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OR, A NEW

ERIEATISE

OiNe THH'E
M I C B O S C ORI
AND
MICROSCOPIC OBJECTS.
CONTAINING

I The DescriprTion and Use of two

II. A large and particular Account of all
different RerLectine Microscorzs,

of a new Form and Strufture, and
fumnith’d with a MICROMETER;
wiz. one defign’d for the PockeT,
the other mounted on 2 Bari and

Sock T, which renders it of Univerfal
Ule.

Kinds of Microscoric Osjeers, to be
found in the Human Booy, in Qua-
pRUPEDES, in Fowrs, Fisues, InsecTs,
Reprires, £9c. in PoanTts and Veos-
TapLes of every kind; in EarrTas,
Minerars, and Fossin Supstawces;
and various other Mifcellancous Subjefls.

‘With Direftions how to procure and ‘Preparc them for Ufe; and divers occafional

marks inter

perfed thro’ the whole,

To which is added, An AccounT of the
Camera Osscura, and the Sovar Microscors,
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Meruop of Magnifying Objefts in a Darken’d Chamber,
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To His GR ACE the

Duke of Ricamonnp.

My LORD,

HE Ufefulnefs and Dignity of the

Subject of the tollowing Sheets are
fuperlative, and claim, on that Ac-

count, your Grace's Patronage. The

Works of Creation, and the Means to difplay
them, are exactly in your Grace’s Tafte; and
cannot but be acceptable to the moift refined
AN Philofo-
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Philofophical Genius. Providence has not on-
ly diftinguithed you with a high Station in Life,
but has made you capable to ennoble it by all
the Qualifications of a PaTrioT and a
Mzuc zNas. Nor isyour Grace’s Character, as
a VirTuoso, lefs confpicuous ; asevery Gen-
tleman can witnefs who has had the Honour
of your Grace’s Acquaintance, or a Seat In
that [lluftrious Society, of which your Grace
is fo diftinguifh’'d a Member.

Evervy one who has been at Goodwood, is a
Witnefs that your Grace has epitomized the
larger and more {urprizing Scenes of the Ani-
mal and Vegetable World, and erected, as it
were in Miniature, a Museuwm of umwerfal
Nature. All Nations, from Lapland tothe re-
motelt /wdies, have paid Tribute of their
choiceft Product of Beafis, Birds, and Plantr,
of every I'ribe and Clafs, to the Dukg oF
RicHMOND.

I can {carce forbear faying more — but
~dwelling too long on Merit itfelf, is often irk-
fome, and I fhould be afraid of ofiending no
Man
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Man fo foon as your Grace in this Refpect. 1
am fure, My Lorbp, if I know either myfelf
or You, no Flattery has ftain'd the Page; the
mean Artifice of little Minds, who never fail to
bewray their Stupidity to make their Patrons
ridiculous. If I have ipoke the Trith too far,
tis owing to the fertile Theme. Vouchfafe to
Accept and Patronize an Attempt to improve
the moft delicate and exquifite of all our Senfes;
and to difcloie fome of thofe invifible Scenes of
infinite Beauty, Perfection and Art, which lye
unheeded, and reclufe from vulgar Eyes, in eve-
ry Part of the Creation; I fhall then promife
myfelf aulpicious Succefs. This Addrefs to
Your Grace can admit of no Apology; be-
ing but the Difcharge of a Duty which Juftice
and Gratitude enjoin. The Meannefs of the
Author, or Manner of the Performance, can be
no Objeéion, fince every one knows, that, in
Phyfical Matters, finite Quantities vanifh
‘when found connedted with thofe which are
infinite.

I wisua Healcth (the Bafis of all fublunary
Blifs) to Your Gracke and Noble Famiry;
and
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and am, with the fincereft and moft profound
- Relpect and Duty,

Your GRACE’s
Moft obedient

bumble Servant,

B. MARTIN,
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I G e B

S the firft Part of this Book is wholly employ’d in the De~
A Jeription of the Parts and Struéfure of each new Microfcope
here propofed to Sale, ’tis needlefs to fay any thing more in
that Refpect 5 I fhall only add, that the Form is not only the moft
beautiful, elegant and convenient, but the Glaffes in each Sort are
the largeft and beft that can be made, and therefore the Perfettion
of thefe Microfcopes the greatefl that poffibly can be. And that no
Gentleman may be at a Lofs for an adeguate Idea thereof, I have
caufed the Prints of them to be engraved as large as the Inflru-
ments themfelves are made. So that whether we regard the Novel-
2y of the Form, the Improvement by the Micrometer, the Perfeétion
of the Mechanifm, or the Moderatenefs of the Price, I appeal to
any competent and difinterefled Judge, whether they do not excel’
any thing of this kind ever yet propofed to the Publick.

I have oftentimes been requefted by Gentlemen to give a Catalogue

of Microfcopic Objelts, which I have bere done, and I prefume fo
rampfea;, that fcarce any extraordinary Phenomenon, wbhich re-
quires the Ufe of this Infirument, and within the Reach of a Per-
ﬁﬁ in private Life, will be found wanting in it. I could make a
confiderable
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confiderable Apology for its being done in no better Manner; but
'tis fufficient to let the Virtuofo know that it was wrote at a Time,

Cum Sol non f{olito Lumine riferit,
Et Fortuna volubilis
Fat difficilem jecerit Aleam.
Casim. Lib. 1. Od. 1L

THE Method of Magnifying Qbjeéls in the Camera Obfcura
is fo curious a Subjet, and fo analogous to the Microfcope, that I
believe the Reader will not think it foreign, to find a large and par-
zicular Account thereof added at the End. of this Tralf.

/g /bﬂfi take my Leave qf the Reader in the Words of that excel-
lent Vaturaliff Elian, R L .

¢« Notwithftanding I well know there are extant the Lucubra-
< tions of other Men on this Subje&, yet I fully perfuade myfelf;
¢ that the Subje@s I have here collected together, and deliver'd in a
« familiar Style, will prove no vulgar Theme, a Treafure not to
¢ be defpifed ; and if it appears thus excellent to another, let him
 enjoy it; if not, let him leave it to be fofter’d and carefs’d by
¢ its Parent Author,

Prxr. ad Lib. 1. pE NAT. ANIM,

CHAP.









il 3 Vel i el

A Defeription of the Pocket  Reflecting
Microfcope.

HIS Microfcope finifh’d and fit for Ufe is reprefent-

ed in Fig.1: It confifts of the fnllnwmg Parts, or

Materials, wviz. (1.) #o0d-Iork, containing the

Glafles; (2.) Glaffes, for magnifying Objeés ;

(3.) A Micrometer for meafuring {mall Objeds ;
(4) Tubes, or Cafes, which makes the Body of the Inftrument ;
(5.) A Brafs Bottom, containing a refle@ting Mirrour ; and isa
proper Bafis for the Inftrument to ftand firmly upon. Of thefe I
fhall give a particular Account: And

Firft, Tue Cafes or Tubes which make the Body of the A£;-
crofcope, are two ; (1.) The external Cafe DEFG, is made very
{fubftantial and ftrong, lined with black Shagreen, or cover'd with
Nurfa Skin, which is alfo very beautiful ; (2.) The internal or in-
ner Cafe, contains the #ood-#ork, and moves within the other
Cafe; Part thereof H is feen thro’ the Aperture LMN cut in the
outer Tube. Its farther Ufe will be hinted by and by.

THE Wood-Work confifts of feveral Parts or Pieces. As

(1.) the Upper or Eye-Piece AB, which at B fcrews into (2.) the
Middle or Micrometer-Piece BC, which contains the upper Glafs,
the Micrometer, and the Image of the Obje&. This again at C

{crews
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ferews into (3.) the Piece CD, which contains. the lower Eye-
Glafs, and is faft glued into the upper Part of the internal Tube H.
(4.) At the lower End of this moveable Tube, is glued in a round
thin Picce, in the Center whereof is made to fcrew (3.) the fmall
Pipe or Tube I; on the lower End of which fcrews on (6.) the
Button or little Cell K, which contains the Object Glafs, and has
a fmall Perforation to admit a proper Degree of Light. Of thefe
Buttons there are three to the larger Sort of Micrgftepes, and two
to the lefler. R 5

Tuz Glaffes in the Microfcopey; which ferve to Vifion, are all
Lenfes of the Convex Sort ; - and thefe of three different Magni-
tudes and focal Diftancgs. As (1.) The upper Eye-Glafs, whofe
Place is at B;  and whofe Size is reprefented (i Fig. 2.) at GH.
Its focal Diftance is about 1: Inch. (2:) The lower Eye-Glafs,
which is placed: at G, and reprefented at DE in Fg. 2. in its pro-
per Size : It is fometimes a double Convex; {fometimes a Plano-
Convex, as there.  (3.) The third Sort of Lens, is the ‘Obje&-
Lens contain’d in the Button K, and is reprefented at de, in Fig.2.

Of thefe there arc three Sizes, as there is of focal Lengths, which
are 3, }, and 1 Inch. :

‘T'ue other Glafles are two Mirrours 3 (1.) A plain tranfparent
one, placed within the Bottom of the Cafe at LN, on. which the
Objects to be view'd are laid, in the Middle thereof, as at'o. This
Glafs may be taken out and in at Pleafure. (2.) The other is a
quick-filver’d Mirrour contain’d in the lower Part of the Brafs Bot-

tom R, its Ule is to reflect Light on tranfparent Obje&s while we
view them.

Tue Micrometer conlifts of two Parts, the Plate and’ Screw.
(1.) The Plate is reprefented at X in its proper Size ; and'is gra- .
duated into ten large Parts, each of which is divided by a Dot into.
two ; fo that in the whole there are 20 Parts or Divifions in the
Circumference. (2.) The Screw og, and fmall Index gr are re-
prefented in Fig. 2, on this Screw there are 5o Threads to an Inch;

{o
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fo that one Turn or Revolution of the Index moves the Screw 3 of
an Inch backward or forward. . But of this more hereafter.

Tue brafs Top at A is common to all Microfcopes of the bet-
ter Sort: But the brafs Bottom EF R is peculiar to this ; it confifts
of two Parts, wiz. (1.) EF, which is ftrongly faften’d into the
Microfcope on the upper Part; and on the lower Part is a Rim or
Border on which (2.) the other Part or Box, containing the Mir-
rour, fhuts very faft, and on the hinder Part is conneéted to the
other by a very ftrong brafs Joint, by which Means it is at any
Time eafily let down for the Refle@ion of Light, or fhut up again
when in difufe.

I~ thie Cafe or Body of this Microfcope are two Apertures ; a
large one before, as LMN, to place the Objed, and admit the
Light; and a fmall one behind, as PQ, in which we place a
long Piece'of plain Glafs §, for moving the Obje& this way and
that; or a {fmall hollow Tube thro’ the round Hole, which Tube
is reprefented b}r T

Tue Ulfe of the Tube is to contain living Subje&s for viewing
the Circulation of the Blood, &. as an Eft, a Frog, a Fifh, &.
As Animaleule in W ater, @9 ¢. are placed ‘under the Mif?’*ﬂfﬁi‘ﬂ'ﬁ&
in the fmall Concave V. Which Tube and Concave Glafs are
{old with the Microfcope.

Bia 21 mGiHAT
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CiH AR TR

Of the Manner of Maguifying Obyects 5 and
of procuring diftinit Vifon by the Mi-
crofcope. |

N order to form a proper Notion of the Magnifying Powes

of the Microfeope, or the Method of computing it, without

the Mathematical Theory, we muft well attend to the follow-
ing Obfervations or Rules.

Firf}, L Parallel Rays, as thofe of the Sun, fall on-any Con-
vex Lens, they will be all colleéted into one Point on the other
Side : Which Point is call’d the Focus of the Glafs ; and its Di-
ftance from the Glafs, its focal Diffance.

Secondly, 15 therefore an Obje& be placed in the Focus of fuch
a Lens, the Rays after having pafs'd. thro™ it, will proceed paral-
le]l, and form an Image at an infinite Diftance. .

Thirdly, 1¥ an Obje& be placed farther from the Lenfe, than
the Focus, all the Rays coming from any one Point of the Obje&,
having pafs'd thro’ the Lens, will be united in-a certain Point on
the other Side ; and the Diftance of this fecondary Focus (for {o I
here call it) is found by the following Rule; wiz. Multiply the
fecal Diftance by the Diftance of the Objelt'; divide that Produét
by the Difference of thofe two Diftances, the Quotient is the Diffance:
of the fecondary Focus or Image.

Fourthly, 1r the Obje& be placed nearer to the Lens than is
its Focus, the Rays going from any Point thereof having pafs'd
the Lens, will proceed lefs diverging, as if they came from a Point
tarther from the Lens than tife Obje& ; which Point is the fecon-

dary
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dary Focus, and is now negative, or on the fame Side with the
Object.

Fifthly, Tur Objeé and Image are feen under equal Angles
from the Vertex of the Lens; and are therefore to each other as
their Diftances direétly.

Sixthly, Tue Eye can only have diftin& Vifion when the Rays
fall on it para[lel or very nearly {fo; becaufe the Retina, which is
the Organ of Sight is placed juft in the Focus of the Cryftalline
Humour, which performs the Office of a Lens in collecing Rays,
and forming the Image in the Bottom of the Eye.

Taese Theorems, and all others relating to thefe Matters, are
fully demonttrated in my New and Compendious Syftem of Opzics..

S1ncE no diftiné Vifion can be produced but by parallel Rays,
and no parallel Rays can proceed from a Lens, but when the Ob-
je& is placed 'in the Focus thereof ; it evidently follows, that
whatever we view in the Microfcope by means of the upper Eye-
Glafs, muft neceflarily be fituated in the Focus of that Glafs.
Thus fuppofe the Glafs be GH, and let its focal Diftance L B be
1; Inch; then will B the Focus, be the Place of every Thing that
appears clearly and diftinély thro’ the Microfeope.

I n e ED not fay, that whatever appears or is feen in that Focus,
is not the Object we propofe to view, but its Image there form’d
- by means of the other Glaffes. How this is done by the Objeé
Glafs d e alone is eafy to conceive.  For fuppofe the focal Diftance
£ 6 be half an Inch, then if an Obje& e be.placed at a fmall Di-
ftance beyond, or below the Focus 4, the Rays which proceed from
every Point thereof falling on the Lens de, will be converg’d at
{fome confiderable Diftance in {fo. many Points on the other Side,
and there form an Image of the Object; and'this Image will beas
much larger than the Obje@, as its Diftance from the Lens de is
greater than the Diftance of the Object.

Now ’tis eafy to| underftand that as this Lens deis contain’'d
i the Button K, by fliding the Tube H.a little up and down, its

) Diftance
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Diftance from the Object O may be fo adjufted that the Diftance
of the Image fhall throw it juft in the Focus of the upper Eye-Glafs
at B, where it will be very clearly feenby an Eye at L1 .

Bur if befides the Obje& Lens ¢, and the Eye-Glafs G H,
there be interpofed another Lens DE ; this Lens will intercept the
Rays before they are converged to the Focus of the Eye Glafs G H,
and will caufe 'em to converge or meet fooner, and fo form an
Image below the Focus of the faid Lens GH, which therefore
cannot be feen diftinétly thro’ it. - -

Hence, in this Cafe, ’tis neceflary to move the Lens de a
{mall Matter nearer to the Objeé¢t than before, in order that its
Image might be thrown fomewhat above B (if the Glafs DE weré
away) as to M N, that by means of the Glafs DE the Rays might
be converg’d and the Image form’d lower, viz. in the Point B,
the Focus of G H; where it will be again vifible as before.

So that in either Cafe, of one or two Eye-Glafies, ’tis eafy by
fliding the Tube H up and down judicioufly, to get the Image
form’d precifely in the Focus B, where only it can be perfeétly
and diftin&ly difcern’d. | ;

Tue principal Ufe of the lower Eye-Glafs DE is to enlarge
the View, or what is call'd the Field of Zifion, or that circular
Area which is vifible in the Microfcope; for ’tis evident by inter-
pofing the Glafs DE, the Angle D fE will be confiderably .in~
creafed ; and confequently fo will the Angle @ f¢ : But the grea-
ter the Angle a f¢ is, the greater Length of the Obje@ a¢ will be
taken into the View; for all the Objeé between the Rays @ fand
f ¢, will be feen in the Microfcope. . And the more of the Object
can be feen, the pleafanter will be the View.

Bu T tho” by the Glafs DE, a greater Part of the Obje& is
brought into View, yet the vifible Part of the Image depends on
the largenefs of the Lens HG ; fot fince the Image is in the Focus
B, no Rayswill be convened at the Pupil of the Eye at I, but
what procoed parallel from it to the Lens, as CH, BL, AG,

confe-
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confequently the vifible Part of the Image is equal to the Area of
the Lens G H ; and is therefore greater or leffer as that is fo.

CI—IAP III

Téﬂ Method - of compuring the  Magnifying
| Power of the Microfcope.

INCE we find by common Experience that no Obje& can
S be diftinétly {cen by the naked Eye at lefs than /feven Inches
Diffante ; and, in the Generality of Eyes, perhaps, not at
lefs than eighz : ' And alfo fince any Objec isvifible diftinétly thro’
a Lens, when placed in the Focus thereof; it muft follow, that
the Obje& will appear as much bigger thro’ the Lens, than to the
naked Eye, as it is nearer ; that is, as the focal Diftance of the
Lens is lefs than 8 Inches.
For Example: Suppofe I view an Objeét thro’ a Lens of 1
. Inch focal Diftance, then will its Diameter or Length be magni-
fied 8 times, its Surface 64 times, and its Solidity 512 times. In
like Manner, if the focal Diftance of the Lens were half an Inch,
then would its Diameter be magnified 16 times, its Surface 256
times, and its folid Content 4096 times. Once more ; if the fo-
cal Diftance be a quarter of an Inch, the Diameter will be magni-
fied 32 times, the Surface 1024 times, and the folid Content 32768
than by the naked Eye at the Diltance of 8 Inches. |
HzexcEe it appears how very confiderable a Mi crnﬁ.oyc is a fin-
gle Lens.  And indeed thofe famous ones of Mr. Lewenhoeck, and
the coftly one of ##ilfos’s Make, were nothing but ﬁnrr le Lr:nfu.a
whofe focal Diftances were eaceedmn thorty asthe &, 1,%,2, 1 &c.

’+ je?
Part
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Part of an Inch ; thefe magnify extremely, ’tis true; but that is
far from ballancing the Difadvantages arifing from fo greata mag-
nifying ; the Difliculty of making fuch Glaffes, of viewing the
Obieé, the fmall Part of it {feen, the Expence of the Inftrument,
&7c. has made it neceflary to have recourfe to Compound Micro-
fcopes for the Conveniency and Pleafure of ufing them.

I x thefe, if but two Glafies are ufed, (wiz. an Obje&-Glafs de,
and one Eye-Glafs HG ;) a Computation of the Power of Magpi-
fying would be very eafy, in this Manner B is the Focus of the
Glafs GH, where the Image A C muft be form’d ; therefore the
Length of the Image is to the Length of the Object, as the Di-
ftance £ B (fuppofe 6 Inches) to the Diftance 4 (fuppofe half
an Inch,) thatis, as 12 to 1. And {o much is the Objeét mag-
nified by the fmall Lens de. '

Again, fuppofe the focal Diftance of the Lens GH be 1 £ Inch;
then as 8 Inches is to 1% (or as 6 to 1) {o is the Magnitude of the
Image feen thro’ the Glafs G H to what it would be feen by the
naked Eye at the Diftance of 8 Inches. So that the Image is
magnified in Diameter 6 times by the Glafs G H.

TuererorE the whole Diameter of the Obje& a ¢ is magnified
by both the Lenfes 12 times 6, or 72 times ; or its Length is 72
times greater in fuch a Microfcope than it would appear to the bare
Eye at the Diftance of 8 Inches.

Bu t this Conftruétion with two Glaffes is not fo good as one
with three; tho’ the Computation of the Magnifying Power be in
this Cafe fomewhat more intricate, yet it may eafily be apprehended
in this Manner : Suppofe the focal Length of the Lensde — ! Inch,
ot DE 3 Inches, and of GH 1! Inch, and the Diftance of the
two Eye-Glaffes LF = 2! Inches ; then will FB = 1 Inch; and
tuppole F f = 5 Inches, then will /B = 6 Inches.

T'rese Things premifed ; it muft be remember’d that I faid
the Lens de muft be placed {fo near the Obje& ac¢ as to throw the
Image above the Point B ( (uppofing the Glafs DE away) to fome

Point
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Point P, that upon admitting the Glafs DE, the faid Image may
be brﬂught to the focal Point B as requlred In order to this, the
Diftance F P muft be determined, which is done (by having given
the Diftance F B = 1 Inch, and the focal Diftance of the Glafs
DE 3 Inches) in the following Analogy.

A the Difference between BF and the foc*tl Diftance of DE,
is to the faid Diftance BF ;

So is the focal Diftance ﬂf DE to the Diftance F P.

‘That is in the prefent Cafe, as 2: 1:: 3: 1,5 = FP.

Therefore /P added to F f gives fP = 6; Inches.

Now that P may be 6%, the Diftance of the Object muft be
% of an Inch; 'which is juft 12 times lefs than the Diftance fP;
and therefore the Length of the Image MN would be 12 times
greater than that of the Obje& ac. -

By the Interpofition of the Glafs, the Image is brought down
from Pto B; draw M F, and NF, and alfo s # parallel to M N,
then fhall 7 be the Length of the Image form’d a fecond Time.
Now ’tis evident, as f P is to FB, fo is MN to m#; thatis, in
Numbers, 1i: 1:: 12 : 8 =mn; the Length of the Image,
therefore, by the two Glafles, is 8 times that of the ObjL&

THris being the Cafe; the Glafs G H magnifies 6 times : There-
fore the Ob_]eé’c ac is magmﬁed by' this Microfcope 6 times 8, or
48 times in Length, 2304 times in Swurface, and 110592 times
in Solidity ; by an Obje@& Lens of half an Inch focal Diftance.
And in the {fame Manner it may be computed for any other Objeét
Lens, whofe focal Length is known.

Frowm what has been faid, it appears, that as the Glafs DE
amplifies the Arez or Field of View, {o it contra@s or diminifhes
the Image of Objects, one third of the Diameter or Length, in
the Cale before us; and yet this without-any Difadvantage ; fur a
Microfcope may as well magnify, too much as too little 5 a Flez
may be magnified to the Bulk of an JElepbant, but to little or no
purpofe. For the more an Objed is magnified the more obfeure

ir
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it appears ; there is therefore a juft Degree of magnifying, more
or lefs than which would be a Fault: So true 1s the Obfervation

(}l: ngﬂft‘j

E/} Modus in Rebus;, [unt certi denique Fines,
Quos ultra citrague nequit confiflere Rettum.

Tuere are other Methods by which the magnifying Power-
may be computed ; but this, here deliver’d, I take to be the eafi-
eft of any mathematical one, and may be applied for any focal
Length of the Obje&t Lens. But if this be not underftood,
the Reader will find a moft plain and pra&ical Method of finding
how much the Microftope magnifies with any Object Lens what-
foever, by the Micrometer only, at the End of the next Chapter,
which he cannot fail to underftand or praétife.

C.H AR 1V

Of the Micrometer, and its Ufe n mea-
furing very fmall Objeds.

HE Parts-of this Inftrument have been already defcribed,

from whence its Ufe will be underftood in a very few
Words.

Tue Micrometer 0 is ix'd in the Focus of the Eye-Glafs GH,
and therefore its Point o will be clearly feen to move over the Parts
of the Image, and to be, as it were, coincident with it. When
any Object or Part thereof is to be meafured, the Point is to be fet
very nicely to one Side thereof, while the Index g » points to the
Beginning of the Divifions on the upper Part of the Plate, or Num-

ber
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ber ro. Then holding the Microfcope faft with one Hand, with
the other turn the Index till the Point of the Micrometer appears
to be moved juft over the Part, which will eafily be dilcover'd by
the Eye. Then obferve how many Revolutions and Parts have
been made, and you will eafily know the Dimenfions of the Ob-
ject, thus:

SinNcE there are 5o Threads to an Inch, every Revolution will
meafure the 5o Part of an Inch in the Image ; and fince there
are 20 {mall Divifions on the Plate, each of thefe will give the
Meafure of 1o0o™ Part of an Inch in the Image, thefle 50 Parts
and 1000™ Parts added together, will give the whole Meafure-
ment made by the Micrometer on the Image; and fince the Pro-
portion between the Image and Objet is fuppofed to be known,
the Meafure of the Objeét will be known alfo. But this Matter
will be beft apprehended by Example.

Surrosk one of the Annuli, or Rings on the Body of the In-
fect A C, were to be meafured : Set the Point o to one Side there-
of, as reprefented in the Figure; then fuppofe the Index makes
juft one Revolution while the Point 0 moves juit over the Awmuzlvs;
you will immediately know the Thicknefs of the Aunulus in the
Image is _;uf'l: one 50% Part of an Inch: And then fuppofe the
Image 8 times as large as the Obje&, it muit follow that the -
nulus of the Objeét is but one 8% of that 5ot Part; that is, but
one 400%" Part of an Inch. Thisis a plain Cafe.

BuT fuppofe in meafuring another Part, you make 3 Revolu-
tions, and 15 Parts of another, then the 3 Revolutions will be %
of an Inch, and the 15 {mall Divifions will be % of an In..h
thefe two added together, make 2 of an Inch in the Image, S
therefore but ; fo much in the Obje&, wviz. &, which is almoft

= Part of an Inch.

N{)TE That 2 addcd £ 1. m‘lkc ., is eafy to conceive by con-
{idering that every 5, is equal to Z-; “and -:.cmﬁ,qt ently that 3 muft

mc-u?

be equal to ;25, which added to 2, make I, as before.
oo Or
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O r thus in fhort; make the Number of fmall Divifions, pafs'd
over during the whole Motion, the Numerator of a Frattion, and
the Number exprefling the Power of Magnifying with three Cy-
phers annex’d, the Denominator of that Fraction; then will that
Fraétion exprefs what Part of an Inch the Part meafured is equal
to in the Obje@. Thus in the laft Example, there were 75 Divi-
{ions in all pafs’d over, which therefore is the Numerator; and
fince the Objeé was magnified 8 times, the Number' 8 with three
Cyphers, is the Denominator ; and fo the Fraction is -, as above.

“T'1s well known by Experience, that the roo™ Part of an
Inch is vifible to the naked Eye: In a Microfcope, therefore, that
magnifies 4, 6, 8, or 1o times, the 4009, 6oodh, Bool"h, or
rooodh Part of an Inch will be vifible, and therefore may be eafi-
ly meafured by the Micrometer. And fince the thoufandth Part
of an Inch may be fo eafily feen and meafured, we may judge
very nearly of others much lefs, at leaft 1o times lefs ; thus we
may be certain of the furprizing Minutenefs of Objeéts almoft to
the 100009 Part of an Inch in Diameter, the roocoocooodth Part
of a {quare Inch in Surface; and the 10000000000004 " Part of
a Cubic Inch, in Bulk, or Solidity. To what a prodigious De-
gree, then, does the Microfcope, thus conftru@ed, extend our
Geometry, as well as our Philofophy !

Ix the laft Chapter I promifed an eafy Method of finding the
Magnifying Power of the Microfcope, for any Obje& Glafs, by
the Micrometer ; which is done in this Manner : Take any Ruler,
&Fe. which has Inches divided into Zénths, and place it under the
Microfcope {o that you may have one of thofe Tenths in full View
i the Image, then meafure it carefully with the Micrometer, and
count how many Turns were made in fo doing ; divide that Num-
!3‘-‘1' 'h}' 5, and the Quotient will thew how many times the Image
is bigger than the Obje®. Thus fuppofe in Meafuring one of
thofe Tenths I make 40 Turns, that divided by 5 quotes 8 ; and
fo many times does the Microfcope magnify with the Glafs.

NorTe,
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No t e, the Reafon why you divide by 35, is becaufe there be-
ing co Threads to an Inch, 5§ muft be equal to one Tenth in the

Objet ; and therefore as many times 5 as there are in the Image,
{o many times muft the Object be magnified.

GEHALE. .V
A Deﬁrépz‘fﬂﬂ' ﬂf the UNIVERSAL

Microscorr, mounted on a Barv
and SocxkET.

HE ufual Conftru&ion of the large double Microfcope con-
fines its Ufe to thofe Objeés only which are placed below 72,
on a circular Plate of Bﬂfs, included bctween, and fuppor-
ted by the three brafs Legs of the Microfcope. Hence only one
Poﬁticn of the Microfcope, and only thofe Objeéts which can be
put between the faid Legs, can be of ufe in this Structure.

T o remedy this Iﬂcmwcnience, by 1pplyinﬂr the faid large dou-
ble Microfcope to view all Kinds of Objeés in every poflible Pofi-
tion or Situation, I have contrived a new Form or Structure there-
of, by means of a Ball and Socker, mounted on a cylindric Shaft
of Braﬁ, on which a Qﬂdranml qute of Brafs moves horizontally,
all which are reprefented in Plaze I1, as large as the Inftrument it-
felf. A particular Account of wluch here W

A, is the Brafs Top of the Microfcope.

A B, the Part containing the upper Eye-Glafs.

B C, the Part containing the lower Eye-Glafs, and Micrometer X,

DE, the Tubes, orBody of the Microfcope.

I K.
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I, K, the Sncut, and Button, with the Obje&-Glafs.

F, F, aftrong hollow Ring or Socket of Brafs, in which the
Body of the Microfcope is fixed.

F G, a Brafs Arm, in the Cavity of which, G, is faften’d

I, the Neck of the Brafs Ball, by

H, a {mall Screw.

M, the Brafs Ball.

N O, the Socket which contains it; the Part N {crewing on
the other Part O. i

P, the Brafs Stem or Shaft, on which the Socket O is {fcrew’d.

QR S, a Quadrantal Piece of Brafs moving horizontally on

T, a fmall Brafs Socket moveable on the Stem P, and fix'd at
Pleafure by a Screw.

VU, a Circular Piece of Glafs, on which the Obje& is laid.

WY, the Box or Ba/is of the Microlcope, with a Drawer, Z,
containing the other Buttons, Glafies, &c. which belong to
the Microfcope.

a,byc,d, the Brafs Cafe, containing the Mirrour for Refleéting
Light thro’ tranfparent Objedts.

Frowm this Defcription and Reprefentation of the Parts, tis ea-
fy to obferve how much this Form of the Microfcope excells that
in common Ule; for (r.) By means of the Ba/l and Socket, the
Microfcope may beapplied to view Objects in any Situation oblique-
ly, as well as perpendicularly below it, which the other cannot.
{2.) Objed@s of any Shape or Form, or placed in any convenient
Veflel, may be here placed under or before the Microfcope, which
very often cannot be done in the ufual Form, by reafon of the
Nearnefs of the Legs to each other. (3.) Objeés placed on the
Quadrantal Plate R Q may be moved horizontally under the In-
{trument, "till all its Parts {fucceflively pafs under the Obje& Glafs,
or are {een in the Field of View ; which Plate in the other is fix’d
and immoveable. (4.) Tranfparent Bodies are view'd to a much

greater
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greater Advantage by means of the long circular Piece of Glafs VU
which pafles thro’ the whole Length of it under the Object Gl tia,
than in the common Sort where the Hole is circular and immove-
able ; becaufe (5.) here the Obje&, once well pofited, is not mov-
ed, but the Plate whereon it lyes; but zhere, 'tis moft times necef-
fary to move the Objed itfelf this way and that, which is very in-
convenient. (6.). The Beauty, Simplicity, and Freedom fo con-
{picuous in the Struture of this Inftrument muft recommend it to
every Gentleman of good Tafte, who chufe to have a Microfcope
of any other than the Pocket Form.

THEY Who are converfant in the Microlcope will eafily Judge
with how much Eafe and Pleafure the grand Phenomena of the
Animalcule in Water, in Semine Mafculino, the Circulation of
the Blood, and various other Philofophical Experiments, will fuc-
ceed in thls more than in any other Fﬂrm yet invented for the lar-
ger Microfcope.

In the firft Edition of this Piece I gave a Print of this Univer-
Jal Microfcope fomewhat different from this, and which was very
well approved and accepted ; but as very few Things are perfec
with the firft Thought, {o this Inftrument, upon mature Delibe-
ration, I found was capable of confiderable Alteration and Improve-
ment in its Structure, both in regard of Elegance and Ufefulnefs;
and with which they are now made accordingly. I likewife gave:
the Print of the former in Miniature, but here the whole, and
every Part, has the fame Size and Proportion as the Microfcope it-
felf ; which I judged was neceffary to exhibit a juft and adequate.
Idea of the fame.

CHAP
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G AT By W

A Computation of the extreme Miﬁﬂteﬂeﬁ of
vifible Animalculae ; and the prodigious

Subtilty of their Blood-Velels, and Sangui-

neous Particles.

N order to make a Calculation of the Magnitude of an Ani-

malcule that is but juft vifible to the Eye, we mult know that

'tis found by Experience, that an Objelt is then juft vifible when
it fubtends an Angle of but one Minute to the Eye.

Now fuppofe the lower Glafs D E taken away, and that the
Diftance of the Image BF is ten Times the Diftance of the Ob-
jet 4f from the Lens de, then will every Particle in the Image
be ten times greater than the fame Particle in the Obje&. .

Acarn, {uppofe the focal Diftance of the Eye Glafs IL or L B
be juft one Inch; then a Particle in the Image, which is but juft
vifible to the Eye by fuch a Glafs, will be feen under an Angle of
one Minute. Let fuch a Particle be reprefented by A B (in Fig.IIL.)
and the focal Diftance of the Eye-Glafs by CB — 1 Inch: Then
in_the Right-angled Triangle ABC there is given the Side BC
= 1 Inch, and the Angle C = 1 Minute, to find the Length of
the Particle A B.

In this Cafc BC is Radius, and A B the Tangent of the Angle
C ; but when the faid Angle C is ome Minute, the Radius is to the
Zangent as 10.000.000 to 290g; that is, in round Numbers, as
10000 to 3; {o that the Particle AB is in Length = of an Inch.
All this is evident from the Tables of Sines and Tangents.

Now
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Now fince A B is equal to i in the Image, and the Image is
10 times larger than the Ohje& the faid Particle in the Object
will be but £ of -, or —t Parts of an Inch. Now ’tis well
known that there are fome Animalcules in Water, fo {mall that
when they are magnified 1o times they appear but as Points in the
Microfcope ; and as they are of a{pherical Figure, the Diamc:ter of
one of thefe Animalcules may be reprefented by AB = =%-; and
therefore the Magnitude of the Ammalculc muﬂ be exprefs d by
the Cube of that Number, v/2. ——=7—= multiplied by o.52 36,
which makes %, thatis, if a Cwbic Iﬂcb were divided in-
to a Thoufand Millions of Millions of equal Parts, the Magnitude
of one of thefe Animalcules would be equal to but r4 of them.

Hence (fays Dr. Kei//) what fome Philofophers have dreamed
concerning Angels, is true of thefe fmall Creatures, wviz. That ma-
ny Thoufands of them may dance on the Point of a fmall Needle.

F rowm the above Calculation it appears, that the Concavity of a
Globe 2! Inches Diameter, will contain more than a Thoufand
Million qf Millions of thole Animalcule.

Since the Veflels of organized Bodies are in Proportion to the
Magnitude of the Bodies, as we may reafonably fuppofe ; and
fince the human Body contains, at a Mean, about 3 Cubic Feet,
or 5184 Inches; therefore as 5184 is to L {o are the

193.000000.0000000 3

imalleft Veflels difcoverable in a human Body to the like Capillary
Veffels in an Animalcule.

Bu r Capillary Vefiels have been obferved in the human Body
{o {mall that the Diameter of one of them is but about —— Part ok

|||||

an Inch; now the Diameter of a like C'Lplllar}r in the Amm'llc,ult,

will be in proportion to the above Diameter %, as the Cube Root
of the Magnitude of the Animalcule ——2-~—— to the Cube Root

of the Magnitude of the human Bﬂd}r 5 1 84. “But the Cube Root
of 184 is nearly 17, and that of ——=%—— s 24 o there-
fore as -x7:1s. 10 -2to {0 ds ks oy st n::rrj —— + which there-

dobon SO000ouH00

fore exprefies the Dﬂmet{,r of the C‘iplllal}fll‘: the Animalcule; that
15
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is in Words, if an Animaleule be divided into Fifty-feven Thou-
fand Millions of equal Pazvsy then will the faid Diameter be equal
to one of them. :

Now the Diameter of -a Blood-Globule' which flows thro’ one
of thefe Veflels, muft be lefs than 5t Part of an Inch ;' there-
fore if we fuppofe thofe Globules round, 'the Solidity: or Magni-
tude of one muft be!léfs: than the Cuber of Z—‘—_t multiplied by
0.5236; that is lefs than —mmmmmy orin round Num-
bers —————-————— Parts, whichNumber being fo exceeding
{mall, cannot be exprefs’d in Words that will give a clear Tdea of
fuch an extreme Subtilty of the Particles of the Fluid which eircu-
lates thro’ the Capillaries of thofe Animalcule. MO

I suary therefore take another Method to aflift the Concep-
tion in this Matter, which is by finding a Mean Proportional be-
tween the Magnitude of ‘the aforefaid Particle, ‘and' that of the
the Globe of the whole Earth. To this Purpofe I fhall confider
the Earth as a Sphere whofe Diameter is 800o Miles. - There-
fore the Solidity of the Earth is equal to 5§12000.000.000
multiplied by~ 0.5236, that is to 2680832000.00 ' Cubic
Miles ;- and 'in one Cubic' Mile there is '254358061056000
Cubic Inches: Therefore the Magnitude of the whole Earth is
681.890.000.000.000.000.000.000.00 CubicInches (trueenough
for the Proportion.) A mean Proportional therefore between the
Numbers exprefling the Magnitude of the Earth''and the Particle,
muft be the Square Root of this Fradtion —820e e eoecos.otoco0.00

120 100, 00 0-D00.D00.0T0.007,000,0 30,000.000
viz, the Fraétion . Préees o this being divided by ©.5236; and
the Cube Root of the Quotient extracted, ‘will be the Diameter of
amean Proportional {fought, wiz. 222, or 2= which is little 'more
than one Tenth of -an Inch. Tderefore a Globe or Ball of one
Tenth of an Inch Diameter, is a mean Proportional between the
Glabe of the Earth and one of vhofe Janguineons Particles: Op
Juch a Particle is-as-much lefs than a Globe of one Tenth of an Inch

Diameter, as that Globe is lefs than the Globe of the whole Earth.

Ix
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I~ this Caleulus we have fuppofed nothing abfuid, yea nothing
that is not agreeable to the Analogy which Nature obferves in all
her Operations. If Magnitudes increafe or decreafe in fuch ex-
treme and remote Gradations as furpafs our Comprehenfion or
Conception, ‘it makes lml:hlng ag'unﬂ: the Pofﬁblhty or Probability
of the Thing; the Proportion is all the Difference, which is in-
different to Nature, and only affets us. We think the infinite
Divifibility of Matter a ftrange and incredible Thing, yet
nothing admits of a more ftri¢t Mathematical Demonftration.
The Globules we have been confidering, and think fo wondrous
fmall, we fhould think, perhaps, as monftroufly large, could we
compare 'em with other Bodies in the Scale of Miniature below
them ; as the Particles of the Fluid in which they float; or thofe
of the animal Spirits in thofe Animalcule; or laitly, to the Par-
ticles of Light, which probably are as much lefs than thofe'Bloed-
~Globules we have been computing, as we have found them lefs
than the Globe of the Earth. ‘

Hence then we conclude, there is-either sothing, or every
thing, to be wonder’d at in Nature : And that of theinfinite Scale-
of Magnitude we view but a very few Steps or Degrees, even
when affifted by the beft of Microfcopes and Telefcopes (the only
Helps in this Cafe which Art can afford us :) How very narrow,
then, and contracted muft be the Extent of their Speculation and
Ideas, who are Strangers to thefe excellent Inftruments, and arc

confined folely to the Notions derived from their #azur ‘al Sight
and Senfes @

D 2 CHAP
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C, Hin X EeaVebl

General Dirvedtions for the right Ufe of the
Microfcope.

to fee that they are perfedly clean and clear; if they are

not, they muft be taken out and wiped with a Piece of foft
Leather, fine Linen, or Silk, doubled over the Glaffes; and re-
placed without touching "em with the Fingers unlefs by the Edges
only. .

Iy replacing the Glafles, Care muft be taken to lay them level
or cven in their Places; for if they fhould be placed obliquely,
the Objeét will be diftorted and difcolour’d.

IN viewing an Objeé, always be fure to hold the Microfcope
perpendicular or down-right, and not aflaunt; for then the Ob-
ject, if unconfined, will roll out of Sight.

Tax e Care to hold the large Aperture towards the Light, that
the Obje& may be as much illuminated as poffible, and to the beft
Advantage, :

In fetting the Microfcope for View, hold the outer Cafe firmly
and fteadily with the Left-hand, and with the Right-hand very
gently move the inner Tube up and down till you find the Objet,
and have got a clear and diftinét Sight of it; and there let it ftand.

For the better apprehending the Obje@, be careful to lay it
juft on the Middle of the Glafs, under the Obje¢t Lens in the But-
ton. For thofe Rays which come from the Middle, afford the
molt perfect Vifion ; the Collateral Rays being very unfit for that
Purpofe. i :

Howpine your Eye over the Aperture of the Brafs Top, move

1t

TH E Glaffes ought to be look’d at when you view an Objeét,
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it gently up and down till you find the Place where you have the
cleareft and largeft View {:-f the Objed, for fuch a particular Point
there is.

Ir there be feveral in company, each Perfon ought to fet the
Microfcope to his own Eye ; and not view it as fet by another ;
for every particular Eye has a Focus peculiar to itfelf.

- Ir the Object does not appear exceeding clear and perfed, you
may conclude the Inftrument is not well adjufted.

LT the Part to be viewed be {o placed as to receive the {trong-

eft Light, if the Objec be a dark, black, or opake Subftance.
- Ir the Objec be tranfparent, let down the RefleGer in the
brafs Bottom, that the Light may be refleGted ftrongly thro’ it.
Nor is this Mirrour of any Ufe but when the Objeét 1s pellucid ;
and thould therefore in all other Cafes be fhut up.

For larger Objects the larger Obje&-Lens is to be ufed, and for
{maller, the {maller Lenfes; alfo the Obje& fhould be as much
magnified as it will bear that you intend to meafure with the Mi-
crometer.

ExtrEMELY {mall Obje@s thould have the ftrongeft Light of
the Sun, and the greateft Magnifier. If it be the Circulation of
the Blood, the Seminal Animalcules, or thofe fmall ones which
tinge the Water ; they thould be moreover illuminated by the Sun’s
Rays collected by a Convex Lens held in the Hand.

I~ a dark Day, or darkfome Room, no one fhould attempt ta
view Objedts, unlefs white, or of {fome ftrong bright Colour; for
if the Obje be not well enlighten’d it will appear but dnm},
and give no Satisfaction ; whence a very ill Opinion is conceived of
the Inftrument without any other Reafon but their own Unfkill-
fulnefs in the Ufe.

I~ looking into the Microfcope, take Care not to let your
Breath fall on the Eye-Glafs ; and that you hold not your warm
Hand long on thofe Parts of the Microfcone where the Glafles lye,

for they contra® a Moifture from the Hand, which in the Appea-
rance
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rance of a fine Dew, 1lt-iulutth obftruéts all Swht of the 01}16&
Turst Dire@ions and Cautions are all I'can think ﬂcccﬁ'm}

for an Inftrument whofe plain and innph, Struéture {o Imtumll}r in-
dicate its eafy and obvious Manner of Ufe.

CHAP. VIL ’

Of Microfcopic Obje&ts; and firft of
Animal Subftances, » 7h¢ Human
Body, and thofe of Quadrupedes.

umaN Hair; its bulbous Root; its long {mall Cylindric
Form ; the Subftance, if black, opake; otherwife, tran{-
parent.

Horse-Hair ; the fame things, but more apparently.

Hocs BristLEs 5 befides what is common to Hair in general,
thele appear tubuhr or hollow ; for the thin tranfverfe Se&ions
will appear perforated in the middle, if nicely cut with a fharp
Pen-knife or Razor.

Mouse’'s Hair 3 I mention thefe becaufe Dr. Derbam relates
{fome Things very-curious and peculiar to them, in regard of their
Structure; which, tho’ I have often {fought for, I could never
yet obferve.

Tue Sumeriers of Cats, Tygers, Leopards, &%. they are
round, opake, and folid throughout.

Tue CuricLe, or Scarr-Skin of the human Body; this ap-
pears to be made up of feveral Lays or Rows of. exceeding {mall
Scales, lying partly on each other. Under thefe Scales are faid to

GP Cll
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open the Orifices of the excretory Duds of the Glands ferving to
Peripiration : Thefe are innumerable, and incredibly {mall.
= 'Tue SxiN ; inwhich are the Papille Pymfmdafc; infinite in
Number ; between thefe open the Orifices of the Ducts 0{' the Miliary
Glands; wlnch Glands l}fe under the nervous Texture of the Skin.

MFMBR&NA Abwosa; in this Membrane, which lyes next un-
der the Skin, ‘you fee the Fat of Animals, and will find it te be
an oily Subftance, contain’d in an infinite Number of fmall Vefi-
cles, ‘or little Bladders, which appear very plainly in the Fat of
Beef, Mutton, &'¢. cut into very thin pcllumd Slices when cold.

-~ ‘MuscuLar Fisres; thefe when feparated artfully in' the mui-
cular Flefh of Beef, Mutton, Bacon, &¢c. appear to be nﬂthmg
but Fafcici/i, or Bundles of fine capillary Threads or Fibrils, per-
fectly tranfparent, and nearly round ; having in all Refpeds the
Appearance of very fine pellucid Hnus They aré of different
Sizes in different Animals; but larger in Fifh than Quadrupedes,
and largeft of all in the Pleflvof Shell-Fith, as Crabs, &.

“Tae NEervEs ; thefe appear tobe a Bundle of long {nall Pipes
or hollow Flbrcs, as fome Authors fay, but I could never difcover
their Hollownefs, or {eparate “em like the Fibres of Mufcles.

ArTERrIES and VEINs ; the Coats which compofe them, when
feparated in a prﬂpt:r an r afford a fine Subject for the Micro-
{cope.

TaE INTESTINES or GUTs 3 their Texture confifting in the va-
rious and wonderful Difpofitions, Order, and Direétion of the
nervous Fibres, make a curious Speculation.

“Fue Lacreas; thofe fine Dués imbibe the Chyle from the
Inteftines, and are only to be feen in living Subje&s.

Tue Lymeuapucrts, are of a curious Struure and Form, and
well worth a Microfcopic Obfervation.

Tae Luncs, Liver, KipNeys, Pancreas, SPLEEN, &c. when
divefted of their parenchymous Subftance by Maceration, difcover

a furprizing Contexture of veficular, and vafcular Ramifications
of
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of Arteries, Veins, Nerves, &c. inofculating with each other,
and make a wonderful Subject.

Tue SeminaL VEssiLs; their wondrous Contortions and Con-
volutions in the Epididymis.

Tue TesticLes ; the fine and beautiful Ramifications of
Blood Vefiels on the Membranes inclofed ; their glandulous Sub-
ftance artfully dryed, and cut into thin Sliees, are a delicate Sub-
jet.  Thofe of Bulls or Horfes are beft for this Purpofe.

Tue Penis ; its cavernous or cellular Subftance, when prepared
and dryed ; alfo the Subftance of the G/ans makes a curious Sight.

Tue Brain; wherein the cineritious and medullary Subftance,
the Union of the Nerves, the Plexus Choroides, the Rete Mira-
bile, &c. are Subjets for the Microfcope : As alfo the Meninges,
or Pia and Dura Mater, the Membranes which contain the Brain
and Cerebellum.

Tue Eve; here the feveral Coats, the Aqueous, Vitreous,
and efpecially the Cryftalline Humour, deferve a particular Infpe-
¢tion ; the Colour of the f7is; the Fibres of the Ligamentum Ci-
liare, and Choroides; and above all the Rezina or ine Expanfion
of the Optic Nerve, with the Branchery of Blood Veffels thereon,
afford the fineft Entertainment to the Microfcopic Obferver.

T'ae Nose; in this Organ we have the Offa Spongiofa, and
the Expanfion of the Olfa&ory Nerve over all its Lamine ; the
glandulous Membrane, and the #747iffi or Hairs, are worth our
Notice. .

Tue Ear; the Hair, the Wax, the Zympanum or Drum, the
little Bones, the Auditory Nerve {pread over the feveral Cavities,
may be examin’d by the Microfcope. :

Tue Toxcur; the curious Difpofition of the Fibres (which
compofe its Subftance) in feveral Planes, and various Dire&ions,
atiord a pleafing View ; and more efpecially fo, the nervous Pa-
pille (which are the immediate Organs of Tafle) in the internal
Membrane or Coat of the T ongue, and their Cafes in the external

Membrane,
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Membrane, which make the Tongue fo rough, and are lo vifible
and large in a Neat’s Tongue, and other large Animals.

Tue Broop; this vital Fluid yields the fublimeft Speculations
by the Microfcope in regard of the following Particulars, wviz. the
{mall red Globules or Particles, which conftitute the red Part, or
Craffamentum ; and thefe are eafily vifible if diluted with Water,
and laid thin on a Glafs: Some fay each of thefe Globules confifts
of Six lefler Ones, but that I could never yet be apprized of.
Thefe red Particles by a conftant Dilution with Water will lofe
their Colour, and become white Blood. - By this Dilution of the
~ Blood its Salts are extracted, and when the Humidity is evaporated,
they appear very plain on a Glafs laid under the Microfcope. The
Serum of the Blood confifts of an infinite Number of fine invifible
Filaments, Membranes, and vafcular Parts, fome of which are
obvious to the Eye by the Microfcope, and this is the Reafon why
the leaft Heat will caufe it to coagulate. But the moft noble Phea-
nomenon is the Motion or Circulation of the Blood. The principal
Subje&s for this Purpofe are the tranfparent Tails.of Tadpoles,.
and the yellow Sort of Water-Eft or Neut ; it is vifible alfo in the
Fins and Tails of moft Sorts of Fifh and Eels, and likewife in the
Feet of Frogs, &¢. To {ee this with the greateft Pleafure, ufe
the largeft Magnifier, and let the Obje&t be confined in the long
Glafs Tube, and the Part for View-well enlighten’d by a Refracter
above, and the Refleting Concave below. If the Animal be near
expiring, you'll plainly fee the Motion of the Blood decreafe, and
the Globules glide {lower and {lower along, till at length they are
perfectly quiefcent, and the Animal quite dead.

TuE SEMEN ; the infinitely fmall and numerous Animalcule
in all Male Sperm are the moft aftonifhing Spectacle, and as yet
the higheft Attainment of the Microfcope; you cannot fail of
{feeing Millions of thefe in the fmalleft Quantity of the human
Semen, if laid under the Microfcope while warm, and view'd
with the greateft Magnifier, and moft flrongly illuminated, llzb}r

; the
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the Sun’s Light refrated and refleted upon it.

Tue UrinNeg; in this the various Sediments; the Arene, or
Sand ; the NVebule, or Motes; and the Salts obtain’d by evapora-
ting the humid Part, are proper Subjects for the Microfcope.

Tue Bonxes; thefe in the Feetal State are foft and fpongy,
confifting of an Affemblage of bony Fibres, which are very won-
derful to behold ; thefe curious Objeés are to be feen among the
Preparations of Anatomifts and Surgeons.

Tue Narrs and Hoors of Beafts; the latter in Cows, and
efpecially in Horfes, are very porous, as may be eafily {feen by cut-
ting their Slices, and laying them under the Glafs with the Light
reflected thro’ them. Whence it appears, that the Nails and Hoofs
of Animals are made up of inmumerable fmall cylindric Zwbule, or
Pipes, which are, as it were, cemented or conglutinated together,
by a vifcous, hard, or horny Subftance. Some Things of this
Kind are alfo to be obferved in the Horns of Animals.

C. Hu AP alX
Of Microfcopic Obje&s peculiar 1o Birds.

MONG this Tribe of Animals, the firft Thing which pre-

fents itfelt for a Microfcopic View, is
Tue FEATHERs ; in thefe the wonderful Variety of
beauteous Colours delights the Eye,  aflifted to view them with a
Glafs. The Feathers of the Jay, the Pheafant, the Peacock, the
Mallard, &¢. are furprizingly fine thus view’d. As to the feve-
ral Parts of a Feather, the Plumage is that which deferves our firft
Notice; thelc appear extrémely pleafant, if view’d either together,
ar {cparately 5 each Plumula having then the Appearance of a large-
Feather.
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Feather. Thofe in the delicate white {oft Feathers of the Oftrich,
or of a Peacock’s Tail, afford thefe Plumule of the finclt Sort.
The Quill-Part and Rib of the Feather have nothing which ftrikes
the Eye ; but the white Pith, if cut tranfverfely into extremely
thin Slices, and laid on a Piece of Glafs, will thew an admirable
Contexture of Net-work ; which thewsthat the Subftance thereof
is compofed of an infinite Number of Veficule, or imall Bladders.

Tue Hamry Featuers of the Cafaware are worth obferving,

Tue FINE LoNG Hairs which appear on the Bodies of moft
Fowl when pick’d, with their bruthy Tops and bulbous Roots,
may be view’d with the Microfcope.

The rtp Comss and Girs of Cocks,

Tue Scary Sxin of the Legs,

Tue WEs or Membrane in the Feet of Water Fowl, are all pro-
per Subjeéts.

Tue FLesuy Fisres in general, and particularly thofe of the
Gizzard, thew a wondrous Mechaniim; and are view'd with
great Satisfaction, if the Gizzard be partly dried, and cut into thin
Pieces.

In large Birds the Subftance of the Bi, or Beaker ; and in
{fmall ones, the Lamelle, or thin Plates of the Skull, the Interftice,
with the bony Fibrille which conneét thefe Plates, are very curi-.
ous Subjedts.

Tue Ecc is the moft copious Source of Microfcopic Themes
belonging to this Tribe ; for in many there is a beautitul Variety
of Colours, Tincs, and Dyes, which make a fine Appearance.
The hard cruftaceous Part or Shell, if feeth’'d in Vinegar 'ull it
becomes foft, will appear to confift of fmall, white, hard Globules,
or ftony Particles, as it were cemented together on a ftrong white
Membrane ; and with the Point of a Needle, or Penknife, may be
eafily feparated from each other. The Membrane which contains
the ¥o/k, appears to be an opake Subftance when dry. T he
White of an Egg {eems to be a vafcular Subftance (fomewhat liiﬁ:

E 2 the
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the vitreous Humour of the Eye,) on which Account it immediate-
ly coagulates by Heat but affords nothing extraordinary to the
View. The Yolk, or yellow Part, being boil'd hard, and when
almoft dry, gently rubb’'d on the Glafs, will fhew that it confifts
of very fmall roundifh Globules of a faint red Colour; which, ’tis
fuppofed, are {mall Bladders containing an oleaginous Subftance
proper for the Nutriment of the young Chick, while confined
in the Egg.

Tue Corour’p Iris in the Eyes of fome Birds, makes a very
fine Obje& in the Microfcope. -

Tue BrReasT Boxg, Scarurz, &c. in fmall Birds, are almoft
tranfparent, and afford a curious View of the Courfe which the
Vefiels take thro’ their Subftance. The Meditullium, or internal
fpongy Subftance of Bones is better obferv’d in thofe of Birds
than any other Animals.

Tue Bar, or Flutter-Moufe, is rather a flying Quadrupede,
than any thing of the Bird-kind ; and is a wondrous Conneétion’
of thofe two Species of Animals. The peculiar Sort of membra-
naceous Wings are a fit Objec for the Microfcope, and, I think,
is all that intitles them to a Confideration here.

CoETO B
Of Microfcopic Objeéts peculiar to Fithes.

O Perfon unacquainted with the Microfcope can imagine
what a glorious and beautiful Creature a Fifp is. Were it
pofiible to view the whole Body of a Carp, for Inftance, as

magnified by the Microfcope, I dare fay a Perfon would pronounce
it the fineft Animal he had ever beheld with his Eyes. For

THE
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THuE Scargs of that Fifh, when view’d in the Microfcope, ap-
pear all befpangled with Stars of a golden Hue, with a great Num-
ber of Specks and Spots delightfully interfperfed. In this Scale
appears a beautiful Form and Texture, the Root largely denticu-
leted, by which ’tis inferted into the Body; from whence it ap-
pears ribb’d to the middle Part, where they radiate or fpread like
the Sticks in a Fan towards the curv’d Extremity, which is vari-
ouily figured in the Scales of different Filhes. The Scales of
thofe we call Flat-Fifh, are exceeding {mall and beautiful, as in
the Plaice, Flounder, Turbet, &c. 'The Scales of an Eel are a
great Curiofity; they were never known but by the Microfcope s
they appear perfe@tly tranfparent, of an oblong Form, and of a Re-
ticular or Net-like Texture, In order to fee thefe to the beft Ad-
vantage, take a Piece of the Skin of the Eel on the Side, and while
moift {pread it on a Piece of Glafs to dry very fmooth ; when thus
dry’d the Surface will appear all over dimpled or pitted by the
Scales, which lye under a Sort of Cuticle or thin Skin; this Skin
muft be raifed with the fharp Point of a Pen-knife, together with
the Scale, which will then eafily flip out, and thus you may get
as many of them as you pleafe. Or they may be tolerably well
feen thro’ the dried Skin, if it be thin and clear and ftrongly illu-
minated by the Reflecter.

Tue Skin of all Fifh and Eels appears more or Iefs variegated
with a great Number of Specks, Spots, Tinés, and Colours of va-
rious Dyes ; as any one will foon be convinced, by viewing the
Skin of an Herring, but more elpecially of a Mackerel, by the
Microfcope.

InsTEAD of Scales fome Fith are arm’d with {mall but very
{harp-pointed Spines or Prickles which grow very thick all over the
Surface of their Bodies; thefe are moft remarkable in that which
we vulgarly call a Seal’s Skin (which on this Account is of great
Ufe among Joyners;) they appear, when view’d by the Miczee

fcope, to confift of fweral fingle Spicule proceeding from a large
Bcl"ﬁ.,
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Jafe, and terminating in a fharp Point at Top, which is fomewhat
curv'd, that fo they might lay the fafter hold on any thing they
are {truck into.

Some Fith have neither Scales, nor Spicule, but have their Ar-
mour purely defenfative; as is evident in that curious Inftance of
what Tradefmen call the Nurfa-Skin; this Skin is beautifully
ftudded all over with hemifpherular Bodies, fome large, {ome
{mall, with white Heads ; {peckled on the outfide, within white
as Ivory, and harder than a Bone. So that this Fifh-Skin makes
a Coat of Mail impenetrable even to Steel. It is of great Ulfe in
covering the Cafes of Microfcopes, Telefcopes, and thofe tor Chi-
rurgical Inftruments.

Tue Skin which covers the Saw of the Saw-Fifb, isa moft curi-
ous Subject for the Microfcope ; but whether the Skin which covers
the Body of that Fifh be in the fame Manner decorated, I cannot
fay, having never {een more of that Fifh than the Saw.

Tue Fins of Fifbes are a wondrous fine Subject; for they are
beautifully colour’d,and ftellated beyond any other Part; they con-
fift of hard, round, {pinous, jointed Ribs, connected together bya
tranfparent Membrane ; on which Account the Blood-Veflels are
very vifible in the Fins and Thails of Fifhes, and confequently the
Circulation of the Blood thro’ them; which here may be feen as
evidently as in almoft any Subject whatfoever.

Tur riesuy Fisres of Fifb appear to be larger than thofe
of any other Animals, asI havealready obferv’d, particularly thofe
of Crabs, Lobfters, &c. But what is moft remarkable is the
Difpofition and Dire@ion of thofe Fibres (in the Fleth of fome large
Iifhes) which lye next the Skin; for in the Fleth which is left on
the Vurfa-Skin we find an infinite Number of S#raza or Layers
of Fibres lying on each other, the Fibres of one Stratum being
precifely at Right Angles with thofe of the other. Hence if two
of thefe Lamine or Layers of Fibres be carefully feparated from
the reft (as may be eafily done by Maceration in cold Water) they

will
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will then fo nicely reprefent a Piece of fine Linen, that I have
more than once {thewn it for fuch, without any Difcovery of the
Deceit ; for tho’ in Linen the Threads are interwoven, and in the
Flefh of Fifh they lye upon cach other, yet the Appearance is much
the fame in both; fo nearly does Nature and Art, in this Cafe,
coincide.

THE Sperm, or bard Roee of Fifbes, appears by the Microfcope
to be nothing but an Quarium of Eggs, which are larger or fmal-
ler in different Subjets, are perfectly round, and are in the Crab
or Lobfter a very pretty Object, when magnified.

Tue Teeru in feveral - Filhes, and particularly in Eels, are
fodmall, fo fharp pointed, fo regularly difpofed, as to make a de-
lightful View in the Microfcope.

Tue Brain, with the fine Ramification of Blood Vefiels, the
feveral Nerves, &c. |

Tue Eve, its beautiful colour’d Iris, and perfeély round cry-
ftalline Humour, with the Expanfion of the Optic Nerve,

Tue peculiar Structure of the Lungs, and other Zifcera,

Tae Giues, and their particular Make ; are all Subjeés which
give particular Satisfaction and Pleafure, when duly examined by
the Microfcope. ' -

Tue Eves of @& Grabd or Lobfler, (and all of that kind) are of
a particular Structure ; the Body of the Eye is here of a long or
oblong Form, not round as in other Animals; the Fore-part, or
Cornea, is prominent and full of Lattice-Work, or fmall Squares,
each whereof is, we may fuppofe, an Aperture (if not an Objeét-
Lens) to a fmall long round Tube, which lyes immediately below
it, and goes to the Bottom of the Eye; thefe Tuéule, or fine Pipes:,
may therefore be efteem’d {o many very {mall Telefcopes, or fome-
what analogous thereto; and {o one of thofe Eyes may be look’d
on as a compound Organ, confifting of fo many fimple Inftru-
ments of Vifion, as there are {fmall Tubes in its Compofition.

For as Nature does fometimes produce an Infinity of Effects by one
and
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and the fame Caufe; fo, on the contrary, fhe very often furnifhes
a very large Apparatus of Means or fimple Caufes, which all joint-
ly confpire to produce one fingle Effect.

Tue SuerLs of moft forts of Shell-Fifh have fomething extraor-
dinary in their Colours, Forms, or Contexture, difcoverable by
the Microfcope, which will be more than evident in viewing pro-
per Parts of the Shells of Crabs, Lobfters, Oyfters, &’c. The {in-
gle thin Plates or Lamine, which compofe the latter, appear of a
Retiform or Net-like Texture; 7. e. full of Pores, or {mall Holes,
but round.

Tue Frueriz, or fringed Extremities of the Parts of the Shells
of Crabs or Lobfters, and particularly the latter, are a beautiful
Subject; for they appear to confift either of hard briftly Hairs a-
lone, or elfe of thefe and other Parts, like Feathers, alternately
{et together. Thefe fmall P/umule, or Feathers, are form’d moft
plentifully on the under Parts of the Annuli, or Rings of a Lob-
{ter’s Tail

A~y one who will give himfelf the Trouble of diffe&tinga Shell-
Fith of the Oyfter, Mufcle, or Scollop Kind, will find himfelf
well rewarded with an unexpe@ed Variety of curious Microfcopic
Objects, which will at once delight and inftru& his Mind in the
Knowledge of that Part of animal Nature, hitherto fo very little
known, I {hould not have mention’d the Ordure or Excrement
of thofe Fifhes (beft view’d in a Scollop) but that it makes a moft
delicate Appearance, both inregard of the Matter, which feems to
be an exceeding fine Earth, and the exquifite fine and beautiful
Impreflion of the Inteftine, which excludes it; a juft Idea of

which can only be had from the Microfcope, and not from any
Defcription in Words. '

CHAP.
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CHAP XL

Of MlCl‘OfCOplC Objeéts arifing from t/ﬂe
o oovarious Kinds of Infeds.

NELE!mofb evident-and perfect Tranfition from one Species of
- Animals to'another, 'is that from the Quadrupede'to the Tn-
fe& in the Gryllotalpa of Mole-Cricket ;-a Creature of fingu~
lar Beauty, and a furprizing Conformation Df Parts ;  as indeed are
all of the Infeét Tribe. - -
1 THis-Genus!of Animals'is very extenfive, and contains feveral
fubordinate Species 5 the ‘prinéipal of which are thofe which fol2
low ;' wiz: (1)) The Papilionaceous, or the Butter-fly ‘and Moth-=
kind_ (2+) the Apian, or+'Bee-kind; (3.) the Ichneumon, ot
Fly-kind ; - (4.) the Gnat-kind - 3 the CFICkét*Jxllld (‘6] the
: Scﬁraﬁﬁeﬂﬂ.f, vor” Beetle=kind5'* (i7/y-the" Lﬂu{'r:':hkrna “982) the
Spldér-kmd (9.) Agszarrc In{'f:&s, of whn:h the Spccuﬂs’ﬂre alnioﬂ
innumerable. 2
- In the Butterfly revery: thing i wonderful,” and the Subjec of
the Microfcope ; ‘as the curious Feady with eheiewid ﬁmﬁmm;ﬁ £ he=
omifpherical Eyes, ‘which are finelychequérd, “and of various Co-
dours ; and in fome I have obferved: a fort of Bl grow ‘all over
their Surfacr: which is a Particularity not to be found in‘an y other
Creature. The Aniermie, vor Feelers, are' the Objedts'w hich next
prefent themfelves ;. and thefé in Butterflies confift of 2 long round
Shaft or Stem, withran oblong hollow Head 'at the Tnp, which
contains a 'clear Lymph. -In the Phalwiia ot Moth-kind thefé 4
tepne are of a-moft curious-Formy, beingsin fome of ithe lardd onés
ﬂfa plumiformy Shape,bor like: aifine largv: Feather, as r-é 1o
Ihﬂfe which are bred of the Silk-weorm.- - The Pfﬁézﬁf: or'¥éne
boint F pf:n‘-[!:.d
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pointed Spears which thefe Infeés thruft to tlu_: Bﬂttorn. of Flowers,
to gather from thence their Nourithment, is of an admirable Form,
and curioufly coil'd up when not in ufe.  This Part is beft view'd
in the largeft Sort of Moth. The feveral Parts in and about the
Mouths of thefe Infeéts are an odd and wonderful Appearance.
But in this Species the moft delightful Spectacle is that gay and rich
Variety of Colour in their Wings, and that farinaceous or mealy
Matter with which their Wings and Bodies are cover'd ; the di-
vers, diftin@, and regular Forms and Appearance of which Phea-
nomena never fail to give the greateft Delight and Satisfaction,
¢ven to the molt indifferent Beholder,

O the Apian, or Bee-kind, the moft confiderable are the
Hornet, the Bee, the Walfp, and the Bombylius, or Humble-Bee.
In thele we view a very fine Head, with two oblong prominent
chequer’d Eyes; a curious Apparatus of Parts about the Mouth ;
with a large Probsfcis, with which the Bee colleéts the Mcllific
Particles of Flowers, &’ the Hair which grows on the Bo-
dies, elpecially of the Humble-Bee; the curious Legs, and fine
Claws or Hooks on the Feet; the tranfparent membranaceous
Wings, with the curious Divarications of ftrong fibrous Ribs ;
and above all, and what is peculiar to this Species, the fine
Spear in the Tail, which we call the Szing, with its barbed Top,
and the Duplicatures of the ZPagina, or Sheath which contains
it; the Annuli, or Rings, which make the abdominal or hinder
Part of the Body, which appear beautifully fpeck’d and dimpled all
over the Superficies.

I can’t here pafs by the moft curious and delightful Appearance
of the mufcular Fibres, as they lye in fmall Bundles of Flefh in the
middle Part of thefe Infe&s, and are feen immediately upon dif~
{c@ingand rifing that Part; this may be moft fuccefsfully attempt-
¢d in the Humblc-bee, after it has been dead two or three Weeks ;
for then the Fleth is pretty dry and hard, and the Fafeiculi or
Bundles of Fibres may be taken out together, and are eafily fepa-

rated
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rated or diffever'd fo as to obferve them fingly with the fame Di-
ftin@nefs as the flefhy Fibres of Quadrupedes, or larger Animals.
The Membranes and Fifeera of Infeds, are alfo a moft delicate Sub-
je&, efpecially as they appear upon difleéting the Abdomen of the
largeft Sort of Moth, the Hornet, the Buck-Fly, or Grillotalpa.

AmonG the Fly-kind, that which we call the Dragon-Fly, is
the largeft, and deferves our firft Notice; its very large tranfparent
chequer'd Eyes, with their fine Colours; the beautiful Parts of
the Head and Mouth ; the exquifite Colours, &°c. of the Body;
the Legs; and the large tranfparent membranous Wings of a pe-
culiar Make and Texture, are all Objeés for a Microfcopic View.
In the Flefb-Fly we find, perhaps, the moft beautiful Head and
Eyes that any Creature wears ; nor are the Colours of its briftly
Body lefs noble, ftrong, and glaring ; particularly the green, the
blue, and red of fome that fly wild among the Trees of the Gar-
den and Fields. The Eggs of the Fle/b-Fly, which we call Fly-
Bloats, are a very pretty Spectacle in the Microfcope. Among
the infinite Species of the Fly-kind, we find fomething ever new
and furprizing either in the Colour, Make, Size, or various Stru-
&ure of the Parts, which would be endlefs to recount.

In the Grat-kind we find feveral remarkable Particulars; as
their fine fmall Head ; round globous chequer’d Eyes; their cu-
rious fmall, long, knotted, and hairy Antennz, in fome; in o-
thers they are bruthy or plumiform; their very long and {mall
Legs, and hooked Claws; the Length and Tenuity of their Bo-
dies ; and laftly, the long fmall pointed Spear that goes from the
Tail of fome of thofe Species. The Eggs of Grats are of various
Forms, and difpofed in a very beautiful and wondrous Manner in
the Water, for the moft part, fome among the fine Mofs on the
Sides of Walls, and others in other Places. Thofe in the Water
exclude a fmall Animal, of an odd and ridiculous Form:
From this we have a fecond Metamorphofis into an Animal
of an hideous Shape, and makes the merrieft Figure in the

F 2 Microlcope.
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Microfcope: - Both thefe rife in great Numbersto the Surface of ftag-
nant Water, and. the former ever :IIEHES in.an mvd{ted Pofture, ;wml‘ﬁ
its Hecad downwards ;| from the latteu, at mature Age, proceeds the
infant Gnat, by ﬂcm Degrees, ,in 3. pn:rpcndlcular Manncr, with
its Head upwards ;. in a. thort Time after its Exclufion it finds its
Legs, and then 1[5 ‘.f‘vmns, ﬂutners o - the Surface of .the, Water
a while, and then attempts its nght in the. new but, naturaJ Ele-
ment, thE Air.  The Gnat which is bred from the Cﬁry_ﬁ;ﬁ; in the
Wall, is a moft delicate, ; but {feemingly a very. foolith  of fhiftlefs
Creature ; foras logn as thc} are hatch’d they fly tofome neanad~
jacent Pi.lce, and there they ﬂay as lang as you-can Jm.ve lPa.t';utﬂ:mr;&r
to obferve ’em, without ever moving { from the firft, Plac;q: _fﬂr mﬂny
Days together.

THE Epéemé -on Fz"* is.of the GII&t—=k1nd and 18, perhapsm
great a Curmﬁt}' as any.in Nature. It takes its) Name trom. ghq
fhort Duration of its Life, ‘which is but the Space of oze D::gg at,
moft, and ordinarily not:above 6, xo; or 15 Hours, as I.have
found by fufficient Experience. They are bred from Eggs laid on:
the Surface of Warcr from thefe Eggs are firlt pmduced d fmajL
long red Worm, shich flings itfelf along in the Water in the Form,
of the Letter S, and by that means has a Motion pecuhar to itfelf.
The Make of tlns Worm is very curious ;. when it has argived; to,
its mature State, it makes itfelf a Tﬁem, or Cﬂfﬂ,,”lﬂ the Mud at
the Botiam of fhe Water, the Top of which is open, wherg they:
put out their Heads, and thus theycontinue 'till the Time of. Meta=
morphofis, when they are changed into an incomparable fine Ani-,
mal like a Fith, which at its full Growth dis.about, half an Inch
long ; this Anumlmlc is too curious and {ingular in-all its Pasts ta
be hm: deferibed, nor will any Method be fufficient to reprefent
it but the Mlcrefcr}pL From this Creature at laft is produced the

Ephemeron Fly or Gnat, which is the moft delicate and beautiful
of all this Clafs; it is hred o, hateh'd.about Six in the Evening;
they frilk about a few Hours on the Surface of the Water, engen-

der,,
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der; lay their Egos, orow old, and dye, generally before Six the
next Morning. I have often tried, but could never above once keep
one of them alive Forty-eight Hﬂurs

Tue Cricket-kind has many Subje@s worth our Obfervation. The
G;y!fafm’}m or: Mole-Cricket is the firft of this Tribe, -and is
matchlefs in regard both of its amphigeneous Nature and Form,
and the Beauty of . its Parts, as they appear thro’ the Microfcope.
The Grafshopper is another Infect of this kind ; eeryPart of which
makes a fit Subje& for the Microfcope, efpecmlly in the large green
Sort where the Legs beautlfuliy colour’d, .and {et with fharp Spines,
are a very prf:tty‘ Spectacle: . This Creature in its Ny mpha-State
w1th,tn the white Froth, which it emits all ‘around, isalfo a ve
curious Obje& to view. Of this Sort alfo are tlmﬁ; cantillating
D{Jmeﬂmks we call Crickers, which harbour in. our Chimneys.,
Ths Lacn_:/?: are the Head of this Species; . but as thc_',' arc not to
be come at in our Country, ’tis to no Purpofe to take further No-
tice of ‘em here. g
_THE Scarabeiy or Beetle-kind, fubdivides into various Species,
of which the Principal 1s the great Stag-Fly ; the Eyes of this Crea-.
ture,. its Horns, the Surface of its Head and Body, its Wings, and;
Legs, and Claws, are all proper Subjeés to employ the curious
Eye,- And allo the internal Parts, which appear upon Diffeétion.
111 thE common Black-Beetle nothmg can equalthe noble Mazarine
Dye t::-f the Thighs, and the delicate Form of their.Feet ;. the -
tenne in fome of thefe are of a curious Struéture, I need only in-
&g,ncc in thofe of the:.common Chafer,” which I would recommend.
to the Vu,w of themqulimve Reader.  The Lady-Bird, or, Lady-
i,';’&w, is al{o. of this Clafs ; ;- whofe Spots and other Acmdf.nts make
it the Subje& of the Mmc-ﬁ:ﬂp-:‘: The Ear-/ig is remark: 11} for
thf-. Farﬂepx or Pinchers in its Tail, which muﬂ appear very formi-
dable to the Eyes. of thofe Creatures which fee 'em. much larger

than we can do by the Microfcope.
Or the Loufe-kind, the mﬂﬂ: notable are thofe we eall Tffi«

wh L’L
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which however loathfome or difagreeable they are to the naked
Eye, they make a very pleafant and admirable Appearance in the
Microfcope. The Lice which infeft the Bodies of moft Animals
are worthy our Infpection ; particularly that Opprobrium of our
own Species, that contemptible little Animal, which crawls {o in-
trepidly over our Bodies, and riots in our Blood, when view'd
by the Microfcope gives more Pleafure than ever it did Pain before;
and when we view well every Part of its Body we muft neceffarily
have adifferent Opinion both of it and ourfelves than what we con-
ceiv'd before. The Knits which ftick on the Hair, are the Eggs
of thefe Creatures ; and make a pretty Microfcopic Obje&. The
Flea is not indeed of the Loufe-kind, properly {peaking ; but be-
ing near Neighbours, and Mefs-mates, they may be rank’d toge-
ther: The Flea makes as odd and f{urprizing a Phenomenon in the
Microfcope, as it isfingular in its Nature and Form. The Deazh-
Watch (I mean the moft common Sort) is of this Tribe ; in common
Appearance they very much refemble Lice, and are always found
amongft Duft behind Pi¢ture Frames, and in old Books : they are
a very pretty Obje@ when view'd in the Microfcope. The other
Sort of Death-Watch, is a little brown Infe®, which make and
harbour in thofe little Holes we obferve in the Wood of our
Window Boards, Frames, &c. The Mites belong to this Clafs ;
and are a Subject of which we can form no Idea but by the Micro-
icope, for by reafon of their fmallnefs they elude the common
Sight; but this way they appear to be a moft beautiful, brifk, and
nimble Animal, arm’d with fharp Spines all over their Bodies;
and, when thofe which are found in Meal or Cheefe are view'd,
they make a very diverting Object, as they appear in living Heaps
crawling and tumbling over one another. As for the Lice on Plants
they are properly of the Fly-kind in their mature or laft State ;
but both thefe fmall Flies, and their Lice-like Nymphe are in
their feveral Kinds curious Objeéts for the Microfcope.

Tue Spider-Genus affords a rich Variety of Subjeds, both in

regard
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regard of the mumerous Species, as well as the peculiar Strutture of
Parts, in each Individual. The large Garden-Spider is finely
beautified with Colours, which make¢ that Sort of Hair wherewith
they are cover’d, have a very grand and noble Look. The {mal-
ler Sort of Garden or rather W all-Spider is alfo richly variegated
with Colours: And the very {mall Red Spider is 2 moft delightful
Obje&, when view'd by the Miciofcope. The large Green and
Yellow Spider (found in the Fields) are worth obferving. The
Eyes of Spiders are a peculiar Phenomenon ; in fome you view rwo,
in others four, in others eight Eyes, as in moft of the very large
Houfe-Spiders ; when well magnified, they look as large as Sloes,
and are perfeétly round, and of a fhining jetty black ; fituated ve-
ry prominently, in two Ranks, in the upper Part of the Head.
The Eyes in Spicers being {fmall and immoveable, is the Reafon
why they are furnith’d with {o many, for by this Means they have
a keen Sight, and command the whole Hemifphere about ’em,
The Mouths of Spiders are furnith’d with an horrible Appararus
of Inftruments, by which they readily feize on, and devour their
Prey. To view one of thefe Creatures, fucking the Blood of a
poor Victim-Fly, with a Microfcope, is at once both a diverting
and fhocking Sight. The hairy Legs and fharp Talons or Claws
in Spiders, are a pretty Sight, cfpecially thofe very long ones of
the Shepherd, or Carter, which indeed is a wondrous Creatureall
over, as any one muft confefs who has view’d it.  The little Tu-
bercles about the Tail of the Spider, from whence they {pin their
Web, are evident by the Microfcope; and to fee them exert their
Zextrine Art with this Inftrument, will give you the higheft Satis-
fa&ion. Nor is that Web itfelf in fome Species of Spiders, a tri-
vial Objeét; but will prefent you with the Appearance of a fine
Thread or String of Beads. The Exwvie, or Skins which the
Spiders caft, are a Curiofity worth our preferving. And a Neft
of Spiders Eggs, and efpecially the young ones, when juft hatch’d,

are a moft entertaining Sight in the Microfcope,
THE
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T Lmsnet ‘ot Pifmtire is a Creature of the Infec-kind ; and
when it/is féen by a Microfcope that will take in' the whole, it
makes fuch an awkward comical Figure, that a Perfon who be-
Holds it, and can forbear laughing, muft be a Man of great Equa-
nimity indeed. ¥ 20 0 19

Amon the Aguatic or Water-Infecls ; there are many Sorts of
Water Gnats which play on the Surface, and a great ‘Varicty of
large and curious Infe&s which live wholly in that Element; that
are exceedingly well worthy our Obfervation and Infpection with
the Microfcope. = The beft Way to catch ’em is to turn a Piece of
Wire in the Form of a Ring about three or four Inches Diameter,
and to ftick one End into the End of a Cane or Stafl, then put-
ting a Piece of fine Linen over it to hang down with a Bag like a
Net, you may with this Inftrument take any Animal you can fee
in the Water, and by this Means acquire as great a Variety, asyou
can find on the Land; and fome Obje&s whofe Parts are more
different, and more furprizingly difpofed, than can well be ima-
gined by any one who has not furvey’d the watry Tribe.

CHAP. XIL

Of Microfcopic Obje&s arifing from the
Reptile and Serpent Kinds.

BY RepriLes I mean all thofe Animals which move bj.r
Creeping, crawling, or bopping along on many fmall Feet.
A Reptile being fo call’d from Repo, (reptum, ). to creep or

crawl along. - L

AND
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Anp by SerpEnTs I underftand all that infinuate themfelves
along or move forward without Feet. = As Adders, Snakes, Slow-
Worms, &’c.*

Or the Reptile Genus there are many Species, both on Land
and Water, and moft of them without a Name. I fhall take No-
tice of fome of the Principal which are more immediately the Sub-
je& of the Microfcope.

T u e Millepede-kind make here the firft Clafs; among which
the large Centipede brought from India, is an extraordinary Sub-
jeét, if we regard the Eyes, the large Forceps or Pincers on its
Head, its long pointed Body, and its numerous Feet and Claws.
Somewhat like this in Form, is that long flender nimble Worm
found at the Roots of Trees and Flowers in digging of Gardens ;
as alfo one of the No&tiluca-kind, or thofe Animals that thine by
Night. If either of thefe Animals be taken alive, and placed un-
der the Concave Glafs, {o that they may have Room to move, and
then view’d with the Microfcope, ’twill be very furprizing to fee
that orderly yet confufed Motion of all the little Legs on each Side
the Body.

TuE common No&iluca, or Glew-worm, is a proper Subject
for the Microfcope, for if it be view'd with the leaft Magnifier in
the Luminous Part while thining, you will perceive a faint, ftill
Glare, inclining to a bluith Colour, which this Creature can make
to appear or difappear at Pleafure : The Head, Eyes, Legs, and
other Parts of this Reptile are likewife worth obferving.

Tue Chefs-Bug, or W vod-Loufe, is a Creature of a curious
Make or Structure, as will appear if you take a View of its varie-
gated Coat of plated Armour, in fome of the larger and more
beautiful Sort.

The Grub-kind is very extenfive; I mean the various Sorts of

% Thus Serpent is derived of Serpa, (Serpens,) to ereep, to flide along on the Belly. And indeed
both Serpe and Repo (by a Metathefis) are form’d of the Greek Jyzey 10 ¢raep, or ¢rawl alang,

G Maggots
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Maggots hatch’d from the Eggs of Infects depofited: in the Earth,
rotten Trees, &c. among which the inquifitive Virtuofo will find
many entertaining Subjects, when view'd with the Mlcroféppe;

though gencrally efteem’d fo very difagreeable a’' Spectacle to the

naked Eye. 1% | 10 31011 LIS JWE - D

Tue Caterpiller-kind are undoubtedly the moft frngular, deli-
cate, and gaudy Part of the animal Creation.* Nor doe§ any Spe-.
cies of living Creatures regale the Eye with a more delightful Va-

riety of Peculiarities ; fome are exceeding glabrous and fmooth ;

others richly ornamented with delicate Tufts 'of Hair of various’

Dyes and Colours; others furprizingly bracteated with brillant
Protuberancies or Spangles all over their Bodies. - To view their
numerous Claws in each thort broad Foot ; their painted, polifh’d,
{pangled, hairy Bodies; their Eyes and Mouth, and the Manner
of their feeding on Leaves; the Web or Silk which they {pin, and
the curious Manner in which they difpofe it with their Mouths;
and laftly, the various Forms and beautiful Colour and Tints of
the Aurelie into which they are transform’d for their laft Change;
are all of them fuch Arguments of infinite Wifdom, Defign, ‘and
Providence, that I would recommend them not fo much to the
Curiofo for his Delight, as to the Atheif}-for his Conviion and
full Satisfaction of the Exiftence of a Deity.

Tue Cados-Horm, Cod-Baits, Straw-Woerms, and all the
Pbryganean Tribe, which make themfelves Thece of Straw, Peb-
bles, Sticks, {mall Snag-Shells, &%. are, both themfelves and
their Zhece or Cafes, very proper. Subjeds for the Microfcope.
And more efpecially a fmall Land-Animal of this Sort, which are
found in great Plenty crawling ‘on Fruit-Trees or Walls, - with their
Thece almoft perpendicular, about the Size of a Barley Corn. To
view the Form of this Creature, the moft curious Compofition of
its Zheca, while it is crawling under the Concave-Glafs, is a Phe-
romenon 1o the laft Degree entertaining and delightful.

L'sere are various other Animals of the Reprile-kind, which

the
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the curious Enquirer will find on ‘every Spot; ‘but as they have no
particular Names, nor are reducible to any general Clafs or Species,
I am obliged to ‘pafs them by, and fhall next pmce{.d to the Prin-
clpal Objeéts among r .~

T ur Serpent-kind, or thnfe: w}uch crawl on their Bellies with-
ﬂu{ Degs. or Feet. 1 /Of thefe the ‘moft:remarkable is the 77 iper or
Adder 3 in which we view: the various colour’d Scales which cover
its Body; .in the [Exwuvie or old caft Skinj its Eyes, its forked
Tongue and Teeth, among which we obferve that peculiar Tooth
or Fang, thro’ which in the Bite diftills that deadly Drop, for
which thofe Creatures are {oterrible, _and often fatal, to Mankind.
The Ufe of the Microfcope in diffecting this Animal is every Way
very great, as may be {een in Dr. Mead’s. Eﬂ"ly on Poyfon, and o-
thers who are refer’d to in that Book..

I~ _the fame Manner we may examine and take a View of the
feveral Parts of the Snake and the S/ o, both external and
internaly and not without the greateft Pleafure and Improvement
of the Mmd to thofé who aré delighted with the Knowledge of
the dlfferent Methods, and 111ﬁn1te Varu:ty of Na.ture in the Stru-
¢ture of Animal Bodiés. |

~due Earth-Worms are anc-thEr Clafs of the Sfrpfﬂfme—ifmf .
pf_ thefe there are dl_VEl:S Sorts: i 'Fheyralfo caft their Skins, which
being fo exceedingifine and trandparent, tare' feldom to be found,
but when they are,; make anlextraordinary Subject for the Micro-
{cope:; .as do alfo the very fine Scales’ which make them feel fo
rough to the Hand drawn from the Tail towards the Head. The
Ma#rzﬂ.r of thefe: Animals are dnly /difcoverable by the Microfcope.
The Zifcera and Inteftines of Worms are worthy our: Infpeétion,
and their \Dung or Excrement, both mﬂzﬁ 1nd dry; | fbr Rr.afmls
which will then'be apparént. '

-Tue Snails are a natable Species of this r;rfeepmg Kmd Their
S. hells are many -of them beautitully embellifh’d andVaricgated with
Colours, and curioufly wrought. - The Eyes of :8z4:/s vare a re-

G 2 markable
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markable Oddity, they are feated on the tops of their large Horns,
by which means they can be drawn into the Head or thruft out at
Pleafure. Their Teeth are another Microfcopic Obje&, and it is
very pretty to {ee 'em feed on Leaves, &°c. with this Inﬁru.ment.
This Animal is Hermaphrodite, and the Parts of Generation are
in the Neck, which iz Coitw are eafily examined by the Micro-
{cope. The Eggs of Snails are round and white, " and, when
hatch’d, the young tender Brood make a very pretty Scene in the
Microfcopic Theatre,

C H. Al iXJaswon
Of Microfcopic Obje&ts arifing  from
Plants and Vegetables. |

HO’ a great deal has been faid, and Volumes wrote on the
Subje& of Prants and VEGETABLES, little worth our No-
tice has been difcover’d in their Nature, Parts and Texture,

'till the Ufe of the Microfcope was applied to that Purpofe. ' Since
that Time Philofophy, in this Part, has received the greateft Im-
provement ; and ’tis furprizing to confider in how fhort a Time,
by this Means the Oeconomy of Nature in the various Proceffes
and Gradations of Vegetation has been moft accurately detected,
and expofed to the View of Mankind.

For upon a Microfcopic View and Examen of the Cortex, or
Bark of Trees, we find it to confift of Lignous Fibres implicated
in a retiform Manner, the Interftices of which are fill’'d with Uzri-
culi or little Bags or Bladders turgid with Juice; which, when
they pour out, become flaccid, and make a fine dry Skin or Mem-

brane,
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brane, which is eafy to be obferv’d in the Rinds of the Plumé-Tree,
Cherry-Tree, Beach, &c. - _

Tue Lignous Fibres lye in feveral Strata one upon another,
and their Intervals diminifh as they approach the Trunk ; they
confift of numerous hollow Fibrille, or Threads, which contain
a Liquor that pafles thro’ them in a Sort of Circulation. The Ori-
fices of thefe Sap Veffels are plainly to be feen in a tranfverfe
Section of {fome Cortices; and the Utzricu/i or {fmall Globular
Bladders in thin Slices of Cork, make as pretty an Appearance as
as any thing, perhaps, that is view’d in the Microfcope.

Tue Stem or Trunk of Trees, when view'd in a tran{ver{e Se-
¢tion, appear alfo to confift of vafcular Parts, or hollow Fibres;
and a Parenchyma of Utricles, which fill up their Intervals. Thus
if a Vine Branch be fo cut into thin Slices, you will fee a moft
beautiful Appearance of Orifices of Veflels, and Fibres, and Utri-
cles all tending to, or rather radiating from, the Center or Pith,
which you will eafily perceive confifts of an infinite Number of
fine tranfparent Bladders, particularly if it be that of Elder, or fuch
like Wood. '

Tue Lignous Fibres and Veflels lye in various Dire@ions,
fome perpendicular, others horizontal, and others run obliquely.
Thefe perpendicular and horizontal Fibres lying Stratum fuper
Stratum, make the Appearance of a moft curious Texture, or
Web of Warp and Woof 5 as is moft vifible in a Piece of Fir or
Deal ; or in a Piece of Zowuch-77ood rightly {plit, efpecially
that taken from a rotten E/mn-Tree.

Amona thefe hollow Fibres fome grow in a /piral Form, like
the Worm of a common Bottle-Screw ; thefe are larger, and lefs
numerous than the reft ; they are fuppofed to be the T7rachee or
Air-Veffelsin Plants. Thefe {piral Fibres are moft eafily view’d
in the Foot of a Vine-Leaf, carefully broken while fucculent or
full of Juice; for then if a Microfcope be applied to the Fracture,

there will be feen thofe {piral Fibres going from one Part to lthﬂ
othncer,



(46 )

other, more or lefs drawn out or uncoil’d; and not only-onebut
{everal of them, which make a moft delightful View. )

Tue Structure of the Roots of Plants and Trees is nearly the
[ame with that of their Stems or Trunks ; confifting of Sap and
Air Veflels, with a Parenchyma of Utricles; but in this Part we
{ee no Pith; and tho’ the Root be that Part which fucks in the
nutricious Juices for Vegetation, yet are the Orifices of the Vefiels
too {fmall to be feen by the beft of Microfcopes: But the Veflels
themielves in the Body of the Root are more difcernible than in the
Trunk, if we cut it tranfverfely into thin Slices ; and for this Pur=
pofe, the EIm-Root is the moft cligible among Trees, and the
Root of Fern among Plants is the moft beautiful Sight that can
be feen of this kind if cut in the thickeft Part, and view’d when
dry. [ 5.8

T wu e Gems or Buds of Trees are a noble Subje& for the Mi=
crofcope ; for they afford a particular Pleafure if analyfed with this
Inftrument, by viewing the various Forms and Colours of the f7=
volucra or external Coverings, which in fome are fmooth, in others
downy, and like Scales lye one upon another, within' which: is
contain’d the tender Branch, whofe feveral Twigs and Leaves, if
carefully unfolded, may be eafily feen in Miniature. The Gems
of Flowers in Fruit-Trees, when open’d, dilcover a curious Prof-
pect in the fquamous Leaves of. the Iwvolucrum, border'd ‘with
pearly Globules, or nicely ferrated with regular Denticles ; ‘and
under thefe appear the delicate Flower folded up, yet all its: Parts
diftinét and vifible : And laftly the Embryo-Fruit, which if cut
afunder {thews all its Parts duly form’d, only in {mall, and in a
juicy or fetal State, which is afterward maturated by Age.

Tur Leaves of Trees are the Subject of the Microicope through-
out; for in regard of their Surfaces, we obferve in many of them a
curious Phenomenon of Adjunés or Increfcences, in various Shapes
and Colours ; as of pellucid aqueous Globules in Minzs, Hy[lop,
Pennyroyal, &e. of opake, white, waxen Balls, or Pilule, in thofe

of
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of Sage; of pearly Drops in Spinage, efpecially wild Spinage;
thus the Leaves of Hops are nobly imbofled with golden Studs :
And, finally, the Surfaces of Sow-zhiffle Leaves are curioufly de-
corated with innumerable Strings of Bead-like Bodies; not to men-
tion various others which the Zirzuofo will find in feveral other
Plants. ' |

Ir' Leaves are fteep’d in Water for Maceration, the Pellicle or
thin Skin of both Sides will eafily peel off, which laid on a Glafs
and view’d with the Light refle¢ted thro’ them, will difcover a
moft delicate Texture in fine diaphanous Membranes of Net-work ;
as'may be feen in thofe of Oak, Maple, Holly, 7 alnut, Orange,
and all the Evergreens. But as for the Pores which fome have

retended to have difcover'd, I never could by any Means attain to
the Sight of them in any Subje¢t I have examined.

BerweeN thefe two Skins is contain’d the Parenchymous Sub-
{ftance of the Leaf, which appears to confift of an infinite Number
of Utricles, or little pellucid Bags of a green Liquor or Juice,
which are all implicated or contain’d in an internal fine Membrane,
which is extended thro’ the whole Leaf between the Areole of the
~..Lignous Fibres. This may be examined in all the groffer Leaves;
as of the Fig-Tree, &c.

Tue lignous or fibrous Part of the Leaf, when divefted of all
the Parenchyma by Maceration in Water, makes a moft beautiful
Spedacle, confifting of a large Body or Stem in the Middle, with a
great’ Number of Collateral Branches iffuing from either Side,
which again are moft minutely ramified into numberlefls F7bri/le
" intervening and inofculating with each other towards the Extre-
mities, foas to form a Texture exceeding the richeft and moft ex-
quifite Piece of Lace-Work ever yet feen. And what is molft re-
markable, is, that this Skeleton of lignous Fibres is compofed of
two Layers or Courfes of Fibres, {fuperpofited one upon the other,
and are eafily divided or feparated from each other throughout, by

Maceration, by a dextrous and experienc’d Hand, efpecially in
the
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the Holly-Leaf, or, which is much finer, the Apple-Leaf. : Thefe
are fuppofed to be analogous to the Syftem of Arteries and
Veins in the human Body, which conftantly accompany each other
thro’ all their Infinity of Ramifications, tho’ not {o unitedly as in
this Cafe of Plants.

Tue broad long Leaves or Blades of Grafs, Corn, and annual
Plants, as Onions, Leeks, &%c. if infpected in the aforefaid Man-
ner by the Microfcope, will afford Entertainment f:r_mugh to the in-
genious Naturalift.  To obferve the Aculeoli, or ipinous Stings of
Nettle ; the uncated Tenters, or Hooks of Clivers; the {carlet or
crimfon Acicule or Pin-like Stamina on the Foot-Stalks of the
Leaves of the Filbert-Tree, &’c. with the various colour’'d Lanu«-
go, Down, Hairs, &e. obfervable on many kind of Plants, are
Topics of the fineft philofophical Amufement.

Tue Flower in Plants is the next Part which offers itfelf to the
Microfcopic Eye ; here Nature exuberates in Gaiety and Variety,
and feems oftentatious of Contrivance and Defign. How noble,
how rich, how delicate, is the whole Compofure of every Flower !
How various, deep, and bold, are the Colours of the Leaves!
How delicate the Attire of tender Szamina, with Heads of a Semini-
form Matter or Duft, which appear perfeét Globules in all the De-
orees of Miniature | Thefe are largeft and very beautiful in the
Marfbmallow Flower, the Tulip, Lilly, &c. The Stylus is often of
a curious Shape on the Top, it is {uppofed to be hollow in all
Flowers, ferving as a Fagina to receive the Semen or Duft of the
Apices of the Stamina, and to convey it to the Matrix, or Fruit,
which, as 7z Utero, contain the true Seed or Kernel from whence
the Plants proceed. This is the Theory of the Generation of
Plants and Trees; which, as in that of Animals, isof fuch a Sort,
thi:lt having proved one Part, we are obliged to fuppofe the
other.

Tue Fruit of Plants is contrived with infinite Variety for the
Ule abovemention’d ; ’tis impoffible to take Notice of every Part

here
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here that well deferves our Regard and Infpedion by the Micro-
{cope.- I 1hall only juft remark, that the fucculent pulpy Part in
Apples, Goofeberries, Cherries, &’. if cut into very thin Slices,
and Jaid under the Microfcope, will difcover a fine Contexture or
Branchery of fibrous or vafcular Parts, whofe Interftices are fill'd
with Utricles of Juice, in many, {o delightful to the Tafte:
And alfo that the Kernel does confift of an infinite Number of
- round or {pheroidical Corpulcles, which alfo compofe the Sub-
ftance of all Kinds of Pulfe, as Beans, Peafe, &c. Thefe are evi-
dently {een if a Bean, for inftapce, when boil’d, be gently rubb’d
on a Glafs, and then laid under the Microfcope. In the laft Place,
a great Curiofity it is to view the future Plant in the prefent Fruit,
compleat in every Refped, even while it is yet in the Pod, or
Shell. * This may be very eafily obferv’d in the larger Sort of Gar-
den and Kidney Beans, and in the Fruit of divers Plants and
T'rees.

-~ Tue fmall Seeds of Plants and Vegetables of the lefler Species,
are a copious Subje¢t for the Microlcope; particularly that of
Fern, which grows in Imall Heads on the underfide of the Ecaves
round the Edges; thefe are of the fame kind with thofe which grow
on the Leaves of Hart’s-Tongue, which when ripe, and rubb’d on
a Glafs, will difclofe and fthed abundance of {mall Seed like Duft,
‘but when view’d with the Microfcope appear perfectly round, and
{o {mall that Millions grow on a Leaf. = Thele pulverulent Seeds
grow in a fomewhat different Form on the Leaves of Hart's-
Tongue, and the Maiden-Hairs ; in which latter Plant they are of
fuch a curious and peculiar Form, that you would be apt to mi~
ftake ’em for a beautiful fmall Sort of Caterpillar, were you not
told beforchand what they were and whence.

THE feveral Sorts of Mofles will employ the leifure Hours of
the Microfcopic Virtuofo to very good Purpofe; as alfo the vari-
ous Species of Mufbrooms, Puff-Balls, Truffles, &'c. 'The Excref-
cences of Trees, particularly that Funguswe call Few's Ear, is a

T TCT}_
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ttv Phznomenon in the Microicope.
ver’?ﬂ?i‘?ﬁwar of Grafs and Corn; the Efeard of W heat, .ij,
and efpecially Barley ; the Iuli, or Catkins of Hafle, Willow,
&%. with a thoufand other Adjunés, will offer themfelves to th_e
View and Admiration of any one who fhall undertake to reconnoi-
tre the numberlefs Curiofities of Vegetables.

CHAP XIV

Of warious Microfcopic Objects wot redu-
cible to the foregoing Clajfes.

SHALL begin this mifcellaneous Account of Microfcopic
I Objeéts with thole Animalcule which are to be found in Wa-
ter, wherein Pepper, Flefh, Teaves, or any other Subftance has:
been fteep’d for fome Days in the Summer-Sun.

Tue firft and moft remarkable of thefe is the Monoculus, or
one-eyed Animalcule, which will be found in great Numbers in
every Puddle towards the latter End of the Summer. They are of
an odd but curious Form, with one black Eye in the Middle of
the Head, and are tranfparent, infomuch that fix or feven young
ones are often to be feen in the Body of the old ones. A good Cut
of this Creature Mr. Bradley has given in his Survey of the Works
cff WNature.

AnorHer very remarkable Species have Shells of the Bivalve
Kind, {fomewhat like a Mufcle ; ’tis very pleafant to fee how nim-
bly they move, and with what Agility they work their fine Legs
and Limbs, when the Shell is open. Of thefe there feems to be
feveral Sorts ; fome are as large as great Pins Heads, and others fo

{mall,
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fmall as {carce to be difcern’d with the Microfcope ;  fome round,
others oblong ; {ome! gréen, ‘others brown, and others alioft
white.

THERE is another mnf’c ‘beautiful Sort of Animalcule, which
can’t be well defcribed, * but' in this Particular that it bears its
Sperm in two Clufters on its Tail, like two Bunches of Grapes ;
one Sort has but one of thofe {permatic Clufters of Eggs. The
Reader will be beft fatisfied in viewing it ; or he may fee the Fi-
gure of it among feveral which Mr. T siwenbbeck Has given in the
Pzﬁrftyépﬁxmf Tranfaltions.

‘TuERE is another Sort of nimalcule which have neither Shells
nor Legs, but feem to be of the Maggot-kind, they are of an ob-
long Form, which they greatly vary in their Motion s ; they are in

rod1g1ﬂus Numbers in prepar’d Water, and move with great Ce-
lerity cnnfufedl}r among eachother; they grow from a fmall toa larger
Size ; wiz. about the 1ot of a Tfich long _They have a furpnz-
ing Tenamty of Life; for I have put ’em in a Glafs Tube ina
freezing Mixture, where they have remain’d frozen in the Ice for
an Hour and more; yet upon thawing the fame, thofe which were
not torn afunder by the Extenfion of the Ice, foon recover’d Life
and Motion, and were as well, to Appearance, as before.

Anonc thefe fmall Creatures I have fometimes obferved a Sort
of Spider, “at leaft, a {mall Creature like one, with a little Body
and feveral Legs proceedmg from each Side; but thefe are not ve-
1y numerous, nor often to be obferv’d.

Anorrer kind of Animalcule appear like fo many Veficulz or
little Bladders, tumbling and wavering about in a very odd Man-
ner; they are not perfeétly round; have neither Head, Thail, nor
Legs which one can diftinguifh, n-::-r are they tranfparent, nor quite

opake. Thefe Charaders I believe will convince the Reader when
e fees the Animal I mean.

Tz Jaft Species of thefe Amm'ﬂculcs I thall mention, are the

moft wonderful and furprizing of all, in regard of their Numhcg
12 an
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and Minutenefs; for they appear but as Points thro’ the largeft
Magnifier : They make that Scum or thin Spume we often ob-
ferve on the Surface of ftagnant Waters of a greenifh Colour, fome-
times of a yellowifh, and fometimes of a bluith Hue. * If a Piece
of Glafs be carefully put under it to take up a Part, and then laid
under the Microfcope and ftrongly illuminated; you will perceive
an infinite Number of living moving Points, as it were; they are
of a roundi(h Figure, and nearly as fmall as thofe in Semine Ma/-
culino. They appear all at once on the Surface of the Water, and
almoft as fuddenly difappear; and what becomes of ’em, 1 believe
he only knows who at firft gave them being. However they are
conjectured to be the Nympha State of fome {mall Infeéts which
fly mvifible in the Air, which lay their Eggs on the Water, asthe
the Gnat-kind are known te do..

IN Vinegar there is another Sort of Animalcule, which is of
the Anguicular or Eel-kind; fox they difter in. nothing but Fins
from the Form of Eels that I could ever obferve : They are not to
be found in all Vinegar, but chiefly that which is ftale, and the
laft Run of the Cafk. They are often fo large asto be feen with
the naked Eye. The beft way to get a great many in a little
Compalfs is to take a Quantity of that Vinegar in which they are
found, and filter it thro’ a Piece of Paper-to as' {mall a Quantity
as you defire, and then putting it under the Microfcope, you will
have a moft entertaining Sight of thofe curious little’ Creatures,
which will now look large, and refemble thofe in our larger Ponds.

I have found thefe Anguicule likewife in the Water which ftands
in the Cavities of Cow-Dung after a Shower of Rain; and I find
others have feen them in mouldy Pafte'; but I confefs I never
could, tho’ I have often fought after them in that Subftance. I
have likewife very carefully, and often examined Blood, Milk,
Urine, and other animal Fluids, but could never fee the leaft Ap-
pearance of an Animal in any of them, but the Semen; tho I

know
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know fome have afferted they have. The fame I can fay of all
fermented Liquors, as Wine, Beer, Cyder, &%.

Ir while you are viewing thefe Animalcule you let fall a fmall
Drop of any Spirit, as Brandy, into the Water, you will perceive
they will be greatly difturbed, and foon become motionlefs and
die, which plainly proves that Water is their only Element to live
111. o

Chialels - Av P 20XV,

- Of Mifcellaneous Subjects for the
. Microfcope.

¥ SHALL here treat of thofe Subjeés which could not well be
I reduced to any of the foregoing Claffes ; and as they are hete-

rogeneous and independent of each other, I fhall pen them
down juft as they occur, without any regard to Order; and firft,
among thefe, is

SronGE ; this is a fubmarine Plant or Mofs, which upon being
view'd in the Microfcope, will difcover fuch a Compofition and
Texture of Parts, as are equally full of Wonder and Entertain-
ment. . There are many other Produ&ions of this Sort to be found
in the Mufeums of the Curious, well worth our Infpeétion by the
Microfcope. -

Sea-WaTER evaporated on a Piece of Glafs over a gentle Fire,
and laid under the Microfcope, will prefent you a clear View of
the Particles which compofe our common Salt, in their fimple
natural State, whence you’ll be able to form a true Notion of their
Figure,. Size, &,

ALso
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Avso the Astrs of any Wood or Plant being fome Tine feep’d
in Water, will communicate its Salt to the Lye; @ little of 'twhich
cmpnratcd, as before, will fhew the peculiar Figure of the Salis
of that Plant; and by this Means you will obtain a great Variety
of Vegetable Salts.  The feveral Figures and Forms in which they
are difpofed in the Fibres of Plants, you may f{ee in Dr. Grew's
Anatomy of Plants.

A Pieck of any Sort of fine Linnen, Silk, Ribbon, &c. looks
{o coarfe and comically, that it never fails of making a very agree-
able and merry Subjeét for the Microfcope. '

Sanp when thus view'd, appears like an Heap of Stones or Cry-
ftal; for they are, for the moft Part, tranfparent; but fome are
opake: They confift of polifh’d Surfaces, and many fharp or
pointed Angles in general, on which Account they make a very
pretty Spectacle, when the Light is refle@ted among them efpe-
cially.

To view the Edges of Pen-knives and Razors, and fee how
jagged and ferrated they are; or the Points of the fharpeft and
hinelt Pins or Needles, and obferve how coarfe and rugged they
are; or laftly, to view the moft polifh’d Surfaces, as thofe of Re-
fle¢ting Mirrours, and fee the innumerable Pores,  the Seratches
and Strokes ot the Putty, &c. never fail to excite Admiration and
Surprize. In natural Objeé&s, the Politure is heighten’d the more,
the more they are magnified ; and in all Cafes, the more intimate-
ly we can approach Nature, the more perfectly her Works appear;
quite contrary towhat happens in all the Effeés of Art, as is very
evident by the Microfcope.

Ir in flriking Fire with a Flint and Steel, the Sparkles are
caught in a Piece of Paper folded up, and then placed under
th{.: Microfcope, they will appear as fo many Iron Bullets,
being perfectly round 3 which  Form' they receive from the
Particles: of Steel ‘being melted by ' Ignition, and cooling fo

{uddenly
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fuddenly in the Air,  muft neceffarily conform to a {pherical
Figure. | |
Tue Zeeth of a Rafp or File, of the finer Sort, are worth our

View ; we fhall no longer wonder at their Effeéts in working on
Brafs or Iron, when once we behold ’em in a Microfcope.

. Ir a Piece of Stee/ be broke, and view'd on the fractured End,
the Particles of the Sree/ will look exceeding bright and beautiful,
yea they {hine with fuch a Luftre and Ec/az, as make them re-
{femble precious Stones.

Snow is a Meteor wherein Nature feems to obferve the ftricteft
Rules of Geometry ; every fimple original Particle of Snow con-
fifts of a central Part with fix Radii proceeding from the {ame at
equal Angles, which Angles are therefore each 60 Degrees ; the
central Part is in moft a regular Hexagon. Each of the Radii is
richly embellifh’d with a Sort of Foliage or Pinnule; and each
Pinnula varioufly laciniated, like a Branch of Fern. So that
each Particle of Szow makes a moft rich and beautiful Figure in
the Microfcope, far beyond what can be fuppofed by any who
have not {een them.

THE Froff on Glafs Windows is a wonderous Piece of Natural
Tapeftry in the vegetable Way. The finer and more delicate
Parts thereof appear thro’ a Microfcope fo noble and exquifitely
fine, that nothing can compare ‘with it in all the Works of Art.
The Froft alfo on the Leaves of Plants makes a glorious Figure
and fome Sorts feem to have a kind of Vegetation, which fhoot
into Leaves, and Stems, on the Tops whereof grow hollow Cups,
of fix Sides and Angles, all equal and regular. With feveral other
Phanomena peculiar to or refembling the vegetable Kind,

Various Sorts of Stomes, Foffils, Marcafites, &¢c. when bro-
ken, exhibit very curious Appearances in the Microfcope : Allo
feveral Sorts of Drugs, and Chemical Preparations; as Phg/phorus,
&’c. deferve a Microfcopical Examination.

Any fort of Spirits; as Brandy, &e. when placed in the

Concave
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Concave under the Microfcope, will appear to have a confufed in-
teftine Motion, the Motes being driven and impell’d this way and
that, in all Directions, with unequal Motion ; fometimes very ra-
pid, then flopping at once, then flying backwards, and in this
turbulent State it will continue till all the {pirituous Part is efcaped
or gone off, after which the aqueous Part will remain perfectly
quiet and ftill. '

Ir in any Acid, as Finegar, any alkaline Subftance be mixed,
while under your View, you will perceive a great Colluéation and
Efferve{cence enfue, which will prove a very diverting Spectacle
to the curious Beholder.

Tue fineft Paper looks exceeding coarfe in the Microfcope, and
tis no unpleafing Sight to view the Impreffion of Letters in the
{malleft Print or Writing. If the Paper be burnt, and then view-
ed in the Afhes while yet entire, you will fee moft diftinétly how
all the Threads lay in its Compofition by the Szamina which yet
remain, and make a very pleafant Speétacle.

Ir that which we call the inew or Mould of any Subjeé be
view'd, it will difcover a moft beautiful Scene of Vegetation of a
peculiar kind ; there you will difcover Fields of ftanding Corn,
i.e. Stamina, with globular Apices ; and various other Plants fui
Generis ; and you will not rarely find thofe Fields and Meadows
{tocked with a Sort of nimble {fmall Cattle and Herds, which fkip
{portively over the Lawns. You will alfo fee their various Pur-
fuits, Contefts, and horrid Attacks and Engagements; with di-

vers other diverting Incidents among the Inhabitants of this Zerre
invifa, or invifible Land.

AN
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AN
A C e g DIE R RS
OF THE
_Cﬁzmer.«z Obfcm a, and the Solar Microfcope,

METiop of Magnifying Objelts in a Darken'd Chamber,

In every Way by RerFrLecrion and REFRACTION.

L]

Y T may be proper in a Work of this Nature, to give a thort Ac-
I count of the Methods of magnifying fmall Objeds in a
Camera Oéﬁwnz or Darken'd Chamber ; efpecially as it was

“omitted in my Syffem of Optics, and is in itfelf a Matter of very
oreat Curiofity.

. Tue Methodsof doing this are two; the fi7/? by Lenfes, where
the Magnified Image is form’d by refracted Rays; the fecond is
by Mirrours, where the faid Image is form’d by Reflection. In
both Cafes the Image may be magnified to what Degree you pleafe ;
and the Objec though exceeding {fmall itfelf, will be beheld in
that Image with equal Pleafure and Surprize.

Tue Apparatus for the firlt Method is as follows: (1.) The
Chamber or Room is to be made as dark as poffible ; (2.) A Sciop-
tric Ball and Socket is to be fix'd in the Hole of the Window-

1 Shutter,
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Shutter, as ufual, but without its Glafles ; (3.) A Tube is to be

rovided of about 2! Inches Diameter, and 3 Inches fong;
(4.) One End of this Tube is to be fitted in a Piece of Wood-
Work, on the outer Part of which it is to be {crew’d into the Hole
of the Ball in the Socket; (5.) And on the inner Part is placed
or fix'd by a Screw, a Lens of about 2 Inches Diameter, and 3
Inches focal Diftance ;3 (6.) Within the other End of the Tube
{lides a fecond Tube about 4 Inches long; (7.) At the inmoft End
of which a Piece of plain Glafs is made to take out and in, by
means of a Wood-Screw ; (8.) And on the outermoft End is fitted
a Piece of Wood-wortk, in which is made to fcrew a long wooden
Tube of ¢ an Inch Diameter, containing (g.) a {mall Lensof about
1 ! Inch focal Diftance. Thefe are the feveral Parts of the Inftru-
ment; their Ufes feverally are as follow :

Tue Objett is to be extended and laid-on the Piece of plain
Glafs (Art.7.) with a little Size or Gum-Water to make it {tick
faft, then fcrew’d into its Place. The external Tube with its Lens
being into the Ball in the Window-Shutter, the inner Tube with
the Object is to be placed within it, at fuch a Diftance, that the
Sun-Beams colleéted by the Lens (A7¢. 5.) may illumine the Ob-
ject to what Degree you find neceflary. ‘This done, the fmall Lens
(Art. g.) is to be mov’d forwards and backwards till it'be well ad-
jufted for giving a perfect Image at the Diftance you require it.

AND now there will be exhibited a glorious Spe@acle indeed,
and worthy the Attention of every Cuwriofo; provided the Object
be pellucid or tranfparent; as the Wings of Flies, the Skin or
Pellicles of Animals or Plants, the Animalcule in Fluids ; and in
this Manner, that grand Curiofity, the Circulation of the Blood, if
fkillfully and dexteroufly managed, may be fhewn to the greateft
Advantage in the tranfparent Tails of Tadpoles, or Efts, &¢. as
alfo the Animalcule in Semine Mafculino, may, with proper Care,
in this Way, have their Forms, Motions, &’c. made evident to a
moft wonderful and amazing Degree,

Tue
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Tue hollow Glafs Tube belonging to the Microfcope, will be
moit convenient for the Animalcule in Water, which may be
moved thro’ two Holes made in the external Tube about half an
Inch nearer the large Lens than its Focus; for then the Objeds
will be throughly enlighten’d.

In this manner alfo very {mall and long Objeds, if not tranf-
parent may be magnified with a great deal of Pleafure, as Hairs
and Fibres of Fleth ; the Antenne, Legs, Claws, Briftles, &¢. of
Infeés; the Skeletons of Leaves; Sponge, and porous Bodies, as
Cork, &’c. the Beards of Corn; fine Linnen, &°c. thefe all af-
ford the moft entertaining Phanomena. .

Ir the Obje& be large and opake, the Image of it will be di-
ftinétly exhibited, and well defined ; {o that it may be drawn with
Eafe ; but the Images of fuch Objeés are properly Shadows only,
and {o none of the Colours can be in this Manner thewn.

But this Inconvenience may be thus remedied ; inftead of the
Convex Lens (Art. 5.) you are to place a Concave Mirrour of a-
bout 1 { Inch focal Diftance on the other Side the Objedt, with a
{mall Hole in the Middle. The Sun Beams falling on this Mir-
rour will be refleted to the interior Side of the Obje&, which,
being thus ftrongly illuminated, will be thewn very diftinét in all
its. Colours in' the Image, which will be form’d by the fame
Obje& Lens placed near the Central Hole of the Mirrour.

In making this Experiment, Care muft be taken, that the Solar
Rays fall perpendicularly on the large Lens or Mirrour, fo that
they may receive the greateft Quantity, and the Light on the Ob-
jeét be the ftrongeft pofiible. Hence it follows that the Image of
Objeés will be thrown on the Floor of the darken’d Room at all
Times, except when the Sun is very near the Horizon, when the
Rays will go nearly parallel to the Floor acrofs the Room to the
oppofite Wall where the Image will then be projected ; and this
can be only in the Moming or Evening.

I 2 Bur
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Bu T that this may be done at any Time of the Day, you need
only, fo place a Piece of plain Looking-Glafs on the outfide of the
Socket or Window-Shutter, moveable on a Hinge, that by means
of a Thread or wire Screw it may be raifed or lower’d to fuch a Po-
fition, that the Rays falling on it {hall be reflected thro’ the Hole
of the Ball, and pafs parallel to the Floor, on the oppofite Wall,
where in this Manner the Image may be always reprefented more
cemmodioufly than on the Floor. A little Practice and Experi-
ence will make the whole Procefs very ealy. 1

Tur other Method of magnifying Obje@s in a Dark Cham-
ler is very. fimple, eafy, and moft perfect; thus, let the Rays of
the Sun come into the Room thro’ a Hole in the Window-Shutter
(without the Ball and Socket) about 1} Inch Diameter : Then
hold a well polith’d Mirrour (better of Metal than' Glafs) of - 2, 3,
or 4 Inches focal Diftance, any where in the Cylinderof Rays, and
an Objeét held in the otherHand, at a little more than the focal Di-
{tance of the Mirrour, will have its Image thrown on the oppofite
Part of the Room very fair and perfe& ; and by varying the Pofi-
tion of the Mirrour you may form the Image on any Part of the
Room you plr:afe. _ |

InsTEAD of holding the Mirrour in your Hand, you may fix it
on a fmall Stand, and moveable in a Semicircle of Brafs which may
be raifed higher or lower as: occafion requires: And the Obje&
may alfo be fix’d in its proper Place by a like Contrivance, fo that
the Experiment may be made in this Manner, without any Fatigue
or Trouble, and will fucceed very well if the Obje& be tranfpa-
rent ; but if 1t be opake, it muft be enlighten'd by another Mir-
rour and Cylinder of Rays, let in by another Hole near the firft.

WieN the Room is darken’d, befides this Method of magnify-
ing; Objeéts, it may be ufed for other Purpofes very curious and im-
portant. Thus if a Lens of about 6, 8, or ro Feet focal Diftance,
be £1x°d in the Scioptric Ball, then if the Sun fhine firongly on the
Objects without, oppofite to the Window, the Images of all will

be



(61 )
be diftinétly form’d on a Wall or large Sheet or Screen of white
Paper placed in the Focus of the Glafs ; the Refult of which will
be a beautiful and moft perfe& Piece of Per/pettive, if the Objeds
are Buildings, &¢c. but Gardens, Fields, Meadows, Hills,
Groves, &¢c. prefent you with a moft exquifite and inimitable
Laondfcape. |

In both the Per/pettive and Landfcape, the Lights and Sha-
dows are moft beautifully and ftrongly exprefs’d with all the
charming Variety of Colours more vivid and intenfe than in the
Objeés themfelves by far; and what is peculiar to this fort of
Painting, the Motions of Obje&s are alfo reprefented, the T'rees
wave, the Leaves quiver, People walk, Birds fly, Ships fail,
Chimneys fmoke, and every thing is Life itfelf in Miniature, and
greatly heighten’d.

AnotHER noble Experiment in the Dark Chamber, 1s exhibit-
ing the Sun’s Face, with the Spots that frequently appear thereon.
Thus if the fame Glafs be made ufe of as before, and turn’d to the
Sun, its Image will be form’d in the Focus; and if the Diftance of
the Focus be 10 or 12 Feet, the Image of the Sun will begin to
fhew the Spots, without more ado: But a much better Way is,
with a Refle@ing Mirrour to throw the faid Image very large on
the Cieling, or Side of the Room, where it may be view'd with-
out Offence to the Eyes, and the Spots will be greatly magnified
and afford a moft delightful Specacle.

Ir a common Prifm be held in the Beam of Rays let into the
Dark Chamber, they will be all {o refraéted in pafling thro’ it, as
to be feparated into their diftin& and proper Species, each of which‘
Species will produce a diftiné and vivid Colour. Thefe Species of
original or homogeneous Rays are feven; and Fher&icre {even ftrong
and lively Colours will be produced from a fingle Beam of Light,
which will make a glorious and furprizing Phenomenon on the

Cieling or Gppoﬁte Wall of the Room.

THE
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Tur laft Ufe of the Dark Chamber 1 {hall mention, is for the
Sake of the Defigner; for if any Obje& be placed at double the
focal Diftance of the Lens in the Ball without Doors in the Sun,
its Image will be form’d at the fame Diftance from the Lens in the
Darken’d Room, and of an equal Size with the Objec. If the
Object be placed near or farther from the Lens, the Image will be
proportionally greater or lefler, and by this Means any Objeé& may
be drawn in any Proportion of Magnitude, which will be found

extremely ufeful on many Occafions to the practical and ingenious
Artift,
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