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T R O D U C T I O N . 

H E Study of Nature, or in other Words, 
a ferious Contemplation of the Works of 

mU>\ TjyfrC^ God, is certainly one of the mofi pleaftng * ,*- v i i * 
i J^^Mk it !& and ufeful, as well as mojl extenfive Kinds 

of Knowledge. It is indeed the great, and 
proper ObfeB of our rational Faculties; for furely we can-
not employ our Reajon better, tha?i in endeavouring to 
make ourfelves acquainted with the glorious Works of that 
Being, to whofe Goodnefs we owe it. 

Natural Philofophy is now Jo greatly improvd in all its 
Jeveral Branches, that few Perf 'ons, who have had the 
Happinefs of a liberal Education, are wholly unacquaint-
ed with the Value of it. But fill the Generality of Man-
kind are guilty of one very great Mijlake, for they are apt 
to form an abfolute Judgment of the IVorks of Nature, 
fro?n outward Appearances only \ and fo imagine, that the 
?nofi grand and magnificent Parts of the Creation, arc 

always 
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always mofi perfect, and for that Reafon mofi worthy of 
our Regard. The Splendour of the Sun is vifible to 
every Bye-, and we need only look upwards in order to 
be convinced, that nothing lefs than infinite Power and 
Wif dorn, could firß create the Univerfe. What, but 
an Almighty Hand, could raife fuch a glorious Canopy 
as that of the Heavens, fo richly adorned with Stars ? 
Or firetch out fuch a fpacious Area, as this terraqueous 
Globe oit which we ire ad, and fail; and which is fur-
nifh'd with every Thing that is neceffary for our Sup-
port or Happinefs ? And indeed thefe great Truths are 
Jo very obvious to the lowefi Capacities, that few Per-
fons pretend to difpute them; but then it muß likewife 
be own d, that Men are generally apt to confine their 
Attention to the mofi finning Parts of Philofophy, and 
Jo treat every Thing elfe with Coolnefs and Indifference, 
and even fome Degree of Contempt. But furely a true 
Philofopher is one, who diligently purfues the Study of 
Nature, in all its feveral Branches; who can behold 
with Admiration her noblefi ProduSlions, and yet view 
with Pleafure the fmallefi of her Works; in fhort 
one, who thinks every thing excellent, that owes its 

'Formation to her fkilful Hand. Nor is this a forced 
and imaginary Defcription, but a real Char after; and 
we need only take a tranfient View of fome of thofe Crea-
tures, with which all Parts of the Earth are fo plenti-
fully fiored, in order to be convinced of the Jufinefs of 
it. For whether we regard their Elegance, and Beauty; 
or confider their Fitnefs to anfwer thofe Purp of es, for 
which they were defigned; in both thefe RefpeEls we fijall 
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find, that the fmallefl Creatures are perfeSl i?i their 
Kind, and carry about them as flrong Marks of infinite 
Wifdom and Power, as the greatefl. How many cu-
rious Animals inhabit the Air, and what Numbers tra-
verfe the deep Waters. 'The whole Earth is full of Life • 
there not being a Jingle Tree, Plant, or Flower, but 
what affords Food and Shelter to a Species of Inhabi-
tants peculiar to itfelf. And then if we call in the Af-
fi'fiance of Art, what a new Scene of Wonder opens to 
our View ? What an infinite Variety of living Creatures 
prefent the?nfelves to our Sight ? Indeed their extream 
Minutenefs ?nay at fir ft fee?n a jufi Argument for that 
low Opinion, which the Vulgar are apt to entertain of 
them; however, if we examine them with Clofenefs and 
Attention, we pall foon difcover their divine Original. 
We jhall then furvey with Ad7?iiratio7i the wonderful 
Art and Mechanifm of their Structure ; wherein fuch a 
Number ofVejfels, Fluids, and Movements, are colleSl-
ed into a fingle Point; and That often invifible to the 
naked Eye. What a Profufion of the richefl Ornaments, 
and gayefl Colours, are frequently beflowed upon one lit-
tle InfeB; and yet there are Millions of others, that are 
as beautiful and wotiderful in their Kind. Some are 
covered with fhining Coats of Mail; others adorned with 
Plumes of Feathers; and all compleatly furniflS d with thofe 
Weapons, that are moft proper for defending themfelves, 
as well as attacking their Enemies. In port, the more 
we enquire into Nature, the more excellent fhe appears, 
and we pall confiantly find, that the Beauty of her 
Works will gradually rife in Proportion to our Know-
ledge of them. There is no fuch Thing as Meannefs in 

any 
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any of her Productions; fome indeed may be more grand, 
and happen to fir ike our Senfes more firongly tha?i others, 
but all are perfeB in the highefi Degree. 

If then a ferious Co?itemplation of the Works of God, 
may jufilly be confider d as an excellent Kind of Know-
ledge, a?id worthy of our Purfuit ; and if all thofe 
Works, though different in Degrees of Splendour, are 

flill perfeB; it is hoped, that a?i humble Attempt to 
improve, and encourage the Study of a7iy Branch of Na-
tural Philofophy, will not be unacceptable to the Publick. 
And fiince the Knowledge of the Microficope has always 

1 been look'd upon as no inconjiderable Branch of Natural 
Philofiophy, and as that Part of it has more particularly 
fallen within the Compafis of the Author s Studies, he 
has ventured to make it the SubjeB of the following Trea-
tifie\ a SubjeB, which has fio often employ d the mofi 
learned Men, that it can hardly fiand in Need of an A-
pology for the Choice of it. 

Havmg fiaid thus 7nuch with Regard to the Science, I 
fhall now beg Leave to fay fiomething of the Infirument 
itfielfi; and then make Hafie to acquaint the Reader with 
what he is to expeB in the following Sheets. 

"The Microficope is a?i Infiru?Jient fio curious and enter-
tai?iing, and fio generally efieemed amongfl the learned 
Part of the Wor Id, that 07ie great Reafion of its being Jb 
much difiregarded by Men of Leifiure and Fortune, mufl be 
owing to the Difficulty of ufingfome of thofe, which have been 
hitherto invented. Befides, many Perfions have negleBed 
the Microficope, from an Apprehenfion, that a good De-
gree of Knowledge in Opticks would be neceffary to their 
Ufiderfianding even the exper'nnmtal Part of it; where-

as 
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as nothing more is really required, than good Eyes, good 
Glaffes, and a well-confiru8led Injlrument; with thefe Helps, 
a common Understanding, and a little PraBice, will be 

fujficient to carry us through this Branch of Natural 
Philofophy. 

Others, again, have confiderd the Microfcope as an 
Injlrument, which is perhaps capable of affording a little 
Amufement, or even raijing our Wonder for a Moment, 
but is indeed of no real Service. However, this is an 
ObjeBion that refieBs more upon the Author of it, than 
the Injlrument; and therefore does not feem to deferve 
the Ceremony of an Anfwer. Some alfo have laid afide 
the Microfcope, after a little Ufe, merely from a Want 
of knowing what ObjeBs to examine, and where to find 
them; as well as how to prepare and apply them. 

I hope the Reader will find, that I have, in fome 
Meafure, furmounted all thefe Difficulties. For, firfi, 
I have given a clear and accurate Defcription of my new 
invented Univerfal Microfcope-, which comprehends all 
the fever al Ufes of other Micr of copes, in one Apparatus ; 
a Circumjlance that deferves a very particular Confide-
r at ion. For Microfcopes have been generally confiru&ed 

A as chiefly to excel in a fingle Infiance; fome having 
been adapted for viewing Opake, and others for Tr a rfpa-
rent ObjeSls; but none capable of fhewing both in the 

fame exaEl Manner. I have therefore endeavoured to 
contrive my Univerfal Microfcope fo, as to render it ca-
pable of doing every Thing that can be expeSled fro?n fuch 
a Kind of Injlrument. I have likewife fijewn how it 
may be applied to an improved Solar Apparatus; in 
which Application of it, there is a particular Contri-

vance 
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vance for confining Frogs, Mice, Bats, &c. in order 
to view the Circulation of the Blood in the Mefentery, 
and other Parts of thofe Animals. 

Next I have proceeded to give a Defcription of all the 
different Sorts of modern Microf copes, that have been hi-
therto invented; fo that any Gentleman, who is willing 
to pur chafe, may readily comprehend their feveral Ufes, 
and by co?npari?ig them together, be enabled to form-a 
true yudgment of their Value. 

I come now to acquaint the Reader with what he is to 
expeSl in the following Sheets, and this I fhall do in a 
very few Words. 

And here I muß be fo ingenuous as to confefs, that 
my Book contains rather a faithful Collection of every 
Thing that has hitherto been mention d by the befi Writers 
upon Microfcopes, than Matters of my own Invention. 
However, I can truly fay, that my fincere Endeavours 
have not been wanting, in order to range thefe Materials 
under their proper Heads, as well as to enlarge upon 
them, where it was requifite, in the mofi plain and in-
telligible Ma?iner. I have likewife attempted a Tranfia-
tion of two very valuable Pieces ; the one containing Mr. 
J O B L O T ' X Obfervations upon the Animalcula, that are 

found in many different Sorts of Infufions; the other Mr. 
T R E M B L E Y V Account of the frefl) Water Polype; nei-
ther of which, I believe, has hitherto appeared in our 
Language. 

As to the Copper-Plates, I have taken particular Care 
to have them copied from exceeding good Drawings, and 
then engraved in the very befl Manner; and in order to 
prevent, as much as poffible, any Inaccuracy, I always 

obferved 
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obferved the following Method: When I had a Mind to 
make a Drawing of any ObjeB, I placed it in my Uni-
verfal Microfcope, and applied it to an improved Solar 
Apparatus; by which Means the Object was thrown up-
on a large Sheet of white Paper, and magnified to a De-
gree, that cannot be conceived by thofe, who have never 
feen the Experiment. I then took my Pencil, and went over 
every Line of the ObfeB, with all imaginable Care and 
ExaBnefs, 'till I had finifhed a compleatDrawing of it; 
and this being fxed in the Camera Objcura, and Jo re-
duced, according to the JlriBefi Rides of Perfpeclive, to 
a Size proper for my Book, I drew from it the Pattern, 
which was fe?it to my Engravers. And indeed I have 
been fo extreamly careful with RefpeB to the Copper-
Plates, that no Expence has been wanting, in order to 
their being engraved in the very befl Marnier. It is for 
this Reafon that I am obliged to raife the Price of my 
Book much higher, than I ever intended, or even defired\ 
however, as it is not a Matter of Choice, but abfolute 
Neceffity, I hope the Publick will be fo indulgent, as to 
take it into their Confederation. 

As my Microfcope has had the good Fortune to meet 
with a favourable Reception from many Gentlemen of Di-
flin&ion and Learning in E N G L A N D . , as well as fede-
ral Parts of E U R O P E ; I thought an accurate Descrip-
tion of it would not be difagreeable to thofe, who had 
been pleafed to honour me with their Cuflo?n. This was 
my fole Intention in fitting down to .write, but I quickly 
found myfelf engaged much deeper, than at fir ft I defigti-
ed ; and at length began to believe, that a Collection of 
the mofi valuable Materials that could be met with in 
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the hefi Writers upon Microfcopes, might perhaps be 
pleafing, as well as ufeful to the Publick. I was greatly 
affifled in this Undertaking, by being allowed a free Ac-
cefs to one of the fneft Libraries in E N G L A N D , belong-
ing to a noble Perfonage, whofe Name I am not permit-
ted to mention, but whofe Goodnefs upon this, and all o-
ther Occafions, I Jhall conflantly acknowledge with the 
higheft RefpeSl and Gratitude. I pall only add, that I 
have neither jo much Ambition, nor Vanity, as to pre-
fume to reckon myfelf among the Number of thpfe learn-
ed Men, who have wrote upon this SubjeB. My Pro-
fejfion indeed mufl neceffarily afford me a good deal of 
In fight into fever al Branches of Natural Philofophy, and 
I camwt reproach myfelf with having wilfidly negleBed 
any Opportimity of Improvement, but flill I am fully 
fenfible, that my Book mufl have many DefeBs; however, 
I rely very much upon the Candour of the Reader, and 

fo fall beg Leave, without farther Ceremony, to throw 
my Mite into the publick Treafury. 

T H E 
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C H A R I . 

Containing the Description and Ufe of a New Uni-
verfal Single Microfcope, invented, made and 
fold by G E O R G E A D A M S . , at T y c h o B r a k e V 

Head\ in F l e e t - S t r e e t , L O N D O N . 

T hath long been the Defire of the Curious and Inquifitive 
Part of Mankind, to have a Microfcope which would be 
Portable and Univerfal, that is to fay, O N E O N L Y Inftru-
ment, by which all Sorts of minute Objedts might be ob-
ferv'd. 

I fhall here prefent the Reader with a Defcription of 
One, which comprehends all the wifh'd-for Advantages, becaufe it con-
tains a fu'jicient (tho* fmall, yet all that's neceffary) Apparatus, to perform 
the EfFe&s of all the various Sorts of Microfcopes, (and fome of them very 
elaborate ones too) that have been heretofore invented ; nay, I can go far-
ther, and fay alfo of fome others that have been fince attempted. 

It is capable of obferving all thofe very minute Animals, which walk or 
crawl upon the Earth, Trees, Flowers, &c. thofe which fly in the Air, 
and the Animalcula that fwim in prepared Liquors, and in thofe which 
have had no Preparation it may alfo be very advantagioufly employed in 
examining the Circulation of the Blood, &c. in the Infide of larger Ani-
mals, and likewife in the Difcoveries of the minute Particles of Minerals, 
Plants, wherein may be perceived what amazing and ftupendious Con-
trivances, exact and perfedtly uniform Proportions, the great Author of 
Nature hath endowed thole very minute Parts of the Creation with, which 
are fo extreamly final], as to efcape the bed Eyes deprived cf this Affift-
ance of human Art. 

This M I C R O S C O P E is made either of Brafs or Silver, and is c o m p o f e d 

of fix double Convex Lens's, of different Foci. 
Reprelented, as put together for Ufe in Fig. i. 
When it is firft taken out of its Box, the two Legs A, B, are to be 

turn'd about upon the Joint C, till they make an equilateral Triangle with 
B c 



a New Univerfal 
the fixed Leg D, then will the Pillar E, be fupported in a perpendicular 
Pofture. 

F, is an illuminating Glafs, for refleiling the Light of the Sky, the 
Sun, or a Candle, upon the Objef t : Its Support H, is to be put into a 
Hole, in the Center of the round Piece G. 

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

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

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

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

This removes the Inconvenience of having the dark Side of an Objeft 
next the Eye, that having been hitherto an unfurmountable Obftruftion 
to the making Obfervations on opake Objefts, with any confiderable De-
gree of Exaftnefs. For in all other modern Contrivances generally known, 
when a large Magnifier is ufed, the Nearnefs of the Inftrument to the Ob-
ject, unavoidably overlhadows it fo much, that its Appearance is render'd 
obfcure and indiftinft •, although many Ways have been tried to throw 
Light upon an Objeft from the Sun, the Sky, or a Candle, by a Con-
vex Lens, placed on the Side thereof, yet this refrafted Light falls on the 
Objeft fo obliquely, that it rather ferves to give a confufed Glare, than to 
afford a clear and perfeft View. 

P, is an adjufting Screw, by the turning of which an Objeft placed be-
tween the Objeft carrying Plate I, and Springs b, is readily railed or de-
preffed ; until it is brought into the exaft Focus of the Magnifier. 

1, 2, 3, 4, 5, 6, are Marks on the Pillar E, to ihew the refpeftive 
Diftances of the Objeft from the Magnifiers, according as each Glafs 
magnifies more or lefs. — For Inftance, if you ufe the 5th Magnifier, 

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

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

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

The Plate numbered Fig. 2. reprefents the Apparatus belonging to the Uni-
verfal Single Micro/cope, Fig. r. and alfo to the Univerfal Double Micro-
{cope, reprefented by Fig. 3. Whereof, 

a, b, f, Is a Contrivance to confine a fmall Fifh, by putting its Tail 
under a Spring on the Infide at c, and tying the Body of the Fifh to the 
long Part b, f, the two extreme Ends of the Tail, may be drawn through 
the Slits d, d, on each Side, that the Middle of the Tail may lie flat: Then 
put the End as of this Fifh-pan between the Objedt carrying Plate I, and 
Springs b, of Fig. 1, or Fig. 3, (they being firit opened to a proper Thick-
nefs to receive it,) in fuch a Manner, that the Hole e, under which the 
Tail of the Fifli is placed, may lie nearly under the Center of the Hole f, 
in the Objedt carrying Plate I. In this Pofition, the Magnifiers may be 
all fucceflively turned over the Objedt: And the Circulation of the Blood 
examined from the leaft to the greateft Magnifier, with Eafe and Plcafure. 
It may alfo be feen in the Webb between the Toes of a Frog's hind Foot, 
which is to be placed under the Spring at c, and its Body tied with a Tape 
to the Part b, f. 

R? is a Piece of Glafs to be placed as Occafion requires, either upon the 
Surface of the Objedt carrying Plate I, or between it and the Springs b ; 
its Ufe is to hold any accidental Objedt that may offer •, fuch as the Ani-
malcules in Fluids, (which may be very commodioufly examined in this 
Manner) Dufts., Cryftals of Salts, the Farina of Vegetables, &c. 

S, S, A jointed Slider, containing two flat Glafles, with Cavities funk 
in them, defigned for confining any fmall Objedt without crufliing or de-
ltroying i t ; fuch as Aquatics, or any other live Infedts, as Fleas, Buggs 
Lice, &c. and is alfo to be placed between the Object carrying Plate I, 
and Springs b, which muff be let wider to receive it as before directed. 

T , is an Ivory Slider with four Holes, wherein to place d i f f e r e n t Objects 
between two Pieces of Mufcovy Talcs, and is alfo to be applied between 
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ihe Objed carrying Plate I, and Springs b, fee Fig. i, with the Ivory Slider 
T, applied to it. 

V with its Socket g, ilicling Steel Bar h, Joint i, and its fpringing Tube 
k, through which runs a Steel Wire ; one End whereof terminates in a 
fnarp Point 1, and the other hath a Pair of Plyers m, foldered to it : The 
joint i having a twofold Motion for the readily placing the Parts of an 
opake Objed before the Magnifier. 

The Point or Plyers, are to be thruft into, or take up, and hold any 
Infect or Objed either of them may be turned under the Magnifier, as 
beft fuits the Purpofe. 

When this Apparatus is ufed, the fquare Stem n, of the Socket g, muft 
be put on to the Pillar E, at the Hole L, Fig. i, and 3, (the Objed 
Plate*!, with its Springs b and Slider K being firit removed,) it is repre-
fented as applied to the Microfcope at Figure 3. 

W is a round Objed Plate, one Side black and the other white, for 
rendring Objeds the more vifible, by placing them if black upon the 
white, and if white upon the black Side. A Steel Spring o turns on each 
Side to make any Objed fait, and a hollow Pipe p iflfues from the Object 
Plate which may be fcrew'd upon the Hiding Wier's Point 1. y is another 
black and white Object-Plate, to be ftuck on the aforefaid Wires Point for 
opake Objeds. 

X is a imall Brafs Box, with a Joint at q and a Glafs on each Side, its 
Ufe is to confine any living opake Object for Examination. This Box 
alfo hath a Pipe r, to lcrew over the End of the Aiding Wire 1. 

Y, a Pair of Piyers or Forceps, to take up any Objed, and manage it 
with Conveniency. 

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

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

t, A litpJjP Hair-Brufh or Pencil, wherewith to wipe any Duft from off 
the Glafies', or to take up any fmall Drop of Liquid one would examine, 
and to put it upon the Glafs R. 

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

The Microfcope being placed on a Table near the Window, dired the 
Mirrour F towards the Sky, and then looking through the Eye-piece N 
upon the Objed, placed next under the Plate I, turn the illuminating Glafs 
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F, fo about upon its Support H, and Joint v, till the Light is reflected 
upwards to the Object. 

If it ihould then happen not to be at its due Diitance from the Magni-
fier, turn the Screw P at the fame Time you are looking at the Ob-
ject, till it be made to fit your Eye; which you will then know by its ap-
pearing perfectly diftindt and clear. 

I mult here obferve that the Screw P is to be turned as your Hands and 
Arms are relting upon the Table, which is a Conveniency to be met with 
in no other Microfcope. All others requiring the Obferver to raife his 
Body and Arms in adjufting the Objedt to fit his Sight ; which is not only 
very troublefome but tirefome too ; efpecially if it requires any confiderable 
Attention. Whereas in this new univerfal Microfcope a leaning Pofiure is 
iufficient, and confequently the eafieft of all others for microfcopick Ob-
fervations. 

When an opake Object is to be view'd, place the refledting Speculum O 
exactly under the Eye-piece N; Fig. i, and fix your Objedt either on the 
Point of the Sliding Wire 1, in the Plyers m, in the Brals hollow Box X, 
or on the Objedt Plate W, as may be moil convenient according to the Na-
ture of i t ; then apply this whole Apparatus mark'd V, to the Microfcope, 
by putting its Stem n into the Hole L of the Pillar E : The Objedt carrying 
Plate being firft removed. See Fig. 3. where this Apparatus is applied 
to the Microfcope. The Microfcope being placed upon a Table near the 
Window, diredt the illuminating Glafs to the Light, lb as to throw it upon 
the Speculum O, then looking through the Eye-Piece N, and that Magni-
fier you judge fitteft for the Objedt you would examine ; by the Afliftance 
of the Steel Bar h, Hiding in its Socket g, the Point and Plyers Hiding in 
their fpringing Socket k, together with the double Motion of the Joint i. 
TheObjef t may be turn'd about, rais'd or deprefs'd, brought nearer to 
the Magnifier, or put farther from it, till you hit the true focal Di-
itance, and the Light be refledted ftrongly on the Objedt from the Spe-
culum O. The Screw P, will alfo greatly afiift in adjufting the Objedt 
to fit your Sight. In this Manner an opake Object will be fhewn furpri-
2ingly diftindt and clear. 

It is always beft to view an Objedt at firft with one of the leaft Mag-
nifiers, by which Means, you may examine the whole, or a large Part 
thereof at once, and then gradually to infpedt the feveral particular Parts, 
by fucceffively turning the larger Magnifiers, under the Eye-Piece N, and 
thereby gain a true Idea of the Whole and all its Parts. Altho' the greateft 
Magnifiers can fhew but a very fmall Portion of an Objedt at once: Yet 
by gently moving the Slider that contains the Objedt, and fometimes 
gently turning the Magnifier backwards or forwards within the Limits 
of the Hole in the Eye-Piece N, or if it be an opake Object by Aiding 
the Steel Bar h backwards or forwards in its Socket g, the Eye will regu-
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larly furvey it all: And ifany Part fbould be out of Diftance, it may be 
eafily redtified by turning the Screw P, one Way or the other. 

In ufing the firft Magnifier in the Single Microfcope, the Objedt is re-
quir'd to be brought fo near the Glafs, as almoft to touch it •, therefore par-
ticular Care muft be taken not to fcratch it by rubbing the Slider, &c. againft 
i t ; a few Turns of the Screw P will eafily prevent it, and give it Room. 

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

C H A P . I I . 

Containing the Defcription and Ufe of a New Uni-
verfal 'Double Micro/cope, invented and made by 
G E O R G E A D A M S , at T y c h o B r a h e V Head, in 
F l e e t - S t r e e t , L O N D O N . 

T H I S Microfcope is compofed of three double convex Lens's, two 
of which are placed in the Body thereof at a and b, and the Magni-

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

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

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

O, is a reflecting Speculum highly polifhed, which muft be placed at 
R, when an opakeObjedt is to be viewed, on which a diredt Light becomes 
reflected from the aforefaid Speculum. 

The fquare Bar R S, fits into the Top of the upright Pillar E, and may 
be made fait thereto by the Screw at as. 

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

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

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

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

After having giren a Defcription of the new invented Univerfal Micro-
fcope, in both its Forms, that is to fay, either fingle or double; it is convenient 
to fay fomething concerning the Ules thereof. And here I muft inform 
the Reader, that my Curiofity and Defire of rendering this Inftrument as 
perfedt as poflible, hath engaged me to find out Methods, which might fully 
iatisfy thofe who are willing and defirous of prying into the minute Re-
cedes of Nature, and repeat the Experiments and Obfervations related in 
the following Natural Hiftory. 

In order therefore to obferve Flies, and other Infedts of the like Bulk, 
ftick them upon the Aiding WTires Point, or pinch fome Part of them be-
tween the Nippers, and apply them under the refledting Speculum O. 

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

* For the Want of a Jeweller's Globe, a common globular Decanter, filled wi;h clear Wa-
ter, will anfwer the fame End. 
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Glafles S, S, Fig. 2. They may alfo be pinch'd by the Breach between the 
Nippers m of the Apparatus V, Fig. 2. by which Means you will have 
the Pleafure of obferving all the external Parts of their Bodies, and may 
iometimes fee other Animals running too and fro upon them, which feed 
on and torment them ; thefe are called Lice of the Loufe, and Fleas of 
the Flea. They may alfo be placed between two Mufcovy Talcs, as at 
T, Fig. 2. in an Ivory Slider. 

Mites of Cheefe, and their Eggs, Lice of Birds, and the Infedts which 
infrll: Pears, Apples, &c. may be fixed upon the black and white Objedt-
P'ate, with a little Gum-Water, if they are opake, or if tranfparent, they 
may be {tuck to the Object-carrying Glafs R, Fig. 2. with Gum Water 
by which Means you may examine them with the greateft Magnifier, and 
with Satisfaction and Delight view their internal Structure and the Periltal-
tick Motion of their Bowels, &c. 

All the other Sorts of little crawling Animals, which are fo very fmall 
that one can hardly touch them without deftroying their Lives, are belt 
glewed as it were upon the Point of a fine fewing Needle, dipped in Tur-
pentine. (The Needle being firft made fait to the End of a lhort Bit of 
Stick by Way of Handle to it) If you do but jult touch the Back or Side 
of any one of thefe minute Animals therewith, it will itick fo fait thereto, 
as not to be able to remove itfelf; by which Means they may be examined 
with Eafe and Pleafure. The fewing Needle mult be held between the Nip-
pers m, of the Apparatus V, Fig. 2. and fo placed before the Magnifier, 
either of Fig. i, or 3. any Part of the Animal may be turn'd before the 
microfcopick Lens, by twitting the Handle of the fewing Needle, as you 
find Occanon. 

Flairs, Wings of Flies, fmall Feathers of Birds, &c. are beft perceived, 
and eafieft examined, when placed between two Mufcovy Talcs, in an 
Ivory Slider. 

All Sorts of inanimate Objedts, fuch as Grains of Sand, Seeds of Plants, 
Farina of Flowers, &c. may be commodioufly examined, upon the Objed-
carrying Glafs R, Fig. 2. if they are tranfparent; or if they are opake, 
itrew them lightly on one of the black and white Objedt Plates W or y, and 
apply them to the Microfcope, under the reflecting Speculum o. 

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

In the Manner laft mentioned, Objedts of a larger Size may be pre-
ferved, fuch as the Heads and fcaly WTings, &c. of curioufly colour'd 
Flies, and may be conveniently placed before the Microfcope, by pinching 
the End, or any other Part of the Slip between the Nippers m, of the Ap-
paratus V, Fig. 2. 

To examine the Animalcula in Fluids, thruft the Point of an Hair Pen-
cil, 
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Trouble Micro/cope. 9 
cil, or rather the Point of a Pin about one Tenth of an Inch under 
the Surface of the Liquor, and near the Sides of the Vefifel, that a little 
of it may may be taken up and placed in the Hollow of the Object-car-
rying GlafsR, Fig. 2. which fhould be no more than to form a Drop a-
bout ITS- of an Inch in Diameter, and that will be a Kind of Lake or Pond, 
in which you may difcover a furprizing Quantity of extremely minute fiih-
like Animalcula of different Sizes, Figures, and Motions. 

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

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

C H A P . III. 

Of the Improved Solar, or Camera Obfcura Mi 
crofcope. 

TH I S moft furprifing Contrivance, is compofed of a Looking-Glafs, 
a Tube, and the Univerfal Microfcrope, Fig. 1, or 3, and as it de-

pends entirely on the Sun-fhine, is to be ufed in a Chamber, from whence 
all the Light muft be excluded, except what paffes through the aforefaid 
Tube. — A Pidture of the whole Apparatus put together, is fhewn Fig. 4. 
and the other Side of the Solar Apparatus by itfelf, Fig. 5. 

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

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

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

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

K, is a fhort Tube of Brafs, which fits into the Foot D of the Univerfal 
Microfcope, Fig. i, or 3. the illuminating Glafs F, and the round Piece G, 
being Erft taken out to make Room for its Reception. The Tube K, 
fits over another fhort Tube L, which is folder'd to the End of the inner 
Tube I, and is diftinftly feen in Fig. 5. 

E, is a Looking-Glafs of an oblong Figure, fet in a Frame of polifhed 
Brafs, and fixed to the broad Ring D, D, Fig. 5. by Means of a long 
Steel Screw M, going through a Joint at the Bottom of the Frame, and 
may be fcrew'd in, or taken out at Pleaiure. At the Bottom of the 
Looking-Glafs Frame, is fixed a circular Piece of Brafs N, againft which 
the End of the Screw O prefles, in order by fcrewing it to elevate the Glafs, 
which is deprefled on its being difcharged; by the Force of a ftrong 
Spring P, acfting againft a Bracket, fixed to the Side of the Looking-
Glafs Frame. 

R, a convex Lens, whofe Focus is about 12 Inches, fixed at the out-
ward End of the Tube FI, to collect the Sun's Rays, and throw them 
ftrongly upon the Objeft. 

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

When this Microfcope is ufed, the Room mutt be made as dark as 
poflible; for on the Darknefs of the Room, and the Brightnefs of the 
Sun-fhine, you are to expedt a perfectly clear and diftindt Image. 

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

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

Being thus far prepared, fcrew the Tube K into the Foot D of the Uni-
versal Microfcope, Fig. i. or Fig. 3. and flip it over the lmall F.nd L, of 
the inner Tube I, (all which is reprefented as done and ready for Uie in 
Fig. 4.) and pull out the faid Tube I, more or lefs, as the Object is ca-
pable of fuftaining the Sun's Heat. Dead Objedts may be placed within 
about an Inch of the Focus of the double convex Lens R, which Diftance 
mutt be ihortened for living Creatures, or they will foon be killed. 

If the Light falls not exactly right, you may readily direct it thro' the 
Axis of the Microfcopick Lens; and there keep it during the Time or 
your Examination, by the Flelp of the Screw O, and Bofs T, following 
the Sun's Motion. 

The Objedts are to be managed and brought to their true focai Diftance, 
by obferving the Directions given in Chap. I. in the Delcription of the 
Univerfal Microfcope, Fig. 1, that is, they may be placed between the Ob-
jedt-carrying Plate I, and Springs b, ftuck upon the Point, or held in the 
Nippers, and adjufted to their exadt Focus, by the Screw P, &c. 

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

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

There are many Conveniencies in this, which no other Microfcope has, 
for as it ihews Objedts larger than any other Way, there is Reafon to 
hope that further Difcoveries will be made by it. Befides this particular 
Property it hath, that Numbers of People may view an Objedt at the fame 
Time, and may point to the different Parts thereof, and by difcourfing on 
what they fee, may underftand each other better, and more probably find 
cut the Truth, than when they are obliged to look one after another. 
Befides the weakeit Eyes may ufe it without the leaft Straining or Fa-
tigue. By this Means alfo, an Objedt may be outlined exactly, and there-
by a Drawing of whatever is curious be eafily obtained. 

C H A P. 
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C H A P . IV. 

The 'Defeription of the Screw-Barrel, or Mr. 
W I L S O N J Single Tocket Microfcope. 

TH I S Microfcope of Mr. Wilfon's, is an Invention of many Years 
{landing, and was in fome Meafure laid afide, till Dr. Liberkun in-

troduced the folar Apparatus, to which he applied it, there being no other 
Inilrument at that Time would anfwer his Purpofe fo well; fince which 
Time it has been revived, and eileemed the beil, tho' very troublefome in 
moil Cafes. 

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

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

D, a convex Glafs, at the End of the faid Screw; on which may be 
placed, as Occafion requires, one of the two concave Pieces of thin Brafs, 
with Holes of different Diameters in the Center of them, to cover the faid 
Glafs, and thereby diminiih the Aperture, when the greateil Magnifiers 
are ufed. 

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

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

G, The other End of the Microfcope, where a hollow Female Screw 
is adapted to receive the different Magnifiers. 

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

I, a fmall turn'd Handle for the better holding the Inilrument, to fcrew 
on and off at Pleafure. 

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

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

M, is a fiat Slip of Ivory, called a Slider, with four round Holes thro' 
it, wherein to place Objedts between two Mufcovy Talcs. 

Six 
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Six fuch Ivory Sliders, and one of Brafs, are ufually fold with this 

Microfcope, fome with Objects placed in them, and others empty, for 
viewing any Thing that may offer, but whoever p.leafes to make a large 
Collection of Objects, may have as many as he defires. 

There is alfo a Brafs Slider, not expreffed in the Figure, to confine 
any fmall Objedt, that it may be viewed without cruihing or deftroy-
ing it. 

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

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

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

When you would view anObje6t, thruft the Ivory Slider in which the 
faid Objeft is placed, between the two flat Brafs Plates •, obferving always to 
put that Side of the Slider where the Brafs Rings are fartheft from the 
Eye. Then fcrew in the magnifying Glafs you intend to ufe, at the End 
of the Inftrument G, and looking through it againft the Light, turn the 
long Screw C C, till your Objedt is brought to the true focal Diftance, 
which you will know by its then appearing perfectly clear and diftindt. 
The Way of examining any Objedt accurately, is to look at it firft thro' a 
Magnifier, that will fhew the whole thereof at once, and afterwards to 
infpedt the feveral Parts more particularly with one of the greateft Mag-
nifiers ; for thus you will gain a true Idea of the Whole, and all its Parts. 
And tho' the greateft Magnifiers can fhew but a minute Portion of any 
Objedt at once, fuch as the Claw of a Flea, the Horn of a Loufe, or the 
like ; yet by gently moving the Slider that contains your Objedt, the Eye 
will gradually overlook it all; and if any Part fhould be out of Diftance, 
the Screw C C will eafily bring it to the true Focus. 

As Objedts mult be brought very near the Glafles, when the greateft 
Magnifiers are ufed, be particularly careful not to fcratch them, by rub-
bing the Slider againft them, as you move it in or out. A few Turns 
of the Screw C C, will eafily prevent this Mifchief, by giving it Room 
enough. 

How to change the Objedts in the Ivory Sliders, has been fhewn in the 
firft Chapter. 

The Circulation of the Blood may be eafieft feen in the Tails or Fins of 
Fifhes, in the thin Membrane between the Toes of a Frog's hind Foot, or 
beft of all in the Tail of a Water-Newt. If your Objedt be a fmall Fifh, place 
it within the Tube, and fpread its Tail or Fin againft the Side thereof: 
If a Frog, chufe fuch an one as can but juft be got into your Tube, and 
with a Pen or Stick, expand the tranfparent Membrane between the Toes 
of its hind Foot, as wide as you are able. When your Objedt is fo adjuft-
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ed, that no Part thereof can intercept the Light from the Place you intend 
to view, unfcrew the long Screw C C, and thruft your Tube into the 
arched Cavity quite thro' the Body of the Microfcope ; then fcrew it to the 
true focal Diftance, and you'll fee the Blood pafling along its VeiTels with 
a rapid Motion. 

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

This Single Microfcope of Mr. WilJorCs, has fometimes been formed into 
a double one, by lcrewing it to a Tube, with an Eye-Glafs at the End 
thereof, it is alio made to anfwer nearly the Purpofes of the large double 
refledting Microfcope, by the Addition of the following Contrivance. 

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

C H A P . V . 

A Contrivance for fixing Mr. W I L S O N V Tocket 
Microfcope, and reflecting Light to it by a 
Mirrour. 

AB C', Fig. 7. is a Brafs Scrole, which, for the better Conveniency of 
Carriage, is fo order'd, as to take into three Parts, and put into the 

Draw upon which it ftands, with its refledting Mirrour, and Wilfori s 
Pocket Microfcope. 

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

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

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

2 The 
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The Brafs or Ivory Slider being fixed as before defcribed, and the Micro-

fcope placed in a perpendicular Pofition move the reflecting Glafs D in 
i'uch a Manner, as to caft the Light of the Sky, the Sun, or a Candie, 
direCtly upwards, through the Microfcope; by which Means it is made to 
anfwer molt of the Ends of a double reflecting Microfcope, hereafter to 
be defcribed. 

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

C H A P . V I . 

Of the Manner of applying Mr. W I L S O N V 'Pocket 
Microfcope> to the Solar apparatus. 

T H E Solar Apparatus having been already defcribed in the 3d Chap, 
it remains only to ihew how Mr. WilforCs Pocket Microfcope, is to 

be applied to it. 

After having fixed the Apparatus to the Window-Shutter, and adjufted 
it to the Altitude and Situation of the Sun, fo as to form a round Spot ot 
Light on the Screen. 

Screw the Tube FI, Fig. 5. into the Middle of the Plate and Rings, 
taking Care not to alter the Looking-Glafs; then fcrewing the Magnifier 
you choofe to employ, to the End of your WilforCs Microfcope, at G, 
Fjg- 6. In the ufual Manner, take away the Lens D, at the other End 

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

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

The ihort Tube K, which your Microfcope is fcrew'd to, enables yojj 
by Aiding it backwards or forwards on the other Tube L, to bring your 
Objefts to their true focal Diftance ; which will be known by the Sharp-
nefs and Clearnefs of their Appearance: They may alfo be turned round 
by the fame Means. 

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

C H A P . VII. 
Of the Microfcope for Opake Otjetts. 

A Fig. 8. is a fixed Arm, through which paffes a Screw B, the other 
5 End whereof is fattened to the moveable Arm C. 

D, is a Nut fitted to the faid Screw, which when turned, will either 
feparate or bring together the two Arms A C. 

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

F, a Piece of Brafs turning round in a Socket, whence proceeds a 
fpringing Tube, moving on a Rivet, through which runs a Steel Wire, 
one End of which finiihes in a Point G, and the other End hath a Pair 
of Plyers R folder'd to i t ; thefe are either to thruft into, or to take 
up and hold any Ob je f t ; and may be turned round as required. 

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

K, a Concave Speculum of Silver polifhed as bright as poffible, in the 
Center of which a double Convex Lens is placed, with a proper Aperture 
to look through i t : On the Back of this Speculum a male Screw L, is made 
to fit the Brafs Ring I, which may be fcrewed into the faid Ring at Pleafure. 

Four of thefe concave Specula of different Depths, are fitted to four 
Glafles of different magnifying Powers; to be uied as Objects to be ex-
amined may require. The greateft Magnifiers have the leaft i\.pertures. 

M, a round Objedt Plate, one Side white, and the other black, i n t e n d e d 

to render Objefts the more vifible, by placing them, if black, upon the 
white, and if white, on the black Side. A Steel Spring N, turns down 

on 
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on each Side to make any Objedt fail ; and ifluing from the Objedt Plate 
is a hollow Pipe to fcrew it on the Needles Point G. 

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

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

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

R, a foft Hair Brufb to clean the Glafles or Specula. 
"When you would view any Objedt, fcrew the Speculum with the Mag-

nifier you intend to ufe, into the Brafs Ring I, place your Objedt either on 
the Needle G, in the Plyers H, on the Objedt Plate M, or in the Brafs 
hollow Box O, as may be moil convenient according to the Nature and Con-
dition of i t : Then holding up your Inftrument by the Handle P, look 
againft the Light through the magnifying Lens, and by means of the Nut 
D, together with the Motion of the Needle, by managing its lower End, 
the Objedt may be turned about, raifed, or deprefied, brought, nearer the 
Glafs, or put farther from it, till you hit the true focal Diftance, and the 
Light be feen reflected from the Speculum ftrongly upon the Objedt; by 
which Means it will appear very diftindt and clear. 

C H A P . VIII. 
A Defcription of the Double Microfcope, commonly, 

though very improperly, called the Refecting 
Microfcope. 

AB C, Fig. 9, is the Body of this Microfcope, in which Aides C D, 
the inner Tube, that contains all the Glafies. The Eye Glafs is at 

E, the broad middle piano convex Glafs at F, and the Objedt Glafs being 
fet in a Button at G, is fcrew'd upon the End of the narrower Tube I, 
which being fixed in the Bafe of the inner Tube, paftes freely through a 
Hole in the Bafe of the outer. 

The Buttons that contain the feveral Objedt Glafies are number'd 1 ,2 , 
3, 4, 5, and the Convexity of the inner Tube, is alfo marked with dotted 
Circles number'd 1, 2, 3, 4, 5, in order to bring that Circle to coincide 
with the Mouth of the outer Tube, whofe Number is the fame as that of 
the Objedt Glafs then made ufe o f : But if the Objedt does not then appear 
quite diftindt, Aide, or rather twift the inner Tube gently, higher or 

D lower, 
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lower, or turn the Screw of the Magnifier gradually till the Ohjefl appears 
diftinct. The greateil Magnifiers are known by their having the fmalleft 
Apertures. 

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

N, three fmail brafs Circles with Holes thro' the Middle of them which 
are to be placed over the Hole in the Middle of the Stage, and then the Ivory 
Slider O may be put between the two uppermoft, which are preffed toge-
ther by a fpiral fpringing Wire lodged between the two undermoft. The 
two outermoft being held together by four fmall Pillars palling through four 
Holes in the Circumference of the middle Circle. 

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

All tranfparent Objefts are well illuminated in this Microfcope, either 
by Candle or Sky-Light refiefted upwards from a concave Looking Glafs 
R, placed in a Frame upon the Center of the Pedeftal. While you are 
viewing the Objeft through the Microfcope, turn this Concave upon its 
horizontal Poles a b, and you will foon find out that Pofition of it wherein 
it refle&s the moil Light through the Hole c upon the Objeft. 

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

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

V, a Glafs Tube to put a fmall Frog or Newt in, to fee the Circulation 
of the Blood. When the Object is well expanded on the Infide of the 
Tube, ilide it over the Hole c, in the Center of the Stage ; and bring that 
Part of the Objeft you would examine dire&ly under the Magnifier. 

W , 
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W, a Cell, containing a concave and a plain Glafs, is to confine Fleas, 

Lice, Mites, or any finall living Objedts, and being placed over the 
Middle of the Stage may be viewed with Eafe. 

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

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

O, a flat Piece of Ivory called a Slider with four round Holes through it, 
and Objedts placed in them between Mufcovy Talcs. 

Z, a little round Ivory Box to hold Ifinglafs for the Sliders. 
U, a fmall Hair Brufh to wipe any Duft off the GlaiTes, or to apply a 

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

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

t 

C H A P . IX. 
Of a Single or Double Microfcope, what, how it 

magnifies, and why. 

A Single Microfcope is only a very fmall Globule of Glafs, or a double 
convex Lens, whofe focal Diftance is very fhort. The former be-

ing at prefent difus'd, I lhall confine myfelf only to a Description of the 
Nature and magnifying Powers of the latter. 

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

D 2 This 
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This Line produced is therefore called the Axis of the Lens ; and paiTes 

through G and H, the Centers of its Surfaces. 
The Points C D, where it cuts the Surfaces, are called the Vertexes of 

the Lens, and the middle Point between them is called its Center. 
The 10th Figure reprefents a piano Convex, the n t h a piano Concave, 

the i 2th a double Convex, the 13th a double Concave, and the 14th a 
cor.cavo Convex, or a Menifcus Lens. 

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

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

Let A B, Fig. 17. be a double convex Lens, E F the Objedt at its Fo-
cus C •, G, the Eye very near the Lens E F, the Rays coming from the 
Objedt, will, after their Refradtion, fall parallel T upon the Eye, and con-
fequently make diftindt Vifion. For the Fabrick of the Eye having its fo-
cal Diftance juft at the Bottom of it, upon the Retina, requires that the 
Rays from each Angle Point, fliould fall nearly parallel, in order to be there 
colledted ; that is, that the BaAs of each Cone of Rays, flowing from every 

* Smith's Opt. p. 6. t Greg. Opt. 170. 
Point 
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Point of an Object, which Bafis is the Pupil of the Eye, fhould bear fo 
fmall a Proportion to the Length of the Cone, as that thefe Cones may be 
looked upon as little Cylinders. The Diftance requifite for diftindt Vi-
fion, is not limited to a Point, but is indulg'd in larger Bounds; becaufe 
Nature has furniih'd us with the Power of contracting the Pupil, as the 
Objedt comes nearer ; and fo diminifhing the Bafis of each Cone in Pro-
portion, and confequer.tly of preferving, diftindt Vifion ; but this is only to 
a ceitain and that no very great Degree. 

Therefore a minute Objedt E F, feen diftindtly thro' a fmall Glafs Lens 
A B, by the Eye put clofe to it, appears fo much greater than it would to 
the naked Eye-, placed at the leaft Diftance E D, from whence it appears 
fufficiently diftindt, as this latter Diftance E D, is greater than the 
former E C •, for having put your Eye clofe to the Glais A B, in Order 
to fee as much of the Objedt as poflible at one View, remove the Objedt 
to and fro till it appears molt diftindtly, fuppofe at the Diftance C E, then 
conceiving the Glafs A B, to be removed, and a thin Plate A B, with a Pin-
hole in it, Fig. 18. to be put in its Place, the Objedt will appear diftindt, 
and as large as before when feen thro' the Glafs, only not fo bright. For 
if the Hole be fo fmall as to admit but a fingle Ray, from every diltinct 
Point of the Objedt, thefe Rays will fall upon the Retina, in as many other 
diftindt Points, * and will make a diftindt Pidture f-, and when the Pencils of 
Rays fall upon a thin Lens, their Axis go ftrait thro' the Middle of it, and 
confequently will proceed to the fame Points upon the Retina, as when 
they paft"ed thro' the Hole. Now fuppofing the Lens to have fuch a Fi-
gure, that the Rays of every Pencil ihall be refradted by it, and by the 
Eye together, to thofe very Points of their Axis which touch the Retina, 
the Pidture will ftill be diftindt; and will be the fame in Magnitude and 
Pofition as before. The only Difference in the Effedts, between the Hole 
and Lens, will be in the Degree of Brightnefs upon the Retina. And in 
this latter Cafe, the Objedt appears fo much greater than it does to the na-
ked Eye, at the Diftance E D, either with the Pin-hole, or without it 
as the Angle C E F, is greater than the Angle A D E, or as the latter Di-
ftance is greater than the former. 

Since the Interpofition of the Glafs has no other Effect than to render 
the Appearance diftindt, by helping the Eye to increafe the Refradtion of 
the Rays in each Pencil, it is plain, that the greater apparent Magnitude 
is entirely owing to a nearer View than could be taken by the naked Eye. 
If the Eye be fo perfedt, as to fee diftindtly by Pencils of parallel Rays 
falling upon it, the Diftance C E of the Objedt from the Glafs, is then the 
focal Diftance of the Glafs. 

* Greg. Opt. />. i ; t , . f Smith, Opt. p. 37. 
Now 
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Now if this focal Diftance of the Lens, be J- of an Inch, and if the Di-

ftance E D be 8 Inches from the Object, the ufual Diftance at which we 
view minute Obje&s, the apparent Image, or Diameter of theObjeft, may 
be faid to be fo much magnified, as thofe 8 Inches exceed the little 
Space C E, or thz focal Diftance of the Lens A B, which is at the Rate of 
40 to 1. Therefore the lefs the focal Diftance of the little Lens is, the 
greater will its Effects be in dilating the Image of a fmall O'ojeit (for if 
its focal Diftance be yet fmaller, fuppofe -A- of an Inch ; the Diameter or 
Length of an Object will appear 160 Times longer thro' fuch a Lens, 
than to the naked Eye, at 8 Inches ; its Surface 15600 Times greater, 
and the Solidity or Bulk would be magnified to 2,496,000 Times) info-
much that its focal Diftance may be fhortened, till it is reduced to an 
infinitely fmall Spherule. Tho ' there are fome Inconveniencies which here 
offer themfelves, and forbid our going beyond certain Limits j for thefe 
fmall Spheres are inferior to little Lens's, on this Account, that for the 
lame Degree of magnifying, the Lens's are three Times more diftant from 
the Object than the Spheres, the Effefts of which are thus demonftrated. 
Let there be a Glafs Sphere, Fig. 19. whofe Center is A, and Axis B D, 
in which, produced on both Sides, the Eye is placed at H, and the Ob-
ject at C, each of the Diftances B H, D C, being taken equal to half the 
Radius A B, and confequently the Point C is the Focus, where Rays falling 
parallel to the Axis B D, upon the Sphere at B G, are after Emmerfion 
collected. Wherefore an Object placed at C, will fend Rays upon the 
Sphere, which will, after Refraction, be received parallel by the Eye, and 
confequently make diftinct Vifion. But if we take the Point L, fuch that 
L B may be equal to the Radius A B, the Point L is the Focus, towards 
which parallel Rays, after Refraction, at the firft Surface D E tend in their 
Paffage through the Sphere, and from which they are diverted after Re-
fraition at their Emmerfion, and collected at H. Make E F parallel to the 
Axis, and comprehending the Portion of the Objeft C F, and draw the 
right Line F H , The Ray F E being refradted at E, proceeds according 
to E L, and being again refracted at G, goes on to meet the Eye at H, 
wherefore the Line C F is feen under the Angle B PI G, and would appear to 
the naked Eye under the Angle C H F, which is but half the former Angle. 

Becaufe B L is double to B H, the Angle B II G is double to B L G, 
but H L is parallel to F E, and to be looked upon as equal to it, or to the 
right Line D C ; becaufe C F is to be a Line very fmall, with Refpedt to 
the Diameter of the Sphere. Therefore the Angle B H G is alfo double 
of the Angle C H F, and confequently equal to the Angle C A F. From 
whence it is plain, that to the Eye placed at H, the Line C F will appear 
under the fame Angle, in which it would appear to the naked Eye, feeing 
from the Point A. Whence if the Diameter of the little Sphere B D, 
were TV of an Inch, we ihould have A C equal to rV of an Inch ; which 
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is to the Diftance of 8 Inches in the Proportion of i to 128, fo that the 
Magnitude of the Objedt will be increafed 128 Times. 

But if K E, the focal Diftance of the Lens M N, Fig. 20. be equal to 
the right Line A C of the laft Figure we have ihewn, that by this Means 
the Objedt L P would be feen in the fame Magnitude, as if the Eye were 
placed at K, without the Lens ; nor in ufmg this Lens will the apparent 
Magnitude be any Ways changed, in whadoever Part of the Axis K E, 
produced, the Eye be placed. Therefore, 'tis plain the fame Degree of 
magnifying, and the fame Effect every Way is performed equally by the 
Lens M N, Fig. 20. and the little Sphere B D, Fig. 19. and it is alfo ma-
nifeft, that the Diftance K L, is equal to thrice D C , Q E D. 

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

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

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

If E F be a Portion of an Objedt lefs than the Lens, the Rays E M, 
E N, produced to the Extremities of the Lens, will after Refradtion unite 
in a Point D, farther diftant from th tLens, than the Focus. From whence 
it appears, that if the Eye be placed farther from the Lens than its Focus, 
it cannot fee any Part of an Objedt fo large as the Lens, but always 
fmaller. 

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

i ture 
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ture of the Lens. And in this Way of ufing fingle Lens's, microfcopick 
Objects appear exceedingly diftinft and clear, and are in all Refpects far 
preferable to the Double Microfcopes, which are compos'd of three con-
vex Gaffes. 

I 'oon the Apertures of Microfcopes. all their Effefts and Virtue entirely 
depend. It is therefore to be obierved, that in fingle Lens's, if their focal 
Diftance be about an Inch, or greater, there will be no Occafion for li-
miting the Aperture, in order to make diftinft Vifion ; becaufe the very 
Narrownefs of the Pupil of the Eye excludes as many of thofe Rays 
which difturb Vifion, as is neceffary, and as much as they would be exclu-
ded, if the Lens were made to have a leis Aperture. But in fmaller Lens's, 
where this Limitation of the Aperture is neceffary, the Rule is, that the 
Diameters of thofe Apertures ihould be in the fame Proportion with the 
focal Diftances of their refpective Lens's, in order to have the Objeft feen 
"by both equally diilinct. But the Light or Brightnefs will be in a duplicate 
Proportion of thofe focal Diftances * ; fo that the more convex the Lens 
is, the greater indeed, but then the more obfcurely will the Objeft be 
feen. 

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

In order to find the magnifying Power of any Lens, we need only find 
its exaft focal Diftance in iooth Parts of an Inch (which is eafily done 
by letting a minute Object in the Microfcope, fo as to appear perfedly 
clear and diftinft ; this Diftance meafured on a Scale of an Inch, divided 
into 100 Parts, will give its true focal Length-,) and by computing 
how many Times thofe Parts are contained in 8 Inches, we ihall have the 
Number of Times the Diameter of an Objeft is magnify'd to, and that 
Number multiplied into itfelf, will produce the Magnitude of the Superfi-
cies, which Produft, multiplied by the Diameter, will ihew the Solidity 
or magnified Bulk. 

It was with thefe Sorts of fingle Microfcopes, that the famous Mr. Leeu-
wenhoeck made fuch wonderful Difcoveries and it was this Confideration 
which induced me to contrive an Apparatus that ihould make theie fingle 
Microfcropes eaiy in Ufe, to thofe Gentlemen whofe Curiofity leads them 
to fearch into the minute Receffes of Nature, and thereby be taught to 
contemplate and adore the wonderful and furprizir.g Contrivance of Nature's 
A L M I G H T Y Architect. 

* Gregory's Opt. p. 184. 
Of 
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Of Double Microfcopes. t 

A double Microfcope is compofed of two convex Glalles, placed at E 
and L, Fig. 23. the Glafs L next the Object P Q is very fmall, and very 
much convex, and confequently its focal Diftance L F is very fhort ; the 
Diftance L Q^of the fmall Objedt P Q, is but a little greater than L F ; 
fo that the Image p q may be formed at a great Diftance from the Glafs, 
and confequently may be much greater than the Object itfelf. This Pic-
ture pq being viewed through a convex Eye-Glafs A E, whofe focal Di-
ftance is q E, appears perfectly diftindt. Now the Objedt appears magni-
fied upon two Accounts, firft, becaufe if we view its Pidture p q with 
the naked Eye, it would appear as much greater than the Object 
at the fame Diftance, as it really is greater than the Objedt, or as much 
asLq is greater thanL Q ; and fecondly, becaufe this Pidture appears mag-
nified through the Eye-Glafs, as much as the leaft Diftance, at which it can. 
be feen diftindlly with the naked Eye, is greater than q E, the focai Di-
ftance of the Eye Glafs. For Example, if this latter Proportion be 5 to 1, 
and the former of L q to L Q, be 20 to 1, then upon both Accounts the 
Objedt will appear 5 times 20, or 100 times greater than to the naked Eye. 

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

In the laft Example, let us fuppofe the Eye-Glafs E A to be 1 Inch 4 
Focus, which will be found exadtly 5 times in 8 Inches, the Diftance at 
which the fame Objedt would be feen diftindt by the naked Eye. There-
fore this Eye-Glafs magnifies 5 times; and if the Objedt Lens L, has 
for its Focus L Q^ of an Inch, and the Pidture be formed at P q, whofe 
Diftance L q is 5 Inches, the Pidture will be magnified 20 times •, becaufe 
the Diftance L Q4 : of an Inch is contained 20 times in L q, 5 Inches; 
and this Pidture magnified 5 times greater (as appears above) by the Eye-
Glafs E A, and therefore 5 times 20, that is 100 times. 

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

Altho' we can readily, by this Method, find out the magnifying Powers 
of the feveral Sorts of Microfcopes, yet our Notions of the comparative-
Smallnefs of any minute Objedt, muft be afiifted by a larger one, whofe 
Dimenfions we know, and by finding how many Times the Idler is ccn-
tain'd in the greater; which fliall be the Subjedt of the remaining Part of 
this Chapter. 

* Str.itfj S Opt. />. 41. 
E Mr. 
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Mr. Hook's Method of computing the Magnitude of Objects, feen in 

the Micro/cope, was, after he had adjufted the Microscope, to fee the Object 
very diftinctly: At the fame Time that he look'd upon the Object thro' 
the Glafs with one Eye, he looked upon other Objects at the fame Diftance 
with his other bare Eye, by which Means he was able, by the Help of a 
Ride divided into Inches and frnall Parts, * and laid on the Pedeftal of the 
Micro [cope, to caft up, as it were, the magnified Appearance of the Objett 
upon the Rule, and thereby exaftly to meafure the Diameter it appears of 
through the Glafs ; which being compared with the Diameter it appears of 
to the naked Eye, will eafily afford the Quantity of its magnifying. This 
Method is very eafy to thofe Perlons who can accuftom themfelves to fuch 
aPradtice, I mean of obferving twoObjeils at the fame Time, one of them 
with one Eye by diredt Vifion, and the other by refrafted Vifion, through 
the Glafs. It is indeed a Method I have pradtiled with Succels to eftimate 
the magnifying Power of Telelcopes for many Years. 

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

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

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

* Prcface to Hook's Mycografhia, printed Amo 1675, 

Diairc-
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Diameter of D 12 times lefs than a 

12 Grain of Sand. 

144 
1 2 

1728 in a Grain of Sand. 

The third Sort F, whofe Diameter 
is lefs than that of E, 
10 times 
10 

Diameter of E 4 tirnes lefs thart 
4 that of D. 

16 

4 
— Sort D. 
64 in one of the firft 

of Sandk 
1728 of the firft Sort D in a Grain 

64 of the fécond Sort E in one 
of the firft Soit D. 

100 
10 

6912 
10368 

110,592 
1000 

1000 in one of the 2d Sort. 

of Sand. 
of the 2d Sort E in a Grain 
of the 3d Sort F in one 

of the 2d. 
of the 3d Sort contained 110,592,000 

in a Sphere no bigger than a Grain of Sand *. 
The ingenious Dr. James Jurin, in his excellent Differtation on Phyjico 

Mathematical Subjects, Pag. 45. has taught us a more accurate and ready 
Way of meafuring microfcopick Objedts; as follows, 

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

Thus he obferved, that 4 Globules of human Blood would generally 
cover the Breadth of a Wire, which he had found to be Part of an 
Inch, and by Confequence, that the Diameter of a fingle Globule was 
T-SVB- Part of an Inch, which was alfo confirm'd by Mr. Leeuwenhoek's, Ob-
fervations upon human Blood, made with a Piece of the fame Wire trans-
mitted to him from Dr. Jurin. Pbilof. Tranf. N° 377. 

This Method of Dr. J a m ' s gave Rife to another which I have con-
trived, that is, a Method of {training a few of thefe fmall Silver Wires, in 

» ViJe Lceui'j. Exp. & Csntcmf. Ton. IV. Pig. 23. 
form 
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form of a Lattice in fuch a Manner, that the Diftances between the Wires 
are exactly equal to the Diameter of the Wire itfelf. By which Means 
having a Wire, whofe Diameter is a certain known Part of an Inch, we 
may be able to meafure a very fmall Animalcule, £3c. and be more exadl 
in our Calculations, than by either of the former Methods. For by placing 
this Lattice of Wires, clofe under a Mufcovy Talc, upon which the Oojedt 
may be placed, if it be tranfparent, or placing the Lattice over the Objed , 
if it be an opake one. And when the Objedt is adjufted to the Magnifier, 
the Parts thereof may be eafily compar'd with the Number of Wires and 
intervals, and their true Magnitude, or Dimenlions very nearly known, or 
if I obferve the Diameter of an Objedt to be juft the fame with one Wire, 
or an Interval, I know it is the 560th Part of an Inch, fuppofing the Wire 
of that Size. Jf half that Width, the 1120th Part of an Inch •, if one 
Quarter ot the Width, the 2240th Part of an Inch, and fo on ad infinitum. 

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

However, this laft Method, tho' infinitely better than any other in Prac-
tice amcngft us, is ftill deficient on this Account •, if the Objedt be conli-
fiderably lefs than the Diameter of one fingle Wire or Interval between 
the Wires, we are obliged to eftimate, or guefs its Proportion to that Dia-
meter or Interval; but if the Objed: be no fmaller than one fourth Part of 
fuch Interval, the Eye is able to determine that to the utmoft Exadtnels 
poflible. 

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

T h e magnifying Power of the folar Microfcope, is found by rec-
koning how many Times the focal Diftance of the Magnifier is contain'd 
between it and the Diftance of the Screen, or Sheet, upon which the Image 
of an O' jedt is caff. For Inftance, let us fuppofe the Focus of the Lens in 
Ufe , to be ^ of an Inch, and the Screen fet at the Diftance of fix Feet, 
and as the focal Length of the Lens will be contained 288 times in the 
Screen's Diftance, the Diameter of an Object is magnified in the Propor-
tion of 288 to 1. The Superficies 82,944 times, and its Solidity, or 
Bulk 23,887,872 times, and by removing the Screen farther off, the Ob-
ject may be magnified to almoft what Size you pleaie. 

C H A P. 
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C H A P . X . 

Of chufing, preparing, preferring, and applying Ob* 
jeffs to the Microjcope. 

WE muft be very curious in chufing fuch Objetts as are proper for 
the M I C R O S C O P E , which arc either fmall Parts of larger Bodies, or 

exceeding fmall Infects, Salts, Sands, Seeds, Farina of Flowers, &c. or 
the Interftices between the folid Parts of Bodies, as Minerals, Shells, the 
AirVeffels in Vegetables, Pora in the Bones, Skin, &c. of Animals, or the Mo-
tion of the feveral Parts of minute Animals, or of the Fluids in Animal or 
Vegetable Bodies. 

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

If Objects are fiat and tranfparent, the beft Method is to inclofe them 
between two Mufcovy Talcs, in an Ivory Slider, as the Farina of Flowers, 
Scales of Fijhes, IVings of Butter and other Flies, &c. the Bodies of minute 
Infetts, &c. By this Method, every Virtuofo may always have ready two 
or three Dozen of thefe Ivory Sliders, furnifhed with the moil curious Ob-
jects ; which will be a moft delightful natural Hiftory of the furprizing 
Beauty, Perfection, and Contrivance, we find in the Works of Nature. 

In collecting ObjeRs for the Ivory Sliders, Care fhould be taken to put 
thofe into the fame Slider, which are of the fame Degree of Tranfparency 
and Size ; that they may all be viewed with the fame Magnifier. There is 
a convex Glafs of about an Inch Focus to hold in the Hand, in the Cafe with 
my New Univerfal Microfcope, by the Help of which you may adjuft the 
Objects properly between the Talcs, before you fix them down with the 
Brafs Rings the Number of the Magnifier may be alfo marked on each 
Slider its Objefts are fitted for. Many fmall living Objefts may be placed 
in this Manner between the Talcs, fuch as Mites, fmall Spiders, Lice, 
Fleas, &c. without being killed or hurt, and will remain alive feveral Days in 
this Manner. But for prefent Examination, thefe as well as larger Objects, may 
be put into the Glafs Slider V, Fig. 2. deicribed Page 4, and oeligned ior 
that Ufe, or in the jointed Cell X, Fig. 2. Page 4, or elfe (tick them upon 
the Pin 1, or pinch them between the Nippers m of the Apparatus V. Fig. 2. 

The Animalcula in Fluids, may be examined in a fmall Drop, taken 
"p with a Pen or Hair Pencil, and placed in the Glafs Slider before de-
icribed, Page 3, or on the fingle Glafs Slider R, Fig. 2. if in viewing 
them you find them (as is often the Cafe) fo exceedingly cumercus, that 
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by their continual running over one another, their Shape cannot be diftin-
guifhed : Some Part of the Drop muft be taken off the Glafs, and a little 
fair Water put to the reft, which will feparate, and make them appear di-
ftinct. It is necefiary thus to dilute, with fair Water, the Semine Mafculi-
num of all Animals ; otherwife their Shape cannot be difcovered, they 
are fo crowded together in fuch infinite Numbers. 

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

For viewing the Circulation of the Blood in the Tails of Fijhes, in Frogs, 
Newts, &cc. they are iometimes put into Glafs Tubes, but my Univerfal 
Micrcfcope hath a particular Contrivance a b f, of Fig. 2. defcribed Page 3, 
proper to hold down the Tails of Newts and Fifhes, and the filmy Mem-
brane between the Toes of a Frog's hind Foot •, the Circulation is beit 
feen in the Mefentery, or thin tranlparent Membrane, that joins the Guts 
together, and this Part, by pulling out the Gut a little, may be eafily ad-
jufted to the Magnifier, by Help of an Apparatus hereafter to be defcribed, 
which is another Method quite new, and never before applied in fo eafy a 
Manner. 

Patience and Dexterity are required to diffeCt InfeCts, and view their in-
ternal Strudture, fuch as Gnats, Mites, Lice, Fleas, &c. which will be ea-
fily done with a fine Needle and a Lancet; if they are placed in a Drop 
of Water, their Parts will then be feparated with Eafe ; and the Stomach 
and Bowels lie plainly (before the Microfcope) to be viewed and examined. 

Bits of different colour'd Glafs are neceffary for this Purpofe, to place 
Objects on, becaufe many Objects are much more diftinguifhable, when 
placed on one Colour, than on another. Glafs Tubes of all Sizes, are like-
wife of Ufe, from 4 an Inch Bore to a fine Capillary. 

It is alfo neceffary to have a few Glafs lubes, ready prepared, with 
Cork Stoppers, one at each End, each Cork having a Bit of a fmall capil-
lary Tube, run thro' its Center, as at Fig. 25. in this Manner pregnant 
Jnfefts may be kept alive till they lay their Eggs ; and their Worms or 
Maggots after they are hatched, till they pafs thro' their feveral Changes; 
and in fuch Glafs Tubes it is, that Mr. Leeuwenhoek made his greateft Dif-
coveries: They are more particularly defcribed in the 2d SeCtion of the 19th 
Chapter, and are to be applied to the Univerfal Microfcope, between the 
Object-carrying Plate I, and Springs b. 

Fig. 27. is a very ihort cylindrical Glafs, which may be filled with Wa-
ter, or any other Liquid, in order to examine Aquaticks, which are too 
large for the Slider S. 

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

Thefc 
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Thefe two lail are alfo to be placed between the Springs b, and Objeift-

Plate I. 
Fig. 28. Is another Contrivance to place tranfparent Objetls between 

two circular Plates of Ifing-Glafs, one of them being divided into Parti-
tions, by pafting a cut Paper to it, whereon the Partitions are number'd, 
having different Objects placed between them, and covered with another 
Talc, which is held down by a Brafs Ring, as in the Ivory Sliders. This 
is a concife Way of keeping a great Number of Objects, ready to fhew a 
Friend at all Opportunities ; fo that any Perfon who is defirous to prelerve 
a large Collection of Objeffs, may have as many of thefe, or of the Ivory 
Slider?, as he thinks proper. They are to be applied to the Univerfnl Mi-
crofcop;, between the Obje£t-Plate I, and Springs b ; the two Brafs Ribs 
to which the Springs are fixed, being filed into concave circular Arches 
for their Reception, they may be turn'd round at Pleafure, and by puih-
ing the Objeft-Plate either nearer to, or farther from the Pillar E, any Ob-
ject contain'd between them will be eafily brought under the Magnifier. 

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

And the very beit Way of preferving opake Objetts for thofe Gentle-
men who are defirous to keep a Collection of them, is to prepare fmall 
thin Slips of Ivory, or rather Holly, about an Inch long, and -rV of an 
Inch wide, and fome a little broader, according to the Size of the ObjeSis 
to be put thereon. Which Slips being ftain'd of feveral Colours, we 
ihall obtain a Contrail to almoft any Colour, and by fixing Objects upon 
Colours the moil contrary to themfelves, they will be feen to the beil Ad-
vantage. 

I have contrived thefe chiefly for my new Univerfnl Microfcope, to be 
applied between the Nippers, under the reflefting Speculum O, Fig. i. 

Wet the Slips about half their Length with ilrong, but very tranfpa-
rent Gum-Wrater, and upon that flick on your Objects. 

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

I have prepar'd fome of thefe little Cabinets for opake Objects, which con-
tain fome 30, fome 60, &c. of thofe Slips, which when ilored with Objetts, 
will be always ready for Examination, and may be carried from Place to 
Place, without doing the leaft Injury to the Objects therein contain'd. 

The Reader may be fupplied with thefe Ivory and Holly Slips, Cabinets, 
Ivory Sliders, 1ale Rings, fhort cylindrical Gtajfes, rectangular Boxes, with 
Clafs Sides, circular Ifmg-Clafs Plates, and Glafs Tubes, all together in one 

Box, 
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Box, or feparate if he pleafes, at my Shop, the Sign of Tycho Braheh Head, 
the Corner of Racquet-Court, in Fleet-Street, L O N D O N . 

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

C H A P . XI. 
Of the Circulation of the Blood\ and how to exa-

mine it by the Microfcope. 

S E C T . I . 
T H I S noble Fluid, the Blood, yields us the moft fublime Specula-

tions imaginable, by the Aififtance of the Microfcope. For by the 
Help of it, human Blood, and that of Land Animals is found to confiil of 
round red Globules, which float in a tranfparent Fluid, each of which is 
compos'd of fix fmaller, and more tranfparent ones, and each of thefe (as 
Mr. Leeuwenhoek has fhewn in his 128th Epiftle to the Royal Society) into fix 
more minute and without Colour. He hath alfo ihewn us how eafily fix 
foft flexible Globules, which are compreflible into any Shape, and in con-
tinual Motion, may, by ftriking againft each other, compofe one large 
Globule of a perfectly fpherical Figure, one of which, and five of the fmal-
ler Sort, as they appear in Contadt, the fixth lying behind, is r e p r e f e n t e d 

Fig. 29. which, by their mutual Attraction to, and Preflure againft each 
other, readily unite to form a perfedly round Body, as at Fig. 30. Their 
Attraction towards each other is io confidera'oie, as to form a Kind of 
fleihy Subftance, when brought into Contadt •, and their fpecifick * Gravity 
more than the Scrum in which they float. 

I low tlicfe Globules, and alio the more minute ones of which they are 
compoied, arc occafionally feparated, in order to pais through extremely 

* Phil TranJ. No. 361. 
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minUte VeiTels, which without fuch a Separation, they cannot pofiibly en-
ter, and how they re-unite again in VeiTels where they have more Room, 
is eaiiiy comprehended by a due Confideration of the two foregoing 
Figures. 

The Diameter of a common round Globule of human Blood, is equal to 
the t-5-Vo- th Part of an Inch, as by the Method defcribed, Page 27. 
appears. 

In order to view the Blood with the Micro/cope, upon the T ip of an Hair 
Pencil, take a fmall Drop of warm Blood, immediately as it comes from 
the Vein, and fpread it as thin as poflible upon the Object carrying Giafs R, 
Fig. 2. of the Univcrfal Microfcope, and apply it between the Objeft-Plata 
I, and Springs, to the firft and fecond Magnifiers. It may alio be ex-
treamly well examined, if a little of it be taken up into a fmall, but very 
thin capillary Tube, which being held in the Nippers m of the Apparatus 
V, Fig. 2. may be readily applied to the Magnifier. If you dilute a Drop 
of Blood with warm Water, and apply it either of thefe Ways to the Mag-
nifier, fome of the larger Globules will be feparated from each other, and 
feveral of them will be divided into the fmaller ones of which they are 
compos'd. 

By either of thefe Methods, the Globules of the Blood may be diftinctly 
feen, and a little Pra&ice will difcover any Alteration that may happen in 
the Colour, Shape, or Size of them ; in its feveral Changes between Sick-
nefs and Health. Mixtures of medicinal, or poifonous Liquors, may be 
blended with it immediately as it comes from the Vein, and a Drop of this 
Mixture, if applied as before directed to the Microfcope, will difcover what 
Alterations can be produced on the Contexture of the Blood. The VtfTel 
in which the Blood is received, fhould be put into a Bafon of Water, 
fomewhat hotter than the Blood f, to prevent its coagulating before the 
Mixture. 

The Circulation of the Blood thro' its VeiTels, is to be feen in fuch fmall 
Creatures, whofe Tranfparency permits us to look within them, or in the 
thinneft Parts of larger ones •, by which we are very well informed, the 
whole animal Syftem being eftablifhed on the fame Plan, the Circulations 
carried on in VeiTels of a like Form, both in the meaneft and nobleft living 
Creature, and accelerated or retarded by the fame Caufes. 

In thefe fmall Creatures we are not only able to fee the general Courfe 
of the Blood, but can perfectly diitinguifh each Globule, and the Alteration 
they fuffer in patting out of the larger into the more minute VeiTels, many 
of them being fo fmall, that fingle Globules can fcarce enter, till they are 

+ The exaft Blood-beat of the Water, may be obtain'd by a Pocket Thermometer, made 
with uickfil-ver, with which the Render may be fupplied at my Shop, at 'iycho Brake's 
Head in Fleet-Street. 

F com-
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roiirpreiTed into an ova! Form -, and yet thefe very Veffels are large, when 
compar'd v/ith the fineft of all, in which the Globules muft be divided and 
Subdivided into their lmalleft component Parts, before they can find a 
l'afi£ge. 

Providence has been furprizingly careful in the Difpofition of the Veins 
and Arteries, for thefe lait, which convey the Blood to the Extremities of 
the Animal, continually lefien their Diameters in their ProgrelTion, and di-
vide into fmaller Branches. At which Divifion, the Globules ruih againft 
an Angle, which ar> it were caufes them to recoil upon thofe immediately 
behind, before they can readily Separate into the two fmaller Branches 
C D, of the Artery A B, Fig. 3 1. in which the Blood flows upwards from 
B to A, towards the Extremity -, and on the contrary in its Return back 
from the Extremities to the Hear t , their Diameters increafe, and thofe 
fmaller Veffels are continually uniting into larger, as in the foregoing, 
Fig. 31. the Branches C and D join their Currents in the Vein E F, till at 
laft all their Streams fall into one, at every fuck Conjunction of two 
Branches, as at E, and their Streams violently rufh. againit each other, by 
which means unnatural Cohefions are prevented. 

T h e M I C R O S C O P E affords us an ample View of the Veins and Arte-
ries, the latter of which is very diftinguifhable by a Protrufion of the 
Blood, at each Contraction of the Hea r t , then a Stop, and then a new 
Protrufion, continually Succeeding each other, whilffc in the Veins it rolls on 
with inexprefiible Rapidity. 

T h e ingenious Mr . Leeuwenhoek hath told us, that with great Admiration 
lie faw in the utmoft Extremities of a very irnall Fi/h's Tail, how the larger 
Arteries were divided into the fineft Veffels, * and many of the fmall Veins, 
which returned from the faid Extremities, met together in a larger Vein ; 
that there was fuch an Agitation of that Blood, which flowed from the 
larger Arteries, towards the evanefcent ones, at the Extremity of xhzTail, 
and returned afterwards through many minute Veins into a larger one, as 
can hardly be conceived : In the larger Arteries he faw a continual new 
Protrufion of the Blood's Courie, received from the Hear t ; but in the fmal-
ler, the Motion feem'd equable without any fuch repeated Propulfion ; and 
tho ' no Colour appear'd in the minute Veffels, yet in the l a r g e r A r t e r i e s 

and Veins, that w e r e near the Extremity of the Tail , the Blood was 
plainly red. 

T h e exaft Magnitude this FiJ}] appear'd of to the naked Eye, as deli-
neated by him, is reprefented in Fig. 32. Its Tail magnified, as it ap-
pear'd in the Microfcope, at Fig. 33. In which were 17 little Bones or 
Grijlles, that give a Stiffnefs to the Tail, three of them are fhewn by the 
I.etters A 3 C, on each Side of which he faw a very open Communication 

* Arc. Nat. Tom. I V . p. 1 6 7 
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of the Veins and Arteries, the Blood running thro ' Arteries, and returning 
back thro 'Veins , which were of the fame Size, and evidently a Continua-
tion of the fame Veflel, this was diftinctly feen in 34 different Places, ib 
that in the Tai l of this fmall F'Jh could plainly be feen 64 Blood J'efels, 
34 of them Arteries, and as many Veins, beikks the little Spaces about D 
and E, which were not obferved. 

This will be better underftood by a micrcfcopical Reprefentation of Part 
of one of thele little Grijiles F H G, Fig. 34. on each Side of which runs 
an Artery I K. and M N. T h e Blood flowing rapidly f rom I and M, to 
K and N, their open Communication with the Veins K L, and N O, 
from whence it return 'd to L and O, fo that both thefe were but one 
continued Blood Vejfel \ for no Veflel can be properly called an Artery be-
yond the Puliat ion; farther than which, and returning towards the Hear t , 
it may be called a Vein ; for Veins, as by the prefent Figure appears, are 
only Arteries elongated ; and as they generally divide into Branches that 
efcape the Sight, it is very difficult to determine where the Arteries end, or 
where the Veins begin. If in the Tail of this fmall Fifh, the whole Bulk 
of which was no bigger than that of Fig. 32. and confequently under half 
an Inch in Length , 34 diftindt Circulations of the Blood could be feen, how 
incredibly numerous muft that of the Circulation be in an human Body ? 
Nor is it to be wonder 'd at, when we fee it iflue forth at every Prick of a 
Pin or Needle. In this Conflderation he alfo adds, that he is fully con-
vinced in a Space no bigger than his fore Finger Nail, a thoufand diftinct 
Circulations of the Blood are performed. 

Mr. Leeuwenhoek obferved the Motion of the Blood in a fmall Veflel, in 
the Tail of a Tadpole, fomewhat wider than to admit a red Globule there-
of, as A and B, Fig. 35. which Veflel is called an Ar tery , through which 
the Blood coming f rom the Hear t , in the Direction A, B, is impelled with 
great Swiftnefs, and divided a t B into two Branches, B C and B E, which 
are again united at D, and continue fo to F, where they are again divided 
into two other Branches F" G and F I running crooked till they are again 
united at FI, where they formed a fomewhat larger Veflel as H K, and 
became bigger at K, for which Reafon v/e muft call the Blood Vc.fjcU A B C, 
D F G , and A B E F I, Arteries, * becaufe they convey the Blood to then 
greateft Diftance from the Hear t at G and I, and the Blood Veffels G LI K, 
and I H K, Veins, becaufe they return the Blood to the Hear t again. 

In another Place he faw the Blood running in an Artery , large enough 
to admit about 20 red Globules f a t once ; this was a great Artery in Pro-
portion to that before-mentioned, a fmall Part of which is delineated ;>r 
L M, Fig. 36. out of which proceeded a lefler, as M O. T h e B.ood in 
the Veflel from L to M, had not fo quick a Motion as it had in cth. is, 

* Arc. :-r.t. £p. Jig. | Phil. Iranf. No. 260. 
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becaufe the Blood in the Veffel at R, did in a Manner ftagnate, infomuch, 
that no feparated Parts could be diftinilly feen, it appearing there of one 
uniform red Colour ; yet in the Veffel M O, the Circulation was as fwift as 
in any other Veffel. Tha t the blue Spots, occafioned by a Fall or Bruife, 
is not ftagnated Blood, which perfpires before it begins to corrupt through 
the Skin with the Sweat, Mr . Leeuwenhoek was convinced of by the fol-
lowing Obfervation. T h e Blood at R being thus without the lead Motion, 
it was by every Puifation of the Hear t impelled upward, from N to P, 
and the next Moment recoiled back again, and this alternately with an un-
dulatory Motion ; as is known if never fo much Violence be ufed in pref-
iing Wate r , yet it cannot be prefled clofer than it was before •, fo the 
Blood bsing now impelled forwards through the Heart, cannot be com-
prefied into a lefs Space ; this being fo, we muft conclude, that the Tu-
nick of the Blood Veffels between N and P, and alfo fomewhat below N, is 
diftended at every Puifation of the H e a r t ; and as foon as this uncommon 
Diftention is performed, fo foon alfo does the Tunick of the VeiTel con-
tract itfelf again ; whereby the Blood that was thus puttied forwards is 
forced to run back again. After a ihort Space of T ime he faw the Blood 
begin to move from P to R, in fiich a Manner as to be puflied back again, 
and that during his Obfervation, the Blood Veffel M O, was a little more 
extended ; confequently more Blood ran through it than when he firfi: began 
to look upon it-, the Blood in the Veffel N S , wherein was little or no Mo-
tion before, now ran as fwift as in any other VeiTel, the VeiTel P Q 
was fo fmall, that only one fingle Globule could pafs through it at once, 
wherein not the leaft Motion, at his firft obferving it, could be difcovered, 
now began to flow yet the Particles of Blood, which at firft palled 
through it, were but few in Number , and confequently far afunder ; hence-
forward all the Blood from P to R was put into Motion, as well by being 
puflied forward, as by recoiling back again, and that at every Puifation ot 
the Hear t Mr . Leeuwenhoek fpent about two Minutes in thefe Obferva-
tions. From whence it plainly appears, that the ftagnant Blood can not 
only be made to move again by the Motion of the Heart , which we call 
the beating of the Pulfe, but alfo that the coagulated red Globules are again 
diffolved, and affume their firit Figure •, from which we may reafonably 
conclude, that the coagulated Blood in any Animal occafioned by a Blow 
or Bruife, can in a few Days be made to move again ; it being taken for 
granted, that the Heart of a Man pufhes out the Blood 75 times in one 
Minute, which is 4500 in one Hour , and 108000 times in the Space ot 
a Day and Night and finding that in 10 Days T ime the coagulated Blood 
feem'd tovani ih , and alfo considering that in this Time the H e a r t performs 
IOSOOOO Pulfations, and that in each Motion, into leveral Veffels toge-
ther, there has been loofen'd and fet a-going the Quantity of a Grain of 
Sand, how much more will be puflied forward in the fame Time. 
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Mr. Leeuvoenhoek could fee the Blood received from the Hear t at each Im-
pulfe* in the Veffel above-mention'd. If we fuppofe that the Quantity of 
a cubick Inch of coagulated Blood, occafioned by a Blow, is too much, 
and that feldom fo much is coagulated at once, we may eafily conceive, 
that fuch coagulated Blood, by Means of fo many Protrufions as above-men-
tion'd, may be loofen'd, and its Motion again reftor 'd, if not in all, yet 
in mod of the VeiTels. 

At another T i m e Mr. Leeuwenhoek laid one of thefe Tadpoles upon a Piece 
of white Paper, a little while before he came to look upon it. A fma'.l 
Part of the Tail was wounded by the Skin flicking to the Paper j fo that 
out of an Artery in the excoriated Part, fo large that about four red Glo-
bules of the Blood might pafs through it at once, there flowed fame Blood 
that remain'd without Motion about the wounded Part, yet that whereon 
his Eye was fixed, not being half an Hair 's Breadth from the excoriated 
Artery, there proceeded a Branch of a Vein, wherein the Circulation of the 
Blood did ftill remain, as if the Artery had not been broken, Fig. 37. T V, 
exhibits the Artery wounded a little above V. V X fhews the extravafated 
Blood. V W, the fmall Artery wherein the Blood retain'd its full Courfe, 
altho' it was fo near the Artery T V, out of which the Blood flowed •, which 
at firft feemed very ftrange, but obierving that the Blood-Veffel V W was 
united at W to a large Blood Veffel, that conveyed the Blood to the Hear t , 
the Blood out of V W was continued as fwift as if it had been impelled 
from T to V, in fuch a Manner that Mr. Leeuwenhoek imagined, the 
Vein at V had not been united with T, but had lain with its Aperture at 
V, in the extravafated Blood •, fo that the extravafated Blood was only tor a 
little fucked up and convey'd thro' it. He then faw a Vein wherein the 
Motion of the Blood feemed very uncommon, as at Fig. 38. whereof a b 
reprefents an Artery, whereby the Blood is impelled with great Velocity 
from a to b, then b c, whereby the Blood is conveyed towards the Hear t , 
muft be called a Vein, dole by which lies another Artery d e e , wherein 
the Blood is conveyed from the Hear t from d to c; now if the Vein b c 
be united with the Artery d e, as is feen at c, and the Blood be thus con-
veyed trom c to e, be Ihould be called a Vein, and the Blood coming to 
c, being there transfufed into c e, is the arterial Blood, becaufe it is con-
veyed thither from the Heart , it being certain, that d c e is an Artery. 

Amongft others, Mr. Leeuwenhoek had a Tadpole, wherein he could per-
ceive no Motion at all of the Blood, how attentively foever he view'd it ; 
at firft there appear'd no Reafon for it, tiil upon examining this Animal 
with his naked Eye, he oblerved the fore Part of his Body was contracted, 
by which he imagin'd the Hear t was lb oppreiled, that it could not force 
out the Blood, and receive it back again. Whi l f t he was thus contem-
plating, the Animal made a very f trong Motion ; beating its Tai l about, 
and bending its Body, by which it got clear of the Oppreffion it was un-
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t ie r ; and on viewing it again, perceived the Blood to have a (low Motion, 
and Impulfe in feveral Veflels, which increaled till it at length came to its 
proper Motion, yet not with fuch Velocity as it would have had, if the 
Hear t or Bor.y had not been opprefled. Mr . Leeuwenhoek fays, that th i 
Motion of the Blood in thefe Tadpoles, exceeds what he ever faw in any o-
ther Animal. Fig. 39. exhibits a. Tadpole arrived to fuch a Bignefs, as to 
life its hinder Legs, and the fore Legs were alfo difcernable, but yet co-
vered with the Skin. 

Mr . Leeuwenhoek obferved the Circulation of the Blood in feveral Bu'ts, 
one of which, bating the Tai l , was but an Inch in Length , the greateit 
Motion of the Blood obfervable through the Fins, was on each Side the 
various little fingle Bones placed therein, where the Blood-Vejfels were fo 
large, that 25 of thofe Particles which conftitute the Blood of a red Co-
lour, could pafs in Breadth, but difappear'd as they drew nigh the Extre-
mity of the Fins, fmall Veflels being all along diipers'd f rom the Arte-
ries ; on one Side of a little Bone, runs an Artery, and on the other a 
Vein, correfponding thereto dnd Ending it eafy to extend the Tai l , he 
accordingly ltretched it in Breadth, equal to what the Fifh gives in fwinv 
ming, that he might the better obferve the Motion of the Blood in thefe 
extended VelTels, and found when the Fifh did not move, fome of thole 
fmall Veflels, which before received three Particles in Bread, being now 
ftretched out with the Tail-fin, which they run a-crofs, did not only admit no 
more than one Particle, but likewife thefe Particles did not move fo fait, 
as when the VelTels were not extended ; and in fome Places were at fuch a 
Diflance, that one or two more might lie in the Intervals, but could not 
f rom all this determine, that the Particles were perfedtly oval *. 

But to trace the Matter further, he took the Blood running from a live 
Salmon, + when cut into Pieces, and put it into a Glafs T u b e , no larger than 
a fmall Quill, which in a ihort T ime congealed ; but when it became partly 
fluid again, he put it into a fmaller Glafs T u b e , and having placed it be-
fore his Eye in the Micro/cope, the Particles being in Motion, fome of them 
appear 'd of a flat oval Figure, and others, which fhewed themfelves fide-
ways to the Eye, feem'd a little thick, and thofe whofe Sides did not di-
redtly face the Eye, feem'd a little broader, without the leaft Appearance 
of any globular Form. Mr . Leeuwenhoek alio put fome of the fame Blood 
upon a very clean Glafs, and where the Particles lay thin, he perceived 
them oval ; nay in feveral Ovals he diicovered Globules, and in fome few 
fix Globules. 

Fig. 40. A B C D reprefent the oval Particles of the Blood of a 
Salmon, that weighed 30 Pounds A B, the Particles that appear 'd flat and 
broad, but did not direitly face the Eye •, thofe about c were ftreight be-

* Area Nat. Epiji. 128. f Pbilof, Tranf. 263. 
fore 
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fore the Eye, and for the moft Part a little clear Sort of L i g h t in the Mid-
dle, larger in fome than others. 

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

Thofe Particles of the Blood, which are diftinguifhed by fhining Spots 
in the Middle, are delineated Fig. 42. Mr . Leeuwenhoek prol'ecuted this 
Enquiry yet farther, with a greater Magnifier than he had hitherto ufed, 
and fo he plainly made out the oval Particles now the greater the mag-
nifying Power of the Ghfs , the fwifter does the Circulation of the Blood 
appear; and having retarded this Motion, he employed two or three Se-
conds of T ime , in obferving the little Veins, and found, that in feveral 
fmall Veffels, the oval Particles were fo broke, that he could neither fee 
them, nor thofe, of which fix conftituted a Particle of Blood, but only a 
fimple Fluid of a faint Colour, running along the Veffels; but in a great 
Artery at the Tail , the Blood mov 'd fo fiowly, that he could eafily difcern 
the Particles were oval and not only fo, but he likewife perceived more 
clearly than before, the Globules that conftituted the oval Parts, if not al-
ways, yet at leaft for the moft Part , as reprefented in Fig. 43. 

How venous Blood may become arterioiis without being firft in the 
Heart, appears by the following Experiment. Suppofe A B, in Fig. 44. 
to be a Vein, in which the Blood view'd thro ' the Microfcope, paffes with 
great Celerity from B to A, from this Vein proceeds two fmall Branches, 
C and D, which unite between E and F. Again fuppofe H I to be an Ar-
tery, in which the Blood moves upwards with equal Swibriefs from H to 

out of PI I arifes a venous Spring, delineated in K F L t h e Blood 
moving from K to F, joins the other at F ; and by this Means, Part of 
the Blood coming from the Artery, is thrown into the Vein, as pading 
horn F to G, and to the beft of Mr. Leeuivenboeck's Obfervation, a Quantity 
of Blood, juft equal to that carried from K F to G, moves from C E to F, 
and direfts its Courfe upwards from F to L, fo that whatever Quantity of 
srterious Blood paiTes thro' K F and F G, an equal Quantity of venous 
Blood returns thro' C E and F L. T h o u g h the agreeable Motion of the 
Blood was formerly apparent, yet this Experiment afforded him a very clear 
Perception of the above-mention'd Variety •, and befides, this Union of the 
Blood-Veffels was not formerly difcover'd. 

Mr. Leeuwenhoeck, in his 112th Epijt. has given us an accurate Delinea-
tion of the Blood-V effels in Part of the Tail of an Eel, whofe whole Length 
did not exceed that of the Length of his little Finger. T h e Figure, as by 

delineated, is reprefented in Fig. 45. whereof A, C, E, reprefents the 
Veins, and B, D, F Arteries. 

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

ed 
1 
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cd by the Letters H I K, fo much of this fmallVeiTel as reaches to I, is cal-
led an Artery, b?eaufe the Blood may to that Place be propelled in i tsPro-
greillon from the Hear t . T h e other Par t I K of the fame Branch may 
be called a Vein, becaufe by it the Blood is conveyed back again to the 
Hear t . In the rher Part of the fame Branch H L M, the Blood is drove 
forwards till it arrives at M, where it is difcharged into the Vein E, which 
in this Figure is the firft Place that can take the N a m e of a Vein. 

Here alfo it may be obferved, that as the Arteries are extended in Length, 
they gradually leffen. And on the contrary, the Veins increafe in their 
Diameters as they approach the Hear t . 

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

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

Alfo obferve that about the Let ter R, another fmallVeiTel leads from 
the fame Artery towards S, at which Place the Blood that flows both from 
the Artery D and B, is joined, and from thence pour 'd into the Vein C. 
' Somewhat higher, about T, advances a little Blood Veffel, which is divi-
ded into two Branches at V, fo that f rom thence two dif t inf t Veffels may 
be feen to difcharge themfelves into the Vein E, at X and h. 

About the Letter Y proceeds f rom the fame Artery D, another fmall 
Veffel, which at Z branches out into two more minute Veffels; the Blood 
flowing through them toward a and b, where it is difcharged into the 
Vein C. 

No t far f rom Y, about c, proceeds a fmall Branch f rom the Artery D, 
through which the Blood alfo returns into the Vein C, with which it joins 
at d. 

F rom the fame Artery D rifes a minute Branch e, f, which is fepara-
ted into two leffer Branches at f, fending back the Blood to the Vein E, at 
g and h. 

If the fame Artery be examined a little higher, another Branch I k 1> 
will be feen iffuing from I, which is alfo divided at 1 into two others, 
that likewife difcharge themfelves into the Vein E, at m and n, near I; at o, 
are alfo two other Branches, which vent their Streams at p and q, into the 
Vein C. 

Moreover f rom the fame Artery D, about r, proceeds forward a fmall 
one r f, which is divided into finer Branches, one of which r f t, joins the 
Vein C, the other f, u, w, x, joins the Vein E at x. 

T h e moil evanefcent Artery, f lowing from the large one D, which 
reprefented by the Letters r y z , unites with the Vein E at A ; the fame 

minute 

o 
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minute Artery, near the Letter u, is again divided into two Branches, the 
Part u b is discharged into the Vein C, at t. 

An Eel of this Size may be conveniently placed before the Magnifiers in 
theUniverfal Microfcope, either in the Fifh Pan, or in a fmall Glafs T u b e 
filled with Water , and put between the Objedt Plate and Springs, after 
wiping off" its Slime, which would obfcure the Glafs, ftop both its Ends to 
prevent the Water from running o u t t h e Tai l may then be viewed, and the 
Circulation will appear in an agreeable and pleafant Manner, as in the fore-
going Figure is defcribed. 

The Tails of any Sort of fmall Fifh, may be alfo readily applied to the 
Magnifiers in the fame Manner. Under the Spring of the Fiih-Pan a b f, 
as is before directed in Fig. 2. of Chap. r. Flounders, Eels, and Gudgeons 
live a long T i m e out of Water , and are to be had at almoft any T i m e in 
London alive. 

Alfo the Tail * of a Water New/, or a Lizard, if applied to the Micro-
fcope in a Glafs Tube , reprefents an agreeable Profpei t of the Circulation, 
through Variety of fmall Vefiels, particularly in an exceeding fmall one of 
the Water-Kind, which may fometimes be procured fhorter than an Inch, 
and fo tranfparent, that the Blood may be feen running in all Directions, 
not only through the Tai l , but particularly in every fingle Toe , and thro' 
its Fins or pointed Branches. T h e Bleod may be feen running through an 
Artery towards the Extremity, and returning through a Vein, with which 
its Communication is very apparent, and furprizingly delightful. 

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

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

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

I have frequently feen a Fluid flowing through the filmy Wings oi 
Grafshoppers, of a greenifli Colour. 

T h e Motion of the Blood is alfo to be feen in the tranfparent Legs and 
Feet of fmall Spiders, and in the Legs of very lmall Buggs, and an ex-
traordinary Vibration of the Vefiels not difcernable in other Creatures. 

You may often oblerve in viewing feveral of thofe Objects, the Globules 
cannot pais through the fmaller Vefiels, otherwife than fingle, and then 
fqueezed into an oval Form. 

• Philo/. Irani. No. 288, f Arc. Nat. Tom. IV. Ep. 84, and 36. 
G If 
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If a little Frog's Spawn, in the Spring T ime , be kept a few Days in 

fome of the Ditch-Water , in which it is found, you'll have a great N u m -
ber of exceeding fmall Tadpoles, which at their firft beginning to fwim, are 
nearly tranfparent, place them before the Microfcope in a fmall Tube , with 
a little Water , or in a cylindrical Glafs, and you may behold the Circula-
tion of the Blood in every Part of the Subjef t , and in a more particular 
Manner in the Tai l , near * fifty Veflels prefenting themfelves at once to 
View ; and alfo the Pulfation of the Hear t •, but they grow fo opake in a 
Day or two, that the Circulation can then be only feen in the Fins, and at 
the joining on of the Head, and in the Tail . 

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

T h e Blood may be retain'd in the Lungs of Frogs and Lizards, as fol-
lows; on making an Incifion into the Bodies of thefe Animals, their Lungs 
will ftart out, and be diftended with infpired A i r ; on thefe as quick as you 
can, pafs a waxed Thread, and tie it firmly towards the upper Part of the 
Lobe, as near the Hear t as poffible; when the Lungs are dried, after being 
thus diftended, they may be placed in Parts, between the Talcs of the Ivory 
Slider T, Fig. 2. and by this Means you may always keep by you, Ob-
jects of the Lungs of thofe Animals, only remember to place their ex-
ternal lmooth Surface towards the Magnifier. Thefe feveral Parts of the 
Lungs , are very entertaining Objedts in the Microfcope. 

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

S e c t . II. 

The T)efcription of a New Apparatus for confining 
Frogs, Mice, Bats, or any other Creatures of the 
like Size, particularly adapted to the Univerfal 
Microfcope, Fig. i. 

T H I S Apparatus confifts of a fquare Frame of Brafs A , B, C, D, 
Fig. 46. which may be taken to Pieces at Pleafure. It is held to-

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

* Ar can. Nat. Epifl. \ \z 
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Ends made faft to one of the Pillars at G, and the other E n d fcrewed to 
the oppofite Pillar by the N u t H : On this fquare Bar is fitted a Aiding 
Socket 1 K, with its Stem T V . 

When a Frog is to be diffef ted, tie a String to each of its four L e g s ; 
firft having ftrain'd Strings thro ' fome of the principal Holes of the , 
Frame, crofting each other, as in the Figure is reprefented by the fmall 
Letters a b, c d, e f, g h, i k, 1 m, which form a kind of Lattice, or 
Couch, whereon to extend the Frog. T h e n firft put the two Strings which 
are tied about his Arms , thro ' two Holes, the neareft to the Corners 
A, C, and there fix them with two Pegs made of Fur, as at n and o, in 
the Figure. T h e Reafon why I diref t his two fore Legs or Arms to be fa-
ttened firft is, becaufe you may with Eafe hold his hind Legs in your H a n d , 
till the fore Legs are pegg 'd down faft ; whereas if you at tempt to fix the 
hind Legs firft, the Creature will give fuch Springs and Starts, as will not 
only tire himfelf, and thereby prevent him from being able to go thro ' the 
Operation, but even make it almoft impofiible for you to fix him to your 
Mind. T h e n fix his hind Legs as before directed by the Pegs p, q. if 
now you find him not quite faft , you may make him fo, by pulling out one 
of the Pegs at a T i m e , and {training the String a little t ighter, after which 
replace the Peg. T h e Ends of the Strings which confine his Arms and 
Legs, are reprefented in the Figure by the Letters r, f, t, v, and the Frog 
lying upon his Back. 

The Objefl: being thus extended, and fattened on the Frame, as above 
directed, open the Skin of the Belly, f rom near the Anus to the Throa t in 
the Direction of the dotted Line I K, by firft juf t entering the Point of a 
very fharp Penknife at I, thro ' the firft Skin only, taking Care not to touch 
the fecond Skin, and let the Incifion be no longer than the little ftreight 
Stroke I w, in which thruft the Probe or Director, Fig. 47. almoft up to 
his Throa t , with the Curf x y upwards, in which Curf you may run the 
Point of a Pair of Sciffars, without being in any Danger of cutt ing any o-
ther Part of the Sub jed , and thereby open the upper Skin from I to K, 
then turn the Diredtor fideways f rom K to L, and f rom I to M, and give 
it a little Snip in that Direi l ion, both at the T o p and Bottom. Stick a 
F i lh-Hook, with the Barbs filed off, into each Corner of the Skin, firft hav-
ing put the Strings N O, to which the H o o k s are tied, through any two of 
the Holes in the Frame, as at P and Q^ T h e n by gently pulling the 
Strings N O, the Skin will readily ftretch out into the Dire<5lion of a fquare 
Flap, as reprefented in the Figure by the Letters L M R S, and the three 
dotted Lines which furround them. 

If now you put the Stem T V into the Ho le of the Pillar E of the Univer-
fal Micro/cope, you may place any Part of this Flap before the Magnifiers, 
either by flipping the fquare Steel Bar G H backwards and forwards in its 
Ihding Socket I K, or elfe by pulling the faid Socket farther f rom, or 

G 2 pufh ing 
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pufhing it nearer to the upright Pillar E of the Microfcope, Fig. i. by 
which Means, you may with the greateft Eafe imaginable, examine all the 
Blood Veffels in this tranfparent Flap or Piece of Skin, by fitting at a Tab le 
before a Window, and direeling the illuminating Glafs, fo as to fling the 
Rays of L igh t immediately under this Part of the Skin. 

If the Sun fhines, and you have the folar Apparatus, defcrib'd Page 9. 
icrew'd ready in the W i n d o w Shutter, take out the illuminating Glafs F, 
and in its Stead, fcrew the Socket K, of the folar Apparatus, and apply 
the Microfcope and Frog to the folar Part as before fhewn, and after having 
directed the Sun's Rays thro' the T u b e , upon any Part of the fkinny Flap 
L R S M, and placed the Screen at about four or five Foot from the Ma-
chine, fo as to receive the Sun's Rays, and adjuiled the ObjeCt to the Focus 
of the Magnifier, and Dillance of the Screen, by He lp of the Screw P, as 
in Fig. 1. 

You will have reprefented on the Screen, a moil beautiful Pi£ture of the 
Veins and Arteries in the Skin, with the Blood circulating thro ' them ; in 
the Arteries you may plainly perceive the Blood f lopping, and as it were 
receding a little at each Dilatation of the Hear t , and then immediately rufh-
ing forwards again at each Contraft ion ; whilil in the Veins it rolls on in a 
continual Current, with inexpreffible Rapidity and when the Arteries are 
very much magnified, if you remove the Screen to a confiderable Diflance, 
the alternate Expanfion and Contraction of their Sides are very vifible. 

W h e n you have confider'd this as long as you think needful, open the 
Abdomen, and extend the Mufcles before the Microfcope, by Means of 
the two F i fh -Hooks , as before in the Extenfion of the Skin, and you will 
with Pleafure view their Stru&ure, which confuts of Numbers of tranfpa-
rent Strings or Fibres, lying parallel to one another, and joined together by 
a common Membrane. 

Thefe Strings or Fibres appear thro ' their whole Leng th , to be made up 
of minute roundifh Veficles ; and the Blood Veffels which intermix with 
them, afford an agreeable P ro fpe f t . 

T h e next Exper iment is gently to draw out a Par t of the Frog ' s Gut, 
in order to apply the Mefentery to the Microfcope, which is a moil beauti-
ful and furprizing Phenomena, when view'd through the Univerfal Mi-
crofcope, as Handing upon a Tab le : But when applied to the folar Appara-
tus before defcribed, you may view it in fo dilt inft and fine a Manner, 
that no W o r d s can defcribe the wonderful Scene which will then be pre-
ien ted to your Sight. T h e Blood flowing through numberlefs Veflels at 
one and the famelnf lan t , in fome one W a y , in others the quite contrary ; 
feveral of the Veflels may be magnified to an Inch in Diameter, and the 
Blood Globules rolling thro ' them, will appear near as large as Pepper-
Corns, and at the fame T i m e in the minuteil Veflels, only fingle Globules 
can find a Paiiage, and that not without putt ing on the F o r m of oblong 
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Spheriods •, here alio in the moil inexpreffible Manner, will be feen the Pul-
iation and Acceleration of the Blood in the Arteries, as before defcribed. 

As the Animal grows languid, and near expiring, the Blood in the A r t e -
ries will be feen to (top fuddenly, and as it were feem to coagulate, and 
then run backwards for fome T i m e after which it will again recover its 
natural Courfe, with a great deal of Rapidity. 

A due Confideration of thefe Appearances, may poiTibly account for the 
Intermifiions, Starts, and Irregularities in the Pulfe of Perfons near the Point 
of Death. 

Fig. 48. M, L, R, S, reprefents a microfcopick Pi&ure of a Part of the 
Frog's Gut, and Mefentery ex tended , by Means of the Fifh H o o k s 
R, S, M, the Ends of their Strings being pegg 'd to the fquare Frame, one 
of which is feen at p. B, I, K, C, is a Part of the Body of the Frog. 
A n d I , K, that Part where the Belly was opened. D, E, Part of the 
fquare Brafs Frame. T h e fhaded Part within the Gut , marked M, L, R, S, 
is called the Mefentery, in which is plainly feen the Blood-Vejfels. T n o f e 
Veffels, which are a little darker than the reft, are called Arteries. In 
every one of which I plainly faw a Pulfe, and the Blood flowing from A to 
R. The others are Veins, thro ' which the Bleed flowed in a conftant 
Stream, in the Dire&ion V, N. 

As there are many fmall Fijh, whofe Fins are more tranfparent than their 
Tails-, I thought it might be acceptable in this Place, to give a Cut of the 
Manner how they may be faftened upon the fame Frame the Frog was, 
which take as follows, 

Firft cut a Piece of Leather in the Shape of Fig. 49. and tie a String 
to each Corner of it, as at A, B, C, D, and obferve, that the Part G H 
of the Leather be no longer than from the Fijh's Neck to the Part where 
the Tail begins to grow fmall, and cut a Slit f rom A to I, and from B to 
K, then put the String C E through the Slit A I, and the String D F 
thro' the Slit B K, and put the Fijh in Head foremoft •, after which draw 
the Strings clofe, and apply it to the Frame, Fig. 50. fixing down the 
String D F to the Frame by the Peg N, and the String B M by the Peg O. 
The String C E ' m a y be made fail with the Peg P, and the String A L 
with the Peg Q, in which Pofition the Fijh cannot poffibly get away, but 
on the contrary will lie exceeding qu ie t : T h e n may you ftick a F i fh -Hook 
to the thick Part of its Fin at R, and ftretch it out by drawing the String 
R S gently, and then making it fait by the Peg T. 

After which place the Frame to the Micro/cope, as above directed ; 
and you will have a beautiful Profpef t of the Circulation, if viewed thro* 
the Eye-Piece N upon a Table ; but much more fo if you apply it to the 
folar Apparatus. 

I hope by this T ime the Reader will be enabled to fix any other Subject 
°f the like Size to this Apparatus, in order forDiflfettion, and alio be ready 

at 
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at applying them to the Microfcope, either to be look'd at by the Eye 
through the Magnifiers, or caft upon a Screen when applied to the folar 
Apparatus. T h e Reader will alfo percceive that none of the modern Mi-
crofcopes, is fo capable of having all Sorts of Subjefts applied to them, as 
this is, and that in one Apparatus •, and fo eafy in its Ufe , as to give 
Gentlemen as little Trouble as poffible in the Application of all Sorts of 
Obje&s. 

C H A P . XII. 
Of Bones. 

T H E I R fuperficial Part is found to confift of a vail many fmall 
VeiTels, and fome few of a larger Size; which laft, when they came 

to the Surface of the Bone, appeared to Mr . Leeuwenhoeck either with a 
Membrane, or bony Subftance, perfeftly tranfparent: He once difcovered 
four or five VeiTels in a fmall Piece of a Shin Bone of a fufficient Size for a 
iingle Filament of Silk to pafs through them, and one of them feemed to 
him to have a Valve * fo difpofed as to admit nothing into it, but only 
to let out what was therein contained. 

T h e fpongy or cellular Subftance on the Infide of the Bone, confifts of 
long Particles clofely united, that are made up of a vaft many fmall Vef-
fels, fome running lengthways, others tending towards the Sides of the 
Bony Particles, fome lying parallel, and others perpendicular to the Length 
of the Bone, thefe laft have VeiTels proceeding from their Extremities; 
and others that compofe the Cortex or fuperficial Part of the Bone, proceed 
f rom their Sides, thofe long Particles, which lie parallel to the Length of 
the Bone, emit VeiTels from their Sides, that iiTue out through the Side of 
the Bone. It is impoifible to conceive what a prodigious Number of fmall 
VeiTels compofe the cortical Part of the Bone, which on the fpongy Part 
in fome Places is no thicker than a human H a i r ; tho ' , in others, three or 
four times that Thicknefs. 

T h e Periofteum is united to the Cortex of the Bone, not only to the Out-
fide of the Cortex, but even by entering into its very Subftance in feveral 
Places, and is joined thereto by the VeiTels which proceed from the Bone. 

Fig. 51. reprefents a fmall part of the Bone with the Periofteum ad-
hering t o i f , A B C D E F ihews the Bony Part , B G H I E the Perio-
fteum, in which ail the fmall VeiTels are reprefented by Dots. In other 
Places where the Thicknefs was twice as much, not only thofe VeiTels that 
had been tranfverfly cut, and confequently reprefented by fo many Points; 

* Phil. Trcnfad. No. 366, 
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but alio many other Veffels running lengthways, as in Fig.52. L O P Q N M ' 
and that Part reprefented by B G H I E, Fig. 51. are not entirely mem-
braneous, but really bony. K L M N A reprefent the bony Part , in which 
tho' no Pores or Veffels are here reprefented, yet it is full of Openings. 
Fig. 53. R S W X T V reprefents a P a r t o f another Bone, S W X T the 
Periojleum, which in this Place was no thicker than a large Hai r of a 
Man's Beard ; but in another Part of the fame, and at a fmall Diftance, it 
was four times that Thicknefs . In another Piece of Bone fo placed before 
the Micro/cope as to fhew only the Periojteum and mufcular Fibres, which 
were cut tranfverfly, and appeared to be furrounded by Fibrils of the Pe-
riofieum, as in Fig. 54, where Y Z A B is the Periojleum, and Z C D A 
are the flefhy Fibres cut tranfverily, this was part of a Rib taken from a 
fat Ox. 

It appears therefore from Mr . Leettwenhoeck's Obfervation on Bones of 
all Kinds, that they do confift of exceeding fmall Veffels, arifing from the 
inner hollow or fpongy Part of the Bone, and paffing thro ' the fuperficial 
or cortical Subftance, enter the Periojleum ; and f rom thence are continued 
farther into the Body, even to the remote Parts thereof. Flence it is, 
that in a healthful Body there is a conftant Supply of an oily Subftance 
conveyed into the Bones i which again is conftantly carried out from the 
Bones by Means of thefe Veffels into all Parts of the Body, even to the 
Extremity of the Fingers. He examined a very fmall Piece of the folid 
Part of the Shin Bone of an Ox, and found it to confift of four Sorts of 
Tubes, perforated lengthways. T h e firft Sort fo fmall and fo clofely 
united, as fcarce to be difcernable in a tranfverfe Section of it. T h e fe-
cond Sort of Tubes (fome of which are four, fome fix times larger than 
the firft) are alfo difficult to be d i fcover 'd ; becaufe in cutting or ihaving 
the Bone, although the Knife was fharp, it deftroyed and broke many of 
the tubular Parts, which fhut up their Apertures. T h e third Sort greatly 
exceed thofe of the fecond, but were alio difficult to be difcerned, becaufe 
the Knife tore fome of them in cutting ; yet notwithstanding he was per-
fwaded, that Bones are compofed out of fucceffive Additions of Rings of 
Tubes, in the fame Manner as W o o d is. T h e fourth Sort are much 
larger than thefe, and fewer, as will appear in Fig. 62. whereof M repre-
fents a very fmall Piece of a Shin Bone, which when viewed by the naked 
Eye, appeared no bigger than the Spot, Fig . M. 

A B C D is the fame Piece of Bone magnified, E F G is the Point of a 
very fmall Needle, upon which this little Piece of Bone * was ftuck for Exa-
mination before the Microjcope, he was not able to reprefent the firft Sort 

thefe little Tubes in the P idure , becaufe their Surface was lb mangled 
in cutting, but the fecond Sort is reprefented by the Letters H H H, the 

* Arc. Nat. Tom. I. / . 200. 
third 

i 



48 Of the Mufcular or 
third Sort by the Letters I I I , which are feldom circular, but of different 
Shapes, like the great Veffels in Wood . T h e fourth Sort are a great 
deal larger, as ihewn by the Letters K K. T h e curved Lines L and M 
are little Clefts or Cracks made by the Knife in Cutting. 

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

T h e y may be applied to the Univerfal Microfcope, Fig. 1. either upon 
the Glafs R, Fig. 2. or ftuck upon the Point of a vety fmall Needle, 
which Needle may be held between the Nippers m of the Apparatus V, 
Fig. 2. and thereby examined with Eafe, and little Bits thereof maybepre-
ferved between the Talcs in an Ivory Slider, or in one of the circular Talc 
Rings. 

C H A P . XIII. 

Of the Mufcular or Flefhy Fibres of Animals. 

TV ft R. Leeuwenhoeck hath difcovered each mufcular Fibre to be made 
J V J L U P °f fmaller Fibrils, which, notwithftanding their Smallnefs, he 
plainly difcem'd to be vafcular, for on cutting a-crofs their Length, the 
L igh t might be feen thro' their Apertures; but if he cut them ever fo 
little obliquely, could fee no Light . He alfo obferved the Strufture of the 
Fibres in the Fleih of an Ox, and of a Whale, but plainer in that of a Whale \ 
the Fibres of the other being more compadt and clofe, and found alfo that 
the Fibres of a Moufe were of the fame Size as * thofe of an Ox, f r o m 

whence he concludes, the different Size of Animals is entirely owing to the 
Number and Length of their Fibres. Thefe fleihy Fibres appear throughout 
their whole Length, to be encompaffed as it were with fpiral Circumvolu-
tion, as is exaftly reprefented in Fig. 69. 

Which Difpofition feems to be wonderfully contrived for Readinefs in 
the Diitenfion and Contraction of the Fibres. T w o of thofe flejhy Fibre* 
are reprefented by G H, and I K, Fig. 68. 

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

* Arc. Nat. Tom. III. / , 1 0 S . 
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Fie fly Fibres of Animals. 49 
Fig. 2. and moiften it with warm Water , which drying loon away, wili leave 
the Veflels open and diftinguifhable. As the l.earned differ in their Opinions 
with Refpeft to the Figure and Structure of thefe little Veficles, I fhalt 
leave it to the Curious for farther Examination. 

Mr. Leeuwenhoek informs us, that the flefhy Fibres in Infects are no left 
vifible than thofe of larger Creatures, which lie found by cutting off the 
Legs of Flies, Gmts, Ants, &c. in all which he could plainly diftinguilh 
the circular Wrinkles or Circumvolutions encompalling the Fibres, as in 
Fig. 69. 

Upon cutting the flefhy Fibres of a Whale, length-wife, and a-crofs, + he 
plainly difcovered each Particle, or flefhy Fibre, to be enveloped in a fine 
thin Membrane. It appear 'd in the Microfcope, as reprefented Fig. 55. 
in which the Parts lay fo clofe together, that their encompafling Mem-
branes, reprefented by the black Lines, were but iuft diicernable •, fome 
however appear'd larger than others, and thefe, -f if attentively view'd, 
feem'd to be divided into a great many others, fome alio cut tranfverfly, 
and crowded fo clofe together, that their Figure, as well as Size, was very 
different. Fig. 56, reprefents a thin Slice of the Flefh of a Whale, which 
after having been made throughly wet, and applied to the Microfcope, ap-
pear'd as in the Figure. U p o n letting the Moifture evaporate from thefe 
Slices, the Particles became much fmaller, and the Membranes, with 
which each was encompafled, were very vifible. F ig . 57. reprefents a 
Piece of the fame Flefh, wherein the Particles feem'd to touch, but on 
their being dried, fhrunk up, from the lurrounding Membranes, whereas 
the Membranes themfelves could not fhrink, becaufe they were all join 'd 
together. All along thele flefhy Fibres § run Membranes about the Th ick-
nefs of an Hair, and Diftance of a Grain of Sand from thefe larger 
Membranes, other Parts were fpread, dividing each Fibre into a great 
many Fibrils \ from whence we may fay, that each flefhy Fibre, no bigger 
than an Hair , is a fmallMufcle encompafled with its peculiar CoatorMembram*. 
Fig. 58. reprefents a fmall Piece of thefe Fibres greatly magnified ; on mo;-
ftening again the Fibres reprefented by the two laft Figures (that were dried 
and fhrivell'd up) they became fodif tended, as to fill up the Spaces between 
the Membranes, and re-aflume the Shape they had before they were dried. 
Among feveral little Pieces of Flefh, moiften'd as above, and placed be-
fore the Microfcope, there was one, whofe Particles were not feparated up-
on drying ; fuppos'd to be owing to the fplitting and tearing $ afunder of 
a large Membrane, which run thro' its Middle, as reprefented in Fig. 59. 
by Q R S T V W, where between S T and V, the dried Particles remain 
unfeparated, S W ihews the thick Membrane that divided this Piece about 

t Epifi. Pbyf. p. 3. § Ibid. p. 4 'J- Phil. Trtwf. No. 3.;. 
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the Th icknefs of an H a i r , that fent out a Branch at T, and at W was fplit 
into two. F ig . 60. reprefents a very fmall Piece, conf id ing only of five 
Fibres cut lengthwife, as they appear 'd thro ' the Microfcope ; between C 
and F may be feen the little M e m b r a n e s which encompafs the Fibrils, but 
are here torn afunder . F ig . 61. exhibits four fmall Fibrils of a Piece of 
F le fh of another W h a l e , by which it plainly appears, that tiie Diameters 
of thefe Fibres are as fmall again as thole in the foregoing Figure , therefore 
they mul t be four T i m e s as big as t h e f e ; as each flefhy Fibre is compofed 
of a great m a n y finaller Fibrils, we may imagine each of thcfe inclofed 
ones, to confift a ' fo of others of the like Nature . 

M r . heewjjenhoek, on viewing feveral fmall Fibres of Ox F lefh , obferved 
cach of its contained Fibrils to be encompaffed with a thin M e m b r a n e ; 
hut could not fhew thefe Membranes fo diflincfly to others in this Flefh, 
as in that of a W h a l e ; becaufe the Parts of the firft are of a Texture 
m u c h more compact and clofe, than thofe of the latter ; for which Reafon 
they do not fhr ink fo much in drying. A n d is alio of Opinion, that what he 
has faid of the Membranes encompaff ing the Fibres and Fibrils of Whale-
FJefh, will alfo hold true in other Kinds of F le fh , even down to that of a 
Rat or Moufe. 

M r . Muys confirms the foregoing Obfervations on the flefhy Fibres of 
the Mufcles, being compofed of fmaller Fibrils, and computes that 500 
or 600 of them may be reckoned into one flefhy Fibre, whole Diameter is 
the 24 th Par t of an Inch, * and that each of thefe Fibrils are alfo made up 
of more than 3 0 0 tranlparent Tubu l i , but fo flender as not to admit a 24th 
Pa r t of a fingle Globule of Blood. Fie has lhewn, that tho ' the flefhy Fi-
bres of the Mufcles are joined to the T e n d o n s , and tendinous Membrane 
of a Mufcle ; yet thofe tendinous Fibres are no t a Continuat ion of the flefhy 
ones, as is generally fuppofed. He found that upon in je f t ing warm Wa-
ter into the crural Ar tery of a Lamb of a Year o ld , all the flefhy Fibres 
loft their Rednefs and became W h i t e . He then in jeded a colour 'd Liquor 
into the fame Artery , upon which not only the fmall Arteries appear 'd re-
plete with the tingid L iquor , but that it had alfo palled thro ' each Fibre. 
Fie alfo obferved, that feveral Branches of the Arteries now became vifibiy 
ipread round the fmall Fibrils, and tingid with the fame Liquor ; and upon 
examining the Parts of the flefhy Fibres, near the Extremi ty of the Arte-
ries with a Microfcope, found the fmall Fibrils filled and tingid with the 
fame Liquor ; and not the leaft Appearance of the Liquor in the Inter-
laces between the Fibrils. A n d upon in je f t ing another colour 'd Liquor by 
the crural Ar te ry , he faw not only the Fibres in fome of the Mufcles, 
and mol l Part of them in others, filled with this Mat t e r , but upon exa-
mining them in a good Microlcope, found the Fibrils, and even the leaft 

* Phil. Tranf. No. 339. 
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Flejhy Fibres of Animals. n 
Tubuli that compos'd them, filled and tingid with the fame, yet the final! 
•Ramifications of the Nerves appear'd perfectly white. Whence it appear?, 
that the fm*ll Tubes which form a Fibril, are really hollow ; and that the 
Extremities of the capillary Arteries open into them, and empty therein a 
Part of their Liquor, which is re-conveyed by the Veins into the Heart . 

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

He alfo examined the Brain of an Indian Hen, a Sheep, an Ox, a Spar-
row, &c. and did in them diftinguifh Multitudes of Veflels extreamly fmal l ; 
and farther f obferv'd, that the Veflels in the Brain of a Sparrow are no 
fmaller than in an Ox, and from thence he argues, that there is no other 
real Difference between the Brain of a larger and a fmaller Animal, but 
only a greater or a fmaller Number of Veflels •, and that the Globules of 
the Fluid pailing thro' them, are in both of the fame Size. 

R O M Malphigi s curious Obfervations of the Hair, we are inform-
ed, that they are compos'd of a Number of extreamly minute Tubes, 

which are moftly diftinguiihable near the End of the Hairs, in a Horfe 's 
Main and Tai l , and in the Bridles of a Boar, wherein thole Tubes fo ma-
nifeftly appear, that he could fometimes reckon above 20 of them and 
in the H e d g e - H o g ' s Prickles, he plainly faw thole Tubes , together with 
medullary Valves and Cells. 

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

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

C H A P . XIV. 

Of Hairs. 
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long tubular Fibres, encompafied with a Kind of Bark ; from which Struc-
ture, the Ends of long Flairs when fplit, appear like a Stick ihrivelled with 
Beating, fome of them in Men, Horfes, Sheep, Hogs, &c. having fix or 
more Splinters. 

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

Part of a Whifker of a Cat cut tranfverfly, is reprefented by the ihort 
Cylinder, Fig. 65. which feem'd to have a large Pith in the Middle, like 
that of Elder. 

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

T h e Hair of a Moufe feems to be one fingle tranfparent Tube, with a 
Pith, made up of a fibrous Subftance, running in dark Lines, in fome 
Hairs tranfverfly, in others fpirally, thefe darker medullary * Parts are no 0-
ther than frnall Fibres convolved round ; and lying clofer together than 0-
ther Parts of the Hair ; they run from the Bottom to the T o p of the Hair, 
and it is apprehended that they run round in a Screw-like Faihion. A B, 
Fig. 67. reprefents that Part of the Hair which grew near the Skin, the 
middle Part of the fame Hair is ihewn at C D, and the Point of it at 
E F. 

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

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

C H A P . XV. 
Of the Scales in Human Skin. 

THE Cuticula, fcarf Skin, or outward Covering of the Body, is re-
markable for its Scales and Pores. 

T h e Scales grow upon our Bodies, juf t as the Scales grow upon the ex-

* Arc. Nat. Tom. Ill, p. 47, . 
ternal 




