigned for confining any fmall Objeét without crufhing or de-
{troying it ; fuch as Aquatics, or any other live Infects, as Fleas, Buggs,
Lice, €5¢. 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 Objetts

between two Pieces of Muftovy Talcs, and is alfo to be applied bt:l:‘ﬂr’f'fﬁ
; 2 the
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the Object carrying Plate I, and Springs b, fee Fig. r, with the Ivory Slider
T, applied to 1. _

V with its Socket g, fliding Steel Bar h, Joint i, and its {pringing Tube
k, through which runs a Steel Wire; one End whereof terminates in a
fharp Point |, and the other hath a Pair of Plyers m, doldered to it: The
Jointi having a twotold Motion for the readily placing the Parts of an
opake Object before the Magnifier.

The Point or Plyers, are to be thruft into, or take up, and hold any
Infelt or Object ; either 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 Obje&
Plate I, with its Springs b and Slider K being firft removed,) it is repre-
fented as applied to the Microfcope at Figure 3.

W is a round Objet Plate, one Side black and the other white, for
rendring Objeéts 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 faft, and a hollow Pipe p flues from the Object
Plate which may be fcrew’d upon the fliding Wier’s Point 1. y is another
black and white Object-Plate, to be ftuck on the aforefaid Wires Point for
opake Objects,

X is a fmall Brafs Box, with a Joint at q and a Glafs on each Side, its
Ufe 1s to confine any living opake Obje@ for Examination. This Box
alfo hath a Pipe r, to fcrew over the End of the fliding Wite 1,

Y, a Pair of Plyers or Forceps, to take up any Object, and manage it
with Conveniency,

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

f, Is a feventh Magnifier, fet in Ivory, to be held in the Hand or laid
in the black Eye-piece Ny for viewing any large Objeét.

t, A little Hair-Brufh or Pencil, wherewith to wipe any Duft from off
the Glaffes, 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 firft 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 Magnifier.

The Microfcope being placed on a Table near the Window, dire¢t the
Mirrour ¥ towards the Sky, and then looking through the Eye-piece N
upon the Object, placed next under the Plate I, turn the illuminating Glafs

3 F,



Single Microfcope. $
F, fo about upon its Support H, and Joint v, till the Light is refleted
upwards to the Objett. :

If ic 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 diftinét 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
Bocy and Arms in adjufting the Objett to fit his Sight ; which is not only
very troublefome but tirefome too ; efpecially if it requires any confiderable
Attention.  YWhereas in this new univerfal Microfcope a leaning Pofture is
fufficient, and confequently the eafieft of all others for microfcopick Ob-
{ervations,

When an opake Object is to be view’d, place the refleGting Speculum O
exactly under the Eye-piece N; Fig. 1, and fix your Obje& either on the
Point of the Sliding Wire I, in the Plyers m, in the Brafs hollow Box X,
or on the Object 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 Obje¢t carrying
Plate being firlt removed. See Fig. 3. where this Apparatus is applied
to the Microfcope. The Microfcope being placed upon a Table near the
Window, diret the illuminating Glafs to the Light, {o 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 Afliftance
of the Steel Bar h, fliding in its Socket g, the Point and Plyers fliding in
their {pringing Socket k, together with the double Motion of the Joint i.
The Object may be turn’d about, rais’d or deprefs’d, brought nearer to
the Magnifier, or put farther from it, till you hit the true focal Di-
ftance, and the Light be reflected ftrongly on the Object from the Spe-
culum O. TheScrew P, will alfo greatly aftift in adjufting the Objeé&
to fit your Sight. In this Manner an opake Object will be thewn furpri-
zingly diftinét 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 infpect the feveral particular Parts,
by fucceflively turning the larger Magnifiers, under the Eye-Piece N, and
thereby gain a true Idea of the Whole and all its Parts. Altho’ the greateft
Magnpifiers can thew but a very fmall Portion of an Objelt at once: Yet
by gently moving the Slider that contains the Objet, 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 Stecl Bar h backwards or forwards in its Socker g, the Eye will ri'zgli:t—
arly
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larly furvey it all: And if any Part fhould be out of Diftance, it may be
ealily rectified by turning the Screw P, one Way or the other.

In uling the firk Magnifier in the Single Microfcope, the Objeét is re-
quir'd to be brought fo near the Glafs, as almoft to touch it 3 therefore par-
ticular Care muft be taken not to fcratch it by rubbing the Slider, €. againft
it; a few Turns of the Screw P will cafily prevent it, and give it Room.

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

CH AP 1L

Containing the Defcription and Ule of a New Uni-
verfal Double Microfcope, invented and made by
GeorGE Apams, @ Tycho Brahe's Head, in
Fleet-Street, .LoNDON.

H1S Microlcope is compofed of three double convex Lens’s, two
T 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 {col-
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 Glafies, as at g,
whereby the Trouble of fearching out for different Magnifiers is remaov’d.

The Body of the Microfcope is fupported by the Arm T, having a cir-
cular Collar, whereinto it may be fcrewed, or from whence it may be eafily
taken ; this Arm proceeds from the upper Part of the fiding Socket
T, .k

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 {quare
Bar R S, which is divided into as many Parts (1, 2, 3, 4, 5, 6.) as there
are Magnifiers 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 5. But as it is fearce exactly
enough determined this Way, the Objet may be brought nearer to, or
removed farther from the Magpnifier at Difcretion, by a Turn or two of
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 reflecting Speculum highly polithed, which muft be placed at
R, when an opake Object is to be viewed, on which a dire¢t Light becomes
refleéted from the aforefaid Speculom.

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, 1 thall refer the Reader to that for the Ufes thereof, and alfo for a De-
fcription of the Apparatus, which is exally the fame as that reprefented in
Fig. 2. and its Utes and Application to this Univerfal Double Microfcope,
the very fame as in the foregoing Univerfal Single One,

I have alfo adapted to cither of thefe two New Microlcopes, 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 Candle, firlt 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
Objects 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 is 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
perfect as poffible, hath engaged me to find out Methods, which might fully
fatsfy 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 Infets 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 reflecting Speculum O.

I have 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,
Glafles
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Glaffes S, S, Fig, 2. They may alfo be pinch’d by the Breach between the |
Nippers m of the Apparatus V, Fig, ». 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 Egegs, Lice of Birds, and the Infects which
infeft Pears, Apples, &, may be fixed upon the black and white Object-
Plate, with a litrle Gum-Water, if they are opake, or if tranfparent, they
may be ftuck to the Object-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 Structure and the Periftal-
tick Motion of their Bowels, &7,

All the other Sorts of little crawling Animals, which are fo very {mall
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-
pentne. (The Needle being firft made faft to the End of a fhort Bic of
Stick by Way of Handle to it) If you do but juft touch the Back or Side
of any one of thefe minute Anjmals therewith, ‘it will fick fo faft thereto,
4s 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 Magnifier,
either of Fig. 1, or 3. any Part of the Animal may be turn’d before the
microfcopick Lens, by twilting the Handle of the fewing Necedle, as you
find Occalion.

Hairs, Wings of Flies, fmall Feathers of Birds, €. are beft perceived,
and ealieft examined, when placed between two Mufcovy Talcs, in an
Ivory Slider,

All Sorts of inanimate Objedts, fuch as Grains of Sand, Seeds of Plants,
Farina of Flowers, €5, may be commodioufly examined, upon the Obje&t-
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 or y, and
apply them to the Microfcope, under the reﬂe&ing Speculum o.

To preferve any of thefe tranfparent Objeéts, place them in an Ivory
Slider, between two Mufeovy Talcs, and the opake ones being thinly
ftrewed upon fome of thofe Holly Slips of different Colours (hereafter de-
fcribed in Chap. 10.) the Slips being firft wetted with Gum-Warer.

In the Manner laft mentioned, Objetts of 2 larger Size may be pre-
ferved, fuch as the Heads and fealy Wings, ¢5., of curioufly colour’d
Flies, and may be conveniently placed before the Micrnfcope, by pinching
the End, or any other Part of the Slip between the Nippers m, of the Ap-
paratus V, Fig, 2,

To examine the Animalcula in Fluids, thruft the Point of an Hair Pen-

cil,
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Double Microfcope. 9

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 Veflel, that a little
of jt 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 fifh-
like Animalcula of different Sizes, Figures, and Motions.

I have already fhewn how to apply the Tail of a fmall Fith, and the
Foot of a Frog, -to the Fifh-Pan a, b, f, Fig. 2. in order to thew the Cir-
culation of the Blood. And fhall by and by explain another Methad
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&t 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 Dbtamﬂd with lefs Trouble, and confequently
more Satisfation to the Obfervcr

CHapP. 1L

| f the Imprafvfd Solar, or Camera Obfcura M:
cmycape

HIS moft furprifing Contrivance, is compofed of a Looking-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, in both the Figures, is a fquare Brafs P]ate 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 ]arge Hole, 4% Inches
Diameter, muft be cut in the Window-Shutter, which is fomewhat big-
ger than the Circle D D, 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.

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 narrower
Ring F, whofe Edge, which projects a little beyond the Hole, is turn’d

B nto



10 Improved Solar, Or

into a fhallow Groove a a, wherein runs a filken Line, which by twift-
ing round, and then crofiing over a Brafs Pulley G, performs an eafy
Motion for turning round the flat 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, i1s a fhort Tube of Brafs, which fits into the Foot D of the Univerfal
Microfcope, Fig. 1, or 3. the illuminating Glafs F, and the round Piece G,
being firft taken out to make Room for its Reception. The Tube K,
fits over another fhort Tube L, which is folder’d to 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 polifhed
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 Eind of the Screw O prefies, in order by fcrewing it to elevate the Glafs,
which 1s deprefled on its being difcharged; by the Force of a ftrong
Spring P, acting againft a Bracket, 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 colleét 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, theString 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 Roem muft be made as dark as
poflible ; for on the Darknefs of the Room, and the Brightnefs of the
Sun-fhine, you are to expect 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 convexLens 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
firft of thefe raifes or depreffes the Looking Glafs, and the latter by turn-
ing the Bofs T, inclines it to either Side ; by which compound Motion,
the Glafs is fo readily managed, as to be brought into a right Direcion
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



Camera Obfcura Microfcope. I1

to form thereon a round Spot of Light, which is a Proof of your Glafs
being rightly adjufted ; but this mult not always be expeéted, for the Sun
15 fo low in Winter, that if it fhines in a diret Line againit the Window,
it cannot then afford a perfectly round Spot of Light, butif it be on either
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 {lip it over the fmall End L of
the inner Tube I, (all which is reprefented as done and ready for Ule in
Fig. 4.) and pull out the faid Tube I, more ar lefs, as the Qbjeét 15 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 Diftance
mult be fhortened for living Creatures, or they will foon be killed.

If the Light falls not exaétly 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 Objects are to be managed and brought to their true focal Diftance,
by obferving the Direttions given in Chap. I. in the Defcription of the
Univerfal Microfcope, Fig. 1, that is, they may be placed between the Ob-
jeét-carrying Plate I, and Springs b, ftuck upon the Point, or held in the
Nippers, and adjufted to their exact Focus, by the Screw P, &ec.

‘The moft ufeful Magnifiers in the folar Microfcope, are the 4th, 5th,
or 6th.

Having taken Notice of a Screen to throw the Images of Objects upon ;
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 fhews Obje&ts 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 Objeét at the fame
Time, and may point to the different Parts thereof, and by difcourfing on
what they {ee, may underftand each other better, and more probably find
cut 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 Object may be outlined exaétly, and there-
by a Drawing of whatever is curious be eafily obrained.

C 2 kAP



I2 Screw-Barrel, Or

CH A PV,

The Defcription of the Screw-Barrel, or Mr.
WiLsoN's Single Pocker Microfcope.

HIS Microfcope of Mr. #ilfon’s, 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 Microfcope is reprefented by AB, A B, Fig. 6. made
either of Silver, Brafs, or Ivory.

CC, is along fine threaded Male Screw, that turns into the Body of
the Micreicope. .

D, a convex Glafs, at the End of the faid Screw; on which may be
placed, as Occafion requires, one of the two concave Pieces of thin Brafs,
with Holes of different Diameters in the Center of them, to cover the faid
‘{.?r!aﬁ*,r and thereby diminifh the Aperture, when the greateft Magnifiers
are ufed, i

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 Magnifiers.

H, a {piral 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 at
againft the long Screw C.

I, a {mall turn’d Handle for the better holding the Inftrument, to fcrew
on and off at Pleafure.

To this Microfcope belong feven different magnifying Glafies, 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 loweft Numbers are: the
greateft Magnifiers,

L, is the feventh Magnifier, fet in the Manner of a little Barrel, to be
held 1n the Hand for viewing any larger Objeét.

M, is a flat Slip of Ivory, called aSlider, with four round Holes thro’
1, wherein to place Objets between two Mufcovy Talcs.

Six
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Six fuch Ivery Sliders, and one of Brafs, are ufually fold with this
Microfcope, fome with Objeéts placed in them, and othets empty, for
viewing any Thing that may offer, but whoever pleafes to makea large
Collection of Objelts, may have as many as he defires, it

There is alfo a Brafs Slider, not expreffed in the Figure, to'confine
any fmall Object, that it may be viewed without cruthing or deftroy-
ing 1t

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

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
put that Side of the Slider where the Brafs Rings are fartheft from the
Eye. 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 Objeét is brought to the true focal Diftance,
which you will know by its then appearing perfectly clear and diftinct.
The Way of examining any Objeét 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-
pifiers ; for thus you will gain a true Idea of the Whole, and all its Parts.
And tho’ the greateft Magpnifiers 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 be out of Diftance,
the Screw C C will eafily bring it to the true Focus.

As Objeéts muft be brought very near the Glaffes, when the greateft
Magpnifiers are ufed, be particularly careful not to feratch them, by rub-
bing the Shider againft them, as you move it in or out. A few Turns
of the Screw C C, will eafily prevent this Mifchief, by giving it Room
enough. il e

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

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 ofa Water-Newt. Ifyour Objeét be a fmall Fifh, place
it 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, aswide as you are able. 'When your Object is fo adjult-

ed,



T4  Scrole to the

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 paffing along its Veffels 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 frit 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 fo 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-Glafs ar 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 Objeéts, is a clear Sky-Light, the Sun
fhining on any white Thing, or the Refletion of its Rays from a Looking-
Glafs ; which laft is found to be full as ftrong as any, and much more con-
venient for Ule, particularly in examining Liquids; for if you hold this
Microfcope up to to reccive 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 Glafs, fixed beneath it, you view it
with more Eafe, and lefs Inconvenience. For the Application of which
obferve,

CiHA P W

A Contrivance for fixing Mr. WirsoN's Pocket
Microfcope, and refleting Light to it by a .

Marrour.

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 refletting Mirrour, and Wilfon’s
Pocket Microfcope. :

The Top-Part of the Scrole is taken off at B, by unfcrewing half a
Turn of the Screw ; then Tift 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 lie 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 The
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The Brafs or Ivory Slider being fixed as before defcribed, and the Micro-
fcope placed in a perpendicular Pofition ; move the reflecting 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 Objeds, by fcrewing
the Arm Q, Fig. 6. mto the Body of the Microfcope, at G, chen fcrew-
ing into the round Hole R, that Magnifier, which you think will beft fuit
your Objeét; 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 uled occafionally, as your Object requires:
When you have fixed this, and your Objeét on it, turn the Arm R,
which is performed by two Motions, till the Magnifier is brought over the
Object ; it may be then adjufted to the true Focus, by turning the Male
Screw CC, in the fame Manner as before defcribed. It muft alfo
be turned exatly over the Speculum, by twifting the upper Part of the
Scrole to one Side, till your Object, 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 veflected upward from the Mirrour, to the concave Specu-
lum, as to be feen as clear and diftin as any tranfparent one,

b Ak VL

- Of the Manner of applying Mr. WiLsoN's Pocker
Microfcope, to the Solar Apparatus.

HE Solar Apparatiis having been already defcribed in the 3d Chap.
it remains only to thew how Mr. #ilfon’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 #ilfon’s Microfcope, at G,

Fig. 6. In the ufual Manner, take away the Lens D, at the other End
thereof,
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thereof, and place a Slider, containing the Obje 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 {mall End L of the Tube I, and pull out the faid Tube I, more or
lefs, as the Object is capable of enduring the Sun’s Heat.

The fhort Tube K, which your Microfcope is fcrew’d to, enables you
by fliding it backwards or forwards on the other Tube L, to bring your
Objects 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.

CCH AP Syl
Of the Microfcope for Opake Objets.

Fig. 8. is a fixed Arm, through which pafies a Screw B, the other
9 End whereof is faltened to the moveable Arm C.

D, is a Nut fitted 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-
fcrewed.

F, a Piece of Brafs turning round in a Socket, whence proceeds a
{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 into, or to take
up and hold any Object ; 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 leatt Magnifiers are ufed ; and ferves the Screws of all the Mag-
nifiers,

K, a Concave Speculum of Silver polithed 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
Glafies of different magnifying Powers; to be ufed as Objectts to be ex-
amined may require. The greateft Magnifiers have the leaft Apertures.

M, a round Object 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 down

on









Microfcope for Opake Objects. 17
on each Side to make any Object falt ; and ifluing 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 f{crew
upon the End of the Needle at G.

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

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

R, a foft Hair Brufh to clean the Glafles 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 Object 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 holding up your Inftrument by the Handle P, look
againft the Light through the magnifying Lens, and by means of the Nut
D, together with the Motion of the Needle, by managing its lower End,
the Object may be turned about, raifed, or deprefled, brought nearer the
Glafs, or put farther from it, till you hit the true focal Diftance, and the
Light be feen refleted from the Speculum ftrongly upon the Objeét; by
which Means it will appear very diftinét and clear.

5800 . il el U D

A Defcription of the Double Microfcope, commonly,
though wvery mproperly, called the Reflecting
Microfcope.

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

the inner Tube, that contains all the Glafles. The Eye Glafs is at
E, the broad middle plano convex Glafs at F, and the Object Glafs being
fet In a Button atG, is fcrew’d upon the End of the narrower Tube I,
which being fixed in the Bafe of the inner Tube, pafles freely through a
Hole in the Bafe of the outer.

The Buttons that contain the feveral Objet Glaffes are number’d 1, 2,
3» 4, 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 coincide
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 Objeét does not then appear
quite diftin@, flide, or rather twift the inner Tube gently, higher or

D lower,
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lower, or turn the Screw of the Magnifier gradually till the Objeét appears
diftinct. The greateft Magnifiers are known by their having the fmalleft
A pertures,

1-El.i'hu-. Bafe B C of the outer Tube is fupported by three Brafs Pillars on
Seroles, 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
Object-Glafs is fixed a Plate M, like a Stage between the Pillars.

N, three {fmall brafs Circles with Heles 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 preffed toge-
ther by a fpiral {fpringing Wire lodged between the two undermoft. The
two outermoft being held together by four fmall Pillars pafiing through four
Holes in the Circumference of the middle Circle.

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

All tranfparent Objeéts are well illuminated in this Microfcope, either
by Candle or Sky-Light refleted upwards from a concave Looking Glafs
R, placed in a Frame upon the Center of the Pedeftal. While you are
viewing the Obje¢t through the Microfcope, turn this Concave upon its
horizontal 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 Objeét.

Opake Objects 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 muft be placed in a Line drawn from the Objeét 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 Objet Plate. By Day-light this Glafs
15 of no Service.

T, an Ivory Cone to fcrew on to a male Screw under the Center of the
Stage : Its Ule 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 Objec is well expanded on the Infide of the
Tube, flide it over the Hole ¢, in the Center of the Stage ; and bring that
Part of the Object you would examine directly under the Magnifier, 2

W,

I ——— i ——
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W, a Cell, containing a concave and a plain Glafs, is to confine Fleas,
Lice, Mites, or any {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
Jay 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, along Steel Wire with its Pliers and Point to hold or ftick Objeéts
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 Magpnifier,

O, a flat Piece of Ivory called a Slider with four round Holes through it,
and Objeéts placed in them between Mu/covy Talcs.

Z, a little round Ivory Box to hold Ifinglafs for the Sliders.

U, a {mall Hair Brufh to wipe any Duft oft the Glaffes, or to apply a
Drop of any Liquid,

J, a Pair of Nippers to take up any Objeét 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 adjuft-
ing Screw, and a concave Speculum for opake Objeéts, €&¢, 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,

Cokel F. < 1X,

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

Single Microfcope is only a very fmall Globule of Glafs, or a double

convex Lens, whofe focal Diftance is very fhort. The former be-
ing at prefent difus’d, I fhall confine myfelf only to a Defcription of the
Nature and magpnifying Powers of the latter.

A thin Piece of Glafs bounded on one Side by a polithed 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 bnundedp on both Sides by fpherical Surfaces A CB E D 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
A CBF DE round about the Line C D, drawn through the Middle of

1ty perpendicularly to both its Sides. o
D 2 i | [115
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This Line produced is therefore called the Axis of the Lens ; and pafles
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 roth 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 pofiible Direétions
from every Point of a luminous Body ; fo as they illuminate other Bodies
upon which they fall, they are alfo inceffantly thrown back from, or tranf.
mitted through every Point of thefe Bodies. For the Points of opake and
traniparent Bodies {o 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 numberles Rays which flow from all
vifible Bodies, called Objets, are conlidered as confifting of fo many
phyfical Points, and thefe Points are conceived to radiate all Manner
of Ways.

The 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 B C, or QB A confidered a-part from the
reft, 1s called a Pencil of Rays; and thele Rays are faid to belong to that
Focus, whether they be near at Hand, or at an immenfe Diftance ; and in
the latter Cale, the Rays are called, and confider’d as parallel, or equi-di-
ftant from each other ; becaufe the Difference of their Diftances at an
two given Places is infenfible, * as thofe from the Sun, and other vaft]
diftant Objects. A B, Fig. 16. reprefents fuch parallel Rays, which falling
upon the Lens CD, are made to approach 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 pafsalong. So that thofe Rays flow-
ing from the Point E, towards F G, are called diverging Rays.

Let A B, Fig. 14. be a double convex Lens, 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 diftinct Vifion, For the Fabrick of the Eye having its fo-
cal Diftance juft at the Bottom of it, upon the Retina, requires that the
* Rays from each fingle Point, thould fall nearly parallel, in order to be there

colleted ; that is, that the Balis of each Cone of Rays, flowing from every

* Smith’s Opt, p. 6. T Greg. Opt. 170.
Point
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Point of an Objeét, which Bafis is the Pupil of the Eye, fhould bear fo
{mall a Proportion to the Length of the Cone, as that thefe Cones may be
looked upon as little Cylinders. The Diftance requifite for diftinct Vi-
fion, is not limited to a Point, but is indulg’d in larger Bounds; becaufe
Nature has furnith’d us with the Power of contraéting the Pupil, as the
Objeét comes nearer ; and fo diminithing the Bafis of each Cone in Pro-
pc;r't':un, and confequently of preferving diftint Vifion ; but this is only to
a certain and that no very great Degree,

Therefore a minute Objeét E F, Teen diftinétly thro’ a fmall Glafs Lens
A B, by the Eye put clofe to i, appears fo much greater than it would to
the naked Eye; placed at the leaflt Diftance ED, from whence it appears
fufficiently diftinét, as chis latter Diftance E D, is greater than the -
former E C; for having put your P}’t clofe to the Glais A B, in Order
to fee as much of the Object as poflible at one View, remove the Object
to and fro till it appears moft diftinétly, fuppofe at the Diftance C E, then
conceiving the Glals 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 Objeét will appear diftinét,
and as large as before when feen thro’ the Glafs, only not {o bright. For
if the Hole be fo {mall as to admit but a fingle Ray, from every diftint
Point of the Object, thefe Rays will fall upon the Retina, in as many other
diftinét Points, . ancl will make a diftinct Piéture 43 and when the Pencils of
Rays fall upon a thin Lens, their Axis go ftrait thro’ the Middle of ir, and
confequently will proceed to the fame Points upon the Retina, as when
they paffed thro’ the Hole. Now fuppoling the Lens to have fuch a Fi-
gure, that the Rays of every Pencil fhall 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 diftinét ; and will be the fame in Magnitude and
Pofition as before. The only Difference in the Effects, between the Hole
and Lens, will be in the Degree of Brightnefs upon the Retina. And in
this latter Cale, the Objeét 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 ADE, or as the latter Di-
ftance 1s greater than the former.

Since the Interpofition of the Glafs has no other Effeft than to render
the Appearance diftinct, by helping the Eye to increafe the Refraction of
the Rays in each Pﬁnl:ll it is plain, that the greater apparent Magnitude
1s 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 Object from the Glafs, is then the
focal Diftance of the Glafs.

* Greg. Opt. p. 171.. + Smith, Opt. p. 37.
Now
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Now if this focal Diftance of the Lens, be + of an Inch, and if the Di-
{tance E D be 8 Inches from the Objeét, the ufual Diftance at which we
view minute Objects, the apparent Image, or Diameter of the Obje, may
be faid to be fo mach magnified, as thofe 8 Inches exceed the lictle
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 Object ; (for if
its focal Diltance be yet fmaller, {fuppofe +'s 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 magnified to 2,496,000 Times) info-
much that its foca/ Diftance may be fhortened, till it is reduced to an
inhnitely fmall Spherule. Tho’ there are fome Inconveniencies which here
offer themfelves, and forbid our going beyond certain Limits; for thefe
imall Spberes 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 Objet 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
collected. Wherefore an Objet placed at C, will fend Rays upon the
Sphere, which will, after Refraction, be received parallel by the Eye, and
confequently make diftinét 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-
fration at their Emmerfion, and colle&ted at H. Make E F parallel to the
Axis, and comprehending the Portion of the Object CF, and draw the
right Line ¥ H.  The Ray F E being refracted at E, proceeds according
to E L, and being again refracted 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 1. G,
buc H L is parallel to F E, 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 fmall, with Refpeét to
the Diameter of the Sphere. Therefore the Angle BH 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, fecing
from the Point A. Whence if the Diameter of the [ittle Sphere B D,
were 5= of an Inch, we thould 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 Object L. P would be feen in the fame Magpitude, as if the Eye were
placed at K, without the Lens; nor in ufing this Lens will the apparent
Magpnitude be any Ways changed, in whatfoever Part of the Axis K E,
produced, the Eye be placed. Therefore, ’tis plain the fame Degree of
magnifying, and the fame Effect every Way is performed equally by the
Lens M N, Fig. 20. and the little §pbere B D, Fig. 19. and it is alfo ma-
nifet, 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 Foeus D ; fo much of the Object as is equal to the
Diameter of the Lens, will be feen by the Eye, for the Rays A M and
B N, which flow from the Object to the Extremities of the Lens, proceed
from thence converging, till they meet at D the Focus ; muft neceffarily
pafls 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 M N, :

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 Object 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 Objeét A B, or m n appears to the Eye at D.

In order to fee a larger Portion of an Objeét than the Lens, or its Aper-
ture 5 the Eye muft be placed nearer the Lens, than its Focus , for, let
the two Foci of the Lens M N, Fig. 22, be Hand G. Let an Object
A B be placed in the laft Focus, larger than the Lens. The Rays proceed-
ing from the Extremities A B of the Object, 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 a Portion of an Object lefs than the Lens, the Rays EM,
E N, produced to the Extremities of the Lens, will after Refrattion unite
in 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,
it cannot fee any Part of an Object fo large as the Lens, but always
{maller.

Therefore, in the Univerfal Single Microfcope, 1 have contrived
the Manner of fixing the Magpifiers, which are Double Convex
Lens’s, fo as to admit the Eye to be placed almoft clofe to them, by
which Means we always fee a Portion of an Objeét larger than the Aper-

3 ture
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ture of the Lens. And in this Way of ufling fingle Lens’s, microfcopick
Objetts appear exceedingly diftint and clear, and are in all Refpects far
preferable to the Double Microfcopes, which are compos’d of three con-
vex Glaffes.

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 -
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 necefiary, and as much as they would be exclu-
ded, if the Lens were made to have a lefs dperture. But in {maller 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
ocal Diftances of their refpective Lens’s, in order to have the Objeét feen
by both equally diftinct. But the Light or Brightnefs 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
{een,

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, {o 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 exact focal Diftance in 1ooth Parts of an Inch (which is eafily done
by fetting a minute Object in the Microfcope, fo as to appear perfeétly
clear and diftinét 5 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 conrained in 8 Inches, we fhall have the
Number of Times the Diameter of an Object 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 Microfcopss, that the famous Mr. Leex-
swenboeck made fuch wonderful Difcoveries ; 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
ALMmIGHRTY Architefi,

* Gregory's Opt. p. 184.

of




(25)
Of Donble Microfcopes.

A double Microfcope is compofed of two convex Glafies, 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 Lilﬂ‘ai wce L F is very fhort ; the
Diftance L. Q of the {mall Object P Q, is but a little greater than L F
fo that the Image p g may be formed at a great Di ftance from the Glafs,
and conftquently nny be much greater than the Objeé itlelf. This Pic-
ture p q being viewed through a convex Eye Glafs A E, whofe focal Di-
ftance is q E, appears perfectly diftinét. Now the Object appears magni-
fied upon two Accounts, firlt, becaufe if we view its Piture pq with
the naked Eye, it would appear as much greater than the Objedt
at the fame Diltance, as it really is greater than the Object, or as much
asL q is greater than L Q 5 and fecondly, becaufe this Pi€ure appears mag-
nified through the Eye-Glafs, as much as the leaft Diftance, at which it can
be feen diftinélly with the naked Eye, is greater than q E, the focal Di-
ftance of the Eye.Glas. 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
Object will appear 5 times 20, or 100 times greater than to the naked Eye.

To fit thele 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 parailel, but may fall diverging upon the Eye ; and then
the apparent Magnitude will be alter’d a little, but {carce fenfibly.

In the laft Example, let us fuppofe the Eye-Glafs E A to be 1 Inch %
Focus, which will be found exatly 5 times in 8 Inches, the Diftance at
which the fame Obje¢t would be feen diftinét by the naked Eye. - There-
fore this Eyﬂ-Glafs magnifies 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 tmes; becaufe
the Diftance L. Q & of an Inch is contained 20 times in L q, 5 Inches;
and this Picture magnified 5 times greater (as appears above) by the f:y::-
Glafs E A, and therefore 5 times 20, that is 100 times.

The Lﬁngth being magnified 100 times, the Surface of Objects will
be magnified 10000 Times, and their Solidity or Bulk 1oooooo 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
Smallnels of any minute Object, muft be affifted by a larger one, whofe
Dimenfions we know, and by finding how many Times the leffer is con-
tain’d in the greater; which fhall be the Subjeét of the remaining Part of
this Chapter,

* Smith's Opt. p. 41.
¥, Mr.
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Mr. FHook’s Method of computing the Magnitude of Objets, feen in
the Microfcope, was, after he had adjufted the Microfeope, to fce the Objedt
very diftinétly: Ac the fame Time that he look’d upon the Objeét thro”
the Glafs with one Eye, he looked upon other Objects 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 fimall Parts, * and laid on the Pedeftal of the
Microfcope, to caft up, as it were, the magnified Appearance of the Object
upon the Rule, and thereby exaétly to meafure the Diameter it appears of
through the Glafs ; which being compared with the Diameter it appears of
to the naked Eye, will eafily afford the Quantity of its magnifying. This
Method is very eafy to thofe Perfons who can accuftom themfelves to fuch
a Practice, I mean of obferving two Objects at the fame T'ime, one of them
with one Eye by direét Vifion, and the other by refracted Vifion, through
the Glafs. It is indeed a Method I have practifed 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 Majculino, the Salts in Fluids, &F¢. was by
comparing them with a Grain of Sand, one hundred of which laid in a
Row, will but juft equal an Inch in Length. Then conceiving one fingle
Grain of Sand, magnified 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 s but left he thould exceed, fets it down
to be only four times lefs than the firft Animalcule D ; therefore accordin
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, ftilk
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.
Therefore 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, wviz. '

* Preface to Hook's Mycographia, printed Auro 1675,

Diame-
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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 oneof the firft
of Sand.
The third Sort F, whofe Diameter 1728 of the firft Sort D in a Grain
1s lefs than that of E, 64 of the fecond Sort E in one
10 times —_—  of the firft Sort D.
fo 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 one 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. Fames Furin, in his excellent Differtation on Phyfico
Mathematical Subjects, Pag. 45. has taught us 2 more accurate and ready
Way of meafuring microfcopick Objeéts ; as follows,

He firt twilts 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 Compafies,
and applies this Extent to a diagonal Scale of Inches, and by dividing this
Meafure of that Extent by the Number of Wreaths therein contained, he
obtains the Thicknefs of the Wire itfelf. Then cutting it into very mall
Bits, and fcattering them upon the Obje&-Plate, he places the Objeét up-
on them, if tranfparent ; or the Wires upon the Objeét, if it be opake ;
and by the Eye he compares the Parts of the Obje@, with the Thick-
nefs of thofe Wires that happen to lie contiguous to them.

Thus he obferved, that 4 Globules of human Bleed would generally
cover the Breadth of a Wire, which he had found to be v Part of an
Inch, and by Confequence, that the Diameter of a fingle Globule was
T5+s Part of an Inch, which was alfo confirm’d by Mr. Leeuwenboek’s Ob-
fervations upon human Blood, made with a Piece of the fame Wire tran{:
mitted to him from Dr, Furin, Philof. Tranf. N° 347.

This Method of Dr. Furin’s gave Rife to another which I have con-
trived, that is, a Method of ftraining a few of thefe fmall Silver Wires, in

* Vide Leeuw. Exp. & Contemp. Tom. IV, Pag. 23. g
orm
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form of a Lattice ; in fuch a Manner, that the Diftances between the Wires
are exaltly 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 mealure a very fmall Animalcule, &¢c. and be more exact
in our Calculations, than by either of the former Methods. For by placing
this Lattice of Wi ires, clofe under a Mujfcovy Talc, upon which the Object
may be placed, if it be tranfparent, or placing the Lattice over the Objett,

if it be an opake one. And when the Object is adjulted to the Magnifier,

the Parts thereof may be eafily compar’d with tht Number of Wires and
Intervals, and their true Magnitude, or Dimenfions very nearly known, or
if I obferve the Diameter of an Object 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 Parl; 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 Parc 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 Produé&t muloplied by the firft Number will thew
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 .mmnfﬂr us, is ftill deficient on this Account 3 if the Objeét be confi-
fiderably lefs than the Diameter of one fingle Wire or Interval between
the Wires, we are obliged to eftimate, or guefs its Proportion to that Dia-
meter or Interval ; but if the Obje&t be no {fmaller than one fourth Part of
fuch Interval, the Eye is able to determine that to the utmcrl’c Exaétnefs
pofiible.

I have, therefore, to remove this Deficiency, invented a particular and
curious Micrometer, applicable both to fingle and double Microfco
l:;uz;1 particularly adapted to my Univerfal Aicrofcope, defcribed Fig. 1
and 3.

The mag; uﬁ,.nﬂ' Power of the folar Microfcope, is found by rec-
koning how many Times the focal Diltance of the Magnifier is contain’d
between it and the Dl”:ll'lLl“ of the Screen, or Sheet, upon which the Image
of an Oojeét 1s cat, For Inﬂ:ance, let us fuppofe the Focus of the Lens in
Ul tj to be < of an Incl h, and the Screen fet at the Diftance of fix Feert,
and as th:, focal Length of the Lens will be contained 288 times in the
Screen’s Diftance, the Diameter of an Objett 1s magnified in the Propor-
tion of 288 to 1. The Superficies 32,944 times, and its Solidity, or
Bulk 23,887,872 umes, and by removing the Screen farther off, the Ob-
Jeét may be magnified to almoft what Size you pleale,

CHAP
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Qf chufing, preparing, preferving, and applying Ob-
Jects to the Microfcope.

W E muft be very curious in chufing fuch Objess as are proper for
the Microscopre, which are either fmall Parts of larger Bodies, or
exceeding {mall Infects, Salts, Sands, Seeds, Farina of Flowers, &c. or
the Interftices between the folid Parts of Bodics, as Minerals, Shells, the
Air Feflels in Vegetables, Pores in the Bones, Skin, &c. of Animals, or the Mo-
tion of the feveral Parts of minute Animals, or of the Fiuids in Animal or
Vegetable Bodies.

The greatelt Care imaginable thould be taken in preparing Objefs for
an Examination; otherwife the beft fkill’d in magnifying Glaffes may be
milled, if they give too fudden a Judgment on what they fce, without al
furing themielves of the Truth by repeated Experiments.

If Olyests are flat and tranfparent, the beft 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 thele Tvory Sliders, furnithed with the moft curious Oé-
Jeéts 3 which will be a moft delightful natural Hiftory of the furprizing
Beauty, Perfection, and Contrivance, we find in the Works of Nature.

In collecting Objeis 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 Glals of about an Inch Focus to hold in the Hand, in the Cafe with
my New Univerfal Microfcope, by the Help of which you may adjuft the
Objells properly between the Talcs, before you fix them down with the
Brafs Rings ; the Number of the Magpnifier may be alfo marked on each
Slider its Objeéts are fictelt for. Many fmall living Objeéts may be placed
in this Manner between the Talcs, fuch as Mites, finall Spiders, Lice,
Fleas, &c. without being killed or hurt, and will remain alive feveral Days in
this Manner. But for prefent Examination, thefe as well as larger Oljef?s, may
be put into the Glafs Slider V, Fig. 2. delcribed:Page 4, and defigned for
that Ufe, or in the jointed Cell X, Fig. 2. Page 4, or elfe ftick them upon
the Pin 1, or pinch them between the Nippers m of the Apparatus V. Fig,. 2.

The dnimalenla in Fluids, may be examined in a fmall Drop, taken
up with & Pen or Hair Pencil, and placed in the Glafs Slider before de-
fcribed, Page 3, or on the fingle Glafs Slider R, Fig. 2. if in viewing
them you find them (as is often the Cafe) f exceedingly numerous, thlat

o
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by their continual running over onc another, their Shape cannot be diftin-
mn[ ed : Some Part of the Dr op muft be taken off the Glafs, and a little
fair Water put to the reft, which will feparate, and make them appear di-
tinc. It is neceffary thus to di lute, with fair Water, the Semine Mafculi-
#uin 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 lefc behind upon the Glafs, and be more eafily exa-
mined.

For viewing the Circulation of the Blood in the Tails of Fifbes, in Frogs,
New!ts, &c. they are fometimes put into Glafs Tubes, but my Univerfal
Microjzope  hath a particular Contrivance a b f, of Fig. 2. defcribed Page 3,
proper to hold down the Tails of Newts and Fithes, and the filmy Mem-
brane between the Toes of a Frog’s hind Foot; the Circulation is beft
feen in the Mefentery, or thin tr '111iparent Membrane, that joins the Guts
together, and this Part, by pulling out the Gut a little, may be eafily ad-
julted to the Magnifier, by Help of an Apparatus herealter to be defcribed,
which is another Method quite new, and never before applied in fo eafy a
Manner.

Patience and Dexterity are required to diffe¢t Infects, and view their in-
ternal Structure, fuch as Grats, 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 Eale ; and the Stomach
and Bowels lie plainly (before the Microfcope) to be viewed and examined.

Bits of different colour’d Glafs are neceffary for this Purpofe, to place
Objets on, becaule many Objeffs are much more diftinguithable, when
placed on one Colour, than on another. Glafs T'ubes of all Sizes, are like-
wife of Ufe, from § an Inch Bore to a fine Capillary.

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

Fig. 27. isa very thort cylindrical Glafs, which may be filled with Wa-
ter, or any other Liquid, in order to examine Aquaticks, which are too
1.=rg=: for the Slider S,

Fig. 26. A rectangular Box havmg its two broadeft Sides of Glafs, is
dtﬁun d on Purpofe to be filled with Water, in order to apply Aquaticks
to the folar Microfcope.

Thefe
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Thefe two laft are alfo to be placed between the Springs b, and Objed-
Plate I.

- Fig. 28. Is another Contrivance to place tranfparent Olje&s between
two circular Plates of Ifing-Glafs, one of them being divided into Parti-
tions, by pafting a cut Paper to it, whereon the Partitions are number’d,
having different Objeéts placed between them, and covered with another
Tale, which is held down by a Brafs Ring, as in the Ivory Sliders. This
is a concife Way of keeping a great Number of Objesss, ready to fhew a
Friend at all Opportunities ; fo that any Perfon who is defirous to preferve
a large Colleétion of Objests, may have as many of thefe, or of the Ivory
Sliders, as he thinks proper. They are to be applied to the Univerfal Mi-
erofcope, between the Objet-Plate I, and Springs b ; the two Brafs Ribs
to wiich the Springs are fixed, being filed into concave circular Arches
for their Reception, they may be wwrn’d round at Pleafure, and by pufh-
ing the Obje@-Plate either nearer to, or farther from the Pillar E, any Q-
Jeék contain’d between them will be eafily brought under the Magnifier.

There is no better Way to preferve tranfparent Objeéts, than placing
them between two Mufeovy Talcs in Sliders, or in the circular Talc-Plates,
Fig,. 28.

%’md the very beft Way of preferving opake Okjes#s for thofe Gentle-
men who are defirous to keep a Collection 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 Olbjelts
to be put thereon, Which Slips being ftain’d of feveral Colours, we
thall obtain a Contraft to almoft any Colour, and by fixing Objects 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 Microfcope, to be
applied between the Nippers, under the refleting Speculum O, Fig, 1.

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

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 Objeéts in that next under it.

I have prepar’d fome of thefe little Cadinets for opake Objeéis, which con-
tain fome 30, fome 6o, €. of thofe Slips, which when {tored with Ojes,
will be always ready for Examination, and may be carried from Place to
Place, without doing the Jeaft Tnjury to the Objects therein contain’d.

The Reader may be fupplied with thefe Ivory and Holly Slips, Cabinets,
Tvory Sliders, Tal, Rings, fhort cylindrical Glaffes, reffangular Boxes, with
Glafs Sides, circular Yfing-Glafs Plates, and Glafs Tubes, all together in one

Box,
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Box, or feparate if he pleafes, at my Shop, the Sign of Tycho Brabe’s Head,
the Corner of Racquet-Court, in Fleet-Street, LonDox.,

Having defcribed the new invented Univerfal Portadle Microfcope, toge-
ther with its Application to the folar Apparatus; and the other Sorts which
are molt in Ule 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 thewn how to calculate their magnifying
Powers, and how to prepare and preferve Objeéts: 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 Infe@s and Animal-
cules that have been obferved by Mr. ook, Mr. Leenwenbock, Mr. Foblott,
myfelf, and others, but alfo thew 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 Work compleat,

o AGE L EE

Of the Circulation of the Blood, and how to exa-
mine i1t by the Microfcope.

o Y I

HIS noble Fluid, the Blood, yields us the moft fublime Specula-

tions imaginable, by the Affiftance of the Microfcope. For by the
Help of it, buman Blsod, and that of Lend 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 tran{parent ones, and each of thefe (as
Mr. Leenwenbock has thewn in his 128th Epifile to the Royal Society) into fix
more minute and without Colour. He hath alfo thewn us how ealily fix
foft flexible Globules, which are compreflible into any Shape, and in con-
tinual Motion, may, by ftriking againft each other, compofe one large
Globule of a perfectly fpherical Figure, one of which, and five of the fial-
ler Sort, as they appear in Contaét, the fixth lying behind, is reprefented
Fig. 29. which, by their mutual Atcration to, and Preflure againit each
other, readily unite to form a perfeétly round Body, as at Fig. 30. Theit
Attraction towards each other is fo confiderable, as to form a Kind of
lefhy Subltance, when brought into Contact ; and their fpecifick * Gravity
more than the Scrum in which they float,

How thefe Globules, and alfo the more minute ones of which they are |

compoled, are occafionally feparated, in order to pafs through extremely

* P&l Tran/. No. 301. :
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minute Veflels, which without fuch a Separation, they cannot poflibly en-
ter, and how they re-unite again in Vefiels where they have more Room,
is eafily comprehended by a due Confideration of the two foregoing
Figures.

The Diameter of a common round Globule of buman Bload, is equal to
the +owoth Part of an Inch, as by the Method defcribed, Page 27.
appears.

In order 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 Vein, and {pread it as thin as poffible upon the Object carrying Glafs R,
Fig. 2. of the Univerfal Microfeope, and apply it between the Object-Plate
I, and Springs, to the firft and fecond Magpnifiers. It may alfo be ex-
treamly well examined, if a little of it be taken up into a fmall, buc very
thin capillary Tube, which being held in the Nippers m of the Apparatus
V, Fig. 2. may be readily applied to the Magnifier. If you dilute a Drop
of Blood with warm Water, and apply it either of chefe 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 fmaller ones of which they are
compos’d.

By either of thefe Methods, the Globules of the Blood may be diftinétly
feen, and a little Pratice 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
blended with it immediately as it comes from the Vein, and a Drop of this
Mixture, if applied as before directed to the Microfeope, will difcover what
Alterations can be produced on the Contexture of the Blood. The Veflel
in which the Blood is received, fhould be put into a Bafon of Water,
fomewhat hotter than the Blood +, to prevent its coagulating before the
Mixture.

The Circulation of the Blood thro® its Vefltls, is to be feen in fuch {mall
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 nobleft 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 perfectly diftinguith each Globule, and the Alteration
they fuffer 1n paffing out of the larger into the more minute Veffels, many
of them being fo fmall, that fingle Globules can fcarce enter, till they are

+ The exa& Blood-beat of the Water, may be obtain’d by a Pocket Thermemeter, made
with Quickfilver, with "'which the Reader may be fupplied at my Shop, at Tychs Brake
Head in Fleet-Street. ¢ @
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5
comprefied into an oval Form ; and yet thefe very Veflels are large, when
compar’d with the fineft of all, in which the Globules muft be divided and
fubdivided into their fmalleft component Parts, before they can find a
Paflage.

Providence has been furprizingly careful in the Difpofition of the Veins
and Arteries, for thele laft, which convey the Blood to the Extremities of
the Animal, continually leffen their Diameters in their Progreffion, and di-
vide into fmaller Branches. At which Divifion, the Globules rufh againft
an Angle, which as it were caufes them to recoil upon thofe immediately
hehind, before they can readily feparate into the two {maller Branches
C D, of the Artery A B, Fig. 31. in which the Blood flows upwards from
B to A, towards the Extremity ; and on the contrary in its Return back
from the Extremities to the Heart, their Diameters increafe, and thofe
fmaller Veflels are continually uniting into larger, as in the foregoing,
Fig. 3t. the Branches C and D join their Currents in the Vein E F, till at
Jalt ail their Streams fall into one, at every fuch Conjunétion of two
Branches, as at E, and their Streams violently rufh againft each other, by
which means unnatural Coheflions are prevented.

The Microscork affords us an ample View of the Veins and Arte-
ries, the latter of which is very diftinguifhable by a Protrufion of the
Blood, at each Contraction of the Heart, then a Stop, and then a new
Protrufion, continually fucceeding each other, whillt in the Veins it rolls on
with inexpreflible Rapidity.

The ingenious Mr, Leeuwenboek hath told us, that with great Admiration
he faw in the urmoft Extremities of a very fmall Fifb’s Tail, how the Jarger
Arteries were divided into the fineft Vefiels, * and many of the fmall Veins,
which returned from the faid Extremities, met together in a larger Vein ;
that there was fuch an Agitation of that Bleed, which flowed from the
larger Arteries, towards the evanefcent ones, at the Extremity of the Tasl,
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
Protrulion of the Blaod’s Courfe, received from the Heart ; but in the fmal-
ler, the Motion feem’d equable without any fuch repeated Propulfion ; and
tho’ no Celour appear’d in the minute Veffels, yet in the larger Arteries
and Veins, that were near the Extremity of the Tail, the Blood was
plainly red,

The exa& Magnitude this Fifb appear’d of to the naked Eye, as deli-
neated by him, is reprefented in Fig. 32. Its Tail magnified, as it ap-
pear’d in the Microfcope, at Fig. 33. In which were 17 little Bones or
Griftles, that give a Stiffnefs to the Tai/, three of them are fhewn by the
Letters A B C, on each Side of which he faw a very open Communication

* Arc. Nat. Tom. IV. p. 167,
of
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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 finel! Fifb could plainly be feen 64 Blood Veffels,
34 of them Arteries, and as many Veins, belides the little Spaces about D
and I, which were not obferved.

This will be better underftood by a microfcopical Reprefentation of Part
of onc of thefe little Griftles F H G, Fig. 34. on each Side of which runs
an Artery I K and M N. The Blood flowing rapidly from I and M, to
K and N, their open Communication with the Veins K L, and NO,
from whence it return’d to L and O, fo that both thefe were but one
continued Blood Veffel 5 for no Veflel can be properly called an Artery be-
yond the Pulfation; farther than which, and returning towards the Heart,
it may be called a Vein ; for Veins, as by the prefent Figure appears, are
only Arteries elongated ; and as they generally divide into Branches that
efcape the Sight, it is very difficult to determine where the Arteries end, or
where the Veins begin. If in the Tail of this fmall Fifh, the whole Bulk
of which was no bigger than that of Fig. 32. and confequently under half
an Inch in Length, 34 diftinct Circulations of the Blood could be feen, how
incredibly numerous muft that 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 Blsod in a fmall Veflel, in
the Tail of a Tadpole, 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 Direction 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 crooked till they are again
united at H, where they formed a fomewhat larger Veflel as FI K, and
became bigger at K, for which Reafon we muft call the Blood Vellels ABC,
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 Blsod Velflels G H K,
and I H K, Veins, becaufe they return the Blood to the Heart again.,

In another Place he faw the Blood running in an Artery, large enough
to admit about 20 red Globules 1+ at once ; this was a great Artery in Pro-
portion to that before-mentioned, a fmall Part of which is delineated at
L. M, Fig. 36. out of which proceeded a leffer, as M O. The Blood in
the Veflel from L to M, had not fo quick ‘a Motion as it had in others,

* drc. Nat. Ep. 114, + Phil. Tranf. No. 260, :
F 2 becaule
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becaufe the Blood in the Veffel at R, did in a Manner ftagnate, infomuch,
that no feparated Parts could be diftinétly feen, it appearing there of one
uniform red Colour ; yet in the Veflel M O, the Circulation was as {wift as
in any other Veflel.  That the blue Spots, occafioned by a Fall or Bruife,
is not {tagnated Blood, which perfpires before it begins to corrupt through
the Skin with the Swear, Mr. Leewwenboek was convinced of by the fol-
lowing Obfervation. The Blood at R being thus without the leaft Motion,
it was by cvery Pulfation of the Heart impelled upward, from N to P,
and the next Moment recoiled back again, and this alternately with an un-
dulatory Motion ; as is known if never fo much Violence be ufed in preif-
{ing Water, yet it cannot be prefled clofer than it was before; fo the
Blood b:ing now impelled forwards through the Heart, cannot be com-
prefied 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 Hearr; and as foon as this uncommon
Diitention 1s performed, fo foon alfo does the Tunick of the Vefiel 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 as to be puthed back again,
and that during his Obfervation, the Blood Veffel M O, was a little more
extended ; confequently more Blood ran through it than when he firft began
to look upon it; the Blood in the Veffel NS, wherein was little or no Mo-
tion before, now ran as {wift as in any other Veilel, the Veflel P Q
was fo fmall, that only one fingle Globule could pafs through it at once,
wherein not the lealt Motion, at his firlt obferving it, could be difcovered,
now began to flow; yet the Particles of Blood, which at firlt pafled
through it, were but 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. Leenwenboek {pent about two Minutes in thefe Obferva-
tions. Erom whence it plainly appears, that the ftagnant Blsed 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 occafioned by a Blow
or Bruife, can in a few Days be made to move again; it being taken for
granted, that the Heart of a Man puthes out the Blood 75 times in one
Minute, which is 4500 in one Hour, and 108000 times in the Space of
a Day and Night ; and finding that in 10 Days Time the coagulated Blsod
feem’d to vanifh, and alfo confidering that in this Time the Heart performs
1080000 Pulfations, and that in each Motion, into feveral Vefiels 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 Time.

Mr..
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My, Leenwenbock could fee the Blood received from the Heart at each Im-
pulfe, in the Veffel above-mention’d. If we fuppofe that the Quantity of
a cubick Inch of coagulated Blood, occalioned by a Blow, is too much,
and that feldom fo much is coagulated at once, we may eaflily conceive,
that fuch coagulated Blosd, by Means of {o many Protrufions as above-men-
tion’d, may be loofen’d, and its Motion again reftor’d, if not in all, yet
in moft of the Veffels.

At another Time Mr. Leenwenbock laid one of thefe Tadpoles upon a Piece
of white Paper, a little while before he came to look upon it. A {mall
Part of the Tail was wounded by the Skin fticking to the Paper ; fo that
out of an Artery in the excoriated Part, fo large that about four red Glo-
bules of the Blesd 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 ftill remain, as if the Artery had not been broken, Fig. 37. T V,
exhibits the Artery wounded a little above V. V X fhews the extravafated
Blood. V W, the fmall Artery wherein the Blood retain’d its full Courfe,
altho’ it was fo near the Artery T V, ourt of which the Blood lowed ; which
at firft fecemed very ftrange, but obferving that the Blood-Veffel VW was
united at W to a large Blood Veffel, that conveyed the Blood to the Heart,
the Blood out of V"W was continued as {wift as if it had been impelled
from T toV, in fuch a Manner that Mr. Leenwenboek imagined, the
Vein at V had not been united with T, but had lain with its Aperture at
V, in the extravafated Blsod ; fo that the extravafated Blood was only for a
lictle fucked up and convey’d thro’ it. He then faw a Vein wherein the
Motion of the Blsod feemed very uncommon, as at Fig, 38. whereof a b
reprefents an Artery, whereby the Blood is impelled with great Velocity
from a to b, then b ¢, whereby the Blood 1s conveyed towards the Hearr,
muft be called a Vein, clofe by which lies another Artery d ¢ e, wherein
the Blood is conveyed from the Heart from d to c; now if the Vein b ¢
be united with the Artery d e, asis feen at ¢, and the Bloed be thus con-
veyed from c toe, bc fhould be called a Vein, and the Blood coming to
¢, being there transfufed into ce, is the arterial Blood, becaufe it is con-
veyed thither from the Heart, it being certain, thatr d c e is an Artery.

Amongft others, Mr. Leeutvenboek had a Tadpole, wherein he could per-
ceive no Motion at all of the Blood, how attentively foever he view’d it
at firlt 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 {o oppreffed, that it could not force
eut the Blood, and receive it back again. "Whilft he was thus contem-
plating, the Animal made a very ftrong Motion ; beating its Tail about,

and bending its Body, by which it got clear of the Oppreflion it was un-
' den s,
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der 3 and on viewing it again, perceived the Blood to have a flow Motion,
and Impulfe in feveral Veflels, which increafed till it ac length came to its
proper Motion, yet not with fuch Velocity as it would have had, it the
Heart or Body had not been oppreffed. Mr, Leenwenboek fays, that the
Motion of the Blood in thefe Tadpoles, exceeds what he ever faw in any o-
ther Animal, Fig. 39. exhibits a Tadpole arrived to fuch a Bignefs, as to
ufe its hinder Legs, and the fore Legs were alfo dilcernable, but yet co-
vered with the Skin,

Mr. Leeuwenbock obferved the Circulation of the Blood in feveral Butts,
one of which, bating the Tail, was but an Inch in Length, the greateit
Motion of the Blood obfervable through the Fins, was on each Side the
various little fingle Bones placed therein, where the Blood-Veffels were fo
large, that 25 of thofe Particles which conftitute the Blood of a red Co-
lour, could pafs in Breadth, but difappear’d as they drew nigh the Extre-
mity of the Fins, finall Veffels being all along difpers’d from the Arte-
ries ; on onc Side of a little Bone, runs an Artery, and on the other a
Vein, correfponding thereto ; and finding it ealy to extend the Tail, he
accordingly ftretched it in Breadch, equal to what the Fith gives in {wim-
ming, that he might the better obferve the Motion of the Blood in thefe
extended Veflels, and found when the Fith did not move, fome of thofe
fmall Veflels, which before received three Particles in Brealt, 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 faft,
as when the Veflels were not extended ; and in fome Places were at fuch a
Diftance, that one or two more might lie in the Intervals, but could not
from all this determine, that the Particlés were perfectly oval *.

But to trace the Matter further, he took the Blood running from a live
Salmon, + when cut into 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 T'ube, and having placed it be-
fore his Eye in the Microfeape, 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-
rectly face the Eye, feem’d a little broader, without the lealt Appearance
of any globular Form. Mr. Leeuwenboek allo put fome of the fame Blood
upon a very clean Glafs, and where the Particles lay thin, he perceived
them oval ; nay in feveral Ovals he difcovered Globules, and in fome few
{ix Globules.

Fig. 40 ABCD reprefent the oval Particles of the Blsod of a
Salmon, that weighed 3o Pounds; A B, the Particles that appear’d flat and
broad, but did not directly face the Eye ; thofe about ¢ were ftreight be-

* Arca Nat, Epift, 128, + Philof. Tranf. 263. ¢
ore
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fore the Eye, and for the moft Part a little clear Sort of Light in the Mid-
dle, larger in fome than others,

Mr. Leeuwenboek, likewife, placed fome of the Blood of a very {mall
Butt before the Micrefcope, which was not mixed with any Liquor, only
the Particles lay in their Serum, and are reprefented by Fig. 41.

Thofe Particles of the Blood, which are diftinguifhed by fhining Spots
in the Middle, are delineated Fig. 42. Mr, Leenwenboek proecuted 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 Blood
appear ; and having retarded this Motion, he employed two or three Se-
conds of Time, in obferving the little Veins, and found, that in feveral
fmall Vefiels, the oval Particles were fo broke, ‘that he could neither fee
them, nor thofe, of which fix confticuted a Particle of Blood, but only a
fimple Fluid of a faint Colour, running along the Veflels; but in a great
Artery at the Tail, the Blood mov’d fo flowly, that he could eafily difcern
the Particles were oval; and not only fo, but he likewife perceived more
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. 43,

How wvenous Bloed may become arterious without being firft in the
Heart, appears by the following Experiment. Suppofe A B, in ¥ig. 44.
to be a Vein, in which the Blood view’d thro’ the Microfcope, pafles with
great Celerity from B to A, from this Vein proceeds two fmali Branches,
C and D, which unite between E and F.  Again {fuppofe H I to be an Ar-
tery, in which the Bloed moves upwards with equal Swifinefs from H to
I, out of H I anfes a venous Spring, delineated in K F L ; the Blood
moving from K to F, joins the other at F; and by this Means, Part of
the Blsod coming from the Artery, is thrown into the Vein, as pafling
from F to G, and to the beft of Mr. Leeuwenboeck’s Obfervation, a Quantity
of Blood, juft equal to that carried from K F to G, moves from CE to F,
and directs its Courfe upwards from F to L, fo that whatever Quantity of
arterious Blsod paffes thro’ K F and F G, an equal Quantity of venous
Blood returns thro’ C 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-Ve[fels was not formerly difcover’d.

Mr. Leenwenhboeck, in his 112th Epiff. has given us an accurate Delinea-
tion of the Blood Veffels in Part of the Tail of an Lel, 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, E, reprefents the
Veins, and B, D, F Arteries. _

The Letter D reprefents an Artery, from which a Branch G proceeds,
that is divided about H, into two leffer Branches, one of them reprefont-

cd
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“ed by the Letters H I K, fo much of this fmall Veffel as reaches to I, is cal-
led an Artery, becaufe the Blood may to that Place be propelled in its Pro-

ceffion from the Heart. The other Part I K of the fame Branch may
be called a Vein, becaufe by it the Blood is conveyed back again to the
Heart. In the other Part of the fame Branch H L. M, the Blood 1s drove
forwards till it arrives 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 alfo it may be obferved, thatas the Arteries are extended in Length,
they gradually leflen. And on the contrary, the Veins increafe in their
Diameters as they approach the Heart.

Furthermore, from this fame Artery D, another Veflel may be feen
branching out from N, from whence the Blood flows to O, anc there dif-
charges itfelf into the Vein E.

Raife your Eye a little higher to P, where another {mall Artery ad-
vances from the great one D, towards Q, where 1t clofes again with
the Vein E.

Alfo obferve that about the Letter R, another {mall Veflel leads from
the fame Artery towards S, at which Place the Blood that flows both from
the Artery D and B, is joined, and from thence pour’d into the Vein C,

Somewhat higher, about T, advances a little Bload-Ve[fel, which is divi-
ded into two Branches at V, fo that from thence two diftinct Veffels may
be feen to difcharge themfelves into the Vein E, at X and h.

‘About the Letter Y proceeds from the fame Artery D, another {mall
Veflel, which at Z branches out into two more minute Veffels; the Blood
fAowing through them toward a and b, where it is difcharged into the
Yein C.

Not far from Y, about ¢, proceeds a fmall Branch from the Artery D,
through which the Blsod alfo returns into the Vein C, with which it joins
at d.

From the fame Artery D rifes a minute Branch e, f, which is fepara-
ted int;:- two lefler Branches at f, fending back the Blood to the Vein E, at

and h.

If the fame Artery be examined a little higher, another Branch I k1,
will be feen iffuing from I, which is alfo divided at | into two others,
that likewife difcharge themfelves into the Vein E, at m and n, nearl; ato,
$E+ algl two other Branches, which vent their Streams at p and g, into the

ein C.

Moreover from the fame Artery D, about r, proceeds forward a fmall
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 evanefcent Artery, flowing from the large one D, which is
reprefented by the Letters r y z, unites with the Vein E at A ; the fame
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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 Microfcope, 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, {top both its Ends to
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 defcribed:

The Tails of any Sort of fmall Fifh, may be alfo readily applied to the
Magpnifiers in the fame Manner. Under the Spring of the Fith-Pan a b f,
as is before direéted 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-
Jeope in a Glafs Tube, reprefents an agreeable Profpe¢t of the Circulation,
through Variety of fmall Veffels, particularly in an exceeding {mall one of
the Water-Kind, which may fometimes be procured fhorcer than an Inch,
and fo tranfparent, that the Blood may be feen running in all Diretions,
not only through the Tail, but particularly in every fingle T'oe, and thro’
its Fins or pointed Branches. The Blood may be leen running through an
Artery towards the Extremity, and returning through a Vein, with which
1ts Communication is very apparent, and furprizingly delightful.

Mr. Leeuwenhoek informs us, that he has obferved the Circulation of the
Blood, in the fartheft Joints of little Crads 1 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 {mall Crabs may be found under Brickbats and Stones, on the
Shores of the River Thames, when the Tide is out.

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

I have frequently feen a Fluid flowing through the filmy Wings of
Grafshoppers, of a greenith Colour,

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

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

* Pbilof. Tranf. No. 288. + Arc. Nat. Tom, 1V, Ep. 84, and 86. g
G It
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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 great Num-
ber of exceeding fmall Tadpoles, which at their firlt beginning to fwim, are
nearly tranfparent, place them before the Microfcope in a {mall Tube, with
a little Water, or in a cylindrical Glafs, and you may behold the Circula-
tion of the Blsod in every Part of the Subject, and in a more particular
Manner in the Tail, near * fifty Veflels prefenting themfelves at once to
View ; and alfo the Pulfation of the Heart; but they grow {o 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:

The Circulation of the Ba’ami affords an entertaining Sight in the thin
Membrane between the T'oes of the hind Foot of Frogs, if well expanded;
in the Machine a bf, of Fig. 2. Chap. 1. of the Univerfal Microfcope,
and being fo placed before the Magnifiers as there directed, the Arteries
and Veins will be diftinétly feen.

The Blood may be retain’d in the Lungs of Frags and Lizards, as fol-
lows; on making an Incifion into the Bodu.s of theic:’smmals, thmrLungs
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 poffible; when the Lungs are dried, after being
thus diftended, they may be placed in Parts, between the Talcs of the Ivory
Shder T, Fig. 2. and by this Means you may always keep by you, Ob-

jects of the Lungs of thofe Animals, only remember to place their ex-
ternal fmooth Surface towards the Magnifier. Thefe feveral Parts of the
Lungs, are very entertaining Objects in the Microfcope.

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

the following
oigieor. AL

The Defcription of a New Apparatus for confining
Frogs, Mice, Bats, or any cther Creatures of the

like Szzf particularly adapted to the Univerfal
Mu,mfcnpc Fig. 1.

THIS 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 Pll[ars whlch {upport the Cor-
ners C and D of the Frame, is fixed a Steel Bar G H, having one of its

* drcan. Nat. Epiff. 112,
Ends
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Ends made faft to one of the Pillars at G, and the other End ferewed to
the oppolite 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 diffected, tie a String to each of its four Legs ;
firlt having ftrain’d Strings thro’ fome of the principal Holes of the
Frame, croffing each other, as in the Figure 15 reprefented by the {mall
Letters ab, cd, ef, gh, ik, Im, which form a kind of Lattice, or
Couch, whereon to extend the Frog. Then firlt put the two Strings which
are tied about his Arms, thro’ two Holes, the neareflt 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 direct 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 impofiible for you to fix him to your
Mind. Then fix his hind Legs as before direéted 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
replace the Peg. The Ends of the Strings which confine his Arms and
Legs, are reprefented in the Figure by the Lettets r, 1, t, v, and the Frog
lying upon his Back.

The Object being thus extended, and faftened on the Frame, as above
dire¢ted, open the Skin of the Belly, from near the Anus to the Throat in
the Direction of the dotted Line I K, by firft juft entering the Point of a
very tharp Penknife at I, thro® the firt Skin only, taking Care not to touch
the fecond Skin, and let the Incifion be no longer than the little 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 to K,
then turn the Director 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
Fith-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 Heles 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 EE of the Univer-
fal Microfcope, you may place any Part of “this Flap before the Magnifiers,
cither by flipping the fquare Steel Bar G H backwards and forwards in 1ts

fliding Socket I K, or elfe by pulling the faid Socket farther from, or
G 5 pufhing
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puthing it nearer to the upright Pillar E. of the Microfcope, Fig. 1. by
which Means, you may with the greatelt Eafe imaginable, examine all the
Blood Veffels in this tranfparent Flap or Piece of Skin, by fitting at a Table
before a Window, and direting 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, defcrib’d Page 9.
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 Microfeope and Frog to the folar Part as before thewn, and after having
directed the Sun’s Rays thro’ the Tube, upon any Part of the fkinny Flap
1.R S M, and placed the Screen at about four or five Foot from the Ma-
chine, {o as to receive the Sun’s Rays, and adjufted the Objeét to the Focus
of the Magnifier, 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 ; 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 rufh.
ing forwards again at each Contraction ; whilft in the Veins it rolls on in a
continual Current, with inexpreflible Rapidity ; and when the Arteries are
very much magnified, 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 Mulcles before the Microfcape, by Means of
the two Fifh-Hooks, as before in the Extenfion of the Skin, and you will
with Pleafure view their Structure, which confifts of Numbers of tranfpa-
rent Strings or Fibres, lying parallel to one another, and joined together by
a common Membrane, .

Thefe Strings or Fibres appear thro’ their whole Length, to be made up
of minute roundifh Veficles ; and the Blood Velfels which intermix with
them, afford an agreeable Profpect.

The pext Experiment is gently to draw out a Part of the Frog’s Gut,
in order to apply the Mefentery to the Microfcope, which is a moft beauti-
ful and furprizing Phenomena, when view’d through the Univerfal Mi-
¢rgfeope, as ftanding upon a Table : But when applied to the folar Appara-
tus before defcribed, you may view itin fo diftinét 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 Veflels at
one and the fame Inftant, in fome one Way, in others the quite contrary ;
feveral of the Veflels may be magnified to an Inch in Diameter, and the
Bigod 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 oblong

Sphe-
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Spheriods ; here alfo in the moft inexpreffible 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 Blood in the Arte-
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 poflibly account for the
Intermiffions, 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 {quare 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 Blood-Peffels. Thofe
Veflels, 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 Blood flowed in a conftant
Stream, in the Direction V, N,

As there are many fmall Fifh, whofe Fins are more tranfparent than their
Tails; I thought it might be acceptable in this Place, to give a Cut of the
Manner how they may be faftened 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 Fifb’s Neck to the Part 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 A, 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 Fifh cannot poffibly get away, but
on the contrary will lie exceeding quiet : Then may you ftick a Fith-Hook
to the thick Part of its Fin at R, and ftretch it out by drawing the String
R S gently, and then making it faft by the Peg T\

After which place the Frame to the Microfcope, as above direfted ;
and you will have a beautiful Profpec 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 th’s Time the Reader will be erabled to fix any other Subject

of the like Size to this Apparatus, in order for Diffection, and alfo be ready
at
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at applying them to the Microfcope, either to be look’d at by the E
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 Subjets 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
Objecéts.

L H A P X1
Of Bones.

HEIR f{uperficial Part is found to confift of a vaft many fmall

Veflels, and fome few of a larger Size ; which laft, when they came
to the Surface of the Bone, appeared to Mr. Leewwenboeck either with a
Membrane, or omy Subftance, perfettly tranfparent: IHe once difcovered
four or five Veflels in a {mall Piece of a Shin Bone 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 * {o 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 Bone, 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
Bony 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, proceed
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 impofiible to conceive what a prodigious Number of fmall
Veflels compofe the cortical Part of the Bone, which on the {pongy Part
in fome Places is no thicker than a human Hair ; tho’, in others, three or
four times that Thicknefs,

‘The Perigfieum is united to the Cortex of the Bone, not only to the Out-
fide of the Cortex, but even by entering into its very Subftance in feveral
Places, and is joined thereto by the Vefiels which proceed from the Bore.

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

* Phil, Tranfad. No. 366.
but
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Of Boues. 47

but alfo many other Veffels running lengthways, as in Fig.52. LOPQNM
and that Part reprefented by BGHIE, Fig. 51. are not entirely mem-
braneous, but really bomy. K L MN A reprefent the bony Part, in which
tho’ no Pores or Veflels are here reprefented, yetitis full of Openings. .
Fig. 53. RSWXTV reprefents a Part 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 Bone fo placed before
the Microfcope as to thew only the Perioffeum and mufenlar Fibres, which
were cut tranfverfly, and appeared to be furrounded by Fibrils of the Pe-
rioftewm, as in Fig. 54. where Y Z AB is the Periofieum, and ZCD A
are the flefhy Fibres cut tranfverlly, this was part of a Rib taken from a
fat Ox.

It appears therefore from Mr. Leenwenboeck’s Obfervation on Bowes of
all Kinds, that they do confift of exceeding {mall Veflels, arifing from the
inner hollow or fpongy Part of the Bowe, and pafling 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 Bones; which again is conftantly carried out from the
Bones by Means of thefe Veffels into all Parts of the Body, even to the
Extremity of the Fingers. He examined a very fmall Piece of the folid
Part of the Shin Bone of an Ox, and found it to confift of four Sorts of
Tubes, perforated lengthways. The firt Sort fo {mall and fo clofely
united, as fcarce to be difcernable in a tranfverfe Seftion of it. The fe-
cond Sort of Tubes (fome of which are four, fome fix times larger than
the firft) are alfo difficult to be difcover’d; becaufe in cutting 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 fucceffive Additons 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 Bone, which when viewed by the naked
Eye, appeared no bigger than the Spot, Fig, M.

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

* drc. Nat. Tom. L. p. 300. i
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48 Of the Mufcular or

third Sort by the Letters IT1, which are feldom circular, but of different
Shapes, like the great Veflels in Wood. The fourth Sort are a great
deal larger, as thewn 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 Boes, thave off with a very tharp 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 moiftened 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 perfect and entire, and being quite empty, may be
view’d with great Eafe and Pleafure.

They may be applied to the Univerfal Microfcope, Fig. 1. either upon
the Glafs R, Fig. 2. or ftuck upon the Point of a very fmall Needle,
which Needle may be held between the Nippers m of the Apparatus V,
Fig. 2. and thereby examined with Eafe, and little Bits thereof may be pre-

ferved between the Talcs in an Ivory Slider, or in one of the circular Talc
Rings.

C'H A P.: XHIL
Of the Mufcular or Flefby Fibres of Animals.

R. Leeuwenboeck hath difcovered each mufcular Fibre to be made
M up of fmaller Fibrils, which, notwithftanding their Smallnefs, he
plainly difcern’d to be vafcular, for on cutting a-crofs their Length, the
Light might be feen thro’ their Apertures; but if he cut them ever fo
little obliquely, could fee no Light. He alfo obferved the Struture of the
Fibres in the Fleth of an Ox, and of a #hale, but plainer in that of a Whale,
the Fibres of the other being more compa and clofe, and found alfo that
the Fibres of a Moufe were of the fame Size as * thofe of an Ox, from
whence he concludes, the different Size of 4nimals is entirely owing to the
Number and Length of their Fibres. Thefe flefhy Fibres appear throughout
their whole Length, to be encompafied as it were with fpiral Circumvolu-
tion, as is exactly reprefented in Fig. 69.

Which Difpofition feems to be wonderfully contrived for Readinefs in
the Diftenfion and Contraction of the Fibres,  Two of thofe Slefby Fibres
are reprefented by G H, and 1 K, Fig. 68.

To view the mufcular Fibres with the Microfcope, cut off a Piece of
dried Flefh or Fifh, as thin as poffible, and lay it upon the Glafs R, of

* Arc. Nat. Tom. 1L, p. 108,
Fig.
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Flefly Fibres of Animals. 49

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 Rf:fpefl: to the Figure and Strutture of thefe little Veficles, I fhall
Jeave it to the Curious for farther Examination.

Mr. Leenwenhoek informs us, that the flethy Fibres in Infes are no lefs
vifible than thofe of larger Creatures, which he found by cutting off the
Legs of Flies, Gnats, Ants, &c. in all which he could plainly diftinguith
the circular Wrinkles or Circumvolutions encompafiing the Fibres, as in
Fig. 6

gUpgn cutting the flethy Fibres of a Whale, length-wife, and a-crofs, 1 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 juft difcernable ; fome
however appear’d larger than others, and thefe, + if attentively view’d,
feem’d to be divided into a great many others, fome alfo cut tranﬁrerﬂ}r,
and crowded {o clofe together, that their Figure, as well as Size, was very
different. Fig. 56, reprefents a thin Slice of the Fleth of a F#7bale, which
after having been made throughly wet, and applied to the Microlcope, ap-
pear’d as in the Figure. Upon letting the Moifture evaporate from thefe
Slices, the Particles became much {maller, and the Membranes, with
which each was encompafled, were very vifible. Fig. 57. reprefents a
Piece of the fame Flefh, wherein the Particles feem’ 4 to touch, but on
their being dried, fhrunk vp, from the furrounding Membranes, whereas
the Membranes themfelves could not fhrink, becaufe they were all join’d
together. All along thefe flethy Fibres § run Membranes about the Thick-
nefs of an Hair, and Diftance of a Grain of Sand; from thefe larger
Membranes, other Parts were f{pread, dividing eaf:ﬁ Fibre into a great
many Fibrils ; from whence we may fay, that each flethy Fibre, no higgr:r
than an Hair, 1sa {mall Mulcleencompafied with 1ts peculiar CoatorMembrane.
Fig. 58. reprefents a {mall Piece of thefe Fibres greatly magpified ; on moi-
ftening again the Fibres 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 tiu:jr had before they were dried.
Among feveral little Pieces of Fleth, 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 crf
a large Membrane, which run thro’ its Middle, as reprefented in Fig. 5
by QRS T VW, where between S T and V, the dried Particles rfmmn :
unfeparated, S W 'fhews the thick Membrane that divided this Picce about

t Epifh. Phyfe p. 3. § Jbid. p. 4 T Phil. Tran/. No. jq.
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the Thicknefs of an Hair, that fent out a Branch at T, and at W was fplit
into two. Fig. 60. reprefents a very fmall Piece, confifting only of five
Fibres cut lengthwife, as they appear’d thro’ the Microfcope ; between C
and F may be {een the little Membranes which encompafs the Fibrils, but
are here torn afunder. Fig. 61. exhibits four fmall Fibrils of a Piece of
Fleth 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 muft be four Times as big as thefe; as each fliethy Fidre is compofed.
of a great many fmaller Fibrils, we may imagine each of thefe inclofed
ones, to confift alio of others of the like Nature.

Mr. Leeuwenboek, on viewing feveral fmall Fibres of Ox Flefh, obferved
each of its contained Fibrils to be encompafled with a thin Membrane ;
but could not fhew thefe Membranes fo diftinétly to others in this Flefh,
as in that of a Whale ; becaufe the Parts of the firft are of a Texture
much more compact and clofe, than thofe of the larter ; for which Reafon
they do not thrink fo much in drying. And 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 Flefh, even down to that of a
Rat or Moufe.

Mr, Muys confirms the foregoing Obfervations on the flethy Fibres of
the Mufcles, being compofed of fmaller Fidrils, and computes that 500
or 6oo of them may be reckoned into one flefhy Fibre, whofe Diameter 1s
the 24th Part of an Inch, * and that each of thefe 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 Blsod. He has thewn, that tho’ the flethy Fi-
bres of the Mufcles are joined to the Tendons, and tendinous Membrane
of a Mulcle; yet thofe tendinous Fibres are not a Continuation of the flefhy
ones, as is generally fuppofed. He found that upon injeéting warm Wa-
ter into the crural Artery of a Lamb of a Year old, all the flethy Fibres
loft their Rednefs and became White. He then injefted 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 thro’ each Fibre.
He alfo obferved, that {feveral Branches of the Arteries now became vifibly
{prcra.gl round the fmall Fiérils, and tingid with the fame Liquor ; and upon
examining the Parts of the flethy Fibres, near the Extremity of the Arte-
ries w1ti_1 a Microfcope, found the {mall Fibrils filled and tingid with the
fame Liquor ; and not the leaft Appearance of the Liquor in the Inter-
ftices between the Fibrils. And upon injeting another colour’d Liquor by
the crural Artery, he faw .not only the Fibres in fome of the Muicles,
and moft Part of them in others, filled with this Matter, but upon exa-
mining them in a good Microfcope, found the Fibrils, and even the leaft

* Phil, Tranf. No. 339.
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Fleflby Fibres of Animals. 51

Tubuli that compos’d them, filled and tingid with the fame, yet the {mall
Ramifications of the Nerves appear’d perfeétly white. Whence it appears,
that the fmall Tubes which form a Fibri/, are really hollow ; 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 {pinal Marrow of an Ox, Mr. Lecuwenbock tells us, he faw with
great Delight minute hollow Vefiels 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 Jndian Hen, a Sheecp, an Ox, a Spar-
row, &c. and did in them diftinguith Multitudes of Veffels extreamly fmall
and farther + obferv’d, that the Veflels in the Brain of a Sparrow are no
fmaller than in an Ox, and from thence he argues, that there is no other
real Difference between the Brain of a larger and a fmaller Animal, but
only a greater or a {maller Number of Vefels; and that the Globules of
the Fluid pafling thro’ them, are in both of the fame Size.

Gkl A P.. XIW.
Of Haurs.

ROM Malphigs’s curious Obfervations of the Hair, we are inform-

ed, that they are compos’d of a Number of extreamly minute T ubes,
which are moftly diftinguithable near the End of the Hairs, in a Horle’s
Main and Tail, and in the Briftles of a Boar, wherein thofe Tubes {fo ma-
nifeftly appear, that he could fometimes 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 Strufture 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, which look very prettily when viewed with a
good Microfcope.

Fig. 63. A, B, C, reprefents three cylindrical Pieces of human Hairs, they
are tranfparent throughout their whole || Length ; and are compofed of fmall

® Arc. Nat, Tom. IIL p. 310, 355, 440. + Iid. Tom. L. Part 1. p. 38: § Derbam’
Pbif. Thef. p. 2z0. || Hook’s Microgra. 1 Ed. p. 158,
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long tubular Fibres, encompaffed with a Kind of Bark ; from which Strue-
ture, the ¥nds of long Hairs 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 Briftle of an Hog,
which is neither perfectly round nor tharp edged, but prifmatical, with di-
vers Sides and roundifh Angles.

Part of a Whifker of a Cas cut tranfverfly, 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-Deecr appear perforated from Side to Side. The
long Hairs of Horfes, as at D E F, Fig, 66. feem cylindrical, and fomewhat

ithy.

! The 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 tranfverfly, in others fpirally, thefe darker medullary * Parts are no o-
ther than {mall 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
middic Part of the fame Hair is fhewn at C D, and the Point of it at
EE.

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 Heirs 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 Paplilae, and, by this imbibe their
proper Food from the adjacent Humours, and as hinted above, their Ex-
tremities {plit 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,

CHAPR & X¥
Of the Scales in Human Skin.

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

* drc. Nat. Tom, Ill, p. 47. ¥
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ternal Skin of a Fifh, * and are placed as in Fifhes three deep, 7. e. each
Scale is fo far cover’d by two others, that only a third Part thereof appears,
as at M, Fig. 70. their 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-Vefiels are
feen thro’, and the Parts look red.

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

A Piece of Skin taken from between the Fingers, Neck, Arms, Forebead,
or any other Part of the Body which is not hairy, ferves beft to fhew the
Scales : Or if they be {craped off with a Penknife, and put into a Drop of
Water, and fo applied to 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.

To view the Pores of the Skin.

Cut a Slice of the upper Skin with a fharp Razor, as thin as poflible s
and then immediately cut a fecond Slice from the fame Place, which apply
to the Microfcope, in a Piece about the Bignefs of a 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 but with
an indifferent Glafs, in the Palm, or upon the Ends and firft Joints of the
Thumb and Fingers, innumerable little Ridges paraliel to each other, of
equal 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 {pring
up again.

* Philof. Tranf. No. 159. + drc. Nat. Tom. 1. Par. 1L, p. 208, || Are. Nat. Tom. IV.
P 48. & Philof. Tranf. No. 150,
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1 e e 6
Of Feathers.

H L Feaibers of moft Sorts of Birds afford a beautiful Variety, ob-

fervable in that incomparable Curiofity with which every Feather is
made 5 the Vanes thercof 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 ; 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 Texture of their downy Parts
are moft admirable; for, fays he, there is {carce a large Featber, but con-
tains near a Million of diftinét 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 Goofe Quill, and examining many of
thofe long downy Branches with his Microfcope, found feveral of them to
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 thefe
Branchings A B, feemed divided into 16 or 18 fmall Joints, out of moft of
which grew long flender Fibres, as are expreffed in the Figure byabcd,
{everal 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 D into two Parts, one
Side extended from D towards C, in Length equal to A C, the other Side
at D was very fhort. The tranfverfe Setion 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 ranced, that the Leaves or hairy Stalks of the one, lie at
Top, or are incumbent on the Stalks of the other, and crofs each other,
much after the Manner of Fig. 72. by which Means, each of thofe little
hooked Fibres get between the naked Stalks, which being full of Knots, and
a pretty Way disjoined, the two Parts are fo clofely and admirably wove
together, as to refift the Air; and are fo extreamly fmall, that the s0oth
Part of an Inch exceeds them in Thicknels,

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 Stem
of each Feather in the Tail, fends out Multitudes of lateral Branches;

fuch as A B, of Fig. 73. which reprefents s Part of an-Inch, each of
thefe
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Of Fearhers. v

thefe lateral Branches emits Numbers of little Sprigs or Hairs, on each Side
as C D, CD, CD, cach of which in the Microfcope appear to confift of
a Multitude of bright fhining Parts, which are a Congeries of {mall Plates,
8 &) &'c, ¢, ¢, &Ja"each 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 hl:l:le 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 each
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 5 the under
Sides of each of thefe Plates are very dark and opake, reflefting 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 reflect a very brifk Light, but even tinge that Light fo refleted in a
moft curious Manner, which by various Pofitions of the Light, reflect firft
one Colour and then another, in a moit vivid and furprizing Manner. And
that thefe Colours arife only from the Refradtion 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 tranfparent in common
Light, yet by looking at them againft the Sun, found them to be tinged
with a darkifh Red, not at all refembling the curious Greens and Blues
they exhibit.

The changeable colout’d Featbers of Ducks, and feveral other Birds, he
found upon Examination with the Micrefcope to proceed from the fame
Caufes and Teextures,

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

Mr. Derbam, in his Defcription of the Vanes of a Flag Feather of a
Goofe’s Wing, obferves thefe two Particulars, 1. That the exterior or nar-
row Vanes bend downwards; the interior, wider Vanes upwards; by
which Means they catch hold, and lie clofe to one another, when the
Wing is fpread, fo that not one Feather may mifs irs full Force and Im-
pulfe. 2. That the very Tips of thefe Feazhers are alfo neatly floped 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 feveral Laminz, which are
I thin, ftiff, and fomewhat of the Nature of a thin Quill, towards the Shaft
of the Feathers (elpecially in Flag Feathers of the Wing) thofe Lamina:
are broad, and of a femicircular Form, which ferves for bnength, and ai-
fo for fhutting thefe Plates clofe to one another, when Impulfes are made
upon the Air. Towards the outer Part of the Vane, thefe Laminz grow

Alender and taper, on their under Side they are thin and fmooth, but ar
F;;ir:'if
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parted into two hairy Edges on the Upper: Each Side having a different
Sort of Hairs [aminated, or broad at Bortom, and flender and bearded
above the other half,

The uppermolt Edge of one of the Laminz, 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 ftreight on one
Side thereof, as Fig. 77. thofe on the other Side have hooked Beards of
one Side of the Briftle, and ftreight ones on the other, as Fig, 8. both
thele Briftles magnified (only fcattering, and ‘not clofe) are reprefented, as
they grow upon the upper Edge of the Lamina {'t, in Fig. #6, and in the
Vane, the hooked Beards of one Laminz, always lie nexc the {treight Beards
of the next Lamina, and by that Means lock and hold each other, and
by a pretty Mechanifim, brace the Laminz clofe to one another. And if
at any T'ime the Vane happens to be ruffled and difcom pofed, it can by this
ealy Mechanifm, be reduced and repaired.

Cordd AR XV,
Of Flies.

5 gl B

Y HE common Fiy is an Objedt beautifully ornamented with a Mix-
ture of Silver and Black, and thick fet with Briftles, pointing from
its Head towards the Tail ; in its Head are two large hemifpherical Eyes,
embroider’d with Silver Hairs, a wide Mouth, an hairy Trunk, and a Pair
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 the
Inteftines may be plainly feen, and alfo the Motion ‘of the Lungs, as they
alternately dilate and contract themfelves. i
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 Egos into
convenient Receptacles, fuch as may afford a proper Nourifhment to the
Young, From thefe Eggs proceed minute Maggots or Worms, reprefent-
ed in Fig. 79. which after feeding voracioully for fome Time, arrive to
their full Growth, and are transform’d into little Aurelias as in Fig. 8o.

whence after a longer Space of Time, they iffue forth perfect Flies, as
Fig. 81,

SEETI
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Of the Feet of Flies, &c.

IG. 82. A, is a microlcopick Reprefentation of the Foof of a Fly, in
which is {een three of its Foints, the two Talons, and the two {kinny
Palms or Soles in a flac Pofture. Fig. 82. B, fhews only one Foint, the
Zalons, &c. in another Pofture, which is fo admirably and curioufly con-
trived, as to enable the Flies to walk againft the Sides of Glafs, and to fuf-
pend themfelves under the Surface of a Ceiling, with the greateft feeming
Facility and Firmnefs. The two Zalons A B, A C, are very large in Pro-
portion to the Foot, the biggeft Part of them from A to I I, is all hairy,
their Points C and B {mooth, and bending inwards. FEach of thefe Talons
are jointed at A, fo 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 thut them, the Claws C B, 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 Fjy 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. BEN
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 DD. They are two fmall, thin, flat, and horny Sub-
ftances, 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 lie in 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 Briffles, like the Wire
Teeth of a Card, whofe Points tend forward. Hence the Zalons drawin g
the Feet forward as before, and thefe Soles being applied to the Surface of
the Body, with all its Points looking the contrary Way, if there be any
Irregularity, or yielding therein ; the Fly fufpends itfelf very firmly and
eafily. - That the Fly is enabled to walk on Glafs, proceeds partly from a
Ruggednefs of the Surface, or a Kind of Tarnith or dirty fmoaky Sub-
ftance, adhering to the Surface of that very hard Body; and tho’ the
pointed Parts cannot penetrate, yet they may find Pores enough in the
Tarnifh, or at leaft make them. This Struéture Mr, Hook furveyed with
reat Diligence, becaufe he could not comprehend, that if there was any
uch glutinous Matter in thofe fuppofed Sponges (as moft that have ob-
ferved that Object in a Microfcope, have believed) how the Fly could fo
readily unglew and loofen its Feet ; and alfo becaufe he had found no other

Creature any Ways like it,

I A Con-
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A Contrivance m‘ar]}f alike to this is to be found in all Kind of FEEB,
and Cafe winged Infects, and in the Flea, in Mites, &Fc. fome of which
have only one fharp Talon at the End of each Leg. Which drawing to-
wards the Center or Middle of their Bodies, enable thefe exceeding light
Bodies to fufpend and faften themfelves to almoft any Surface. This will
not feem ftrange ; if we confider firkt how fmall their Bulk is when com-
pared to their Superficies, their Thicknefs frequently not amounting to
the 10oth Part of an Inch. Secondly their Strength and Agility compared
‘o their Bulk, which in that Proportion perhaps may be an 100 times
fironger than an Horfe : Thirdly, if we confider that Nature always ap-
propriates the Inftruments in the moft fit, eafy, and fimple Manner pof-
fible to perform their Office; which is alfo verified in the Foot of a
Ioufe, each of his Legs being footed with two fmall Claws, with which
it grafps, and thereby moves itfelf to and fro upon the Hairs of the Crea-
ture it inhabits.

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

S E c 'r.l I1I.
Of the Eyes and Head of a Grey Drone Fly.

¥\ HE Strufture of the Eye in all Creatures, is an admirable Piece

of Mechanifm 3 but the beautiful Contrivance of the Eyes of Infects

is fo peculiar, that it muft excite our Admiration, fo fenced with its own

Hardnefs, that its own accurate Vifion is a good Guard againft external

Injuries ; its outward Coat being all over befet with curious lenticular Inlets;

enabling thofe Creatures to fee very accurately every Way, without any
Interval of Time, or Trouble to move the Eye towards Objects *.

See Fig. 83. This Fly was made Choice of, becaufe the Inquiry being
chiefly about the Eyes, it was found to have the biggeft Clufter of Eyes,
in Proportion to its Head, of any other fmall Fly. It inclining fomething
towards the Make of the large Dragon Fly, which is the moft remarkable
of all other Infeéts for its fine pearled Eyes.

The greateft Part of the Head was nothing elfe but two large Protube-
rances, A B C D E, whofe Surface was cover’d over with a Multitude of
fmall Hemifpheres, placed with the utmoft Regularity in Rows, croffing
each other in a Kind of Lattice-Work.

That half of them C D E, C D E, which looked towardsits Legs, were

* Derbam's Ph, Th. p. 1714
obferved
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Of Flies. 39
obferved to be {maller than the other half ABCE, ABC E, which
looked upwards and fideways. The Surface of thefe H emifpheres were fo
exceeding fmooth and regular, that in each of them Mr. Hook was able to
difcover a Landfcape of thofe Things which lay before his Window, Part
of which was a large Tree, whofe Trunk and Top he plainly faw. Alfo
the Motion of his Hand and Figures, if moved between the Obje@ and
the Light. = Thefe Rows of Eyes were fo difpofed, that no Object was vi-
fible from his Head, but fome of thefe Hemifpheres were directed againit
it: And further, that where the Trunk of the Body feem’d to hinder the
Profpect, thefe Protuberances were elevated, fo that a Fiy may be truly

 faid to have an Eye every Way, Thefe lictle Hemifpheres have each of

them a minute tranfparent Lens in the Middle, each of which hath a diftinét
Branch of the optick Nerve miniftring to it, and rendering it as fo many
diftinét Eyes; fo that as moft Animals are binocular, Flies, Beetles, &c,
are multocular, having as many Eyes as there are Perforations in their
Cornea *. By which Means as other Creatures are obliged to turn their
Eyes to Objects, thefe have fome of their Eyes ready placed towards Ob-
Jeéts nearly all round them.

Two of thefe optick Nerves are reprefented as delineated by Mr. Lecu-
wenboek, in Fig, 84. And in Fig.85. are exhibited + a great many of
them in a Clufter, as they appeared before the Microfcope, whereof that
Part of them which was fituate next the Cornea is thewn by the Letters
N O P; it is alfo obfervable, that thofe Nerves, which were neareft to the
Circumference of the Cornea, were fhorter than thofe next within them ;
and fo on, till they arrive at the central Nerve, which is the longeft of all,

The Number of the Pearls in this Fly, Mr. Hook reckon’d to be r4000.
Mr. Leeuwenkoek computed 6236 in a Silk-worm’s two Eyes, when in its
Fly State ; 3181 in each Eye of a Beetle 5 and 8000 in the two Eyes of a
common Fly.

Cut off the Eye of any Fly, and with a Pencil, and fome clean Water

- wafh out all the Veflels ; thofe Veffels may be examined by the Micro-

fcope, and then if you carefu[iy dry the outward Covering, fo as not to let

it thrink, it will be rightly prepared for making Experiments ; and upon
| viewing it, we fhail diftinguith the numerous Protuberances or Hemi-

fpheres divided from one another with a fmall Light, iffuing between them,
and fix Sides to each. Mr. Leenwenbock having prepared an Eye in this
Manner, placed it a little farther from his Microfcope than when he would
examine an Object, fo as to leave a right and exaét focal Diftance between it
and the Lens of his Microfcope ; and then lock’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 phinly fee through

* Derb. Pby, Thea, p. 372.  + Arc. Nat. Ep. 111,
Ia every



6o Of Fles.

every little Lens, the whole Steeple inverted, tho’ not larger than the Point
of a fine Needle; and then directing it to a neighbouring Houfe, faw
thro’ Abundance of the little Hemifpheres, not only the Front of the Houfe,
but alfo the Doors and Windows, and was able to difcern diftinétly whether
the Windows were open or fhut,

An Eye of a Fly thus prepared, may be held between the Nippers for
Examination. But the Head of any Fly is beft feen when ftuck upon one
of thofe Ivory Slips, or Pieces of Card, or Holly, with fome ftrong Gum
Water, and applied to the Microfcope under the Silver Refletter, which
Shps may be held in the Nippers.

N. B. The Horns F F, the Feelers G G, the Probofcis H H, and the
Hair and Briftles K K, fhall be defcribed in Sect. V. of this Chapter..

S z-opors LIV,
Of the Wings of Flies.

T HE Wings of all Kinds of Infeéts afford an infinite Variety, no lefs
agreeable to the Mind, than pleafing to the Eye ; being diftended
and ftrengthened by the fing# Bones, and cover’d with the lightet 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.

This of the dlue Fly, Fig. 86. here exhibited, is not without its pecu-
liar Ornaments ; it grows out of the middle Part of the Body of the Fly,
and is feated a little beyond the Center of Gravity thereof, towards the
Head ; but that is curioufly ballanced by the expanded Area of the Wing,
which conlfifts of feveral domy Ribs, that give Strength to the filmy Parts ;
which are thickly befer 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.

Of other Flies, fome of their Wings are filmy, as the Dragon Flies 3 o-
thers ftuck over with thort Briffles, as the Flefb Fly ; others have divided
Wings, as the grey and white feather’d Moths ; many Sorts of Guats 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 greateft Reghlarity and Order. In the Butterfly and fome Motbs, 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 Variety of cgrimtlls

righe
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Of Flies. 61
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
placed in orderly Rows with great Exactnefs, as the Holes they come
from fhew when they are rubb’d off.

Fig. 87. reprefents a fmall Piece of a Butterfly’s Wing; A B fhews one
of thofe bomy Ribs that gives it Strength, along whofe Sides are fuppofed
to branch out various Blood-Veffels, conveying Nourifhment to the interme-
diate Parts 3 although no Circulation can be difcern’d therein, we can fcarce
doubt but that a continual Supply of Juices muft be carried on to thefe mi-
nute Quills, Hairs, and Briﬁfes; 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 Feathers exaétly in the
Form as they cover the whole Wing,.

Some Flies have Hairs, and all the Scarab Kind have Elytra, or Cafes
into 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 in 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 thrufting out, and then unfolding their Wings;
and again withdraw thofe Joints, and neatly fold in the Membranes, to be
laid up 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-
nute fpinning Flies, which naturally fufpend themfelves as if pois’d and
fteady 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
they endeavour’d to fufpend themfelves, was not very long; but when they
endeavour’d to fly forward, it was fomething longer ; he alfo fixed the Legs
of a Fly with Glew or Wax, upon the Top of the Stalk of a Feather, and

. then making it endeavour to fly away, was thereby able to view itin any
Pofture ; and found the Motion of the extreme Limits of the Vibrations,
to be about the Length of the Body diftant from each other; and con-
cluded by the Sound, that the Wing was moved forwards and. backwards
with an equal Velocity, (and comparing it with a mufical String tuned
Unifon 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 {wifteft Vibrationsin the World ; whence he reflects

on the Quicknefs of the animal Spirits, which ferve to fupply this Mmionih
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It is obfervable that mofl Infecls are provided with a lietle Ball, * or Blad-
der under each Wing, fix'd at the Tap of a lender Stalk, moveable every
Way at Pleafure ; in fome they ftand alone, in others (as in the whole
Flefh Fly Tribe) they have little Covers, under which they lie and move;
with thefe Poifes, and fecondary lefler Wings, they obviate all the Vacil-
lations of their Body, and poife it in Flight, as a Rope-Dancer ballances
himfelf by his Pole loaden at each End with Lead.

If one of thefe be cut off, the Creature flies aukwardly for a-while, and
at laft falls to the Ground, Thefe Bladders being hollow, may ferve like-
wife to produce the Noife many Sorts of Flies make by ftriking their
Wings againft them s Infects that have four Wings ballance themfelves
with the two lefler ones,

The Wings of Flies are beft applied to the Microfcope between two
Mufecovy Talcs, in an Ivory Slider.

If with an Hair Pencil, or Point of a Penknife, you gently brufh or
ftroke off fome of the minute Feathers from the Wings of Butter-
flies, and fome Sort of Moths 3 then breathe upon a fingle Talc in one of
your Sliders, and apply it to the Feathers, which feem only like a fine
Duft, they will immediately adhere to it; if upon their Application to the
Microfcope they lie not to your Mind, wipe them off, and put en others
in the fame Manner, till they lie fair for Examination, then cover them
with another Talc, and faften them down with a Ring.

< el gl -l P
Of a Blue Fly.

F IG., 86. reprefents a microfcopical Picture of this Fy; it has many
Things about it worthy of Note ; feveral of which are already de-
fcribed, viz. the Head, Eyes, Wings, and Feet,

The Clufters of Eyes in this Fly are much fmaller than that of the Drone
Fly in Proportion to its Head. Between thefe two Clufters of Eyes ap-
pear’d a fcaly Prominency B, armed and adorned with black Briftles, fharp,
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 Front;
at the End of this Arch, and about the middle of the Face on a rifing Part
C, grew two oblong Bodies D D, which through the Microfcope looked not
unlike the Pendants of Lillies, and appear’d to be jointed on two fmall
Parts at C, each of which feem’d again jointed into the Front: Qut of the
upper Part of cach of thefe Horns grows a Feather, or bruthy Briftle E E,

* Der. Phy. Th. p. 377.
en
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on the under Part of the Face F F, were feveral of the fornier Sort of
bended Briftles ; and below all is the Mouth, out of which grew the Pro-
bofcis G H 1; 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 2 Body, he would fpread thofe Chaps, and
apply the hollow Part of them clofe to it.

From either Side of the Probofcis, wichin ‘the Mouth, grow two {mall
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 Horns of Infects ; Mr.
Derbam imagines them to be abfolutely neceffary to the fearching out and
finding their Way, ¥ as their Eyes are immoveable ; fo that no Time is re-
quir'd for their turning them to Objelts ; there is no Neceflity that the
Retina, or optick Nerve, fhould occafionally be brought nearer to, or re-
moved farther from the Cornea, as it is in other Animals 3 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
Feelers : And that this, rather than wiping the Eyes, as fome have ima-
gined, is the particular Ufe of the Feelers, and is apparent from the Flefh
Fly, and many other Infets, which have their Antennz fo fhort and
ftreight, as not to be capable of being bent unto, or extended over the
Eyes.

yThr: middle Part of this Fly was cafed with a firm Coat of Armour, the
upper Part of which was thickly befet with conical Briltles, pointing back-
wards ; from its under Part fprang fix Legs, three of which are apparent
in the Figure at M, N, O ; they were all of the fame Struéture, being co-
ver’d with an hairy Shell, and compofed of eight Joints, to the laft of

' which grew the So/es and Claws before deferibed in Page 57. From the
. upper Part of the Trunk grew the two Wings, which are defcribed Page 60
the hinder Part of his Body was of a moft curious thining Blue, and exactly
like polithed Steel, brought to that Colour by Nealing.

The lamellated Antenne of fome, the cavelated cof others, the neatly
articulated of others, and the feather’d or tufted of others, are exceedingly
beautiful when viewed through a Microfcope.

And in fome thefe Antenne diftinguith the Sexes, || for in the Gnat Kind
all thofe with Tufts, Feathers, or Bruth Horns, are Males; and thofe with
thort fingle fhafted Antenne, are Females.

* Hook's Mycro. p. 183, + Derbanm'’s Phy, Theo. p. 372. | Derban’s Phy. Theo. p. 373
: Flies
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Flies of any Kind may be examined in the Microfcope, by fticking they,
upon the Point, or pinching any Part of them between the Nippers, anc
fo applied to the Magnifier under the refleing Concave, if it be opake.
And if you are defirous to keep its Head, or any other Part, it may be
ftuck with Gum Watcr upon a Piece of Card, or upon one of thofe Ivory
or Holly Slips, mentioned before in Page 31.

Itis very obfervable, that Infefts take particular Care to depofite their
Liggs or Seed in fuch Places, where they may have a fufficient [ncubation,
and where the Young, when hatched, may have the Benefit of proper
¥ood till ghey become able to fhift for themfelves. Thofe whofe Food is
in the Water, lay their Eggs in the Water ; thofe to whom Flefb is a proper
Food, in Flefh ; and thofe to whom the Fruits or Leaves of Vegetables are
YFood, are accordingly repofited, fomein 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 ; fome in the Feathers of Birds, fome in the Hair
of Beafls, fome in the Scales of Fifhes, fome in the Nofe, fome in the
Fleth, 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-
per, they make them Nefls by Perforation in the Earth, in Wood, in
Combs, and the like, carrying in, and fealing up Provifions that ferve both
for the Produétion of their Young, and for their Food when produced.

In Flies, Butterflies, &c. it is obferved there is a kind {}EF Gluten, by
which the Female faftens her Eggs to the bearing Buds of Trees, £9¢. fo
that the Rains cannot wath them off, nor the fevereft Froft hurt them. _

5 xir T AV
Of Infects that infeft Fruit and other Trees.

T HESE Infeits are of the Ichnumon Fly Tribe, that generated in
the Plumb, is black, of a Middle Size, its Body near +%sths of an
Inch long, its Tail not much lefs, confifting of three Briftles, wherewith it
conveys its Eggs into Fruit, its Antenna long, flender, recurved ; its Belly
longifh, tapering, fmall towards the Thorax, Legs reddifh, Wings mem-
braneous, thin and tran{parent, in Number four.

The Blofloms of Apples and Ruinces are infefted with Multitudes of fmall
Animals, {o likewife are the green Leaves of Goofe-berry, Currant, Cherry,
Grape, Plumb, and other Trees, overftock’d with infinice Numbers of thefo
munute Flies, Some blackith, athers green, fome winged, others without

1 Wings;
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Of Flzes. 65
Wings ; feveral of which bring forth their Young alive and perfet ; for
if their Bodies be opened, feveral imperfect Embrio’s may be found
therein. Alfo Infects of a greenith Colour of the Shape of Fig. §8.
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. 8q.

Thele litcle Infects Leeuwwenboek calls Pediculus, ® or Loufz, who on pluck-
ing a Leaf from a Plumb-tree, and putting it into fuch a Glafs Tube as is
deferib’d Page 30, which he applied to his Microfcape, 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 Microfcope,
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. E FGHIK 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 dlack 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, furnifhed with all
thofe minute Organs as are exprefled in the Figure ; whereof A B thews its
two Eyes, C D its Antennz, which afford a pleafant Sight in the Micro-
feope, its curious Joints being finely befet with Hairs,

E F are two Organs, through which it fucks its Nourithment, its long
Tail GHI, KLMN, its four Wings bedeck’d with exceeding fine Hairs
and a much finer Membrane, OO0 OOQO its fix Feet, which were alfo fur-
nithed with many Joints, and thickly fet with Hairs. The Letters P Q R
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 whize.

Upon the Leaves of dpples and other Trees are found a curious Fy, -+ the
exquilite Make and Form of its Parts are not to be difcerned without a
Microfcope, Fig. 91. 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, furnifhed with warious 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. i1s almoft a fourth Part of the Leg
of this Fly, which confifts of four Joints. I I are two Nails which appear

*® Arc. Nat. Ep. 135. t Leen. Exi E::r" €on. Epiff. 8q.
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in the Microfcope, as Horn does to the naked Eye, and K L fhews 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, Peaches, Neftarines, &c. may be found
oreat Swarms of thefe minute Infects, no bigger than an half-grown Loule,
one of which is reprefented by Fig. 94. of its full Growth, and of the Size
it appear’d of to the naked Eye. Fig. g5. fhews the fame magnified and
near its laft Change, the folded Wing juft beginning to appear at A B.
It had fix fmall 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. g4, as betore hinted, the fame Animal when
changed into a Fly,

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

S8 ¢ v VIL

Of Excrefcencies growing on Willow-Leaves, and
a [mall Fly bred thereon.

R. Leenwenhoeck 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 attain their full Growth, could
not find that any of them did fo; obferving at the fame Time {feveral of
thele Knots to have none of the Worms in them, but almoft full of the
Excrements of the Worms which had been therein, and were diflodged,
through a fmall Hole he could perceive in the Knots. '
Fig. 96. A B reprefents a Willow Leaf, in which are feveral Excrefcencies,
fome of them with Holes as F, others as CD E ; G H fhews two of thefe
Knobs cut open, and the Pofture of theWorm therein, feveral Worms lay dead

* Leew. Ex. &3 Con, Epifi. go. + Ph. Theo.. p. 387.
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Of Flzes. 67
in the Khobs fuppofed to be killed by other leffer Wornis, produced from an
Egg depofited by another Fly fince the Producion of the former, which
devoured and lived upon the larger Worm.

In the Middle of Fuly Mr., Leeuwwenboeck 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 Tonnekin or Aurelia, and in fome others 3 Or 14 more
of the fame ; in fome of the Knobs he found the fmall devouring Worins
above-mentioned, being o far advanced in Growth that they were ready
to be chapg’d into flying Infe@s ; he put thefe alfo into Glafs Tubes, AFf-
ter fome Weeks certain black Flies proceeded from thofe Tonnekins, their
hinder Parts of an oblong Figure, and fathioned like a Hook, He alfo
faw two of thefe fmall Worms (which devoured the large-ones) endeavour-
ing to enclofe themfelves in a Web ; 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 cbuld
not make his Remarks thereon.

Fig. g7. reptefents 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 Microfcope, 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 Dart, 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, which 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 lacteous
and juicy) under the Skin of the Leaf, from whence the Worm upan
gnawing the Veffels for its Suftenance, occafions the Sap to flow out of
them and to coagulate into that knotty Subftance. Mr. Leeswenboek took a
. fmall devouring Worm from a larger that lay dead by it, and put it upon
2 living one to which it immediately faftened, whilft the other at the fame
Time ufed all Means, by bending, ftrecching, contratting, and winding
its Body, to free itfelf from this troublefome Gueft, but in vain, the fmall
one ftill keeping its Hold,

_ Fig. 102. exhibits a Tommekin, which was a Worm but the foregoing
tvening, and had caft off a very thin Skin, this alfo confifted of foveral
Rings and Circles as when in the Worm State. The Feer and Joints there-

* Ph. Tran/. No. 26q. + Are. Nat, Epift. 136,
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of were very vifible; AB and AC reprefents its two Antenn® ; 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,
Leeuwenbock was never able to fee it.

Not only the Willows and other Trees, but Plants alfo have Cafes pro-
Juced on their 1eaves, as Nettles, Ground Ivy, 8c. by the Injection of
the Eggs of an Jebueumon Fly. Thefe Cafes are generally obferved to grow
near to fome Rib of the Leaf, and their Production thus. The Parent In-
(ect with its [Hff fetaceous Thail, 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 {mall Excrefcence
which (when the Egg is hatched into 2 Maggot) grows bigger and bigger,
as the Maggot increafes, fwelling on each Side the I.eaf between the two
Membranes 5 and extending itfelf into the parenchymous Part thereof,
until it grows as big as two Grains of Wheat; in this Cafe lies a very fmall
white rough Maggot, which turns into a beautiful green {mall Ichneumon

Fly.

& BV b VEITT
Of the Crane-Fly, or Father Long-legs.

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

an agreeable Variety of Subjects, when examined by the Microfcope.
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 Auguf.* Fig. 104. fhews the Worm changed into
a Nymph, and at its firft coming forth greatly agitated. Fig. 105. 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, as does Fig. 107, alfo fhew the Female.

The Tails both of the Male and Female are of a curious Structure, that
of the Female is fharp, and of the Confiftence of Bone, wherewith fhe
perforates the Ground, and depofites her Eggs under the Grafs in a moilt
Place. 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. &5 Contemp. P 347. + Leew, Ex. & Contemp. p. 349 v
|
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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 little Creature are alfo very curious, which when
opened with unipeakable Admiration he faw them by the Affiftance of the
Microfcope, as plainly as the Bowels in larger Animals can be feen by the
naked Eye. '

In the Feet of this Fly, if diffected in a Drop of Water upon the Glafs
R, Fig. 2. of the Unsverfal Microfcope, the Rethy Fibres may be feen to
diftend and contralt themfelves in a moft furprifing Manner, and to
continue fo for the Space of three or four Minutes. The Eggs alfo after
Diflection 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.

It is 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 convelve 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 {mall Flies, whofe pa-
rent Animal had wounded the Caterpillar *, and darted its Eggs into 1t;
and fo made it the fofter Mother of its young.

Some Infects 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 Eggas,
which may be found upon the Pofts and Sides of Windows, very neatly
laid, being round and refembling fmall Pearl, which Eggs produce a fmail
hairy Caterpillar|. The white Butterfly alfo lays its Eggs on Cabbage-
Leaves, and always glues one certain End of them to the Leaf. If thefe
Eggs be applied to the Univerfal Microfcope on the Glafs R, Fig. 2. you
will find them curioufly furrowed and handfomely adorn’d.

The Peafe Ichneumon Fly § is very fmali, its Wings large, reaching beyond
the Podex ; Antennz long, Alvus fhort, fhaped like an Heart, with the
Point towards the Anus, it walks and flies but flowly. No Tail appears,
but they have one concealed under the Belly.

Ichneumon properly fignifies the Egypiian Rat **, which has its Name from

* Ph.Th. p.300. + Pb.Th.393. [ Ph.Th. p.393. & Ph.Th. 387.
®% Plilef. Tranf. No. 77. _
) 13



>0 Of Flies.

its hunting or tracing out the Eggs of Crocodiles and Afps: A like Obfer-
vation made by fome of the Ancients on certain Infeéts of the Wafpa-
Kind, cccafioned the Application of that Name to Walps, as well as the
Egyptian Rat; there is but one Paffage in all Antiquity concerning thefe
Walps, viz. in Ariffot. de Hift. Anim. Lib. 5. ¢, 20. which Pliny, Lib. 11,
¢, 21. hath render’d thus, Vejpe Ichneumoncs wocantur (funt autem minores)
quam alie) unum genys ex aranes perimunt, phalengium appeliatum, & in
#idos fuos ferunt, deinde tllinunt, & ex iis, incubando, fuum genus procreant
that 1s, the Walps, called Ichuumons, and which are fmaller 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 dlack and curious Fly, which proceeds from the
gouty Excrefcencies of the Briar Stalk *, with red Legs. Black, fmooth
jointed Antennz, large Thorax, and Belly in the Shape of an Heart, It
leaps like a Flea,

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

Caterpillars, and divers others Infeéts, 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 themfelves in their Aurelia
State, in Cafes of their own Weaving.

Some of the Fly Tribe are alfo endowed with this textrine Art, of thefe
one Sort {pins a long milk white filken Web as big as the Top of one’s
Finger, woven round bent Stalks of Ribwert, &c. in Meadows. The
other is a Lump of many yellow filken Cafes ficking confufedly together
on Pofts, under Coleworts, &c. thefe Webs contain in them fmall whicifh
Maggots, which turn to a fmall dlack Ichneumon Fly, with long capillary
Antenna, tan-colour’d Legs, long Wings, reaching beyond their Body
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
glr::cn Colour.  The Flies coming from thefe two Productions are nearly
dilKC,

Many of the Ichneumon Wafps + are remarkable for the Nidification and
Provifion of their Young. Thofe which commonly have golden and black
Rings round their 4/vi, line the Cells they perforate in the Earth, lay their
Eggs therein, and then carry into them Maggots from the Leaves of T'rees,
and feal them up clofe and neatly ; thefe Wafps have their Jaws not only
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. 230, t Jbid. p. 228,
veral
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veral Parts of the Wafp itfelf, are a pleafant Object 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.

B mive T IX
Of Oak Cones.

HESE Cones are to Appearance, petfeitly like Gems, only bigger,

being nothing elfe than thefe increafed in Bignefs, inftead of Length.
The Caufe of this Obftruction 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 Infeét 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
Feaves and Fruit. The Branch being thus deftroyed, or at leaft its Vege-
tation obftructed, 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 Cale 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
bigger, to the Size of a {mall Pea, long and round, in the Shape of a
long Acorn.

The Infect produced from thefe Cones, hath four membraneous Wings,

aching a little beyond the Belly, articulated Horns, large Thorax, Belly
rt and conical, Legs partly whitith, partly black, of a beautiful fhining

een, in fome tending to a dark Copper Colour.

‘The Aleppo Galls, wherewith we make Ink, are no other than Cafes in

hich Infects breed, which when they come to Maturity, gnaw their Way

* Phily. Tranf. No.237.  + Ph.Th. p. 397,
oud
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out cf them, which occafions thofe little Holes obfervable in them ; Sees
Pbilof. Tranf. No. 243,

Of this Sort alfo are the little fmooth Cafes, about the Size of large
Pepper Corns, which grow clofc 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 [ies a rough white Maggot, after-.

(=
wards transformed into a black Zchuneumon Fly, that eats a lictle Elole in the 4

Side of the Gall, and fo gets out.

Some of thefe Balls are tender, as thofe of a yellowith green Colour -
with a reddifh Caft, abour the Size of a fmall Mufket Bullet, growing clofe 4
to the Ribs, under Oaken Leaves, their Skin fmooth with frequent Rifings |
therein, inwardly they are very foft and fpongy ; and in the very Center is 4
a Cafe with a white Maggot therein, ‘which becomes an Ichneumon Fiy.* 1
This Gall is remarkable for the Fly lying therein all the Winter in its ine
fantile State, and comes not to its Maturity till the following Spring. In
Autumn and Winter thofe Balls fall down wich their Leaves to the .
Ground, in which the inclofed Infe&t is fenced againit the Winter Frofts, |
partly by other Leaves falling pretty thick upon them, and efpecially by *
parenchymous fpongy Walls, afforded by the Galls themfelves.

From the large Oak Balls, called Ogk 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-berry
Bufh, produce a fmall fhining 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 Infects afford an entertaining and agreeable Variety when
viewed through a Microfeope.

B9g e 1y Wy
Of an Infet found upon the Leaves of Spices and

in Woods of [everal Kinds.

‘\/_[ R. Leenwenbock difcover’d upon the Leaves of fome white Nut-
megs, an dnimalcule or minute Worm, which appeared to the na-
ked Eye of the Size of Fig. 108. but is reprefented in Fig. 109. as it ap-
pear’d when placed before the Microfeape. Its Body was jointed in

veral Places, and thickly fet with Hairs; it had fix fhort Feet, which end
with a fhining Nail, toothed like a Saw, as at A, B, C, D, the hinder
Part of its Body was very full of Blood Veflcls, as appears atE, F, G, H

* Ph. Th. p. 400,
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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 lefler 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 I.M, 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 defcribed.
It had alfo fix Feet armed with Zalons, as before thewn : Thefe Legs had
feveral Joints, and were cover’d with Briftles or Thorns, two of thefe
Feet and Nails are thewn by the Letters CO, DP, DE, and K I 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 Veflels or Nerves that aflift in the Expanfion thereof. The exquifite
Neatnefs with which this minute Wing was folded under the Shields, is
furprizingly beautiful, as appears 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 chis ilmy 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. Lecuwenbock took off one of the fhelly Cafes and placed
the Wing before the Microfcope, which appeared as in Fig. 111, QST
V W XY 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 thewn at ST. The Extremity W XY, fhews thofe neat Fold-
ings before fpcken of, which, together with the Strength of the Nerves, dif-
cover the Almighty’s Wifdom in their Contrivance.

I have found of thefe Infect Flies in Summer-time flying about my
Work-fhop, and have oblerved them to anfwer all the above Defcription,
They are fo imall, that I have applied them to the Microfcope in the Ivory
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 Maggot, from which
proceeds a Beetle of the fmalieft Kind, of a Weefel-Colour ; it leaps like a
Grafhopper, although its Legs are but fhort, black Eyes, Vaginz thin,
and prettily furrow’d, with feveral Cavities, fmall dubed Antenns, and a
long Probofcis.

¥ Pb. Theo. p. 251,
L “ : The
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The fame, or one much like this is found on the Tips of Oak and Holly
Leauves.

The Horfe-Fly is alfo a curious Obje&t, its Eye is in the Form of other
Fliee, but is as it were indented all over with a pure emerald Green, its
Jody like Silver in Froft-Work *, fringed all over with white Silk. It the
[ead 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 Trank or Probeftis ot a Butterfly, which lies wound up like an Helix
or fpiral 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 Object 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 fuflicient Length, that when extended it may reach
into the Hollows of Flowers, and trom thence extract their Dews and
Juices. It confilts 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 Butierfly form but one Channel |. Thefe tubular Extremities are un-
folded in the Manner exprefied at BT N, Fig. 114. in order to extract the
Dews., £9¢. from Flowers ; after which it is immediately drawn back and
coil’d up into an Helix. MM, Fig. 115. reprelents one of the extreme
Parts viewed with a greater Magnifier, and delineated exattly in the
Manner as it is applied to Leaves and Flowers. Whence it appears, that it
is pot the extreme End of the Probofcis, which extraéts the Dews and
Juices ; but feveral Nipples DEF, that are applied to the Leaf AC, at
the Points 111.

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 1s beft held
between the Nippers V, and fo applied to the Magnifier,

There is a pretty Object, which is a white oblong Infect thac fticks to
the Back-fide of Rofe-tree Leaves ** in Auguft, of a perfet white, itchanges
into a fmall yellow Loocuft, with two white Wings longer than its Body, and
two Pointers in the Snout like a Pair of clofed Compafies, and may be
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 Obje¢t ; when placed before the Microf-
¢ope it hath two Horns and four Legs, and two curious black Eyes.

" Power's Micro, Obf. p. 7.+ Ibid. p. 8. || Microgra. de Bonan. Pars 2. p. 48, § Pow-
er's Micro. p. 24, ** [Ibid, po27.  +t lbid. p. 26.
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On Sycamore Leaves there is a yellow Infe& *, which at firft hath no
Wings, but 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 Infe@, creeping and leaping
amongft Pinks, Gilly-Flowers, Rofe-leaves, &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 Winggs, black Eyes, and fix
black Legs, they are kil’d with the leaft Touch imaginable ; their Size is
lefs than that of 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
Nippers 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, Horfe-mint,
Rofemary, &c. || (by fome called Cuckow-fpit) is always found a little Infect
of a golden Colour ; it hath fix Legs, with two black Claws at the End of
each, which it can open and fhut at Pleafure ; its Eyes are pearled and of
a dufky Red, along reddifh Probofcis is fituated between its fore Legs ; 1ts
Tail had feveral annular Divifions that ended in a Stump, which it could
at Pleafure thruft out or draw back, it firft creeps, then leaps, and at laft
flies.

The Cow-lady, Lady-bird, or [potted Scarabee, is a very nimble Amimal ;
cut off its Head, and ereé it perpendicularly upon the Neck (which may
be faftened to a Bit of foft Wax firft 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 {mall black Eyes fet
upon three white Plates like polithed Ivory, two fmall ones on one Side,
and a large 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 vigoroufly for 12 or 14 Hours,
after the Head and Neck are feparated.

There is a Fly with grey and black Streaks on the Shoulders **, and chequer’d
on the Tail with the fame Colours ; upon opening the Female of this Fly,
which may be diftinguifhed by a Rednefs 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 Velicles

* Power's Mi. Ob. p. 32+ lbid. p. 31 || Bid. p.28. _§ Ibid. p. 30 ** Phis
Tranf. No. 72
L2 back-
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backwards and forwards, being difpofed in Cells according to the Length
of the Animal’s Body,

DR e 30
Of the Cochineal Fly.

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

its Ule in dying Crimfon, Scarlet, and Purple, is an Infeét bred

upon the Plant called prickly Pear, or Indian Fig +5; and upon the Leaves or
Twigs therecf are finall 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 theIflands
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
tll their Wings, Legs, &¢, fall off. Upon fteeping fome of the Grains
of Cochineal 24 Hours in Water, a Trunk with Scales and Legs will ap-
pear; and if their Bodies be opened, many Eggs of different Sizes may be
alfo found. '
Fig, 116. reprefents a Grain of Cochineal ; Fig. 117. another Grain, as

it appear’d through a Microfcope, 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 D G,
Fc. are not natural, but adventitious to the fame Grain, proceeding only
from the drying or fhrinking up of the great Number of Eggs that lie
within the Animalculum ; for if the fame Grain was well foaked in Water,
the concave Parts would become convex. Fig. 118. thews an Egg with its
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, and
its Shell furrounding it. I, M N, Fig. 119. reprefents one of thefe unborn
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 feen,
but alfo the Parts thereof divided into feveral Circles, and likewife the two
Horns with the Joints wherewith Nature hath provided all thofe unborn Ai-

malcula, were plainly vifible when placed before the Microfcope. B H, «

D1, 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 are
three {fmall Hairs,

t Phi. Tranf. Neo. 2g2.
SEcr.
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Sipcor.b Xl
Of the Death-watch.

T HERE are two kind of Infe@ts 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
Puifaroriys.

The firft of them is a fmall Beetle, about +5¢ of an Inch in Length, *of a
dark brown Colour, with Spots fomewhat lighter irregularly placed. It is
reprefented of its natural Size at Fig. 121. Under its Vagina 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
little 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 thew the more deprefled 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 Infects woo each other, and invite to
Copulation ; and that it always draws back its Mouth, and beats with its
Forehead .

The other Death Watch is an Infe& diffcrent 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 a2 Warch. It is a fmall greyith Animal, much re-

| fembling a Loufe; for which Reafon it is called Pediculus Pulfatorius. It

1s very nimble, but extremely thy when difturbed ; it will beat freely
enough before you, and alfo anfwer you when you beat, if you can 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 I, as it appears to the
naked Eye. Iig, 124. fhews it a little magnified ; its Shape and Colour

* Phil. Tranf. No. 245. T Phil, Tranf. No. 271. | Péil, Tranf. No. 2g1. '
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< 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 whitifh Colour, and are hatched by the Warmth of the ap-
proaching Spring, which to them is all the fame as an Incubation : The In-
fect is fully hatched, and can creep about at the Beginning of March, or
fooner if the Weather be warm ; at 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
magpnified much, but only that Mites had more Briftles about the Breech:
In this Shape they continue fix Wecks or two Months, feeding on divers
“Things they can meet with; after which they gradually increale towards
their more perfect State, when they become like the old ones.

Mr. Derbam has plainly fhewn, that their ticking Noife is a wooing Act,
and that it is commonly about Fuly; * he never found them in Coita, 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 Death Watches feed up-
on dead Infe@s, as the young ones do, and alfo upon Bifkets, Tallow,

&c. nay Duft itfelf, and hath obferved them thro’ a Microfcope to fe- |

leét fome Grains thereof, and reject others,

T O A v ]
Of a Gnat.

88 e v L

HE firfs obfervable in the Generation of this Infeét, is its vaflt |

: Sgawn, fome of them being 13 Inches long, and % of an Inch broad,
floating in the Water, but being made faft to fomething to prevent its be-
ing wathed away; in this tranfparent Spawn the Eggs are neatly depofited,

in fome a fingle, in others a double fpiral Line 4, 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 Seafon,

hatched into fmall Maggats, 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: Tranf. No. 271+ Phi. Theo. p1 394
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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
aXind 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 2 Defcription of Fig. 128. the hinder Part or Belly confifts of eight fe-
veral Joints. From the Midit of each of which, on either Side, iffue out
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 darkifh colour’d Gut,
through which the periftalftick Motion was very difcernable. The Cheft 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
Briftles, and the Head was alfo adorn’d with the fame, it had two black
| Eyes, and two {mall 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 hangs fufpended with its Head downwards ; they lift their Heads
fometimes into the Air, at other times plunge 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 iffue
forth as Infeéts of a quite different Element: The moft beautiful and ele-
gant Plumage adorns their Heads 3 their Limbs are of the fineft Texture ;
their Wings are curioufly fringed and ornamented ; their whole Bodies are
invefted with Scales and Hair ; and they are actuated by a furprizing Agi-
lity 5 in fhort, they become Gnats, and {pring into the Air; and what is
moft amazing, a Creature, thatbuta Minute fince was an Inhabitant of the
Water, 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.

S B.C T
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Of the Tujted, Brufh-horr'd, or Male Guat.

T'S furprizing and particular Beauties are only to be difcover’d by the

Microscore; and is exactly of the Shape of one of thofe which Mr.,
Hook obferved to be generated out of one of the little watery Infects juft
defcribed.

Nature has adorned it in a moft furprizing Manner: Its Head A is
exceeding {mall in Proportion to its Body, which confifts of two Clufters of
pearled Eyes, Fig. 130. curioufly ranged like thofe of other Flies ; berween
which, upon two blackith Balls, are placed two long jointed Horns D, ta-
pering towards the Top; from whence iffued out in a circular Manner,
Multitudes of fmall ftiff Hairs from its feveral Joints, exaély refembling
the Sproutings of the Herb Horfe-Tail. There are alfo two other jointed
and briftied Horns or Feelers D.  And a Probofcis 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, €3¢, much like thofe of other
Flies, but longer and f{lenderer, which are not exprefled in the Figure,
becaufe of their great Length. From the upper Part proceeds two lon
flender tranfparent Wings, fhaped fomewhat like thofe of a Fly ; under-
neath which, as is obfervable in many Sorts of Flies, are placed two finall
Bodies, which are its Ballances or Poifes, Its Belly large, and extended
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 Part at I, feem’d to beat like the Heart of a larger Ani-
mal ; the three laft Divifions of the Tail were cover’d with opake Shells,

O B C.T. UL
Of the great belly'd or Female Gnaz.

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 out
of the Water Infect before defcribed: Its Wings were larger than thofe of

the other ; its Belly bigger and fhorter ; its Thorax not much unlike that
of the other, having a ftrong rigid back Piece and Breatt Plate ; its Head
larger and neater fhaped ; the Horns, that grew out of thofe two lictle

Balls,
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Balls which were between its Eyes, was of a different Shapé 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 5 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 fecaled in others, and
in fome befet with Prickles.

M. Hook fuffered one of thefe Gnats 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 whilft the Sting was
entering ; a good Argument that thefe Creatures do not wound the Skin out
of Revenge, but for mere Neceflity tq fatisfy their Hunger.

This Piercer, Sting or Sucker, as reprefented by FGHI, Fig. 132. 1s
a Cafe cover’d with long Scales and Hairs ; it lies concealed under the
Gnat’s Throat, when not made ufe of ; but when it is, the Side G H opens,
and four Darts are thruft out therefrom occafionally; one whereof HK
(minute as it is) ferves for a Cafe to the other three; the Sides of which
towards the Point K are barbed or indented. F1I fhew that Part of the
Sting where it was cut off from the Gnat’s Throat.
| Fig. 133. reprefents Part of the fecond Sheath, whofe Sides near the
§Top are barbed, but not here exprefled. This alfo opens Side-ways for a
{Paflage to the three included Stings.
| Fig. 134, fhews all the Parts of the Stings wherein two of the interior
lones might be feen barbed and indented towards the Point; their Finenefs
lis almoft inexpreffible, they have three Sides, as reprefented in Fig. 135,
dwhofe Edges feemed to join alternately (which when fo united refemble a
three edged Sword, or Dagger.) Fig. 136, fhews another Part of one of
\thofe interior Stings, which is remarkably fmall and fomewhat curved. Its
i Top on the plain Side is thewn at Fig. 137. which Top is reprefented in
lanother Pofition, Fig. 138. A. and in the Pofition of B its Hooks might
hc feen. When thefe Darts are thruft into the Flefh of Animals either fuc-
|ceflively or in Conjunction, the Blood and Humours of the adjacent Parts

rhuft flow to, and caufe a Tumour about the Wound, whofe little Orifice
Ibeing clofed up by the Compreffion of the external Air can afford them no
{Outlet. When a Gnat finds any tender juicy Fruits, or Liquors, fhe fucks
up what fhe likes through the outer Cafe, without ufing the Darts at all;
dbut if it is Flefh, that refifts her Efforts, fhe ftings very feverely, then
ifheaths her Weapons in their Scabbard, and through them fucks up the
| Juices the finds therein.  Upon Diffection many curious T hings may be
\difcovered, viz. numberles Animalcules in the Semen of the Male *, and

lin the Female a furprizing Quanuty of Fggs.

¥ ;_‘Ir.r. Nat, Tom. IV. P22 .
v ' There
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There 1s 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
Ofispring of this Gnat*; and the fmaller that of a fmall dark coloured Fly,
tending to a reddith Colour, frequent in Cellars and fuch obfcure Places 5
they rurn 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 15, This Gnat hath no Spear in its Mouth.

Thefe Infects may be applied to the Univerfal Microscork, by pinch-
mg them between the Nippers, or fticking them upon the Point; their
Sungs when cut off may be beft examined upon the Glafs R of Fig, 2.
when placed between the Object-Plate and Springs.

Co Bl A0 X EX
Of the white feather'd winged Moth. |

o s AR o WIS

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, each of thefe Wings confifts of two
Feathers, as reprefented in Fig. 139, very curioufly tufted or hair’d on each
Side, with exceeding white but minute Hairs ; its whole Body, Legs, Horns,
and Stalks of the Wings were cover’d over with various Kinds of white
Feathers, which rub off between the Fingers when touched. Underneath
thefe Feathers this curious Infeét was covered all over with a crufted Shell.,
It bad alfo different Feathers, that covered feveral Parts of its Body ; the
Tufts or Hairs of its Wings, when viewed in the Microfcope, appear as
reprefented in the Fig, by DD, The Feathers which covered a Part of its
Body, like A, confifting of a Stalk and a feeming Tuftednefs on each
Side 3 others which covered fome Part of its Body, and the Stalks of its |
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 |
imooth winged Infects have the ftrongeft Mufcles ; and even this very In-
fect had a very fmall Body, if compar’d to the Length and Number of his |
Wings 3 which therefore as he moved them very flowly, confequently
moved them as weakly ; which laft Property is in fome meafure obfervable

* Ph. Theo. p. 386, :
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in the larger Kind of flying Creatures, as Birds, {F¢. So that by the Affiftance
of the Microfcope we find, that the Wifdom and Providence of the all-wife
Creator, is no lefs fhewn in thofe defpicable Creatures, Flies, Moths, &e.
than he is in the larger Parts of the Creation.
| Thefe little Animals may be pinched in the Nippers, or ftuck upon the

Point, and fo applied to the Microfcope 3 and its Feathers may be placed
between two Mufcovy Talcs.

% Boadiey ].L
Of the Wolf, or [mall Moth.

HIS Infei is a little white Worm, which infets Granaties and
Corn-Chambers. In its perfe@ State it is really a Moth, of the Size

#l and Form reprefented at Fig. 140. it has four whitith Wings fpotted with

black Spots.

When in the Reptile State, it appears as reprefented under Fig. 141. 2
#l magnified Reprelentation 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 Polition, Part of its Body is repre-
fented at M N, Fig. 146. wherein its fix Feet may be feen. As it creeps
il along, an exceeding fine Thread or Web iffues from its Mouth, by which
it hangs to every Thing it touches, its Mouth is armed with a Pair of red-
8 difh 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 thefe Corn-Chambers that are infefted with this Vermin, they may be
§ {een near the Decline of the Summer, crawling up the Walls in great Num-
bers, fearching out for Places where they may abide in Safety, during their
4l Aurelia State : For when the Time of undergoing a Change into that State
§l approaches, they forfake their Food, and thofe little Cells they had formed
3} of hollow’d Grains of Corn, clotted together by Means of the Web
| coming from their Mouths; and wander about till they find fome wooden
| Beam, or other Body to their Mind, into which they gnaw Holes with
| their fharp Fangs, capable of concealing them ; and there envelope them-
| ftlves in a Covering of their own fpinning ; where they foon become me-
il tamorphofed into dark colour’d Aurehas *, and centinue fo all the Winrer
il unactive and harmlefs : But about Jpril or May, as the Weather grows
| warm, they are transformed into Moths of the Kind before deferibed. “i'hen
{are they to be feen in great Numbers taking little Flights, or creeping

® Leswaven, Exp. 5 Eﬂuh‘mp. F_ﬂ{{?‘ 715
M 2 : | along,
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along the Walls ; in the Fly State they eat nothing, therefore are not mif-
chievous, 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 or
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 fcoop out and devour, leaving nothing but
Hufks and Duft, and fuch a Quantity of their Dung, as thews them to be
more voracious Infeéts than the #ecvil, hereafter to be defcrib’d.

Thefe Worms or Maggets may be kept all the Winter in Glafs Tubes,
that are ftopped at each End with a Cork and Wax, having firlt a Bit
of a very fmall Glafs capillary Tube, put thro’ the Cork to give them Air.
In this Manner Mr. Lecuwenboek confin’d fome of thefe Morhs with a few
Grains of Corn, and faw them lay their Eggs in the Crevices of the Corn;
alfo in this Manner he obferved all the above Particulars, Therefore as
thele Glafs Tubes may be readily applied to the Univerfal Microscorz,
and are alfo very commodious to confine any Kind of Infe&t, in order to
obferve their Manner of Propagation, I 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 Extremities
ftopped with Corks and Wax, E G and F H are two exceeding {mall
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-
ject-Plate I, and Springs b, of the Univerfal Microscore, Fig. 1. feve-

ral Dozens of them will be neceflary to confine a few out of the great'

Variety of Infets that one Summer Seafon produces, therefore any Gentle-
man may be fupplied with more or lefs of them as he pleafes, at my Shop
at the Sign of Tycho Brabe’s Head, in Fleet-Street, Lonpon, where I al-
ways keep them ready prepared.

Thefe little Moths are cover’d all over with an infinite Number of little
Feathers joined to their Wings, and other Parts of their Bodies by a Quill,
as thofe of Birds are, but fo extremely different in Shape, that fcarce two
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 petfectly tranfparent, ten of the fmaller Sort
are exhibited at Fig. 145, but all of them of a different Shape. Thefe Fea-
thers which compofe the Borders of the Wings, but efpecially thofe which
grew upon that Part of the Wing which was near the Body of the Moth, were
alfo of different Fafhions, and much longer than the former. Five of this
Sort are thewn at Fig. 146. "

The
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The Methods of deftroying this Vermin is, when they forfauke their
Food, and afcend the Walls, or when they appear in the Moth State 3 at
both thefe Times they may be crufhed to Death by clapping Sacks upon
them : But they may {till be more effectually deftroyed by ciofing 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.

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

The Nymph of the Cloaths Moth, 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 conical 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 refle@ting Sur-
§ faces, make the whole Animal appear of a perfett Pearl Colour: The
§ fmall blunt Head of this Infect is furnithed on either Side with a Clufter
| of Eyes, (but fewer in Number than thofe of other Infets) each of which
| was befet with 2 Row of fmall Briftles. It has two long Horns A B, ftrait
| and tapering towards the Top, curioufly 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 ;5 its hinder Part termina-
{ ted in three Tails, refembling the two long Horns 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, having firft ftuck them thereto with a flight Touch of Turpentine,
| ora Drop of Gum Water.

CH AP XX,
Of the Weevil, or Corn-Beetle.

TH IS little Jnfe 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-
Ml acquainted with the Weevil, 1have exhibited a Picture of it, in Fig.148. of
the full Size it appears of to the naked Eye. It has two jointed Horns, w hich
are reprefented as they appear when viewed through a Microfcope, at

* Leewaven. Exp. & Contemp. Epifi. 71. p. 240, ]
| E, H, G,



86 Of the Weevtl.
1, H, G, Fig. 149, Its Trunk at E D B, and its Foreeps or fharp Teeth
D), with which it gnaws its Entrance into the Heart of the Grain, either
for Food, or to depofite its Eggs. Between the Forceps at D, appcars a
Kind of Sucker, with which it licks up the Flower or Duft of the Grain,

If fome of them are kept in Glafs Tubes, prepared as before deferibed,

that the Air may have a free Paflage into them, with a few Grains of

W heat, their Copulation may be difcover’d, and alfo their Manner of Ge-
neration, which is thus performed. * The Female petforates a Grain of
Wheat, and therein depofites a fingle oblong Egg or two at the moft,
and this fhe does to five or [ix Grains every Day, for feveral Days toge-
ther ; thefe Eggs, which are not above the Size of a Grain of Sand, in
about feven Days produce an odd Sort of white Maggot, which wriggles
its Body very much, but is fcarce able to move from Place to Place, the
Maggot turns into an Aurelia, which in about fourteen Days comes out a

perfect Weevil.

C9H A VP
Of the Flea.

HESE little Creatures are a furprizing Objec, when examined by

the Microfcope 5 they are Male and Female, and undergo the fame
Changes as the Silk-worms do. They depofite their Eggs at the Roots of
the Hair t of Dogs, Cats, and other Animals, and by a glutinous Matter
ftick them faft thereto; one of thefe Eggs is reprefented magnified in
Fig. 150. and at r51. the fame Egg broken by the Worm, Fig. 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 two
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 3 after which they open themfelves by Degrees, and
crawl {wiftly away. They endeavour to conceal themfelves when their
Change draws nigh, eat nothing, lie quiet, and appear dying, but if placed
before the Microfeope, will be found with the Web in their Mouths, weaving
a Covering round them ; the Infide of which is perfectly white, but its
Outfide as it were foil’d with Dirt. In this Bag they put on the Chryfalis,
which is reprefented at Fig. 153. divefted of its Vermicular Skin.  About
two or three Days before they break forth from this Confinement, their

% Leeunw. Eip. of 6 Ang. 10 the Royal Society,  + Phil. Tran/. No. 249. § drc. Nat.
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Colour darkens, and as foon as they iffue from the Bag, arc perteét Fleas,
and able to leap away. A microfcopick Picture of a perfet Flea is repre-
fented by Fig. 158.

It is all over adorn’d with a curioufly polifhed Coat of Armour, or hard
fhelly Scales, neatly jointed and folded over each other, and befet with
long Spikes, almoft like Porcupines Quills: Tts Neck bears fome Refem-
blance to a Lobfter’s * Tail : Its Head 1s adorn’d on either Side with a
beautiful quick and round black Eyes behind each of which appears a
fmall Cavity, in which moves a thin Film, fer with many fmall tranfpa-
rent Hairs, which may probably be its Ears 4. From the fore Part of its
Head, proceeds a Pair of little jointed hairy Horns, cr 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

obably thruft farther into the Flefh, to make the Blood flow from the ad-
acent 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 difficult 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 s 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 fore Legs ; fince in the Agonies of Death, it may eafily be managed
and brought before the Microfcape. But this requires a great deal of Pa-
tience and Dexterity, Therefore another more likely Way 1o fucceed in
this Experiment, is, when the Flea 1s juft dead, to take hold of its Back
with the Nippers m, of the Apparatus V, Fig.2. and then apply it to
the fixth Magpnifier ; and having a fmall fewing Needle ready fixed in a
Handle, I have been able to prefs the Forns forward with the Point of
the Needle, and its two fore Legs nearer to the Body; and this whillt I
was looking thro’ the Microfcope 5 by which Means I could then exaétly
fee where to place the Point of the Needle, fo as to raife up the Plercer in
the Situation D E, as exprefled in Fig. 154. which reprefents a Part of the
Flea’s Head ; and at the fame Time I have open’d the Piercer, and fepara-
ted its two Lancets, and this ‘without 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-
cet, or Dart, which in this Figure appears to be but one, but if carefully
feparated, will be found te confift of two Parts, as in the next Figure 1553
whercof G K and G I reprefent as before the two Parts of the Piercer be-

* Poaw, Mic. O p. 2. + Hook's Mic, p. 210. | dre. Nat. Tom. IV. p. 3324
Ph. Tranf. No. 249. (
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88 Of the Flea.

fec with f{everal Haws, and G H fhews the two Darts, but not feparated,
At Fig. 156. they may be feen alunder, 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 {een the Cavity, which includes or receives the other Dart
L P, when they are fhut up between the Fleas fore Legs, all the four make
but one Probofcis, :

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 Brealt ; thefe
fix Legs the Flea clitches up altogether 3 and when he leaps, fprings them
all out at the fame Inftant, and thereby exerts his whole Strength 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
cleven Days they come to the full Perfeftion of the Reptile State, when
the Maggot {pins its Bag, and in four Days more changes into a Chryfalis ;
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 that
undergo fuch like Changes.

If you keep Fleas in fuch a Glafs Tube, as is before defcribed, fo as to
admit frefh Air, their feveral Actions may be obferved, and particularly
their Way of Coupling, which is performed Tail to Tail. The Female
(which is much the larger) ftanding over the Male: They will alfo be feen
to lay their Eggs, not all at once, but ten or twelve in a Day for feveral
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 diftinguithed, and
alfo the Teftes and Penis, together with Veins and Arteries, minute be-
yond Conception. Mr. Leeuwenboek affirms, that he has likewife difco-

ver'd innumerable Animalcules, thaped like Serpents, in the Semen Mafculi-
num of a Flea.

* dre. Nat. Tom IV, p. 325, + Ibid, p. 335.
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C:H A P, "XXII.
Of the Loufe.

’1" HE Tranfparency of its Skin enables us by the Help of the Micro-
Jeope, to difcover the Motion of the Mufcles, * (which unite in an ob-
long dark Spot in the Middle of its Breaft) as the Loufe moves its Legs;
and alfo in the Head, when the Horns are moved, and in the feveral Ar-
ticulations of its Lf:gs 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 twe
hairy Horns B B, Fig. 159. with four Joints. Its two black I:.yf:s
are thewn at C C, fenced round with feveral {mall Hairs; it has fix Legs,
cover’d with a very tran{parent 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 Size ; one of which re-
fembles that of an Eagle, but the other of the fame Foot 1 ftands ftrait out,
and is very fmall ; between thefe two is a raifed Part or Knob, moft ex-
quifitely contrived for performing thofe Motions of walking and climbing
up the Hairs of the Head ; for when it walks, by having the leflfer 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 |. From its Snout at the
Hole D, when the Loufe is going to feed, it pufhes 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 Piercer § or Sucker N is puthed 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 direétly from its Snout in a fine Stream to the fore
Part of the Head, and then to fall into a roundith Cavity ; it paffes again
in a like Stream to another circular Receptacle in the Middle, of the Head
at A, from thence through a fmaller Veflel to the Breaft; and then to a
Gut that reaches to the hinder Part of the Body, where in a Curv:: 1t turns a

' Pé:faf Tranf. No. 231.. '|' Ihid. No. g4. | Heok's Micraf. p. 212, § Leeavend.
Exp. T Con. p. 354 ; . S
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fittle upwards. In the Breaft and Gut the Blood without Intermiffion is
moved with great Force, and in the Gut with fuch a ftrong Propulfion
downwards, and fuch a Contra&tion of the Gut as s furprifing. In the up-
per Part of the crooked afcending Gut the propelled Blood ftands ftill, 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 diftributed; and at T, afptarcd a pretty big white Subitance ;
many very fmall milk-white T Veffels were difcernable berween its Legs, out
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
K K is placed, and the white Spot L3 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 leffer towards the Tail. In
the larger Spot a white Film { or Bladder contracts, 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 pulfing 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 perfect in all their Mem-
bers, and undergo no farther Change.

Mr. Lecuwenboek obferved that in fix Days one of them had laid 50
Egos, and diffeing it, he faw as many more in the Ovary ; concluding
'{rum thence that it would have laid 100 Eggs in 12 Days. Thefe Eggs

atch’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 100 Eggs alfo, which Eggs in fix Days
farther, the Time required to hatch them, might produce a young Brood
of 50003 fo that in eight Weeks a Lonfe may fee 5000 ** of its own
Defcendants.

Upon the oblong Slip of Glafs R, Fig. 2. a Loufe may be ealily diffect-
ed in a fmall Drop of Water and-applied to the Microfcape ; thus five or
fix Eges teady to be laid may be found in the Ovary of a Female, with
many other of a lefs Size. In the Male the Penis is remarkable, and alfo
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,

* Phi. Tran. No. 102. + Hook's Micro. pe 213. 1 Pow. Mi, 0b. 2. q. | Are.
Wat. Tom. II. p.om § id. p.%7. ** dr. Nat Tomi, 1. p. %8.
The




The Vermin adhering to and feeding on the Bodies of different Animals,
are commonly called Lice, ' = . . © o

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

The Earwig is troubled with minute Infeés, 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
| ofi any ‘other Animal, #" B G0 Rs L48 e :
" Snails of all Kinds have Infeéts feeding on them, Small red Lice are
{ frequently to be feen about the Legs of Spiders. )91 BRRY D
|  White Lice are commonly found on Humble-Bees, on Ants, ‘on Fifhes,’
i &e. 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. . 5L
|~ Seignior Redi at the End of his Treatife- de Generatione Infefio, hathi
obliged us with Microfcopick Drawings of feveral Sorts of ' Liee, 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 {everal 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'
| upon the Egret: On the Wood-pecker and Chafinch are fome refembling
| thofe 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 ; but that on the largeft Birds both large and fmall Liee 'of dif-!
ferent Kinds may be found ; for on the Black-bird hath been feen fome as
large as thofe on the Swan. .

There is alfo a little Animal in Shape and Colour like a Loufe, com-
#i monly found among the Leaves and Covers cf Books, @and in rotten Wood ;
! it has a fwift Motion and runs by Starts ; itis called a#ood-loufe 1 or W ood-
\ mite. If this Animal be ftuck upon the Point of a very fine fewing Needle
| with a little Turpentine, it will be found a very curious Object ; its whole
i Body being cafed in annulary Circles, full of Silyver Hairs, ‘efpecially to-,
| wards the Tail, with fix Legs, that terminate in two Talons it hath two
Horns, but pointing backwards ; “its Eyes are of a golden Colour, and
suthed out or drawn in at Pleafure; it ‘hath alfo two Pointers before like a

air' of Pincers. - '

® phi. Tran. No. 288, - 4 Poxv. Mi. Ob. p. Yo. :
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ol i XXIIL
Of Mites.

o i A b B G

HEY are crultaceous Animals, having a fmall Head in proportion

to their Bodies, a tharp Snout and Mouth like that of a Mole, * when
open it appears red 5 they have two little Eyes, fome have fix Legs, others
cight, each of which terminate in two hooked Claws : The Divilions of
the Head, Neck and Body are eafily difcernable by the Microfeope ; the
hinder Part of its Body is plump, and of an oval Form, with a few exceed-
ing fmall Hairs iffuing therefrom, and from ather Parts of its Body alfo.
The Female lays Eggs, the young ones iffue forth with all their Members
perfect, though extremely minute; they caft their Skins feveral Times be-
fore they attain; their full Growth.

Fig. 160, reprefents one of the Mites in Cheefe 5 its Head is feen at A,
and exadly anfwers 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 Glafles,
and E‘Ppliﬂd 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.

D B0 dl
Of the wandering Mite.

HESE Creatures appear to the naked Eye to be a kind of dlack

l Mite, though much nimbler and ftronger than the Cheele Mites,
but on viewing them in the Microfcope, they will be found to be a very fine
cruftaceous Infet, like Fig. 161. with a protuberant oval Shell indented
with feveral fmall Pits, covered all over with white Briftles, they have
eight Legs, each of them furnithed with a fharp Claw at the End. The

* Pow. Mi. 0b. p. 16, + Arc. Nat. Tom. IV. p. 360. |
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Of Mitzes. 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 arole two very
long and ftrong Briftles, its Eyes black and imooth like thofe of bigger In-
fects. Thefe Mites are to be met with on almoft any Subftance where they
can get Food.

Another Sort of Mite as delineated by Dr. Hook, is reprefented in Fig.

162, cover’d with a curioufly polithed Shell, which reflected 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, T being in one longer, in another
rounder, in fome more hairy, in others fmoother, 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, and in Malt-Duft ; there are Mites
bred among Figs, || in Hay, and in the Powder that falls off dried Roots {.
They are voracious Animals, and devour not only Cheefe, but alfe all
Sorts of dried Fleth, Fith, 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. Leenwen-
boek, which a certain Gentleman compared to an Indian or fapan Cane,f+
with feveral Joints, and faid it appeared to him through the Microfeope as
if fharp Twigs were {prouting out of each Joint. And Fig. 163,
reprefents another Hair or Briftle of a Mite magnified, which was
fpicated, er bearded like the Ear on the Seed-beard ** of {fome Grafs,
Every Briftle on its Body and Legs bad the fame Formation ; 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
Walp ; feveral of them being fhut up together without Food for fome
Days, fome were found dead, and the Survivors preying on them; by
which Means their manner of feeding 11 was cbferved, which is very remark-
able ; for they thruft one Mandible forwards, and draw the other back-
wards at the fame Time, and thus they do alternately 5 fo that they feem
to grind their Food.  After feeding they munch or chew the Cud.

Mr. Leeuwenboek 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 {creens them from
the Infults of the Maggots that fwarm in Cheefes. He alfo obferved fome

 Hook's M. p. 206. + Ibid. p. 214. | Ph. Tran. No. 333. | Pocver’s Mi. 0b. p.18.
% [id. No. 284. 4 Mbid No.333. 1% Bbid. No.284. ||| tbid. Ne. 262. :
‘ G



04 Of Mites.

of the Elies produced from thefe Cheefe-Worms, that he kept in a Glafs.
Tube in which he had put Cheefe for them to feed upon, had coupled;
and foon after laid Eggs of an oblong Figure, and then died : From thefe
Kggs 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 {kipping about the Glafs ; he repeated
the fame Thing in Fanuary, and with the like Succefs ; when he kept them
in the Cold, lictle or no Sign of Life or Motion appeared ; but as foon as
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 {trong
enough to effect it.

Thefe Vermin creep into the Cabinets of the Curious, and deftroy their
choice ColleGions of Infeéts : But to prevent this, keep in your Drawers,
¢9¢. a continual Supply of Camphire, whofe hot and dry Effluvia will pe-
netrate, fhrivel up, and deftroy the tender Bodies of thefe little mifchievous

Plunderers.

< e i e o L
Of a Crab-like Infelt.

HIS Infe is about the Bignefs of a large Mite, 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, being
thofe it walked upon, which were thaped much like thofe of a Crab: the
two other Claws A A, that were the foremoft of all the ten, feemed to
branch out from its Head, and were exactly formed like Crabs, or Lob-
fters Claws, as are expreffed in the Figure, whofe Ends terminated in a
Pair of Pincers, (with which I have often feen him firoke thofe other Claws
E E) which grew out of his Snout; in walking the Creature elevated the
former above its Head and Body s its Eyes were fituated about dd, its
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 H H. Thefe
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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G H=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 Animals and Vegetables owe their Produétion te
parent Animals and Vegetables; and that Animals are from Animalcula®
Thefe 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 refpetive Kinds, without the Ovain the Female .

By the Affiftance of a good Microfcope, Myriads of Animalcules may
§ be difcovered in the Semen Mafeulinum of Apimals, alive and vigorous ;
{ though fo exceedingly minute, that it has been computed 3,000,000,000
1 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 refembling Tadpoles : Though their Tails in Proportion to their
§ Bodies are much longer than thofe of Tadpoles. And the Animalcules in
the Semen of Fifbes have Tails ftill longer and flenderer than eicher, info-
much that the Extremity of them is rarely to be difcerned. Their general
| Appearance as above defcribed is fhewn Fig. 187.

Mr. Leeuwenbock, upon viewing the Milt of a Cod Fifb || with a M;-
¢rofcope, obferved therein fuch prodigious Numbers of living Animalcula,
| with long Tails inceffantly moving to and fro, (he obferved the fame Thing
in the Milts of Pikes or Jacks) that according to his Computation 10,000
of them might 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,
than there are People alive upon the Face of the whole Earth, at one and
| he fame Time. He computes one hundred Grains of Sand to make the
| Diameter of an Inch, then a cubic Inch will contain a Million of fuch
| Sands. And as he found the Milt of the Cod-fifh to contain 15 Inches, it
| Thuft contain 15 Millions of Quantities as big as a Grain of Sand ; and if
{ each of thefe Quantities contain 10,000 Animalcules, the whole muft con-
| tain one hundred and fifty thoufand Millions. Then to calculate the Num-
{ ber of People, he reckons a great Circle to contain 5,400 Dutch {quare
| Miles: Whence he calculates the Earth’s Surface to contain g,276,218 fuch
| fquare Miles: And fuppofing one Third of the whole or 3,092,072 Miles

* pii. Tr. No. 192.  + Vide Harris's Lex. Tech. wnder the Word Generation. | Fide

| 2t ot 5. 116, | Pb. ColleGions, No. L. p. 3. dre. Nat. Tom. 1. Par IL . 9.
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to be dry Land ; and of this 2 or 2,061,382 Miles to be inhabited. And
fuppoles farther, that Halland and Weft-Frizeland are 22 Miles long, and
broad, which mike 154 fquare Miles : The habitable Part of the World
is then 13,385 times the Bignefs of thofe Places.

If the Pegple in thefe two Provinces are fuppos’d a Million, and that all
the other Parts of the World are as populous as thefe, which is improbabl
there would be 13,385 Millions of People on the Face of the whole Earth;
But the Milt of this Fifh contain’d 150,000 Millions of Animalcules, which
15 10 times more than the Number of Mankind. |

The Seminal Veffels of a Cock * being opened, and a finall Drop of the Se-
men {queezed out, and apply’d to the Microfzope, great Numbers of Ant-
mals were feen fwimming therein in Legions, and crofling one another like
Clouds in a ftormy Day, as brifk as if the Cock was but newly dead, + altho’
it was Killed the Day before 5 they appear as at Fig, 168. if viewed with due
Attention, and with the greateft Magnifiers, otherwife only in the Form of
Eels.

Mr. Leenwenbock, in the Spring-time, when the Frogs engender, open’d
the Tefticles of the Male, || and on applying fome of the feminal Matter to
the Microfcope, Multitudes of Animalcules appear’d therein, about -’ th
Part of the Thicknefs of a human Hair ; and there feemed to be ten thou-
fand of them at leaft to each one of the Female Owa, their Form is as re-
prefented in Fig. 169.

Mr. Leeuwenhoek’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 fie within |
that Diameter ; whence their Bodies being fpherical, 216,000 of them are
but equal to a Globe, whofe Diameter is no more than the Breadth of fuch
an Hair. Another Method of his alfo follows. :

He firft fuppos’d a Drop of Water equal to a Peay then took a little
Quantity of Water, of a round F igure, as big as a Millet Grain ; and reckon-
ed thistobe +* of a Pea; 1 for when the Axis of a Millet Seed makes 1, that
of a Pea will make 4=, whence it follows, that the Seed of a Millet is at
lealt the % of a Pea; this fmall Quantity of Water he put into a very
flender Glafs Tube, dividing by this Means that little Water into 2 5 or 30
Parts, and found more than 100 Animalcula in the v+ Part of Water, e-
qualling the Bignefs of a Millet Seed. Whence it appears, that if 1000
are to be feen in the % Part of a Millet Seed, there may be feen 30,000
in one fuch whole Seed ; and confequently in a Drop of Water g1 times
bigger, there may be feen 2,730,000. Befides he compared the Water to
the Bulk of a Grain of Sand ; that if the Axis of a Grain of Sand be 1, that

* Phil. Tranf-No. 279.  + Are. Nat. Tom. II. Pare IL ?- 369. || 4rc. Nat, Tom. L
PartI. p. 51, § Phil, Tranf. No. z70. 1 Zid. No., 131,
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of a Drop of Water is at leaft 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 1000 little Animals in that Quanticy
of Water.

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

To view the Animalcales in the Miit or foft Roes of Fifhes, fqueeze out
a little 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 fufiicient Room to {wim
freely about, and thew themielves to Advantage.

N. B. The Eggs + in the Roe and Animalcules in the Milt of Fifhes of
mI'i; 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, |labound-
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 n a {mall
Drop taken from the Mouth of the Fallopian Tube, where it opens into
the Matrix ; but none were difcern’d in the Urerus itlelf, or farther along
the Tube ; they had long Tails, and moftly ** [ix tranfparent Globules ap-
pear’d on the Body of each, as inFig. 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 Fafa 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 Tefticles of a Ram, flow-
ed with Animalcules in as great Numbers as that of other Creatures; bute
with this Diiference, that they {wam in Droves together the fame Way,
and feem’d to follow their Leader §§ as Sheep do. Mr. Leeuwenbock found
fo much Pleafure in this Obfervation, that he called in fome Neighbours to
fhare it with him.

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

* Arc. Nat. Tom. 1. Part II. p. 330. + Ihid. Tem 11, p. 188. | Zéid. Tom. 1.
Part IL. p. 160, § Ifbid. p. 150, and 49. I Fhid. Tom, L. Part 1. p. 160,  ** Jhid.
Tom. 1. Part 11, p. 168. ||| Phil. Tranf. No. 284. 8§ Leewnvenh, Epiff. Phy. p. 388

O of



98 Of the Semen Mafculinum.

of the Cornea obferved a little reddith flefhy Subftance, wherein no Sha
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 Perte-
bre, with the Blood-Veffels and Ramifications pafing over them, and could
fee the fpiral Marrow in two Places *, and diftinguithed not only the
Head, but alfo the Mouth, Brain, and Eyes, the Bignefs of two Grains of
Sand, and clear as Cryftal ; he likewife faw the Ribs and Inteftines, the’
the whole Creature was no larger than the cighth Part of a Pea. After
which he open’d the Uterus of another Ewe, + three Days from the Coitus,
and fearching the Liquor coming therefrom with a magnifying Glafs, ob.
ferved a little Particle che Size of a Grain of Sand ; and examined it wich
a very good Microfcope, and with great Pleafure found it to be an exceed-
ing minute Lamd, lying round in its Integuments, and could plainly difcern
its Mouth and Eyes,

Fhe buman Semen has allo been viewed by the Microfcope, and found to
be as plentifully ftocked with Awimalcules, as that of other Animals: Mr.
Lecuwwenboek 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 Bodies
roundith and flat 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 § Auimzaleules in the Semen Mafeulinum of all Creatures differ but
little in Shape or Bignefs, for which Reafon it follows, that the Animaleules
may be difcover’d in the Semer of the fmalleft Birds, Quadrupeds, and
Fifbes 3 nay, and even in Infeéts to. For Mr. Leenwenboek affirms, that
he found in the white Matter he had fometimes fqueezed from the hinder
Parts of Male § Spiders, a prodigious Number of Arimalcules. He found
them alfo in the Semen of the (a) Dormoufe, in (b) Oyfers, in (c) Silk-
worms, n the (d) Labella minima, ov fmall Dragon Fly, the common
(¢) Fly, in the Male (f) Flea, in (g) Gnats, and many other Infeéts,

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

* drc. Nat. Tom. 1. Pare 11 p-164. t Bbid. p.173. || Are. Nat. Tom. 1. Part e
s. 61, gb, 286. § Thid Tom. IV, p. 30. I Phil. Tranf. No. 279. (a) Arc. Nate
Tom. 1. Part 11. p. 25, (b) Ibid. Tom. I1. Part L. p. 144. (c) 1bid. Part 11 p. 4420
(4) Bid. Tom. IV. p.xg. ~ {(e) Bid  (f) Bid. p.20. (g) dbid. p. 22. (b Bbide
F 8 294. 1
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appear in continual Motion without any Intermiffion, if the Fluid be but
fufficient for them to fwim in,

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

CH AP XXV.
OF the Oyfter.

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

Mr. eeuwerbock open’d an Oyfter on the ath of Auguft, (which is the
| Time that Oyfers 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 fmall Organs, extending a little Way beyond
| their Shelis, which he calls their Beards ; in thefe he could diftinguith 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 Oyfers,
cover'd with little Shells, perfectly tranfparent, were plainly feen therein 3
| in another they were found of a brownifh Colour, without any apparent
| Life or Motion.
| Monf, Azout obferved a fhining clammy Matter, which ftuck to the
| Shells of Oyffers, and being drawn out, fhone 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
Dozen in the Dark, and then examining fome of this fthining Matter with
a Microfeope, he found it to confift of three Sorts of real Worms. One
was whitifh, 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 a Soal, and many Tufts of whitith Hair on its Sides. There was a
bigger Species, that was greyith with a big Head, and two Horns like
thofe of a Snail ; it had feven or eight whitith Feet, but thefe fhined not.
" The two former confift of a Matter cafily diffolvable, the leaft Touch
turning them 1nto a vifcous and aqueous Matter, which falling from

* g.c. Nat. Tom 1L Part 1. p.52. 4+ Phil. Trarf. No. 12. p. 203
o, the
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the Shel!, 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 {mall fhining Line,
which was diflipated before it reached the Ground. Some of it was whitifh,
fome reddifh, but both afforded a violet Colour to the Eye. The Worms
agive no Light when irritated ;5 and if they do, it lafts but a little while:
Whereas in thofe that are not provoked, it continues a good while.

As tainted Flefh, rotten Wood, Bodies of Lobfters, and fome other Kinds
of Fifbes, 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 fgnis
Fatuus, Will in a Wifp, or Fack in a Lantborn, is nothing elfe but a Swarm
of minute Infects, that emit Light round them in the Manner Glow-
worms do.

O - - % kb By
Of the Mufcle.

N a Diffection of the Ovarium of a Mufcle, Mr. Leenwenboek difcovered
Numbers of Embrio Mufcles, * which appeared as plainly in the Micro-
feope as the Mufcle does to the naked Eye; lying with their fharp Ends
faltned to the Strings or Veflels whereby they received their Nourithment.
Thefe minute Embrio Muicles are in due T'me laid or placed by the
Parent, in a very regular and clofe Order, on the Outflide of the Shell;
where, by means of a glewy Matter, they adhere very faft, and continually
increafe in Size and Swrength ; till becoming En:rfet't Mufcles, they fall off
and fhift for themfelves, leaving the Holes where they were placed behind
them, as Abundance of Mulfcle fhells when viewed by the Microfcope can,
thew. Two or three thoufand of thefe Eggs adhering fometimes to the
.Shell of one Mufcle 5 it is not certain they are all fixed there by the Mufile
itfelf, but are frequently placed there by. another Mufcle. The fringed
Edge of the Muf:le, called by Mr. Leeuwenbock the Beard, has in every the
minuteft Part of it fuch a Variety of Motions, as is unconceivable; for being
compofed of longifh Fibres, each Fibre has on both Sides a valt many
moving Particles, which one would almoft imagine to be Adnimalcules +.
The Strings or Threads, which we term the Beard, are compofed of a
Glew, which the Mufcle applies by the Help of its Trunk to fome fixed
Body, and draws out as a Spider does its Web, thereby faltening itfelf,

* Pb. Tran. No. 336.  + Phis Tran. No. 336, Arc. Nat. Tom. I1. p. 19. & Tom, IV.
?- 423
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ithat it may not be wafh’d away. If Mufeles 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-
Ufh, are Objects that have as yet been very flightly examined by the Mi-
lcrofiope 5 and therefore the ferious Enquirer into Nature’s fecret Operations
imay here be certain of difcovering Beauties, which at prefent he can have

oA e T XXV
Of the Izch.

OGor Bononio hath difcovered that this Diftemper owes its Rife to lit-
tle Infeéts * under the Cuticula, whofe continual Bitings caufe an
{Ouling 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 a Pin, and crack ¢ them like Lice upon
their Nails, from a Place {cabbed over, and where there was a grievous
Itching, he picked out a little Pufiule, and from thence fqueezed a
thin Matter, in which he could but juft difcern a fmall white Globule ; but
on applying it to his Microfcope, found it to be a minute Animal of a
whitifh Colour, in Shape refembling a Tortoife, but fomewhat dark on its
Back ; it is reprefented in Fig. 173, at A and B, they have fome long Hairs,
fix Legs, a (harp Head, and two Horns, and are very nimble. He repeated
this Experiment on Perfons of all Ages, Sexes, and Complexions, and at
all Scafons 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 Itching, 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
is reprefented at C, Fig.173.

Hence follows the Reafon why this Diftemperis fo very catching, fince
by fimple 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

Eggs ; nor is it any Wonder if this Infection 1s alfo propagated by the

* Bowani Micra. p.91. + Ph, Tran. Ne. 283. S
A..F. {-"f;.rj-
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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 linivial Wafbes, Baths, or Ointments, made
up of Salts, Vitriols, Mercury, Sulpbur, Precipitate or Sublimate, or fuch
linds of corrofive and penetrating Remedies as can powerfully kill thefe
Vermin in their Skin. It is neceffary to continue the Anointing for fome |
Days after the Cure feems perfected ; for though the Ointment may have
deftroyed all the living Animaleules, 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 rensw the Diltemper.

[ % [ Y LR . 4 VA
Of Animalcules in the Teell.

HESE are to be found in great Numbers of different Kinds, in |
the whitifh Matter, that fticks between the Teeth of Men, Women, |
and Children ; * but efpecially between the Grinders, although they walh
their Teeth frequently ; but from People that are more carelels a Sort of
Fels are found. The firlt Sorc A, Fig. 174. move along very fwiftly, in
Spittle or Water without Bubbles. The fecond Sort feen at B, Fig. 174.
move in the Direction 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 probable,
that if the Teeth and Gums be frequently wafhed with it, it may be a
Means to preferve them from thefe Creatures.

o .3 5.
Of the Suail.

HIS flow paced flimy Animal hath many curious Obfervables.
The firft are its four Eyes, like atramentous Spots, fixed at the Ends
of its Horns, or rather at the Ends of thofe black Filaments, or optick
Nerves + that are fheached in its Horns, which it can thruft out, draw ing
turn, or direct as it finds Occafion. 1f when the Horns are fully extend-
ed, you nimbly clip off their Extremity, and place them before the Micro-

® Leew, En. & Conts po 40, Tom. IV. | Pow. M, Qé. p 360 Spedds de la Nat, Diale. X1,
Jeopes
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feope, either upon the Objeét carrying Glafs R, Fig. 2. or flick the End of
them with a little Turpentine to the Point, they may eafily be examined
in the Univerfa! Microfcope, with all the Magnifiers, and will be found to
‘be two Hemifpherical Eyes. And when the Stump is re-extended, it will
appear evidently hollow, or tubular to the naked Eye.

Snails partake of the Nature of both Sexes, infomuch that as {fcon as one
has impregnated the other, the fame At of Generation is immediately re-
turned 5 cach 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 Microfcope
will afeer a dextrous Diffection difcover to you the Hears, juit againit 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 Diffection.
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 feeth, hath a compleat Sett of the (ame Parts and Organs with other
Animals, as Heart, Liver, Spleen, Stomach, Guts, Veins and drteries.

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

They have a Mouth hke a Hare or Rabbit, and Teeth as reprefented in
Fig. 1~5. whereof ABC fhew the upper Jaw, which is white and of a
femicircular Form ; the lower black Part C DE, hath feveral prominent
Parts or Teeth FFF, but all fixed together fo as to compofe the fame
‘Bone. Mr. Hook obferved this very Swail (of which the Figure now before
us is 2 Picure of its Teeth) to feed on the [ .eaves of a Rofe-tree, and to
bite out half-round Bits of the Size and Shape of the Letcer s

Ifa Snail be fuffered to creep upon a Bit of Glals, you may 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 Sunail 1s in
Motion.

CHAP XXX
Of the Scales of Fifbes.

HE outfide Coverings of Fifhes are Scales, formed with inconceiva-
ble Beauty and Regularity ; lome longith, fome round, fome trizn-
gular, fome fquare, and fome or other of all the Variety of Shapes imagin-

* Nat, Delin. p. 148. + Pow. Ob. p. 38.
able.
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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 Variety even in the fame Filh 3 for the Scales ta-
ken from the Belly, the Back, the Sides, the Iead, 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 Microfcope, at
Fig. 176, whereof CD E F reprefents that Part of the Scale which fhews
itlelf 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.

Mr. Leeuwenhoek fuppofes thefe Scales 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 Fifhes Growth : Somewhat in the fame Manner as the Wood |
of Trees enlarge yearly by the Addition of a new Circle next the Bark s |
and as the Age of a Tree may be known by its Number of Ringlets; fo in |
Fithes the Number of Plates compoling their Scales, denote to us their
Age.
To prepare Scales for the Microfcope, take them carefully off with a Pair
of Nippers, and wafh 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 a
great Variety of Scales. The Dog-Fifb Scales confift of a great Number of
horny Points, which appear in the Microfcope to be curioufly ridged or carved.

C:H AP XXXL
Of Spiders.

HERE are fo many different Sorts of Spiders, and their Form fo
generally known, that a Defcription of them in this Place, cannot be
expeéted. I fhall therefore proceed to defcribe fome of thofe Particulars of
this Creature, that are only to be difcover’d with the Afiiftance of the Mi-
crofcope.
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 Infeéts, |
but their Ways of catching them are very different,  The Shepherd Spider

® Hook’s Myc. p. 162, + Lecww. Epift. Phyfol. Epift. 24. Mai. 1716.
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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 enfnare them. Nature having
equipped them both with Materials and Tools, and taught them how to
work and weave their Nets, and lie Perdue, and to watch diligently, and
run on any Fly, as foon as ever entanzled.

Their Eyes are immoveable and traniparent, but not peari’d ; they are
fituated in a moft curicus Manner, and deferve the firictelt Examination.

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 ftick them upon the Point I, or pinch them between the Nippers of the
fame Figure, and fo apply them to the Microfcope.

They have all eight Legs, and two Arms, or thorter 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, {errated, * 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 T'ree, on a Thread of their
own making, affifted by the Help of thefe Claws.

Fig. 157. reprefents Part of the Leg of a Spider ; B, C, D, fhew the two
extreme Claws armed with Teeth like Saws; E, the third that hath no Teeth.
It is certain, that when the Spider does not wind itfelf by its Thread up-
wards, but runs along its Web, it then takes hold of the {pun Thread with
this third Claw. This Spider had eight Eyes, two of which were on the
Top of the Head, to fee what paffes before him ; below thefe two others,
which look ftrait forwards ; on each Side of the Head were two more, the
two foremoft to fee collaterally before him, and the two hindmoft to fee
backwards.

Fig. 182, reprefents that Part of the Head, which contain’d the Eyes fe-
parated from the Membrane in which itlay. P Q, the Eyes that look up-
wards, K I, thofe that look ftrait forward, I M thofe that look fideways
forward, H N thofe that look fideways backward, They have no Eye-lids,
but are fortified with a hard, polithed and tranfparent Cruft: As thefe
Eyes are immoveable, Nature hath indulged them with fo large a Number,
to give them Information of any Thing that any Ways concerns them.

Every &pider is furnithed with a Pair of Forceps, reprefented at A B,
and CD, Fig. 183. in the fore-part of its Head. They ftand horizontally,
and when not made Ufe of, they let the Claw of them fall down on their
refpective Branches, like a Knife clafped upon its Haft, as at C D, and
there they lie between two Rows of Teeth, that are likewife employed to
hold faft its Prey.

Authors are divided in their Opinions on the Poifon of Spiders, fome
calling thefe Forceps Stings; as Mr. Leenwenboek, who calls the hooked

® Phil, Tranf. No. 272,
P Claws
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Claws A B and C D Stings ; and fays, that towards their Extremity at B
and C are two fmall Holes, from whence, according to all Appearance,
when it ftrikes its Enemy, it therefrom ejets 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 thort 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 Di-
{tinctnefs.

The Microfcope hath alfo informed us of the Manner how the Spiders
weave their #ebs, and of their Contexture, 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 to
any Thing its prefled againft lI, and being drawn out, hardens inftantly
in the Air, and becomes a String or Thread ftrong enough to bear five or
fix times the Weight of the Spider’s Body ; this Thread 1s compofed of fe-
veral finer ones, that are drawn out feparately, but § unite together at two.
or three Hair’s Breadth diftant from the Body of the Spider. The T hreads
are finer or coarfer, according to the Size of the Spider that {pins them.

Fig. 178. reprefents a Part of the Threads, which came out of two of
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 together,
is not fo large as a common Grain of Sand ; from whence it is eafy to con-
ceive, how fmall thofe Inftruments mult be, and how fine the Threads
encafed within them : At W thefe working Inftruments ftood as thick by
each other, as they are reprefented between R and S. And that Part of
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 Inftruments are
bigger than the reft, and confequently produce a larger Thread. CF,
Fig. 180. reprefents one of thefe between two others of the fmaller 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 Body, as in |
all other Animals, but under that upper Part of the Belly, near the hind |
Legs, where grows a Kind of Hook, of a particular Figure, which partly i

* Phil. Tranf. No, 272. + Mpyad of Poifon, | Phil. Tranf. No. z7z. § Ibid. No. 325. |
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covers the Aperture, from whence the Eggs iffue. Fig. 181, reprefents a
Spider of an ordinary Size, with its Legs contracted, as if it was dead, in
order to thew 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 Microftope; between I and K are feen the
Wrinkles or Folds, which Mr. Leenwenboek 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&t, being flattith at one End,
and round at the other, with a Depreflion at the Center of the flattifh
{ End, and a yellowifh Circle round it; their Colour is a blucith white like
| counterfeited * Pearl ; when they hatch, the little Spiders come out perfect-
{ lyform’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,
i 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 Object for the Microfcope.

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, Shepberd, Field, 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,
i and thofe placed upon the Top of a {mall Pillar, rifing perpendicularly out
i of the Middle of its Back, or rather the Crown of its Head. + The two
| Eyes, B B, Fig. 185. were placed Back to Back, with the tranfparent Parts
i or Pupils more protuberant than the reft of the circumambient Matter, ||
i looking towards either Side, but fomething more forward than backwards,
! C,Fig. 187. thewsthe Column on which they ftood, and DD the Crown of
| the 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
il times the whole Length of its Body ; they are jointed juft like thofe of a
| Crab; each of which proceeds from a fmall fhell-like Cafe, of a conical
il Figure, asat II111, &e¢. of Fig, 186. which reprefents the under Part of
] its Belly, thefe are faftned on to the protuberant Body of the Infeét, form-
ing 2 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

® Porv. Mycr. Ob. p. 15. + Hook's Myer. p. 108. [} Poaw. Myc. Ob. p- 14.
| = Nature’s




108 Of Spiders.

Nature’s Alm'ghty Architect, in the Contrivance theteof. It has two fore
Claws K K tipped with Black like a Crab’s, which open and fhut exadtly
like thofe in a Scorpion, and are Saw-like or indented on the Infide. Its
Horns are feen at A A and Mouth at L,

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

T'he lutle white Field-Spider with fhort Legs, found plentifully among new
Hay, whofe Body appears like white Amber, emboffed 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 ; 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 a
beautiful and delightful Profped for the Microfcope.

There is a red Mite or Loufe often found feeding upon Spiders, in Shape
much like a Tortotfe, T with a little Head, and fix long but fmall Legs ;
and about the Legs of the Field-Spider they cling exceeding clofe whilt
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 i
wound off from the Egg Bags of fhort legged Spiders,

U H° AP
Of the Sting and Scraper of a Bee,

S the Contrivance and Strufture of the Stings of moft Infedts are
A_ nearly alike, they will be fufficiently underftood by a Defcription of
that 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 Slit
opens, through which atthe Time of ftinging, two bearded Darts are pro-
truded beyond the End of the Sheath, one whereof being a little longer
than the other, fixes its Beard firft, but the other immediately after ; they
penctrate alternately deeper and deeper, taking hold of the Flefh with their
Hooks till the whole Sting becomes buried in the Wound, and then a ve-
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 prevented by

®Pow. Mi,Ob. p.13. 1 Pow. Mi. Ob, p.1g. 1 Phi.Tran. No. 325.
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enlarging the Wound immediately to give it fome Difcharge, and anoint-
ing it with a little common Oil.

ABC, 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 fhew
themfelves each in a feparate Place, Fig. 189, thews Part of the Sting
raken out of the Sheath, K its Edge or bearded Part, L its Back without
Beards. M N, Fig. 190, reprefents the whole §#ing taken out of the Sheath
with itsBack that is without Beards next the Eye; the upper Part M Q isin-
clofed round about and hollow within, the lower Part O Popen; PN fhews
Part of the broken Nerve, Q R is Part of the Body faften’d to the Sting,
and placed in the thicker Part of the Cafe D C A, Fig. 188. ABC, Fig.
191, reprefents both the Darts as they lie together clofe againit 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 Flefh. And Fig. 192 fhews both the
| Darts in part out of the Sheath; and one a little higher than the other,
as if it were at work.

l Fig. 193, reprefents one of the two Arms wherewith Mr. Leenwenboek
fthinks the Bee makes her Honey-Combs, and are furnifh’d with three pe-
lculiar Joints as at D, A, B. Fig. 194, is one of the Scrapers placed on the
lore Part of the Head, by which fhe fcrapes the /ax from Flowers. Fig.
195, is the Wiper placed forward on the Head, and with it fhe wipes the
| Honey off the Flowers ; all which Inftruments when the Bee hath done
working are fkilfully fheathed under her Head. Fig. 1 96 reprefents the
i8craper of a wild Bee.

When the Darts are ftruck deep in the Flefh, if the wounded Perfon
Itarts before the Bee can difengage them, fhe leaves her Sting behind in the
W770und ; but if he has Patience to wait until fhe withdraws the Spears into
their Scabbard, the Wound becomes much lefs painful.

| If you divide a Bee, efpecially an Humble Bee, § near the Neck, you will
te the Heart beat moft lively, which is a white pulfing Particle.

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

The Way to view a Be’s Sting with the Microfcope, is to cut off the
nd of its Tail, and then touching it with a Pin or Needle, it will thrult out
the Sting and Darts, which may be {nipt off with a Pair of Sciffars and
kept for Obfervation ; or if you catch a Bee in a Leather Glove, its Sting
will be left therein, being unable to difengage 1ts Hooks from L.eather :
And when it is quite dead, which it will not be till after feveral Hours,

® frc. Nat. Tom. II1. Ep. 133. Phi. Tran. Ne.97. - | Derbam Ph. Theo p. 249

§ Poxv, Mi. Ob. p. 4. ** Ibid. p. 20,
you
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- you may quite extract it with its Darts and Hooks by fqueezing the Tail,
pulling out the Sting *, and prefling it at the Bottom, you may likewife.
pufh up the Darts ; but without fome Practice this will be a little difficult, l
The poifonous Juice may eafily be found in the Bag which contains ies.
and by letting the Bee ftrike its Sting upon fome hard Body, enough of If
the faid Juice may be obtained to put upon a Slip of Glafs, in order to view
the Salts loating, therein at firlt, and afterwards fhooting into Cryftals ; o
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. i
Th€ Poifon of Vipers has alfo been viewed by the Microfcope, but for.

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

! C H AP "N
Of Animalcula in Fluids.

N EC T Lk

HE Microfcope hath difcovered to us that the fmalleft of all living

Creatures, we have been able to trace, are the nimalcula in Fluids,
which would for ever have remained invifible, had it not been for the Affift -
ance of that Inftrument.

If Pepper, Pafle, Vinegar, Hay, Straw, Grafs, Oats, &c. or any other ve-"
getable Production be infufed a few Days in Water, expofed all that Time
to the open Air; they will abound with inexpreflible Numbers of minute’
living Creatures peculiar to themfelves, but of various Forms and Sizes,

Whereof feveral of the fame Species of Animalcula, are frequently to bel
met with in different Infufions, and even in Waters, that have been ex-
pofed, clpecially in Sepsember; without any Mixture ; fuch have been fres
quently found therein, as are found in the Cavity of a Cabbage leaf, or on
the Dipfacus, + &c. and that certainly feveral of thefe are the fame Animals
under different Forms, fuch a regular Procefs being obferved in them, and’
conftant Uniformity in their Appearance, makes it probable that moft of
them are produced from the Spawn of fome invifible volatile Parents, A
generated like Gmats and feveral other Sorts of Fles, which are bred and
undergo feveral Changes in the Water before they take Wing ; that fome
of them originally may be Water Infects, or really Fifh, {mall enough &

* Pozv. Mi. Ob. p. 4. t Ph. Tran. No. 284.
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be raifed in Spawn 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 Nourithment 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 Muflin, few Animal-
cules will be found therein ; but if it ftands open it will be full of Life in a
few Days : In the lealt Drop taken from the Surface of fuch Infufion, the
Microfcope will difcover Millions of living Creatures,

e AT it i U

Of Eels, Serpents, or little worm-like Animalcula,
Jound 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 Animalcula, 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 thewn four others
differently coiled, they coil and uncoil themfelves with a furprifing Swiftnefs,
at C is a Reprefentation of one with a forked Tail. Monfieur Foblot faw
but one of iei’a in 36 Years Obfervation: However, the folar Microfcope
feldom 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
its not being reprefented in the fame Pofition. They are to be applied to
the Univerfal Microfcope, by taking up a Drop of the Vinegar on a Pin’s
Head, and placing it upon the Objeét carrying Glafs R, Fig. 2. When
this Drop begins to evaporate, their Motion will be confiderably retarded,
at which Time 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-
fioned by the Eels ftriking their pointed Tails againft the Tongue and Palate;
but it is very certain that the foureft Vinegar hath none of thofe Eels, and
that its Pungency is intirely owing to the pointed Figure of its Salts, which
float therein.
~ Animalcula in the Shape of Eels are often found in many Infufions but of
~ a different Size.
: * Foblott’s Ob. p. 2.  Imprimé a Paris, 1718,
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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. Buyr
Cold does not hurt them, for after fuch Vinegar 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 Vinegar full of thefe Eels into an Eflence Glafs, and pour-
ed thereon about the jame Quantity of Oil, which floating on the Vinegar,
all the Eels would conftantly creep up into the Oil, when the Vinegar began
to freeze, but when it thawed, they as conftantly returned to it again.

To furnith yourfelf with minute Eels, always ready for the Microfeope,
boil a little Flour and Water, till it comes to the Confiftence of fuch Pafte,
as the Bookbinders and Shoemakers ufe s expofe 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. T'o preferve them all
the Year, ycu need only put a litcle Warer to them, if the Pafte grows dry,
or a Supply of other Paite, always obferving to keep the Surface in a right
Condition, which will be eafily done when it is once ftored with thefe -
smalcula.  Their continual Motion will prevent any Mouldinefs thereon,

Apply them to the Microfcope upon the Object carrying Glafs R,
Fig. 2. firft 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 diluted
with a fufficient Quantity of Water to difentangle the Eefs, and render them
diftinctly vifible.

They are very entertainin g Objeéts, but more particularly fo if examined
by the folar Microfcope, with which they may be magnified to an Inch or
more 10 Diameter. The internal Motion of their Bowels may be very
plainly feen, and their Mouths to open to a confiderable Width, |

BB G T LEL

Of Ammalcula in [everal cold Infufions of whole
Pepper.

B D, K, H)O, R, 1L Fig. 198. exhibits the firt Sort of them, each
) having feveral little Spots more tran{parent than the reft of their Body.
The Regularity of the Figure, under which thefe Animalcnls gencrally ap-
pear; and the Rapidity of their Motion, prevents us from difcovering on

": Pﬁ"-ﬂ-"a ﬁ{}h Dl‘f’i P\\ 3-!14 h
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| what Part of their Body their Head is placed, but after a little Time we are
i enabled to do it, altho’ they continue in Motion ; for when the Drop of
i’wmf in which they fwim, is grown thick by the infenfible Evaporation
of its fubtle Parts, it gradually retards the Motion of thefe minute Fith ;
| and affords us fufficient Time to obferve many Things, that will teach us
; to admire the Creator’'s Wifdom, even in the fmalleft Part of thefe minute
| Creatures,

You may then perceive that as two of thefe dunimalcula arc 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. :

l You may alfo frequently fee that of two of thefe Animalcula, one of them
I

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 bétween them, rufthes forwards to fave himfelf in
| the Direction of the dotted Arch towards M. Others after having moved
| along a ftrait Line, as H'G to O, turn about fo fwift 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
E Center at R, defcribe feveral Circles, then fhoot forwards with an exttaor-
dinary Swiftnefs along the Line S T.

Fig. 199. reprefents another Sort of Znimalcula, whofe Head s adorned
Il with Hairs, and Motion generally circular, called Copple Crown *. A third
§ Sort reprefented at Fig, 200. called a filver Bag-pipe 7. A fourth Sort is
| a Kind of Water Spider, with its Mouth open, as at Fig. 201. Two of
| them are reprefented at Fig. 202. conjoined and turning upon their com-
| mon Center. Fig. 203. fthews two more of them alfo coupled as they fwim
8 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
afift him in fwimming. Fig. 205. exhibits a Swarm of exceedingly mi-
# nute Infe@s of different Sizes and Shapes, which ferve for Nourifhment to
the larger Sorts, ‘

* Fobl. Ob. p. 14.
+ Thefe Names were given to the Awimalcula of the feveral Infufions, by Monf. Fablor,

M who endeavour'd to call them after the common Names of Things and Anmimals, to which

; thefe dnimalcula bore fome Refemblance.

Q. BECT.
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s g B SO 1
Of White Pepper.

Niuficns made of whole white Pepper, produce finer fuimalcula than the
foregoing, but not in fo thort a Time, The large Bag-pipe of this In-
fufion advances and recedes by Turns, as it fwims before the Microfcape 5
and jult before the Water is totally dried, a great Number of Eggs may be
fcen within them, and in the next Moment they will be all dried up, and
appear like a confufed Mafs.

S R ek, v,
Of Long Pepper.

L(}ng Pepper put whole into common Water, produces Adnimalenla no

lefs furprizing than the two foregoing 5 in this is fometimes found an
Animalcule fomewhat like a Caterpillar 4 and a different Sort of Eels, from
thofe found in Viuegar and Pafte, being thicker and fhorter than they, bug
do not live near fo long,.

On repeating thefe Experiments at different Seafons in the Year, and
i different Years, other Sorts will be found not here reprefented,

Take common black Pepper grofly pounded, and put it into a Glafs Vef:
fel, as much as will cover the Bottom thereof, about half an Inch thick, on
which pour about three or four Times that Depth of Rain or River-Water,
fhake and ftir the Pepper and Water well together at firft, but afterwards
not at all, and expofe the Veffel to the Air uncover’d s in a few Days a
little Skin may be feen on the Surface of the Water, which, examined by
the Microfeope, will be found to contain Millions of Animalcuia, at firft
fcarce difcernable, but continually increafing in Bulk, till they arrive at
their full Size, Their Numbers too increafe prodigioufly, till at laft the
whole Surface of the Fluid feems alive. :

This Experiment will fucceed in Winter, if the Water is not frozen.

The Animalcula reprefented by Fig. 206. are very common, and are de-
feribed by Mr. Leenwenboek, who hath feen the Tails of fome of them g 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 tmes as long, In moving they

* Phil, Tranf. No. 284. :
1 comn=
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gommonly tiwitch up their Tail into a fcrew-like Form, asatb, 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. When
they lie ftill, they thruft 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, thewing 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, {eem to
be continually hunting for Prey. a reprefents one of them on its Back 5 b
one on its Belly ; at c and d, is feen how they often appear in other Polfitions,

There is generally another Sort of an oval Shape, as at Fig. 208. a b ¢,
lengthening and fhortening themfelves as Occalion 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
little, move equably and flow, and fwim as well backwards as forwards.
See Fig. 209.

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.
Tin@ure of Salt of Tartar throws them into convullive Motions, after
which they foon grow languid and die, without changing their Shape.
Ink kills them, and fo does freth Biood, Urine, Spittle, and diffoived
Sugar .

There is alfo another Sort of Animalenle, frequently found in this Infu-
fion, of a fpherical Figure, only pointed like a Pear, as at Fig. 210. in
swhich are a valt Number of dark Spots, in a confufed Agiration,. they
chiefly turn as it were upon a Center, firft one Way, and then the contrary,
fometimes they take a large Circuir, but always with their pointed Eund
foremoft.

Another Sort reprefented at Fig. 211. is alfo found in great Numbers,
they move brifkly, are very active, contraéting, and dilating as they {fwim
along, they have feveral Feet in their fore Parts very vifible 5 when the
Drop of Water is almoft evaporated, they fhrink upinto a globular Form,

*® Phil. Tranf. No. 284. 4 #id. No. z03.
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then their Feet ftanding out, may be feen to move nimbly, a, fhews them
at their Length, and b when contrated.

Fig. z212. 1'cprcf{int5 another Animalculum, not uncommon amongft the
relt ; its Motion very nimble, always keeping its tharp Extremity foremoft;

fome are clear and ribb’d from the Point to the thick Extremity, others

tranfparent only at the fore Part, as at a and b.

The Water which drains from Dungbills, and is of a brown Colour, is ge-
nerally fo prodigioufly ftored with various Sorts of Animalcnla, that it muft
be diluted with Water before they can be fufficiently feparated, todiftinguith

their different Kinds ; one particular Sort 1s found amongft thefe, which is '

very rarely to be met with elfewhere, and are thewn at Fig. 213. their
middle Part dark, and befet with Hairs, but both Ends tranfparent, their
Thails tapering with a long Sprig at the Extremity thereof, their Motion
flow and wadling,

o SRR i Al -
Of Animadcula in a cold Infufion of Senna.

Bout the Middle of ¥#Jy, as much as could be taken up with two or
three Fingers of the Leaves, Stalks, and Branches of Senna, was put
into cold Water, and in about eight Days, the Surface thereof was ftored
with extremely minute longifh Bodies, feparate from each other, but with-
out Motion. The Corpufcles 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 firlt, being
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 loweft Extremity of which ends fometimes in a Plain.
perpendicular to its Body. At other Times with three round Protuberances,
as at M.

Through the Skin there appears a very white Fibre, branching as it were
from cach Side of the Tail, in a ftrait Line towards the Head, where they
unite in an Arch, as at N, Fig. 216. This Fibre extends and coniraéts
itfelf alternately, by which Means the Ringlets are drawn nearer to, or
puthed farther from each other; Part of the Water being evaporated by
its ftanding feveral Days: A little frefh Water was poured thereon, which.
caufed the Skin that fwam on the Surface of the Infufion to fink to the
Bottom of the Veffel ; the Infufion was thereby refined, and more tranfpa-
rent than it was before, which occafioned the Difcovery of two new Sorts
of Animalcula, and this in the lealt Drop that could be applied to the M-

crofeopes .

I
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| croftope, D, and EF, Fig. 217. are their Reprefentatives.  The largelt
| of them refembles the Silver Bag-pipe, each having crooked Heads, as at F;
| they have alfo two Motions, one ltrait, and the other circular, flow enough
to be eafily obferved.
Another Kind of fith-like Animalcula refembling a Carp, is thewn at Fig.

| 218, its Motion was wrigling as the dotted Line a bed.
In fanuary a great Number of another Sort were found in this Infufion
i of Senna, which ballance themfelves from Righe to Left as they fwim di-
| rectly 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 fo 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. '

S'Ec 1. VI :
Of the Water found in Qyfters.

: A Dozen of Oyfters 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 tran fparent Oyfters * in rapid Motion
§ were obferved therein. abcd, Fig. 222, reprefents one of them, of which
a is the Head, their Shape altered as they placed themfelves in different
i Pofitions before the Eye, their Motion was fometimes dire&, at others cir-
¥l cular. The fifth and fixth Day fome of them feemed to. be dead ; but, on
i continuing to obferve them, were afterwards found to move with a prodigious
¥ Swiftnefs, one going one Way, another the contrary, often rubbing and
ftopping againft each other; then being difturbed by others rufhing ftrong-
§ ly againit them, altered the State of their Rencounter, and direted them-
I felves to another Place’; they ftretch out and fhorten themf{elves confider-
fl ably, and are often feen coupled as at a and ¢, Fig. 223, and Fig, 224.
I Moving together from a towards b, and from ¢ towards d, they turn much
4 flower than thofe in Pepper-Water, and perform their circular Motion
# much as they do, turning fometimes on their own Center, and fometimes.

* Fobh. Obfer. pr 29
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on a Point near the Extremity of their Head. ‘This Liquor being obferved
near eight Days, no other Animals than thofe of the fame Figure could be
found therein.

In Freth Oyfter Liquor diluted with common Water, were found Ani-
malcules with two moving Horns in each of their Heads, which formed g
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 Veffel one Day
at Noon, the next Day at Seven a Quantity of thefe minute Oyfters were
tound fwimming therein, although the Veflcl was ftopped : Whence it
leems not improbable, but that thefe Animals were produced from the E
of the Oyffers themfelves, and that they do not proceed from other Ani.
mals that eicher fly or float in the Air. Six Days after two different Sorts
of new Animalcula appeared in the fame Liquor ; the firlt are reprefented
at kig. 226, it ftretches itfelf out and fhortens itfelf alternately, The fecond
Sort is feen at Iig. 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,

In other frefh Oyffer Liquor were alfo found different Animalcules, as
reprefented at i, I, m, n, o, p, q, Fig. 229. m exhibits 2 Worm with a
fharp Head and round Tail. Thofe at n and o fhew two of the fame Worms
joined together, the ftrongeft dragging along the weakeft. At p is feen
one of another Figure, and at q are two fmaller, holding each other by the
Beak and fwimming in Company.

o S0 e e 5 A

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

S OME Pinks not quite blown being fteeped in cold Water, produced
living Animaleules, which upon Examination with the Microfcope were
found to be of the Shape reprefented by F ig. 230. On the fixth Day ap-
peared a larger Sort, but fewer, being very tranfparent, and ftrewed wich
listle Spots, Fig. 231, The eighth Day the larger Sort appeared finer and
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 Animalcules. 'The 28th
Day a large Worm fhewed itfelf under the Form of Fig. 232, The 48th
lome Eels, like thofe in Vinegar., The s0th Day a little white Worm Eas
taken

S
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taken upon the Surface of this Water, * its Body fo tranfparent, that feveral
little white Fibres were difcovered therein, the two middlemolt of which
being a little 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
| ']lgnrm, found alfo in this Infufion. :

Some Pinks being infufed in boiling Water, which in eleven Days Time
| fivarmed with Awimalcules, but very fmall, and on the 15th Day were not
to be found, only fome Worms might be feen on the Surface thereof with

{ the naked Eye.
Hrigpyiet o Ao

Of a cold Infufion made of a Nofegay, compofed of
Pinks;, Rofes and Fellamin. g

H IS Infufion was made the 11th of May, and the Nofegey 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
found therein ; 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 Seprember. It confifted of three diftinét Parts,
| Fig. 234. The firft Part A is its Head, which advances and retires by
Jerks. B, the Trunk of its 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

i Hairs DD,
i g S -
Of an Infufun of Bluec-Boitles.

| 7T HE Stalks of a large Nofegay of Blue-bottles with {fome of the Flow-
| ers, were put into cold Water on the fecond Day of Fune, and at the
| fame Time fome of the Flowers by themfelves were put into a Glafs of
~ Water ; in 12 Hours Time the Microfcope difcovered feveral Animalcules
" of the Form of Fig. 235, in a fmall Drop of this Liquor. And the next
:_E‘irening four other Sorts, very tranfparent, of an oval Figure, unequal in

* Tubl. Obferw. p. 23, ‘
, Size,
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Size, and different in their Motion. The 5th of the fame Month, another Sot
of the Shape of Fig. 236. appear’d therein ; and on the Sixth a new Sort,
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
{o fmall an Animal endeavouring to pull this Bunch about, which he is
{carce able to move, as at I, drawing himfelf back, and wnggling its Tail,
asat M. Sometimes five or fix of thefe Animalcules may be feen faftened
by the Tail, to a great Bunch of this Sediment, that fticks to the Bottom
of the Object carrying Glafs, drawing themfelves nearer to, and retiring
farther from it by Turns. During this Exercife, they change their firft Fi-
goure, and recover it again alternately ; and as their Tail is naturally ftrait,
as at I, they endeavour to drag the Lump after therh in a right Line,

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

We have no Reafon to doubt, but thefe minute Animalcules are furnifthed
with Eyes, for two of the fame Figure are often fcen to approach each
other withour touching, and then turning with a prodigious Swiftnefs about
their own Center. :

Another Sort is fometimes found in this Infufion, whofe Extremities are
terminated by two plane Surfaces, parallel to each other, as at Fig. 238.

D B .0 0. Al
An Infufion of Tea.

Aving put into the Tea-Pot, as much Tea, and a fufficient Quan-

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

of Fuly ; the Tea-Leaves which remain’d after the hot Infufion, were put

into a large Glafs Jar, filled with Spring-Water, and expofed to the open

Air for about ten Days ; after which, in the leaft Drop that could be taken

up, when applied to the Microfcope, were found a Swarm * of exceedingly
minute Animalcules, of a round Figure, moving flowly. Some Days after
they were fewer in Number, but increas’d in Size, clearer, much more di-
ftin&, and of an oval Figure, as at Fig. 239. the Circumference of their |
Body appear’d black, but all the reft perfectly white and tranfparent, and
now fwam with a furprizing Swiftnefs. Their Bodies were of fo delicate

* Job. Obfer. p. 34 -
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1 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 Ecl-Kind alfo.

S gl X1
L 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 finelt *
Animalcules that are to be met with in Fluids, and in as great Numbers.
Their Reprefentation is at 0 0, Fig. 240. they are at firt very white and
tranfparent, but more fo in fome Places than in others, with lictle Marks
upon them, and at length this Whitenefs changes into a tranfparent yellow
Colour. They may be feen ftretching out, and fhortening themielves from
oval to round, by Means of Ooftacles, which they find in their Way.
They are often feen to hold cach other by the Beak, and in that Pofturc
they move exceeding faft, without quitting their Hold, as at P. Another
Sort of uimalcule was found in this Infufion, of the Shape reprefented
at Q ; between the Middle of its Body, and the Head, was a traniparent
Subftance, regularly beating, but fo quick, that the Shape of it could not

be difcern’d. :
Sl T w Xl |
Infufions of Fennel, Sage, Melon, [our Grapes,
Stalks, and Leaves of Marigolds.

Ennel, with its large and {mall Stalks, was put into cold Water to in-

fufe, Auguft 11. and on the 13th following, in the {malleft Drop that
could poflibly be taken up, and placed upon the Object carrying Glais,
might be feen a Swarm of an almolft innumerable Quantity of little Ani-
_ mals, reprefented at Fig. 241. amongft which were others of a round Fi-
gure, and about five or fix times longer.

The 22d of Auguft, fome Sage Leaves were infufed in cold Water, and
retain’d their natural Smell all the Time of the Infufion, which was about
12 Days; nothing was feen in this Liquor but fome little Animelcules T that
appear’d no bigger when magpnified, than a Grain of Millet does to the na-
ked Eye ; and an infinite Number much fmaller, that when magnified, ap-
pear’d no bigger than the {malleft Dot that can be made upon Paper, with
the fineft Pen, and a little below the Surface of the Liquor, was found three
very fmall but white Worms.

* Yobl. Cbf. p. 33. + Eid. p. 37 ot
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The 28th ef 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 a lit-
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 lictle white longith Bodies were 2lfo 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 Auguft,
and on the 20th, a great Number of Animalcules appear’d therein, but fo
excecdingly minute, that their Shape could not be diftinguithed ; on the
2 5th two Sorts prefented themfelves, one as {mall as the laft; the other at
Y, Fig. 244. The sth of September thefe little Animalcula were exceed-
ingly multiplied and increafed in Size, fome of them were join’d together
in the Form of a Figure of 8, as atP, 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 Ecl-like
Animalcula.

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

o B o iy il 4 & A

Firft Infufion of new Hay in cold Water.

THIS Infufion 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 this
Water, five or fix Sorts of living Animalcula were difcoverable ; different
i Colour, Size, Figure, and Motion.

The Smell of this Infufion is very ftrong in hot Weather, but decays |
as the Infufion grows old, Animalcules are very rarely to be met with in |

any other Infufion that are larger, finer, more tranfparent, or that live fo
long as thofe found in this. '

SECT.
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The [econd Infufion of new Hay.

T HE 4th of Ofeber 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 : Two Days after, three Sorts
of Animalcula were difcover’d in eachInfufion, and alfo a fufficient Quan-
tity 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 alfo 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.

g e 1 TV
The third Experiment made upon the [ame Hay.

TH E 13th of O&fober fome of the fame new Hay was boiled in com-
mon Water, above a Quarter of an Hour, and an equal Quantity of
it put into two Veflels, nearly of the fame Size, one of which was imme-
diately 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
keep 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, waft-
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.

Siy e Ton X VL

A Compofition of Jeveral Infufions mixed together in
~ one Veflel.

"] ‘A K E equal 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
a fmall Drop of this Mixture, which being put upon the Objeét carrying Glais,

® Tabl. 0b. p. 30, + Ihid. 5. a0.
R o and
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and placed before the Microfcope, will give you the Pleafure of fecing in
this lictle Drop, the Animalcula of all the Infufions you have mix’d roge-
ther. * And here it is proper to take Notice, that all thefe different Ani-
malcula cannot fubfit long in this Mixture, each being defirous to re-
main in its firlt Infufion, therefore all Sorts of Infulions are not proper to
afford the Pleafure of this Sight, for they ought to contain in them fome-

thing upon which the Animals can fubtt,

5. B0 1 AN,
An Infufion of Rbubarb.

RH;;JW-& 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 Animal-
cula, which does not merit a partizular Defcription 3 we fhall only fay that the
Mixture of a Drop of this Infufion, with as much of that of Senna, does
not deftroy the Animalcula in either ; and that at the End of 15 Days the
Animalcula in the Infufion of Rbubaré + were all dead.

S EC T. AEs.

Of an [nfufin of Mufbrooms.

Large Mufbroom being infufed in cold Water, produced from one
A Day to another an aftonithing Multitude of infinitely fmall Animal-
cules, of a round Figure, which appear’d in a Microfcope that magnified
twenty-five thoufand times, of the fame Size, that a Grain of Rape-Seed

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.

R ipT, o XA,

Of the little Flowers of different Colours that are
Sfound in Meadows.

F fome of thefe Flowers, when they are juft blown, be put into cold Water,
in a few Days a particular Sort of Animalcule will be found therein, re-
fembling the Sole of a Shoe, one of which is reprefented at Fig, 246. 1ts Mo-

® Jobl. Ob. p. 4o.  + Bid. p.48. | Ibid. p. 48.
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tion is flow, and its Head dire&ly under the Letter A ; it inclines itfelf to-
wards B and C, ftretching itfelf out, and contracting alternately ; fometimes
all its Body appears as round as a Bowl, at which Time the Surface thereof 18
uneven : Their Body is marked with longith Spots, and is fo tranfparent, that
all their Inteftines, and the periftaltick Motion may be diftinguifthed, 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,

| 8% € Ti: AXL
| Of an Infufionof [weet Bafil, which, [mells like Citron.

HREE Sorts of Animalcules {hew themfelves in a few Days after
£ fweet Bafil hath been infufed in common Water ; the firft are feen at
| A, Fig. 248. the fecondat B, and thofe of the third Sort almoft like that

i reprefented at C. This laft fwims in a {piral Line, folding and unfolding
i its Body every Way.

| A, B, C, Fig. 249. reprefent the Animalcules found in the Infufion of
| pew 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
} 2t D E, are called Clubs; the Head whereof is feen at D. Thefe Ani-
malcules extend and contrat, twilt and untwilt themfelves feveral Ways.

8 pier. XXH.
Infufion of Blue Bottles.

1G. 250. reprefents a new Sort of Animalcula found in this Infufion
of Blue Bottles. A fhews the Head, B its Tail, C D its Breadth,
§ which {eems divided throughout its whole Length by a curved Line, drawn
| from 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
i marked D ; the Neck of this Animal, which is very long, fhortens ilelf
# from Time to Time, as doesalfo the hinder Part, marked B. + It fwims ex-
§ traordinary {low, and does not live upon the Objet carrying Glafs above
! = or 6 Minutes, but two of thefe were difcovered in 5.0r 6 Drops, and the
# fecond, Fig.251. was fomething different from the firft, for its Body BC
was furnithed with lictle Globules, that render’d it lefs tranfparent than the

| firlt was, at A Band CD.

* %bl. 06, p. 49 1 Bid. p. 51
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S B.€. T . Sl
Infufion of old Hay.

N this Infufion were two Sorts of Animalcules that merit a particular
] Defcription.  The leaflt is feen at Fig. 252. it was of a tranfparent
White ; A its Head, B its forked Tail, with which it pufhes itfelf forward’s
and it fwims fo fleadily 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, Cits Heart, which may be feen in a regular Motion, and D its In-
teftines. Itis called an aquatick Caterpillar, there are two different Colours
of them, one of a tranfparent White, the other of a pale Yellow. In
moving on the Object carrying Glafs, they firft fix the Points B, and then
extending their Body as much as poflible, reft the fore Part upon another
Place, and draw up the hinder Part, and then again fix the Point B as be-
fore and {0 on; they alfo fix the Points of their Tail to the Object carrying
Glafs, and ftretch out and retra&t themfelves by Jerks, and fometimes turn
round about upon the Point B, at other Times they fpring forwards with
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 furnifhed with Hairs, as exprefled in
the Figure, which move very quick ; it is really furprifing to fee how haftily
they fwallow down other {maller Animalcula that happens to be within
the Reach of their Mouths. At certain Times all the Hairs at the hinder
Pare of their Body which ftand upright, are feen to lie down from EF to
B. The Circumference of the Body feemed indented like the Teeth of a Saw,
which upon a clofer Examination was difcovered to be Ringlets lying one
over another, coming out with a furprifing Swiftnefs, and fometimes even
the nervous Fibres were vifible, extending from Head to Tail, fwelling and
contracting alternately as they crawled along. : |

A Mixture of the Infufions of Hay and Celery, does no Hurt to either
of the Animalcula of the two Liquors ; but the leaft Drop of this Mixture |
affords a very pleafant Profpeét to the Spectator, who will in an Inftant
difcover Variety of thefe fith-like Animalcules of different Sorts, moving |
in all Directions, :

See allo a Defign of another aquatick Caterpillar at Fig. 255. it was fifh-
ed out of an Infufion made of the Stalks of a Nofegay compofed of Pinks,
Jeflamin, Tuberofe and other Flowers; this differs from the foregoing :

1 Firft,
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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 Refpetts it was the fame as the foregoing
| Caterpillar.

5 el T XXIV.
An Infufion of Citron Flowers.

IN Auguft 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,
§ is 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.

Siim ol XXV,
Infufion of Animony.

Ature is pleafed to diverfify all her Productions, and is furprifingly
| admirable in all her Works, by continuing to give us Proofs there-
# of in this Infufion of Animoeny prepared after the ordinary Manner with cold
| Water, which at the End of eight Days afforded a new Animalcule, re-
i prefented at Fig, 257. *

§  All the Surface of its Back is covered with a very fine Mafk in Form of
a buman Face perfeétly well made, as appears in the Figure. It hath three
Feet on each Side, and a Tail coming out from under the Mafk,

SR e T, XXV

Infufions of three different Portions of Celery Stalks
| and Leaves, put [eparately into different Glaffes.

' N the 1ft of November fome of the Stalks of Celery were broke into
little Pieces, and put into the firlt Glafs, and common Water poured

B et thereon
a3
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thereon, and alfo upon the green Leaves in the fecond Glafs, and in thed
third Glafs fome Pieces of the Stalks with fome of their Leaves with Water.
Seven Days after thefe Preparations, fome Animaleules were found in
each of them, two Sorts in the firft, and but one only Sort in both the
other : But in about a Month’s Time all the three Infufions contained I::n;
different Sorts both in Shape and Size.
Thofe of Fig. 258, and 259, are the fmalleft ; but in Number they ex-+
ceed all the other, when coupled they refemble a Figure of 8, as at a,,
Fig. 259. Thefe alfo are called Bag-pipes ; they couple by the Beak, which
is a little crooked and fharp, and notwithttanding this Coupling they fim
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 thercof alter-+
nately ; they feparate from, and approach each other, without Intermiffion. |
Thete Bagpipe-like Animalcules are not entirely alike; but there is in. thefe s
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 flow, and others reft quiet
for a long T'ime together ; but the greater Part of them are in a perpetual
Agitation, fome of them are long, fome fhort, others as white as Silvcr,l
fome of a golden Colour, and others brown.,
It is a fingular Curiofity to obferve whart paffes upon the Surface and all |
around the Circumference of a Mals of Matter which hath formed itfelf 1
into a very little Bit of thin Skin, fo fmall, that the beft Eyes are not |
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 great
Numbers of them moving with fo much Celerity, that it is troublefome to
turn the Eye upon a Sight fo new and furprifing. In certain Places there-
of there are feen fome differently coupled. Others alfo, that reft them-
felves, and keep the Watch as Soldiers do, which feem apprehenfive of |
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 had
fomething to relate to thofe which kept the Watch, and this is feen all |
round the Mafs, _ |
In another Drop, taken from another Place of the fame Veflel, has been
often feen another new and curious Sight, viz. that Sort of Animalcula which
are long and flat, called Soles, and are reprefented by AB CD, in Fig,
260, ‘T'he Sides of this Animalcula is very tharp ; the Head and - all the
reft of its Body is tranfparent, except a few brown Spots which appear
within, The different Poftures, and the Variety of Motions obfervable in
thele Animalcula, caufe much Pleafure in ocholding them through a A%-

crofiope,

o
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crofcope, and afford much greater Satisfaction than can poflibly be ima-
gined by reading the moft particular Defcription of them,

In the Glafs where only the Leaves were infufed, there were amongft
others fome Animalcules like thofe exprefled at E, F, G, Fig. 261, at one
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 ovalith
as at Eand G; at other Times itis fo firmly clofed as not to be difcovered.
It fwims by Jolts, and Ballancing from Right to Left, conduéting 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 Form 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 H 1K, Fig. 262. their Body ends in a
long tranfparent Tail, and Motion generally very flow. They are frequently
obferved 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,
at other Times it happens to ftick to the Object carrying Glafs, at which
Time they draw themfelves back on a fudden towards ir, and then ftretch
out again very {lowly,

In the leaft 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 little Animalcula reprefented at Fig. 258. that they could fcarce find
Room enough to pals between each other.

There was alfo a large oval Animalcule, as at M N, Iig. 263. its Head
could not be diftinguifhed.

In a fecond Infufion of the Leaves of Celery was a new Animalcule, re-
prefented at 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
fometimes under the Form of a Bag-pipe, and at others, under that of a
Crofs. !

Fig. 265. reprefents another Sort of Animalcule of a fpheroidical Figure.
Another Sort at Fig, 266. and others like Fig. 267, this laft moves with
a furprizing Velocity, and frequently turns itfelf upfide down,

Amongft other Infufions of Celery, was found an Animalcule in the
Shape of a Bottle, as at Fig. 268. Fig. 269. exhubits another Sort of the
Bagpipe-like Animalcules, two of which are feen at P, differently coupled
from any of the foregoing.

Lattly, at Fig. 270. is reprefented a moft extraordinary Animalcule, al-
moft round, its Body cover’d with Hairs and Motion circular,

S SECT-&
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S.mi ¢ T XAV
Of Iufufons of Straw and the Fars of Wheat.
] N the Beginning of AMarch, fome wheaten Straw, and two Ears of Wheat |

were put nto cold Water, the fecond whereof produced Animalcules,
of the Shape of Fig. 269.

Others alfo were found therein, reprefented at Fig, 271. its Mouth is |

feen at A, the Infide of its Body was filled with a Quantity of little white
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-
lithed Silver, ftrewed with little brown Spots, Its Head is feen at A, Tail
at B, and Back at C.

Another Sort of Animalcule is feen therein of an oval Form, and one
called a golden Bottle, reprefented at Fig, 276. its Mouth is fometimes
fixed to a round Body, to which it ftrongly adheres, as at Fig. 273,

Another Sort called Seals, contracting and ftretching themielves out as
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.

Fig. 277, reprefents an Animalcule with a Swan-like Neck. A is its
Head ; B its Tail, and C its Body. They are of two Sorts, one very
tranfparent, and the Infide of the Body of the other brownifh. Their Inte-
ftines may be feen in Motion.

The Animalcula S and T, Fig.278. are thofe which were before call’d
Fater-Spiders, or rather greedy Guts, from the Quantity of other minute
Animalcula they fwallow,

That reprefented Fig. 279. is the only one of its Sort found in the Infu-
fion of wheaten Straw, Its Figure is like a Purfe, its Mouth large, and
here reprefented open ; but when it ftretches itfelf out for fwimming, it is
fo neatly fhut, as to enclofe its Horns,

Fig. 280. exhibits an Animalcule, called a little Soal; and at Fig. 281,
and 282. are two others that move extreamly flow; and are 1000 times
{maller than an Hair *,

Fig. 283. reprefents a Worm-like Animalcule, compofed of a great |

Number of very fmall fpiral Rings, whofe Extremities are terminated in
very long, and exceeding fine Points. -

*® Tobl, Obf, p. 67.
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S8 'c 1. XXVHI
Of aquatic Pomegranates.

TH 1S Name of aguatick 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 feen with a Lens, 3th of an Inch Focus.

They appear’d of a fine tranfparent amber Colour, which therefore af-
fords a curious Sight of their Inteftines, the feveral Forms under which this
Animalcule appears, require a particular Defcription, which take as
follows : :

In Fig. 284. under the Letters A B C D, are thewn four little Eminen-
cies, adorned with Hairs, which remain but a fhort Time in this Situation,
for that marked B joins A, and C unites with D fo clofely, that they then
appear as at A D, Fig. 285. Thefe increafed Eminencies, form the fepa-
rated Lips of this Animalcule, and the regular Motion of the Hairs with
which they are adorned, obliges 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.

All the Protuberances A, B, C, D, of Fig. 284. or the two of Fig. 285.
contracting themfelves a little 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 fo on.

In each of thefe Figures, at E, is feen a regular Pulfation, fuppofed to be
its Heart 5 it feems to be embraced by two Lobes, that feparate and join
alternately, which probably are the Lungs ; from thefe proceed two little
Ligaments at G, towards the Intcftines, whofe periftaltick Motion is alfo
very regular.

The Tail of this Animalcule appear’d fometimes round and clofe, at
_other Times open, when two little Ponts, as at H, Fig. 284. might be
feen.

One of thefe Animalcules had four of thofe fharp Points, Fig. 287.
placed two on each Side the Anus ; between which a long Tail 1 L 1s pro-
truded, and drawn in again with great Swiftnefs : The End L, in fome of
thefe Animalcules, appeared forked, as Fig. 285. the Tail can be enarely
drawn into the Body, at which Time the Rings that compofe it, flide
one over the other, and caufe it to become opake.

* Fobl, Ob. p. 68.
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The'r Eggs are frequently feen faltened to their Breech by {fmall Threads ;
fome of the Females carry but one, as at M, Fig. 289. others two, Fig.
2835, and fome others [ix, Fig. 286; but this is fcldom, 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
deal of Pliablenefs 5 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 Eges were feen in the Body of one of thefe
Animalcules, and appeared as at G G, Fig. 288,

Thefe Animalcules are a delightful Obje@ 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.

S (BiC: oy RRIX,
Infufion of the Bark of an Oak.

OME of this Bark being put into cold Water, the 15th of Decem-

ber, and examined feveral Times for the Space of a whole Year, during
which Time the following Animalcules were difcovered. The At was
called a Tortoife with an umbelical Tail, Fig. 290, This Infect ftretches
out and contra@ts itfelf very eafily, fometimes afluming a round Figure,
which it does not retain above a Moment ; then opening its Mouth to a
furprizing Width, forms nearly the Circumference of a Circle ; its Lips
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 great
Velocity ; its Motion is very furprifing and fingular,

Fig. 291. is another Sort of Animalcula with an umbelical Tail, differ-
ing only from the former in having its Mouth fixed, and Tail without any
Separation,

Fig. 292. reprefents another of the fame Sort, although under a Form
fomewhat different ; the Top of its Head is double, and two Prominencies
appea:}* thereon under the Form of Horns, which were intirely covered in
the other,

That reprefented at Fig. 293. is called a Water-Rat, its Head well

thaped, and Lips adorned with long Hairs.
Another Sort at Fig, 294. is called a Crab’s Claw, becaufe of its two
crooked.
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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. 2¢6. 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 {mall Fibres,
and others alfo that ran fpirally from near its Head towards the Tail.

At Fig. 299. is exhibited another kina of Eel-like Animalcula of great
Vivacity.

Another of a larger Size is alfo reprefented at Fig. 30o. that had been
dead for fome Time, when by Chance a little Eel * was difcovered fluttering,
very much to get out of the Belly of its Mother, but not being able to
do it, at laft died therein.

This Obfervation is a fufficient Proof that the Eggs of thele Ecl-like
Animalcula are hatched in their Mother’s Body.

Fig. go1. reprefents an Animalcule, called a Weaver’s Shuttle 5 it {wims
fmoothly, having in the Middle of its Body feveral little Corpulcles re-
{embling Eggs. : :

Fig. 302. is called the Beak of an Halbert, its Head ends in a Point 3
the other Extremity of its Body is like a Drop, and upon the Throat are
feveral long Hairs. {

Fig. 303. 18 called a Water-Spider, it is of a fpherical Figure, with fe-
veral brown parallel Lines ; between which are fome Spots browner than
the reft of their Bodies. |

Fig. 304. is called a Drop, its Body uniform and tranfparent, its Neck
long, but a little crooked. *

Fig. 305. is called a Slug, its Head is round, Tail fharp, Body large
in Proportion to its Length, and becomes fo fhort in Motion as to appear
pretty regular. ; e

Fig. 306. is called a Water Caterpillar, they are found of different Sorts,,
and in feveral Infufions of Plants it has been before ebferved, that the

* Job. Ob. p. 76. Elaire
lairs,
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I1aire, of which we have elfewhere fpoke, are planted on the two Lips of
this Caterpillar, which feem to turn at certain Times like the Rowel of a
Spur,

PFig. 307. 1s called the great aquatic Spider, its Figure fomewhat ovalifh,
Mouth a little funk, which appears fometimes to reach to the Middle of
1ts Body, its Lips are adorned with Hairs in Motion, which feem to have
a Communication with a little Part that probably may be the Heart, and
Lungs furrounding it 5 its hinder Part is alfo furnifhed with Hairs that form
a kind of Tail ; a little above the Anus is a brown Spot, fuppofed to be
the Excrement 5 the reft of their Body is generally ftored with little regu-
lar Corpuicles.

This Sort of Animalcule is alfo found in Iufufions of wheaten Straw, in
that of Barley mixt with fome of the Ears; in Turkey Corn, Indian Cane,
in the H#o0d and Bark of Acaias, or in that of whole Pepper, &c. All thefe
different Sorts of Water-Spiders, have Hairs round their Body, inclining a
lictle frem cheir Head towards their Tail, and may be feen with a Lens of
.+ of an Inch Focus.

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.

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, and its long
Tail generally drags after it little Pieces of Skin faftened to its Extremity.
The fecond is feen at A with its Mouth fhuts and the third at C, whofe

Body is rounder, and its Tail at certain Times twifted in the Form of a

Cork-fcrew.,

Fig. 310. hath a Head like Clover Grafs, and a forked Tail ; its Mouth
very imall and round.

Fig. 311. is called a Sock, the Infide of its Body is adorned with feveral
tranfparent Spots, which appear like Fgos.

At the Time this Infufion was intended to be thrown ‘away, it was
thought proper to put a Drop of it upon the Objeét carrying Glafs, and
to examine it by the Microfcope, whereupon one of the moft particular of
all the foregoing Animalcula was found therein. It is a kind of Water
Caterpillar, and fo fearce, that no more than feven or eight could be found
in many Trials during three Days, Fig. 312. fhews three Reprefentations
of one of them ; in that exhibited by A B, its Body is feen to be compofed
of feveral Ringlets, that enter one into the other, as the Animalcula con-
tralts icfelf 5 it pufhes out of its Mouth a Snout compofed of feveral Pieces
fheathed in each other, which are thewn at A C and D. The Extremity of

this
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this Snout appears to be perforated in fome Pofitions as at D it 1s fome-
times {plit 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 Thicknefies, which go one into another like
the Drawers of a Pocker Telefcope: At its Tail are two very fharp Points
as at B E, and in fome particular Pofitions it appears in three Partsas at L.

Soim: ¢ 7 o XXX
Infufion of the Bark of a young Oak.

BOUT 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. Foblos 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 little 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 {o extended as to ferve it for a Rudder to fteer its Courle,
its Body was befet with extremely fmall Hairs,

- That reprefented 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
Leg, the Middle of its Body appeared to be tied with an invifible Li-
gature.

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
fwam amongft the preceding ones; and alfo a great Number of other Sorts
which do not merit a Defcription. The cold Weather increafed fo faft, that
in 15 Days Time all the Animalcules in this Infufion wese deftroyed.

NE C T.



{ 136 )

il R
Of [fome other larger agnatic Animals.

HE Waters every where are ftocked with Life, which makes the

Subject endlefs for the Employment of the Microfcope, Seas, Ri-
vers, Ponds, Ditches, and almoft every Puddle, can prefent us with living |
Wonders 3 but as thefe Examinations have been very little attended too |
cven by thofe who are fupplied with Microfcopes, I hope thefe Directions
and the new Univerfal Microfcope, 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. Leeuwenboek found fome furprifing Animalcules, adhering to the
Lens Palufiris * or Duck-weed, which he examined in a Glafs Tube flled
with Water ; one Sort of thefe were fhaped like Bells, with long Tails,
whereby they faflened 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, fuppoled to be almoft withered and over-grown, with a great many
long Particles which are feen between K and L. The Animalcula repre-
fenting lictle Bells, + are feen at IS T.

On feveral of thefe Roots were obferved one, and fometimes two Sheaths
or Cafes of various Sizes, faftened thereto by the fmall End : The largeft
is exhibited at R XY, outof which Sheath appeared a little Animal, whofe
fore Part was roundifb as at XY Z, from whence proceeded two little
Wheels that had a fwift Gyration always one and the fame W ay, 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 their
Bodies, and their Bodies wholly into their Sheath, and foon after thruft
themfelves out again and renew the aforefaid Motion, Mr. Leenwenbaock |
oblerved the Cafe of one of thefe Animalenles to be compofed of round |
Bubbles, $ as is reprefented at N, O, T. When this Animalcule had thruft !
that Part of its Body from O to P, out of its Sheath N O ; it extruded at |
the fame . Time that furprifing Wheel-work (which before was taken for
two diftinct lictle Wheels, and was here plainly feen to be but one and the
fame Circumvolution) that confifted of four round Parts P QRS, three of
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.

Mr. Leenwenbock found feveral Kinds of thefe Wheel-work Animalcula,

*® PE. Tranf. Ne. 283, 295, 337. + Bid, Ne. 283, ¥ Ibid. No. 295. 4
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in the flimy Matter which is to be found in leaden Pipes, or * Gutters, when
the Water drics away they contraét themfelves into an oval Figure, and a
reddifh Colour, and become fixed in the dry Dirt, which grows as hard as
"Clay ; but if to this Dirt you put Water, in about half an Hour’s Time
they open, and by Degrees extend their Bodies and {wim 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 ail Perfpiration, by which Means they arc pre-
ferved till Rain falls, when they open their Bodies, {fwim about and take in
Nourithment.,

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 cruftaceous 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-
ture 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
broke, and the Spawn {cattered 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.
Thefe three Kinds of Animalcula have but one Eye, and that placed in the
Middle of their Foreliead ; they are often to- be found fo tranfparent, that
the Motion of their Bowels is very plainly difcovered by the Microfcope,
together with a regular Pulfation in a lictle Part, which we may fuppofe
the Heart.

In the Summer-time it is common for the Water in Ditches to appear
fometimes of a greenifh, and fometimes of a brownifh Colour, which upon
Examination by the Microfcope is found to confift in infinite Numbers of
Animalcula, blended together on the Surface of it, and giving it fuch an
Appearance ; their Shape is oval, but the Middle either green or red, and
feems to be compofed of Globules, refembling the Roes or Spawn of

Fifhes.

* Leeunw. Are. Nat. Tom 11, Epiff. 149. t Phil. Tranf. Ns. 288.
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C'H AP RN XTY.
Of the fre/b Water Polipe, with Arms in Form of

Horns.

S BT
Of their Motion and Struiture.

H E Nature of this Infeét is both extraordinary, and contrary to the

general received Opinions of Animal Life, and requires the moft con-
vincing Proofs to perfuade many People into a Belief thereof. In order
therefore to clear up this peculiar Affair, I fhall lay before the Reader the
tollowing Obfervations, which were made by Mr. Trembley, and alfo affure
him, that I have repeated the major Part of his IXxperiments on this Animal
with the fame Succefs.

And firft thefe Animals were not hitherto entirely unknown, for Mr.
Lecuwenboek gives a Defcription of a furprifing Sort of minute Animal, in
the Philofophical Tranfaitions, Number 283. Itis reprefented at Fig, 328,
as it appeared faftened to a2 Root of Duckweed, whillt in the Water, and
about three Times bigger than it appeared to the naked Eye; this was a
large one of the Sort, and had eight Horns: At C is fhewn a very imall
Animalcule coming out of the other’s Body, fuppofed at firft to be faftned
thereto by fome Accident ; but on a clofer Examination, was found to be
a young one in the Birth, although it had at firft but four fmall Horns ; af-
ter 16 Hours its Horns and Body was grown much larger, and in four
Hours more was quite excluded its Mother’s Body ; againit this on the
other Side appeared a little 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 after it
alfo fell off from its Mother and fhifted for itfelf.

An Englifb Gentleman * difcovered one of them in fome clear Water
taken out of a Ditch ; but with the utmoft Attention he could find no
more therein. It appeared the firft Day as at Fig. 326, but varied every
Moment, and the Knob at a, looked like the Gut Cenum ; two or three
Days after he obferved fome white Fibres at the Extremity of the Knob ;
on the fourth it was extended at full Length, and appeared as Fig. 327
which then convinced him this Excrefcence was really an Animalcule of the

* Poil. Tranf. Na. 288. i
me
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fame Species, having fix Horns ; next Day he found it feparated from its
Mother ; it is feen in its contracted State as delineated by this Gentleman
at Fig. 229 and 330.

There is a near Agreement between the Obfervations of thefe two Gentle-
men, both of them having difcovered the moft remarkable Property of the
Polypes, thatis to fay, their natural 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-produsiion,
which is found in the different Parts of a Polype after they are feparated,
each diftinct Piece becoming as perfe@t an Animal as that of <which it was
only a Part. '

Mr. Trembley 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 Infets therein contained, he caft his Eye upon
a Polype, which was fix’d 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, anterior, becaufe
it is the Polype’s Head ; and the oppofite Extremity b pofferior.
~ 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-
tract, bend and wind divers Ways; they alfo contract their Bodies upon
the leat Touch, fo fhort that they appear only like a Grain of Matter,
- They conftantly turn themfelves towards the Light; 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,
in a Pafte-board Box, which had a Hole cut on one Side in the Form of a
Chevron, that exactly 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 aflfembled themielves together at that Side of the
Glafs, 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
right or inverted.

The 25th of Nevember 1740, Mr. Trembley cut a Polype tranfverfly -QFEJ:

Tl g - the



140 Of the frefb Water Polype.
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 they might be eafily ob-
ferved with a pretty deep magpnifying Glafs,

In that Inftant the Polype was cut, both Parts contrafted, and funk to
the Bottom of the Glafs, like two little Grains of green Matter. Some few
IHours after both the Parts {tretched themielves out, and were ealily to be
diftinguifhed from each other, the anterior End of the firft being furnithed
with Horns, whereas the other had none at all.

The firft 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 {everal Days,

He only looked upon the Motion of thefe two Parts, as Signs of the
weak Remains of Lite, efpecially with refpect to the hinder Parr, and
therefére obferved it only to know how long it would remain alive, not
in the lealt hoping to be the Spectator of this fo marvellous a Re produttion.

But obferving the cut Pieces on the gth Day with a magnifying Glafs,
percewved 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 two new
Arms came out, and fome Days after three more ; this fecond Part had then
efght, 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 Funétions of firetching
themielves out, comtraéting and walking.

After this he difcovered one in a great Glafs he had by him, which was
well ftored wich green Polypes, from which young ones began to fhoot.

In the Month of April he found a new Sort of Polypes, reprefented at
Fig. 332. and foon after faw them eat and fwallow down W#Worms longer
then themfelves, and to digeft them and be nourifhed therewith: There-
fore this 1s a certain Proof of their being Aunimals.

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 the
Tail) at the Bottom of Ditches, and are fufpended upon the Surface of the
Water, upon Branches of Trees, Boards, rotten Leaves, Bits of Straw,
Stones, and many of them Mr. Trembley hath found on the Bodies of divers
nimals, as on the Shells of Snails, éFc.

The belt Way to find them, is to take up thefe different Bodies and put
them in Glafles 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 Sides
of the Ditck in which he found them, ata Time when the Sun thone upon

the
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the Botiom of the Water, and chofe thofe Places where the Water was clear,
and that had an eafy Declivity, and fays, he hath diftinctly feen them ac
the Bottom of the Water, on all the Bodies that were thercin, and on its
Superficies ; by which Means he acquired thofe Ideas concerning them,
he could never have attained to withourt this Precaution.

The moft common Pofture they are generally found in, whether in their
ordinary Places of Abode, or in Glaffes, is reprefented by the Figures 331,
and 332. The pofferior End b, of the Palype ab, is fixed againft a Plant
e f, 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. diminifh from their anterior to their pofferior 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, thac
their Body does not diminifh 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
diminith from thence to the pofterior End. They wave their Arms in all
Direétions, as at a, i, k, Fig. 331, at a and e, Fig. 332. and ata, Fig. 333
and 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
few of the fecond Sort which have 18 Arms. They can contract their Bo-
dies till they are not above the 10th of an Inch or thereabouts in Length :
For Example, that reprefented at Fig. 333, could contract itfelf fo as to
become like thofe two Reprefentations Fig. 335. They can alfo ftop at
any Degree either of Extenfion or Contraction, from the greateft to the lealt.

The green ones are generally about half an Inch in ILength when
firetched out. Thofe of the fecond and third Sort are moft commonly
between 2 of an Inch and an Inch ; but fome may be found of both Sorts,
whofe Bodies are an Inch and half long,.

They grow fmaller as they extend, and increafe in Bulk as they contract
themfelves. The Figures 331, 332, and 333 reprefent the general and
natural Size of thefe three Sorts of Polypes ; and at Fig. 362. is an exact
Reprefentation of one, as it appears in the Microfcope. i

You may oblige them to contraét more or lefs, in Proportion as they are
touched, or as the Water in which they are, is agitated more or lefs.
Every Polype, when taken out of the Water, contracts itfelf in fuch Sort,
as to appear like a mere Lump of Jelly on the Body it is faftened to, as
at Fig. 336. which Figure is fo different from what it bears when ftretched
out, that it can fcarce be known at firft Sight, but when the Eye is once
accuftomed to it, they are eafily diftinguifhed from all other Bodies that are

out of the Water.
Heat
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Heat and Cold bath the fame Effects on the Polypes, as it hath upon all
other Land and Water Infecls.  Heat animates, and Cold benumbs, or makes
them faint and languid 5 yet neverthelefs it requires a confiderable Degree
of Cold, to reduce them to a motionlefs State, and that muft be very near
to that of Freezing. At which Time they are more or lefs contraéted, and
fo remain 3 but as foon as the Water in which they are, acquires fome De-
gree of Warmth, they ftretch themfelves out, and move proportionably to
the Heat thereof. It is not neceffary that this Degree of Hear be very con-
fiderable, but is fufficient for them, if the Warter be of a temperate Heat,
which is exaétly 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 of 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 contraét its Arms, without extending or con-
tracting its Body ; and its Body, without any Alteration in the Arms, it can
alfo extend and contraét all or fome of its Arms, iIndependant of the others,

Its Body and Arms are alfo capable of bending in all poffible Directions,

fome of which are reprefented by Fig. 337. in which Attitude they are
fometimes found ; the Body and Arms can alfo rwift themf{elves, as at

Fig. 338, and 334. Itis likewife remarkable, that the Arms of the 2d

and 3d Sorts of Polypes, generally bend at fome Diftance from their joining
to the Body.

The third Sort, for the moft Part, let their Arms hang down, makin

different Turns and Returns, as at Fig. 333. and fometimes they direct fome
of them towards the Top of the Water,

Their progreflive Motion is performed by Means of that Faculty they have
of ftretching out, contrating, and turning themfelves every Way. For let the

Polype a b, Fig. 349. be fixed by its pofterior End b, having its Body a b, |
and Arms extended in the Water, In order to advance, it draws itfelf to~ |
gether, by bending its Body on whatever it moves ; and then fixing its an- |
terior End a upon this Body, fometimes the anterior End only, at other |
Times fome of its Arms, and at others the Arms and anterior End a, as at |
Fig. 350. 'When the anterior End is well fixed, it loofens the pofterior End

b, and draws it to the anterior a, faftening the End b, as at Fig, 351. after
which it again loofens its anterior End a, and ftretches it out, as at Fig. 352.
‘LThus much for a general Defcription of the common Steps a Polype makes
in moving from Place to Place.

They walk very flow, and often ftop in the Middle of a Step, difpofing
of, and winding their Body and Arms every Way ; as at Fig. 338.

* Farembeidt’s Thermometers, as well as thole of Sir lfaae Newton, Mr. Reaumeur, D'L{J‘?ﬂ
and others may be had at my Sbep, made after the Best Manmmer, and graduated mjﬁq
from afual Experiments ; at Tycho Brabe's Head, in Fleet-fireet, Lonpon. il -
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Sometimes they make an extraordinary Step, as follows, Let the Polype

a b, 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
pofterior End b, and raifes it up perpendicularly, as at Fig. 355. then bend-
ing its Body to the other Side, fixes the pofferior 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 againit the Side of
| a Glafs, Its Body, and molt of its Arms being ftretched out forwards, and
| one of its Arms a c, fixed againft the Glafs at c: When the Polype is in
this Attitude, it loofens its pofferior End b, and contradting its Body, draws
it up a litcle nearer to the Point ¢, and fixes it againft the Glafs at d, after
which it repeats the fame and fixes its pgflerior End at e, and fo on. All
tSI:)at 1s here faid of the Polypes progreflive Motion equally refpects the three

rts.

They defcend to the Bottom of the Water, and come up either 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
upen 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,
even to the Surface of the Water, and pafs either under or over it, and
fometimes reft themfelves there; then they march to the oppofite Side of
the Glafs, and fo defcend to the Bottom. :

If you examine the Extremity of a Polypes Tail, while it is fufpended,
as at b, Fig.324. (from the Surface of the Water) with a magnifying
Glafs, it will be found a little out of the Water, fomewhat concave and dry,
as at band ¢, Fig. 359. and to prove that this Circumfitance is ablolutely
neceflary to fupport them at the Superficies of the Water, only wet the
dry End with a Drop of Water, and the Po/ype will immediately fall to the
Bottom,

When a Polype defigns to pafs from the Sides of a Glafs, to the Superficies of
the Water, it need only put that Part out of the Water by which it would be
fupported, and give it Time to dry, which is whart it always does, and what
may eafily be obferved. If, for Example, a Polype is fixed againt the Sides
‘of a Glafs, near the Superficies of the Water, (on which it intends to go) as
at ef, Fig. 359. in order to convey itfelf thither, 1t raifes up its anferior
‘End, and puts it out of the Water, there letting it dry, then loofening its
- pofterior 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,
‘vpon which it draws its anferior End under Water, and remains ﬁifpc?dtd
- I - rom
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from its Surface, as at ¢ and b, often extending its Body and Arms.

It has been often found neceffary, in the Courfe of thefe Experiments, tg
fufpend a Polype from the Surface of the Water, becaufe they are not always
to be found {ulpended there of themfelves. To effe€t which, take in one §
Hand an Hair-Pencil, and in the other a pointed Quill, or a Tooth-pick; |
with the Pencil loofen the Polype from the Glafs, and gradually raife it near
the Top of the #ater, in fuch a Manner, that the auterior End of the Pp-
ype be next the Point of the Pencil; then lift it out of the Water, and keep
it {o for a Mement, nay a Minute if you will ; after which thruft the Poing |
of the Pencil, together with the anterior End of the Polype, by little 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 Quill, remove that Part of the Polype from the Pencil, which
1s already in the Water, And at the fame Time blowing againft the
Polype, its Tail will be alfo loofen’d, and remain out of the Water.

A Polype, that is already {ufpended, may be removed from a Glafs of |
dirty Water, to a clean one with frelh Water, by endeavouring to place §
the Pencil parallel to the Polype, and in this Pofition to advance it gra-
dually till it touches him, he will then apply himfelf againft the Pencil,
and on being drawn out of the Warer, its Tail, which was dry before,
will remain fo ; and it may be immediately put into the clean Water, by
obferving the foregoing Direétions.

Polypes commonly fix their Tails to Stones, or aquatick Plants, &c. fo
falt as to prevent their being drove away by the Stream, and are fometimes
fixed not only by their Tails, but by two or three of their Arms alfo,
which they direét different Ways; and being thus fixed cannot be toffed a-
bout by the Motion of the Water.

Two long armed Polypes fufpended from the Surface of the Water in a §
Glafs, are reprefented exaétly in the Pofition they were found, at a, b, and
c, d, Iig. 359. One of them d ¢, had two of its Arms d, i, and d, k, fixed §
againft the Bottom of the Glafs, but on oppofite Sides thereof, at i and k.
The other a b had alfc one Arm a g, fixed againft the Bottom of the Glafs,
at g, and its other Arm a h, fixed againit the Side at h; they held them-
felves fo faft in this Pofition, that the Glafs was forcibly fhaken before they
quitced their Hold.

The Polype’s Mouth is fituated at the anterior End of its Body, in the
Middle between the fhooting forth of the Arms., It is very often ftretch-
ed out, at which Time it reprefents a little conical Nipple, as at a, Fig.
333, and Fig. 343. The Cone it forms appears fometimes truncated, as
at a, Fig. 362. At other Times no Nipple can be difcovered, the Inter=
val between the Arms being clofed, as at a, Fig. 338, and 344. in other
Circumftances it is hollow, being open, and a litcle widen’d, as at i, Flﬁh
331. orate, Fiz. 332. and a, Fig. 362, it is not only open in this Circum=

{tanc ="1H |
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iftance, for if itis obferved with a magnifying Glafs, when flat, or when it
{forms a truncated Cone, a little Hole is generally feen at the End thercof,
dwhich is reprefented, as it appears when magnified at a, Fig. 362.

The different Opening of the Mouth and Lips, are feen Fig. 343, 344,
ijand 345.

The Polype’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
I 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 contracted itfelf, and remained very fhorr,
and being all three placed on the flat Bottom of a fhallow Glals full of
Water, and viewed through a Microfcope, from the upper End, the Bot-
tom of the Glafs was feen through the lower, fo thatall the three were vifi-
| bly perforated ; they are reprefented as they appeared in the Microlcope,
| 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 poiterior
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 allo
| open.

PThis Perforation which is continued from one End to the other of the
Polype, is called the Stomach, becaule it contains and digefls the Aliments,
ﬂand 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,

\l 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
i Fig. 362. both when contracted or extended, it is more or lels varied ac-
il cording to thefe or other Circumftances. .

If the Lips of a Polype be cut tran{verfly and placed upon the Object
carrying Glals, in fuch a Manner as that the cut Part of the Skin a, I1g. 3471,
1l may lie directly before the Microfcope, it will be found to confilt of an
‘infinite Number of thofe little Grains throughout the whole Thicknels 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 Palype upon his Hand, he made it, by
touching, to contract as much as poffible, and then he introduced a very
fine Point of a Pair of Sciffars into its Mouth, and forcing it out at the
Tail, and immediately clofed the Sciffars, which cut one Side of the Palype’s
‘Skin from the Top to the Bottom, and laying it open from one Fnd to the
other difcovered the interfor Superficies thereof, which is reprefented as it
appeared in the Microfcope at Fig. 346 ; and this was alfo compoled of as
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great 2 Quantity of the fame Grains as the exterior Superficies and the Ed

a, of the cut Piece of Skin, Fig. 346. To examine thefe Particulars 3
litele farther, a Bit of the Skin was laid upon the Obje&t carrying Glafs in
a Drop of Water, and placed before the Microfcope, a, Fig. 344. and fome
of thefe Grains feparated therefrom, as at b, ¢, d, by prefiing them with
the Point of a Pin, ftriking them againft the Glafs, and endeavouring to
tear them in Pieces; the Grains fpread themfelves to all Parts of the Wa.
ter, and at laft remained in Heaps as at e and f, '

[t a Polype be carefully placed before 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 the
feparate in large Quantities, it is a certain Symptom of a dangerous Hinefs,
The Surface of the Polype from which they fall becomes irregular, and is
no more terminated as before. The Grains {all off from all Sides, it con-
tracts itlelf, 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 its
Place but an Heap of Grains as at b.

The Structure of the Polypes Arms bears a near Refemblance to that of
its Body ; and when obferved with the Microfcope, we find their exterior
Surface to appear fhagreened alfo, Fig. 362, an Arm much contradted
appears extremely {o, 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, bur {o that In-
tervals are left between them, as at Fig. 363. When at a certain Degree
of Extenfion, its Surface feems only to be ftrewed with Pimples as at Fig,
364, which continue ftill to feparate, as the Arms extend, and are at laft
placed upon a Thread eee, Fig. 365. Thefe Pimples are formed by the

Re-union of many Graids, and at the firlt Glance appear like a String of
Beads, Fig. 365.

The different States of a Polype’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 elpe-
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 be-
ing but licle feparated, but are farther afunder in Fig. 364. which is about
the Middle of the Arm ; and Fig. 365. thews the Grains as if they were
itrung upon a Thread, as they are feen upon the Extremity of a Polype’s
Arm, .
This Extremity is often terminated by a Knob, and the Hairs marked

¢, ¢, ¢, Fig. 364, 365, are tranfparent, and may be feen with the firft and
tecond Magnifiers,

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-
| pers in one Hand, and a Slip of Glafs, about two or three Inches long, and
{ half an Inch broad in the other, holding it at onc ¥ind 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 {till re-
| maining fixed to the Glafs, put the Arm upon the Slip of Glafs, and turn
| it under ll it meets itfelf again 5 then giving it a Jirk, the Arm will break
| off on both Sides the Slip of Glafs, one Part remaining with the Palype, and
| the other in the Forceps, and the middle Part will ftick upon the Gla{s Slip,
| in which Manner it may be applied to the Microfcope, and preferved for
feveral Days, as well as when it is at firlt taken out of the Water, for when
| ence dry it does not change for a confiderable Time.

S8 ¢ .5 1L

:1 Of the Polypes Food, and Manner of their [feizing
upon, and Jwallowing their Prey.

T was fome Time after the Difcovery of the fecond Sort of Polypes, be-
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
|| Millepedes, Fig. 360. {mall enough, and about 3 ths of an Inch in Length.
{| They are remarkable for a Horn, or flethy Dart, proceeding from the fore
| Part of their Head at d.  Mr. Reaumeur hath called them darted Millepedes.
!l They fupport themfelves, and {wim in the Water by Means of the feveral
| fwift Inflections they make with their Bodies; they reft themielves, and
{ creep upon all the Bodies they meet with, and are often found in great
| Numbers upon aquatick Plants, thofe upon which the firlt Palypes of the
| fecond Sort were found, were well {tocked with thefe Millepedes, and were
# taken out of the Water together with them, and put into the fame Glafs
{ without any Delign,
| A few Days after the anterior End a, of a Polype, Figi 366, was o0b-
{ ferved, with one of thefe Millepedes partly within its Mouth, and the other
{ Part yet without it at m, not knowing at firft whether the Polype was cat-
il ing the Millepedes, or whether the Millepedes had introduced itfelf volun-
il tarily into the Polype’s Stomach, to be nourithed there; to lodge its Eges,
Ml or depofite its Young therein, but at laft it was entirely enter’d into the /02
4 Iype’s Body.
| The long arm’d Polypes being the moft remarkable in their feeding, &e.
Llia tor
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for that Reafon principally, Mr. Zrembley thought proper to defcribe thefe
Fxperiments, upon that Sort, from which one may ealily judge the |
jame of the other two Sorts. '

To fee thefe Polypes feize their Prey with their Arms extended, they,
mult be put into a Glafs, 7 or 8 Inches deep, if the Polypes are fixed to
the Top ol the Glafs, their Arms for the moft Part hang down towards the
Bertom,  Tlis is then the moft convenient Situation to give them Food,
and to obferve how they manage it. To this End one might caufe them
to hang frem the Surface of the Water, but this Expedient is not always
beft. '

The Polypes we breed, and feed, are commonly infefted with little Lice,
1t is therefore neceflary 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 tor them to be freed from thefe
Lice. In that Cafe make the Polypes fix themfelves to a Packthread, op
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 Hair
Pencil, without pulling them off, and in changing the Water, only take ‘
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 Reception.
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, or l
any other Worm into the Glafs, and with the Point of a Pencil, puth it to
one of the Arms, which it no fooner touches, but it is feized, and when
the Millipedes m, ¢, n, or Worm perceives itfelf taken, it endeavours by
very quick and firong Efforts to difgngagc itfelf, often fwimming and drag- |
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 contra&t its Arm, |
in the Performance of which he often difpofes them in the Form of a Cork- |
fcrew, o1, which alfo contributes to the fhortening of it. The Millipedes =
by its continual Struggles, entangles itfelf in the Arm that holds it, m i n,
and often meeting with other Arms, they alfo aflift, and with a fudden
Pull, enable the Polype to contraét himfelf, or to draw near his Prey, and
n an Inftant the entangled Millipedes is convey’d to. the Mouth, againft ©
which it is held and fubdued. g

When a Polype hath nothing to eat, its Mouth is generally open, bur
that {o fmall that it cannot be feen without the Affiftance of a magnifying
Glals : Whereas, as foon as the Arms have conveyed a Prey to the Mouth,
it opens itfelf more, and always in Proportion to the Size of the Animal

® Hif, de Polyp. p. 85,
that










Of the frefb Water Polype. 149
' that is to be devoured 5 its Lips gradually dilate, and precifely adjuft thems-
" 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
i 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
I 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 applying them againft the Worm 5 at which Time its Mouth takes the
i Form of a Boat pointed at each End, Fig. 368, after which the Polype
§ gradually clofes the two Points of its Boat-like Lips, which doubles the
| Worm in that Part, and fo it is {wallowed, Fig. 369.

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 contra&ted. 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 the Food digefts, and it voids that which
| does not ferve for Nourifhment ; its Body lengthens, and gradually reco-
W wvers its natural Form.
| Mr. Trembley finding thefe Millepedes a proper Food for the Polypes,
{ he collected a great Quantity of them, to feed thofe he kept in Glafies, and
§ found them in Swarms at the Sides of Ditches, creeping on Plants, and all
| other Bodies that were in the Water.

Alfo on obferving how voracioufly the Polypes eat thefe Millipedes, he
Wl imagined it was not the only agreeable Food to them, and was therefore
#l defirous of finding out other Animals to noutith them withal, befides the
il Trouble of getting a fufficient Quantity of Millipedes from other Places
il took up too much Time ; upon which he opencd a Polype that was taken
§ out of the Water, with its Belly full of Food 3 from whence came out little
Wl Infects, which he calls Pucerons or Ileas, and amongft thefe ancther Sort
i that multiply extremely, and are often ealily to be procured in great Quan-
§ tities ; fee the Fig. marked p, at the End of one of the Arms, Fig. 367,
il which reprefents one of thele Fleas of its natural Size, and as it appeared
il in the Microfcope at Fig. 361 : They are exaltly defcribed by Swammer-
# dam, * and are remarkable for two branching Arms, which proceed from
their Head, which ferve them inftead of Iins, The Arms inclined Swani-

* Sowam, Hift, de Infet. p. 86, Gca Edit. de Leid, 1737
werdavi
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merdain to call them by the Name of Puceron branchus, they are contls
nually {kipping about the Water, and are generally fomewhat reddifh,

On putting fome of thefe Pucerons into a Glafs with Polypes, they pre-
fently {cized on fome of them, and began to extend their Mouths, firft in
the Form of a Concave, in which Part of the Flza is lodged, as art g,
I'ig. 370. the Lips continue to enlarge, till they included the Puceron, and
then cutirely clofe themfelves again.

The Polypes are not content with two or three of thefe Prcerons, but will
continue to iwallow them till the Sides of their Stomach are {o increafed, asto
contain two of thefe Fless in Breadth one by the Side of the other, as at
Iig. 371. which was abfolutely full from Head to Tail. If it be one of
the third Sort, the narrow Part of its Body b d, Fig. 372. generally re-
mains empty, but fometimes this alfo is forced to increafe and receive fome
of thofe Fleas. When the Polype hath fwallowed no more of thefe Fleas
than can be contained within its Stomach ; its Body, in that Cafe, becomes
very {mall near the Head, and forms in that Place a Kind of remarkable
Neck ¢, Fig, 373.

If a Number of thefe little Fleas be hattily thrown into a Glafs of hungry
Polypes, their Arms are foon fo loaded with them, that one can fee no-
thing but a confufed Mafs of thefe Pucerons gathered together, near
the Polype’s Mouth a, Fig. 375. which they fivallow one after another till
they are entirely full.

So long as thefe Pucerons could be procured, he fed his Polypes with no-
thing elfe: His Method of fithing them out of the Water, was with a
{mall Hoop, of about 8 or 10 Inches Diameter, made of Brafs, or Iron
Wire, to which was faftened a Pouch of Linen Cloth, and the whole tied
to the End of a Stick,  This being put flope-wife into the Water, where
there is a Quantity of thefe Animals, may be eafily moved to and fro, any
Way you fec Occafion, by which Means the Fleas will be gathered toge- -
ther into the Hoop. You may then put them into a Glafs of Water,
which will fwarm therewith from the Beginning of Fune to the End of Sep-
tember 5 thefe were eafily to be procured, but when they began to fail, he
was at a Lofs to find out other Nourifhment for his Polypes.

He went feveral times a Day to the Water-fide, which had before for a
long Time furnifhed him with Fleas, and ftooped down near the Surface
of the Water, endeavouring to difcover young ones, but all in vain ; ne-
verthelefs in feeking thefe he faw feveral Places at the Bottom of the Wa-
ter, with Worms all ftanding an End, one End of which was in the Earth,
and the other End out of the Earth in the Water, making continual Un-
dulations, Fig. 376. He thought, as foon as he faw thefe Worms, they
would ferve to nourith the Polypes, and to make up for the Fleas he wanted,
and the Millepedes which could at that Time be found only in fmall Quan-
aties 3 1t was with a great deal of Trouble that he took up fome of thofe
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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 nced 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
Earth, run it along a little Way, always holding it in the fame Polition,
and that a little inclin’d 3 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 Bottom. If the Ditches
where you fith for thefe Worms fhould be cover’d with Leaves and Herbs,
it is neceflary firft 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, that it appears of a red Colour.

You may give to each Polype a Worm much longer, and alfo a little
thicker than the Polype is when extended 5 but then Care muft be taken to
' let the Worm fall upon 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
flender Arms, they immediately by clafping them about it, invelope
and fetter it in fo many Places, that it is foon render’d uncapable of ftrug-
%Iing to any Purpofe, it eafily yields, and at lalt is fwallowed into the Po-
ype’s Stomach, Fig. 380, where it may be difcern’d thro® the Polype’s
Skin.

Thefe Worms are the beft Nourithment for the Polypes, efpecially in
the Winter, therefore if you gather a fufficient Quantity of them in Nover-
ber, and put them into large Glaffes full of Water, wich three or four Inches of
Earth at theBottom, you will have a Supply for the Polypes all the Winter,
and may fith them up out of thefe Glaffes, as out of the River.

Sometimes a pretty thick red Worm, about half an Inch long, is taken
up with the reft, and is reprefented at ¢ d, Fig. 382, Itis the fame as that
defcribed by Mr, Reaumer, in the Firft Memoir of the 5th Tome of bis Hi-
Rory of Infelis. Page 29.

Polypes may alfo be nourifhied by thefe Worms, but they are more diffi-
‘cult for them to digeft, and not at all fit Food for them in Winter.

Mr, Trembley hath alfo feen theni cat a Worm, which he calls a tranipa-
rent




1512 Of the jrefh Water Polype.
rent Tipula, of which Mr, Reaumer {peaks in the g4oth Page of the Memoir 4
:|tif|'. cited,
~ Having in the Month of Fune taken a great Quantity of lictle Fith, a- K
bout four T'enths of an Inch long, and given fome of them to the Polypes,
but the extreme Vivacity of this Fith, was almoft too much for them to
encounter with ;5 however, all the Polypes that feized them, did fwallow »
them, and the Tails of the long armed Sort were obliged to firetch open to
receive the Fith: One of the fecond Sort is reprefented at Fig. 377. which
had {wallowed one of thefe little Fith ; and as its Skin a b, was fo tranfpa-
rent, and flexible, it took the Form thereof, and appear’d like a Fith with
long Whiikers. : :

‘The Polypes eat the major Part of thofe little In{ects that are found in frefh
Water, they are very well nourithed with #77%erms, and the Nymphbs of Gnats,
and other Flies; they will alfo eat larger Animals if they are cut into little
Pieces, as Swails, and other larger aguatick Infecis, and Earth Worms, the
Entrails of Frefb-Water Fifb, and Butcher’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, 1magining, that a great Number of little Infects might be
lodged therein, or at leaflt the Eggs of fome; which Experiment fucceeded
very well, for from the End of Fedruary 1742. it was ftored with various |
Sorts of little Animals ; but particularly with one Sort, which is inclofed in
a two-fold Shell 5 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 Bodies
they meet with, and are about the Bignefs of a Grain of Sand ; fome Po-
lypes being put into this Veflel, without taking any other Care of them,
were nourifhed therein, and multiplied for eight Months. |

Whence it appeats, that large Glafies or Pails, thus prepared with Earth,
(at the Bottom of them) taken out of Ditches in the Summer-Time, will
be a convenient Relidence for the Polypes ; for befides thofe Infect Eggs
that are contain’d in this Earth, may be very often feen (efpecially if the §
Water in the Glafs be expofed to the Air) the Spawn and Nymphs of Grats,
and of Tupula, or Water-Spiders, &c. Thefe Veflels may then be fuccefs-
fully employed, and will fave the Trouble of feeding the Polypes we intend
to preferve, and alfo of often changing the Water. But when it is not
changed and cleanfed for fome Time, it is gencrally filled with an Herb,
as fine as Hairs, in which the Polypes entangle themfelves, and by which
we are hinder’d from looking within-fide, if the Veffel be not made of
Glafs ; however this Inconveniency is prevented by putting into each Vefiel
a few aquatick Snails, more or lefs in Proportion to its Size ; they will eat

thefe Plants as faft as they grow, whereby the Water, and the Sides of the
Vellel, will always remain clean,

Some-
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Sometimes two Polypes feize the fame Worm, and each begins to fwal-
low its own End of the Worm, continuing to do fo till their Mouths meet,
Fig. 378. 1In 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 advantageouily, and attempts
to fwallow the other Polype with its Portion of the #erm, which he effects
in fome Degree, and fometimes almoft entirely as at Fig. 380. Neverthe-
lefs this Combat ends more happily than we can at firft believe, in Behalf
| of the devoured 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 great deal at a Time, and they can falt a great while 3
and they void their Excrements at their Mouth.

After a Worm is fwallowed, the Tranfparency of the Polype’s Skin will
permit us to fee it diftinctly, as at Fig. 379. the Worm gradually lofes its
Form, and is at firft macerated in the Stomach of the Polype, the Juice
| nourithes, 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-
Il butes much to its Digeftion ; 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 nourithing Juice all over the Stomach. But for an Obfer-
vation of this Kind, if is beft to feed the Polypes with fuch Aliments as can
beftow a lively colour’d Juice for Example, thofe #orms whole 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
il its 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
Matter contained in the Inteftines of a flat Worm, Fig. 383. Its Body 13
of a tranfparent White, and Inteftines extreamly vifible, and of a crimfon
# Red; Care muft be taken to choofe thofe which are of a proper Size for
il the Polypes to fwallow ; they come out of the Polype’s Body without be-
1l ing macerated, the red Matter which was in their Inteftines being only ex-
il tracted from them.

But this Experiment was yet better confirm’d on giving a Polype fome
il Bits of the Skin of a little dlack, flat Snail, 1o be met with in great Abun-
il ‘dance 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,
i and on examinirg their Motion attentively with the Microfcope, were

il feen to be drove about in ther Stomach, and to pafs from Head to T::f:l
¥ = |
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and into their Arms, even to a Thread ; and afterwards were fent back i
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 Arms, and
{o on continually.

Thele Experiments were feveral Times repeated, and fucceeded in the
fame Manner.

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 an
Heap of the extravafated Grains before fpoken of, are of the fame Colour
alto 5 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 nu-
tritive Juice, drawn from the Aliments,

Thefe Graios, for Example, become red or black, if the Polype be fed
with a red or black Juice ; they are more or lefs tingid with thefe different
Colours, in Proportion to the Strength and Quantity of the nutritive Juice.
[tis alfo oblervable, that they lofe their Colour, if not fed with Aliments of
the fame Colour to themfelves, and likewife that they will fatt a great
while, but then they wafte proportionably to their fafting.

‘They are alfo fubject to be infefted with a Kind of aquatick Lice before
fpoken of, which are very common in expofed Waters ; they are of an
oval Figure, and generally white; they run very fwift upon the Polype’s
Body, and crowd about its Head more than any other Part, as at Fig. 385.
Neverthelefs they may be feen in great Numbers running over the Body a b,
and Arms acc. The prefent Figure is a Reprefentation of the Polype
and Lice, asthey appear in the Microfcope. If proper Care is not taken
to keep them clean from thefe Animals, they will be devoured by them,
their Arms will gradually diminifh, and at laft their Body, till there is no-
thing left. Fig. 386. reprefents one that had all its Head Part eat ups
which after having been cleanfed, had a new Head, and new Arms, and
became a very fine Polype.

Therefore the beft Way to preferve thefe Animals in Health, is often
to change the Water, and that efpecially after they have done eating. It
1s not enough to pour it off, but they muft all be taken out, and the Bot-
tom and Sides of the Vefiel rubb’d clean from the flimy Sediment adhering
thereto, which is caufed by the Faeces they difgorge therein, which are
converted into a Kind of Slime, fatal to them if not clear’d away. My
Way is to loofen their Tails from the Sides or Bottom of the Glafs, r.hcn‘I
take them up one by one with 2 Quill, cut Scoop-fathion, and place them
another Glais with clean Water ; fometimes they cling to the Quill in fuch
a Manner, as not eafily to be difengaged. The only Way then is to let
the Quill remain a Minute or two in the Water, till they difcharge :_hlcm*
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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 tharp, prevents their
thriving, and kills them in a few Days.

They are beft kept in fuch large Glaffes as hold three or four Quarts of
‘Water, for in a Glafs of this Size, the Water need not be renewed fo fre-
quently, efpecially if the Fzeces are taken out from Time to Time, with the
feather’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 conftantly fed, nor any of them fo
often as in the {fmaller Glaffes.

The Worms you feed them with, muft alfo be well cleanfed from the
Mud, and always remember to wafh 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 3 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.

There 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 Quelt of Prey, at which T'ime they may be taken
out of the Water with them.

B B G REEs
Of the Generation of Polypes.

HEN a young Polype firft begins to fhoot, there only appears
an Excrefcence, which terminates in a Point e, kg, 387.

Some Time after that, when it appears cylindrical, its Arms alfo begin
to thoot at its anterior End, c, i, Fig. 387. Its pofterior End is fixed to the
Body of its Mother, and gradually grows narrower, till at laft it only ap-
pears to adhere thereto by a Point b, Fig. 388. at which Time it is ready
to be feparated ; which they all perform in the fame Manner. The N{u-
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ther and young one fix themfelves to the Glafs, or other Bodies upon which
they are [ituated, with their Atms and Head, and this is their Preparative
for 4 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 C d, ready to be feparated,
difpofes of its Body in an Arch of a Circle, a, b, d, againft the Sides of
the Glals. 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. 3go. which was before cir-
cular.  While both its Extremities remain fixed againft the Glafs, the
young one, which was alfo faftened to the Glals, does not follow the Mo-
ther when (he withdraws, but remains in its Place, and its Tail d, by this
Means is feparated from the Body ab of its Mother.

Young Polypes fhoot in Proportion to the Warmth of the Weather, and
Quantity of Food the Mother eats ; fome have been perfectly formed m
24 Hours, and others not till the End of 15 Days. The firtt fhot forth in
the midft of Swmmer, and the other in a Seafon when «the Water in which
the Polype was contained, made * Farenbeid’s Thermometer defcend to 48
Degrees.

They fhoot forth from the Side of their Parent as a Branch from the
Trunk of a Tree ; and the Excrefcence which is the Beginning of a Polype,
is nothing but a Continuation of the Skin of its Mother, which is {welled
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 Sort, with a young one at its Side, which being
placed upon a Slip of Paper in a little Water, the Middle of the young
one’s Body was cut, and the fuperior End of that Part which remained to
the Mother was then open ; next cutting the Mother on both Sides of the
young Shoot, it became a very fhort Portion of a Cylinder open at both
¥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 oppolite Parts to that from
whence the young one came out, were opened ; and on obferving it with
a Microfcope, not only the Hole t, of Communication, Fig. 391, was di-
ftinétly feen, but one might fee quite through the End o, of the remaining
Portion of the young one: Afterwards changing the Situation of thefe
two Pieces of prepared Polypes, and looking through the laft opening ¢,
Fig. 392, the Day-light was feen through the Hole of Communication i.

* I muft again remind the Reader, that thefe Thermometers are to be hal at my Shop in
Fleet-Street.
1 M,
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Mr. Trembley not being contented with making this Experiment once,
repeated it feven Times, and met with the fame Succefs 1n five of them,

. This Communication between the Mother and its Young may be feen
on feeding them ; for after the Mother a b, Fig. 393, bad caten, the
| Bodies of its young ones fwelled, being fil’d with the Aliments as if they
themfclves had been eating them at their own Mouths cdeio.

In the long armed Polypes, the young ones do not fhoot cut from the
Tail Part bc, but only from the Part ac, Fig. 396.

It is alfo remarkable, that Polypes do not only produce feveral little ones
at the fame Time, all remaining fixed to their Mother, but chat even fome
of thofe little ones at that very Time have two or three young ones alio, of
which fome are perfectly formed, as at Fig. 396.

This Figure is fufficient to thew with what Promptitude the Polypes n-
creafe and multiply. The whole Groupe formed by this Mother and her 19
young ones, was but an Inch and = long, and one Inch broad Dutch Mea-
fure ; the Arms of the Mother, and the little ones, for the moll pare were
hanging down towards the Bottom of the Veflel, whillt the Polype was ful-
§ 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
§ eat, devoured amongft them about 20 every Day.
| All the freth Water Polypes, with Arms in Form of Horns, are Mo-

thers, for each Individual of this Sort produce young ones.

| Mr. Trembley fays, he hath nourifhed a thoufand Polypes, and never
} found one which did not multiply, after it had been well fed, and always
obferved their Motions very attentively, in order to dilcover if nothing
paffed between them analogous to Copulation in other Animals ; but could
never find any Thing like it.
I He then put feveral Polypes of the fecond Sort by themfelves, that he
i might be very fure they never 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 3 or thofe which being ie-
il parated of themfelves, were taken out of the Glafs in which their Mothers
# were, before any other young one could be feparated, with which it might
have been poflibly coupled ; yet notwithftanding all thefe Precautions of
caufing thele Polypes to live in a perfect Solitude, they all multiplied, eas,
and continued to produce young ones, more and more in Proportion as
they were fed. i

Not only thefe which he firft put alone have multiplied, but alfo many
' of their Defcendants have alfo been put by themielves, from Generation to
i Generation, even to the {eventh, with the fame Precautions, Whence it
qlap;}ears that Copulation is in no wile neceffary to the Production of a Fo-
| €.

YPMr. Trembley hath alio made an Experiment to prove, that a young Po-

| i
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lype had in itfelf the Principles of Fecundity, before it could be thought to
receive it from its Mother, or any other Polype: For on cutting off a
young one which only began to fhoot, and at that Time was only like a
little Button, as e, Fig. 387. it is feen alone and of its natural Size aftes
it was cut off, at Fig. 304, and as it appeared in the Microfcope at Fi
395. it was put into a Glafs by itfelf, and oradually increafed, had Arms,
and at latt multiplied. ¢

It is therefore very plain, that a young Polype, after being feparated from
itssMother, does not 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 th
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 an im-
perceptible Manner, :

If we have not from hence difcovered how the Polypes become fruitfuly
we have at leaft learned, that in this Point they differ from the moft part
of known Animals, and by Confequence have made an Exception to the
general Rule, that fays, there is no Fecundity without Copulation. '

After Mr. Trembley had made the foregoing Obfervations, he was ftill
farther defirous of finding out, whether there might not be fome other na-
cural Manner of their multiplying by Slips, as the Branches of a Tree; of
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 have
divided themfelves into two Parts, after which each Portion became a 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, that Po-
lypes bear a nearer Refemblance to Plants than Animals, yet notwithftanding,
it is evident that they are Animals, becaufe they eat and digeft their Food.

S BAe T geliva |
Of cutting Polypes afunder and thetr Reproducion.

f" ! Ht E moft extraordinary Part in the Hiftory of this Creature is this,
t

__ that when cut into Pieces each Piece can repair itfelf and become a
perfet Animal *, !

* Hift, de Polype. p. 193,
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~ ' To perform which put a litle Water on a fmall 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 Succefs 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 Microfcope.
A, Fig. 397, reprefents the Head Part of a cut Polype, its pofterior
End b, being a little larger than that in a common Polpe, and is fenfibly
open. In the Summer-time this firft Part often walks, and eats the fame
Day it is cut.

The fecond Part, Fig. 398. hath its anterior End ¢ more than ordinary
open, and the Edges turned a lictle 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 finithed ; the Arms fhot out from its anterior End
as thofe do in young Polypes, at firft three or four-Points begins to thoot,
as at e, 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 perfectly formed.

This Re-produfiion is performed fooner or later, as the Weather is more
or lefs 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 ones, 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 Seétion; have had young Shoots before itfelf could eat, and
before it had Arms.

In whatfoever Place a Polype was cut, whether at the Middle or near
either End, the Experiment equally fucceeded, and each Portion became
a compleat Pojype, which walked, eat and multiplied.

A Polype being cut clofe under the Arms, as at Fig. 4o1. and though
{fmall as it was, it became a compleat Polype, which at the Beginning was
all Arms.

If a Polype be cut tranfverfly into three or four Pieces ; the pofterior Iind
of the firft produces a Tail, the anterior End of the laft a Head, and the
intermediate Pieces acquire both Head and Tail,

To cut a Polype Lengthwife, it muft be made to contract as much as
poffible; becaufe the more it is contracted the larger its Body is : Therefore
put the Polype upon a Slip of white Paper in a imall Drop of Water, and
when by touching; it is very much contratted; drain away the Warter,

whereby
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whereby its upper and under Sides colapfe, and the Polype becoming fpread |
in Breadth, remains fixed upon the Paper 3 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, firft dipped in Water, upon
which it may be applied to the Univerfal Microfeope 5 or if the Papers are
thrown into a Glafs of Warter, the divided Pieces will foon fall from them.

The Sides of a Polype cut longitudinally, roll themfclves up different
Ways, generally beginning from one of their Extremities, as at Fig. 402,
and turns the Our-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, atother Times they graduallyap- |
proach all at once ; when they begin to unite at one End, it is eafy to di-
ftinguifh that Portion which is joined ¢ i b, from that which is not joined |
cae, Fig. 404.

The Sides join fo clofe, that from the firft Moment no Scar can be feeny |
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 a
Worm ; in a few Days other Arms fhoot 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 two
alfo. Thefe four Portions of the fame Polype, had each of them fix Arms,
within fix Days after the Se€tion; and feven in four Weeks, they all eat
and muluplied. 3

When a pregnant Polype is cut length-wife, the young ones continue to
grow after the Seétion.

He hath alfo cut a Polype length-wife, and directly after cut the fame
tranfverlly, and each of thefe four Quarters became compleat Polypes.

He likewife cut another, in Part length-wife, beginning at the Head,
which became a Polype with two Bodies, two Heads, * and but one Tail.
After having nourifhed this two headed Polype, by feeding it at both
Mouths ; he alfo {plit thefe Heads, and in a little Time it had four,
and at laft by cutting it after the fame Manner, it had feven Heads,
Fig. 405.

If a Polype be cut in Part length-wife, beginning at the Tail, it will |
foon have one Head and two Tails ; and in this Manner the Number of
Heads and Tails may be augmented by cutting, almoft ad infinitum.

As all Sorts of thefe frefh Water Polypes form only a Tube or Gus,
proceeding from one of irs Extremities to the other, they may be turn’d
Infide out as one would turn a Sack, viz. give a Worm to the Polype you

e

® 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 Hau
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 Part
a, remaining empty. As the Worm goes out, the Stomach enlarges prodi-
aioufly, efpecially if it goes out double, as is exprefled in the Figure.
When the Polype 1s in this State, make it contraét as much as pofiible,
which contributes much to the Enlargement of the Stomach, It muit 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, till 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 either
pufhes that out, or paffes by on one Side thercof, and at laft goes out of
the Mouth, as at a b, Fig. 414. Sometimes the Polype is entirely turn’d
at firlt, and then it covers the End of the Briftle 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 molt 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 ¢, which is not turn’d, very foftly with the Hair
Pencil, that Way which is neceffary to turn it, that is to fay, from a to c,
Fig. 414. which is prefently performed, at which Time it appears as at
a b, Fig. 413. Then holding it in the Water, pufh it from a to b, with
the Point of an Hair Pencil, and it will fall to the Bottom of the Glals
without being put out of Order.

When it is firft turn’d, the Mouth clofes, and the Lips a, incline a lit-
tle inwards ; the Arms a c 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 poffible with the Hair
Pencil, then taking an Hog’s Briftle with a Knot near one End thereof,
run the other End through the Polype’s Body, near its Lips; at that ln-
ftant let the other End of the Briftle e, drop into the Water, and with the
Point of the Pencil, pufh the Polype to the Middle a, of the Briille,
Fig. 416, then take out the Briftle and Polype, and put them into a Glals,
f, e, g h, taking Care that it only touches the Glafs by its two Extremities
cand d, that the Polype may be a great Way from the Botrom and Suics
thereof, and the Knot End towards the Bottom ; that if the Polype fhuui:l
X flide
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flide by its own Weighe, it might not be able to difengage 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 effect it, remaining like a Polype, partly turn’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 Direction, fometimes point-
ing towards the Tail, Fig. 406. and at others are bent over the Head,
Fig. 407. their anterior Extremity ¢, 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 thoot near the old ones,
and feveral Mouths * were alfo formed near the Middle of the Bodies of thefe
Polypes, that is to fay near the Place where their Arms joined the Body at
a, Fig. 406.

A Polype partly turn’d back again, remains but a little while in that
Situation, as at Fig. 406. The Place a, to which this recurned Portion
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 at
Fig. 408. where a c reprefents the returned Portion, and a b the other Part
of the Body ; the fame Day another Head appear’d at e, and feveral Arms
began to fhoot, on one Side a o, of one Mouth a o n, which was formed
on this Side ; the other Side a n of this Mouth, being border’d by Part of
the old Arms a d, ad. Next Day the Lips of the new Mouth was difpo-
fed in Form of a conical Nipple, and the new Arms fmaller than the old
ones. ‘I'he fame Day the returned Portion a c, Fig. 408. which the Day
before made the right Angle ¢ a b, with the other Part a b, not returned,
was drawn nearer to this Jaft Part, and made an acute Angle therewith, as
at Fig. 409. where a c reprefents the returned Portion, and a b that Por-
tion not retirned.  The doubtful Part e, remain’d as before ; 2 Worm
being given to it, fell upon the old Arms, was feized, conveyed to the

* Hift, de Polype, p. 268,
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new Mouth, and fwallowed in an Hour’s Time, and the Portiohs a c,
ab, and a e, Fig. 409, were {welled 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 ae 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 e
‘as in the Figures.

This Form was changed but lictle 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 vanifhed, 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 thele A-
nimals, are feen in the Figures 406, 408, 409, 410, and 411. which re-
prefent the fame Polype, and the return’d Part always a ¢, and that Part
not returned a b. '

Thefe Changes are not exatly 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 Part of its Head, as at Fig, 407. which 7 Days after was formed
into three Heads, as at Fig. 417. a b thews the Tail of the Polype,
which remain’d turned. a d ¢ g e, the Portion turn’d back again fo conlfi-
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, a d ¢ n g e o, the Portion turn’d back again, ad, n g,
ne, its three Heads and Necks 3 marked d, g, e, in the foregoing
Figure.

I:]'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,
bacdo, and cn g e o, 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 ¢, 2 d, n g, n e, and are the
chree 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
feparated in [ig. 420. and 421. a b, Fig. 420. is the turned DPart, and
2 d one of the Heads, n g, n e, 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 firfl, fhould be applied to the internal Superficies of the Skin of the
fecond, they might flick together, and become but one Polype.

To introduce one Polype into another, firft feed fome of them, and w hen

X Z they
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they are fwelled by the Aliments, their Mouths will be alfo extended, Take
that Polype out of the Water, you would introduce into the Stomach of
another, and put it upon your lefc Hand, making it contract as much as
poffible 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
taking an Hog’s Briftle in the right Hand, pur 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 be in-
troduced, caufing it to open its Mouth, as in the other Polype, and thruft
that which is upon the Hog’s Briltle, into the Stomach thereof, and dip it
into a Glafs of clean Water, that you may examine it with a magnifying
Glafss 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 1 b of the exterior
Polype, and by this Means got out.

Fig. 424. fhews the fame two Polypes, whereof id, of the interior, tore
the Part 1b of the exterior one farther up, even to e where the Briftle at
firft ran chrough 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
one aibat i,

Fig. 425. reprefents the fame two Polypes after the interior one aeb,
had tore up the Lips of the exterior one ced, and came out therefrom ;
they were feparated in a few Days, and both of them did well.

Mr. Zrembley hath given us a curjous Drawing of an aquatick Animal
which he calls a plumed Polype ; it is reprefented as they appear in the Mi-
crofcope at Fig. 426. The Plume and Length of its Body taken together are
about <z of an Inch in Length, its Body very fmall, almoft cylindrical,,
and Skin perfectly tranfparent. The Plume is a Continuation of this tranfpa-
rent Skin, very large in Proportion to its Body, and of a very remarkable
Figure.

Its Bafe e ac is in the Form of an Horfe-thoe, 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 Bafe
e ac of this Plume ferves the Animal for a Mouth s its Inteftines may be
diftinctly feen through this tranfparent Skin at eb, fg, fa, and are of a
brown Colour ; after the Animal hath eaten, three principal Parts of their
Inﬁ;ﬂin?s are vilible, the Gullet e b, the Stomach fg, and the ftrait In-
teltine 1 a.

Thele Animals withdraw themfelves into a Cafe i, k, I, B, I, m, that
{eems.
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feems to be compofed of the fame tranfparent Matter with the Skin of the
Body, which 1s aftened by its inferior Extremity 1 b, 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 AB. After it is thus inclofed, it will

foon come out again if it be left quiet.

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 feldom 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
mulciply. |

At firlt 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
wuu, thew themfelves and increafe as the Body enlarges.

They can only eat very {mall Animals, but of thefe they devour great
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 {wimming near it are precipitated.
Every Inftant one or two of its Arms fuddenly bend into the Plume, and

‘immediately replace themfelves into their firft Situation ; 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 conduéts thofe

~ minute Animals into the Plume, although they make feveral Efforts to

efcape, the fudden Infle@tion of one Arm, adds a new Degree of Rapidity

to the Torrent which hurries them into the Plume, where they are imme-

diately fwallowed, by the Mouth which is In the midft thereof.

C HA'P XXXV,
Of Vegetables.

B T L

HIS feemingly inferior Branch of the Creation, when carefully at-
tended to, by the Affiftance of the Microfcope, exhibits to us an
ample
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ample Scene of the Creator’s Wifdom, Curiofity and Art, in the wo nderfu
Contrivance even of the moft abject Vegetables, but more cfpecially 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 parg
Vegetable are inclofed in Minature ; and wherein alfo we fee thar God 4k
mighty has by one At of his creating Power provided for all fucceeding}f
Ages ; and the future Pofterity of each Seed does of Neceffity produce isjf
own Refemblance : For the Prefervation of which, Nature hath endow'd |
fome with light downy Wings, to be conveyed about by the Winds; others
are laid up in elaftick {pringing Cafes, that upon burfting dart their Sced at )
convenient Diftances, and others, &¢. are planted by the Induftry of the ||
Hufbandman. ll
The Seeds of Plants are inclofed in different Sheaths or Cafes, till they are
lodged in the Earth. Some are depofited in the very Heart of the Fruity
as the Kernels of Apples and Pears, others grow in Cods or Skells, as Peas, ||
Beans, Lentils, Poppy Seeds, and Cocoa Nuts 3 fome in wooden Shells, (e |
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 ; 1{53
f :

Jour various in different Flowers, but its Struéture conftantly the fame |
Plants of the fame Species. Here alfo the Microfcope hath difcovered fur
prizing Beauties, and hath fhewn us, that this Powder is produced with the
utmoft Care in Vefiels wonderfully contrived to open and difcharge it, wlg
it becomes mature, and that there is a Piffil, Seed Veffel or Uterus, in the
Center of the Flower, ready to receive the minute Grains of this Powdery |
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 depends

~on this ; for if the Farina Veflels are cut off before they open and fhed thei
Powder, the Seed is unprolifick *.

N
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Of Seeds.

HE Seed is the laft Produét of a Plant whereby the Species are proe
pagated ; it is frequently the Fruit of the Plant, as is the Cafein}

moft Herbs: Sometimesit is only a Part inclofed in the Fruit, and that 1
Form either of Grain, Kernel, or Berry. : EY
It is the natural Offspring of the Flower, and that for whofe Production|

* Phil. Tranf. No. 207
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I the Parts of the Flower are intended 3 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 Ureras at the Botrom thereof, divided into
! feveral Cells; where coming to receive the nutritious Juice of the Plant,
| it is firlt foftned, then fwelled, increafed both in Matter and Bulk, and at
i length comes to its State of Maturity.
| By the Ufe of the Microfcope we difcover in the Seed feveral Parts of the
| future Tree, only in Miniature ; particularly a little Root call’d the Radicle,.
and the Stem call’d the Plumule.

I fhall exhibit the curious and gradual Procefs of Nature in the Vegetation
of the Seed ; and firft, in that of the Garden Bean, reprefented by Fig.
{ 427. by which a general Idea of all Seeds may be eafily formed. It hath
| 2 {imall Hole at a, that upon Diffetion is found to terminate againft the
| Stalk of the Plumule; its End is apparent at a, in the tranfverfe Section 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, it1s fix or
feven Times as thick, as may be feen at b, Fig. 428.

The Hole a, Fig. 427. s 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, &c. in other
Seeds alfo, Medica Tornata, Fenugreek, Goats-rue, &c. in feveral of thefe
it is not difcernable without the Affiftance of the Microfeope ; 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 ; its main Body is divided into two Lobes, joined together at the
| Bafc of the Bean, as at Fig. 429. In young Beans, efpecially if boiled,.
| thefe Lobes eafily flip afunder 5 but in dry Beans are very difficult to be
| feparated, unlefs they be Grft macerated for 24 Hours in Water. Some
few Seeds are divided into more Lobes, as the Crefles into fix, and fome
| not at all, as Grains of Corn, &e. moft other Seeds, even the fmalleft, are
! divided exactly into two Lobes like the Bean ; that which joins the two

Lobes together is called the Stem or Radicle, out of which the Root is
| 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
 Osk Kernels, commonly called Acorns, Apple-Kernels, Almonds , &c. ir

{ ftands prominent juft from the End.

The Plume or Bud iffucs out of this Stem, and is that which afterwards
. becamcs
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becomes the Trunk of the Plant, feparable in feveral already formed, the'
not difplayed Leaves, which appear upon the fprouting of the Seed, and
may be feen in the Seed itlelf by the Afliftance of the Microfope.

The Plume is inclofed in a Cavity formed in the Lobes on purpofe for its
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 5 as in efieét it is the
firlt Part that appears out of the Membrane, or Cover of the Seed, there
being a Hole over againit it in the Membrane, through which it makes it
Efcape, .

II.'I-;S the Appearance of the Plume without the Cavity of the Grain, that
makes what we call the Bud or Germ of a Plant.

In diffecting a Bean, if you hold your Knife allope, and very gently be:
upwards, an exceeding thin and tranfparent Skin will thew itfelf, juft as|
the Knife enters ; this Skin is not only fpread over the Convex of the Lobes,
but alfo upon the Flat thercof, and 1s extended both upon the Radicle and||
Plume, and fo all over the Bean. This fine Skin vegetates imperceptibly, ||
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 asi{
may injure its tender and delicate Texture *, Next to this is the Parenc |
confifting of an infinite Number of extremely fmall Bladders, which
be feen in a very thin Slice of a Bean when applied to the Microfeope, and
appears like Pith while fappy in the Roots and Trunks of Plants on cut-
ting the Radicle tranfverfly in feveral Parts, another Body of a quite diffe-|
rent Subftance from the Parenchyma or Pulp, will be found, which is alfol
confpicuous in a tranfverfe Section of the Lobes, and appears there like fe-|
veral {mall Specks, and of a different Colour from the Pulp: Thefe are
the feveral Branchings of the Tubes proceeding from the Radicle, and
forming but one intire Trunk till it rifes to ab, Fig. 430, from whene
it iffues forth into three main Branches, the middlemoft direétly into thef
Bud ¢, and the other two after a little Space, pafs from e e on ecither Side}
into the Lobes, where they divide into fmaller Branches, and thefe again}
fpread into other more minute Ramifications, and terminating near theVerges
of each Lobe, become a perfeét Root,

This feminal Root being fo tender, is difficult to be difcovered, but
be come at by a careful paring off the Parenchyma in thin Slices Leng

wife, in new Beans, or if old Beans are foaked a confiderable Time in}
Water, the fame may be effected.

The Specks that appear on cutting the Radicle and Plume tranfverfly
are moft vifible in the Bean and great Lupine, ;
The feminal Root hath not yet been difcovered in Apples, Plumébs, Nuts

*® Greaw Ara. Plants, p. 4.
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&c. partly from their Colour, being the fame with that of the Pulp, yetin
the Gourd Seed the main Branches with their feveral Ramifications appear
immediately on feparating the Lobes.

The Parenchyma 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 lacteous 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, nto the
Bud, which is gradually replenifhed therewith. When thefe feminal Roots
| have communicated all the Nourifhment of the Lobes to the young Plant,
| they begin to wither, together with the Skin that covers them ; the.Stem
I mﬁ Radicle then alfo begins to take Roof in the Ground for its future Sub-
| fiftance.

g c 1. 1L
The Coats of the Seeds.

OW it was in its State of Vegetation hath juft been fhewn; it re-

mains then to enquire into its State of Generation 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 Pouch, 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;
from whence the Denomination may run to the correfponding Covers of
other Seeds 3 their Figures are fometimes kidneyed as Alcea, Bebn, Poppy s
triangular, as Polygonatum, Sorrel, &c. fpherically triangular, as Mentha,
Meliffa, &c. circular, in Leucoiun, Amaranthus ; globular in Napus, Afpe-
rula 3 oval in Speculum Veneris, T ithymalus 5 femi-globular in Coriander,
femi-oval in Anife, Fennel, pirimidal in Geranium Altheefol, with many
other Differences.

Sometimes glittering, as in Venus Looking-Glafs, rough caft in Catanance,
fuded in Beben, Blataria 3 favous in Papaver, Antirrbinum, Lepidum ,
annum, Alcea-Veficaria, Hyofcyamusand many more, * before the Seeds have
Jain long by ; pounced in Pbalangium Creta, Lithofpermum ; ramified in Pen-
taphyllum fragiferum ereilum majus, refembling the Fibres of the Ears of the

Heart.
All Seeds have their outer Coats open, as in Beans and Pulfe, as before

* Greaw An, Plants, p. 43
Z fhewn,
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fhewn, or clic by breaking off the Seed from its Peduncle or Stool, as in
Cucumber, Chicory, &c. or by the Paflage of a Branch or Branches, not

only into the Concave near the Cone or Top of the Seed, but through the |

Cone itfelf.

The fourth or inmoft Cover, is called the Secondine, a Sight of which
may be obtained by cutting off the Coats of an Infant Bean in very thin
Slices, at the Cone thereof, if not broke, it is tranfparent; if torn, it ga-
thers up into-the Likenefs of a Jelly. In large old Beans it is not to be
dillinétly feen, butin moflt Seeds it may, even when full grown, asin Cu-
cumber, Colocynthis, Burdock, Carthamum, Gromwell, Endive, Mallows, &c.

though in thefe it is generally thin and difficult to be difcovered, yet in °

fome Kernels, as dpricocks, it is very thick, and remarkably {o in fome
other Seeds.

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, or
better in a young Walnut.

Through this Membrane, the lignous Body or Seed-Branches, in the inner
Coat, fhoot down in two flender Fibres, near the Bafe of the Radicle, one
into each Lobe of the Bean, and there fpread into a great many Ramifica-

tions, which convey the Juices on the Vegetation of the Seed, into the Ra-
dicle and Plume, as before defcribed.

- e A i i
Of the Seed Cafes or membraneous Uterus.

T HE Seed Cafe is a kind of flethy Uterus, growing more moift and

pulpy as the Seed ripens, but the Cafe itfelf whether called Cod, Pod,

or by any other Name, is a membraneous Uterus, which grows more dry

and hard as the Fruit ripens. In fome the Seed Cafe is originally open, =

in others 1t opens when the Seed is ripe, and in others not at all till the Seed
15 fown.

Garden Radifb-Seed breaks within as it ripens into feveral white dry Mem-

branes, round about the Seed. Near the Sides of the Cafe run a Pair of
vafcular Fibres, from which branch forth feveral fmaller Fibres, fome to-

wards the Sides of the Cafe for their Support, and others towards the Cen-
ter thereof upon which the Seeds hang, Fig. 431.

Of thofe which open as foon as the Seed is ripe, fome open at the Top,

as Poppy Heads, Fig. 432, others on the Side, as moft Cods; and fome at

the Bottom as Coded srfmat, Fig. 433. the Poppy Head is divided by eight
or ten Partitions into as many Stalls, and on both Sides the Partitions hang |

3 Of S

a moft numerous Brood of Seeds.
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Of thofe which open on the Side, fome open on one Side, fome on both,
ﬂ]t;,hm with three Sides, fome more, and others horizontally, or round
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 the Back of the Cod, thoots
forth thefe lefler Veflels whereon the Beans grow ; the inner Pulp is wholly
compofed of Bladders, in which many of thofe Threads whereof the Blad-
ders are wove, are fo loofe, as to be eafily drawn out to a confiderable
Length, and are very vifible when applied to the Microfcope.

The Seed Cafe abced, of yellow Henbane, Fig. 434, opens on both Sides,
from its Top at a, grows a Stem, which diminithes as the Cafe fwells, and
at laft falls off. On the Sides of the Cafe run two oppofite vafcular Fibres,
and as the Cafe gradually increafes, it as gradually feparates on both Sides in
the Tract 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
Veflels d, for the Generation and Nourifhment of the Seed are diftributed,
as may be feen in the tran{verfe Section thereof at d, in which a very fmall
¥ i{l;ll;ci*, fhooting from the direct Fibres abliquely into each Seed is plainly
vifible.

The Seed Cafe of a Tulip, ‘whereof a, reprefents the Cafe intire, b is a
tran{verfe Section of it, and c the Cafe fplit down. Fig. 435, it opens on
three Sides, from the midft of each proceeds a Partition, all meeting in the
Center of the Cafe, and making fix Divifions for the Seed. The Vefiels are
curioufly difpofed after they rife above the Stalk, being at firlt 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
each Side ; whence they proceed through the Breadth of each Partition to

| their Edges, in the Center of the Cafe, where they are again diftributed

into very fine and fhort Threads, whereon the Seeds hang,.

The Seed of Anagallis or Pimpernel, Fig. 436, is a litcle Globe opening
horizontally into two Hemifpheres, the uppermolt falls off when the Seed
is ripe, and fo the Wind fows them.

The Seed-Cafe of codded Arfimat, Fig. 433, neither opens at the Top
nor on the Sides, but at the Bottom, being compofed of four Sides, in the
Center of the Cafe is a Column a, upon which the Seeds hang loofely.
From this Méchanifm 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
Cafe, but 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
with a ftrong Membrane, they perform the Office of fo many little Bows
t & 2 remann-
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remairing falt at the Top b, are let off at Bottom, and forcibly curl
upwards and drive all the Seeds before them.

v AN
Of the Number and Motions of Seeds.

Ature hath procured the Propagation of Plants feveral Ways, but
N chiefly by the Seed ; for the Produétion of which the Root, Leaves,
Ilowers and Fruit do all officiate ; ard according as the Plant or the Seed
it bears is more or lefs liable to be deftroyed, Provifion 1s made for the
Propagation of either by a greater Number of Seceds, or otherwife ; for
Inftance, the Seeds of Strawberries being gathered, or eaten by Vermin with
the Fruir, the Plant therefore is ealily propagated by Trunk Roots ; the
white Poppy being an annual Plant is highly prolifick, commonly bearing about
four mature Heads, in each of which are at lealt ten Parritions, on both
Sides whereof the Seeds grow, and on one fourth Part of one Side, about
100 Sceds, that is 8oo on one Partition, which multiplied by 10 makes
8oco, and this multiplied again by 4, the Number of Heads, gives
22,000 Seeds, the yearly Product of that Plant.

So alfo in Typha Major, the Seeds being blown off and fown with great
Hazard, are prodigioufly numerous, they ftand altogether upon the Spike,
and make a Cylinder at leaft fix Inches long, and near 4 of an Inch in Di-
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 (abating
the Fraction, wiz. 46.) makes 108, for the Circumference of the Cylinder,
which being fix Inches long, there are 6 Times 62 for a Line the Length
of the Cylinder, which is 372 ; which Number being multiplied by 108,
produceth 40196, the Number of Seeds that ftand upon one Stalk : There-
tore upon three Stalks which one Plant commonly bears, there are in one
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 effeét a peculiar Soil, as
Arum Poppy, &c. are heavy and fmall enough without further Care to fall
directly down into the Earth, and fo to grow in the fame Place where they
had their own Birth. But if the Seeds are fo large and light as to be ex-
pofed to the Wind, they are often furnithed with one or more Hooks, to
prevent their wandering too far from their proper Place, till by the Fall of
Leaves or otherwife, they are fafely lodged. The Seeds of Avens ha.vf_ unlr.

ingle
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fingle Hook, thofe of Agrimony and Goofe- Grafs many, both the former
loving a warm Bank, and the laft 2 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
Afb, Maple, Orach, &ec. leait ftaying thereon too long, they fhould either be
corrupted, or mifs their Seafon, and partly 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 Soil or Bed, another may
light thereon. The Kernels of Pine have Wings, not unlike thofe cf fome
Infects, but very fhort, in refpect 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 papous Kind, 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 flying abroad, but by being fpurted a-
way as Wood-Sorrel, Fig. 437. which is effected by a white, thick and ftrong
Cover of Tendons of a fpringy Nature, in which the Seed within its Cafe is
clofed. This Cover, as foon as it begins todry, burfts open in an Inftant
on one Side, and is violently turned Infide out, and fo fmartly throws off
the Seed,

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
= fine 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 Sceds. Thefe Cafes grow in Furrows, d e,
de, d e, on theBack 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 Product of this Plant. The
Seed is of a tawny Colour, flat and fomewhat oval ; of thefe ten thoufland
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
Leaf reprefented by Fig. 438.

Divers notable Means of Semination are obferved by other Authors ; Mr.
Ray tells us, that a Quantity of Fern Seed, laid in a Lump, on a Paper,

* Grew, Ana. Plant, p. 119
the
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the feminal Veficule are heard to crackle, burft, and, by the Microfeope,
the Seeds are feen to be projected to a confiderable Diftance from each other,

Dr, 8loane oblerves, that the Gentianella flore cernleo, or Spirit Leaf, re-
quiring wet Weather to be fown in, as foon as the leaft Drop of Rain touches
the End of the Sced Vefiels, with a {mart Noife, and a fudden Leap, it
opens itfelf, and with a Spring fcatters the Seed.

Other Plants fow their Seeds by inviting Birds by their agreeable Tafte |
and Smell, to feed on them, fwallow them, and carry them about ; thereby
allo fertlizing them, by pafiing through their Bodies. In fuch Manner are
Nutmegs and Mizzletoe fown and propagated,

= R i R, . B
Of the Covers of the Seeds.

HE next Step which Narure takes, relates chiefly to the Growth of |

the Seed, when fown, and for this Purpofe the outer Covers are
fomewhere furnithed with Apertures, fufficient for the Reception of alis
mental Moifture, to be received from the Ground, and for the fhooting
forth of the young Root into it; as in the Seed of a Gourd at the Bottom ,
in a Bear on the Side, and in a Chefut at the Top, in which Place the
young Plant always lies, and puts forth in the faid feveral Seeds. The
Seed of Palmi Chrifti falls to the Ground, not only in the ufual Covers,
but alfo in the faid Cafe,

If the Cover of the Seed be ftony, and very hard, it is divided into fe-
veral Pieces, whereby they cafily cleave afunder: The Shell of a Hazel Nut,
divides on the Edge, and the Cleft begins at the Point, where the Root
ftands and fhoots forth; the Shells of fome #alnuts cleave into four Parts,
and the Stone of Bellerick Myrobalan into five : The Covers and Hufks of
fome Sorts of Grain, as Millet, are folded over each other, the better to give
Way to their tender Sprouts.

The Covers of all, or at leaft the far greater Number of Seeds, are three,
and fometimes four, even thofe of ftoned Fruits have three, befides the
Stonc 3 in Geflipium there are two under that lin’d with Cotton. The Seeds:
of Cucumbers, Goat's Beard, Broow, Scabious, Lattice, &c. although fo
{mall, have plainly three Coats; in fome of thefe, and in many more,
only two are diftinctly vifible, except in the State of Generation. In the
upper Coat the Seed Veffels are diffeminated ; the fecond is at firlt 2 mere
Pulp, which afterwards fhrinks up, and fticks clofe to the upper. The third
or inmoft more denfe ; and if it be thin, for the moft Part tran{parent ;
whereby the Seed feems to be fometimes naked while it lies therein, as in_
Almonds, Cucumbers, &c, In

J
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B 1n Meliffa, and fome other Seeds, it comes finely off, on being foaked in
~avarm YVater.

< 0y o R T
Of the Feetus, or true Seed.

Mong Seeds of the thinner Covers are thofe of all Sorts of Corn and
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
Seeds of Dates, and fome other like Plants, that which is generally called
the Stone, feems indeed to be the main Body of the Seed, doubled 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 diftinguifhed in moft Kernels, and other large Seeds, and not difficult in
many leffer ones, as in Viola-lunaris, Scabions, Doves-Feet, &c. if {lipped
out of their Covers before they are full ripe; in Hounds Tongue they are of a
circular Figure ; in Cucumbers, oblong, with fome vifible Branches of the
feminal Root, &e.

In the foregoing Seeds, the Lobes lie flat one againft another, but in
Garden Radifp they are folded up, fo as to receive the Radicle into their
Bofom. In Holy-Oak the Lobes are plaited over cach other. In Cotton
Seed they are very broad and thin, and thewr Folds curious and very
numerous.

Many of the Seeds, with bulky Covers, are 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, and thefe difpofed in parallel Lines
running lengthwife.

But the greateft Number of Seeds with bulky Covers, are divided into
| two Lobes. In the purging Nut of dngola, if the Shell be taken off, the
| upper Covers, [dried and fhrunk up] feem to be but one: In thefe the
fpermatick Veflels are branched, and under them the thick and inmolt
| Cover; which being cut down the Middle thereof, fhews the true Seed,
~ confifting of two veined Leaves, as white as Milk, joined together with the
" Stem or Radicle at their Bafe, and funk into a Hollow made in the Cover.
- The fame is alfo obfervable in the Barbadoe Nuts, Ricinus, Americanus, and

fome other Indian Fruits. 7
| In the foregoing Fruits, the Bulky is very foft, butin Nux Veinica Offici-

§ narum, it is nearly as hard as a DaseStone 5 in this, and the furrguingé the
| eeds
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Sceds are large, butin others are fo {mall, that they are fcarce difcernable
without a Microfeope, 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 Seced 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 1s 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 Microfcope.

S L Bie Ty oEVAHL
Of the Buds of Seeds.

HE 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 Mi-|
crofcope 3 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, confifting of perfect Leaves, in
fome two, others four, &¢. In Bay-berry only two, very fmall, but thick,
and finely veined ; in the Seed of Carduus Benedifius, they are alfo two,
pointed at Top, and fituate a lictle Diftance from each other, for the two
next to rife up between them.

[n fome Herbs, although the Bud confifts but of two perfect Leaves, yet
they are very confpicuous, not only in the larger Seeds, as Phefcolus, or
French Beans, but in fmall ones two, if examined by the Microfcope, as in
the Seed of Hemp. A B, Fig. 441. in which the two Leaves are plaited,
and et Edge to Edge, c fhews the other Part of the Seed which was fepa-
rated to lay the Bud fair to View. In the Seed of Sene, the Bud hath four
Leaves : In the Seed-Bud of an Almond C, D, Fig. 442. there are fix or
eight, and fometimes more diftinét Leaves vifible, if by a dextrous Separa-
tion of the Outer, the Innermoft are laid open, they are folded inward one
over the other, as appears at D, which reprefents them open, and at Cl
the fame Seed-Bud is feen fhut. :

The Lobes of the Seed, and fo likewife the Stalk and Bud, confift of a
Skin, Parenchyma and branched Veflels, as‘before defcribed ; all which
are apparent to an Eye armed with a Microfcope.

e
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The firlt 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
Qlip eafily off, and will be found to confift of Bladders, {malier than thofe
of the Parenchyma, and intermix’d with a kind of lignous Fibres which give
a Toughnefs to theSkin, The branched Vefiels 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 Stalk 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 Microfcope.

8B oo T X,
Of the Generation of the Seed.

S a Garden Bean was chofe to thew the Manner of the Seeds Vegeta-
tion, fo an Apricock is very fit to obferve and reprefent the Me-
thod 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 till it
takes Root in the Ground. For this Purpofe both the Pulp and Stone of
the Fruit are neceffary ; but firlt the Stone, the Pulp being only neceflary
to 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 pricock, and then with a fharp Razor
fhaving off a thin Slice, and viewing it through the Microfcope, that at firft
the Ground of the Stone is a diftin& and foft Parenchyma, compefed of
Bladders, as the Pulp itfelf is, which Bladders, as it hardens into a Stone,
fill up and difappear.

This Parenchyma takes its Rife from the Pith, as the Pulp does from
the Bark, and compofes the greateft Part of the Stone ; its Infide is lined
all over with a thin Skin, covering the Seed Branch on its firlt Entrance into
the Hollow of the Stone ; which Skin is alfo compofed of exquifitely {mall
Bladders, by which Means it foon becomes a very hard and dry Body.

The Stone being made hard and dry, could never be fufficiently foftned
(to give Paffage for the Vegetation of the Seed) by lying under Ground,
did it not eafily cleave in two ; for which Purpofe the Skin of the Fruit is

* Greaw, An. of Plants, p. 209.
Aa imme-
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immediately concerned ; for in a tranfverfe Slice of a young Apricock, if it

be cut with a fharp Knife, this Skin may be feen (when applied to the Mi-
crofcope) fairly doubled inwards from the two Lips ab, ab, of the Fruit, |
l'ig 443 and 444, and from thence continued through the Pulp and Stone

iclelf into the Hollow thereof, where it meets and is united with the Linin
before mentioned 5 and as it conduces towards the drying of the Stone, fo
2lfo it renders it cleaveable in that Part where it runs through it.

Nature having rthus provided a convenient Uterus, her next Care is about
the Membranes of the Feetus, thefe are three apparently diftint, 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, thewing 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. 1s fhewn the Branches which run through the Stone to the Flower
and Seed, in a well grown Apricock cut Lengthwife.

The outermoft of thefe Membranes takes its Rife from the Parenchyma,
and furrounds the Seed Branch, and upon its Entrance into the hollow of
the Stone is expanded into two Bladders, one within the other; whereof
one becomes 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 full
and firm Body, and is compofed of Bladders, as may be plainly feen on its
Application to the Microfiope,

The Veflels 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 middie Membrane,
where they become invifible ; thefe Veflels convey the Sap to the middle

Membrane, whofe Bladders are more angular and amplified towards the

Center, being at leaft two hundred * Times bigger than thofe of the outer
Membrane. .

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 any Hol-
low, flling up the Cavity of the outer Membrane like a foft and delicate
Pulp.  After a thort Time a fmall Channel appears therein, running from
the Bottom to the Top; at firlt no wider than to receive a human Hair,
and then only vifible in a tranfverfe Slice, and that not without a Micre-

* Greaw. An. Plan, p. 210, 4 Ibid.
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| feope 5 but when grown a little wider, may be feen if the Membrane be care-
fully cut Lengthwife, at which Time it is dilated into two oval Cavities,
e f, Fig. 446. one at each End, into which a moft pure Lympha continu-
ally owzeth, and is therein referved for the Nourifhment 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
fhort and tender Stalk ; from whence it is produced into a conical oval Figure,
an{werable to that marked g in the Cavity, Fig. 447. This Membrane,
though foft and full of Sap, is compofed of Bladders, three hundred Times
fmaller 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 that are inofculated at the Bottom of the outer Membrane,
and thence produced through the middlemoft under the Channel which joins
the two oval Cavities, tll 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 little hollow near the Cone, and
the aforefaid lignous Fibres fetching their Compafs from the Bale, 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
T.obes or thick Leaves ; and as thefe increafe, their Bafe is contracted into
the Radicle, or that Part of the Seed which becomes the Root; at this Time
‘the Seed is fo extremely fmall, thar the Lobes cannot be feparated ; but it
is probable, that as foon as the Radicle is finithed, the next Step is the pufh-
‘ing forth another Node between the Lobes, in order 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
contracted at Bottom, and hangs at the inner Membrane only by an ex-
tremely {mall and thort Ligament m, Fig. 450. which at laft breaks; and
‘then the Seed, as Fruits when ripe, falls off and lies loofe in the inner
Membrane, which gradually fhrinks 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 Triumphetii,
! : Aaz ! Provoft
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Provoft of the Phyfick Garden at Rome, whether the whole Plant be a&ually
contain'd in the Seed? The Affirmative is maintain’d by Malpighi with co=
gent Arguments ; among which this is one, that in a Kiduey Bean, ere
fown, the Eye, aflifted with a Microfcope, ealily difcovers Lesves, a Bud,

and even the Knots or Implantation of the Lieaves on the Stem. The Stem QI

itfclf 1s very confpicuous, and plainly confifts of woody Fibres, and Series’s |
of lictle Utricles, 'Whereas Seignior Triumpbetti had objected, that by Po-
verty, Tranfplantation, &c. feveral Plants degenerate into others, particu-
larly Wheat into Tares, and Tares again into Wheat ; in Anfwer to this,
which 1s one of the ftrongeft Objections againft that Opinion, Malpigh re-
ples, that he is not fully fatished as to the Truth of the Objection ; for that
both himfelf and his Friends making the Experiment, no Metamorphofis
of the Wheat fucceeded : But granting the Metamorphofis, it is the Soil,
or the Air, or the Culture is in 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 Section, of the Orange Kernel,
which Mr. Leenwenbock made to germinate in his Pocket, isa plain Demon- 4'

{tration, that the Plant and all that belongs to it, was actually in the Seed
iefelt. '

L s o
Of the Seed of Oranges.

HE Procefs of Nature in the Vegetation of Plants, is very accurately
deliver’d by Mr. Leeuwenbock, to the Effe& following, by an Orange.
Kernel which he made to germinate in his Pocket, wviz. |
The Kernels of Oranges being divefted of their outer Membrane, willa
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, but
alfo the Plant within it, receive their Increafe and Nourithment, and to
which through the fecond Membrane, it extends its fmall Veffels to the
Seat of the Plant. Mr. Leenwenboek was of Opinion, that this String does
actually comprehend in itfelf, as many diftinét Veffels as are to be found in
the Orange-Trec when arrived at its full Maturity *.  For, fays he, if all
thefe Veffels 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 greatly magnified, which at K L
M N, has Abundance of exceeding fmall Veficls, but very difficult to be

® Phil. Tranf. No, 287.
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perceived. About I HN M, they grow larger, and confequently are more
Vifible. B, Fig. 453. reprefents a Seed divefted of its Membranes, which
feemed to have but one Plant within it, tho’ often there 1s two, and fome-
times three diftin& Sceds 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, tonourifh 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 Cand D, Fig.453. in the firft, is Part 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, whercof Q LM is partly that
which Nature intends for the Body and Root 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_thews the two Sides of the Plant torn off from
the Kernel, to which it was united, and from which it received its Nou-
rilhment. Fig. 455. S TV, fhews the fame Plant a little turned about
before the Microfeope, 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. fhews the Root when the Plant vegetatcs, T V and W X the
two Elalves 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 CD
fhews the Root, and F G that Part which is to be the Tree, D E the Seed
or Kernel, which being furrounded with its Membrane, which was taken off
the better to expofe thofe Parts to view, that ferve for the Nourifhment not
only of the Root, but of the upper Parts of the Plant likewife, as alfo the
fhort String D. Thus we may fee how fmall a Particle, that is no bigger
than a Grain of Sand, * as the Plant was at firft, is increafed in Bulk! and all
this is brought about by Heat and Moifture, it being rais’d to this Degree
of Perfe@ion, in fome Sand firit moiftened, and then inclofed together with
the Seed, in a Glafs Tube, wore all Day in the Pocket, clofe to the Body,
and at Night, placed within a large Tin Bottle, filled with hot Water,
which is a plain Demonftration that the Plant, and all that belonged to it,
was actually in the Seed ; that is to fay, not only the young Plant, its

* Phil. Tranf. No. 287. "
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Body, Reot, and Fruit, but even its Seed alfo, to perpetuate the Species;
as hath been before obferved.

Mr. Leenwenboek comparing the Animalcula in Semine Mafeuline ; 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, thatthe Laws which the wife Creator *
of all Things hath prefcribed to bimfelf, in the Produttion both of animate
and inanimate Creatures, are homogeneous and uniform ; and that asthe Earth
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 Nou-
rithment, and increafe by a String, till they are brought into the World ;
o are all Seeds (at leaft as far as we know) fupported and nourithed by a
like String ; and the Seeds thrown into the Ground, do again, by the fame
String, whereby they received their Increafe, convey Nourifhment to the
Seed or Kernel.

R T L

Of the Seeds of Venus Looking-Glafs, or Corn
Violets.

I G. 458. reprefents one of the Seeds of Corn-violets ; the Seed is very

fmall, black, and thining, and to the naked Eye looks almoft like
a very fmall Flea, but through the Microfcope appears to be covered with a
tough, thick, and bright, reflefting Skin, very irregularly thrunk, and pit-
ted, that it is almoft impofiible to find out two of them wrinkled alike, fo
great a Variety there is even in this little Seed.

5w ie gy oL NER
Of the Seeds of Thyme.

HESE little Seeds, although they differ fomewhat in Figure and

Bulk, yet when looked at through the Microfeape, all of them exactly
refemble a dried Lemon, one of which is reprefented at Fig. 459. fome of
them are a little rounder, and of the Shape ofan Orange. They have cach
of them a confpicuous Part, by which they are joined to their lictle Stalks,
they are a little creafed or wrinkled, as is exprefled in the Figure,

SECT.

|




SEcr. XIL
Of the Seeds of Poppy.

Pﬂpﬁ Seeds, one of which is reprefented in Fig. 460. deferve to be taken
Notice of among the other microfcopick Seeds of Pegetables ; both for
their Smalinefs, Multiplicity, and Prettinefs, and alfo for their admirable
foporifick Quality, although they grow in a very large Cafe, yet are they
L fo fmall, as not to exceed the Bulk of a very fmall Nitt, being not above
2= Part of an Inch in Diameter ; whereas the Seed Cale oftentimes exceeds
two Inches, and is therefore capable of containing near two hundred thou-
fand of them. They are of a brownifh 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.

B x ¢ opu XV,
Of Purflane Seed, &c.

{ THE Seeds of Purflane feems of very notable Shapes, and appear
‘ through the Microfcope 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
Subftance 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 fharp Penknife, difcovered the
" Shell to be of a brownifh Red, but fomewhat tranfparent, and manifefted
| the Infide to be filled with a whitith green Pulp, the Bed wherein the feminal
t Principle lies inveloped.

. Fig, 465. reprefents the Seed of Ber, it is fomething like a Kidney, but
| hath 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
| they were Infects with little Feet.

| Fig. 463. reprefents the Seed of Bellis Tanaceti Folio. It hath two tri-
| angular Sides, and the third conical ; the two firft have feveral Ridges run-
| ning to the Bafe, the Head triangular with one Side convex, the other two
| ftreight with a little Pinnacle in the Center.

| Fig. 462. reprefents the Seed of Wartworth, or Sun Spurge, 1t is of a very
b complex
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complex Figure, its Belly confifting of two Planiconick Sides, and ba

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 equal
Breadth ; and the Heollows filled up with Bladders, like thofe of the paren-
chymous Parts of a Plant, 4

There are Multitudes of other Seeds, which imitate the Forms of divers:
Sorts of Shells 5 as Sced of Scurvy-Grafs, a Kind of Purcelane Shell ; others
reprefent feveral Sorts of larger Fruits, Sweet and Pot Marjoram reprefent
Olives, Carrot-Seeds are like a Cleft of a Cocoa Nut Hufk. Others are like
artificial Things, as Succery Seeds are like a Quiver of Arrows, the Seeds d_f
Aramantbus 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 a i
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 thall therefore leave them to the further Examination of the curious Ob-
ferver.

The Seed or Powder of the Fungus Purverulentus, or Puff-Ball, when
crufhed, appears like Smoak to the naked Eye, but when examined by oné
of the greateft Magnifiers, is found to be infinite Numbers of little Orange
colour’d Globules, fomewhat tranfparent; in another Sort the Globules are
of a darker Colour, cach of them having a little Stalk or Tail, which are:
evidently fo many minute Puff- Balls, * furnithed with Stalks, to penetrate
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 tender
Organ.

CiH AP XXXVI.
Of the Roots of Plants.

o, B-toa L |
i

T HE Root is that Part of a Plant which immediately imbibes the Juices
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. i/
We learn by the Affiftance of the Microfcope, that Plants confift of diffe-

rent Parts, Veflels, &c. each of which is fuppofed to be the Vehicle of & ¢

different Humour, or Juice, fecreted from the Mafs of Sap, which is confi- *
der’d as the common Fund of them all. E:I
4

I muft

* Phil. Tranf. No. 284. + Derbam’s Phyf. Theo. p. 418.
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I muft not here omit a curious Phenomenon in the Natural Hiftory of
Plants, and that is, when the Radicle in fowing happens to light loweft, it
is no wonder the Root thould 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 Afcent of
the Stem, is one of the Wonders of Vegetation.

M. Dodart firft obferved this Perpendicularity of Plants, and publithed it
in an exprefs Effay of the Affettation of Perpendicularity, obfervable in the
Stems or Sralks of Plants, &F¢.

The Matter of Faét is, that though almoft all Plants rife a little crocked ;
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 themfelves, and recover their Perpendicularity, by mak-
ing a fecond or contrary Bend, or Elbow, without re&ifying 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 Subjeét of
Aftonifhment.

It has been before thewn, that each Seed contains a little Plant, alread
formed, needing nothing but to be unfolded ; the little Plant has its little
Root and Pulp, which 1s 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 up-
wards ; 1t is ealy to conceive, that the little Plant coming to unfold itfelf,
its Stalk and Root need only follow the Direction they have to grow
perpendicularly. But,

It is very well known, the Seeds of all Plants, whether fown of them-
fclves, or by the Help of Man, fall into the Ground at random ; and
among an infinite Number of Situations, with refpet to the Stalk of their
Plant, the perpendicular Direction upwards is but one,

It is therefore neceflary that the Stalk redrefs or redify itfelf in all the
other Situations, in order to find its Way cut of the Ground : Bur what
Force is it that effects this Change, which is certainly a violent Action? Is
it, that the Stalk finding a lefs Load of Earth above it, goes naturally that
Way where it finds the leaft Obftacle ; were it fo, the little Root when it
happens to be uppermoft, muft for the fame Reafon follow the fame Di-
rettion, and mount on high.

Therefore M. Dodart, fuppofes the Fibres of the Stalks are of fuch a
Nature, 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 Roots
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Roots contract by the Moilture of the Earth, and lengthen by the Heat
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 therefore contract the moft; this Contraction is again pro-
moted by the lengthening of the upper, whereon the Sun adts with the
greateft Force; confequently this Branch of the Root muft recoil towards
the Karth, and infinuating thro’ the Pores thereof, get under the Bulb, £¢,

By inverting this reafoning, it will appear, how the Stalk comes to get
uppermoft.

In a Word, we may imagine, that the Earth attraés the Root to itfelf,
and that the Sun contributes to its Defcent 5 and, on the contrary, that the
Sun attracts 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 ; 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 coarfeft, 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 con-
ceived as the fix’d Point of a Lever, they will a& by the longer Arm,
At the fame Time the volatile Juices having penetrated the Stalk, will tend
to give a Direction from below upwards, and by Reafon of the Lever, will
give it more and more every Day till it be perfeétly ereét,

Mr. Aftruc 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, ei-
ther parallel or oblique to the Horizon, gravitate on the lower Part of the
Tubes, and not at all on the upper.

Whence it eafily follows, thatin a Plant pofited either obliquely or paral-
lel to the Horizon'; the nutritious Juice will act 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 collected more copioully therein ;
thus the Parts on the lower Side will receive more Accretion, and be more
nourithed than thofe on the upper ; the Confequences whereof muft be,
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 thoot 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 Acorns laid to {prout in a moitt
Place, £5¢. each Grain of Barley in the firft Cafe, and each Acorn in the
fecond hath a different Situation, and yet all the Sprouts tend cirectly up-
wards, and the Roots downwards, and the Curvity or Bend they make, 1s
greater or lefs as their Situation approaches more or lefs, to the Direétion
wherein no Curviture at all would be neceflary. Now two fuch oppolfite
Motions cannot arife without fuppofing fome confiderable Difterence
between the two Parts; the only one we know of, is, that the Plume is fed

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 copioully 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 mutval Curvity of the Plume and
| Radicle muft continue, till fuch Time as their Sides are nourifhed alike,
{ which cannot be till théy are perpendicular *.
| Roots are generally diftinguithed by their Figures, fome being entire,
| as Liquorice parted, as §¢. Fobnwort ; fome parted at Bottom, as moft
| Roots ; others at Top, as Dandelion, &c. fome parted and ramified, as Com-
i frey s others having divers Strings ifluing from one Head, as Crowfoos
fome ftrait as Radifh, crooked as Biffort, {mooth as Buglefs, ftringy all
| round as Columbine  fome thick as Rbubarb, {lender as the Vine, long as
| Fennel, thort as Turnep, &c. &c.

The Motions of Roots are fometimes perpendicular, as Parfnip, level as
| Hops, Ammi, Cinquefoil, &c.

There is a kind of wreathing or twifting in the Veffels of fome when the
l Bark is ftripped off, in Carduus, Somchus, &c. in which may be fometimes
| feen two or three Circumvolutions,

: But the moft remarkable of all Roozs are fuch as are annually renewed or
il repaired out of the Trunk or Stalk itfelf, as Arum, Rape-Crowfoot, Falerian,
| Brownwort, Bearsfost, Tanfy, Lychnis, Sapier, Primrofe, Ammi, Avens,
§ 7W0od-Sorrel, Iris, and others ; that is to fay, the Bafis of the Stalk 'conti-
il nually and by infenfible Degrecs, defcending below the Surface of the Earth,
{{ and hiding itfelf therein, is both in Nature, Place and Office changed into

* Men. d. [. Acad. Roy. des Science, n. 1708,
Bb2 a
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a Root. So in Brewnwort 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@tion of the Root 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, but in

fome more open than in others, as may be
tran{verfe Slice of the Branch of a Tree,

or placing it before the Microfcope.

lefs confpicuous than in Osk or Plumbs,

der and Vines more ;

feen on cutting a very thin
and holding it againft the Light,
In Currant and Goofberry-Trees it is
in Damfins it is more, and in El-

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 Section of a Root like Lines

drawn from the Center to the Circumference.

Fig. 466. reprefents a tranfverfe Slice of the

Fig. 467,

in which

A B fhews the Skin.

ABCD the Bark, or all that Part
analogous to it.

CDEF the Lympheduéts on the
Fig. 468. is a tran{verfe Slice of the Root of Mallows.

Root of Afparagus, and

exhibits a microftopic Picure of a Picce thereof cut out atab,

inner Edge of the Bark.
EFGH the Wood in which the
black Spots fhew the Air Veffels.

I GHI the Pith.

Fig. 469. repre-

fents a Piece thereof, which was cut out at cd, as it appeared before the M-

crofeope 5 in which

A BCD fhews the Skin.

CDEF the Bark, or all that Part
of the Root which anfwers to ir,

in which the round Spots are the
Mucidués.

EF G H the common Lymphedudts.

GHIK the pithy Part of the Root.

IK L more Lympheduéts, in both
which the black Holes are the Air
the Air Veflels,

Fig. 470. reprefents a Slice of a Vine Root cut tranfverlly, out of which
at e f was cut a fmall Piece, which when placed before the Micrefcope ap-
peared as reprefented by Fig. 471. wherein

A B fhews the Skin,

A BCD the Bark,

L.S Parcels of Sap Veffels.

L1 Parcels of Wood in which the
carker fhaded Circles great and

fmall are the Air Vefiels.

EF parenchymous Infertions between
the Parcels of Wood.
G G others within them.

* Grew, Anat. of Plants, p. 59.

At




A B is the Skin,

ABCD the Bark.

CDEFGHI the Sap Veficls in
Form of a Glory.

CDKL the Wood in which the

in which

A B is the Skin.

A BCD the Bark.

ABEF the Bladders in the outer
Part of the Bark ; they are figured
fomewhat oblong, and are ranged
in Circles.

E FCD the inner Part of the Bark
in which the Bladders are ranged in

Of the Roots of Plants.

At Fig. 472. isfeen 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 Microfeape by Fig. 473. whereof

189

darker Circles are the Air Veflels.

K %]M N a Ring of more Sap Vei-
els,

M N O the Pith.

Fig. 474. exhibits a tranfverfe Section of Buglo/e Roo#, from which at
cd was taken a fmall Piece, that when magnified appeared as Fig. 475.

curved Arches,

CDGH a Ring of Sap Veflels,

IT a parenchymous Infertion, of
which there are feveral in the
whole Section.

LKXKL the Wood in which the
dark Spots are the Air Veflels.

KK M the Pith,

SuBet: . ol
Of the Skin of Roots.

HE outer Part of all Roots is the Skin, which in Skerrits 1s white,

yellow in Dock, red in Potatoes, brown in Lovage, black in Buglofs, &c.
their Surface is fometimes fmooth, as in Horfe radifb, rough, as in Scorzo-
sera. The Skins of the feveral Shells of a Tulip- Reot freth taken up, ap-
pear to be perforated with a Number of fmall Holes. This Skin is very
thin in Parfnip, 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
other Parts, and the other fucceeding in the Place of the former ; as in Daz-
delion, the old Skin feems to be that Part which compofed the cortical Body
theYear before, which by the Generation of a new Ring next the Wood, is

" now thruft outward, and fhrunk up into a Skin as at A B; in an Horfe-

radifb Root, Fig. 473. or at A B in a Buglofs Root, Fig. 475. as far as the
Bladders in the former, and Veffels in the latter, are radiated ; the cortical
Body feems to fhrivel 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

~ in the Center, becomes the fecond Skin, as in Afparagus, Fig. 467.

This
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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, 1f viewed through a Microfcope, and appear as in Fig. 467. which
reprefents a tranfverfe Piece of the Root of Afparagus magnified ; thefe Blad-
ders are of different Sizes, being larger in Buglofs than in Afparagus, &ec.

Tlie other Part of this Skin i1s compofed of tubular Wood-Vefiels, inter-
mix’d with the Bladders before-mention’d.

If a Root be cut tranf{verily, and laid by for fome Time, all the Parts
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 Microfcope,

Of the Bark of Roots.

HE Bark is ficuate 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 thickeft
being all analogus.

It is exceeding porous both in Length and Breadth, as appears from
its thrinking 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 -
¢rofeope confirms the Truth thereof, by fhewing that thefe Pores are an in-
finite Number of little Cells or Bladders, fometimes running in Ranks both
the Length and Crofs-ways of the Root, as at A B CD in Buglofs. Fig. 475.
it may be feen both in a tranfverfe and upright Seétion, and always beft af-
ter the Pieces fo cut hath lain by 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, yetdiffer
in Shape, Size and Situation ; in fome Places like white Rays, ftreaming
from the inner Edge thereof outwards to the Circumference of the Bark, as is
apparent in a tranfverfe Section of Lovage, Melilot, Parfuip, &c. continu-
ing in dire¢t Lines the whole Length of the Root.

The Berk, as before obferved, is intermixed with a few lignous Veffels,
which are apparent in moft Roots in the Refemblance of Threads. Thefe
tubular Threads do not run in direét Lines, but are frequently braced toge-
ther in the Form of Network, as is apparent if the Bark be ftripped off, and
a Piece of it examined by the Microfcope.

In Parfuips thefe Veflels yield a thin Lympha. It is certain that this clear
Sap afcends only in thefe Veflels, becaufe no Liquor will do the like from
any parenchymous Part ; fometimes they yield a thick mucilaginous Lympha
as Comfrey ; oftentimes thefe fucciferous Veffels yield a milky or white Sap,
and fometimes yellow, as in Sonchus, and moft cichoraceous Plants ; in Evi'u-

gelica,
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‘gelica, and moft umbelliferous ; in Bardock and divers Thiftles ; in Seorzo-
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 ; 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, thook in a Bottle,
become white,

Sometimes the Oil will feparate, as is obfervable on cutting a Fennel
Root tranfverflly, after it hath lain fome Days out of the Ground. The
fame Vefiels, which before yielded Milk, will now yeild Oil.

All Gums and Balfams are likewife the Contents of thefe Veffels, for thefe
and Milks are nearly a-kin. The Milk of Fenne! flanding fome time, turns
to a clear Balfam, of Scorzonera 3 Dandelion, and others, to a Gum, Inthe
dried Root of dugelica, when {plit, the Milk +is feen in Clods, in the Con-
tinuation of thefe Veflels, condenfed into an hard fhining Rofin. The Root
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 Wormwood both a Lympha and a Terebinth § at the fame Time.
It is doubtful whether all Roots have Lympha Duéts, but probably they
have, and for the moft Part ftanding in a2 Ring, at the inner Verge of the
Bark, |

The Situation of thefe Veflels are very curious, if viewed in a tranfverfe
Seétion 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
in moft, if notall Roots ; in fome they ftand in Rays, as Borage, or Peri-
\ pherial, as in Celandine. 'Thefe vafcular Rays are extended in fome towards
the Circumference of the Bark, about half Way, as between CDE F, in
“ Buglofs, Fig, 475. in all Docks and Serrels, about 4 ths of the Thicknefs
| of the Barkt toward the Circumference, feveral of them are alfo arched
thereabout. In all, or many Trefoils, and of the leguminous Kind, only
{ one Third of the Bark. In the umbelliferous, they are fituate between the
diametrical Portions of the Parenchyma. In the Microfeape they all of them
appear to be real Circles; and in a tranfverfe Section, when the Milk has
been licked off with the Tongue, till no more will rife. They may alfo
| be 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
Monks-bood, and join towards the Circumference of the Bark, in Eryngo.
| They terminate more circular, in Briony angular, or in the Form of a

* Grew. A Plant. p.67. % lid. p. 67, § Iid. p. 68.
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Glory, as will appear alfo on viewing an Horfe Radifb Root, C
H I, Fig. 473. in the Microfcope. In fome almoft entire Circles, as in Day.
delion 5 in others compofed of thort Chords ; in fome thele Specks are fo ex
ceeding {mall, that to the naked Eye they feem continued Rings, but when
viewed in the Microfcope, are diftinét Vefiels, as in Marfh-Mallows, and
Liguorice. In Marfb- Mallews the Lymphaeducts appear in Rays, and the §
Lacteals in Rings, Fig. 469. In Dandelion they appear to the naked Eye
like numerous Rings, but when viewed through the Microfcope, are found'
to confift of very many fmall Rays, {treaming from the inner Verge of the §
Bark, a-crols three or four of the fmaller Rings. Al

S\ s e il o
Of the Wood of Ruots. i

Bl
H AT Portion of the Roof, which is contiguous to, and within tlg|
Bark ; in Trees, and fhrubby Plants, is the Wood, which confifts |
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 Root, and all together conftitute that which is be-
fore called the Infertment, Thefe Infertments are moft obfervable in e |
Roots of many Herbs, as Comfrey, which exhibits a good Notion of all other,
as well Trrees as Herbs ; fometimes this parenchymous Body is difpofed in-
to Rings, as in Fennel. In moft woody Roots, they ftream between the
Pith and Bark, like fo many fmall Rays. In fome Roots they continue to
the Center, as Columbine, in others not, as Parfuip ; and fometimes di Te- |f
rent in the fame Root, as E F in the Vine, Fig. 471. They are compofed |
of many {mall Bladders, as in the Bark, but generally fmaller. Their Shape §
ufually round, but fometimes oblong and oval, as in Borage, or oblong :f.-. |
fquare, as in the Fine, /.
The lignous Part alfo confifts of two Kinds of Bodies, fucciferous, or lig-
nous, and Air Veffels. The lignous are of the Nature with thofe of the
Bark, and in a tranfverfe Section of the Root, emit a Liquor as thofe do. §
‘Thefe Veflels are no where interwove or braced together, but continue from
one End of the Root to the other. ik
~ The Pofition of both thefe Kind of Vefitls is various, the fucciferous : 4
lignous are fometimes fituate in diametrical Lines, asin the Zine, Fig. 4?&-? |
|
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and moft Trees, fometimes oppofite to the Areal, as in Beer, &c. !
|
|
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1 A s et [
Of the Pith of Roots.

Ithin the woody Part, is the Pizh 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, yetlike
the Bark it is compounded, fome fucciferous Vefiels being mixed with it, as
in Ferufalem Ariichoke, Horfe Radifb, 8&c. many Roots that have no Pith
at their lower Part, have cne at the Top, as Columbine, Lovage, &c.
Their Contexture by the AMicrofiope, appears to be of the fame general
Kind in all Plants, both in the Parenchyma of the Bark, in the Inferiment
or diametrical Portions, and in the Pith, all being compofed of Bladicrs,
which are of very different Sizes, feldom lefs than thofe of the Bark, as
in Afparagus, Fig. 467. but generally much bigger, as in Horfe Redifs,
Fig. 473. their Pofition feldom varies, but is umform in a tranfverle Sec-
tion of all Parts of the Root piled up evenly one over another. In an
upright Section they feem to run in dircét Trains, 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
confit 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, Ii the Pitd
be cut with a ftharp Razor, or Penknife, and fo applied to the Microfeope,
they will be feen diftinctly.

All Plants exhibit this Speétacle, but thofe beft with the largeft Bladders;
nor the fame Pith fo well in any other Condition, as when dry ; becauie
then the Sap being voided, the Spaces berween the Fibres, and the Fibres
themfelves are more diftinétly feen. Yet it muft not be dried after cutiing,
becaufe its feveral Parts will thereupon coincide and become deformed, but
to 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 bifile, jerufa-
Jem Artichoke, &c. cut off the white Bottoms of the Bladders of a Bulru/b
tranfverfly, and they will appear like a curious Picce of Needle-work. The
whole Body of a Roor therefore confifts of Veffels and Fibres, and probably
thefe Fibres themfelves are tubular.

If you take the Roots of Fiue, Fenuel, Dandelion, Plumb-tree, Eldcr,
Willow, &c. and lay them for fome Time to dry, then cut off a thin Slice
of each tranfverfly, and place it before the Micioicope, by pinching one
Edge thereof between the Nippers, the Light will then be trajected threugh
the Perforations of all the Veflcls both great and {mall, they are fearce cver
vifible in the frefh Slices of thefe Roots. .

RS : i



164, Of the Trunks of Trees.

A cicar and elegant Sight of the Fibres which compofe the Air "."eﬂ‘ﬁ_
may be obtained by fplitting a Vine Rost, or a Piece of Oak, and may '3
{ven in the Side of the greater Air Veflels, in the Refemblance of Ncedlt-‘;é? |
Work 3 the Spiration of the Fibres may be better obferved in the Trunk
than in the Roos, 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 thew upon break-
ing, a kind of Down or Wool ; they may be feen drawn out, and that =
fometimes to the naked Eye. ‘This Wool being nothing elfe but a certain
Number of Fibres drawn out of their fpiral Pofition, appearing more or
lefs in the Leaves and other Parts of moft Plants, as in the Vine, Scabious,
&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 =

s

one fingle Piece, but made up of feveral round Fibres, running parallel, and |

knit together by other fmaller ones tranfverfly in the Form of a Zone,

CHAPY XXXV
Of the Trunks of Trees.

Bar € oma ok

THE Zrunk comes next under Confideration, which confifts of the |f
Bark, the Wood, the Infertions or Veins, and the Pith. 2
The crofs Shootings of the Wood in Trunks of feveral Years Growth ap-
pear in Rings, fo that we may judge by the Number of Rings of how many
Years * Growth the Tree is; in each of thefe Rings is one Circle of large =
open Pipes, but the fewer of thefe the ftronger the Timber. b+
The Pores of the Wood in well-grown Timber are very confpicuous both
m an upright and tranfverfe Se&ion thereof. o
The lignous Body in the Trunks of Herbs are extremely vifible in the
Microfeope, each Fibre thereof being perforated with 30, 50, 100, &e.
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 when
magnified we plainly find them to be compofed of a Number of Fibres, or S8
rather hollow Tubes joined together, fo that what we call the woody Part =5
of a Tree, notwithltanding all its Solidity, is nothing elfe but a Clufter of 5
innumerable and extraordinary {mall vafcular Fibres ; fome of which riﬁ‘:r
from the Root upwards, and are difpofed in Form of a Circle, and the others
which Dr. Grew calls Infertions, tend horizontally from the Surface to th:_

* Phi. Tranf. No. 213. C !
enter,
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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 largelt only are difcernable ; but by the Help of the
Microfcope they appear very numerous.

The Infertions in the Trunk are vifible in a tranfverfe Seétion, and are
difpofed in even Lines or Rows throughout its whole Breadth ; they are re-
prefented as they appear in the Root of a Vine, when viewed through a
Microfcope, 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 {o 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 fmaller 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-wile.

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-
fFinctions of the Grain, are called by Mr. Liffer Veins, * that 1, fuch Duéts
as {eem 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 Section of Angelica Sylveftris magna
wulgatior 5 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 Burdock, in Fune the Juice fprings on cach 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 fecms
to yield one big Drop of a milky Juice fpringing as it were from one Vein,
yet by the Microfeope it is plain there arc 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 Bignels,

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 cerrain Seafons.

* Phil, Tranf. No, 79. + Ibid. No. go.
Ccz ) r.
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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 Lymphedudls, and fuppofes them de-
ftined for the Conveyance of the molt watry Liquor; thefe Mr. Bradley
calls the new f{if'i}ifﬁﬂg y{iﬁ'f!, which are anﬂua”}r Prﬂd[.llfﬁ‘d} and hflp to e
crezfe the Bulk of the Tree,

Thole in the Middle of the Bark Dr. Grew calls lafiiferons or refiniferous
Velfels : Their Ufe, according to Bradley, is to return the fuperfluous Sap :
Thele Veflels Grew obferves, are the principal Vifeera of Plants ; and adds,
that as the Vifcera of Animals are but Veffels conglomerated 3 fo the Vel
fels of a Plant are Vifcera drawn ourt at length, all which wil
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 Section thereof,
wherein are feen Clufters of Air Veffels furrounded with Rings of fap Vef-
fels, and at ABC 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
tranfverfly 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 thereof,
through which the Turpentine Veflels run Lengthwife. G H reprefcnts
one of them cut down the Middle to fhew the Infide of it, and another is
feen intire at I K.

Fig. 479. reprefents the Milk Veffels in the Bark of Sumach, in the fame
Manner as the Turpentine Veffels are reprefented in the foregoing Figure,
and are exprefled by the fame Letters alfo.

Fig. 480. reprelents Part of a Vine Branch cut tran{ver(ly ; 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 Veffels, and between GH and 1K part of
the Wood and Bark is taken away to thew the fame Lengthwife.

Fig. 482. a, is a tranfverfe Seftion of an _Apple Branch, in which the
feveral Circles of Wood that fhew of how many Years Growth the Tree
15, are vifible to the paked Eye. Fig. 482. b, reprefents a Gore cut out of
the aforefaid Slice at 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 Air
H I ipiral {ap Vefiels in arched Par- Veflels.

cels. ggg the true Wood.
O O the common fap Veffels which | P P the Infertions,

| be ealily un-

begin to turn into Wood. EF other fap Veffels,
CDEF the Wood of three Years | E F G the Pith,
Growth.

Fig. |
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Fig. 483. thews a tranfverfe Slice of a Hazel Branch, and Fig. 484 re-
prefents a Piece thereof, which was cut out at cd, as it appeared when

placed in the Microfcope.

A B the Skin. P O leffer between them, the black
ABCD the Bark. Parcels between thele Infertions
Q Q Q the imple Parenchyma. are the Wood, which is compofed
H 1 a Ring of {pecial Veficls. of minute Tubes (although it is
P P common fap Veflels. here reprefented in a Shade) in
CDEF the Wood of three Years which the dark Spots are the Air
Growth. Vefiels.
KLMN one Years Growth. EFG the Pith.
X X X great Infertions.

Fig. 485. exhibits a tranfverfe Slice of a #7alnut Branch, and Fig. 486. a
microfcopick Picture of a Gore thereof cut out from cf, in which

A B is the Skin. KLMN one Year’s Growth,

A BCD the Bark. Qd, Qd, part thereof whiter than

RR the Parenchyma. - the reft, by the Mixture of fap

HRI two Rings of fpecial fap Vef- Vefiels, which are reprefented by
fels. . the tranfverfe Lines.

D C common Lympheducts. M N the great Air Veflels,

DCEF the Wood of four Years | ce, ce Parcels of lefler ones.
Growth. E F a Ring of other fap Veflels.

ddd the true Wood. | EF G the Pith.

At Fig. 487. is feen a Slice of a Branch of Pine cut tranfverfly, and at
Fig. 488. a magnified Piece of the fame cut out from g h.

A B CD the Bark. white Spaces tending to the Center
MMM the Parenchyma., fhew the Infertions.

DL C the Lympheduéts. EFG the Pith, the larger Holes
H H Turpentine Veffels. both in the Wood and Pith are
DCEF the Wood in which the | more Turpentine Veficls.

Fig. 489. reprefents a tranfverfe Section of a Wormwood Stalk, from
whence a Piece ik was cut, which is exhibited as it appeared in the M-
crofeope, by Fig. 490. whereof

A BCD is the Bark. DCEF the Wood in which the
A M B the Parenchyma. dark Spots are the Air Vefels.

H M1 Balfamic Veflels. MM the Infertions.

K L, another Sort of fap Veflels in | R another balfamic Veflel.

0 Parcels EFG the Pith,

K1.CD Lymphedutts.

Fig. 491. is a tranfverfe Section of a Thiftle-Stalk, out of which at Im
was cut a Piece, which is feen as it appeared in the Microfcope at Fig.

492,
7 ABCD
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ABCD the Bark. tt more Lymphaduéts,

HI the Parenchyma. {{ mere Milk Veffels,

ee a Sort of fap Veflels. at Infertions.

aa another Sort. EFG the Pith compofed of angular
c ¢ Milk Veflels. Bladders, Bladders of T hreads, and
DCEF the Wood. Threads of fingle Fibres.

V V the Air Vefiels,

Fig. 493. fhews a tranfverfe Section of Sumach Stalk, and Fig. 494 a |
magnified Gore thereof, which was cut out at no,

AB aa the hairy Skin. Lymphaduéts.
ABCD the Bark. D C EF the Wood.
H W the Parenchyma. the white Rays tending from M
DMC the common Lymphazdudts. to M are the Infertions.
KM L three Milk Veflels. | YY the true Wood in which the
HI another Sort of Lymph=duéts, dark Spots are Air Veflels.
arched over the Milk Vefiels. EF a Ring of Lymph=duts.
X X feems to be a third Sort of | EFG the Pith.

Fig. 495. reprefents part of a Vine Branch cut tranfverfly at ABG, and
at A BC, and alfo fplit half way down the Middle at GG BB, whereof

ABARB is the Skin. EFG the Pith.
ABCD, ABCD the Bark. Between GG, FF, is thewn the Po-
HHH fap Veflels in arched Parcels. fition of the Bladders in perpendi-
I the Parenchyma, ; cular Rows.
CDEF the Woeod. : Between D D and BB is feen the fame
ddd the true Wood, in which the of the Bark ; and

dark Spots are the Air Veflels, Between FF DD is feen an upright
KK the Infertions. Section of the Wood and Air Vef~
EF a Ring of other fap Vefiels, fels.

- BT O S

Of the Bark of Trees.

HE exterior Part of Trees is the Bark, and ferves them for a Skin or

= Covering ; in general it is of a fpongy Texture, and by many little
Fibres, which pafs through the capillary Tubes whereof the Wood confifts,
communicates with the Pith ; fo that the proper Nutriment of the Tree
being imbibed by the Roots, and carried up through the fine arterial Vef-
fels of the Tree by the Warmth of the Soil, é5c. to the Top of the.Plant,
is ufually fuppofed to be there condenfed by the cold Air 5 and returns by its
own Gravity down the Veffels, which do the Office of Veins, lying between
the Wood and inner Bark, leaving, as it pafies by, fuch Parts of its Juice as

the ;
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the Texture of the Bark will receive and requires for its Support. That foft
whitith 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 Clofenefs of its Fibres; “ds this
contains the liquid Sap, Gums, &%. 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 converted into the woody Part of the Tree.
There are few Trees bur what have it ; yet it is ftill found in lefs Quantity
as the Tree 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 little of it on as poffible.

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 fkinny Bladders are intermixt a Sort of woody Fibres, as in
Mallowo, Nettle, 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 Veflels ; the Parenchyma is compofed of an infinite Number of {mall
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 Lymphz-
duds (yet in all the four their Number and Pofition is very different.)
In Hazel, Fig. 484, they are but few; 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 Veffels next the Wood, ftand 1n femi-
circular Parcels 3 and in Holly they ftand in Rays, yet {o numerous and
clofe together as to make one intire Ring. In the Apple Branch, Fig. 482.
the Lymphzeduéts OO are radiated, they are alfo radiated in the Pear and
‘Plumb, &¢. In Hazel, Fig. 484. the roriferous Vefiels HI, as Dr. Grcw
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 jame Manner they ftand in E/m. In Afh the Veflels make two
Rings, the inmoft or Lymphadutts confift in arched Parcels, and the out-
moft or roriferous of round ones ; whereas in the foregoing the Lymphz=-
duéts are contiguous to the Wood, and the roriferous more or lefs diftant

* Greav. Ana. Plant, p. 108, + Ibid. 109.
. from
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from the Skin ; heve, on the contrary, the firlt are diftant from the Wood, |
and the latter contiguous to the Skin. -

In the two next Branches, Fig. 486 and 488, the Veffels of the Bark are
alfo different in Number, Pofition, Size and Kind.  In Pine they are lefs,
and in WWalnut more numerous 3 as to their Polition, the inmoft D C in Pixe,
Iig. 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 urmoft a double Ring H R [, not radiated but
of round Parcels: As to their Kind, they differ moft apparently from the
Diverlity of Saps thefe 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 Veflels, or refinife-
rous, and ftand ftraggling or fingly abourt the Bark ; all the clear Turpens
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
commen Wormwood, Fig. 490, which are remarkable for their having three
kind of Veflelsin the Bark, whereas the former have only two. Firft then
in common Sumach is a thick radiated Ring DM C of Lymphaduéts, ftand-
ing on the inner Margin of the Bark contiguous to the Wood 3 thefe Vefiels
exhibit their Lympha very apparently. The fecond Kind of Veflfels XX
compofe a Ring, and are fituate near the outward Margin of the Bark. Be-
tween thefe two Kinds ftand the Milk Veffels K M L, each of which being
empaled or hem’d in by an Arch of roriferous Vefiels. |

The next is a Branch of common Wermwood, Fig. 490, in the Bark of
which are alfo three kinds of Vefiels ; firft there is a thin radiated Ring,
CDLK of Lymphaducts, contiguous to the Wood, yet this Ring is not
entire, but made up of feveral Parcels ; which are intercepted by as many pa-
renchymous ones, inferted from the Bark into the Pish. The fecond Sort of
Veffels 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. 0

Beyond thele Arches, and towards the outer Margin of the Bark, ftand a |
third Sort of Veffels H M I, their Content is a kind of a liquid, oleous and
vifeid Gumy which for its pleafant Flavour may be called an aromatick Bal-
Jam ¥, becaufe it perfectly affordeth whatever is in the Smell or Tafte of
Wormwood, being the Effence of the whole Plant, fo that they are in all
Refpeéts analogous to the Turpentine Veflels in Pine.

The Structure of the Milk and Gum Vellels when viewed with the Micro-
Jeepe, feem to be made by the Conitipasion of the Bladders in the Bark, that
is to fay, they are fo many Chanels, not bounded by any Sides proper 10"

* Creaww dn. Plants, fi 118,
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themfelves, as a Quill thruft into a Cork, or as the Air Vefiels in the Wood,
but by the Bladders of the Parenchyma * which are fo crowded up together,
as to leave certain tubular Spaces throughout the whole Length of the
Bark.

One Difference between thofe Veflels juft defcrib’d, and thefe hollow
Tubes, £¢. 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, but
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 477, 478, and 479.

It has been before obferved, that the lignous or towy Parts of all Plants
are tubular, and that the Juices are conveyed the whole Length of the
Plant through an infinite-Company of fmall Tubes.

Thefe very Tubes or Lymphazduéts are likewife made up of other yet
‘much fmaller Tubes, fet round together in a cylindrical Figure ; by which
alfo appears the admirable Smallnefs of thefe Fibres; for there are fome
Lymphzduéts that may be reckoned 50 Times {maller § than an Horfe-
hair, and that thofe minute Fibres are alfo compofed of other fuch Fibres,
but much {maller, is not altogether improbable ; allowing therefore but 20
«of thefe to compofe a Thread no bigger than one of thefe Lymphadutts ;
then one of thefe Fibres muft be 1000 Times fmaller than an Horfe-hair.

They may be obferved in a very white and clear Piece of Afh torn care-
fully lengthways, and fometimes alfo in a very white Piece of Fir.

In the Eaft Indies they manufa@ture the Bark of a certain Tree into a
Xind of Stuff or Cloth ; it is fpun and drefs’d much after the Manner of
Hemp: The long Filaments which are feparated from it, upon beating and
fteeping 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
.as Hemp. Some of thefe Stuffs are pure Bark, and are called Pinaffes,
“Biambonnes, &5¢. In others they mix Silk with the Bark, and call them
'Ginghams and Nillas ; the Fontalungees too, are part Silk, part Bark, and

arc only diftinguithed by being ftripped.

* Grew Ana. Plants, p. 113, + Fid. § Tbid. p. 112,
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Of the Wood.

H E next general Part of a Branch is the Wood which lies between
the Bark and Pith, it is compofed of parenchymous and liznous Parts ;
the parenchymous Part of the Wood in ali Trees, though much diverfified,
1s difpofed 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 {everal Sorts of Trees or Plants, in Pine, Fig. 488, and Worm-
wood, Fig. 490. they are not fo numerous as in Sumach, Fig. 494. in the
Apple, Fig. 482, or in the Hazel, Fig. 484.
Thefe Infertions do not run only through the Wood, but alfo thoot out
beyond it into fome Part of the Bark, as in Elm, Sumach, Wermwood, &c.
The Texture likewife of thefe Infertions is alfo various in Wormwood

and moft Herbs, they are manifeftly compofed of fmall Bladders, yet larger
in thefe than in Trees.

The Wood is likewife compofed of two Sorts of Bodies, that which is
ftrictly woody, and the Air Veflels. The true #7%sod is nothing elfe but a
Mafs of antiquated Lymphaducts, viz. thofe which are originally placed on
the inner Margin of the Bark ; for in that Place there annually grows a new
Ring of Lymphadults, which by degrees lofing its firlt Softnefs, is at the
latter End of the Year turned into a dry and hard Ring of perfe& #Wodd.
Whence it 1s evident that the Bark of a Tree is divided into two Parts, and
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 not
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 Portion
of the Bark is yearly diftributed and added to.the Wood, the parenchy-
mous Part thereof makes a new Addition to the Infertions within the #7004,
and the Lymphaduéts a new Addition to the woody Pieces between which
the Infertions ftand ; fo that a Ring of Lymphaduéts in the Bark this Year
will be a Ring of Wood the next, and another Ring of Lymphaduéts and
of Wood fucceffively from Year to Year; fo in Fig. 482, of part of an |
Apple Branch cut tranfverfly, three Years Growth, are reprefented in that
of Sumach, Fig. 484. one Year only is exhibited, and in that of Walnut,
EI% Ifarﬁ are fhewn four Years Growth of Wood between the Letters

Here alfo may be obferved, that certain Parcels of Wood make either
feveral fmall white Rings, as in Oak, or feveral white and crooked Parcels
tranfverfe to the Infertions, as at DC, KL, &%. in Walnut, Fig. 486.

In the Branches of Fir, Pine, &c. are a few Turpentine Veflels difperfed

up
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up and down the #pod. The Air Veflels with the Infertions, and true
Wood altogether, make up that which is commonly called the Wood of
a Tree. : :

The Variety of the Air Veffels 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, Pear,
Hazel, &c. but in different Degrees, they are reprefented by all the black
Spots in the Wood, in all the Figures before referred to,

Their Sizes are as different as the Trees to which they belong, being at
leaft twenty Times bigger in E/m or Oak, than in Holly or Pear, &c.

Their Situation is alfo different: In Adpple, Fig. 482. and in Walnur,
Fig, &c. they are {pread 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 run in even diametrical Lines
between the Pith and Bark.

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 Afb the Air Veflels ftand in Circles on the inner Margin of every
annual Ring. Thefe Circles are in fome very thick, as in 4/ and Barberry,
in 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 Veflels are ofrentimes 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 Woof. ,

By the Wettage of the Fibres it is, that the Veflels oftentimes untwift in
the Form of a Plate ; asif a fine 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 Veffels,
for that which upon the unwreathing of the Veflel feems to be a Plate, is as
it were a natural Ribband, confifting of a certain Number of Threads or
round Fibres, ftanding parallel as the Threads do in a Ribband ; and as in
a Ribband fo here, the Fibres which make the Warp and run fpirally, do
not grow together, but are held in that Polition by other tranfverfe Fibres
which embrace them, and are in the Place of the Woof,

And as the faid Fibres are tranfverfly continued thereby making a Warp

* Greav, An. Plan. p. 117,

Pda . and
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and Woof, fo are they (as in divers Woollen Manufaftures) 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 {maller ones which hold them toge-
ther, ealily tear all the Way.

In the following Figures are thewn the Pofition of the Vefiels in feveral
Sorts of Timber cut Length-wife and Crofs-wife as follows :

Fig. 507. reprefents a {mall Piece of the Wood of an Oask-Tree, cut
tranfverlly, and of its natural Size ; and Fig, 508. A BCD, fhews the fame
Piece as it appeared before the Microfeope 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 Air Veflels,
which run the Lengthway of the Tree. Thefe large Vefiels are compofed
of feveral fmaller Membranes, as may be feen at Fig. 51 2. which reprefents
pait of one of the aforefaid Air Veflels feen length-wile, and as it appeared
before the Magnifier.

The fecond Sort of perpendicular Veffels 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, asat ON,
Fig. 511, which fhews one of thefe fecond Sort of Veflels cut lengthwife,

The third Sort of thefe Veflels which run upwards, are extremely fmall
and in great Abundance, as appears throughout the whole Space HIK L,
Iig. 508. Thefe alfo are compofed of extremely fine Skins; they are feen
length-ways between P Q, Fig. 511.

G G G, Fig. 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 #7od is cut length-
wile, thefe horizontal Veflels are cut acrofs, as at GG G, Fig. 511. The fe-
cond Sort of horizontal Veflels are greatly numerous, which when the Oak is
;}u length-wife, are alfo eut acrofs, and appear to the naked Eye as

1g: 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 is the
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. 498, is an upright Section of the Wood of Elm
magpnified, in which G G fhews the exceeding fmall Veffels length-ways,

* Leewwen. Anat. €5 Contemp. Vol. 1. p. 3.
HH
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H H is the Cavity of one of the great Veflels, being full of Turpentine
T hreads, or little Tubes, with black Spots curioufly wove together ; as at
Fig. 499.

%:ig?gﬂo‘ is a {mall and thin Piece of Beach, cut tranfverlly, and Fig.

goi. reprefents the fame as it appear’d in the Microfcope. 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 expreflfed by E E, Fig. so1. are ex-
ceeding fmall ; in the upright Section, Fig, 502. thefe horizontal Veflels
are cut tranfver{ly, and thewn by H H, the fecond Sort of horizontal Vef-
fels are feen lengthwife, from D to A, Fig. 501. and a tranfverfe Section
of the fame Veflels are feen in the upright Section of the Timber, Fig. 502.
at I, I, I, and at K K are feen the great perpendicular Veffels.
Fig. 509. reprefents a tranfverfe Section of a fmall Bit of Black Ebony,
greatly magnified, of which G, G, G, are the large upright Veflels. K K,
in Fig. 510. fhews one of thefe large Veffels cut lengthwife, and at Fig,
511. is feen another of a larger Sort, in which are many Streaks and Spots.
The fecond Sort of perpendicular Veflels are feen between A B, A B, and
the third Sort between C D, C D ; a fourth Sort are {fquarifh, and included
between the fecond and third in the upright Section, Fig. 510. L L fhews
the fmalleft Veffels, and I, I, the tranfverfe Seétions of the horizontal
Ones.

Fig. 503. A B C D is a fmall Piece of Box, cut tranfver(ly, and of the
fame Size to the naked Eye as the Piece of Ebony. This Wood alfo confifts
of large and fmall perpendicular Veffels 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 thewn lengthways at FE. A Band C D, Fig. 503. are hori-
zontal Veflels, running lengthways, and at G G, Fig. 504. is {een a tran{-
verfe Section of the fame. ,

A BCDEF, Fig. 505. reprefents a tranfverfe Section of a fmall Picce
of Straw. ABEF is the thining Bark, compofed of an incredible Num-
ber of exceeding fmall Veficles. G G G G are Veflels, or rather Bladders,

aving four, five, or fix Sides, and compofe the greateft Part of the Infide
of the Straw. H H H are fome of the before-mentioned Veflels, inter-
ixed with, or furrounded by a great Number of exceeding {mall Vefiels.
t Fig. 506. the fame Veflels are feen lengthways in a perpendicular Sec-

ion of the Siraw,

b
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o A i el
Of the Pith.

HE third general Part of a Branch is the Pith, being in Subftance
nearly allied to the Parenchyma in the Bark, and the Infertions in the
Wood.

Its Size is various, not being the fame in any two Branches here repre-
fented. In Wormwood, Fig. 4g0. 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. it is fmailer,

It is alfo remarkable, that the Bark and #sed in moft Plants increale
yearly ; and the Pith, on the contrary, grows {maller.

The Pith, for the moft Part, is furnithed with a certain Number of Sap
Veflels, which form a Ring round the Margin thereof. They are numerous
and confpicuous in Walnut, Fig. 486. and in Fig, Pine, &c. and are of
divers Kinds, being Lymphaeduéts in Walnuts, La&eals in Fig, and Refini-
ferous in Pine.

The Parenchyma of the Pith 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 leaft of all.

The Bladders of the Pith, tho’ always comparatively great, are of very
different Sizes, Thofe of Thiftle, Borage, &c. appear in the Microfcope
like the Cells of an Honey-Comb; the Bladders in common Thiftle and Borage,
are {0 large as to contain within their horizontal Area, about twenty Blad-
ders of the Pith of Oak. Wherefore one Bladder in Thiffle is at leaft an
hundred times bigger than another in Osk. ]

The Shape of the PithBladders admit of fome Variety, they are for the
moft Part round, yet oftentimes angular, as in Reed Grafs, a Water Plant;
where they are alfo cubical ; in Borage, Thiffle, and many others they are
pentangular, fexangular, and feprangular.

As to the Texture of thefe pithy Bladders, they are oftentimes compofed
of fmaller ones, as in Borage, Bulru/b, and many other Plants.

Whence it appears, that as the Veflels of Plants, viz. the Air Veffels and

*{_ymphaedu@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 Pul
of an Apple, Pear, Cucumber, Plumb, or any other Fruit, is nothing elfe
but a Ball, of moft extreamly fmall tranfparent Threads or Fibres, joined |

3 together |
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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 ; 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 Bulrufb, common Thiftle, &c.
not only the Threads of which the Bladders, bat 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 Vefiel, as
in very white 4j/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 Lymphaedufts run lengthwife, thofe of the Pith,
Inferticns, 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 Mechaniim of Plants and Animals, the Parts of the former feem to bear
a conftant Analogy to thofe of the latter ; and the Vegerable and Aninial 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 difpofed
to admit certain humid Particles, prepared in the Ground.

Second, the Wéod 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. Bradley
calls arterial Veffels 3 it being through thefe that the Sap rifes from the
.Root. '

Third, befides thefe there are other larger Veffels, difpofed on the Outfide
of the arterial Veflels 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 the ]i?uid Sap found in Plants in the Spring.

Fourth, the Bark being of a fpongy Texture, which by many lictle
Strings communicates with the Pith.

Fifth, the Pith, or Petten, which confifts of little tranfparent Globules,
chained together fomewhat like the Bubbles that compofe the Froth of
Liquor.

(}Ma@p::gbi was the firft who obferved, that Vegetables confifls of two Sorts
of Vefiels. 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, 7. e. wichin which Tra-
chee he fhews all the former Series’s of Vellels are contained. i

Tence
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Hence it follows, that the Heat of a Year, nay of aDay, of 2 fingle Hour,
or Minute, muft have an Effect on the Air, included in thefe Trachee, 1. e.
it mult rarify it, and confequently dilate the Trachea; whence alfo muft
arif a perpetual Spring or Force of Ation to promote the Circulation in
Plants.

For by the Expanfion of the Zraches, the Veflels containing the Juices
are prefled 3 and by that Means the conrained 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 Cell:, or Loculi of the Bark,
to defend the Plant from Cold and other external Injuries.

The Fuice being thus conveyed from the Rosz, 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 pafles 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 effected.

Thus is every Vegetable acted on by Heat during the Day-time, and the
Sap Veflels thus are fqueezed and prefs’d, and the Sap protruded and raifed,
and at length evacuated, and the Vefiels exhaufted in the Night again ; the
fame Trachea being contracted by the Coldnefs of the Air, the other Veflels
are cafed and relaxed, and fo difpofed to receive frefh Food for the next
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 fcorching Days, are alter-
rately expanded and centracted ; and the more on account of their reticular
Texture.

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 Fuice,
now brought toa further Subtility to the Stamina'; thefe!communicate it to
the Farina, or Duft in the Apices, where having undergone a farther Ma-
turation, it is fhed into the Psftil, and here having acquired its laft Perfec-
tion, gives Rife to a new Fruit or Plant.

Fig. 514, and the four following Figures, reprefent the Strufture of the
woody Fibres and Lymphaduéts both in the Bark and Wood.

Fig. 514, thews a fingle Veflel in the Bark of Flax; and Fig. 515. re-
prefents the fame Veflel as feen in the Microfcope, and greatly magnified ;
whence it appears to be compofed of a great Number of other lignous Fi-
bres, with which alfo the Parenchymous are intermixt.

Fig. 516, exhibits a Parcel of the fame Veflels in the Wood of Fir, great-
ly magnified ; and at a, is feen the fame Piece of its natural Size.

1 Fig,
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Fig. 517, AB, thews a Lymphadu&, and Fig. 518, C, reprefents a
lactiferousVeflel, 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,

A B aa fhews the hairy Skin, DCEF the Wood, from which the
ABCD the Bark in which the Fi- Fibres ef, that hang down, are
bresbb, cc, and dd, that hang fome of them the old Lympha-
down therefrom areLymphaduéts, ducts turned into Wood ; gh gh

one of which ddd, is compofed are two Air Veflels in which the

of a great many other fmaller Fi- wreathing thereof is plainly feen,

bres. and from h to i is alfo feen Part
H W I the Parenchyma. of the fame Veflels unwreathed.

D MC the common Lymphadu@s. | OP is part of one of the Infertions
KML the Milk Veffels compofed compofed of Bladders, and thofe

of Bladders. Bladders of Threads.
HI another Sort of Lymph=ducts | EFG is part of the Pith compofed
arched over the Milk Veilels. of thready or fibrous Bladders.

Ca AP XXXVIIL
Of Leaves.

S'E € 1.0

HE Leaves of Trees 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; the Reafon of their being in this Pofition, is for the more
erect 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 a Twelfth, as in Holy-Oak, or a Sixth, as in Syringa.
The Art of folding up the Leaves before their Eruption out of their
Gems, &¢. is incomparable both for its Elegancy and Security, viz. in
taking up (fo as their Forms will bear) the leaft Room 3 and in being o con-
veniently couched, as to be capable of receiving Protection from the other
Parts, or of giving it to one another, e. gr. firlt there is the Bow-lap,
where the Leaves are all laid fomewhat convexly, one over another, but

not plaited; but where the Leaves are not fo thick fet as to ftand in the Bow-
E e ; lap
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lap 3 there we have the Plicature, or the flat Lap, as in Rofe-tree, &c. To
thefe Dr. Grew adds their various Foldings, which he calls by the Names of
the Duplicature, Multiplicature, the fore Rowl, back Rowl, and tre Row! or
treble Rowl,

To thefe curious Foldings may be added another noble Guard by the
Interpofition of Films, ¢, of which Dr. Grew faich 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, viz. the young Buds of
Awmmi, at their firlt Eruption from the Ground, are couched, as Fern is
rowled inward ; each Bud, againft the Brace of the Stalk of the foregoing

Leaves, and moft exactly inclofed in the Membranes thence produced. Na. |
ture hath generally provided them with another Protection, where the

Stalks of the Leaves are o long that they cannot lap over each other, the
Bottoms of the Stalks are expanded into broad Membranes, as in Crotws-foor,
Doves-foot, Clover, Cranfbill, Strawberry, Harrow, &c. and fometimes
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, Biftort, 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
ifelf in thefe Plants, every leffer Leaf, together with its own proper Veil,
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 Nettle hath Baltard-leaves or
Interfoyls between Leaf and Leaf, for the Prefervation of its Stings.

Another Sort of Protetion is feen, in white Archangel, and other Plants
of a like Shape. In which the greater Leaves do alfo inclofe the leffer,
by a double fore Curl at the Bottom of every two great Leaves, which
embraces the little 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,

As the Buds of common Sumach are exceeding tender, Nature appears in
a peculiar 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 alfo globylar Excrefcencies, Spots, Hairs, Thorns, and Prickles.

Globulets are feen upon Orach, but more plainly upon Bonus Henricus,

> in
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in thefe growing almoft upon the whole Plant, and being very large, are
by moft People taken Notice of ; but the Microfcope hath difcovered to us
that they are the natural and conftant Offspring of very many other Plants,
they are of two Kinds tranfparent, as upon the Leaves of Hyfp, Mint,
Baume, &c. white on Germander, Sage, &c. Sometimes they appear like
a fine Powder upon the Leaf, thefe were firft white and tranfparent as in
Bears Ear. If this be licked of, it will afford the Tafte of the effential
Content of the Plant. They frequently grow on both Sides the Leaf, yet
fometimes, as in Ground Ivy, chiefly on the Back fide thereof, and in many
Plants where the Elder-leaves have none, on the young Buds they are very
numerous, as in Corin tree, Sorrel, and others.

Spots are obfervable in St Fobns-wort, Rue, Ground-Ivy, Pimpernel or
Anagallis, &c. when held up againft the Light.

Thorns are lignous and cortical, the firft are fuch as thofe of Hawthorn,
fomewhat like thefe are the Spinets or thorny Prickles, upon the Edges
and Tops of divers Leaves, as Baberry, Holly, Thiftle, Furz, &c.

Cortical Thorns are futh as thofe of the Rafberry-Bufb, being not, unlefs
in an invifible Proportion propagateéd from the lignous Body. They are of
Ufe not only for the Protection of the Bud, but alfo for the Support of
the Plant. :

The Ufe of Hairs on Leaves are to preferve young Buds, not only from
the cold Air, but alfo from too 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 not hurt but refrefh them. Thus we fee by
the Afliftance of the Microfcope, that Nature oftentimes makes the meane(t
Things fubfervient to the beft Ends.

gL c T I
Of the Parts and Texture of the Leaf.

HE firft Part which here prefents itfelf is the Skin, a fmall Bit of which

being ftripped off the Leaf, and laid upon the Objett carrying Glafs
R, of Fig. 2. or held between the Nippers, and then placed before the
Microfcope, will appear to confift of parenchymous and lignous Fibres, all
very curioufly and admirably interwoven, as in Flag, Tulip, &,

From hence it is eafy to conceive, that 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, either for the better Avolation of
fuperfluous Sap, or the Admiffion of Air, thefe Orifices are not in all Leaves
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, -

Eeg. - Next
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Nexe the Skin lies the pulpy Part of the Leaf, called the Parenchyma»
being compofed of an incomparable Number ‘of little cylindrical Fibres,
which are m moft Leaves wound up into minute Bladders, but geperally
more vifible in the Stalk than in 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 Fibres are all drawn up clofe together.

The pithy Part in the Stalk, and almoft up to the Top of the chief Fibre,
in many Leaves is wubular, even whilft they are yet young and fappy, as in

weet Cervily Hemlock, Endive, Cichory, Lampfana, Dandelion, Burdock,
Daize, Scorzonera and others, and fometimes the faid pithy Part is opened
into feveral pithy Pipes; the Fibres allo of 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 Circumference. In Dandelion, wild
Clary, and in Borage, Fig. 522. they ftand in five Parcels, 4

In the Body of the Leaf, befides the Polfitions of the fibrous Strings,
there is one in particular which runs round 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 Veflels feem to be ramified, and feems
alfo to be inolculated. - .

Thefe 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
lictle magpified, and at a, the fpiral Circumvolutions are reprefented as they
appear’d, in the Microfeape when greatly magnified, and as they ftand in-
tire within the Wood ; and at b, is feen one a little ftretched.

Mr. Leeuwenhock tore a Leaf of Box to Pieces, 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 344.180.

9B HIN.
Of Rofemary-Leaves.

IG. 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 confifted of a imooth {hining Subftance, but its Under-fide appeared

* Ho. M. p. 142,
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in the Microfeope like a Thicket of Bufhes, amongft which were a great Num-
ber of round Balls, exactly globular, and afford a very. agreeable Profped.

The Back-fide of a Rofe-tree Leaf, but efpecially of a Sweet Briar-leaf,
looks diapered with Silver.

The Back of the Leaf of Englifp 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 1s tafleled with white Silver Thrums, and one or two Cryftal
Beads, or Pendants, faftned to every Knot,

Siig ¢ upi oV,
Of Stinging-Nettles.

A Nettle is a Plant known almoft to every body, there being very few

but what have felc as well as feen it 5 but how the Pain is fo {uddenly
created, and by what Means continued, we mufll have recourfe to the Mj-
crofcope for our Information, and that will if almoft any Part of the Plant
be looked on, fhew us the whole Surface thereof to be very thick fet with
fharp Points, that penetrate the Skin when touched, and occafion Pain,
Heat, and Swelling ; they are reprefented in a fmall Part of the Leaf ag
they appear in the Microfcope, by Fig. 525. at A B, confifting of a rigid
hallow Body tapering from B, till it terminate in the moft acute Point ima-
ginable, being exceedingly clear and tranfparent. At the Bottom of  this
Cavity lies a minute Bag B, containing a limpid Liquor, 1 which, upon the
leaft Touch of the Prickle, is fquirted through the little Orifice, and if it
enters the Skin, produces the before-mentioned Mifchiefs by the Pungency
of its Salts. CD 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 Roughneffes of the Surface, on the Out-
fide of the Plant.

< 35 B, ORRE 1
Of Cowage, or Cowitch.

HERE is a certain Down of a Plant, brought from the Eafl-Tndies,
which grows on a Kind of hairy Kidney Bean §. The Pods abour
three Inches long, refemble a French Bean, and are cover’d with this Down

* Pow. M. Ob. p. so, + Hook's Mi, p. 143, § lbid. p. 146,
2 ‘ or
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or Hair, which is very ftiff 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 a Multitude of pointed Thorns exquifitely fharp.

o R ol I T
Of the Texture of the Leaves of Sea-Weeds.

T 15 a Plant which grows upon the Rocks under Water, increafing and
1 fpreading itfelf into a great Tuft, which is not only handfomely
branched into feveral Leaves ; but its whole Surface is cover’d over with a
curious Kind of carved Work, * confifting of a Multitude of very {mall
Holes, ranged in the neateft and moft delicate Order ; a fmall Piece there-
of 1s reprefented as it appear’d in the Microfcope, at Fig, 526.

O A P R T
Of Flowers.

A Flower is that Part of a Plant which contains the Organs of Genera-
tion, or the Parts neceffary for the Propagation of the Kind.

It is a natural Production, which precedes the Fruit, and yields the Grain
or Seed.

Their Structure 1s fomewhat various, though the Generality, according to
Dr. Grew, have thefe three Parts entire, the Empalement, the Foliation, and
the Artire. _ :

Mr. Ray reckons, that every perfect Flower has the Petala, Stamina, A-
pices, and Stylus, or Piftil; fuch as want any of thefe he deems imperfect
Flowers.

In moft Plants there is a Perianthium, Calyx, or Flower Cup, of a
ftronger Confiftence than the Flower itfelf, and defigned to ftrengthen and
preferve it.

Flowers, whofe Petala are ftrong (as Tulips) have no Calyx ; Carnations,
whofe Petala are long and flender, have an Empalement of one Piece; and
others as Knap-Ieeds, have it confifting in feveral Pieces, and in divers
Rounds, and all with a counterchangeable Refpe to each other, for the
grelaatgr Strength and Security of themfelves and the Peala, &c. they
Inciude.

The next is the Foliation, as Dr. Grew, thePetala, or Folia, as Mr. Ray,
and others ; in thefe, not only the admirable Beauty, and luxuriant Colours
are obfervable, but alfo their curious Foldings, in the Calx before their Ex-

* Hool's Mi, p. 140. |
panfion,
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panfion, of which Dr. Grew hath thefe Varieties, viz. the Clofe Couch, as
In Rofes, and feveral other double Flowers ; the Concave-Couch, as in Bla.
taria 3 Llora albo, the fingle Plait, as in Peafe-Blofloms ; the double Plait,
as in Blew-bottles, &%, the Couch and Plaje together, as in Marigolds,
Daizes, &c. The Rowl, as in Lady Bower ; the Spire, as in Mallows ;
and lattly, the Plaic and Spire together, as in Convolvalys Doronici Folio,

As to the Sramina with their Apices and Stylus (called the Attre 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 frutify the Seed ;
which Opinion is corroborated by the ingenious Obfervations of Mr. Samuel
Moreland, viz.

All Flowers, in general, or at leaft the greateft Part of them, are fur-
nifhed with Chives, Tops, and Piftils,

‘The Farina, or fine mealy Powder, which is ar its proper Seafon, thed
out of thofe Thecz or Apices; Seminiformes, which grow at the Top of
the Stamina, does in fome Meafure perform the Office of a Semen Mafculi-
num, by dropping upon the Outfide of the Uerus or Vafeulum 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
unimpregnated Ova of Animals ; * that this Farina is a Congeries of feminal
Plants *, one of which muft be conveyed into every Ovum, before it can
become prolifick. That the Stylus, as Mr. Ray, or the upper Part of the
Piftulum, 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 va®t Provi-
fion made thereof, becaufe of the Odds there are, whether one of fo many
thall ever find its Way into, and thro’ fo narrow a Conveyance,

For in the Corona imperialis, where the Uterus or Vafeulum 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; upon the Extremities of each of
thefe are Apices, fo artfully fixed, that they turn every Way with the leaft
Blaft of Wind, being in Height almoft exactly equal to the Sty/us, about
which they play, and which in this Plant is manifeftly 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 catch and detain

' the Farina, as it flies out of its Thez ; and that the Rain either wafhes it, or
. the Wind fhakes it down the Tube, till ic reaches the Vafculum Seminale.

In the Caprifolium or Honey Suckle, there rifes a Styius, from the Rudi.
ments of a Berry, into which it is inferted, to the Top of the monopeta-
lous Flower ; from the Middle of which Flower are fent forth feveral Sta-

* Phi. Tranf, No. 287. T
: mina,
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mina, that thed their Farina off the Cafes, upon the Orifice of the Stylus,
which in this Plant is villous or tufted, upon the fame Account as the for-
mer is, :

In Allinm 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 juft 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
1s a Tube planted in fuch a Manner, as to be fit to receive it, and fuch Care
in difpofing this Tube, that where it does not lie diretly under the Cafes
that fhed the Powder, it hath a peculiar Apparatus at the Extremity to in-
{ure 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
excretory Duéls, to feparate the groffer Parts, and leave the Juice defigned
for the Nourithment of the Seed the more referved, what Need was there
to lodge thefe Feces 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-Vefiel again, as they are here. Again the T ube over
the Mouth of which they are (hed, and into which they enter, leads al-
ways direCtly 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 ; 1f they lalt any longer, it is only whillt the Globules which enter at
their Orifice, may be fuppofed to have finifhed 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 carefully taken off,
the Pod or Siliqua may be difcovered, clofely cover’d with an involving
Membrane, which about the Top, feparates into feveral Stamina, each be-
ing fraught with its Quantity of Farina; and thefe Stamina bound clofe up-
on the Bruth, which is obfervable at the Extremity of that Tube, which here
alfo leads to the Pod ; it does not indeed ftand upright, but bent fo as to
make almoft a right Angle with it: In Rofes there ftands a Column confift-
ing of feveral Tubes, clung clofely together, tho’ eafily feparable, each
lcading to its peculiar Cell, having the Stamina in great Numbers planted
all round.  In Tithymalus or Spurge, there arifes a tricoccous Veflel,’ that,
whilit it is fmall and {o not eafily difcernable, lies at the Bottom, till it is
impregnated 3 but afterwards it grows up and ftands fo high upon a tall
Pedicle of its own, as would incline one to think, that there was to be no
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Communication between this and the pices, which he fees dying below.
In Strawberries and Rafberries, the Hairs which grow upon the ripe Fruic
are fo many Tubes, each leading to its particular Seed ; and therefore we
may oblferve, that in the firft opening of the Flower there flands a Ring of
Stamina within the Petale, and the whole inward Arca appears like a lietle
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 Piftil 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 Stligua, and conveys the Plants thereto ; F the mem-
brancous Coat which involves the Siliqua ldid open; gggg the Apices,
which before the memibraneous 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 Piftil, 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 a 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 Piftil, feecundi-
fies the Grain or Fruit inclofed therein; and hence they call it the Farina
Sfecundans. 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 little Veffels 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 Duft,

Alfo, as foon as'the Work of Generation is over, the malc Parts, together
Bt - with
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with the Leaves, fall off, and the Tube leading to the Uterus begins to
fhrinka ~ Nor mulft 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. Geoffroy fays, that the Plant is rendered barren, and the
Fruits become abortive, by cutting off the Piftils before the Duft could
Emp;cgnate them, which is fince confirmed by other Experiments of Mr.
Bradley.

In gan}r Kinds of Plants, as Willow, Oak, Pine, Cyprefs, Mulberry Tree,
&c. the Flowers are fterile, and feparate from the Fruit; but then they
have their Stamina and Apices, which may eafily impregnate the Fruits,
which are not far off.

There is fome Difficulty in reconciling this Syftem to a Species of Plants,
which bear Flowers without Fruits, and another Species of the fame Kind
and Name, which bear Fruits without Flowers; hence diftinguithed into
Male and Female ; 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. Mr. Zournefort 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.

For the Manner wherein the Farina fecundifies, Mr. Geoffrey advances
two Opinions, 1. That the Farina being always found of a fulphurous
Compofition, and full of fubtile penetrating Parts, falling on the Piftils of
the Flowers, there refolves, and the fubtileft of its Parts penetrating the
Subftance of the Piftil and young Fruit, excite a Fermentation fufficient to
open and unfold the young Plant, contained in the Embrio of the Seed ; in
this Hypothefis the Seed is fuppofed to contain the Plant in Miniature, only
wanung a proper Juice to unfold its Parts and make them grow.

The fecond Opinion s, that the Farina of the Flewer is the firlt Germ, or
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.

T'he Reader will here obferve, that thefe two Theorties of vegetable Genes
ration, bear a ftri& Analogy to thofe of Awimal Generation, viz. either that
the young Animal is in the Semen Mafeulinam, and only needs the Juice of
the Matrix to cherith and bring it forth, or that the Animal is contained in
the Female Ovum, and needs only the Male Seed to ‘excite a Fermentation.
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~ Mr, Geoffrgy takes the proper Seed te be in the Farina, becaufe the beft
Microfeopes 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
Dutt,

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 lirtle green tranfparent Veficylae,
which are to become the Grains, will appear in their natural Order, but ftill
thewing 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 oblerve a little greenifb Speck, or Globule, floating about at large. At
firlt there is no Appearance of Organization in this lictle Body; but in Time,
as 1t grows, we begin to diftinguith two little Leaves Jike 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 Plumyla, Radicle, and Lobes,

The Tops or Apices fometimes ftand ere® 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. 529,
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 Mallpws
fairly vifible to the naked Eye. In fome Flowers thefe Powders are yellow,
as in Dogs-Mercury, Goats Rue, &c. And in fome of other Colours, but
in moft they are white ; thofe of yellow Henbane are very elegant, being to
the naked Eye as white as Snow, and in the Microfcope as tranfparent as
Cryftal. .

I‘:‘,Thf: Tops or Apices which contain the Farina, 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, Smap-Dragon, &c. In fome they are faftned to their
Stamina at their Middle, as in Spanifh Broom, Hyflop, Scabeous, Beben, &c,
in fome erect, as in Clematis, Auftriaca, Ladies Looking-Glafs, Rape Craw-
Sfoot, &c. Coded Arfinat hath no Chives, but ftand upon a large Bafe.

Their Number are alfo different, in great Celandine, Rofe, Rape-Crow-
foot they are numerous ; in great Plantain, and fome other Herbs, much

f2 . more
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more confpicuous than the Foliature icfelf. In Germander Chickweed, they
are always two, and no more 3 in fome they follow the Number of the
1eaves, efpecially in the Number five 5 as in Blattaria, black Henbane, &c,
In Stiehwort and Lychnis fjlueftris they are ten, jult double to the Number
of Leaves,

Their Shape is different, and always very elegant, with great Variety.
In Borage, like the Point of a Spear; in Blataria, like an Horfe-thoe; in
Clematis like a Spatula, wherewith Apothecaries make their Mixtures : In
Mallow like a Head-roll ; in Hyfep they have one Cleft before, in Blattaria
one round about ; in Water Betony one at the Top ; in Scabious they have
a double Cleft, one on each Side,

In Colocynthis the Farina is not contained in feveral Thace or Apices
ftanding 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.

Bur where the Seeds are contained in the Apices, a Stilus or little Column
flands upon the Top of the true Seed-Cafe, which is alfo regularly and va-
rioully figured. [In Binmd-weed it hath a round Head hke that of a great
Pin. In the common Bell, St Fobnwort, &c. it is divided into three Parts. In
Gerarium into fives; in Afarum into fix, fometimes the Head is fmooth,
and in others it is befet with little Thorns, as in Hyofeyamus,

The Piftil is a little upright Part in the Middle of the Calx, or the
Leaves of Flewers, called alfo the Style.

It is 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; in fome it is a little
Stalk, which enlarges at the two Ends, in others a mere Stamen or Thread,
fometimes it is round, fometimes fquare, triangular, oval, &,

Almoft all Piftils 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 Caplulz containing Seeds.

Whatever Form the Piftils are in, they have certain Apertures at their
Tops, or Clefts, continued their whole Length, to the Bafe or Embrio of
the Fruit.

The Seed Veflels confifts fometimes of two, and for the moft part of
three
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three Picces ; for which Reafon they are called Suits, as at abed :
¥ig, 537, ’

The outer Part of each Suit, according to Grew, is its Floret, whofe
Body or Tube is divided at the Top (like 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 Mugwort, Tanfie, &c. Upen the Expanfion of the Flo-
ret, the next Part ¢, of the Suit begins to appear from within its Tube, which
may be called the Sheath (with refpeét 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,
about which appears little Globules.

In fome Flowers every one of the before-mention’d Florets is encompafled
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. 530. which fhews one of
the Suits thereof as it appeared in the Microfeope, 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 Floret is generally cylindrical, but fometimes {quare, as in
French Marigold, at a, Fig. 531. and the Leaves thercof, which for the moft
part are fmooth, in the fame Flower are all over hairy. The middlemoft
of the three Parts or Sheath b, 1s ufually faftned to the Top, or elfe 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 to the Blade, as in common Marigold 3
and in the French Marigold, as at Fig. 532. and others, upon little flender
Stalks. Thefe, as the Blade fprings up from within the Shearh, are rubbed
off and ftands like a Powder upon them both. In fome, as in Chicory, they
feem to grow within-fide the Sheath, as will appear if it be {plit * with a {mall
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 curl outwards after
the Manner of Scorpion Grafs,

This Defcription agrees principally to the corimbiferous Kind, as Tarfy,
Camomile, &F¢. but in Scorzonera, Chicory, ¥ig. 533. Hawk-weed, Moufe-car,
and all the intibous Kind, with many more, The Piftil is feparated from the
Foliature, {o as to ftand alone therein, every Leaf a b c of the Flower having
a Piftil of its own ; for which Reafon the Bafe of each Leaf is formed into
a litele Tube a, Fig. 533. that inclofes the Piftil, which commonly conlifts of

* Grew An, Plants, p. 170.
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a 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 fuli of thofe globular Particles before-mention’d.

The Time in which the Flower is generated, is hardly any where, if at all
. taken 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 perfeétly fi-
nifhed 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 actually in Being and mtire
in all their Parts the Year before. The Flower of Aezeron, which opens
in Yanuary, is intirely formed about the Middle of Auguft in the foregoing
Year 3 at which Time, if the green Leaves of the Bud be carefully removed,
the Leaves of the Flower and Seed-like Attire, encompafiing the Seed-
Cafe, may be diftinétly feen when placed before the Microfcope.

In order to obferve the mealy Powder or Farina, let it be gathered in
the midft of a Sun-thiny Day when all the Dew is off, fhake, or elle gently
brufh it off with a foft Hair-Pencil upon a clean Piece of white Paper ; then
breathe upon a fingle Talc, and inftantly apply it to the Farina, which will
adhere to it. If too great a Quantity of Powder 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 it in a Slider as before directed. !

But I would here advife the Curious not to neglect an Examination of
the litcle Cells that contain the Farina, and alfo of the Piftils and Uteri,
and other Parts of Generation of the Flowers.

Fig. 534, reprefents the Flower of St. Johnwort a little magnified, in
which may be feen the Stamina and their Apices furrounding the Seed-Cafe.
Fig. 529, is one of the Apices more magpnified.

Fig. 530, reprefents one Suit of golden Rod Flower, confilting of 2
Seed-Cafe A, and a Stamina e, one of which is feen by itfelf at F.

Fig. 531, thews one of the Suits of French Marigold, or Flos Africanus
magnified, 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, conﬁ[ﬂing alfo of
three Pieces, of which there are about 8o in one Flower.

'Fig, 536, exhibits one Suit of Knapweed magpified, confifting of three
Pieces, ab is the Seed-Cafe, at the Bottom of every Suit,

Fig. 537, is a microfcopick Reprefentation of one of the Suits of a Ma-
rigold, of which there are about 40 in one Flower.

Fig. 533, reprefents the Piftil and Blade, proper to each Leaf in the
Flower of Chicory. '

Fig. 538, reprefents one of the Flowers in the Bud of Mezeron pt}rfc&g

orm
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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 Thecz and the Uterus,

CH'A P X1..
Of the Fruit of an Apple, Lemon, Cucumber, and
| Pear.

o A B AR 1

TI—IE 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
Contftitutions and Tinctures of thofe Parts, the feveral Varieties in Fruits
proceed., '

An Apple confifts of a Skin, Parenchyma, Veflels 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
{mall and fpherical (as may be plainly feen when viewed through the M-
crofcope,) here they are oblong and very large, in Proportion to the Size
and Tendernefs of the Frusf, being all uniformly ftretched out by the arch-
ing of the Veflels, from the Core towards the Circumference of the Apple.

The Veflels, as in the other Parts of a Plant, are fucciforous, and for Air,
both the Branches of the former and the fingle Veffels of the latter are ex-
tremely {mall, running every where together ; not collateral, as Veins and
Arteries do in Animals, but the latter theathed in the former.

They are diftributed into twenty principal 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 ftrait
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 laft the Seeds hang. '

All thefe main Branches meet together at the Top of the 4pple, 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 'I‘hr.f:m-]s,i
' ; anc
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and thefe wove up into larger Bladders. Thofe little Cells which contain
the effential Oil of the Fruit, 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, anfwerable to the Pith in the Trunk or Root
of the Z7ee ; and are a confpicuous Demonftration of the Communication
between the Bark and Pisb. -

Throughout this Parenchyma the Veflels are difperfed, but the chief
Branches ftand 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 diftin& Bodies, every one
of them being an entire Bag ; in every one of which the third Parenchyma
is contained 3 which is alfo a Clufter of other leffer Bags, all disjoined from
one another, each having their diftinct Stalks of feveral Lengehs, by which
they are all faftned to the utmoft Side of the great Bag wherein they are
contained. Within thefe leffer 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
tranfver(ly 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 Veffels, in ten or
E}velve very large Branches, each of which embofoms another of Air

effels, .

The middle Parenchyma is derived from the Pith, and divided into
three triangular Columns, within which are a diftiné Sort of Sap Veffels,
whence feveral fmall and fhort Fibres fhoot into the inmoft Parenchyma,
whereupon the Seeds do hang.

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 reinferted ; 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 Veflels,

2 fariareogus,
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tartareous Knots, or Grains, and a Core; the Skin when viewed in the Mi-
crofcope, 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 Microfcape.

The outer Parenchyma is of the fame Original and general Structure as
in an Apple, but the Bladders not altogether fo long with refpect to their
Breadth.

The Bladders here have alfo a different Pofition from that they have in
an Apple, being in thac all ftretcched out towards one common Center,
which is 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 Peffe/s for Sap and Air are likewife
difperfed into fifteen principal Branches. = The five utmoft make as many
Arches, but commonly not o deep as in an Apple ; from thefe fome fmall
Fibres are difperfed throughout the Pdrenchyma, 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, confitting of fmall roundith
Bladders, anfwerable to that of the Pith, from which it feems to be
derived.

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 eipecially
towards the Cork, they are almoft as hard as a Plumb-Stone.

On cucting a Pear lengthwife, through its Center, thefe tartareous Grains
will be apparent. :

At the Bottom of the Core in maft Pears, and a little below the Center
of the Fruit, is a Kind of umbelical Knot ; from whence extends a treight
Channel, which opens at the Middle of the Cork or Stool of the Flower,
fcarce wide enough to admit the fmalleft Pin.

10 5 ek it
Of a Plumb, and [ome other Fruits of the [ame Kind.

Plumé confifts of a Parenchyma, the two general Kind of Veflels, and

a Stone ; and in Proportion to the Bulk of the Fruit, hath more Vel

fels than an Apple or Pear. =~ Alfo in Plymbs, all thefe Veflels are braced to-

gether into one uniform Piece of Net-Hork, every where terminating at an
uval Diftance from the Circumierence, the Skin is fibrous and tough.

The Stone is compofed of two, or rather three diftinét Parts, one of them

the Lining, taking its Rife from the Parenchyma, which the Seed Branch
G o brings

o
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brings along with it, through the Channel in the Side, and at laft into the
Ho!low of the Stone, and is there {pread all over it,

The Foundation or Ground of the outer and more bulky Parr 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 ot the fame Fruit together ; on the gurface of
many Stones, fome of the faid tarrareous Parrs appear in diftin@ Grains,

An Adpricock is of the Plumb Kind, but fome Things are herein better
obferved, as firlt 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 exactly to the Center of the Store, CONveying
thereto the feculent Sap,. in fo many little Screams. This is beft feen whien
the Fruit is full ripe.

The gradual Tranfmutation of the inner Part of the Parenchyma into a
Stone, 1s allo more apparent in this Fruit, and fo are the three Coats
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 Vefiels run {fo numeroufly through the Body of it; and
fo caufe a more copious Perfpiration of the Leées therein.

A Cherry 1s likewife nearly related to a Plumb, bur the Bracement or Re-
ticulation of the Veflels, 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 Nuz, at the Center of the Shell; by which
Means they are invefted with a more fair Parenchyma.

S e 7. HE
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
Sfones;, and the fmaller Fibres, and make only one fingle Nez; near the
Circumference they all meet together at the Top of the Grape. 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.
CHAPF.
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CHAP XLL
The Anatomical Preparation of Vegetables.

Hofe Leaves of Plants are only fit for this Purpofe, whofe internal

Struéture is compofed 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, Oaks,
Ivy, &c.

There are feveral other that have no woody Iibres or Veins, but thefe
diffolve without feparating, as thofe of ¥ines, and Lime-Trees.

The Leaves are to be gather’d * in Fune, or Fuly, when they are full
grown, and have not been damaged by Worms, or Caterpillars y put 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 muflt be pour’din. In about a Month’s Time, fome of
the Leaves will begin to putrify, but the others muft be kept two Months
longer. ‘When the two external Membranes begin to feparate, and the
green Subflance 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
Difh, filled with clear Water; then upon gently fqueezing it with
the Finger, it will open on ome Side, and the green Subftance will
Tun out ; immediately on that the two outer Membranes muft be ftripp’d
off, chiefly 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 Peary, that are foft and not ftony, are ficteft for
this Purpofe ; firlt pare them nicely, without fqueezing them, taking Care
not to hurt the Stalk or Crown ; then put them into a Pot of Rain or frefh
fpring Water, cover it and let them boil gently, till they become thmughljr
foft; then take them out, and put them into a Bafon of cold Water, then
take 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 Pulp, feparates fram the Fibres,
which being tendereft near the Extremities, there the greateft Care muft be

* Phii. Tranf. No. 416 .
Goa ! 3l taken,
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taken. No Inftrument is of Ule 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, Hipg away the muddy Water from Time to T ime,
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, muflt be boiled with-
out paring, till they grow 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,

C.H AP XN
To preferve the Specimens of Plants.

Repare two Iron Plates as large as the Specimens you intend to preferve,

let them be pretty thick, and very fmooth on one Side, with Holes

for Screws at each Corner ; then take your Flowers, Leaves, &c. when full
ripe, and of their true Colour, fpread them on a brown Paper, with the
Leaves as diftin¢t 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 fo 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 Aqua 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 Hours will be diffolved in a Pint of
Water, and with a Bruth rub the Back-fides of the Leaves and Flowers to

make them flick ; then lay them in your Paper-Book, and they will always
look frefh. *

CCHEATE S LT
Of Charcoal, or burnt Vegetables.

C}farrmf, or a Vegetable burnt black, affords an Obje& no lefs pleafant
than inftruétive; for if a fmall Piece of Charcoal be fuddenly broke, it
will appear to have a very fmooth Surface, but if examined by the Micro-
[feope, 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 thefe
[0 exceeding fmall, and fo clofe to each other, that but a very little Space is.

* Phil. Tranf. No. 227. f-
le
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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 lon
were no lefs than 2700 Pores, and in a circular Area, or of a Stick of an
Inch Diameter, aré 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 {maller
than thofe of foft light Wood ; fo prodigioufly curious are the Contrivances,
Pipes or Sluices, thro” which the Juice of Pegetabies are conveyed,

- To prepare or make Charcoal of any Kind of Waod,
i 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,
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,

CeHa AP XLV,
Of the Texture of Cork.

I F 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 litcle folid Subltance in Proportion to the empty Cavity, as is mani-
feft on a Sight of Fig. 540. Thefe Pores are not very deep, but confift
of many little Cells, feparated out of one continued long Pore, by certain
> Diaphragms, 1 vifible in Fig. B, which reprefents them fplit the long ways :
Hence the Microfeope informs us, that the Lightnefs of Cork proceeds from
its being a very {mall 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’ left on it
never fo long ; and why it is able ‘to confine Air in a Bottle, tho’ conli-

* Hook's Myc. p. 101, T Bid. 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
firft, the Microfcope hath informed us that the Subftance of Cork is filled
with Air, and that this Air is perfectly inclofed in lictle Boxes or Cells di-
ftinct from each «ather : This therefore makes it very plain, that neither
Water nor any other Air can eaflily infinuate itfelf into them, their being;
already within them an intus exiffens 3 * for this Reafon Pieces of Cork are
good Floats for Nets and Stopples for Vials, &c. and is capable of being
comprefied into a twentieth Part of its ufual Dimenfions, and to reftore it-
feIf to its former State by means of the included Air in the before-abferved
conftituent 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 v Part of an Iach 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 Demonttration. If you cut off a Piece from a Board
of Cork tranfverfly to the Flat of it, you will as it were fplit the Pores,
which will appear juft 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 exprefled in Fig. A.

C.H AP, X1V,

0 O RO

Of aPlant growing on the blighted, or yellow Specks
of Damask-rofe Leaves, Brawble 1.eaves, &c.

T is obiervable that in the Months of Faune, Fuly, Augu?, and Septems-

ber, that many of the green Leaves of Rofes begin to dry and grow yel-
low, but efpecially the l.eaves of the old Shrubs of Damajk-Rofes, are all
fpotted with yellow Stains, and the Under-fides juft 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 Microfeape, Multitudes of little black Bodies like Seed-cods were per-
cewved to {pring out of feveral fmall yeliow Koobs, and to be faltned to
thefe Knobs by a fmall Straw-coloured and tranfparent Stem, many of thofe
Hillocks 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 jult out, with very little or no Stalk ; in others, as at C, the Stalks

® Hook. Mi: p. 113. - A
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lainly appear ; in others, and at D, thofe Stems were grown bigger and
Ergfr; and in others, as EF, &F¢. thofe Srems and Cods were grown a
great deal bigger, and the Stalks more bulky about the Root, and very
much tapered towards the Top: As they increafed in Bulk th ey began to
turn their Tops towards their Roots, in the fame Manner as that of Mofs
1s obferved to do. The whole Square of this Figure reprefents a finall Part
of a Rofe-Leaf 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 2 confpicuous black Spot or
Scab on the Backfide of the Leaf,

=85 s M0 B A 1 &

Of Mouldinefs, or the Principals of Vegetation ari-
Sng from Putrifaction.

R. Leeuwenhoek obferved, that Mouldinefs on Skin, Flefh, or other
Things, fhoots up firft with a ftreight tranfparent Stalk, in which a
giobular 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
or at 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 eaves, *
The blue, white, and feveral Kinds of hairy mouldy Spots that are ob-
fervable on divers Kinds of putrify’d Bodies, whether amimal or vegetable
Subftances, fuch as the Skin, raw or arefs’d Flefb, Blood, Humours, Milk,
Cheefe, &c. or rotten fappy Wood, Herbs, Leaves, Barks, Roots, &c. are a
kind of fmall but variouily figured Mufbrooms 5 a Specimen of which is
reprefented 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 Sheep’s Skin. Thefe Spots appeared through the
Microfcope to be a very pretty fhaped vegetative Body, which fhot out
Multitudes of long and flender cylindrical Stalks, not exatly ftreight, but
bent with the Weight of a round white Knob growing upon the Top of
each as at AA A ; others a Jittle oblong as at B, others a little broken as ar
C, and others that were burft afunder forming a kind of Blofloms with

Jeaves as at D,
® Phi. Trauf. No. 4.
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Of Mofs, &c.

0SS is a Plant no lefs worthy a microfcopick Confideration than
- the moft elegant 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. furnithed 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 creafed or fluted ; on the Sides
of this are clofe and thickly fet a Multitude of well fhaped Leaves, fome of
them of a roundifh, othersof a longer Shape ; all the Surface on each Side
the Leaf is curioully cover’d with a Multitude of little oblong tranfparent
Bodies, as at D, Fig, 546. From the Tops of the Leaves proceeds a trani-
parent Hair or Thorn : The Stem fhoots out into a long round Stalk, which
on cutting is found to be hollow 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 fwells, the Skin cleaves, and at laft falls off together with its
thorny Top, leaving the Seed-Cafe to ripen, and fcatter its Seed, at a Place
underneath this Cap B, which before the Seed is ripe appears like,a fluted
Metal Button, without any Hole in the Middle ; 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 as 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 Cafc was found another fmall round Cafe, the In~
terltices between the two Cafes being filled with Multitudes of ftringy 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, Woed, Bones, Leatber, 8c. '
This fmall Vegetable 1s wanting in nothing of the Perfetions of the
moft confpicuous and vaftelt 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 M/ 3 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 Mofi; and by comparing
the Bulk of the latter to that of the biggeft Vegetable (fome Trees being,
as we are informed, near 20 Foot in Diameter in Guinea and Brazil) whereas
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Of Sponge. 233
the Body or Stem of Mufs 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 5 and fuppofing the Produftion of the Rofe-Leaf to be
a Plant, thofe /ndian Plants will exceed it rooo Times the former Number,
fo prodigioufly various are the Works of the Creator, and fo all-fufficient is
be in his Performance of Things which to Maz would feem impofible.

I o
Of Sponge.

HE Microfcope hath thewn us, that Sponge s 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 Matfhes likewife of this reticulated Body are alfo various, {ome
bilateral, others trilateral, and quadrilateral F igures, ¢,

< TR R T
Of the Beard of a wild Oat.

HE Beard of a wild Oar is a Body of a very curious Structure ; it

grows out of the Side of the inner Hufk that covers the Grain of a
wild Oaz. 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
its under Part is wreathed and very brittle,

If you take one of thefe Grains and wet the Beard in Water, the fmall
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 thews
Part of the Beard at the Knee or Bend, Its whole Surface is adorned with
lictle 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 fer wich fmall Briftles ; in the wreathed Part was two
very conipicuous Channels which feemed to divide the wreathed Cylinder
‘nto two Parts, a bigger and a lefs, the biggeft at the convex Side of the

- H h , Knee ;



134, Of Salts.
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 Confhitutions in the Muiﬁurc and Drynefs of the
Air; and this it does to Admiration.

L H. AP "RI.VE
S .6 Pk
Of Salts.

N DER the Denomination of Salz, 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 diftinét Sorts which
generally pafs under this Name, the fixed, wvolatile, and the effential : The
fixed 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 ; for that will not rife in Vapours, The wolatile is
what eafily paffes over the Helm, as the Salts of Animals. The ¢ffential
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
effendal, bhaving no Force ufed in its Production,
If there be in a ftrict Senfe any fuch Thing as a Principal, Salt is fo,
but then it muft be termed fofil Sait, or §al Gemma ; for this not only ap-

pears to be the plain Produttion 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

{ubterraneous Currents ; thence by the Sun it is in fome meafure exhaled by

Vapours ; from whence it again returns, in Ssew, 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 Produttions, as Food and Nourith- :

ment which the Creation {upplies,

5 oo &L
To extralt vegetable Salts.

URN any Sort of Her, Flower, Fruit, Wood, or whatever it be, and
A ) make Afhes thereof ; with the Afhes and pure Water in its patural
Pemper, make Lee; which afterwards ftrain through moift Paper or a

* If the Reader is defirous of one of thefe Hygrometers, he may be furnithed with them at

my Shop, &.. 2
Filter,
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Filter, {o that it may become as clear as poffible ; then put the Lee into
Glafs Veffel, and let it remain in Balneo Marie, until a great Part of it
evaporates ; the Quantity of Water is not determined, generally five Pounds
of Water will extraét all the Salt from two Pounds of Afhes s Salts extraét-
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 5 and if it happens that
the Afhes are made to your Hand, you may mix them with Sulphur, 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.
T'here is no general Rules for the Quantity of Sulphur to be put into the
Materials you thus burn, but at a Guefs, to 100 Pounds of Material, 4 or
5 Ounces of Sulphur is ufually fufficient. ~ 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 notwithftanding fome Sorts of
Salts are obferved to have 2, 3, and 4 Sorts of Figures, Two Sorts have been
feen'in Lettice, in the Scorzoneras, 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 Zines 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 amongift all
Salts, of what Figure foever, there are found fome cubical, which though
they be never {o often diffolved and congealed, appear ftill of a cubical Fi-
gure, or inclining to it. To make the Bodies of the Salts when they con-
geal, remain diftint from each other, 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 Veffel ; if the Lees are left too weak, the Salts require a very long Time
to congeal, and therefore it is requifite to ufe fuch Diligence as is not to be
gained without long Practice,

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. _

The Method herein ufed is this, diffolve the faline Body in Water, after
which filter the Solution, which being evaporated until a little Film appears
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,

Hho2 S EcCT,
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Of the Figures of Salts.

IT is generally agreed, that all Bodies have their Salfs, which produce
many furprifing Changes, by their different Configurations and Impref-
fions, both 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 {carce any Thing in Nature can entertain the =

Eye more agreeably than thefe do, when it is affilted with a good M:-
crofeope.

In common Salt, we plainly difcover guadrilateral Pyramids with {quare
Bafes. In Sugar, the fame Pyramids with oblong and rectangular Bafes.
In Allum, they rife with fix Sides, fupported with an hexagonal Bafe. The
Cryltals of Witriels, refemble Icicles, united one to another with great Va-
riety, among which lie fome Polygons, Sal-Armoniack very elegantly imi-
tates the Branches of a Tree ; and Hart’s-Horn looks like a Quiver of Ar-
rows 3 Glauber’s Sal Mirabilis, which is made of common Sa/t and Vilriol,
exhibits the Figure of both Salts. Nitre appears in certain prifmatick Co-
lumns, not much unlike Bundles of Sticks ; among which there are inters
fpers’d fome of a Rhomboidal, and Pentagonal Figure, which feem to
come very near thofe of common Salt. Hence Lemery very juftly remarked,
that Nitre could not be purified by any Art or Contrivance whatfoever,
but fomething of a Sal Gem, or foffil Salt, would ftick to it ; but Salt of
Zin out-does all for Beauty, in which are Lines like little Needles, that
fpread themfelves every where from a Point, as from a Center, {o 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 fo divided and
reduced into minute Particles, yet when they are formed into Cryftals, they
cach of them re-affume their proper Shape ; fo that they may be as eafily
divefted and deprived of their Saltnefs, as of their Figure. Whence by
knowing the Figure of the Cryftals, we may underftand what the Texture
of the Particles ought to be, which can form thefe Cryffals. And by know-
ing the Texture of the Particles, we may determine the Figures of the Cry-

ftals. For fince the Figures of the moft fimple Parts remain always the

fame, ’tis evident the Figures which they run into, when compounded and
upited, muft be uniform and conftant.

_ Effential Salts are made by expreffing the Juice of any Plant, and fetting
it in 2 Cellar to fhoot; which fome do in fmall Quantities, ,

Fixed
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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 ; where keep it, continually ftirring the Athes without any Black-
nefs. Then put them into a clean Pan, and pour hot Water upon them
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 Metals or Minerals are to be come at, by quenching them,
when red hot in 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 Vitriol affords Cryftals, which are made up of ten unequal fided
Planes, the Middle-moft are Pentagons, and each of its fharp Ends triangu=
lar Planes ; as at Fig, 5409.

The Cryftals of our Inland Sa/t Springs are of 2 cubical Figure, as at
Fig. 550.

%ﬁgfﬁrre fhoots into long Cryftals, whofe Sides are fix Parallelograms ;
as at big. 551,

It has been already mentioned, that Vinegar owes its Pungency to the
Salts which float thercin ; 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 Object-car-
rying Glafs R, that its watery Parts may evaporate ; then apply 1t to the
Micrafcope,

The Salts of Suger candy’d, are reprefented at Fig. 553. The Salis of
Nitre are feen at Fig, 554.  The Salts of Camphire, at Fig. 555.  Sal Gem
is reprefented at Fig. 556. and Sal Armoniack at Fig, 5 57

It is beft to examine all Salts in the fmalleft Mafles, for in them their
Shape will be beft difcovered.

G ST AT X)L VL.

4 S Eoar. ok
On [lriking 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 vanifh. Mr. Hoot 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 Steel, as at Fig. 558.
and ftrongly reflefted the Image of the Window, and of a Stick which he
moved up and down between the Light and it.  Others were, as to their
Bulk, pretty round, but their Surface not fo fmooth ; fome were cracked,
as Fig. 559, others broke in two, and hollow, as Fig. 561. {everal 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, othersare only the Slivers melted into Balls, without Vitrification, *
and the third Kind are only {mall 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 fimooth 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, &c. Mr. Hook trying lgfcrai
magnifying Glaffes, by viewing a Parcel of white Sana, calually hit upon
onc of the Grains, which was exaltly fhaped and wreathed like a Shell,
which he feparated from the reft of the Granules, and found it to appear to
the naked Eye no bigger than a Pin’s Point, but when viewed in the M-
crofiope, it appear’d as in Fig. 562. refembling the Shell of a {mall Water
Snail ; - ithad twelve Wreathings, growing all proportionably one lefs than
the other, towards the Middle or Center of the Shell, where there was a
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 Infects and Vegetables, fo fmall as to have had no Names;
fo likewife by this, we find there are alfo exceeding fmall, or rather minute
Shell-fith. Nature, by the Affiftance of the Microfcope, having fhewn to
us her Curiofities, in every Tribe of Animals, Vegetables, and Minerals.

O E e 1L
Of [mall Diamonds or Sparks in Flint.

A Flint Stone being broke in Pieces, the infide Cavity of it appear’d to

be crufted all over with a pretty candid Subftance, reflecting the Light
from fome of its Parts very vividly ; but on examining it with the Micro-
Jeope, the whole Surface of that Cavity could be perceived to be befet with

® Hook's Micr, po4ge  + dhid. . 80, 7
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a Multitude of little cryftalline or adamantine Bodies, curioufly fhaped, as
at B, Fig. 563. and afforded a very agreeable Objeét.

An Atom, or Globule of Quickfilver, when placed before the Microlcope,
feems like a convex Mirrour, in which may be feen all the circumambient
Bodies ; as the Windows, Trees, and Furniture, &,

& cEgupy AL
Of Mercurial Powders, &c.

IN thofe chymical Preparations of Mercury, which is called Turdith Mi-

neral, Mercurius Vite, Dulcis, Sublimate, Precipitate, and Mercury Cofine-
tical, Calomel, and all other mercurial Powders, are found, when examined
by the Microfcope, to be full of minute Globules of crude and unalter’d Mer-
cury ; 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.

a1 = XTI
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 {ix Points, and

are as perfet and tranfparent Ire* as any we fee on a Pool of Water ; at each
of thefe fix Points are fet other collateral Points, and thefe always at the
fame Angles with the principal Points them{elves ; that amongft thefe, many
others alke 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 Mafies ; from all
which, Swew 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 defcend ; in which Defcent, meeting with a freezing Wind, or at
leaft paffing through a colder Region of the Air, each Drop 1s immediately
frozen into an Icicle, thooting itfelf into Points or Ieicles 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 4
hence we underftand why Snow, tho’ it feems to be foft, is really hard, be-

® Philof. Tranf: No. gz.
caufe
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caufe it is a real Jee, whofe infeparable Property is to be hard, its Softnefs
being only apparent.  The firft Touch of the Finger upon any of its tharp
Fdees or Points inftantly thaws them, otherwife they would pierce the Fin-
gers like fo many Lancets; and hence alfo why Swow, tho’ a real Ire, and
{5 denfe and hard a Body is notwithftanding very light, which is the extream
Thinnels of each Icicle in refpect 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 tranfparent 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. :

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 magni-
fied like Fig. 565. neither round nor flar, but very irregular, 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 Scratches ; 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 fee of their Shape, the lefs Appearance will there be of their
Beauty ; whereas in the Works of Nature, the deepeft Difcoveries fhew us
the greateft Excellencies ; for in the Sting of a Gnat, or a Bee, the Probofcis
of a Butterfly, or Flea, they appear, when examined by the Microfcope, to
be formed with the moft furprifing Beauty, exquifite Workmanthip, and
an exact Regularity of, and Likenefs in Parts is preferved in each Parti-
cular of every Species 5 an evident Argument, that he who was, and is the
Author 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.

Fig. 566. reprefentsa very fmall Dot, Tittle, or Point, that is generally
the Mark of a full Stop or Period. Amongft Multitudes that were obferved
by the Microfcape, few could be found fo round and even as this here deli-
neated, 1+ but when greatly magnified, it appear’d to be rough, jagged,
and uncven 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 and
Floles 5 and their printed Impreffions, but like fmutty Daubings on a Mat,

¥ Hook's Micr. p. 2. + bid. p. 2.
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or uneven Floor, made with a blunt extinguithed Brand. Several Pieces
of fmall Writing, reckoned very curious of their Kind, one of which in the
Breadth of a Silver T'wo-pence, compriz’d the Lord’s Prayer, the Apofiles
Creed, the Ten Commandments, and about fix Verfes befides out of the Bidle,
being examined by the Microfcope, thew’d what the Writer had afferted was
true, but withal difcovered it to be compofed of as fhapelefs, barbarous, and
uncouth Letters, as if written in Arabian and Chinefe Characters.

A Part of the Edge of a very keen Razor was {o 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 ac
others, broader and thicker at others, and unequal and rugged ; that Part of
the Edge which is polithed by the Hone, appear’d to be prodigioully full
of Scratches, croffing each other every Way ; befides it had feveral dee
Furrows. That Part of the Razor which was polithed upon the Wheel, look-
ed almoft as rough as a plowed Field. *

Mr. Leeusvenboek caufed himfelf to be fhaved with the fharpeft 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 Microfcope, he found in it many more Notches

.than at firlt. In another he found little Holes in fix feveral Places near the
Edge. He wathed 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 whence 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 {e-
veral Notches there are in the fineft Razor, itis furprifing how any of them
can cut fo well. + _

Fig. 568. reprefents a Piece of exceeding fine Lawn, as it appear’d thro’
the Microfcope, which from the great Diltances between its Threads, ap-
pears like a Lattice, and the Threads themfelves feem coarfer than Rope-
Yarn.

Fig. 56g. exhibits a microfcopick Appearance of a very fine Piece of
Ribband, being not much unlike that Subftance of which Dogr-Mats are
made. If the Silk be white, each T hread appears like a Bundle or Wreath
of tran{parent Cylinders ; if colour’d, they appear curioufly tingid, each of
which affording in fome Part or other a vivid Refleétion, in fo much, that
the Refle¢tion 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 ob-
ferving with a Microfcope, for which Reafon I fhall conclude here 5 the

* Hool's Micr. p. 4. + Phil, Tranf. No.273. P
i ro-
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Produé@ions of At being fuch rude mithapen Things, that when viewed
with that Inftrument, we can obferve very little in them but their Déeformity.
The moft curious Carvings, appear no better than thofe rude Raffian Ima-
ges mentioned by Purchas 3 where three Notches at the End of a Stick ftood
for a Face : And the moft fimooth and polithed Surfaces that we can pof-
fibly meet with, appear roughand uneven. T herefore why fhould we endea-
vour to find Beauries in Things which were defigned for no higher a Ufe
than to be viewed by our naked Eye? But only that we may f{ee the De-
fefls of human Art, when compared to thofe of Nature, in whofe Forms
there are fomething fo furprizingly fmall and curious, 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 Excellencies and My-
fteries appear ; and the more we are enabled to difcover the Weaknefs of
our own Senfes, as well as the Omnipotency and infinite Perfections of the
Great CREATOR,
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Mathematical, Philofophical, and Optical
INSTRUMENTS,

As Made and Sold by

"B EDRIE A D.AMS

eAt Tycho Brahe's Head, inFleet-Street, London.

¥6:0% 4 HE Study of the Mathematicks is now fo generally efteemed,
% T %< as to become a neceffary Partof almoft every Gentleman’s Edu-
78, % cation. Nor need we wonder at the great Progrefs, which this

R

8 giience has, of Jate Years, made in moft Parts of Europe 5 fince
it contains fuch an inexhauftible Fund of ufeful Knowledge, as is {uffi-
cient to gratify almoft every Tafte, and employ every Talent.. The neo-
bleft Genius may, in the Purfuit of it, exert his utmoft Faculties ; and the
meaneft will not fail of finding fomething that 1s 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, I bave fubjoined an extenfive CaTavrocuk, of the greateft
Part of Mathematical, Philofophical, and Optical Inftruments, that are now
in Ufe among the moft judicious and learned Men throughout Europe.
Mathematical Infiruments are the Means by which thofe noble Sciences,
Geometry and Philofophy, are render’d ufeful in the Affairs of Life. By
their Afiiftance an abftracted and unprofitable Speculation, is made benefi-
cial in a thoufand Inftances : Ina Word, they enable us to comnelf Theory
with Praftice, and fo turn what was only bare Contemplation, into the moft

fubftantial Ufes.

o
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The Knowledge of thefe leads to that of prafical MATHEM AT ICKS, and
experimental Puirosoruy 3 fo that the Ufes of mathematical and philo-
miahira] Inftruments, make perhaps one of the molt ferviceable Branches
of Learning in the whole World ; and the natural Way, thercfore, of ren-
dering this Knowledge general and diffufive, is by making that of its In-
Pruments fo. | :

As praftical Mathematicks, and experimental Philofophy, teach us the
Powwers of Nature, the Properties of natural Bodies, and cheir mutual Aétions
on one another: This Knowledge cannot be attained wichout Inftru-
ments, and the Conclufions and Proofs we expect from it, depend very
much upon their Exaftnefs. In order therefore to give a {ufficient
Satisfacign to thofe Gentlemen who have honour’d me with their Cuftom,
it hath always been my particular and greateft Aim to produce fuch Jn-
frruments as might facilitate the Progrefs of Mathematical and Philofophical
Learning, which Motive hath been, and flill is as prefling with me as that
of Interefi. For,

In the Conftruétion of all the Machines I have ever made, my firft and
greateft Care hath been to procure good Models and Drawings ,
{feveral of them I have imvitated from the bef Authors, as well Foreigners,
as thofe of our own Country; 1 have alter’d and improved others, and have
added many new ones of my ewn Invention. And,

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 Neatnefs may render them
not unworthy of a Place in the Cabinets of the Curious.

2. That their Exaffnefs may be particularly attended to, I always infpect
and direc the feveral Pieces myfelf, fee them all combined in my own
Houfe, and finith the moft curious Parts thereof with my own Hands,

3. To the End that their Conftruftion may be as fimple and fubftantial as
the Ufes of the Inftruments will admit ; it is my conftant Study to contrive
them in fuch a Manner that they may be managed with the greateft Eafe.

4. I alfo have Refpet to their being made applicable to feveral Opera-
tions, efpecially when the Extent of their Ufe does not prejudice their Sim-
plicity, to the End that Inftruments 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 Inftrument, fo that if a Gentleman is defirous of any one or more of
them, and is at any Diftance from Lonpon, he need only fend me the
Numbers adjoining to thofe he intends to ptirchafe, and he fhall be ferved
with Fidelity, and at the loweft Prices.

Infiruments




Mathemdtical Lnftruments, &c. 245

Inflruments for Geometry, Drawing, &c.

Vﬂrict}r of Pocket Cafes of Drawing Infiruments, in Silver, Brafs, &e.
Containing,

1 Plain Compaffes for meafuring Lines, &c.

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 protra&ting Pin.

4 A Sefior for finding Proportions between Quantities of the fame Kind,
as between Lines and Lines, Surfaces and Surfaces, &¢. either of
Box, lvory, Brafs, Silver, &¢,

5 Plain Scales, or,

6 A fquare Protrafior, or : :

. Pa{iti?;ﬁﬂ fe:ﬁfhiéh i al. ¢ cither of Box, Ivory, Brafs, Silver, e,
{fo a Protrattor, &c.

8 A Semicircle Protraftor 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 fiall as a Pin’s
Head may be defcribed.

In a Magazine Cafe of Drawing Infiruments, 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 Compaffes, for drawing larger Circles, and taking larger
Extents, ;

14 A Pair of Proportionable Compaffes, for the ready diminifhing Plans or
Drawings, in any afligned Proportion,

15 A 12 Inch Braf; Seftor, of a peculiar Make.’ )

85 A Dair ol THiavsulr { Compafes for transferring three or four Points

: at once, from a Map or any Drawing to
8 Pwan,off Quavrangulap another to be copied.

18 A Pair of Compalfes, with two Pair of Points, whofe thorter Legs are
at all Openings always half the Diftance of the longer ones.

19 A Pair of Plat Compalffes for meafuring Charts, i
2 o 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 protra&ing Pin,

a1 Elliptical Compalfes 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 Protraéler,

24 Plain and Parallel Rulers, of feveral Sizes.

28 Bortles and Shells of Water Colours.

29 lvery Pallates for Indian Ink and Colours.

30 A Pointrel and Feeder.

21 A Pair of Gunuers Callippers.

32 A Recipient Angle for meafuring the external and internal Angles of
Fortifications, Buildings, £¢.

33 Dialling Scales, 8c.

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 their proper Sec-
tions, defign’d on Purpofe for the Eafe of thofe Perfons, who would
inform themfelves demonftratively in the Practice of Perfpedive,
Menfuration, Sphericks, &c.

35 The five regular Solids, or Platonick Bodies cut in Wood,

36 A Gylinder bifected. '

37 A Cone with all its proper Sections,

Rules of all Sorts,

For Meafuring of Timber, Stone, Painting, Brick-work, Plaifter-
ing, Glazing, Gauging, &c. Viz.

38 MArpenters Rules,

39 Folding Rules. -

40 Coggefhall’s Sliding Rules for meafuring Timber,
41 Scammozzi’s Rules.

42 Everard’s Sliding Rule for Gauging.

43 Leadbeater’s Sliding Rule,

44 Vergy’s Sliding Rule,

45 Brenan’s Rule,

46 Malt Canes.

47 Dimenfion Canes. '.
48 Four é
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48 Four-Foot GaugingRule with Joints.

49 Five Foot Ditto.

50 Tape Boxes,

51 Fh; Foot Rods, for meafuring Brick-work, Wainfcotting, Painting,
¢,

52 - Ditto, in Canes.

53 Horfe Meafures in Sticks and Cancs, &9,

Surveying Inflruments.

54 PI.::EH Tables, with an Index and Sights, whereby the Draught or

Plan is taken on the Spot, without any future Protraion, hav-

- 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.

55 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 Lines are likewife drawn parallel to thofe meafured on the
Land ; and the Table is fet horizontal by a Spirit Level, €.

Plain Tables are very ufeful in taking the Ground Plot of Build.
ings, and meafuring Gardens, or fmall Enclofures (where the Short-
nefs of Lines, and Multiplicity of Angles are apt to breed Confufion
in protracting) but by no Means fit for furveying large Trats of
Land, becaufe the leaft Moifture, or 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 leaft Rain or Mift the Inftrament is not at all to be
ufed, which Reafons has induced moft Perfons to ufe fitter Inftru-
ments for large Tracts of Ground. As the

56 Theodslite, for meafuring Angles, Diftances, Altitudes, &c. Thofe
Inftruments are made various Ways, fome being more fimple and
portable, others more accurate and expeditious.

5% 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 a Ball and
Socket, and that placed upon a three-legg’d Staff,

58 Tbeodolites, with all the above Particulars, and the Addition of a Te-
lefcope.

59 Tbeadm’fm of the lateff Improvement, being the moft accurate Inftru-

ment yet invented for furveying Land, which by a peculiar Cen-
- trivance
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trivance in the Head of the Staff, may be fet truly horizontal. On
the Index, and over the Compafs-Box is fixed a double Sextant, to
move exactly in a vertical Circle, within which is a Spirit Level, and
over that a Telefcope, fo contrived, that when the Bubble refts in
the Middle of the Spirit Tube, the Interfection 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 Divilions for taking the Height of
Timber ftanding in Feet; and on the Limb there are alfo Divi-
fions for meafuring its Breadth. It mult 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
direéted to any Obje&, the whole Inttrument is fixed in fo firm a
Manner, that on direting the Telefcope to the next, the Limb
remains entirely ftedfaft, which in other Inftruments of this Sort, is
very difficult to be effected.

Go Circumferentors, the principal furveying Inftrument ufed in the et
Indies. It 1s very fimple, yet expeditious in the Practice, 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 tour Pole Chains.
62 Offset Staves.

63 Sets of Arrews for the Chain.

64 Air Levels which thew the Line of Level, by Means of a Bubble of
Air and Spirits of Wine hermetically inclofed within a Glafs Tube,
which is mounted in a Brafs Tube, on a particular Frame, and may
be included in a Cafe for the Pocket.

65 Air Levels, with Sights, which confift of an Air Level fet in a Brals
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 A 'I
particular Contrivance ; by which they may be adjufted (if put out

of Order) to atrue Level at any one Station.
67 Artillery Levels,

68 Gunners Levels.

69 Le-
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69 Levelling Staves.

40 Plotting Scales.

71 Sets of feather-edg’d Scales.

2 Hair Scales.

23 Paralle! Rulers for Plotting,

24 An improv’d Protraflor, and Plotting Scale, in Form of a Beam-
Compafs.

76 Parallelograms, for the ready and exaé Reduétion, or copying of De-
figns, Schemes, Prints, &F¢. which is done hereby without any
Knowledge or Habit of Defigning,

76 Pedometers, fomewhat like a Watch, by which the Way may be
meafured in Walking.

27 Meafuring Wheels for Surveying of Land.

28 Way-Wifers, for Coaches.

79 Way-Wifers of a curious and particular Contrivance for Chailes, 5.

8o Gunners Quadrants, Heights, &,

81 Surveying Quadrants, made of Brafs, or Wood, {Je.

Navigation Inftruments.

82 GU#:#’J Scales,

83 Sliding Gunter’s.

84 Davies Quadrants.

85 Mr. Hadley’s refle€ling Quadrants.

86 Mr. Smith’s refletting Quadrants.

87 Mr. Smith’s, Capt. Middleton’s, and Capt. Harrifon’s improv’d Azimuth
Compafs,

88 The common 4zimuth Compafs.

89 Azimuth Compafs, on Friction Wheels.

go An artificial Horizen of a new and curtous Contrivance.

g1 Mariner’s Compaffes, either for the Binacle or Cabin.

g2 Nofurnals, 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. : SR |
93 Nodurnals, which are a Projection of the Sphere, fuch as Planifpheres,
Hemifpheres, &ec. - | -
g4 Refifiers for determining the Variation of the Compafs, in order to

~rectify the Ship’s Courfe.

g5 Plane Scales. Ban ¢ , [
96 An Iaftrument for taking the Latitude of a Place at any Time of the
Day. - May be eafily underftood, it immediately fhews the _Lagﬂ,_

Kk tude
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tude of the Place, and gives the Time of the Day at Sza, whem
no other Inftrument will. :
97 A Machine to meafure the Strength of. the #ind.
98 A Machine to found the Depth of the Sea without a Line,
69 A Contrivance to fetch up Water from any Depth of the Sea,.
100 Mayine Bargmeters, for foretelling Storms at Sea.
101 Sinical Quadranis.
102 Telefcopes, Profpects, and Spy-Glaffes,
103 Navigation Books, Charts, &e.

Inftruments for fhewing the Motion, Aftrattion,
- Weight, and Eguilibrio of Bodies, &c.

104 Machine and Glafs- Planes for the Drop of Oil of Oranges.

105 Two Planes in a Frame to be fet in a Veflel of tingid Liquor.

106 Capillary Tubes and Apparatus, ; :

107 A Column with f{liding Arms, additional Pieces, Nuts, Screws,
Hooks, Pullies, &¢. of a very ufeful, curious, and particular Con-
trivance, adapted to fupport a great Number of the Apparatus,

in which Pullies, Leavers, Ballances, Weights, Pendulums, &5,
are ufed both in Mechanicks and Hydroftaticks. -

108 A firong 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 Stee/ Edge.

110 Awls in Brafs Handles to illuftrate the Center of Gravity.
111 An Inftrument and Apparatus for 3 Leavers,
112 Compound Leavers.

113 An dxis in Peritrochio.
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 Cylinder that runs up 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 demonftrate ‘the Properties of an inclined Plane, fo
contrived, that its Inclination may be changed from an horizontal
}’lane to that of a vertical one, and the acting Power may be placed

1 any given Direction,

117 A lule Carriage, and its Appendages, for fhewing the Advantage
great
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great Wheels have over little ones, and that in all Sorts of Roads,
as Clay, Gravel, Sand, Pavements, é9c.

118 Machines for oblique Forces,

119 Blocks, or Sheaves of Pullies, after all the various Sorts of Combina-
tions and Conftruétions, curioufly framed, and turned in Brafs,
and running either on Steel Arbors, or Pivots, in which all pofii-
ble Care 1s taken to diminith their Friction.

120 A Machine to explain the Nature and Properties of the Wedge. In
which the Wedge is formed of two jointed Rulers, that may be
fct 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 Collection 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 Secrew, the Effe@ of which becomes fenfible,
by the rifing of feveral little Balls therein.

123 A Machine for explaining the Nature of the WWatch-Spring and Fuffey.

124 An Inftrument to explain the Effeéts of Friffion in Machines.

125 A Machine for thewing the Accelleration of falling Bodies.

120 A firong Ballance, and its Appendages for the fame Ulfes.

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 Motien and Velocity.

128 A double Pendulum, mounted on a Trough, divided into two equal
Parts by aPartition, for thewing the Proportions of refjffing Mediums.

129 An Inftrument for comparing the Swiftnefs of a Body falling in a G-
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 impreffed with a
perpendicular and horizontal Motion.

132 Another Machine, by which is alfo thewn a Motion produced from
two Directions.

133 A Machine for thewing the Line that a Body deferibes in falling,
after having received an horizontal Direétion.

134 A Machine for fhewing the Motion of a Bedy, negleting its proper
Weight, after having received by falling, a Diretion oblique to
the Horizon.

As the Curve in Queftion depends upon the Obliquity of its
Direction, the Inftrument is conftruéted in fuch a Manner, that the
Degrees of its Obliquity may be varied. B 1o

135 A Machine for explaining the Theory of central Forces; contrived in

~ ‘{uch a Manner, that its Friftion makes no fenfible Error: The

A K k2 Cele-
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Celerity and Bulk of the Bodies may be varied at Pleafure. Their
Times are fhewn. by Scund, 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 ot Velocity, both in a wvertical and horizontal Di-
rection.

With this Machine the Effets of central Forces may be feen
on Fluids of different fpecifick Gravities, when mixgd together, or
on Solids which float therein,

137 A flexible Globe, or Sphere, whofe Poles are capable of being deprefs
fed, on its being turned, by which Means the centrifugal Force
raifes the Equator, and reprefents the Form of an oblate Spheriod
to the Eye, which is the Figure attributed to the Earth from the
late Difcoveries.

138 A Machine for the Congrefs of Bodies, both elaftick and non-elaftick.
Its Parts are adapted in the moft convenient Manner, to facilitate
a Contat which does not change the Direttion of the Bodies,
whofe Solidities or Mafles are in known Proportions ; the Points of
Sufpenfion are advantageoufly difpofed, and their Effect made fen-
fible by an Index.

139 A Chronometer, or Infirument to meafure {mall Spaces of Time.

140 A Machine and Table for compound Motion, in which the Hammers
are fufpended in fuch a Manner, as to regulate the Quantity of
Motion, either by their Celerity or Weight,

141 A graduated Arch, and fwinging Scale, for fhewing that a Body
thrown up perpendicular from any other Body in Motion, will fall
exatly 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, &c.

(of a Prefs.

of a Capftan.

of Cranes of various Sorts.

145 Modea { of Mr. Allen’s Crane at Bath.

of an Engine to drive Piles, &Fc,

(_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 Elafficity, on Springs and

Wires, &e. _
147 Large

-"'—u.l-.l-...m

S —

¥
|
:
3
;5



Mathematical Inflruments, &c. 253

147 Large Weights, for feveral Experiments, - . :

148 Smaller Weights, 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,

Inftruments for Experiments on the Motion, Weight,
and Eguilibrio of Fluids.

151 Trough lin’d with Lead, and furnithed with a Cock ; for feve-

ral Hydroftatical Experiments.

152 A Glafs Phial, with a folid Stopper, which in this State is heavier
than a like Bulk of Water,

153 Several T'ubes 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 Vel
fels, which may be fucceffively placed upon one common Bafe;
the Pilton, 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. |

i55 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 Struéture.

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 Veflel for changing Water into Wine, and wice ver/s.

163 A Brafs cylindrical Veffel, 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 a 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 whar 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. -

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 Speétators.

170 A Model of the diving Bell and Apparatus,

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 Fafhions.

175 Glafs Models of Sucking ) Pwmps, (with or without Air-Vefiels)

Forcing which fhew the Reafons of Fire-Engines,
and Lifting Ny playing with a continual Stream.

r76 A Fountain of Command.

1Y% — 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 Levily.

181 An Apparatus to make Lead fwim,

182 An Apparatus to make Cork fink.

183 A Column and Refervoir for fpouting Water, with Tubes that may be
inclined to any Angle Jer d’Faux’s, .

184 Two tall eylindrical 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 immm-lged in Water, become. {pecifi-
cally heavier, lighter, and of the fame fpecifick Gravity of the
Water {ucceflively.

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, oné¢ fwimming at the Top, and the other lying
at the Botrom of the Water in a Glafs Jar, fo contrived, that by
pouring in more Water, the Bubbles fhall change Place.

189 A Machine for fpouting Mercary, which thews the various Parabola’s
that are made by Projectiles, and particularly the Truth of the fe-

veral
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veral Rules'in the Art of Gunnery, being conftructed in fuch a cu-
rious Manner, that the Force may be vanied as Qccalion requires.

190 A peculiar Sort of Syhon; the Orifices of its two Legs being m the
fame Line, and yet the Water will run out, and tho’ the Orifices
be but in Part immerged, yer the Water will rife. - This Machine
produces its Effeds tho” continuing dry for a long Time, that
cither 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 Action may be eafily
feen,

Inftruments for Prewmatical Experiments.

I91 A Small fingle Barrel Air- Pump.

192 A large double Barrel ftanding, or tall Zir 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 ap'glicable to the double Barrel Zabie Air-Pump,
for whirling Bodies in Vacuo, of a new Contrivance, by which all
the electrical Experiments on whirling Globes, either 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 Electricity in Vacuo. ;

197 A Sortment of neceffary Things for Experiments on Ele&ricity i
Vacuo.

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 Hemifpheres, 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 fmall Quantity of included Air, prefles equally with
the whole correfpondent Column of the Atmofphere,

202 A Glafs with a wooden Veflel atits 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 a
Space occupied by rarer Air.

205 A Machine to ftrike two'Hammers againft a Bell in Vacuo, and

; compreffea Air, ~00 : |

206 A Machine of a new Contrivance for making Experiments in com-
prefled Air, and Apparatus thereto belonging,

207 An injeéting Syringe. |

208 A Wind-Gun, with a condenfing Syringe in its Stock, having a Ma-
gazine of (ix 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 Phofphori.

211 An Eolipile.

212 An Eolipile on a Carriage, v
A folid Globe to be heated, and a Frame to receive the fame.

213 YT bermometers, for ¢ of Spirits of Wine.

214 | meafuring the In-| by Sirlfaac Newton’s. Spirits,
215 pcreafe,and Decreafe by Farenbeit’s, Standard, } Oyl,
216 | of the Feat and | by Reaumer’s. either of or
217 JCold of the Air,{ by D'Lifle’s, &ec. Mercury.

218 Monf. Azont’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 Statical

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, D108 i i1

T T S Tetal & I T

Optical Inftruments. .

228 JPfﬂdcfe_r ground on Brafs Tools, fetin Silver, Tar;gifgmell,
Horn, €. P e : ~\

229 Reading-Glaffes, fet in Variety of curious Frames.

230 Concaves for Myopes, or fhort-fighted Perfons.

231 Profpeit-Glaffes of all Lengths.
232 Opera Glaffes.

233 Diagonal Profpeéis. 234 Te-
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234 Telefeopes of all Leng:hs, ,

235 Newtonian reflecting Telefcopes Y The Speculums of which are finifhed

236 Gregorian refletting Zelefcopes with the greateft Care,

237 Microfcopes, Wilfon's

238 — Opake

239 ————— Double

240 —  Adams’s new invented Univerfal One. And ;

241 —— folar Apparatus to do.

242 Camera obfcura of various Sorts. |

243 Camera obfcura, of a peculiar Contrivance, by which the Images of
external Objects, are exhibited diftinétly on a Sheer of Paper, each
cloathed in their native Colours, perfectly like their Objeéts ; and
at the fame Time all their Motions are exprefled, which laitno other
Art can imitate. By Means of this Inftrument, a Perfon unac-
quainted with Drawing, will be able to delineate Objects, to the
laft Accuracy and Juftice 5 and another well vers’d in Painting, will
find many Things herein to perfet his Arr,

[fgﬁ‘mme?zﬂ Jor Experiments on Lights and Colours.

244 AN FHlelioftata, or Machine for dire&ing 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 fevera) Hours
together.,

245 A Machine for fhewing Experiments on the Attraion 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 fliding Sides, and changeable Ends.

248 Boxes, with Segments of Spheres, fixed in their Sides,

249 A folid Glafs Cube.

250 A particular Stand to manage thefe Boxes upon, by which they may
be 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 Glafes help decayed Sights and Myopes,

252 A Semicircle and Prifin, with Glafs Sides to determine the Angles of
Refraétion,

253 Three Prifmatick Boxes.

254 Solid Glafs Prifins, mounted on Feet, by which Means they may be
raifed, depreffed, inclined, or turned upon their Axis.

255 Other Prifins, mounted on a vertical Foot, which may be raifed, or

deprefled, and turned upon their Axis,
Ll : 256 Prifins
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256 Prifms of folid Glafs not mounted.

257 A Plane metalline Speculum, mounted on a Foot that may be rais’d, dc-
prefled, inclined, or turned round at Pleafure.

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 Holes of
different Sizes.

261 A large double Convex 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 Experiments on the Prifms, and the Solar
Microicope.
263 Cmmw} Mirrours of all Sizes. .
264 Convex :
265 Cylinders, i
266 ; Cones, : . J
267 Metalline Pyrawhils with deformed Pictures. g
268 Oétagons,

269 Piftures for a pyramidical Glafs,

270 Magick Lanthorns,

271 Pictures to Ditto.

272 Hollow Prifins that may be exhaufted.

243 An Inftrument to determine the Refraction of Fluids.

Inftruments, &c. for Experiments on Eleciricity, &c.

L

2474 Atural armed Load-Stones.

295 Artificial Loadftones. _

276 A Box of Filings, and Bits of Iron Wires, little Iron Balls, and Cy-
linders.

274 A Trough with enamelled Swans and Frogs.

278 An Iron Rod.

279 A polifhed Iron Blade.

280 A Compals 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 f:xhauﬂ:ed and applied to the whtrlmg Machine.
288 Glafs Plates.

289 Se-
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28q Several lictle Stands.

290 A folid Stick of Scaling-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 Ele@ricity.

297 A Sufpendor furnithed with Ribbands of different Colours.

298 A Rofin Cake.

299 A Cake of Rofin and Gum Lac.

300 A Sufpendor furnithed with Silk Lines for communicating Elericity
to living Bodies.

gor A very long Packthread String, with Balls for communicating Elec-
tricity a great Way.

go2 Silken Lines for the fame Purpofe.

All the Apparatus neceflary to perform eleftrical Experiments,

as well in the open Air, as in Vacuum, are, if defired, carefully
difpofed in one Box to make them portable.

Inftruments for Affronomy, Geography, &c.

303 GLa&ﬁ, celeflial and tervefirial, 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, pafs 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 fame Things 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
carly Obfervations, and of Hipparchus, 8&c. Nor can any Contri-
trivance better enable the meaneft Reader to judge of the Merits
of the Controverfy about the rgonautick Expedition, as far as ic
depends on this, for it will verify to the Sight, the Place of the
Colures, &c. 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 Phanomena,
likewife, that depend upon the Motion of the diurnal Axis round
the annual ones. :

305 Armillary Spheres of any Size,

Lelz 306 Large
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306 Large Afronomical Quadrants, fitted with a Telefcope for taking the

‘ Declination of the Sun, Moon, and Stars, in the Meridian,

07 Tranfit Infiruments, for determining their right Afcenfions,

;08 Portable Afironomical Quadrants, that have both a true horizontal and

X 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 of great Ufe on the Sea-Coaft, and in the Surveys
of Countries.

309 Equal Altitude Infbruments for obferving Stars of equal Heights, with
which having a good portable Pendulum, the Meridian and Lati.
tude of a Place may be very accurately found.

s10 Zelefcopes, fitted with a Micrometer for obferving the apparent Mag-

' nitudes of the Sun, Moon, and Planets, with the Apulles of the
Moon and Planets to the fixed Stars,

31t Mr. Gray’s Inftrument for drawing a Meridian Line and Telefcope
for obferving the Time of the Night by the Pole Star.

312 Heliofeopes, or Inftruments for obferving the Spots in the Sun,

313 Parrallattick Telefeopes.

314 An Afironomical Seffor, 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 Comets
when they are near any known Star.

315 Meridian Telefcopes for correcting the Motion of a Clock or Watch,
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 Objeéts as will pafs over
the Apertures of the Telefcope, may be alfo found.

316 Large double Infiruments, containing two chicf Parts conneéted toge-
ther, having four feveral Motions, all moved by Rack Work.
1. A circular Motion to fhew all horizontal Angles. 2. A Se-
micircular vertieal Motion, 3- A circular equinoétial 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 refracting
Telefcope fixed to it. By this Inftrument, all Angles, either ho-
nzontal, 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 Night, are directly given ; alfo the right
Afcenfion and Declination of the Moon, a Planet, Comet, or any
Star, at one Obfervation ; which, if 2 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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317 A new Univerfal Sun Diel, 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 Horizontal Sun Dials of all Sizes and Sorts, for Pedeftals in Gardens,
or elfewhere. ;

319 Portable Sun Dials of various Kinds,

320 Gunomonick Polybedrons, with feveral Faces, whereon various Kinds
of Dials are projected ; of this Sort, that in the Privy-Garden,
London, now gone to Ruin, was antiently the fineft in the World,

321 Sutton’s or Collins’s Quadrants,

322 Gunter’s Quadrants, 8cc.

323 Two Hemifpheres, projected on the Plane of the Ecliptick, contain-
ing all the Stars in Mr. Flamftead’s Catalogue.

324 Two Hemipheres on the Plane of the Equator, fhewing the right
Alcenfion 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 Projettions of the celeftial Sphere, upon' the feveral
Planes, viz. that of Ptolemy, where the Plane of the Projeftion 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 Projection is a Meridian,
and Place of the Eye in the Axis of that Meridian, at an infinite
Diftance ; that of M. de la Hire, the Plane of which Projettion is
alfo a Meridian, and Place of the Eye in that Point where the Divi.
fions of the Circles projeced are fenfibly equal.

32y 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, £9¢.

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 Venns, 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 retrogade, are plainly vifible, as is alfo
the Eclipfes of the Sun and Moon, and the Vicificudes 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 ;;af
' : the
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the three {uperior Planets, Mars, Fupiter, and Saturn, with their
annual Motions. Rt $

120 A Playetarium of about three Feet and an half Diameter, hand- :

B fomely ornamented, containing all the Particulars of the three
foregoing Numbersy 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, :
&re.

All thefe Planetary Machines are fo conftruéted, as to render al]
the Phaenomena (they are intended to demonttrate) very eafy and
intelligible.

331 The famous Glafs Sphere of the Reverend and Learned Dr. Long's

[nvention, which exhibits at one View both the real and apparent
Motion of the Heavens.

332 The Uranium invented by the Reverend Dr. Long.

333 Aftromomical Clocks, or Regulators carefully performed.

334 A particularly new and curious Machine, containing a Movement
which plays either an Organ, or Harpfichord, (or both if de-
fired) in a mafterly Manner; fhews the exadt 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 amongft 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, &c. In thort, it is a moft beautiful, inftructive,
and ornamental Piece of Furniture, not unworthy the grandeft
Apartment 1n any Gentleman’s or Nobleman’s Houfe.

335 A CosmoTHEORION, 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 Workmanfhip.

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 661 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 l::&-

c
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wife remarked s (according to the Syftem generally received a-
mong Aftronomers) and the Planets themfelves are furround-
ei by a tranfparent Firmament, whereon the feveral Con-
ftellations are delineated, by which Means the Variety of Afpetts
the Planets appear under to a Spectator in either of them,
with Refpe@ to their Motions and Situations amongft the fixed
Stars, are plainly feen, fometimes direét, fometimes (tationary,
and at other Times retrogade, The Earth (on which the princi-
pal Kingdoms are defcribed, is accompanied by a natural Horizon,
and a reprefentative Inhabitant, which may be fet 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, thews 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
placed) the Apfides of which advance and recede every Lunation,
fo as to perform a Motion in Confequentia in its proper Period,
whilft the Nodes move round in Antecedentia. The Eccentri-
city of this eliptick Orbit, js continually changing into a new Curve,
and its Latitudes both northern and fouthern are fully thewn, 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 Fupiter'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 refpective Primary. A Celidogra-
phy of Venus is alfo exhibited. ;

All the Planetary Bodies are put mn Motion at once, and the
Movement that fets them a going, is regular, and eafy, and ca-
pable of being continued for a very confiderable Time. In fhort
the Contrivance of the whole Machine is fuch, that all the Pro-
blems of Aftronomy, Geography, €. (the Phylicks excepted)
may be either explain’d or illuftrated by i,
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