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By the Council of the Royat Society 
of London for Improving of Natural 
Knowledge. 

Ordered, Zhat the Book written by Robert Hooke, M. A. Fellow of this 

Society Entitled, Micrographia, or fome Phyfiological Defcriptions of 
Minute Bodies, made by Magnifying Glafles, with Obfervations and 
Inquiries thereupon, Be Printed by John Martyn ,and James Alleftry, © 
Printers to the faid Society. ; 

Novem. 23. 2 
1664. Brouncker. PR. S. 
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Gy oor 

K I N (;. 

Sy Z R 3 ‘ : 

Sciez Do here moft humbly lay 
es ee this fmall Prefent at Your 
5 WE Mayefties Royal feet. And 
eee though it comes accompa- 
ny'd with two difadvantages,the meanne|s 
of the Author, and of the Subje#; yet 
in both I am incouraged by the greatne/s 
of your Mercy and your Knowledge. 
By the ovel amtaught, that you can 

A forgive



THe EPisece 
forgive the mokt prefumptuous Offendors : 
And by the other, that you will not e- 
fteem the leaftwork of Nature, or Art, 
unworthy your Objervation. Amidft the 
many felicities that have accompani‘d 
your Majefties happy Keftauration and 
Government, icis none of the leaft confi- 
derable, that Philofophy and Experimental 
Learning have pro{per'd under your Royal 
Patronage. Andas the calm profperity 
of your Reign has given us the leifure 
to follow thefe Studies of quiet and re- 
tirement, fo it is juft, thatthe Fruits of 
them fhould , by way of ackyowledge- 
ment, be returnd to your Majefty. 
There are, Sir, feveral other of your 
Subje&s, of your Koyal Society, now 
bufie about Nobler matters: The Im- 
provement of Manufaétures and Agrical- 
ture, the Increafe of Commerce , the Ad- 
vantage of Navigation: \n all which 
they are afsiftedby your Majefties Incou- 
ragement and Example. Amidft all thofe 

greater



DeEpicaTory. 
greater Defigns,| here prefume to bring 
in that which is more proportionable to 
the fmalne(s of my Abilities, and to 
offer fome of the /eafé of all vifible 
things,to that Mighty King, that has efta- 
blifbt an Empire over the beft of all In- 
vifible things of this World, the Minds 
of Men. 

@ 

Your Majefties moft bumble 

and moft obedient 

Subject and Servant, 

Rosert Hooxr,



soit cata ca ct cata dl at cs aslo rat Ce epse Ue eoerU ses EBs aga 
TO. THE 

RG:Y ALSO: C ET ¥. 
Sono Frer my Addref? to our Great Founder and Pa- 
Sie tron, aed but think my felf oblig’d, 
SEs -in confideration of thofe many Ingagements 
po ~ you have laid upon me , to offer thefe my 
PRN io Labours to this MOST ILLU- 
STRIOUS ASSEMBLY, YOU have: been 

pleas’d formerly to accept of thefe rude Draughts. 1 have fince 

added to them fome Defcriptions, and fome Conjetiures of my 
own. Andtherefore, together with YOUR Acceptance, 1 muft 
fo beg YOUR pardon. The Rules YOU have prefcribd YOUR 
felves in YOUR Philofophical Progrefs do feem the beft that 
have ever yet been prattis'd. And particularly that of avoiding 
Dogmatizing , andthe efpoufal of any Hypothefis not fufticiently 
grounded and confirm’d by Experiments. This way feems the 
moft excellent. and may preferve both Philofophy and Natural 
Hiftory from its former Corruptions.In faying which, I may feem 

to condemn my own Courfe in this Treatife ; in which there 
may. perhaps be fome Expreffions, which may feem more pofitive 

then YOUR Prefcriptions will permit: And though defire 
to have them underftood only as Conjeftures and Queries (which 
YOUR Method does not altogether difallow )yet ifeven in thofe 
T have exceeded, ’tis fit that I fhould declare, that it was not 
done by YOUR Direétions. For it is moft unreafonable, that 
YOU fhould undergo the imputation of the faults of my Con- 
jeGiures, {ecing YOU canreceive fo fmall advantage of reputa- 
tion by the /leight Obfervations of, | 

YOUR moft bumble and 
moft faithful Servant 

ROBERT HOOKE,
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. BRSSNSS T is the great prerogative of Mankind abéve other 
| ies ee Creatures, that we are not only able to behold the 
| S73| [2S vorks of Nature, or barely tofultein our. lives by 
) EF=) ce them, but we have alfo the power of confidering 
| SSGARSSA comparing, altering, affifting, and improving 

them to various ufes.And as this is the peculiar priviledge of humane 

Nature in general, fo is it capable of being fo.far advanced by the helps 
of Art, and Experience, as to make fome Men excel others in thein 

—— Obfervations, and Deduttions,almoft as much as they do Beafts. By the 
addition of fuch artificial Inftruments and methods,there may be,in 
Jome manner, a reparation made for the mifchiefs, and imperfection, 
mankind has drawn upon it [elf, by negligence,and intemperance, and a 
wilful and fuperflitions deferting the Prefcripts and Rules of Nature, 
whereby every man, both froma deriv'd corruption, innate and born 
with him, anid from his breeding and converfe with men,is very fubjeEt 
to flip into all forts of errors. 

The only way which now remains for us to recover fome degree of 
thofe former perfeciions, feems to be,by reétifying the operations of the 
Senfe,the Memory,and Reafon, fince upon the evidence,the {trength, 
the integrity, and the right correfpondence of all thefe,all the light, 

' by which our aétions are to be guided, is to be renewed, and all our com- 
mand over things is to be eftablifht. 

It is therefore moft worthy of our confideration, to recolleth their (e- 
_— eweral defeEts, that fo we may the better underfland how to fupply them, 

and by what affiftances we may inlarge their power,and {ecure them in 
performing their particular duties. 

As for the a5tions of our Senfes, we cannot but obferve them to be in 
a many
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many particulars much outdone by thofe of other Creatures, and when 
at beft,to be far fhort of the perféétion they feem capable of : And thefe 
infirmities of the Senfes arife from a double caufe, either from the dif- 
proportion of the Object to the Organ, whereby an infinite number of — 
things can never enter into them,or ele from error in the Perception, 
that many things, which come within their reach, arenot received in a 
right manner. 

The like frailties are to be found in the Memory ; we often let many 

things flip away from us, which deferve tobe retaind, and of thofe 
which we treafure up, a great part is either trivolous or falfe; and if 
good, and fubftantial, either in traci of time obliterated, or at beft fo 
overwhelmed and buried under more frothy notions, that when there is 
need of them, they are in vain fought for. 

' The two main foundations being fo deceivable, it is no wonder, that 
all the fucceeding works which we build upon them,of arguing, conclu- 

ding defining judging, and all the other degrees of Reafon, are lyable to 
the fame imperfection, being, at befi, either vain, or uncertain: Sothat 
the errors of the underftanding are anfwerable to the two other, being 
defettive both im the quantity and goodne/s of its knowledge 5 for the li- 
mits, to which our thoughts are confi nd, are finall in refpett of the vaft 
extent of Nature it felf ; fome parts of it are too.large to be comprehen- 
ded, and fome too little to bepercetwed. And from thence it muf} fal- 
low.that not having a full fenfation of the Objekt, we muft be very lame 
and imperfett in our conceptions about it, and in all the propofitions 
which we build uponit ; hence we often take the {hadow of things for 
the fubftance, fmall appearances for good fimilitudes, fimilitudes 
fordefinitions; and even many of thofe, which we think tobe the moft 
folid definitions, are rather expreffions of our own mifguided apprebene 
fions then of the true nature of the things themfelves, 

| The effets of thefe imperfeétions are manifefied in different ways,ac- 
- cording to the temper and difpofition of the feveral minds of men, fame 
they incline to grofs ignorance and flupidity, and others toa pre- 
{umptuous impofing on other mens Opinions, and a confident dog - 

matizing on matters, whereof there is no alfurance to be given, 
Ags Thus
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Thus all the uncertainty, and miflakes of humane attions, proceed 

either from the narrowne/s and wandring of our Senfes, from the /lippes 
rinefs or delufion of our Memory, from the confinement or rafhnefs of 
our Underftanding, fo that “tis no wonder, that our power over natu- 
ral caufes and efecis is (0 flowly improw d, fecing we are rot only to 
contend with the obfeurity and ditticulcy ofthe things mbereon ne work, 

— and think put even the forces of our own minds confpire to betray wes 
——— Thefe being the dangers in the proce of busrane Realon, the remedies 
| of them all can only proceed from the real, the mechanical, the ex. 

perimental Philofophy,wbich bas this advantage over the Philofophy of 
—— difcourfe and difputation,that whereas that chiefly aims at the fubtilty 

of its Dedutiions and Concluftons , witkout much regard tothe forf 
ground-work, which ought to be well laid on the Senfe and Memory ; 
fo this intends the right ordering of them all,and the making them fer 
__viceable to each other. - 

| The firft thing to be undertaken in this weighty work, is a watch- 
fulnefs over the failings and an inlargement of the dominion, of 
the Senfes. 

Zo which end it is requifite, firft, That there fbould be a ferupu- 
lous choice,and a ftri& examination, of the reality, conftaricy, and 
certainty of the Particulars that we admit:This is the firfl rifé where- 
on truth is to begin, and bere the moft fevere, and moft impartial dili~ 
gence, muft be imployed 5 the floring up of all, without any regard ta 
evidence or ufe, will only tend to darkne(s and confufion. We muft 
not therefore efleem the riches of our P bilofophical treafure by the num= 
ber only, but chiefly by the weight;the moft vulgar Inflances are not to 
be negleéied,but above all, the moft inftruttive are to be entertain d ; 
the footfteps of Nature are to be trac’d.not only in ber ordinary courfe, 
but when fhe feems to be put to her. fhifts,to make many doublings and 
turnings, and to ufe fomekind of art,in indeavouring to avoid our 
difcovery. 

The next care to be taken, in refpeet of the Senfes, is a Supplying of © 
their infirmities with Inftruments, and, as it were, the adding of arti- 
ficial Organs to the natural ; this in one of them bas been of late years 

accom=
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accomplilbt with prodigiows benefit to all forts of ufeful knowledge , by 

the invention of Optical Glaffes. By the means of Telefcopes, there is 

nothing fo far dittant but may be reprefented to our view ; and by the 

help of Microfcopes, there is nothing fo {mall, as to efcape our, inqui- 

ry 5 hence there is a new vifible World difcovered to the underftanding. 

By this means the Heavens are open'd, and a vaft number of new Stars, 

and new Motions, and new Produétions appear in them, to which all the 

antient Aftronomers were utterly Strangers. By this the Earth it felf, 

which les fo neer us, under our feet, [hems quite a new thing to us, and 

in every little particle of its matter, we now bebold almoft as great a 

variety of Créatures, as we were able before to reckon up in the whole 

Univerfe it felf. 
It feems not improbable, but that by thefe belps the fubtilty of the 

compofition of Bodies, the flruéiure of their parts, the various texture 

of their matter, the inflruments and manner of their inward motions, 

and all the other poffible appearances of things, may cometo be more 

fully difcovered ; all which the antient Peripateticks were content to 

comprehend intwo general and ( unlef3 further explain'd ) ufelef? 

words of Matter and Form.From whence there may arife many admi- 

rable advantages,towards the increafe of the Operative, and the Me- 

chanick Knowledge, to which this Age feems fo much inclined, becaufe 

we may perhaps be inabled to difcern all the fecret workings of Nature, 

almoft inthe fame manner as we do thofe that are the produ€tions of 

Art, and are manag’d by Wheels, and Engines, and Springs, that were 

devifed by humane Wit. 
Inthis kind I bere prefent to the World my imperfett Indeavours ; 

which though they hall prove no other way confiderable,yet, I hope, they 

may be infome meafure ufeful to the main Defign of a reformation 

__ in Philofophy,if it be only by fhewing, that there is not fo much requir’d 

towards it,any firength of Imagination,or exatine/s of Method,or depth 

- of Contemplation(though the addition of thefe,shere they can be-bad, 

muft needs produce a much more perfelt compofure)as a fincere Hand, 

and a faithful Eye, to examine, and to record, the things themfelves 

as they appear. by 
And
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And I beg my Reader, to let me take the boldnef? to affure bini, 

that in this prefent condition of knowledge, aman fo qualified, as I 
have indeavoured to be, only with refolution, and integrity, and plain 
intentions of tmploying his Senfes aright may venture to compare the rea 
ality and the ufefulnef? of his fervices, towards the true Philofophy, with 

‘thofe of other men, that are of much ftronger,and more acute {pecula- 
tions,that hall not make ufe of the fame method by the Senfes. 

| The truth is, the Science of Nature has been already too long made 

only a work of the Brain and the Fancy : It is now high time that it 

—— fhould return to the plainne/s and foundnefs of Obfervations on ma- 
terial and obvious things. It is faid of great Empires, That the beft 

| way to preferve them from decay, isto bring them back to the 
| firft Principles, and Arts, on which they did begin. Zhe fame 
) isundoubtedly true in Philofophy,that by wandring far away into invi- 

— fible Notions,has almoft quite deftroy d it elf,and it can never be re- 
covered, or continued, butby returning into the fame fenfible paths, 
in which it did at firft proceed. —- - 

| If therefore the Reader expetts from me any infallible DeduStions, 
or certainty of Axioms, Iam to fay for my elf, that thofe frronger 
Works of Wit and Imagination are above my weak, Abilities ;. or if 

__ theyhad not been (0, I would not. have made ufe of them in this pre- 
——fent Subjett before me: Whereever he finds that I have ventur'd at 

any {mall Conetiures, at the caufes of the things that I have obferved, 
Tbefeech him to look. upon them only as doubtful Problems,and uncer- 
tain ghefles, and not as unqueflionable Conclufions, or matters of un- 
confutable Science; Ihave produced nothing here, with intent to bind 
hisunderflanding to.an implicit confent ; I am fo far from that, that 
I defire him, not abjolutely to rely upon thefe Obfervations of my eyes, 
if be finds them contraditted by the future Ocular Experiments of fo- 
ber and impartial Difcoverers. nt 

As for my part, Ihave obtained my end, if thefe my {mall Labours 
foall be thought fit to take up fome place in the large flock. of natural 
Obfervations, which fo many hands are bufie in providing. If Ihave 
contributed the meaneft foundations whereon others may raife nobler ' 

) b Super
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Superftrudtures, Jam abundantly fatisfed ; and all my ambition is, 

that Imay ferve to the great Philofophers of this Age , asthe makers 

and the grinders of my Glaffes did to me ; that I may prepare ‘and fur- | 

nifh them with Jome Materials, which they may afterwards order and 

manage with better skill, and to far greater advantage. 

The next remedies in this univerfal cure of the Mind are to be ap- 

plyed to the Memory, and they are to confift of fuch Direktions as may 

inform ws, what things are beft to be ftor’d up for our purpofe, and 

which isthe beft way of (0 difpofing them, that they may not only be 

kept in fafety, but ready and convenient,to be at any time produc’d for 

ufe, as occafion fhall require. But I will not here prevent my felf in 

what I may fay in another Difcourfe , wherein I fhall make an -at- 

tempt to propofe fome Confiderations of the manner of compiling a Na- 

tural and Artificial Hiflory, and of fo ranging and regiftring its 

Particulars into Philofopbical Tables, 4 may make them soft ufeful 

for the raifing of Axioms and Theories. 

The laft indeed is the moft hazardous Exterprize, and yet the moft 

neceflary ; and that is, to take fuch care that the Judgment.and the 

Reafon of Man ( which isthe third Faculty to be repair'd and im- 

provid) fbould receive fuch affiftance, as to avoid the dangers to 

which it is by nature moft fubjelt. The Imperfections, which Ihave al- 

ready mention d, to which it is lable, do either belong to the extent, 

or the goodnefs of its knowledge ; and here the difficulty is the grea~ 

ver, leaft that which may be thought a remedy for the one fbould 

prove deftruttive to the other, leaft by feeking to inlarge our Hnow- 

ledge, we fhould render it weak and uncertain ; and leaft by being 

too. fcrupulous and exaEt about every Circumftance of it, we fbould 

confine and fireighten it too much. 

In both thefe the middle wayes are to be taken, nothing is to be 

omitted, and yet every thing to paf? a mature deliberation: No 

Intelligence from Men of all Proféffions, and quarters of the World, 

tobeflighted,and yet all to be fo feverely examin‘d,that there remain 

ino room for doubt or inftability ; much rigour in admitting, much 

ftritnels in comparing and above all, much flowneds in debating, and 
% fhynefs
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fhynefs in determining, is to be prattifed. The Underftanding is to: 
order all the inferiour fervices of the lower Faculties; but yet it isto 
do this only as a lawful Matter, and not asa Tyrant. ft muft not in- 

croach upon their Offices, mor take upon it felf the employments which 

belong to either of them, Lt mujt watch the irregularities of the Sem — . 
Jes, but it muft not go before them, or prevent their information. It 
muft examine, range, and difpofe of the bank, which is laid up in the 
Memory + but it muft be fure to make diftinttion between the {ober and 
well collected heap, and the extravagant Idea’s, and miftaken 
Images , which there it may fometimes light upon. So many are the 
links,upon which the true Philofopby depends, of which,if ary one be loole, 
orweak , the whole chain is in danger of being diffolv'd ; it is to be- 
gin with the Hands and Eyes, and to proceed on through the Memory, 
to be continued by the Reafon ; nor is it to fiop there, but tocome about 
to the Hands and Eyes again, and fo, by a continual paflage round 
fromone Faculty to another , it isto be maintained in life and ftrength, — 
as much as the body of man is by the circulation of the blood through the 
Jeveral parts of the body, the Arms, the F at, the Lungs, the Heart, and the 
Head, 

F once this method were followed with diligence and attention, there is 
nothing that lyes within the power of human Wit (or which is far more 
effettual ) of human Induftry , which we might not compaf? ; we might 
not only hope for Inventions to equalize thofe of Copernicus, Galileo, 
Gilbert Harvy, and of others, whofe Names are almoft loft, that were the 
Inventors of Gun-powder, the Seamans Compafs, Printing, Etching, 
Graving, Microfcopes, &c. but multitudes that may far exceed them : 
for even thofe difcoveries fem to have been the produ€is of fome fuch me 
thod, though but imperfect ; What may not be therefore expected from it if 
thoroughly profecuted? Talking and contention of Arguments would 
foon be turn’ dimto labours ; all the finedreams of Opinions, and uni- 
verfal metaphyfical natures, which the luxury of fubtil Brains bas de- 
vis d, would quickly vanifh, and giveplace to folid Hiftories, Experi- 
ments and Works. And as at firfl, mankind fell by rafting of the 
forbidden Tree of Fnowledge,fo we, theit Pofterity, may be inpart rettor'’d 

by
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bythe (ame way, not only by beholding and contemplating, but by ta+ 

ting, too thofe fruits of Natural knowledge, that were never yet forbidden. 

From hence the World may be affifted with variety of Inventions, new 

matter for Sciences may be collected, the old improv'd, and their rutk 

.  rabb'damay; and as it is by the benefit of Senfes that we receive all our 

Skill in the works of Nature,fo they alfo may be wonderfully benefited by 
it, and may be guided to an eafier and more exaéi performance of their 
Offices ; “tis not unlikely, but that we may find out wherein our Senjes are 

deficient, and as eafily find wayes of repairing them. 

_ The Indeavours of Skilful men bave been moft converfant about the 
affiftance of the Eye, and many noble Productions have followed upon it ; 
and from hence we may conclude, that there is a way open'd for advancing 

the operations, not only of all tbe other Senfes,put even of the Eye it felfthat 

which has been already done ought not to content ws,but rather to incourage 

ws to proceed further, and to attempt greater things in the fame and diffe 

rent wayes. 
‘Tis not unlikely, but that there may be yet invented feveral other 

helps for the eye,as much exceeding thofe already found,as thofe do the bare 
eyeafiuch as by which we may perhaps be able to difcover living Creatures in 
the Moon, or other Planets, the figures of the compounding Particles of 
matter, and the particular Schemati{ms and Textures of Bodies. 
"And as Glafles have highly promoted our feeing, fo ’tis not improba. 
ble,but that there may be found many Mechanical Inventions to improve 
our other Senfes, of hearing, {melling, tafting, touching. *Zisnot 
impofible to bear awhifper a furlongs diftance, it having been already 
done; and perbaps the nature of the thing would not make it more im- 
pofible, though that furlong fhould be ten times multiply'd. And though 
fome famous Authors bave affirm'd it impoffible to hear through the thin- 
‘neft plate of Mufcovy-glafs ; yet [know a way,by which tis eafte enough 
to hear one fpeak. through a walla yard thick. It has not been yet 
thoroughly examin'd,how far Otocoufticons may be improv’d, nor what 
other wayes there may be of quickning our bearing, or conveying found 
through other bodies then the Air: for that that is not the only medium, 
I can affure the Reader, that I have,by the help of a diftended wire.propa- 

gated
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gated the found to a very confiderable diftance in an inftant, or with ai 
feemingly quick, a motion a that of light, at leaft, incomparably Sfoifter 
then that, which at the fame time was propagated through the Air ; and 
this not only in a flraight line , or direét, but in one bended in many 

angles. : 
Nor are the other three fo perfect, but that diligence, attention, and 

many mechanical contrivances, may alfo highly improvethem. For 
Jince the fenfe of fmelling feems tobe made by the {witt paflage of the 
Air (impregnated with the fleams and efftuvia of feveral adorows 
Bodies) through the grifly meanders of the Nofe whofe furfaces are 
coverd with a very fenfible nerve , and moiftned by a tranfuda- 
tion from the proceflus mamillares of the Brain, and fome ad- 

| joyning glandules, and by the moift fteam of the Lungs, with a Liquor 
convenient for the reception of thofe efluvia and by the adhefion and 
mixing of thofe fleams with that liquor,and thereby affetiing the nerve, or 
perhaps by infinuating themfelves into the juices of the brain, after the 
fame manner, a I have in the following Obfervations intimated, the parts 
of Salt to pafs through the skins of Effs, and Frogs. Since, I fay, {nelling 
feems to be made by fone fuch way, ‘tis not improbable, but that foe con- 
trivance, for making a great quantity of Air paf3 quick. through the Nofe, 
might as much promote the fenfe of finelling, as the any wayes bindring that 
paffage does dull and deftroy it. Several tryals I have made , both of 
hindring and promoting this fenfe,and have fucceeded in fone according to 

“expectation ; and indeed to me it feems capable of being improv'd., for the 
judging of the conftitutions of many Bodies. Perhaps we may thereby 
allo judge (as other Creatures feem to do) what is whol{ome,what poyfon ; 
and ina word, what are the (pecifick, properties of Bodies. 

There may be allo fome other mechanical wayes found ont , of {enfibly 
perceiving the effluvia of Bodies; feveral Inflances of which, were it here 
proper, I could give of Mineral fleams and exhalations ; and it feems not 
impofible, but that by fome fuch wayes improved, may be difeovered, what 
Minerals lye buried under the Earth, without the trouble to dig for them 5 
fome things to confirm this Conjetture may be found in Agricola, and other 
Writersof Minerals, {peaking of the Vegetables that are apt to thrive, of 
pine, in thofe fleams. ¢ Whether
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Whether allo thofe fleas, which feem to iffue out of the Earth, and 

mix with the Air ( and fo to precipitate fome aqueous Exhalations,where- 

with *tisimpregnated ) may not be by fome way detefted before they produce 

the effect, feems bard to determine ; yet fomething of this hind Iam able to 

difcover,by an Infrument I contrie'd to fhew all the minute variations in 

theprefure of the Air ; by which Iconflantly find,that before, and during 

the time of rainy weather, the prefure of the Air is les, andin dry wea- 

ther , but efpecially when an Eaftern Wind ( which having paft over 

vat traéts of Land is heavy with Earthy Particles) blows, it i much 

more, though thele changes are varied according to very odd Laws. 
The Inftrument is this. I prepare a pretty capaceous Polt-head AB, with 

a fmall ftem about two foot and a half long DC; upon the end of this D 
I put ona fmall bended Glafs,or brazen Syphon DEF ( openat D, E and F, 
but to be clofed with cement at Fand E, as occafion ferves) whofe ftemF 

fhould be about fix or eight inches long, but the bore ofit not above half'an 
inch diameter,and very even; thefeI fix very ftrongly together by the help 

of very hard Cement, and then fit the whole Glafs ABCDEF into a long 

Board,or Frame,in fuch manner,that almoft half the head AB may lye buri- 

edina concave Hemifphere cut into the Board RS; thenIplaceit foon 

the Board RS, asis expreft inthe firftFigure of the firft Scheme 5 and fix 
it very firm and fteady in that pofture, foas that the weight of the Aéreury 

that is afterwards to be put intoit,may not inthe leaft fhake or ftir it; then 

drawing a line X Y on the Frame RT, fo that it may divide the ball into 

two equal parts, or that it may pafs, as ‘twere, throughthe center of the 
ball. 1 begin from that, and divide all the reft of the Board towards UT 

into inches, and the inches between the 25 and the end E(which need not be 
above two or three and thirty inches diftant from the line X Y) I fubdivide 
into Decimals; then {topping the end F with foft Cement,or foft Wax, Lin- 
vert the Frame, placing the head downwards, and the Orifice E_ upwards 5 

and by it, witha {mall Funnel, I fill the whole Glafs with Quickfilver 5 then’ 

by {topping the fmall Orifice E with my finger, I oftentimes erect and invert 
the whole Glafs and Frame,and thereby free the Quickfilver and Glafs from 
all the bubbles or parcels of lurking Air; then inverting it as before,] fill ic 
top full with clear and well ftrain‘d Quickfilver, and having made ready a 
fmall ball of pretty hard Cement, by heat made very foft, I prefsit into the 
hole E, and thereby ftop it very faft; and to fecure this Cement from flying 
out afterward,I bind over it a piece of Leather, that is fpread over in the in- 

fide with Cement, and wound about it whilftthe Cement is hot: Having 

thus faftned it, I gently erect again the Glafs after this manner : I firft Ict the 

Frame down edge-wayes, till the edge R V touch the Floor, or ly horizon- 

tal; and then in that edging pofture raife the end RS; this Ido, that if 

there chance tobe any Air hidden in the {mall Pipe E, it may afcend into the 

Pipe F, and notinto the Pipe D C: Having thus erected it, and hung it by 

the hole Q, or fixt it perpendicularly by any other means, I openthe end F, 
and | 

4 
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| and by a fmall Syphex I draw out the Mercury {o long,till I find the furface of 
| it AB inthe head totouch exaéily the line XY; at whichtime I immedi« ately take away the Syphon, and if by chance it be run fomewhat below 

the line XY, by pouring in gently a little Azercury atF, Traile it again to 
its defired height , by this contrivance I make all the fenfible rifing and fal- 
ling of the Afercury tobe vifible inthe furface of the Afercury in the Pipe F, , 
and fearceany inthe head AB. But becaufe there really is fome {mall 
change of the upper furface alfo, I find by feveral Obfervations how much | it rifes in the Ball, and fallsin the Pipe F, to make the diftance between the 
qwo furfaces an inch greater then it was before 3 and the meafure that it 

| falls inthe Pipe is the length of the inch by which am to mark the parts of 
| the Tube F, orthe Board onwhich it lyes, intoinches and Decimals: Ha- 
| ving thus juftned and divided it, I have a large Wheel MN OP, whofe 

outmoft limb is divided into two hundred equal parts this by certain fmall 
Pillars is fixt on the Frame RT, inthe manner expreft in the Figure. In 
the middle of this, on the back fide, in a convenient frame, is placed a {mall 

| Cylinder, whofe circumference is equal to twice the length of one of thofé 
| divifions, which find anfwer to an inch of afcent, or defcent, of Mercury : This Cylinder I, is movable on a very fmall Needle, on the end of which is 
| fixt a very light Index K L, all which are fo pois’d on the Axis, or Needle, 
| that no part is heavier then another : Then about this Cylinder is wound a 

{mall Clew of Silk, with two fmall fteel Bullets at each end of it G H3 one 
of thefe, which isfomewhat the heavier, ought to be fo big, as freely to 
move toand fro inthe PipeF ; by means of which contrivance > every the 
leaft variation of the height of the Azercury will be made exceeding vifible 
by the motion to and fro of the fmall Index K L. 

| But this isbut one way of difcovering the effluvia of the Earth mixt 
mith the Air ; there may be perhaps many others,witne/s the Hygrofcope, 
an Inftrument whereby the watery fleams volatile in the Air are difcerned, 
which the Nofe it felf is not able to find. This I have de(crib'd in the 
following Traé in the Defcription of the Beard of a wild Oat. Others there 
are,may be difcovered both by the Nofe, and by other wayes allo. Thus 
the {moak of burning Wood is felt, feen, and fufficiently felt by the 
eyes: Zhe fumes of burning Brimftone are {melt and difcovered alfo 
by the deftroying the Colours of Bodies , asby the whitening of a red 
Role : And who knows, but that the Induftry of man, following this me- 
thod,may find out wayes of improving this fenfe to as great a degree of per 
fection as it isin any Animal, and perbaps yet higher. 

"Tis not improbable alfo,but that our tafte may be very much improv d, 
either by preparing our taft for the Body, as, .after eating bitter things, 
Wine,or other Vinous liquors, are more fenfibly tafted ; or elfe by pre- 

| paring
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paring Bodies for our taft; as the diffolving of Metals with acid Liquors, 
make them taftable, which were before altogether infipid ; thus Lead be- 
comes {weeter then Sugar, and Silver more bitter then Gall, Copper 
and \ron of moft loathfome tafts. And indeed the bufinef? of this fenfe 
being to difcover the prefence of diffolued Bodies in Liquors put on the 
Tongue,or in general to difcover that a fluid body has fome folid body diffolo’'d 
in it, and what they are; whatever contrivance makes this difcovery 
improves this fenfe. In this kind the mixtures of Chymical Liquors af- 
ford many Inflances ; as the feet Vinegar that is impregnated with 
Lead may be difzovered tobe fo by the affufion of a little of an Alcalizate 
folution : Zhe bitter liquor of Aqua fortis and Silver may be difcover'd 
to be charg'd with that Metal, by laying in it fome plates of Copper : 
*Fis not improbable alfo,but there may be multitudes of other wayes of difco- 
vering the parts diffolw d, or diffoluble in liquors ; and what is this difco- 
very but a kind of fecundary tafting. 

°Tis not improbable alfo,but that the fenfe of feeling may be highly im- 
prov'd, for that being a fenfe that judves of the more grofs and robult 
motions of the Particles of Bodies, cems capable of being improv'd and 
affifted very many wayes. Thus for the diftinguifbing of Heat and Cold,the 
Weather-glafs and Thermometer, which [have deferib din this follow-- 
ing Treatife, do exceedingly perfect it; by each of which the leaft varia. 
tions of beat or cold, which the moft Acute fenfe is not able to diftinouifb,are 
manifefted This is oftentimes further promoted alfo by the help of Burn- 
ing-glatles,and the like, which colleét and unite the radiating beat. Thus 
the roughnefs and fmoothnefs of a Body is made much more fenfible by 

- the help of a Microlcope, then by the moft tender and delicate Hand, 
Perhaps, a Phyfitian might, by feveral otber tangible proprieties, difeover 
the confiitution of a Body as well as bythe Pulfe. Ido but inftance in 
thefe,to fhew what poffibility there may be of manyothers, and what proba- 

bility and: hopes there were of finding them,if this method were followed; 
for the Offices of the five Senfes being to deteEi either the fubtil and curi- 
ous Motions propagated through all pellucid or perfeéily homogeneous 
Bodies ; Or the more grols. and vibrative Pulfe communicated through 

the Ai and allother convenient mediums, whether fluid or folid : Or the 
effluvia
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effluvia of Bodies diflolv'd in the Air ; Or the particles of bodies dif 
folv’d or diffoluble in Liquors, or the more quick and violent tha: - 
king motion of heat in all or any of thefe: whatfoever does any wayes pro 
mote any of thefe kinds of criteria, does afford a way of improving fome 
one fenfe. And what a multitude of thefe would a diligent Man meet 

with in bis inquiries? And this for the helping and promoting the fenfi+ 

tive faculty only. 
Next,as forthe Memory, or retentive faculty, me may be Sufficiently 

inftruéted from the written Hiftories of civil actions, what great afft- 

flance may be afforded the Memory, in the committing to writing things ob- 

fervable innatural operations. If a Phyfitian be therefore accounted the 
more able in his Faculty, becaufe be has bad long experience and practice, 
the remembrance of which, though perhaps very imperfeEt, does regulate all 
his after ations : What ought to be thought of that man, that has not only 
a perfect regifter of his own experience,but is grown old with the experience 
of many bumdreds of years, and many thoufands of men. 

And though of late , men, beginning to be fenfible of this convenience, 
have here and there regiftred and printed fome few Centuries, yet for the 
moft part they are fet down very lamely and imperfectly, and, Ifear, many 
times not fo truly, they feeming, feveral of them, to be defign'd more for 
Oftentation then publique ule : For,not to inflance,that they do,for the 
moft part,omit thofe Experiences they havemade , wherein their Patients 
have mifcarried,jt is very eafie to be perceiv'd,that they do all along hyper- 
bolically extol their own Pre{criptions, and vilifie thofe of others. Note 
withfianding all which, thefe kinds of Hiftories are generally efteemt d ufe~ 
ful, even tothe ableft Phyfitian. 

What may not be expetied from the rational or dedu&tive Faculty 
that is furnifbt with fuch Materials, and thofe fo readily adapted, and 
rang'd for ufe,that in a moment, as ‘twere, thoufands of Inflances, erving 
for the illuftration,determination, or invention, of almoft any inquiry, 
may bereprefented even tothe fight ? How neer the nature of Axioms 
muft allthofe Propofitions be which are examin’d before fo many Wit- 
nefles? And how difficult will it be for any, though never fo fubtil an er- 
ror in Philofophy, to {cape from being difeover'’d, after it basindurd the 
touch, and fo many other tryals 2 d What
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What kind of mechanical way, and phyfical invention alfo 1 there re- 

_ guir’d,that might not this way be found out ? The Invention of away to 

find the Longitude of places is eafily perform'd, and that to as great per- 

feétion as is defir'd, or to as great anaccuratenels as the Latitude of 

places can be found at Sea; and perbaps yet alfo to a greater certainty 

then that has been hitherto found, as I fball-very fpeedily freely manifeft to 

the world. The way of flying in the Air feems principally unpraéticable, 

by reafon of the want of ftrength in humane mutcles ; if therefore 

that could be fuppli d,it were,I think, eafie to make twenty contrivances to 

perform the office of Wings : What Attempts alfo I have made for the 

fupplying that DefeEi, and my fucceffes therein, which, 1 think, are wholly 

new,and not inconfiderable, I fhall in another place relate. 

°Tis not unlikely alfo, but that Chymitts, if they followed thia method, 

might find out their fo much fought for Alkahett. What an univerfal 

Menftruum , which diffolves all forts of Sulphureous Bodies, Ihave 
difeouerd ( which bas not. been before taken notice of as fuch) Ibave 

hewn inthe fixteenth Obfervation. 
What a prodigious variety of Inventions in Anatomy has this latter 

Age afforded, even in our own Bodies,in the very Heart, by which we live, 

and the Brain,which is the feat of our knowledge of other things ? witne/3 

allthe excellent Works. of Pecquet, Bartholinus, Billius, and many 

others ; and at home, of Dofior Harvy,Doétor Ent,Doftor Willis,Dofor 

Gliffon. InCeleftial Obfervations we have far exceeded all the An- 
tients even the Chaldeans and Egyptians themfelves, whofe vatt Plains, 

high Towers,and clear Air, did not give them fo great adoantages over 
us, as we have over them by our Glafles. By the help of which, they have 
been very much outdone by the famous Galileo, Hevelius, Zulichem ; 

and our own Countrymen, Mr. Rook, Doétor Wren, and the great Orna- 

ment of our Church and Nation,the Lord Bilhop of Exeter. And to fay 
no more in Aerial Difcoveries, there has been a wonderful progre/$ made 

by the Noble Engine of the moft [lluftrious Mr. Boyle,whom it becomes 

‘ame to mention with all honour, not only as my particular Patron,but as the. 
Patron of Philofophy it felf; mbich he every day increafes by his La- 
bours, and adorns by his Example. 

oe a
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The good fuccefs of all thefe great Men,and many others, and the now 
feemingly great obvioutnels of moft of their and divers other Lnventions, 
which from the beginning of the world have been, as twere, trodon, and 
yet not minded till thefe lai inquifitive Azes ( an Argument that there 
may be yet bebind multitudes of the like) puts me in mind to recommend 
fach Studies,and the profecution of them by {uch methods, to the Gentlemen 
of our Nation,whofe leifure makes them fit to undertake, and the plenty 
of their fortunes toaccomplith, extraordinary thingsin this way. And I 
do not only propofe this kind of Experimental Philofophy as a matter of 
high rapture and delight of the mind, but even asa material and fenfi- 
ble Pleafure. So vaft is the variety of Objetts which will come under 
their Infpeétions, fo many different wayes there are of handling them, fo 
great is the fatistaction of finding out new things, that Idare compare 
the contentment which they will injoy,not only to that of contemplation, 
but even to that which moft men prefer of the very Senfes themfelves, 

And if they will pleafe to take any incouragement from fo mean 
and {0 imperfect endeavours as mine, upon my own experience, I can 
affure them,without arrogance, That there has not been any inquiry or Pro- 
blem in Mechanicks, that I have hithertopropounded to mny elf, but by a 
certain method ( which I may on fome other opportunity explain ) I have 
been able prefently to examine the poffibility of it ; and if fo, as eafily to ex- 
cogitate divers wayesof performing it: And indeed it is poffible to do as 
much by this method in Mechanicks, as by Algebra canbe perform'din 
Geometry. Nor can I at all doubt, but that the fame method is as ap- 
plicable to Phyfical Enquiries , and as likely to find and reap thence as 
plentiful a crop of Inventions ; and indeed there feems to be no fubjeE fo 
barren,put may with this good husbandry be highly improv d. 

Toward the profecution of this method inPhyfical Inquiries, I have 
ere and there gleaned up an handful of Obfervations, inthe collestion of 
moft of which Imade ufe of Microfcopes, and fome other Glafles and In- 
fruments that improve the fenfe ; which way I have herein taken , not 
that there are not multitudes of ufeful and pleafant Obfervables, yet uncol- 
keGied,obvious enough without the helps of Art, but only to promote the ufe 
of Mechanical helps for the Senfes,both in the furveying the already vifible 

World,
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World, and for the difcovery of many others hitherto unknown, and to make 

us,with the great Conqueror,to be affecied that we have not yet overcome one 

World when there are fo many others to be difcovered, every confiderable 
improvement of Telefcopes or Microfcopes producing new Worlds and 
Terra-Incognita’s to our view. 

The Glaffes Lufed were of our Englifh make,but though very good of the 

kind, yet far fbort of what might be expetted, could we once find a way of 
making Glaffes Elliptical, or of fome more true fhape ; for though both 
Microfcopes, andTelefcopes, as they now are, will magnifie an Objett 

about a thoufand thoufand times bigger then it appears to the naked eye ; 

yet the Apertures of the Objett-glalfes are fo very fmall,that very few Rays 

‘are admitted, and even of thofe few there are fo many falfe, that the Objeéi 
appears dark and indiftin& : And indeed thefe inconveniences are fuch,as 
fem infeparable from Spherical Glaffes, even when moft exatily madesbut 
the way we have hitherto made ufe of for that purpofe i {0 imperfett,that there 

may be perhaps ten wrought before one be made tolerably good, and moft of 

thofe ten perbaps every one differing in goodne)3 one from another, which is 

an Argument,that the way hitherto ufed is,at leaft,very uncertain. So that 

thefe Glaffes have a double defeét;the one,that very few of them are exaéily 

true wrought ; theother, that even of thofe that are beft among them, none 

will admit a fufficient number of Rayes to magnifie the Objett beyond a 
determinate bignef3. Againft which Inconveniences the only Remedies I 
have hitherto met with are thefe. 

Firft, for A4icrofcepes ( where the Object we view is near and within our 
power)the beft way of making it appear bright in the Glafs,isto cafta great 
quantity of light on it by means of convex glaffes,for thereby,though the aper- 
ture be very {mall,yet there will throng in through it fuch multicudes,that an 
Objec& will by this means indure to be magnifi'd as much again as it would 
be without it: The way for doing whichis this. Imake choice of fome 
Room that has only one window open to the South , and at about three or 
four foot diftance from this Window,on a Table, I place my Afcrofcope, and. 

then fo place either a round Globe of Water, or a very deep clear plawo con- 
vex Glafs ( whofe convex fide is turn'd towards the Window ) that there 

is a great quantity of Rayescollected and thrown upon the Objet: Or if 
the Sun fhine, I place a {mall piece of oyly Paper very near the Objet, be- 

tween that and thelight ; then witha good large Burning-GlafsI fo colleé& 

and throwthe Rayes on the Paper,that theremay bea very great quantity 

_ of light pafs througtrit to the Object yet I fo proportion that lighe, that it 
may
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may not finge or burnthe Paper. _ Inftead of which Paper there may be 
made ule of a fmall piece of Looking-glafs plate, one of whofe fides is made 
rough by being rubb'd on a flat Tool with very fine fand, this will, if the 
heat be leifurely caft on it, indure a much greater degree of heat, and con- 
fequently very much augment a convenient light. By all which means the 
light of the Sun, or of a Window, may be fo caft on an Object, asto makeit 
twice aslight as it would otherwile be without it, and that without any in- 
convenience of glaring, which the immediate light of the Sun is ver apt to 
create in moft Objects; for by this means the light isfo e nally dined. 
that all partsare alike inlightned 5 but when the Hihinediatahiphe of the Sun 
fallson it, the reflexions from fome few parts are {a vivid, that they drown 
the appearance of all the other, and are themlelves alfa, by reafon of the in-_ 
equality of light, indiftinét, and appear only radiant {pots. 

But becaule the light of the Sun, and alfothat of a Window, isina conti- 
nual variation, and {o many Objects cannot be view'd long enough by them 
to bethroughly examin'd; befides that, oftentimesthe Weather is fo dark 
and cloudy, that for many dayes together nothing can be view’d: And be- 
caufe alfo there are many Objects ta be met with in the night, which cannot 
fo conveniently be kept perhapstill the day, therefore to procure and cafta 
fufficient quantity of light on an Objeétin the night, f thought of, and often 
uled this, Expedient, 

Iprocur'd me a fall Pedeftal, fuch as is defcrib’d inthe fAfth Figure of 
the firft Scheme on the {mall Pillar A B, of which were two movable 
Armes CD, which by meansof the Screws EF, Tcould fix in any part of 
the Pillar 5. on the undermoft of thele I plac'd a pretty large Globe of Glafs 
G, fill’d with exceeding clear Brine, ftopt, inverted, and fixt in the manner 
vifible in the Figure 5 out of the fide of which Arm proceeded another 
Arm H, with many joyntss, to the end of which was faftned a deep plain. 
Convex glafs1, which by means of this Arm could be moved. to and fro, and 
fixt in any pofture. Onthe upper Arm was placed a fmall LampK, which 
could be fo mov'd upon the end of the Arm , asto be fet ina fit pofture to 
give light through the Ball: By means of this Inftrument duly plac’d , asis 
expreftin the Figure, withthe {mall flame of a Lamp may be caftas great 
and convenient a light on the Object as it will well indurezand being always 
conftant, and to be had at any time, 1 found moft proper. for drawing the 
reprefentations of thofe fmall Objects I had occafion to obferve. 

None of all which ways (though much beyond any other hitherto made 
ufe of by any I know ) do afford a fufticient help, but after a certain 
degree of magnifying,they leave us again in the lurch. Henceit were very — 
defirable, that fome way Were thought of for making the Object-gla of 
fuch a Figure as would conveniently bear a large Aperture. 

As for Telefcopes, the only improvement they fem capable of, is the 
increafing of their length ; for the Objett being remote, there is no thought 
of giving it a greater light then it bas ; and therefore to augment the 
Aperture, the Gla muft be ground of a very large [phere ; for,by that 

’ means.
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means,the longer tke Glaf be, the bigger aperture will it bear.if the Glaffes 
be of am equal goodwe/s in their kind. Therefore a fix will indure a 
much larger Aperture then a three foot Glafs ; and a fixty foot Glafs will 

proportionably bear a greater Aperture then a thirty,and will as much ex- 
cel it alfo asa fix foot does athree foot, as J have experimentally obfero'd 

in one of that length madeby Mr. Richard Reives here at London, 

which will bear an Aperture above three inches over, and yet make 

the Objet proportionably big and diftintt ; whereas there are very 
few thirty foot Glaffes that will indure an Aperture of more then twoin- 
chesover. So that for Telefcopes , fuppofing we had a very ready way 
of making their ObjeEt Glaffes of exaétly fpherical Surfaces, we might, by 

increafing the length of the Glaf3, magnifie the ObjeEt to any alfignable big- 

nefs. And for performing both thee, Icannot imagine any way more ea- 
fiesand more exaéi,, then by this following Engine,by means of which, any 
Glaffesof what length foever,may be fpeedily made.It feems the moft eafie, 
becaufe with one and the fame Tool may be with care ground an Objeéi 
Glafs,, of any length or breadth requifite, and that with very littleorno 
trouble in fitting the Engine , and without much skill in the Grinder. 
At feems to be the mofl exaéi, for to the very laft flroke the Glafs does 
regulate and rettifie the Tool toits exa&i Figure’, andthe longer or more 
the Tool and Glaf? are wrought together, the more exa&t will both of them 
be of the defir'd Figure. Further, the motions of the Glafs and Tool do 
fo crofs each other , that there is not one point of eithers Surface,but has 
thoufands of crofs motions thwarting it, fo that there can be no kindof 
Rings or Gutters made either in the Tool or Glafs. 

The contrivance of the Engine is, only to make the ends of two large 
Aandrils fo tomove , that the Centers of them may be at any convenient 
diftance afunder , and that the Axis of the Afandrils lying both in the fame 
plain produc’d, may meet each other in any affignable Angle 5 both which 
requifites may be “ well perform’d by the Engine defcrib’d in the third 
Figure of the firft Scheme : where A B fignifies the Beam of a Lath fixt per- 
penditularly or Horizontally, C D the two Poppet heads, fixt at about two 
foot diftance, EF an Iron Mandril,whofe tapering neck F runs in an adapt- 
ed tapering brafsCollar; the other end Eruns on the point of a Screw G5 
inaconvenient place of this is faftned H a pully Wheel, and into the end of 
it,that comes through the Poppet head C, is {crewed a Ring of a hollow 
Cylinder K, or fome other conveniently fhap'd Tool, of what widencfs fhall 

‘ be



The Prerace. 
b+ thought molt proper for the cize of Glaffes , about which itis to be ini- 
ploy'd: As, for Object glaffes, between twelve foot and an hundred foot 
Jong, the Ring may be about fix inches over, or indeed fomewhat 
more for thofe longer Glaffes. It would be convenient dlfo, and not 
very chargeable, to have four or five feveral Tools; as one for all Glaffes 
betweenan inchand a foot, one for all Glafles befween a foot and ten foot 
long, another for all between ten and an hundred,a fourth for all between & 
hundred and a thoufand foot long; andif Curiofity thall ever proceed fo 
far,one forall lengths between a thoufand and ten thoufand foot long; for 
indeed the principle is fuch,that fuppofing the Alazdrils well made,and of a 
good length, and fuppofing great carebe ufed in working and _polifhing 
them,] fee no reafon,but that a Glafs of a thoufand,nay of ten thoufand foot 
long, may be as well madeasone of ten; forthe reafonis the fame,fuppofing 
the Afandrils and Tools be made fufliciently ftrong, fo that they cannot 
bend; and fuppofing the Glafs, out of which they are wrought, be capable 
of fo great a regularity in its parts asto refraction: this hollow Cylinder K 
isto contain the Sand, and by being drove round very quick to and fro by 
means of a {mall Wheel,which may be mov'd with ones foot, ferves to grind. 
the Glafs: The other A@azdril is thap‘d like this, but it hasan even neck in- 
ftead of a taper one,and runs in a Collar, that by the help of a Screw, and a 
joynt made like M in the Figure, it can be ftill adjuftned to the wearing or 
wafting neck: into the end of this A/andril is {crewed a Chock N, on which 
with Cement or Glew is faftned the piece of GlafsQ_that isto be form’d 5 
the middle of which Glafs is tobe plac’d juft onthe edge of the Ring, and 
the Lath O P isto be fet and fist (by means of certain pieces and {crews, 
the manner whereof will be :fufficiently evidene'd by the Figure ) in fuch 
an Angle asis requifite to the forming of fucha Sphere as the Glafs is de- 
fign'd tobe of; the geometrical ground of which being fufficiently plain, 
though not heeded befare, I fhall, for brevities fake, pafs over. This laft 
Mandrilis to be made ( by means of the former, or fome other Wheel ) to 
run round very {wift alfo, by which two crols motions the Glafs cannot 
chufe (if care be usd ) but be wrought into a moft exactly {pherical 
Surface. 

But becaufe we are certain, from the Laws of refraktion ( which I 
I have experimentally found tobe fo,by an Inftrument I fhall prefently de- 
feribe) that thelines of the angles of Incidence are proportio- 
nate tothe lines of the angles of Refrattion, therefore if Glaffes could 
be made of thofe kind of Figures, or fome other, {uch asthe moft incompa- 
rable Des Cartes has invented,.and demonftrated in bis Philofophical and 
Mathematical Works,we might hope for a much greater perfeétion of Opticks 
then can be rationally expetted from fpherical ones; for though,ceeteris pa- 
ribus, we find, that the larger the Telefcope Objeét Glaffes are, and the 

florter thofe of the Microfeope, the better they magnifie, yet both of them, 
belide
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befide fuch determinate dimenfions , are by certain inconveniences rendred 

unufeful ; for it willbe exceeding difficult to make and manage a Tube 

above an hundred foot long, and it will be as difficult to inlighten an 

ObjeEt lef then an hundred part of an inch diftant from the Objelt Gla. 
* ’ * 

Ihave not as yet made any attempts of that kind, though I know two or 

three wayes, which, as far as I have yet confidered, feem very probable,and 

may invite me to make a tryal as foon as Ihave an opportunity, of which I 

may hereafter perbaps acquaint the world. Inthe Interim, 1 foall defcribe 

the Inftrument Teven now mention’ d, by which the refrattion of all kinds 

of Liquors may be moft exa€ily meafur'd, thereby to give the curious an 

opportunity of making what further tryals of that kind they fhall think, 

requifite to any of their intended tryals ; and to let them fee that the laws 

of Refraction are not only notional. 
The Inftrument confifted of five Rulers, or long pieces placed together, 

after the manner expreft in the fecond Figure of the firft Scheme, where 

AB denotes a ftraight piece of wood about fix foot and two inches long, 

about three inches over, and an inch and half thick , on the back fide of 

which washung a finall plummet by a line ftretcht from top to bottom, by 

which this piece was fet exactly upright,and fo very firmly bri 3 inthe mid- 
dle of this was made a hole or center, into which one end of a hollow cy- 

lindrical brafs Box CC, fafhion’d asI thall by and by defcribe, was placd, 
and could very eafily and truly. be mov‘d to and fro 5 the other end of this 
Box being put into, and moving in, ahole made in a fmall arm DD into 
this box was faftned the long Ruler EF, about three foot and three or four 

inches long, and at three foot from the above mention’d Centers P P_ was 
a hole E, cut through, and crofs'd with two fmall threads, and atthe end of 
it was fixt a {mall fight G, and on the back fide of it was fixt a {mall Arm H, 
with a Screw to fix it inany place on the Ruler LM; thisRuler LM was 
mov'd onthe Center B (which was exactly three foot diftance from the 

middle Center P) and a line drawn through the middle of it LM, was 
divided by a Line of cords into fome fixty degrees,and each degree was fub- 
divided into minutes, fo that cies ted crofs of the threads in E upon any 
part of this divided line, I prefently knew what Angle the two Rules AB 
and: EE made with each other, and by turning the Screw inH, I could fix 
them in any pofition. The other Ruler alfo RS was made much after the 
fame manner, only it was not fixt to the hollow cylindrical Box, but,by means 

of two {mall brafs Armes or Ears, it mov'd on the Centers of it 5 thisalfo, 

by means of the crof threads in the hole $, and by a Screw in K, could be 
faftned on any divifion of another line of cords of the fame radius drawn on 

NO. And fo by that means, the Anglemade by the twoRulers, AB and 

RS, was alfo known. The Brafs box CC in the middle was fhap'd yery 
much like theFigure X, that is, it wasacylindrical Box ftopp'd clofe at ei- 

ther end,off of which a part both of the fides ant bottomes was cut out, fo 
that
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that the Box, when the Pipe and that was joyne d to it, would contain the 
Water when fill'd half full, and would likewife, without running over, in-” S  aite to beinclin’d to an Angle , equal to that of the gteateft refraction, of 
Water, and no more,without running over. The RulerE F was fixt very fatt 
to the Pipe V, fothat the Pipe V diretted the length of the RulerE Fyand 
the Box and Ruler were mov'd on the Pin TT, {0 as to make any defi- 

_ rable Angle with theRuler AB. The bottom of this Pipe V was ftop'd 
with a {mall piece of exactly plain Glafs , which was plac’d exactly per- 
pendicular to the Line of direction, or Axis of the Ruler EF. ThePins 
alfo TT were drill'd with fmall holes through the Axis,and through thofe 
holes was ftretcht and faftned a {mall Wire. There was likewile a {mall 

_ Pipe of Tin loofly put onupon the end of V, and reaching downto the 
fight G5 the ufeof which was only to keep any falfe Rayes of light from 
pafling through the bottom of V, and only admitting fuch topafsas pier- 
ecd through the fight G: All things being placed together in the manner 
defcrib'd in the Figure 5 thatis, the Ruler AB being fixt perpendicular, I 
fill’d the Box CC with Water, or any other Liquor, whofe refraction I in- 
tended'to try, tillthe Wire pafling through the middle of it were jutt co- 
vered: then I moved and fixt the Ruler F E at any aflignable Angle, and 
placed the flame of a Candle juft againft the fight G ; and looking through 
the fight J, I moved the Ruler R $ to and fro, till E perceived the light pai~ 
fing through G to be covered, as 'twere, or divided by the dark Wire pat 
fing through PP: then turning the Screw inK, I fixt it in that potture : 
And through the hole $, Tobferved what degree and part of it was cut by 
the crofs threadsin $. And thisgave me the Angle of Inclination, APS 
anfwering to the Angle of Refraction BPE: forthe {urface of the Liquor 
in the Box will be alwayes horizontal , and confequently AB will be a 
perpendicular to it; the Angle therefore APS will meafure, or be the 
Angle of Inclination inthe Liquor 3 next E PB muftbe the Angle of Re- 
fraction,for the Ray that pafles throughthe fight G, pafles al perpendicu- 
larly through the Glafs Diaplragme at F, and confequently alfo perpendi- 
cularly through the lower furface of the Liquor contiguous to the Glafs, and 
therefore fuffersno refraction till it meet with the horizontal furface of the 
Liquor in C C, whichis determined by the two Angles. 

By means of this Inflrument I can withlittle trouble, and avery 
fall quantity of any Liquor, examine, moft accurately, the vefrattion 
of it , not only for one inclination, but for all; and thereby am inabled 
tomake very accurate Tables ; feveral of which Ihave allo experimentally 
made,and find, that Oyl of Turpentine has amuch greater Refraétion 
then Spirit of Wine, though it be lighter ; and that Spirit of Wine 
bas a greater Refrattion then Water, ‘though it be lighter alfo + but that 
falt Water alfo bas a greater Refraction then freth, though it be heavier < 
but Allum water has a le refrattion then common Water; though bed. 
wier alfo.So that it feems,asto the refraction made in a Liquor ,the fpect- 

. f fiels



The Prerace. 
fick gravity #4 ofno efficacy By this Thave alfo found,that look what pro 

portion the Sine of the Angle of one Inclination has to the Sine of the 

Angle of Refiagtion, correfpondent toit, the fame proportion have all 

theSines of other Inclinations to the Sines of their appropriate Refrattions. 

My way for meafuring how mucha Glafs magnifies an Objet, plac'd ata 

convenient diftance from my eye,is this. Having rectifi'd the Adicrofcope, to | 

fee the defir’d Object through it very diftin@ly, at the fame time that I look 

upon the Object through the Glafs with one eye, I lookcupon other Objects 
at the fame diftance with my other bare eye; by which meansT am able, 

by the help of a Ruler divided into inchesand fmall parts, and laid on the 
Pedeftal of the Adicrofcope,to caft,as it were, the magnifid appearance of the 

Object upon the Ruler,and thereby exactly to meafure the Diameter it ap- 

pears of through the Glafs, which being compar’d with the Diameter it ap- 
pears of to the naked eye, will eafily afford the quantity of its magnify- 
ing. 
She Microfeope, which for the moft part I made ufe of, was fhap’d much 

like that in the fixth Figure of the firft Scheme, the Tube being for the moft 
part not above fix or feven inches long,though, by reafon it had four Draw- 
ers, it could very much be lengthened, as occafion required; this was con- 

triv'd withthree Glafles;a {mall Objeé& Glafs at A,a thinner Eye Glafs about 

B, and a very deep one about C: this Imade ufe of only when I had oc- 
cafion to fee much of an, Objeét at once; the middle Glafs conveying a 
very great company of radiating Pencils, which would go another way, and 

throwing them upon the deep Eye Glafs. But when ever I had occafton to 
examine the fmall parts of a Body more accurately, 1 took out the middle 
Glafs,and only made ufe of one Eye Glafs with the Object Glaf, for always 
the fewer the Refractions are, the more bright and clear the Objet appears, 
And therefore ’tis not to be doubted , but couldwe makea Afcrofcope to 
have one only refraction, it would, ceteris paribus, far excel any other that 
had agreater number. Andhenceitis, thatif youtakea very clear piece 
of abroken Venice Glaf&, and ina Lamp draw it out into very {mall hairs or 
threads, then holding the ends of thefe threads in the flame, till they mele 
and run into afmall round Globnl,.or drop, which will hang at the end of 
the thread; and if further you ftick feveral of thefeuponthe end of a ftick 
with a little fealing Wax, fo as that the threads ftand upwards, and then on 
a Whetftone firft grind off'a good part of them, and afterward ona fmooth 
Metal plate; with a little Tripoly, rub them till they come to be very 
fmooth; if ‘ofeof thefe be fixt with a little foft Wax againft a {mall needle 
hole,prick’d through a thin Plate of Brafs, Lead, Pewter, or any other Me- 
tal, and an Object, plac’d very near, be look’d at through it, ic will both 
magnifie and. make fome Objects more diftinct then any of the great Afcro- 
feopes. But becaufe thefe, though exceeding cafily made, are yet very trou- 
blefome to be us‘d,becaufe of their fmalnefs,and the nearnefsof the Obje& 5 
therefore to prevent both thefe, and yet ha ve only twoRefractions, I pro- 
vided mea Tube of Brafs, fhap’d much like that in the fourth Figure of the 
firft Schemes into the fmaller end of this} fixt with Wax a good plano con- 

vere
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vex Object Glafwith the convex fide towards the Object, and into the 
bigger end I fixt alfo with wax a pretty large plano Convex Gla, with 
the convex fide towards my eye, then by means of the {mall hole 
by thefide, I fill’d the intermediate fpace between thefe two Glaflés 
with very clear Water, and with a Screw ftopp'd itin; then putting 
ona Cell forthe Eyes I could perceive an Object more bright then I could 
when the intermediate {pace was only fill’d with Air,but this, for other in- 
conveniences, I made but little ufe of. 

My way for fixing both the Glafs and Object _to the Pedeftal moft conve- 
niently was thus: Upon one fide of a round Pedeftal A B, in the fixth Fi- 
gure of the firft Schewe,was fixt a finall Pillar C C, on this was fitted a {mall 
Iron Arm D, which could be mov'd up and down, and fixt in any part of the 
Pillar,by means of a fmall Screw E5 onthe end of this Arm was a {mall Ball 
fitted intoa kind of focket F, made in the fide of the Bra Ring G, through 
which the fmall end of the Tube was ferew'd; by means of which contri- 
vance I could place and fix the Tube in what pofture I defir’d (which for 
many Obfervations was exceeding neceflary ). and adjuften it moft exactly 
to any Object. 

For placing the Object,f made this contrivance; upon the énd of a {mall 
brafs Link or Staple HH, I fofaftned around PlateII,. that it might be 
turnd round upon its Center K, and going pretty ftiff, ahd ftand 
fixt inany pofture it wasfet 5 onthe fide of this was fixt a {niall Pillar P, 
about three quarters of aninch high, and through the top of this was thruft 
afmalllron pin M, whofetop juft ftood over the Centerof the Platé ; on 
this top I fixt a {mall Objeét, and by means of thefe conttivancés] was able 
to turnit into all kind of pofitions, both tomy Eye and the Light 5 forby 
moving round the fmall Plate on its center, { could move it one way, and by 
turning the PinM, I could move it another way, and this without ftirring 
the Glaf at all, or at leaft but very little: the Plate likewife Icould move 
to and fro to any part of the Pedeftal ( which in many cafes was very con- 
venient ) and fix it alfo in any Pofition, by means of a Nut N, which was 
{crew’d on upon the lower part of the Pillar CC. All the other Con- 
trivances are obvious enough from the draught,and will need no defcription 

Now though this were the Inftrument I made moft ufe of, yet I bave 
made feveral other Tryals with other kinds of Microfcopes, which both 
for matter and form were very different from common fpberical Glaffes. 
Thave made a Microfcope with one piece of Glafs, both whofe furfaces 
wereplains. I have made another only with a plano concave, without 
any kind of reflettion, divers allo by means of tefle€tion. © Phave made 
others of Waters, Gums, Refins, Salts, Arfenick, Oyls, and with 
divers other mixtures of watery and oyly Liquors.  Andindeed the 
fubje5tis capable of a great variety but I find generally none more ufe- 
ful then that which is made with two Glaffes, fuch asf have already dex 

for d. What
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What the things are I obfere'd, the following defcriptions will manifeft ; 

in brief, they were either exceeding fimal! Bodies, or exceeding {mall 
Pores, or exceeding {mall Motions, fame of each of which the Reader 

will find in the following Notes.and fuch, asIprefume, ( many of then 

at leaft) will be new, and perhaps not les ftrange: Some fpecimen of 

each of which Heads the Reader will find in the fubequent delineations, 
and indeed of fome more then I was willing there fhould be; which was 

occaftoned by my firft Intentions to print a much greater number then I 

have fince found time to compleat. Of fuch therefore as Ihad,I feleéi- 

ed only fome few of every Head, which for fome particulars feemn'd moft ob- 
fervable, rejecting the reft as fuperfluons to the prefent Defign. ; 

What each of the delineated Subjetis are,the following defcriptions an- 
next to each will inform,of which I fball bere, only once for all, add, That 

in divers of them the Gravers have pretty well follow d my direétions and 
draughts ; and that in making of them, I indeavoured ( as far as Iwas 
able) firftto difcover the true appearance , and next to make a plain re- 
prefentation of it. This Imention the rather , becaufe of thefe kind of 
Objeéts there is much more difficulty to difcover the true fhape, then of 
thofe vifible to the naked eye, the fame ObjeEl feeming quite differing, in 
one pofition tothe Light, from what it really is,- and may be difcover’d 
in another. And therefore I never began to make any draught before by 
many examinations in feveral lights, and in feveral pofitions to thofe 
lights, Thad difcover'd the true form. For it is exceeding difficult in 
fome Objetis , to diftinguifb between a prominency and adepreffion, 
between a fhadow anda black ftain, ora refleétion and awhitenefs 
inthe colour. Befides, the tranfparency of moft Objetis renders them 
yet much more difficult then if they wereopacous. The Eyes of a Flyin 
one kind of light appear almoft like a Lattice, drilld through with abun- 
dance of fimall holes ; which probably may be the Reafon, why the Ingeni- 
ous Dr. Power feems to fuppofe them fuch. In the Sunfbine they look. 
like a Surface cover’d with golden Nails ; in another pofure,like a.Sur- 
face cover'd with Pyramids , in another with Cones; and in other po- 
fiures of quite other hapes , but that which exhibits the bef, is the Light 
colleéted onthe Objei, by thofe means Ihave already defcrib'd. 

\ And
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And this was undertaken in profecution of the Defign which the ROY= 

AL SOCIETY has propos'd to it felf. For the Members of the Affembly ha- 
ving before their eys fo many fatal Inflances of the errors and fal{hoods,in which 
the greateft part of mankind bas fo long wandred, becaufe they rely dupon the 
firength of humane Reafon alone, have begun anew to correét all Hy- 
pothefes by fenfe, as Seamen do their dead Reckonings by Corlettial 

_ Obfervations;and to this purpofe it bas been their principal indeavouir to en- 
| large de ftrengthen the Senfes by Medicine,and by fuch outward Inftru- 
| ments asare proper for their particular works. By this means they find fome 

reafon to fufpettthat thofe effecis of Bodies,which have been commonly attri- 
buted to Qualities, and thofe confef3d to be occult, are performd by the 
fall Machines of Nature, which are not to be difcern'd without thefe helps, 

——_feeming the meer produéts of Motion,Figure,and Magnitude; and that the 
Natural Texcures, which fome call the Plattick faculty, may be made in 
Looms,mbich a greater perfection of Opticks may make difcernable by the(é 
Glaffes:fo as now they are no more puzzled about them,then the vulgar are to 
conceive,powTapeltry or fiowred Stufts are woven. And the ends of all thefé 
Inquiries they intend to be the Pleafure of Contemplative minds; but above 

_—_all;the eae and difpatch of the labours of mens hands. They do indeed neg- 
Jeét no opportunity to bring all the rare things of Remote Countries within the 
compa/s of their knowledge and praétice.But they ftill acknowledg their moft 
ufeful Informations to arife from common things, and from diverfifying, 
their moft ordinary operations upon them. They do not wholly rejeéi Experi 
ments of meer light and theory ; but they principally aim at fuch, whofe 
Applications will improve and facilitate the prefent way of Manual Arts. 
And though fome men, who are perhaps taken up about lef honourable Em- 
playments, are pleas'd to cenfure their proceedings, yet they can’ fhew more 
fruits of their firft three years, wherein they have affembled, then vary other 
Society in Europe can for d.much larger fpace of time.’Tis true, fuch ume 

— dertakings as. theirs do.commonly meet with fmallincouragement.,« Becanfe 
men are generally rather taken with the plaufible and difcurfive, then the 
real and the folid part of Philofophy ; yet by the good fortune of theirinftitns\ 
tion,in.an-Age of all others the moft inquifitive,they have\been afiftid by the\ 

| contribution and prefence of very many of the chief Nobility and — : 
. g an
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and otbers,who are fome of the moft confiderable in their feveral Profefftons. 
But that that yet farther convinces me of the Real efteem that the more fe- 
rious part of men have of this Society, is, that feveral Merchants,men who 
ac in earnefi( whofe Obje% ix meum dg tuum,that great Rudder of humane 

affairs ybave adventur'd confider able fums of Money,to put in prattice what 
ome of our Members have contrived, and have continued {tedfaft in their 
good opinions of fuch Indeavours, when not one of a hundred of the vulear 
have believed their undertakings feafable. And it is alfo fit to be added.that 
they have one advantage peculiar to themfelves,that very many of their num= 
ber are men of Converfe and Traffick ; which is a good Imen, that their 

attempts will bring Pbilofophy from words to a&tion, (eeing the men of Bufi- 
nef have had fo great a foarein their firft foundation. losM 
And of this kind Iought not to conceal one particularGenerofity which more 

nearly concerns my felf.It is the munificence of Sir JohnCutler,in endowing 
a Lecture for the promotion of Mechanick Arts,to be governed and direCied 

byThisSociety .7bisBounty I mention for the Honourablenefs of the thing it 
felf,and for the expeCtation which I have of the efficacy of the Example ; for 
it cannot now be objetted to them,that their Defigns will be efteemed trivolous 
and vain, when they have fuch a real Teftimony of the Approbation of 
a Man that is fuch an eminent Ornament of this renowned City, ‘and one, 
who, by the Variety, and the happy Succefs, of his negotiations, bas given 
evident proofs, that heis not eafte to be deceiv'd. This Gentleman bas well 
obfervd, that the Arts of life bave been toolong imprifon'din the dark, 
poops of Mechanicks themfelves,.> there hindred from growth,either by ig 
norance,or felf-intereft:and be has bravely treed them from thefe inconveni= 
ences:He hath not only obliged Tracetmen,but. Trade it felfsHehas done'a 
mork that is worthy of London,» and bas taught-the chief City:of Commerce, 
inthe world the right way bow Commerce istabe improv d. We have alread) 
feewmany other great figns of Liberality and:alarge mind,:fromthe fame 
hand: For by bis diligence about theCorporation for the Poor;by his horto= 
rableSubferiptions for the rebuilding of St.Paul's;bphis chvarfulDisburts 
ment forthe replanting of Ireland,and by many other fueh publick works, 
he has, flew by what means be indeavours to eftablith his'Memory;. and: 

now by shirbaft gift he has done thanmbich bec ame.one of the wifettiCirizens>
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of our Nation to accomplifh, fecing one of the wifeft of our Statefmen,the 

Lord Verulam, firft propounded it, 
But to return to ony SubjeGi, from a disreffion, which, I hopemy Reader 

will pardon._me, feving the Example is fo rare that can make no more {uch 

digreffions. If thefe my frp Labours fall be any wayes  ufefulto ingui- 

ring men, I nmuft attribute the incouragement and promotion of them toa ve- 

ty Reverend and Leaned Perfon,of shone this ought in jufiice to be aid, 

That there is: {carce any one Invention, which this Nation has pro- 

duc'd inour Age, but ic has fome way or other been fet forward by 

his affiftance. My ReadersJ belicwe shill quickly ghee, that it is Dr. Wil- 

kins that Imean.He isindeed aman born for the good of mankind,and for 

the honour of bisCowutry.. Jn the {weetnels of mhofe behaviourya the 

calmnef of bis mind, in the unbounded goodnefs of his heart, we have 

‘an evident Inftance, whit thetrwe and the primitive unpaffionate Religi- 

on was, before 2 was fowred by particitlar Factions. fz a word, his Zeal 

has been foconttant and eftectual \in advancing all good and profitable 
‘Aics,that. wore of the Antient Romans faid of Scipio, That he thanked 
God that he was a Roan 3 becaule whereever Scipio had been: born, 

therehad been the (earofithe Empire. of the world: So nay. Lthank, 

God, thir Dey Wilkins'y'asunEnglifhman, for whereever be bad Jived, 

there bad been the chief Seat-of generoug Knowledge amd true Phi'ofo- 

phy. Zo thetruth of tbidzhere are (o many worthy mex icing that will fub- 
feribe, that Tam confident, what I have bere faid,. will not be\ looksed wpon, 

‘by any ingeniows’ Reader,’ asa. Pandgyrick, bait only\ asa teal. telti- 

19)! By the Advice of whis Excellent man\I firft fet upon this Enter ifes yet 

“fiill cainato it with mich Relakancy.becaufe I wasto foMar the feorftepsof 
=f eriinent a Perfon'as Dr Wren abo wasthe fit that attempted arly 
thing of this nature ; whofe original draughts do now makeonéof. thet@rae- 
ments of that great ColleCiion of Rarities in the Kings Clofet. This Ho- 

nor, which his firft beginnings of this kind have receiv d, to be admitted in- 
to the moft famous place of the world,did not fo much incourage, as the ha- 

zard of coming after Dr. Wren did aftright me ; for of him Inuft affirm, 

tbist,- fince the time of Archimedes, there fcarce ever met int one man, in fo 

great
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great a perfeétion, fuch a Mechanical Hand, and fo Philofophical a 
Mind. 

But at laft,being affured both by Dr. Wilkins,and Dr. Wren himnfelf, 
that he had given over his intentions of profecuting it, and not finding that 
there was any elfe defign'd the purfuing of it, {et upon this undertaking, and 
was not a little incourag'd to proceed in it,by the Honcur the Royal Society 
was pleas'd to favour me with,in approving of thofe draughts (which from 
time totime as Ihad an opportunity of defcribing) Iprefented to them, And 
particularly by the Incitements of divers of thofe Noble and excellent Per- 
fons of it, which were my more efpecial Friends,who were not lef3 urgent with 
me for the publifbing, then for the profecution of them. 

After I bad almoft compleated thefe Pittures and Obfervations ( ha- 
ving had divers of them ingraven , and was ready to fend them to the 
Prefs) Iwas informd , that the Ingenious Phyfitian Dr. Henry Power 
had made feveral Microfcopical Objfervations,which had I not afterwards, 
upon ottr interchangably viewing each others Papers, found that they were 
for the moft part differing from mine, either in the SubjeEt it felf, or in the 
particulars taken notice of ; and that bis defign was only to print Obfer- 
vations without Piftures,I bad even then fapprefled what Ihad fo far pro» 
ceededin. But being further excited by feveral of my Friends, in comply- 
ance with their opinions, that it mould not be unacceptable to feveral inqui- 
fitive Men, and hoping alfo, that I fhould thereby difcover fomething 
New tothe World, Ihave at length caft in my Mite, into the vaft Treafu- 
ry of A Philofophical Hiftory. And it ts my hope, as well'as belief, that 
thefe my Labours will be no more comparable to the Produétions of : many 
other Natural Philofophers, who.are now every where bufie about greater 
things ; then my little Objetts. are tobe compar'd to the greater.and more 
‘beautiful Works of Nature, A Flea, a Mite, a Gnat, to an Horfe,an Ele- 
phantor a-Lyon. you: ty | \ eauléAo wats
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MICROGRAPHIA; 
OR SOME 

Phyfiological Defcriptions 
; OF 

MINUTE BODIES: 
MADE BY 

MAGNIFYING GLASSES; 
WITH 

OBSERVATIONS and InquiRigs thereupon, 

Obferv. 1. Of the Point of a fbarp finall Needle, 
BP EeQhA 2)S in Geometry, the moft natural way of beginning is schest.2; 
DEAS from a Mathematical point 5 foisthe fame method in Fig.t, as KGSS))_ Obfervationsand Natural hiftory the moft genuine.fim- 
AKG “AN \ety @& ple;and inftructive. We mutt firft endevour to make 
a, PA letters, and draw fingle ftrokes true, before we ven= 
we Ce) Rt ture to write whole Sentences, or to draw large Pi PSC SNS ures. And in Phyfical Enquiries, we muft endevour 

to follow Nature in the more plaz» and eae ways fhe 
treadsin the moft fimple and uxcompounded bodies, to trace her fteps, and 
be acquainted with her manner of walking there, before we venture our 
{elves into the thultitude of meanders the hasin budies of a more complica- 
tednature 5 left, being unable to diftinguith and judge of our way, we 
uickly lofe both Nature our Guide,and our Jelves too.and are left to wan- 

in the /abyrinth of groundlef opinions 5 wanting both judgment, that 
light, and experience, that cleiy, which fhould direét our proceedings. 

We will begin thefe our Inquiries therefore with the Obfervations of 
Bodies of the moft fimple xature firft,and gradually proceed to thole ofa more compounded one.In profecution of which method, we fhall begin with a Phyfical points of which kind the Point of a Needle is commonly reckon’d 
for one ; and is indeed, for the moft part, made fo fharp, that the naked eye cannot diltinguith any parts of it : It very eafily pierces, and makes its 
way through all kind of bodies fofter then it felf:But if view’d witha very 
good Aicrofiope, we may find that the tep of a Needle (though as “: o 
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fenfe very harp ) appears a broad,blunt, and very irregular end 5 not referi- 
bling a Cone, as is imagin’d, but onely a piece of a tapering body, witha 
great part of the top remov'd, or deficient. The Points of Pins are yet 
more bine and the Points of the moft curious Mathematital Inftruments 
do very feldome arrive at fo great afharpnefs; how much therefore can 
be built upon demonftraticns made onely by the productions of the Ru- 
ler and Compaffes, he will be better able to confider that fhall but view 
thofe points and lines witha Microfcope. 

Now though this point be commonly accounted the fharpeft (whence 
when we would exprefsthe fharpnefs of a point the molt /uperlatively, we 
fay, As fharp asa Needle) yet the Aéicrofcope can afford us hundreds of In- 
{tances of Points many thoufand timesfharper: fuch as thofe of the hairs, 
and briffles, and claws of multitudes of Infects; the thorns, or crooks, or , 
hairs of leaves, and other {mall vegetables; nay, the ends of the /tirze ot 
fmall parallelipipeds of Amianthus, and alumen plumofum; of many of 
which, though the Points are fo fharpas not tobe vifible, though view'd 
witha ‘Micappe (which magnifies the Object, in bulk, abovea million of 
times) yet I doubt not, but were we able praéfically to make Aficrofcopes 
according to the theory of them, we might find hills, and dales,and pores, 
and a fuflicient bredth, or expanfion, to on allthofe parts elbow-room, 
even inthe blunt top of the very Point ofany of thefe fo very fap bodies. 
For certainly the quantity or extenfion of any body may be Divifible in iz- 
Jritum, though perhaps not the atter. 

But to proceed: The Image we have here exhibited in the 
firft Figure, was the top of a {mall and very fharp Needle, whofe 
point a a neverthelefs appear'd through the Afcrofcope above a 
quarter of an inch broad, not round nor flat, but arregular and n#- 
ever; fo that it feem’d to have been big enough to have afforded a 
hundred armed Mites room enough to be rang’d_ by each other’ without 
endangering the breaking one anothers necks, by being thruft off on ei+ 
ther fide: The furface of which, though appearing to the naked eye very 
fmooth,could not neverthelefs hide a multitude of holes and feratches and 
ruggedneffes from being difcover’d by the Adicrocope to invelt it, feveral 
of which inequalities (as A,B,C, feem'd oles made by fome {mall {pecks of 
Rut; and D fome adventitions body, that {tuck very clofe to it) were ca- 
foal. Allthe reft that roughen the furface, were onely fo many marks of 
the rudenefs and bane of Art. So unaccurate is it, in all its producti- 
ons, even in thofe which feem moft neat, that if examin’d with an organ 
more acute then that by which they were made, the more we {ve of their 
foape, the lefs appearance will there be of their beaxty : whereas in the 
works of Nature, the deepeft Difccveries fhew us the greateft Excellen- 
cies. An evident Argument, that he that was the Author of all thefe 
things, was no other then Ovnipotent 5 being able to include as great a va- 
riety of parts and contrivances inthe yet fmalleft Difcernable Point, as in 
thofe vaiter bodies (which comparatively are called alfo Points) fuch as 
the Earth, Sux, or Planets. Nor need it {eem ftrange that the Earth it elf 
may be by an Avalogie call’d a!Phyfical Point:For as its body,though now 
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| MicroGRAPHIA, 2 
fo near us as to fill our eysand fancies witha fenfe of the vaftnefs of it; 
may by alittle Diftance, and fome convenient Diminifhing Glafles, be 
made vanifh into a fcarce vifible Speck, or Point (as I have often 
_try'd on the 4fvoz, and (when not too bright) on the Suz it felf) So, 
coulda Mechanical contrivance fuccesfully an{wer our Theory, we might 
fee the leaft {pot as big as the Earth itfelf; and Difcoyer, as Des Cartes Diop. ch. 
alfo conjectures, as great a variety of bodies in the 2@om, or Planets, as in *©. § 9. 
the Earth, 

| But leaving thefe Difcoveries to future Induftries; we fhall proceed to 
add one Obfervation more of a poz#t commonly fo call’d,that is, the mark 
of a full flop, or period. And for this purpofe I obferved many both printed 

_ onesand written sand among multitudes I found fe of thetn more round 
or regular then this which I have delineated in the third figure of the f{e- 
cond Scheme, but very many abundantly more disfigur’d; and for the 

_  moft part if they feem'd equally round to the eye, I found thofe points 
that had been made by a Copper-plate, and Roll-prefs, to be as misthapen 
as thofe which had been made with Types, the moft curious and {mothly 

—s engraven firokes and points, looking but as fo many furrows and holes, and 
their printed impreffions, but like fwutty danbings on a matt or uneven 
floor with a blunt extinguifht brand or ftick’s end. And _ as for points 
made with apem they were much more rugged and deformed. Nay,havin 

| view’d certain pieces of exceeding curious writing of the kind ( one A 
_  whichinthe bredth of a tio-pence compris'd the Lords prayer, the Apoftles 

Creed; the ten Commandments, and about half a dozen verfes befides of the 
Bible, whofe lines were fo fmall and near together, that 1 was unable to 
number them with my #aked eye,a very ordinary AZicrofcope, had thena- 

_ bout me, inabled meto fee that what the Writer of it had afferted was 
true, but withall difcover'd of what pitifull baxgling fcribbles and {crawls 
it was compos'd, 4rabian and China charaéfers being almoft as well fhap'd 5 

| yet thus much I mutt fay for the Man, that it was for the moft part legible 
enough, though in fome places there wanted a good fantfy well prepofeft 

|  tohelponethrough. _ If this manner of fal! writing were made eafie and 
| practicable (and I think I know fucha one, but have never yet made 
| __ tryal of it, whereby one might be inabled to write a great deale with wuch 
| eafé, and accurately enough in avery /ittle roome) it might be of very 

good ufe to convey secret Intelligence without any danger of Difcovery 
or cite But to come again tothe point. The Zrregularities of it 
are caufed by three or four coadjutors, one of whichis, the never furface 
ofthe paper, which at beft appears no fmother then a very courfe plece of 
hag d cloth, next the irregularity of the Type or Ingraving, anda third is the 
rough Danbing of the Printing-Inkthat lies upon the inftrument that makes 
the impreffion, to all which, add the variation made by the Different 
lights and fhadows, and you may have fufficient reafon to ghefs that a point 
may appear much more #g/y then this, which I have here prefented, which 
aah it appear'd through the Aficrofcope gray, like a great fplatch of 
London dirt, about three inches over; yet to the zaked eye it was black, 
and no bigger then thatin the midft of the Circle A. And could Ihave 

found 

|



a MicrocRaAPHIA, 
found Room in this Plate to have inferted an O you fhould have feen that 
the Jetters were not more diftiné then the points of Diftin@ion, nora 
drawn circle more exactly fo,then we have now fhown a point to be a point. 

Obferv. 11. Ofthe Edge of a Razor. 

Schers.2. He fharpeft Edge hath the fame kind of affinity to the fharpeft Point 
Fig. 2. i in Phyficks, as a Hive hath to a poizt in Mathematicks ; and therefore 

the Treaty concerning this, may very properly be annexed to the for- 
mer. A Razor doth appear to be a Body of a very neat and curious a- 
fpect, till more clofely viewed by the Adicrofcope, and there we may ob- 
ferve its very Edge to be of all kind of fhapes, except what it fhould be. 
For examining that of a very fharp one, I could not find that any part of 
it had any thing of fharpnefs in it; but it appear’d a rough furface of a 
very confiderable bredth from fide to fide, the siceiriall part not feem- 
ing thinner then the back of a pretty thick Knife. Nor is't likely that it 
fhould appear any otherwife, fince as we juft now fhew’d that a point ap- 
pear d a circle, tis rational a line fhould be a parallelogram. 

Now for the drawing this fecond Figure(which reprefents a part of the 
Edge about halfa quarter of an inch long of a Razor well fet) I fo plac’d ie 
between the Obje¢t-glafs & the light,that there appear'd a reflection from 
the very Edge seprelntd by the white line abcde f. In which you may 
perceive it to be fomewhat fharper then elfewhere about d, to be indent- 
ed or pitted about 4, to be broader and thicker about ¢, and unequal 
and rugged about e, and pretty even between 2b and ef. Nor wasthat 
part of the Edge ¢ 47 fo fmooth as one would imagine {fo {mooth bo- 
dies asa Hone and Oy] fhould leave it ; for befides thofe multitudes of 
feratches, which appear to have raz’d the furface g hi k, and to crofg 
each other every way which are not half of them expretft in the Figure, 
there were feveral great and deep {cratches, or furrows, fuch as ¢ 4 and 
#k, which made the furface yet more rugged, caus‘ perhaps by fome 
fmall Duft cafually falling on the Hone, or fome harder or more flinty 
part of the Hone it felf. The other part ofthe Razor / 1, which is polifh’d 
on a grinding-{tone, appear’d much rougher then the other, looking al- 
moft like a plow‘d field, with many parallels, ridges, and furrows, and a 
cloddy, as ‘twere, or an uneven furface: nor fhall we wonder at the 
roughnefies of thofe furfaces, fince even in the moft curious wrought 
Glailes for A4icrofcepes, and other Optical ufes, I have, when the Sun has 
fhene well on them, difcover'd their furface to be varioully raz’d or 
feratched, and to confift of an infinite of {mall broken furfaces, which re- 
fleér the light of very various and differing colours. And indeed it feems 
impoffible by Art to\cut the furface of any hard and brittle body fmooth, 
fince Putte, or even the moft curious Powder that can be made ufe of, to 
pelifh fuch a body, muft confift of little hard rough particles, and each of 
them’ muft cut its way, and confequently leave fome kind of gutter or 

furrows



MicROGRAPHIA. 6 
farrow behind it. And though Nature does feem to do it very readily in 
all kinds of fluid bodies, yet perhaps future obfervators may difcoyer 
even thcfealfo rugged; it being very probable, asl elfewhere fhew, that 
fluid bodies are made up of {mall folid particles’ varioufly and ftrongly 
mov'd, and may find reafonto think there is {carcé a futface in rerum nas 
turd perfectly {mooth. The black {pot ~ x, I ghefs to be fome fmall 
{peck of ruft, for that I have oft obfery'd to be the manner of the working 
of Corrofive Juyces. To conclude, this Edge and piece of a Razor, if it 
had been really fuch as it appear’d through the A@oracope, would fcarce- 
ly have ferv'd to cleave wood, much lefs to have cut off the hair of beards, 
unlefsit were after the manner that Lwezaz merrily relates Charow to have 
madeule of,when with a Carpenters Axe he chop'd off the beard ofa fage 
Philofopher, whofe gravity he very cautioufly fear'd would indanger the 
overfetting of his Wherry. 

Obferv. III. Of fine Lawn, or Linmen Cloth. 

- His is another produét of Art, A piece of the fineft Lawn I was able st 
to get, focurious that the threads were fearce difternable by thena- “® * 

ked eye,and yet through an ordinary Jfcrofcope you may perceive what 
a goodly piece of coarfe Adatting it is ; what proportionable cords each of 
its threads are, being not unlike, both in thape and fize, the bigger and 
coarfer kind of fing/e Rope-yarz,wherewith they ufually make Cables. That 
which makes the Lawn {o tranfparent, is by the Asicrofcope, nay by the 
naked eye, if attentively viewed, plainly enough evidenced to bethe 
cick. of {quare haige which are left between the threads, appearing 
to have much more hole in refpect of the intercurrent parts thenis for the 
moft part left in a /attice-mindow, which it does a little refemble, onely 
the croffing parts are round and not flat. 

Thefe threads that compofe this fine contexture, though they are as 
fmall asthofe that conftitute the finer forts of Silks, have notwith{tanding 
nothing of their gloffie, pleafant,and lively reflection. Nay, Ihave been 
informed both by the Inventor himfelf, and feveral other eye-witnefles, 
that though the flax,out of which it is made,has been (bya fingular art, of 
that excellent Perfon, and Noble Vertuofo, M. Charls Howard, brother to 
the Duke of Norfolk fo curioufly dref'd and prepar'd,as to appear both to 
the eye and the touch, full as fize and as gloffie, and to receive all kinds 
of colours,as well as Sleave-Silk 5 yet when this Silken Flax istwifted into 
threads, it quite lofeth its former lufter, and becomes as plain and bafe 
a thread to look on, as one of the fame bignefs, made of common Flax. 

Thereafon of which odd Phexonzenon feems no other then this; that 
though the curioufly dreft Flax has its parts fo exceedingly fmall, as to 
equallize, if not to be much fmaller then the clew of the Silk-worm, efpe- 
cially in thinnefs, yet the differences between the figures of the contti- 
tuting filaments are fo great, and their fubftances fo various, that whereas 

Cc thofe 
; 
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6 MicrocRapnata, 
thofelofithe silk are fwrallround, hard, tranfparent, and to their bignefi 
Froportionably tiff; {o as each filament preferves its proper Figure, and 
confequently its:vivid reflection intire, though twifted into.a thtead,if 
not too bond: 3 thofe of Flax are flat, limber, fofter,and lef tranfparent, and 
intwifting into a thread they joyn,and lie fo clofe together,as tolofe thei 
own, and deftroy each others particular reflections, There’ feeis theres 

fore three Particulars very requifite to make the fo dreft Flax appear Silk 
alfo when fpun into threads. | Firft, that the fubftance of it fhould be 
madetmore clear and tranfparent, Flax retaining in ita kind of opacating 
brown, or yellow ; and the parts of the whiteft kind I have yet obférv'd 
with the AZcrofcope appearing white, like flaw’d Horn or Gla, rather 
then’clear; like clear Horn or Glafs.. Next that, the filaments fhould each 
of them be roxnded, if that could be done,which yet is not fo very necef 
fary, if the firft be perform’d, and this third, which is, that each’ of the 
{mall filaments be fifzed, for though they be {quare, or flat, provided 
they be tranfparent and ftiff, much the fame appearances muft neceflarily 
follow. Now, though I have not yet made trial, yet I doubtnot, but that 
both thefe proprietieS may be alfo indue’d uport dite Flax,and perhaps too 
by one and the fame Expedient, which fome trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of {uch afi Invention, 
may find fufficient argument to be prompted to fuch Inquiries: As for 
the tewacity of the fubftance of Flax, out of which the thread is made, it 
feemns much inferiour to that of Silk, the one being a vegetable; the 
other an.animal fub{tance. And whether it proceed from the better con- 
cottion,. or the more homogeneous conftitution of axzimal fubftances 
above thofe of vegetables, I do not here determine; yet fince I ge- 
nerally find, that vegetable fubftances do not equalize the tenacity of ani- 
mal, nor thefe the tevacity of fome purified mineral fubftancess I am 
very:apt tothink, that the tezacity of bodies does not proceed from the 
hamons, or hooked particles, as the Epicureans, and fome modern Philofo- 
phers have imagin'd; but from the more exatt congrnity of the con{ti- 
tuent parts, which are contiguous to each other, and fo bulky, as not to 
be eafily {eparated, or thatter'd, by any {mall pulls or concuflion of 
heat. svn 

Seg hm ee eG te tty gl 

. Obferv. 1V. Of fine waled Silk, or Taffety. 

Page 3. a His is the appearance of a piece of very fine Taffety-riband in the 
ae bigger magnifying Glaf, which you fee exhibits it like a very con- 

venient fabawnce to as Bed-matts,or Door-matts of,or to ferve for Bee- 
hives, Corn-{cuttles,Chairs, or Corn-tubs,it being not unlike that kind of 
work, .wherewith in many parts in England, they make {uch Utenfils of 
Straw,a little wreathed,and bound together with thongs of Brambles, For 
in thisContexture, each little filament, fiber, or clew of the Silk-worm, 
feemd about the bignefs of an ordiriary Straw, as appears by the little ir- 

: regular
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MicroGRraPHuta, 8 
regular pieces, b,¢ d,and ef’; The Warp,or the thread that ran crofting the 
iat acd like a fingle Rope of an Inch Diameter 5 but the Woof, 
or the thread that ran the cae of the Riband, appear’d not half {6 
big. Each Inch of fix-penysbrdad. Ribatid\ppearing Hode& then a piece 
of Matting Inch and half thick, and twelve foot fquare 5 a few yards of 
this, would be! enough to-floor the long Gallery, of the! Loureat Paws - «ac. 
But to return to our piece of Riband+ It affords us !amot unpleafant 6b- = 9 
ject, appearing like a bundle, or wreath, of very clea and tranfpiarent 
Cylinders,if the Silk be white, and curioufly ting’d sift be colour'djeach 
of thofe {mall horney Cylinders affording in fome place or other ofthem, 
as vivid a reflection, as if it had been fent from a Cylwder of Glas or Horns 
In-fo-much, that the reflections of Red; appear’d .as if coming, from fo 
many Gravates, or Rubies. >The 'lovelinéfs of the colours of Silks above 
thofe of hairy Stuffs,or Linnen,confifting as Tele-where intimate, chiefly in 
the tran{parency, and vivid reflections from the Comcaue,or inner furface 
ofthe tranfparent Cylinder, as are alfo the colouts;df Precious Stones 
for moft of the reflections from each of thefe Cylizders, comé frornthe 
concave furface of the air, whichis.as ’twere the toil that incompafies the 
cylinder, The colours with which each of thefe Cylinders are ting’d, feem 
partly to be fuperficial, and {ticking to the iout-fides.of them; and. partly, 
to be imbib’d, or funck into the fubftance of them ; for Silk, {eeming to 
be little elfe then a dried thread of Glew, may be fuppos’d tobe very 
eafily relaxt.and foftened, by being fteeped in warm, nay in cold, ifpenes 
trant, juyces or liquors. , And thereby thofe tinctures, though they: tinge 
perhaps but afinall part of the fubftance; yet being {0 highly impregnated 
with the colour, asto be almoft black with it, may leave an impreflion 
ftrong enough to exhibite the defir'd colour. A pretty kinde of artifi- 
cial Stuff I have feen, looking almoft like tranfparent Parchment, Horn, 
or Ifing-glafs, and perhaps fome fuch thing it may be made of, which be- 
ing lalcaean, and of a glutinous nature, and eafily mollified bykeep- 

_ ingin water, as I found upon trial, had imbib'd, and did remainting’d 
witha great variety of very vivid colours, and to the naked eye, it look'd 
very like the fubftance of the Silk. And Ihave oftenthought, that pros 

_ bably there might be away found out, to make an artificial glutinous 
compofition, much refembling, if not full as good, nay better, then that 
Excrement,or whatever other fubftance it be out of which, the Silk-worm 

__ wire-draws his clew. If fuch a compofition were found, it were cettain- 
___ lyan eafie matter to find very quick ways of drawing) it out into {mall 

wires for ufe. I need not mention the ufe of fuch an Invention,not the be- 
nefit that is likely to accrue to the finder,they being fufficiently obvious. 

_ Thishint therefore, may, hope, give fome Ingenious inquifitive Perfon 
anoccafion of making fome trials, which if fuccefsfull, Thave my aim, and 
I fuppofe he will have no occafion to be difpleasd. j 

Obfery., V.
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Obferv. V. Of watered Silks, or Stuffs. 

Schew, 3, Here are but few 4rtificial things that are worth obferving witha 
Fig. 2 I Microfcope sand therefore I fhall {peak but briefly concerning them. 

For the Produétions of art are fuch rude mif-fhapen things, that when 

view'd with a Aicrofcope,there is little elfe obfervable,but their deformity. 

The moft curious ee appearing no better then thofe rude Ruffian 
Images we find mention‘din Purchas, where three notches at the end of a 
Stick, ftood for a face. And the moft {mooth and burnifh’d furfaces appear 
moftrough and unpolifht : So that my firft Reafon why I fhalladd but a 

few obfervations of them, is, their mif-fhapen form ;.and the next, is their 

ufelefsnefs. For why fhould we trouble our felves in the examination of 
that form or fhape (which is all we are able to reach with a Aficroféope) 
which we know was defign’d for no higher a ufe, then what we were able 
to view with our naked eye? Why fhould we endeavour to difcover 
myfteries in that which hasno fuch thing in it? And like Rabbixs find out 

Caballifits, and enigmas inthe Figure, and placing of Letters, where no 
fuch thing lies hid : whereas in zatural formsthere are fome {o fmall, and 
fo curious,and their defign’d bufinefs fo far remov'd beyond the reach of 
our fight,that the more we magnify the object, the more excellencies and. 
myfteries do appear 5 And the more we difcover the imperfections of our 
fenfes, and the Omnipotency and Infinite perfections of the great Crea- 
tour. I fhall therefore onely add one or two Obfervations more of artifi- 
cial things, and then come to the Treaty concerning fuch matters as are 
the Produétions of a more curious Workman. One of thefe,fhall be that 
of a piece of water'd Silk, reprefented in the fecond Figure of the third 
Scheme,asit appear d through the leaft magnifying Glafs. .4 B. fignifying 
the long way of the Stuff,and C D the broad way. This Stuffyif the right 
fide of it be looked upon, appears to the naked eye, all over fo waved, 
undulated, or grain’d, with a curious, though irregular variety of brigh- 
ter and darker parts, that it adds no {mall gracefulnefs to the Glofs of it. 
It is fo knowna propriety, that it needs but little explication, but it is ob- 

fervable, which perhaps every one has not confidered, that thofe parts 
which appear the darker part ofthe wave, in one pofition to the light, in 
another appears the lighter,and the contrarysand by this means the undu- 
jations become tranfient, and in a continual change,according as the po- 
fition of the parts in refpect of the incident beams of light is varied. The 
reafon of which odd vient to one that has but diligently examin’d 
it even with his naked ¢ye, will be obvious enough. But he that obferves 
it with a Aficrofcepe, may more eafily perceive what this Proteus is, and 
how it comes to change its fhape. He may very eafily perceive, that it 
roceeds onely from the variety of the Reflecf7ozs of light, whichis caus’d 

ff the various foape of the Particles, or little protuberant parts of the 
thread that compote the furface;and that thofe parts of the waves that 

appear
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appear the brigtisr chy towards the eye a multitude of fmall refleéti= 
ons of light, whereas the darker {carce afford any. The reafon of which 
reflection, the 4@erofcope plainly difcovers, as appears by the Figuie. In 
which you may pesrite, that the brighter parts of the furface confit of 
an abundance of large and ftrong reflections,denoted by 4,4, 4, 4, 4, &c. 
for the furfaces of thofe threads that run the Jong way, are by the Mecha- 
nical procefs of watering, creas‘d or angled in another kind of pofture 
then they were by the weaving: forby the weaving they are onely bent 
round the warping threads 5 but by the watering, ed are bent with an 
angle, or elbore, that is in{tead of lying, or being bent round the threads, 
asin the third Figure, 2,4, 4,4, a, are about b,b,b (b,b,b reprefenting ‘the 
ends,as ‘twere, of the crofsthreads,they are bent about) they are creas‘d 
onthe top of thofe threads, with an azgle, as in the fourth Figure, and 
that with all imaginable variety; fo that,whereas before they. reflected 
the light onely from one point of the round furface, as about ¢, ¢, cy they 
now when water’d, reflect the beams from more then half the whole fur- 
face,as de, de, de, and in other poftures they return no refleCtions at all 
from thofe furfaces. Hence in one pofture they compofe the brighter 
parts of the waves,in another the darker. And thefe reflections are alfo 

varied, according as the particular parts are varioufly bent. The reafon 
of which creafing we fhall next examine; and here we muft fetch our in- 
formation from the Mechanifm or manner of proceeding in this operation 5 
which, as I have been inform’d, is no other then this. | 

They double all the Stuft that is to be water'd, that is,they creafe it juft 
through the middle of it, the whole length of the piece, leaving the right 
fide of the Stuff inward, and placing the two edges, or filvages juft upon 
one another,and,as near as they can,place the wale fo in the doubling ofit, 
that the wale of the one fide may lie very near parallel, or even with the 
wale of the other 5 for the nearer that pofture they lie, the greater will 
the watering appear 5 and the more obliquely,or acrofs to each other they 
lie, the fmaller are the waves. Their way for folding it for a great wale 
isthus : they take a Pin,and begin at one fide of the piece in any wale,and 
fo moving it towards the other fide, thereby direé& their hands to the op- 
pofite ends of the wale, and then, as near asthey can, place the two op- 
pofite ends of the fame wale together, and {o double, or fold the whole 
piece, repeating this enquiry with a Pin at every yard or two's diftance 
through the whole length ; then they {prinkle it with water,and fold it the 
longways, placing between every fold a piece of Paftboard, by which 
means all the wrong fide of the water’d Stuff becomes flat, and with little 
wales, and the wales on the other fide become the more protuberant 5 
whence the creafings or angular bendings of the wales become the more 
perfpicuous. Having folded it in this manner,they place it with an inter- 
jacent Paftboard into an hot Prefs, where it is kept very violently preft, 
till itbe dry and ftiff; by which means, the wales of either contiguous 
fides leave their own impreflions upon each other, as is very mani 
feft by the fecond Figure. where ’tis obvious enough, that the wale of the 
piece 4 BC D runs parallel between the pricked lines ef; ef, ef; and as 

D , manifeft



10 MicrocRapuia. 
manifeft to difcern the impreffions upon thefé wales, left by thofe that 
were preft upon them,which tying not exactly parallel with them,but a lit- 
tle athwart them, as is denoted by the lines of,0 00 0, gh. eh,gh, between 
which the other wales did lie parallel;they are fo varioufly,and irregular- 
ly creasd that being put into that fhape when wet,and kept fo till they be 
dae. they fo fet each others threads, that the Moldings remain almoft as 
long as the Stuff lafts. 
Hence it may appear to any one that attentively confiders the Figure, 

why the parts of the wale 4, a, a, a, a, a, fhould appear bright ; and why 
the parts b, b, b, bb, 6, fhould appear fhadowed, or dark; why fome, as 
d,d,d,d,d,d, fhould appear partly light,and partly dark : the varieties of 
which reflections and fhadows are the only caufe of the appearance of wa- 
tering in Silks, or any other kind of Stuffs. 

From the variety of reflection, may alfo be deduc’d the caufe why a 
{mall breez or gale of wind ruffling the furface of a fmooth water, makes 
it appear black as alfo,on the other fide, why the fmoothing or burnifh- 
ing the furface of whitened Silver makes it look black ; and multitudes of 
other phenomena might hereby be foly’d, which are too many to be here 
infifted on. 

at YE See ene Stina to tener tee 2s wel eg oni tty 9 
Obferv. VI. Of fmall Glafs Canes. 

Schema, Hat I might be fatisf'd, whether it were not poffibleto make an 
t Artificial pore as fall as any Natural had yet found, I made fe- 

veral attemps with {mall g/a/s pipes, melted inthe flame of a Lamp, and 
then very fuddenly drawn out into a great length. And, by that means, 
without much difficulty, I was able to draw fome almoft as {mall as a 
Cobweb, which yet, withthe Afcrofeope, I could plainly perceive to be 
perforated, both by looking on the eds of it, and by looking onit againft 
the light ; which was much the eaffer may to determine whether it were 
folid or perforated; for, taking a {mall pipe of iat, and clofing one 
end of it, thenfilling it half full of water, and holding it againft the light, 
I could, by thismeans, very eafily find what was the differing afped of a 
Jolid and a perforated piece of glafs 5 and {0 eafily diftinguith, without 
feeing either end, whether any Cylinder of glafs Llook’d on, werea folid 
fick, or a hollow cane. And by this means,] could alfo prefently judge of 
any {mall filament of glafs, whether it were hoMow or not, which would 
have been exceeding tedious to examine by looking ontheend. And 
many fuch like ways I was fain tomake ufe of, in the examining of di- 
vers other particulars related in this Book, which would have been no 
eafie task to have determined meerly by the more common way of look- 
ing on, or viewing the Object. For, if we confider firft, the very faint 
hight wherewith the object isenlightened, whence many particles ap- 
pear opacous, which when more enlightned, appear very tranfparent, fo 
that I was fain to determine its tranfparency by one glafs, and its texture 
by another Next, the uxmanageablene/s of mott Objetfs, by reafon 
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of theirfwalne/s, 3. The difficulty of finding the defired point, and of 
placing it {oy.as to reflec the light conveniently for the Inquiry, Laftly, 
ones being able to view it but with ove eye at once, they will appear ‘ho 
fmall obfirué/ions, nor are they eafily remov'd' without many contrivays- 
ces. Buoto proceed, I could not find that water; or fome deeply tine'd 
liquors would in fmall ones rife fo high as one would expects’ arid’ the 
higheft Vhave found it yet rife \in any of the pipes\I have try'd, ‘was to 
21 inches above the level of the water in’ the vefiel :: for though I found 
that in the {mall pipes it would zsmbly enter at firft;: and run about 6 or 
7 inches upwards; yet I found it then.to move upwards /o flow, that I 
have not yet had the patiece to obferve it above that height of 21 i#- 
ches (and that was in a pretty /arge Pipe, in comparifon of thofe I for- 
merly mentioned; for I could obferve the progreft of a very deep ting'd 
Liquor in it with my xaked eye, without much trouble; whereas many of 
the other pipes were {0 very fmall, that unlefs in a convenient pofture to the 
light, I could not perceive them :) But ‘tis very probable, that a greater 
patience and affiduity may difcover the liquors torifé, at leaft to remain 
fifpended, at heights that I fhould be loath now evento ghef at; if at 
leaft there be any proportion kept between the height of the afcending 
liquor, and the bigne/s of the holes of the pipes. 

An Attempt for the Explication of this Experiment. 

My Conjecture, That the unequal height of the furfaces of the mater, es 
proceeded as the greater prefure made upon the water by the Air ie. ©. s 
without the Pipes A BC, then by that within thems 1 thall endeavour to 
confirm from the truth of the two following Propofitions : 

The firft of which is, That an unequalprefure of the incumbent Air, 
will cane an unequal height in the water's Surfaces. 

And the fecond is, That in this experiment there is fuch an unequal 
prefiure. 

That the firftis true, the following Experiment will evince. For if 
you take any Veflel fo contrived, as that you can at pleafure either iz- 
creafe or diminifh the prefure of the Air upon this or that part of the Sx- 
perficies of the mater, the equality of the height of thofe parts will pre- 
{ently be /of#; and that part of the Superficies that futtains the greater pref 
fare, will be inferior to that which undergoes the /efi. A fit Veflel for 
this purpofe, will bean inverted Glaf Syphon, fuch an one as is deferi- 
bedin the Sixth Figure. For ifinto it you put Water enough to fill it as 
high as.4B, and gently blow in at D, youtfhall depre/ the Superficies B, 
and thereby raifethe oppofite Superficies.4 to a confiderable height, and 
by gently fucking youmay produce clean contrary effects. 

Next, That there is fuch an wxequal prefure, T thall prove from this, 
That there is a much greater incongruity of Air to Glafs and lfoue other Bodies, 
then there is of Water to the fame, 

D2 By



12 Microcrapuia., 
By Congruity, I mean a property of a fluid Body, whereby any part of it 

as pedil in with any ce cat either of it felf, or of ae other a 
lar, fui, or folid body: And by Incongruity a property of a fiuid, by which 
it is hindred from uniting with any difimilar, fluid,or folid Body. 

This laft property, any one that hath been obfervingly converfant 
about fluid Bodies, cannot be a of. For (not now to mention 
feveral Chymical. Spirits and Oyls, which will very hardly, if at all, be | 
brought to mix with one another; infomuch that there may be found 
fome 8 or 9, or more, feveral diftinct Liquors, which firimming one up- 
onanother, willnot prefently ix) weneed feek no further for Exam- 
ples of thiskind in fluids, then to obferve the drops of rain falling through 
the air, and the bubbles of air which are by any means conveyed cba 
the furface of the water 5 or adrop of common Salet Oyl {wimming upon 
water. In all which, and many more examples of this kind that might 
be enumerated, the éacongruity of two fluids is eafily difcernable. And 
as for the Congruity or Incongruity of Liquids, with feveral kinds of firm 
Bodies, they have long fince been taken notice of, and called by the 
Names of Drine/s and AMoifiure —— thefe two names are not compre- 
henfive enough, being commonly ufed to fignifie only the adhering or 
not adhering of water to fome other folid Bodies)of this kind we may ob- 
ferve that water will more readily wet fore woods then others 3 and that 
water, let fall upon a Feather, the whiter fideofa Colmort; and fome 
other leaves, or uponalmoftany dufly, unttuous, or refinons fuperficies, 
will not at all adhere to them, but ealily tumble off from them, like a folid 
Bowls whereas, ifdropt upon Linnen, Paper, Clay, green Wood, &e. it will 
not be taken off, without leaving fome part of it behind adhering to them. 
So Quick-filver, which will very hardly be brought to fick to any vegeta- 
ble body, will readily adbere to, and mingle with, feveral clean wetalline 
bodies. 

And that we may the better finde what the café of Conernity and 
Incongruity in bodiesis, it will be requifite to confider, F irft, what isthe 
canfe of fluidnefs; And this, I conceive, to be nothing elfe but a certain 
pulfe or foake of beat , for Heat being nothing elfe buta very briskand ve- 
hement agitation of the parts of abody (as [have elfwhere made proba- 
bable) the parts of a body are thereby made {0 /oofé from one another, 
that they cafily move any way, and become fivid. That I may explain 
this a little by a grofs Similitude, let us fuppofe a dith of fand fet upon 
fome body that is very much agitated, and fhaken with fome quick and 
trong vibrating motion.as on a Milfione turn’d round upon the under {tone 
very violently whilftit is empty;or on a very {tiff Drvm-head,which is ve- 
hemently or very nimbly beaten with the Drumfticks, By this means, 
the fand inthe dith, which before lay like adw/and unattive body, be- 
comes a perfect fid and ye cannofooner make a hole in it with your 
finger, but itis immediately filed up again, and the upper furface of it 
levell'd. Nor can you bury a light body, asa piece of Cork under it, but 
it prefently emerges OY fwims as ‘twere on the top3 nor can youlay a 
heavier onthe top of it, asa piece of Lead, but it is immediately buried 

in
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in Sand, and (as ‘twere) finks tothe bottom. Nor can you make a hole 
in the fide of the Dith, but the {and thall raw out of it to a level, not an 
obvious property of atluid body, as fuch, but this dosymitate’s and all 
this meerly caufed by the vehement agitatien of the conteining veilel 5 

| forby this means, each fand becomes to have a vibrative or dancing mo- 
tion, fo asno other heavier body can reff on it, unle& Jifteinid by fome 
other on either fide: Nor will it fuffer any Body tobe beneath it, unleg 
it be a heavier then it felf Another Inftance of the ftrange looféning 
nature of a violent jarring Motion, or a {trong and_ nimble vibrative 
one, we may have from a piece of iroz grated on very ftrongly witha 
file : for if into that a pin be ferew’d fo firmand hard, that though it hag 
aconyenient head toit, yet itcanby no means be anferew'd by the fins 
gers; if, [fay, you attempt to unfcrew this whilft grated on by the file, it 
will be found to undoe and turn very _— The firft of thefe Examples 
manifefts, how a body actually divided into {mall patts, becomes:a finid: 
And the latter manifefts by what means the agitation of heat fo eafily 
loofens and unties the parts of folid and firm bodies. Nor need we fup- 
pofe heat to beany thing elfe, befides {uch a motion ; for fuppofing we 
could Mechanically phanad fuch a one quick and ftrong enough, we need 
not {pend fel to melt a body. Now, thatI do not fpeak this altogether 

| groundlefs, I muft refer the Reader to the Obfervations I have made ups 
on the fhining {parks of Steel, for there he thall find that the fame effects 
are produced upon {mall chips or parcels of Steel by the fame, and by 4 
quick and violent motion, and if the body of, 'fteel may be thus melted 
(as I there fhew itmay) I think we have little reafon to doubt that ‘al 

——-moft ay other may not alfo. Every Smith can inform one how quick] 
__ bothhis File and the Zrow grows hot with filing, and if you rub kena 

any two hard bodies together, they will do the fame: And we know, 
that a fufficient degree of heat caufes fixidity, in fome bodies much foon- 
er, and in otherslater; that is, the partsof the body of fome are fo laofé 
from one another, and fo wnapt to cohere, and fo minute and little, that a 
very fmall degree of agitation keeps them always in the flate of flvidsty. 
Ofthis kind, I fuppofe, the Zther, that is the medium or fluid body, in 
which all other bodies do asit were fvim and moves and particularly, 
the Air, which feems nothing elfe but a kind of tinéfure or folution of ter= 
reftrial and aqueous particles difolv'd into it, and agitated by it, juft as 
the tindfure of Cocheneel is nothing but fome finer diffoluble parts of that 
Concrete lick’d up or diffolu'd by the fluid water. And from this Notion 
of it, we may eafily give amore Intelligible reafon how the Air becomes 
fo capable of Rarefaition and Condenfation, For, as in tinfures,one grain 
of fome firongly tinging fub{tance may fenfibly colour fome hundred thon- 
and grains of appropriated Liquors,fo as every drop of it has its proportio- 
nate fhare, and be fenfibly ting’d, as I have try’d both with Legwood 
and Cochencel : And as fome few grains of Sait is able to infect as 
pm aquantity,as may be found by precipitations, though not {0 eafily 

y the hehe or affe; {0 the dir, which {eems to be but as twere a tinéture 
or faline fubftance, diffole'd and agitated by the finid and agil Aithet may - 

perfe
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perfe and expand it {elf into a vaff fpace, if it have room enough, and 
infect,as\it were,every part of that {pace. But,as on the other fide, if there 
be but fome fem grains of the — it may extraG all the colour of the 
tinging fubftance, and may difolve all the Salt, and thereby become 
much more impregnated with thole fubftances, fo may all the air that fut 
ficed ina rarifyd ftate to fill fome hundred thoufand {paces of ther, be 
compris d in only ove,but ina pofition proportionable denfé. And though 
we have not yet found out fuch ffrazvers for Tinctures and Salts as we 
have for the Air, being yet unable to /eparate them from their diflolving 
liquors by any kind of filtre, without precipitation, as we are able to /e- 
parate the Air from the Ather by G/a/s, and feveral other bodies. And 
though we are yet unable and ignorant of the ways of precipitating Air 
out of the A'ther as we can Tinctures, and Salts out of feveral diffolvents; 
yet neither of thefe feeming impolfible from the nature of the things, nor 
foimprobable but that fome happy future induftry may find out ways to 
effect them; nay, further, fince we find that Nature does really perform 
(though by what means we are not certain) both thefe actions, namely, 
by precipitating the Air in Rain and Dews, and by fupplying the Streams 
and Rivers of the World with freth water, frain'd through fecret fub- 
terraneous Caverns: And fince, thatin very many other proprieties they 
do fo exactly feew of the fame wature 5 till further obfervations or 
tryalsdo inform us of the contrary, we may fafely enough conclude them of 
the fame kind. For it feldom happens that any two natures have fo ma- 
ny properties cofwcident or the fame, as I have obferv’d Solutions and 
Air to have, and to be different in the reft. And therefore I think it nei- 
ther impoffible, irrational, nay nor difficult to be able to predi what is 
likely to happenin other particulars alfo, befidesthofe which Obférvation 
or Experiment have declared thus or thus; efpecially, if the circnm- 
tances that do often very much conduce to the variation of the effects be 
duly meigh'd and confider'd. And indeed, were therenot a probability of 
this, our izquiries would be endlefs, our tryals vain, and our greateft in- 
ventions would be nothing but the meer produits of chance, and not of 
Reafons and, like Mariners in an Ocean, deftitute both of a Compajs and 
the fight of the Celeffial guids, we might indeed, by chance, Steer diredtly 
towards our defired Port, but ‘tis athoufand to one but we mifs Our aim. 
But to proceed, we may hence alfo give a plain reafon, how the Air comes 
to be darkned by clouds, &c. which are nothing but a kind of precipitati- 
on, and how thofe precipitations fall down in Showrs. Hence alfo could 
I very eafily, and I think truly, deduce the caufe of the curious fixangu- 
lar figures of Snow, and the appearances of Haloes, @c. and the fidden 
thickning of the Sky with Clouds, and the vanifhing and difappearing of 
thofe Clouds again; for all thefethings may be very eafily Zvitated in a 
glafs of liquor with fome flight Chymical preparations as I have often try'd, 
and may fomewhere elfe more largely relate, but have not now time to 
fet themdown. But to proceed, there are other bodies that confift cf 
particles more Grofs, and of a more apt figure for cobefion, and this re- 
quires a fomewhat greater agitation ; fuch, 1 fuppofe ¥. fermented vinots 
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Spirits, feveral Chymical Oils, which are much of kin to thofe Spirits, &¢, 
Others yet require a greater, as water, and fo others #uch greater, for ale 
moftinfinite degrees: For, I fuppofe there are very few bodies in the 
world that may not be made aliquatenus fluid, by fome or other degree of 
agitation or heat. 2 i ‘ 

Having therefore in fhort fet down my Notion of a Fluid body,Icome\ 
inthe next place to confider what Congruity is; and this, as [faid before; 
being a Relative property of a fluid, whereby it may be {aid to’be ‘ke or 
uulike to this or that other body, whereby it does or does not wrix with 
this or that body. We willagain have recourfe to our former Experi= 
ment, though but arude ones and here if we mixin the dith/everal kinds 
of fands, fome of bigger, others of /e/s and finer bulks, we hall find that 
by the agitation the fixe fad will eject and throw out of it felf all thofe 
bigger bulks of {mall ftoves and the like, and thofe will be gathered toge- 
ther all into owe place 5 and if there be other bodies in it of other natures, 
thofe alfo will be feparated into a place by themfelves, and waited or tum= 
bledup together. And thoughthis do not come up to the Aigheft proper 
ty of Congrnity, whichis a Cohafion of the parts of the fluid together, of 
a kind of attrattion and tenacity, yet this does as ‘twere shadow it out, 
and fomewhat refemble it; for juft after the fame manner, I fuppofé 
the pale of heat to agitate the fmall parcels of matter, and thofe that are 
of alike bignefs, and figure, and matter, will hold, or dance together, and 
thofe which are of a differing kind will be thruft or fhov'd out from be- 
tween them; for particles that are all Jfimilar, will, like fo many equal 
mufical firings mee fretcht, vibrate together in a kind of Harmony or 
nnifon, whereas others that are diffimilar, upon what account foever,un- 
lefs the difproportion be otherwife counter-ballane’d, will, like fo many 3 
firings out of tune to thofe unifons, though they have the fame agitating 
pulse, yet make quite differing kinds of vibrations and repercuffions, fo that 
though they may be both moy’d.yet are their vibrations {o different, and 
fo untun‘d, as ‘twere to each other, that they crofs and jar againft each 
other, and confequently, cazwot agree together, but fly back from. each 
other to theirfimilar particles. Now, to give you an inftance how the 
difproportion of {ome bodiesin one refpect, may be connter-ballanc’d by 
a contrary difproportion of the fame body inanother refpeét, whence we 
find that the fubtil vious (pirit is congruons, or does readily mix with wa- 
ter, whichinmany propertiesis of avery differing nature, we may con+ 
fider that a wxifon may’ be made either by two firings of the fame bignefi, 
length, and tenfion, or by two ftrings of the fame bignefs, but of differing 

length, and a contrary differing aces or 3/4. by two ftrings of xxzequal 
length and bignefs, and of a differing tenfion, or of equal lapis and ape 
ring bigne(s and tenfion, and ieveral other fuch varieties. To which three 
propertzes in firings, will correfpond three proprieties alfo in fand, or the 
particles of bodies, their Afatier or Subftance, their Figure or Shape, and 
their Body or Bulk, And from the varieties of thele three, may arife. 7#- 
finite varieties in fluid bodies, though all agitated by the fame pulfe or vi- 

___ brative motion, And there may be as many ways of making a 
an
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and Difeords with thefe, as there may be with mufcal rings. » Having 
therefore feen what is the caufe of Congruity or Incongruity, thofe rela- 
tive properties of fluids, we may, from what has been faid, very eafily 
collect, what isthe reafon of thofe Relative proprieties alfo between ffy- 
id bodies and folid 5 for fince all bodies confift of particles of fuch a Sub- 
france, Figure, and Bulk; but infome they are xz7ted together more firw- 
ly then to be /oofened from each other by every ebrative motion (though’ 
F imagine'that there is no body in the world, but that fome degree of a+ 
gitation may, as Thinted before, agitate and loofen the particles fo as to 
makethem fluid) thofe cohering particles may vibrate in the fame man- 
ner almoft as thofe that are loofe and become xwifons or difcords, ask 
may fo fpeak,to them. Now that the parts of all bodies, though never 
fo folid, do yet vibrate, I think we need goxo fnrther for proof, then 
that al/bodies have fome degrees of heat inthem, and that there has not 
been yet found any thing perfectly cold: Nor can believe indeed that there 
is any fuch thing in Nature, as a body whofe particles are at regf, or lazy, 
and wxaéfive in the great Theatre of the World, it being quite contrury to. 
the grand Oecowomy of the Univerfe. We fee therefore what is the rea- 
fon of the fympathy or uniting of {ome bodies together, and of the avti- 
pathy or flight of others from each other : For Congruity feems nothing 
elfe but a Sympathy, and Incongruity an Antipathy of bodies; hence fimi- 
lar bodies once uxited will not eafily part, and diffimilar bodies once aif: 
jo#dwill not eafily unite again; from hence may be very eafily deduc'd 
the reafon of the/upenfion of water and Quick-filver above their ufual fta- 
tiom, asl {hall more at large anon fhew. 

Thefe properties therefore (alwayes the concomitants of fluid bodies) 
produce thefe following vifible Effects - 

Firft, They #z/te the parts of a fluid to its fimilar Solid, or keep them 
Separate from its diffimilar. Hence Quicksilver will (aswe noted before) 
Stick to Gold, Silver, Tin, Lead,&c. and unite with them: but rou/ off from 
Wood, Stone, Glafs, &c. if never fo little {cituated out of its horizontal le- 
vels and water that will wet falt and difolve it, will fp off from Tallow, 
orthe like, without at all adhering as it may likewife be obferved to 
doupon a dufty fuperficies. And next they caufe the parts of homogene- 
al fluid bodies readily to adhere together and mix, and of heterogeneal,to 
be exceeding averfé thereunto. Hence we find, that two fmall drops of 
water, omany fuperficies they can roul on, will, if they chance to touch 
each other, readily unite and mix into one 34 drep: The like may be ob- 
ferved with two final Bowls of Quick-filver upon a Table or Gla, pro- 
vided their furfaces be not dufty; and with two drops of 0y/ upon fair 
water, Gc. And further, mater put unto mine, falt water, vinegar, fpirit 
of wine, or the like, does immediately (efpecially if they be fhaken to- 
gether) difper/eit felf allover them. Hence, on thecontrary, we alfo 
find, that Oy/ of Tartar poured upon Quick-filver, and Spirit of Wineon 
that Oy/, and Oy! of Turpentine on that spirit, and Air upon that Oyl,though 
they be ftopt clofely up into a Bottle, and shake never fo much, they 
will by no means long fuffer any of their bigger parts to be wited or in- 

: cluded
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cluded within any of the other Liquors(by which recited Liquors,tiay be 
plainly enough reprefented the four Peripatetical Elements, and the more 
fubtil Zther aboveall.) From this property’tis, that a drop of mater does 
not mingle with, or vanith into Air, but is driven (by that Fluid equal 
protruding it on every fide) and forc'’t into as little a {pace as it can polk 
fibly be contained in, namely, into a Kound Globule. So likewife a lite 
tle Air blown under the water, is wzited or thruft into a Bubble by the 
ambient water. Anda parcel of Quicksilver enclofed with Air, Water, 
or almoft any other Liquor, is formed into around Ball. 

Now the caufe why all theic included Fluids, newly mentioned, or 46 
many others as are wholly included within a heterogeneous fluid, are 
not exaétly of a Spherical Figure (feeing that if caufed by thefe Principles 
only, it could be of no other) mutt proceed from forie other kind of prefure againft the two oppofite flatted fides. This adventitious or accis 
dental prefure may —— from divers canfés, ahd accordingly muft di 
verfife the Figure of the included heterogeneous fluid : For feeing that a body may be included either witha fluid only, or only with a folid, or 
partly with a fluid, and partly witha folid, or partly with one fluid, and 
partly with anothers there will be found avery great variety of the ter- 
minating furfaces, much differing from a spherical, according to the vari- 
ous eedliance or preflure that belongs to each of thefe enconipafling bo- 
dies. 

Which Properties may in general be deduced from two heads, oz, Motion,and Res?. For, either this Globular F igure is altered by a natu 
ral Motion, fach as is Gravity 5 or a violent, fuch asis any accidental motion 
of the fluids, as we fee in the mind rutiling up the water,and the purlings 
of Streams, and foaming of Catarratts, and the like. Or thirdly, By the 

| Ref, Firmnefi and Stability of the ambient Sold. For if the includin 
Solid be of an angular or any other irregular Form, the included fizid will 
be near of the /ke,as a Pint-Pot full of water,or a Bladder full of Air. And 

_ fiext, if the including or included fluid havea greater gravity one than 
another,then will the globular Form be depreft into an Elliptico-Spherical : 

_ Asif, for example, we fuppofethe Circle .4 B C D, in the fourth Figure, 
to reprefent a drop of water, Quick-filver, or the like, included with the 
4ir or the like , which fuppoting there were no gravity at all in either of 
the finids, or that the contained and containing were of the fame weight, 
would be equally compres into an exactly pherical body (the ambient 
fluid forcing equally againtt every fide of it.) But {uppofing cither a 
greater gravity in the included, by reafon whereof the parts of it os 
preftfrom 4 towards B, and thereby the whole put into #otiox, an 
that motion being hindred by the reliance of the fubjacent parts of the ambient, the globular Figure 4 D B C will be depreft into the Elliptico- Spherical, EG F H, Forthe fide A is detruded to E by the Gravity, and 
B to F by the refftance of the fubjacent medium : and therefore ¢ mutt neceflarily be thruft to G;and D to H. Or elfe, fuppofing a greater gravi- 
ty inthe ambient, by whofe more then ordinary preffure againft the under 
fide of the included globule ; 8 will be forced to F, and by its reffiance * 

E : the
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the motion pwards, the fide 4 will be deprefé to E, and therefore ¢ being 
thruft toG and D to H; the globular Figure by this meansalfo will be 
made an Elliptico-/pherical. Next if a fluid be included partly with one, 
and partly with another fluid, it will be found tobe fhaped diverfly, ac- 
cording to the proportion of the gravity and incongruity of the 3 fluids 
one to another : As in the fecond Figure, let the upper 44 47 1/be 4ir,the 
middle L 44N 0 becommondyl, the lower 0 O O beWater, the Oyl 
willbe form’d, not intoa /pherical Figure , fuchas isreprefented by the 
pricked Line, but into fuchaFigureas LM N O, whofe fide L M N 
will be of a flatter E//iptical Figure, by reafon of the great difproportion 
between the Gravity of Oyl and ir, and thefide L O M of arounder, 
becaufe of the fmaller difference between the weight of Oy/ and Water, 
Laftly, The globular Figure willbe changed, if the azbient be partly fluid 
and partly fold. And here the termination of the incompafled fluid to- 
wards the incompafling is fhap'd according to the proportion of the con- 
gruity or incongruity of the fiids to the folids, and of the gravity and 
incongruity of the flzids one to another. Asfuppofe the fubjacent we- 
din that hinders an included fluids defcent,be a folid , as let K I, inthe 
Sourth Figure, reprefent the {mooth fuperficies of a Table; E GF H,a 
parcel of rumning Mercury; the fide G F H will bemore flatted, ac- 
cording.tothe proportion of the incongruity of the Azercury and Air to 
the Wood,and. of the gravity of Mercury and Air one to another 3 The fide 
G E H will likewife be a littlemore depreft by reafon the fubjacent 
partsare now at reft,which were before in motion. 

Or further in the third Figure, let AIL 1D reprefent an including fo- 
lid medium of a cylindrical fhape (as fuppofe a fmall Glafs Jar) Let 
F GE MM reprefent a contain‘d fluzd, as water; this towards the bot- 
tom and fides, is figured according to the concavity of the Glafs - But its 
upper Surface, ( which by reafon of its gravity, ( not confidering at all 
the Air aboveit, and {fo neither the congruity or incongruity of either of 
them tothe Glafs ) fhould be terminated by part of a sphere whofe dia- 
meter fhould be the fame with that of the earth, which to our fenfewould 
appear a ftraight Live,asF GE, Or whichby reafon of its having a 
greater congruity to Glafs than Air has, ( not confidering its Gravity ) 
would be thrutt into a concave Sphere, asC H B, whofe diameter would 
be the fame with that of the concavity of the Veflel :_) Its upper Surface, 
I fay, by reafon of its having a greater gravity then the Air, and having 
likewife a pate congruity to Glafs then the Air has, is terminated, by a 
concave Elliptico-fpherical Figure, as C K B. For by its congruity it eafily 
conforms it felf} and adheres to the Glafs, and conftitutes as it were one 
containing body with it, and therefore fhould thruft the contained Air on 
that fide it touches it,into a /phericalFigure,asB H C, but the motion of 
Gravity depreffing a little the Corners B and C, reducesit into the afore- 
faid Figure C K B. Now that itisthe greater congruity of one of the 
two contiguous fluids,then of the other,to the containing /olid,that caufes | 
the feparating furfacesto be thus or thus figured: And thatitis not be- 
caufe this or that figurated furface is more proper, natural, or peculiar to 

one
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one of thefe fluid bodies,then to the other,will appear from this 5 thatthe 
fame fivids will by being put into differing folids , change their Surfaces, 
For the fame water , which ina Glafs or wooden Veflel will have acon. 
cave furface upwards,and will rife higher ina fnialler then a greater Pipe, 

_ thefame water, I fay, in the fame Pipes greafed over or oyled, will pro- 
duce quite contrary effects; for it will have a protnberamt and convex furs 

| face upwards, ands will not rife fo high in fmall, as in bigger Pipes : Nay, 
in the very fame folid Vefiel , you may make the very fame two contigus 
ous Liquids to’ alter their Surfaces; for taking a {mall Wine-glafsor {uch 
like Veflel, and pouring water gently into it, you thall perceive the fur- 
face of the water all the way concave, till itrife even withthe top, when 
you fhall find it Cif you gently and carefully pour in more ) to grow 
very protuberant and couvex 5 the reafon of whichis plain, for that the 

__ folid fides of the containing body are no longer extended , to which the 
water does more readily adhere then the air; but it is henceforth tobe 
included with air, which would reduce it into a hemifphere, but by reafon 
of its gravity, itisflatted intoan Oval Quicksilver alfo which to Glafs 

_ ismore incongruous then 47r (and thereby being put intoa Glafs-pipe, 
will not adhere to it, but by the more comgruous air willbe forced to have 
avery protuberant furface, and to rife higher ina greater thena lefler 
Pipe ) this Quicksilver to clean Atetal, efpecially to Gold, Silver,Tin,Lead, 

_ &e. Iron excepted,is more congrnous then Air , and will not only ftick to 
 it,buthavea concave Surface like water, and rife higher in a lefs, thenina 
greater Pipe, 

| In all thefe Examples it is evident , that there isan extraordinary and 
adventitious force, by which the globular Figure of the contained etero- 
geneous fluidis altered; neither canit be imagined, how it fhould other 
wife be of any other Figure then Globular : For being by the heterogene~ 
ous fluid equally protruded every way,whatfoever part is protuberant, will 
be thereby depref?. From this caufeit is, that in its eflects it does very 
much refemble around Spring ({uchasa Hoop.) Forasina round Spring 

_ there is required an additional prefurre againft two oppofite tides, to re- 
_ duceit into an Oval Form, orto force it in between the fides of a Hole, 

whofe Diameter is lef then that of the Spring, there mutt be a confidera- 
__ ble force or protrufion againft the concave or inner fide of the Spring s So 
_ toalter this /pherical conftituticn of an included fluid body , there is re« 

quired more preflure againft oppofite fides to reduce it into an Oval; and, 
to prefs it into an Hole lefs in Diameter then it felf, it requires a greater pro- 
trufion againtt all the other fides. What degrees of force ate requifite 
to reduce them into longer and longer Ovals, orto prefs them into lef 
and lefs holes, [have not yet experimentally calculated 5 but thus much 
by experiment I find in general , that there is alwayes required a greater 
pase to clofe them into longer Ovals, or protude them into fmaller 
oles. The neceflity and reafon of this, were it requifite,I could eafily ex- 

plain: butbeing not fo neceflary, and requiring more room and time 
thenI have for it at prefent, I fliall here omit it 3 and proceed to fhew, 
that this may be prefently found true, if Experiment be made with a 

| E 2 round
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round Spring ( the way of making which trials is obviows enough. ) And 
with the fluid bodies of Adercury, Air, @c, the way of trying which, will 
be fomewhat more difficult ; and therefore I fhall in brief defcribe it. He 
therefore that would try with 4/r, muft firft be provided of a Gla/s-pipe, 
made of the fhape of that inthe fifth Figure , whereof the fide A B, re- 
prefents a ftraight Tbe of about three foot long, C,reprefents another 
part of it,which confifts of a rowd Bubble ; fo ordered,that there is left a 
paffage or hole atthe top, into which may be faftened with cement feveral 
Juall Pipes of determinate cylindrical cavities : as let the hollow of ° 

Ec. My ae) * 
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There may beadded as many more , asthe Experimenter fhall think fit, 
with holes continually decreafing by known quantities, fo far as his fenfes 

_ areabletohelp him ; I fay, fo far, becaufe there may be made Pipes fo 
{mall that it will be impoflible to perceive the perforation with ones na- 
ked eye,though by the help of a Adicrofcepe, it may eafily enough be per- 
ceived: Nay, I have made a Pipe perforated from end to end, fo fmall, 
that with my naked eye I could very hardly fee the body of it, infomuch 
that I have been ableto knit it up intoa knot without breaking : And. 
more accurately examining one with my AZicrofcope, 1 found it not fo big 
asa fixteenth part of one of the fmaller hairs of my head which was of 
the {maller and finer fort of hair, fo that frxteen of thefe Pipes bound fag- 
got-wile together, would but have equalized one fingle hair; how fmall 
therefore mutt its perforation be? It appearing to me through the Adicro- 
Scope to bea proportionably shick-fided Pipe. 

To proceed then, for the trial of the Experiment, the Experimenter 
mutt place the Tube A B, perpendicular, and fill the Pipe F ( cemented in- 
to thehole E_) with water, but leave the bubble C full of Air, andthen 
gently pouring in water into the Pipe A B, he mutt obferve diligently 
how high the water will rifein it before it protrudethe bubble of Air C, 
through the narrow paflage of F, and denote exaétly the height of the 
Cylinder of water , then cementing in afecond PipeasG, and filling it 
with water; he may proceed as withthe former, denoting likewife the 
height of the Cylinder of water, ableto protrude the bubble C through 
the paffage of G, the like may he do with the next Pipe.and the next,cc. 
as far ashe isable : then comparing the feveral ree of the Cylinders, 
with the feveral holes through which each Cylinder did force the air (ha- 
ving due regard tothe Cylinders of water in the {mall Tubes ) it will be 
very eafie to determine, what force is requifite to prefs the 4ir in- 
to fuch and fuch 4 hole, or (to apply it to ourprefent experiment -) 

how
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how much of the preffure of the .4ir is taken off by its ingrefs into fmal: 
ler and fmaller holes. From the application of whichto the entring of 
the 4ir into the bigger hole of the Vefel, and into the {maller hole of thé 
Pipe, we fhall clearly find, that there is a greater preflure of the air upon 
the water in the Vefel or greater pipe, then there is upon that in the lefler 
pipe: For fincethe preflure of the air every way is found to be equal, 
that is, as much asis able to prefs up and fuftaina Cylinder of Quicksilver 
of two foot and a half high, or thereabouts; And fince of this preflure 
fo many more degrees are required to force the Air into a fmaller then 
into a greater hole that is full of a more congruous fluid. And laftly, 
fince thofe degrees that are requifite to prefs it in, are thereby taken off 

| from the 4ir within, and the Air within left with fo many degrees of 
| preflure lefsthen the 4ér without 5 it will follow, that the Airin the le& 

‘Tube or pipe , will have lefs preflure againft the {uperficies of the water 
_ therein, then the 4/r in the bigger: which wasthe minor Propofition to 

be proved. : 
The Conclufion therefore will neceflarily follow, vz. That this xnes 

qual prefiure of the Air caufed by its ingref into unequal holes, is a caufe fuffi- 
cient to produce this effect , without the help of any other concurrent ; and 

_ therefore is probably the principal (if not the only) eaufe of thefe Pheno- 
mena, 

Thistherefore being thus explained, there will be divers Phenomena 
explicable thereby, as, the rifing of Lquorsin a Filtre, the rifing of Spirit 
of Wine, Oyl, melted Tallow, mc. inthe Week of a Lamp, ( though made 
of {mall Wire, Threeds of Asbeftus, Strings of Glafs, or the like ) the rifing 
of Liquorsina Spunge, piece of Bread,Sand,@-c. perhaps alfo the afcend.. 

) ing of the Sapin Trees and Plants, through their finall, and fome of them 
__ imperceptible pores, (of which Ihave {aid more, onanother occafion ) at 
__ leaft the pafling of it out of the earth intotheir roots. And indeed up- 

onthe confideration of this Principle, multitudes of other ules of it oc- 
 curr'd to me, which I have not yet fo well examined and digefted as to 

| ropound for Axioms, but only as Queries and Conjectures which may 
bea as hints toward fome further difeoveries. 

| Asfirft, Upon the confideration of the congruity and incongruity of Box 
dies,as to touch, I found alfo the like congruity and incongruity Cif 1 may 

| fo {peak ) as to the Tranfmitting of the Raies of Light: For as inthis re- 
_ gard.mater ( not now to mention other Liquors ) fests nearer of affini- 

ty to Glafs then Arr,and Air then Quicksilver : whence an oblique Ray out 
of Glafs, will pals into mater with very little refradtion from the erpendi- 
cular, but none out of Glaft into Air, excepting a direéf, will nae without 
avery great refraction from the perpendicular, nay any oblique Ray un- 

_ der thirty degrees, will not be admitted into the Airat all. And Quick: 
— filver will neither admit oblique or direét, but reflects all ; feeming, as to the tranfmitting of the Raies of Light, to be of a quite differing confti- tution, from that of dir Water ,Glafs, xe. and to refemble moft thofe opa- _ cousand {trong reflecting bodies of Metals: So alfo asto the property of 

) cohefion or congruity, Water feems to keep the fame order, being 
) more
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more congruous to Glafs then Air, and Air then Quickfilver. 

ASecond thing (which washinted to me, by the confideration of the 
included fluids globular form, caufed by the protrufion of the ambient 
heterogeneous fluid ) was, whether the Phenomena of gravity might not 
by this means be explained,by fuppofing the Globe of Earth, Water, and 
Air to be included with a fluid, heterogencous to all andeachof them, 
fo fubtil , as not only tobe every where ivterfperféd through the Air, Cor 
rather the air through it .) but to pervade the bodies of Glas, and even 
the clofeft Adetals, by which means it may endeavour to detrude all earth- 
ly bodies as far from it as it can 5 and partly thereby,and partly by other 
of its properties may move them towardsthe Center of the Earth. Now 
that there is fome fuch fluid,I could produce many Experiments and Rea- 
fons, thatdo feem to proveit: But becaufe it would ask fome time and 
room to fet them down and explainthem, and to confider and anfwer all 
the Objections (many whereof I forefee ) that may be alledged againft 
it; I fhall at prefent proceed to other Queries,contenting my felf to have 
here only given a hint of what I may fay more elfwhere. 

A Third Query then was , Whether the heterogeneity of the ambient 
fluid may not be accounted a fecondary caufé of the roundnefs or globular 
formof thegreater bodies of the world,fuch as are thofe of the Suz,Stars, 
and Planets, the fubftance of each of which feems altogether heterogene- 
eus to the circum-ambient fluid ether? And of thisI fhall {ay more inthe 
Obfervation of the Moon. 

A Fourth was, Whether the globular form of the fialler parcels of 
matter here upon the Earth, as that of Fruits, Pebbles, or Flints , &c. 
( which feemto have been a Liquor at firft_) may not be caufed by the 
eterogencous ambient fluid. For thus we fee that melted Gla willbe 

naturally formed intoa round Figures fo likewife any {mall Parcel of any 
Sifible body , if it be perfectly enclofed by the Air , will be driven into 2 
globular Form 3 and,when cold, will be founda Jolid Ball, This is plainly 
enough manifefted tous by their way of making shot with the drops of 
Lead, which being a very pretty curiofity and known but toa very few, 
and having the liberty of publifhing it granted me, by that Eminent Vir- 
tuofo Sir Robert Moray, who brought in this Account of it to the Royal So- 
ciety, Vhave here tran{cribed and inferted, 

To make fmall fhot of different fizes ; Communicated by his 
Highnefs P. R.. 

T Ake Lead out of the Pig what quantity you pleafé, melt it down, 
fiir and clear it with an iron Ladle , gathering together the 

Blackifb parts that fwim at top like feum, and when you fee the co- 
lour of the clear Lead to be greenifh but no fooner, ftrew uponit Auri- 

pigmentum
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pigmentum powdered according to the quantity of Lead, about as 
much as will lye upon a balf Crown piece will ferve for eighteen or 
twenty pound weight of fome forts of Lead ; others will require more, or 
leB. After the Auripigmentum is put in, ftir the Lead well, and the 
Auripigmentum will flame: when the flame is over, take out forme 
of the Lead in a Ladle having a lip or notch in the brim for conveni- 
ent pouring out of the Lead,and being well warmed amongft the melted 

Lead, and with a flick make fone fingle drops of Lead trickle out of 
the Ladle into water in a Glafs , which if they fall to be round and 
without tails, there is Auripigmentum enough put in, and the temper 
of the heat is right, otberwife put in more. Then lay two bars of Iron 
( or fome more proper Iron=torl made on purpofe) upon a Pailof was 
ter,and place upon them around Plate of Copper, of the jizeand figure 
of an ordinary large Pewter or Silver Trencher, the hollow whereof is to 

be about three inches over , the bottom lower then the brims about half 
an inch, pierced with thirty, forty, or more {mall holes; the fmaller the 
Boles are, the fmaller the hot willbe; and the brim isto be thicker then 
the bottom,to conferve the heat the better. 

| The bottom of the Trencher being fome four inches diftant frum the 
water in the Pail,lay upon it fome burning Coles,to keep the Lead melt- 

—— ed-upon it. Thenwith the hot Ladle take Lead off the Pot where it 
ands melted, and pour it foftly upon the burning Coles over the bottom 
of the Trencher, and it willimmediately run through the boles into the 
water in {mall round drops. — Thws pour on new Lead fiill as faft as 
itruns through the Trencher till all be done; blowing now and then 

| the Coles with hand-Bellows, when the Lead in the Trencher cools fo as 
to flop from running. 

Whilft one pours onthe Lead, another mut, with another Ladle, 
_— thrufted four or frve inches under water inthe Pail, catch from time 

__ totime fome of the fhot,as it drops down, to fee the fize of it, and whether 
there be any faultsin it. The greateft care is to keep the Lead upon 

___ the Trencher in the right degree of beat ; if it be too cool , it will not 
run through the Trencher, though it ftand melted upon it ; and this is . 

| é
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be helped by blowing the Coals alittle , or pouring on new Lead that is 
hotter: but the cooler the Lead,the larger the Shot; and the botter,the 

Smaller ; when it is too hot, the drops will crack. and fly; then you 
muft flop pouring on new Lead,and let it cool; and folong as you ob- 

ferve the right temper of the heat, the Lead will conftantly drop into very 
round Shot, without fo much as one with a tail in manypounds. 

When all is done, take your Shot out of the Pail of water, and put it 
ina Frying-pan over the fire to dry them , which muft be done warily, 
Sill foaking them that they melt not; andwhen they are dry you may 
Separate the fmall from the great , in Pearl Sives made of Copper or 
Lattin let into one another, into as many fizes as you pleafe. But if 

you would have your Shot larger then the Trencher makes them , ‘you 
may do it with a Stick., making them trickle out of the Ladle, as hath 
been faid. 

Af the Trencher bebut toucht a very little when the Lead flops from 
going through it, and be not too cool,it will drop again, but it is better 
not totouch it at all. At the melting of the Lead take care that there 
be no kind of Oyl, Greaje, or the like, upon the Pots, or Ladlesor Tren- 
cher. 

The Chief caufe of this Globular Figure of the Shot, eems to be the 
Auripigmentum ; for, as foon as it is put in among the melted Lead, 
it lofes its fbining brightnefs, contratting inflantly a grayifh film or 
skin upon it, when you {cum itto make it clean with the Ladle. So 
that when the Air comes at the falling drop of the melted Lead, that 
skin conftritis them every where equally : but upon what account, and 
whether this be the true caufe, is left to further difquifition, 

Much after this fame manner, when the Air is exceeding cold through 
which it pafles, do we find the drops of Rain, falling from the Clouds, 
congealed into round Hail-ftonesby the freezing Ambient. 

To which may be added this other known Experiment, That if you 
gently let falla drop of water upon {mall fad or duff, you fhall find, as it 
were, anartificial round ftone quickly generated. “I cannot upon this oc- 
cafion omit the mentioning of the ftrange kind of Gratz, which [have 
obferved ina gen brought from Kettering in Northamptonfbire,and there- 
fore called by Mafons Kettering-Stone, of which {ee the sie t
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Which briigs into my mind what I long fince obferved in the fiery Sparks 
that are ftruck out of a Steel. For having a great defire to fee what was 
left behind, after the Spark was gone out, I purpofely ftruck fire over a 
very white piece of Paper, and obferving diligently where fome confpi- 

~ cuous fparks went out , I found a very little black {pot no bigger then 
the point ofa Pin, which through a A“cro/cope appeared to be a perfect 

fF oly round Ball, looking much like a polifht ball of Steel, infomuch that 
I was able to fee the Image of the window reflected from it. Icannot 
here ftay ( having doneit more fully inanother place) to examine the 
articular Realons of it, but fhall only hint, that I imagine it to be fome 

| ral parcel of the Steel, which by the violence of the motion of the 
 ftroke ( moft of which feems to be impreft upon thofe {mall parcels } jg 
made fo glowing hot, that itis melted intoaVitrum, which by the ambi+ 
ent Airis thruft into the form of a Ball. : 

AFifth thing which I thought worth Examination was, Whether the 
motion of all kind of Springs, might not be reduced to the Principle 
whereby the included heterogeneous finid{eems to be moved 5 or to that 
whereby two Solids, as Marbles, or the like,are thruft and kept together 

| bythe ambient finid. 

A Sixth thing was,Whether the R ifing and Ebullition of the Water out 
of Springs and Fountains ( which lie much higher from the Center of the 
Earth then the Superficies of the Sea, from whence it {cemis to be derived) 
may not be explicated by the rifing of Waterina fmaller Pipe: For the 

_ Sea-water being {trained through the Pores or Crannies of the Earth, is, 
as it were, included in little Pipes, where the preflure of the Air has not 
fo great a power to refift its rifing: But examining this way, and finding 
in it feveral difficulties almoft irremovable, I thought upon a way that 

_ would much more naturally and conceivably explain it, which was by 
| this following Experiment: I took a Glafs-Tube, of the form of that 

| defcribed in the fixth Figure, and chufing two heterogeneous fluids, fach 
as Water and Oyl, I poured in as much Wateras filled up the Pipes as 
high as A B, then putting in fome Oy] into the Tube AC, I depreft the ‘ 
fuperficies A of the Water to E, andB I raifed to G, which wasnot fo 

| high perpendicularly asthe fuperficies of the Oy] F, by the fpace F I, 
wherefore the proportion of the gravity of thefe two Liquors was as 
GHtoFE, ‘ 5 

This Experiment] tried with feveral other Liquors, and particularly 
_ with frefh Water and Salt ( whichI made by diflolving Sale in warm 
__ Water ) which two though they are nothing heterogeneous, yet before 
___ they would perfectly mix one with another, I made trial of the Experi- 
_ ment: Nay, Jetting the Tube wherein I tried the Experiment remain for 

many dayes, I obferved them not to mix 5 but the fuperficies of the frefh 
_ was rather more then lefs elevated above that of the Sale. Now the 

_ proportion of the gravity of Sea-water, to that of River-water, accord- 
Ing to Stevinns and Varenius, and as 1 havefince found pretty true by 
making trial my felf, isas46.to 45. thatis, 46. Ouncesof the fale Wa- 

F ter
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ter willtake up no more room then 45. of the frefh, Orreciprocally 
45 pints of falt-water weigh as much as.46 of frefh. 

But I found the proportion of Brine to frefh Water to be near 13 to 123 | 
Suppofing therefore G H M to reprefent the Sea, and F J theheight of 
the Mountain above the Superficies of the Sea, F Ma Cavernin the 
Earth, beginning at the bottom of the Sea, and terminated atthe top of 
the Mountain, L M the Sand atthe bottom, through which the Water 
is as it were {trained , fo as that the frefher partsare only permittedtqo 
tranfude,and the faline kept back 5 if therefore the proportion of G M 
to F M beas 45 to46, then may the Cylinder of Salt-water GM make 
the Cylinder of Frefh-water to rife ashigh as E, and torun oyerat N 
I cannot here ftand to examine or confute their Opinion , whomake the | 
depth of the Sea, below its Superficies , tobe no‘more perpendicularly 
meafured then the height of the Mountains above it: “Tis enough for 
me to fay, there isno one of thofe that have aflerted it , have experimen- | 
tally known the perpendicular of either; nor fhall [ here determine, whe- 
ther there may not be many other caufes of the feparation of the frefh 
water from the falt , as perhaps fome parts of the Earththrough whichit 
is to paf$, may contain a Salt, that mixing and uniting with e Sea-falt, 
may precipitate it; much after the fame manner as the Alkalizate and | 
Acid Salts mix and precipitate each other in the preparation of Tarta- 
rum Vitriolatum. 1 know not alfo whether the exceeding cold (thae 
mutt neceflarily be _) at the bottom of the Water, ed not help towards 
this feparation , for we find , that warm Water is able to diflolve and 
contain more Salt , then the fame cold; infomuch that Brines ftrongly 
impregnated by heat, if let cool, do fuffer much of their Salt to fabtie | 
and cryftallize about the bottom and fides. I know notalfowhether 
the exceeding preflure of the parts of the Water one againft another, 
may not keep the Saltfrom defcending to the very bottom , as finding 
Hieele or no reom to infert it felf between thofe parts , protruded {0 vio- 
lently together , or elfe {queeze it upwads into the fuperiour parts of the 
Sea, where it may more eafily obtain room for it {elf, amongft the parts 

: of the Water , by reafon that there is more heat and lefs preflure. To 
this Opinion Twas fomewhat the more induced by the relations I have 
met with in Geographical Writers, of drawing freth Water from the bot- 
tom of theSea , which is faltabove. I cannot now ftand to examine, 
whether this natural perpetual motion may not artificially be imitated + 
Nor can I {tand to an{wer the Objections which may be made againtt this 
my Suppofition: As, Firft, How it comes to pafS,that there are {ometimes 
fale Springs much higher then the Superficies of the Water? And, Se- — 
condly ,Why Springs do not run fafter and flower, according to the vary- 
ing height made of the Cylinder of Sea-water, by the ebbing and flow- 
ing of the Sea ? 

As to the Firft, Infhort, I fay, the frefh Water may receive again a 
faline Tincture near the Superficies of the Earth, by paffing through: 
fomefalt JGnes, or elfe many of the falinc parts of the Seamay be kept 
back, though not all. 

And
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Andasto the Second, The fame Spring may be fed and fupplyed by 

divers Caverns, coming from very far diftant partsof the Sea, fo as that 
it may inone place be high , inanother low water; and fo by that means 
the Spring may be equally fupply‘d atall times. Or elfe the Cuver may 
be fo {traight and narrow , that the water not having foready and free 
paflage through it, cannot upon fo fhort and quick mutations of preflure, 

. beable to produce any fenfible effe& at fucha diftance. Befides that, 
to confirm this hypothefs, there are many Examples found in Natural Hifto- 
rians,of Springs that do ebb and flow like the Sea: As particularly,thofe 
recorded by the Learned Camden, and after him by Speed, to be found in 
this [and : One of which,they relate to be on the Top of a Mountain, 
by the {mall Village Kilken in Flintfhire , Maris amulus qui fiatis tempos 
ribus fuas evomit reforbet Aquas 3 Which at certain times rifeth and 
falleth after the manner of the Sea. A Second in Caermardenfhire, 
near Caermarden, ata place called Cantred Bichan; Qui (ut {cribit Gi- 
raldus ) naturali die bis undis deficiens , & toties exuberans , marinas 
imitatur inftabilitates 5 That twicein four and twenty hours ebbing and 
flowing , refembleth the unftable motions of the Sea, The Phenomena 
of which two may be eafily made out, by fuppofing the Cavern, by which 
they are fed , to arife from the bottomof the nextSea. A Third, isa 
Well upon the River Og~ore in Glamorganfhire, and near unto Newton, of 
which Camden relates himfelf to be certified,by a Letter from a Learned 
Friend of his that obferved it, Fons abeft hine, Gc. The Letterisa little 
too long to be inferted,but the fubftance is this ; That this Well ebbs and. 
flows quite contrary to the flowing and ebbing of the Sea in thofe parts : 
for ‘tisalmoft empty at Full Sea, but fullat Low water. This may hap- 
pen from the Channel by which it is fupplied , which may come from the 
bottom of a Sea very remote from thofe parts , and where the Tides are 
much differing from thofe of the approximate fhores. A Fourth, liesin 
Weftmorland, near the River Leder 5 Qui inftar Euripi fepius in die reci- 
procantibus undis fivit & refluit , which ebbs and flows many times a day, 
This may proceed from its being fupplyed from many Channels, coming 
from feveral parts of the Sea, lying {ufficiently diftant afunder to have the 
times of High-water differing enough one fromthe other ; fo as that 
whenfoever it fhall be High water over any of thofe places, where thefe 
ners begin, it fhall likewife be fo in the Well but thisis but a fuppo- . 
ition. 

A Seventh Query was, Whether the 42/olution or mixing of feveral bo- 
dies, whether fiuid or folid,with faline or other Liquors,might not partly 
be attributed to this Principle of the congruity of thofe bodies aiid their 
diffolvents ? As of Salt in Water,Metals in feveral Aenfiruums, Untuous 
Gums in Oyls, the mixing of Wine and Water, @c. And whether preci- 

| pitation be not partly made from the fame Principle of Incongruity ? I 
| fay partly, becaule there are in fome Difiolutions,{ome other Caufes con- 

current. 
| T fhall laftly make a much more feemingly ftrange and unlikely Query 5 

and thatis, Whether this Principle, well examined and explained, may 
Ea. not
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not be found a co-efficient in the moft confiderable Operations of Na- 
ture? As inthofe of Heat,and Light,and confequently,of Rarefaction and. 
Condenfation, Hardnefs, and Fluidnefs, Perfpicnity and Opaconfiee)s,Refratti- 
ons and Colours, Gc. Nay, know not whether there may be many things 
done in Nature,in which this may not (be faid to) have a Finger? This 
Ihave in fome other paflages of this Treatife further enquired into and 
fhewn, that as well Light as Heat may be caufed by corrofiox which is ap- 
plicable to congruity,and confequently all the reft will be but fubjequents: 
Inthe mean time I would not willingly be guilty of that Error,which the 
thrice Noble and Learned Verulam Fats takes notice of, as fuch,and calls 
Philofophie Genws Empiricum , quod in paucorum Experimentorum Anguftiis 
& Obfcuritate fundatum eft. For Ineither conclude from one fingle Expe- 
riment,nor are the Experiments I make ufe of-all made upon one Subjeé 
Nor wreft Iany Experiment to make it quadrare with any preconceiy'd 
Notion. But onthe contrary, I endeavour to be converfant in divers 
kinds of Experiments, and all and every one of thofe Trials, I make the 
Standards or Touchftones, by which I try all my former Notions, whether 
they hold out in weight, and meafure,and touch, Gc. Foras that Body is 
no other then a Counterfeit Gold, which wants any one of the Proprie- 
ties of Gold, ( fuch asare the Malleablenef8, Weight, Colour, Fixtne& 
in the Fire,Indiffolublenefs in Aqua fortisand the like) though it has all 
the other 5 fo will all thofe Notions be found to be falfe and deceitful, 
that will not undergoall the Trials and Tefts made of them by Experi- 
ments. And therefore fuch as will not come up tothe defired pex of 
Perfection, [rather wholly reject and take new, thenby piecing and 
atching,endeavour to retain the old,as knowing fuch things at beft to be 

Coe lame and imperfect. And this courfeI learned from Nature; whom 
we find neglectful of the old Body, and fuffering its Decaies and Infirmi- 
tiesto remain without repair , and altogether follicitous and careful of 
perpetuating the Species by new Individuals. And itis certainly the moft 
likely way to erect a glorious Structure and Temple to Nature, fuch as fhe 
willbe found ( by any zealous Vetary _) torefide ins to begin tobuilda 
new upon a fure Foundation of Experiments. 

But to digrefs no further from the confideration of the Phexomena, 
more immediately explicable by this Experiment, we thall proceed to 
fhew, That, asto the rifing of Water ina Filtre, the reafon of it will be 
manifeft to him,that does take notice,that a Filtre is conftituted ofa great 
number of {mall long folid bodies , which lie fo clofetogether, that the 
Air inits getting inbetween them, doth lofe of its preflure that it has a- 
gainft the Fluid without them, by which means the Water or Liquor not 
finding fo {trong a refiftance between them as is able to counter-ballance 
the preffure on its fuperficies without, is raifed upward, till it meet witha 
preflure of the Air which is able to hinder it. And as to the Rifing of 
Qyl, melted Tallow, Spirit of Wine, @c. inthe Week of a Candle or 
Lamp, it isevident, thatit differs innothing from the former, fave only 
in this, that in a Filtre the Liquor defcends and runs away by another 
part; and in the Week the Liquor is difperfed and carried away by the 

; ‘ Flame ;
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| Flame 5 fomething there is afcribable to the Heat , for that it may rarifie 

the more volatil and fpirituous parts of thofe combuftible Liquors, and {6 
being made lighter thenthe Air, it may be protruded upwards by that 
more ponderous fluid body in the Form of Vapours; but this can be 
afcribed to the afcenfion of but a very little,and moft likely of that on- 
ly which afcends without the Week. As for the Rifing of it ina Spunge, 
Bread,Cotton.@c. above the fuperficies of the fubjacent Liquor; what 
has been faid about the Filtre. ( if confidered ) will eafily fuggelt a 

_ reafon , confidering that all thefe bodies abound with {ial holes or 
‘pores. 
From this fame Principle alfo ( viz. the unequal prefure of the Aiv a- 

| gainft the unequal fuperficies of the water ) proceedsthe caufe of the ac- 
ceflion or incurfion of any floating body againft the fides of the con: 
taining Veilel, or the appropinguation of two floating bodies, as Bubbles, 
Corks, Sticks, Straws, Ec. one towards another. As for inftance, Take 
a Glafs-jar, fuch as AB inthe feventh Figure, and filling it pretty near the 
top with water , throw into it a fmallround piece of Cork, as C, and 
plunge it all over in water, thaticbe wet , foas that the water may rife 

__ upby the fides of it,then placing it any where upon the fuperficies, about 
__ an inch,or one inch and a quarter from any fide, and you fhall perceive it 

by degrees to make perpendicularly toward the neareft part of the fide, 
and the nearer it approaches , the falter to be moved; the reafon of 

_ which Phenomenon will be found no other then this, that the Air has a 
greater preflure againft the middle of the /aperficies, then it has againit 

_ thofe parts that approach nearer, and are contignows to the fides. Now 
that the preflureis greater, may ( asI fhewed before inthe explication 

_ ofthe third Figure ) be evinced from the flatting of the water in the 
middle, which arifes from the gravity of the under fivid: for fince, as I 

_ thewed before, if there were no gravity in the under flvid,or that it weré 
equal tothat of the upper , the terminating Surface would be spherical, 

__ and fince itis the additional preflre of the gravity of water that makes 
it fo flat, it follows, that the preflure upon the middle mutt be greater then 
towards the fides. Hence the Ball havinga {tronger preflure againft that 
fide of it which refpects the middle of the fuperficies , then againft that 
which refpetts the approximate fide , mutt neceflarily move towards that 
part, from whence it finds leaft refiftance, and fo be accelerated, as the re- 
fiftance decreafes. Hence the more the water is raifed under that part 
ofits way it is pafling above the middle, the fafter it is moved: And 
therefore you will find it to move fafter inE then in D, and inD then 
inC. Neither could [find the floating fubftance to be moved at all, un- 
tilit were placed upon fome part of the Superficies that was fenfibly ele- 
vated above the height of the middle part. Now that this may be the 
true caufe, you may try with a blown Bladder, and an exactly round Ball 
upon a very {mooth fide of fome pliable body , as Horn or Quicksilver. 
For if the Ball be placed under a part of the Bladder which is upon one 
fide of the middle of its preflure , and you prefs ftrongly againft the 
Bladder,you thall find the Ball moved from the middle towards the fides. 

Having
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Having therefore fhewn the reafon of the motion of any float towards 
the fides, the reafon of the incurfion of any two floating bodies will eafi- 
ly appear: For the rifing of the water againft the fides of either of 
them,is an Argument fufficient,to fhew the preflure of the Air to be there 
lefs,then it is further from it,where it is not fo much elevated 5 and there- 
fore the reafon of the motion 6f the other toward it, willbe the fame as 
towards the fide of the Glafs; only here from the fame reafon, they are 
mutually moved toward each other , whereas the fide of the Glafs in the 
former remains fixt. If alfo you gently fill the Jar fo full with water, 
that the water isprotuberant above the fides, the fame piece of Cork that 
before did haftentowardsthe fides, does now fly from it as faft towards 
the middle of the Superficies; the reafon of which will be found no o- 
ther then this, that the preflure of the Airis ftronger againft the fides of 
the Superficies G and H, then againft the middle] 5 for fince, asI fhewed 
before, the Principle of congruity would make the terminating Surface 
Spherical , and that the flatting of the Surface in the middle is from the 
abatement of the waters preflure outwards, by the contrary indeavour 
of its gravity ; it follows that the preflure in the middle mutt be lefs then 
on the fides; and therefore the confecution will be the fame as in the 
former. It is very odd toone that confiders not the reafon of it , to fee 
two floating bodies of wood to approach each other,as though they were 
indued with fome magnetical vigour 5 which brings into my mind what I 
formerly tried witha piece of Cork or fuch like body, which Ifo order- 
ed, that by putting a little ftick into the fame water, one part of the faid 
Cork would approach and make toward the ftick, whereas another 
would difcede and fly away,nay it would have a kind of verticity , fo as 
that if the Zquator (as [may fo {peak ) cf the Cork were placed to- 
wards the ftick, if let alone, it would in{tantly turn its appropriate Pole 
toward it,and then run a-tilt at it:and this was done only by taking a dry 
Cork, and wetting one fide of it with one {mall ftroak 5 for by this means 
gently putting it upon the water, it would deprefs the fuperficies on eve- 
ry fide of it that was dry , and therefore the greateft preflure of the Air, 
being near thofe fides caufed it either to chafe away,or elfe to fly off from 
any other floating body, whereas that fide only, againft which the water 
afcended, was thereby able to attract. 

It remains only, that I fhould determine how high the Water or other 
Liquor may by this means be raifed in a {maller Pipe above the Superfi- 
cies of that without it , and at what height it may be fuftained: But to 
determine this, will be exceeding difficult, unlef{sT could certainly know 
how much of the Airs preflure is taken off by the fmalnefs of fuch and 
fuch a Pipe,and whether it may be wholly taken off,that is,whether there 
can be a hole or pore fo fmall, into which Air could not at all enter, 
though water might with its whole force ; for were there fuch, ‘tis mani- 
feft, thatthe water might rife in it to fome five or fix and thirty Englith 
Foot high. I know not whether the capillary Pipes in the bodies of finall 
Trees, which we call their A/icrofcopical pores,may not be fuch; and whe- 
ther the congruity of the fides of the Pore may not yet draw the juyce 

even
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even higher then the Air was able by its bare preflure to taife it : For, 
Congruity isa principle that not only unites and holds a body joyned to 
it, but, which ismore, attracts and drawsa body that is very near it, and 
holds it above its ufual height. 

And this is obvious even in a drop of water fifpended under any Si: 
milar or Congruous body : For,befides the ambient preffure that helps to 
keep it fuftein'd, there isthe Congruity of the bodies that are contigu- 

| ous. This is yet more evident in Tenacious and:Glutinous bodies; fach 
| asGummous Liquors, Syrups, Pitch, and Rofin melted, gc. Tar, Tur- 

pentine, Balfom, Bird-lime, Gc. for there it is evident, that the Parts 
of the tenacious body, as I may fo call it, do {tick andadhere fo clofe« 
ly together, that though drawn out into long and very flender Cylin- 
ders, yet they will not eafily relinquifh one another; and this, though 
the bodies be aliquatenus fluid, and inmotion by one another; which, 
to fuch as confider a fluid body only asits parts are in aconfufed irregu- 
lar motion, without taking in alfo the congruity of the parts one among 
another, and incongruity to fome other bodies, does appear not alitele 
ftrange. So that befides the incongruity of the ambient fluid to it, we 
are to confider alfo the congruity of the parts of the contein'd fluid one 

| with another. 
And this Congruity (that I may here alittle further explain it) is both 

a Tenaceous aad an Attractive power 5 for the Congruity, in the Vi- 
brative motions,may be the caufe of all kind of attraétion, not only Ele- 
étrical, but Magnetical alfo, and therefore it may be alfo of Tenacity 
and Glutinoufnefs. For, from a perfect congruity of the motions of two 
diftant bodies, the intermediate fluid particles are feparated and dro- 
ven away from between them, and thereby thofe congruous bodies are, 
by the incompafling mediums, compell’d and forced neerer together ; 
wherefore that attractivenefs muft needs be ftronger, when, by anim- 
mediate conta¢t, they are forc’d to be exactly the fame: As I fhew more 
at large in my Theory of the Magnet. And this hints to me the reafon of 
the fufpenfion of the Afercury many inches, nay many feet, above the ufu- 
al {tation of 30 inches. For the parts of Quick-filuer, being fo very 
fimilar and congruous to each other, if once united, will not eafily fuffér 
adivulfion: And the parts of water, that were any wayes heterogeneous, 
being by exantlation or rarefaction exhautted, the remaining parts vont 
alfo very fimilar, will not eafily part neither. And the parts of the Glafs 
being folid, are more difticultly disiéyn'd 3 and the water, being fome- 

___ what fimilar to both, is, as it were, amedium to unite both the Giaf and 
the Mercury together. So that all three being united, and not very dif 

_ fimilar, by means of this contact, if carebe taken that the Tube ine- 
___ recting be not fhogged, the Quicksilver will remain fufpended, notwith- 
__ ftanding its contrary indeavour of Gravity, a great height above its or- 
_ dinary Stations butif this immediate Contact be removed , either by a 

meer feparation of them one from another by the force of a fhog, where- 
___ by theother becomes imbodied between them, and licks up from the 

furface fome agil parts, and fo hurling them makes them air 5 or ie 

y
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by fome {mall heterogeneous agil part of the Water, or Air, or Quick: 
filver, which appears like a bubble, and by its jumbling to and fro there is 
made way for the heterogeneous ther to obtrude it felf between the 
Glafs and either of the other Fluids, the Gravity of Asercury precipitates 
it downward with very great violence 5 andif the Veflel that holds the 
reftagnating Mercury be convenient, the Aercury will for a time vibrate to 
and fro with very large reciprocations, and at laft willremain kept up by 
the preffure of the external Air at the height of neer thirty inches. And 
whereas it may be objected, that itcannot be, that the meerimbodying 
of the ther between thefe bodies can be the caufe,fince the ther ha- 
ving a free paflage alwayes , boththrough the Pores of the Glafs, and 
through thofe of the Fluids, there isno reafon why it fhould not make a 
feparation at all times whilft it remains fufpended, as when it is violently 
dif-joyned by a fhog. Tothis! anfwer, That though the ther paffes 
between the Particles, that is, through the Pores of bodies, fo as that any 
chafme or feparation being made , it has infinite paflages to admit its en- 
try intoit, yet fuchis the tenacity or attractive virtue of Congruity, that 
tillit be overcome by the meer ftrength of Gravity, or by a thog aflifting 
that Conatus of Gravity, or by an agil Particle, that is like a leaver agi- | 
tated by the £tber 5 and thereby the parts of the congruous fub{tances 
are feparated {0 far afunder , that the {trength of congruity is fo far wea- 
hetecias not to be able to reunite them, the parts to be taken hold of be- 
ing removed out of the attractiveSphere, as I may fo {peak, of the con- 
gruity; fuch, I fay, isthetenacity of congruity, that it retains and holds 
the almoft contiguous Particles of the Fluid , and fuffers them not to be 
feparated, till by meer force that attraCtive or retentive faculty be over- 
come: But the feparation being once made beyond the Sphere of the 
attractive activity of congruity, that virtue becomes of no effect at all, 
but the Azercury treely falls downwards till it meet witha refiftance from 
the preflure of the ambient Air, able to refiftits gravity, and keep it for- 
ced up inthe Pipe tothe height of about thirty inches. 

Thus have I gently raifed aSteel pemdulumby a Load{tone to a great 
Angle,till by the fhaking of my hand I have chanced to make a fepara- 
tion between them, which is no fooner made, but as if the Loadftonehad 
retained no attractive virtue, the Pendulum moves freely from it towards 
the other fide. So vafta-difference is there between the attrative vir- 
tue of the AZaguet whenit acts upon acontiguous and upona disjoyned 
body: and much more muft there be between the attractive virtues of 
congruity upona contiguous and disjoyned body 3 and in truth the attra- 
tive virtue is fo little upon a body disjoyned, that though I have with a 
Microfcope obferved very diligently , whether there were any extraordi- 
nary protuberance on the fide of a drop of water that was exceeding neer 
to the end of a green ftick, but did not touch it, I could not perceive the 
leaft; though I found, that as foon as ever it toucht it the whole drop 
would ea unite it felf with it; fo that itfeems an abfolute con- 
tact is requifite to the exercifing of the tenacious faculty of congruity. 

Obfery.
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Obferv. VII. Of fome Phenomena of Glafs drops. 

ay Hefe Glafs Drops are {mall {parcels of coarfe gtéen Glafs taken out of 
the Pots that contain the Aéetal ( asthey callit_) in fufion, upon the 

end of anIron Pipe 5 and being exceeding hot, and thereby of a kind of 
fluggifh fluid Confiftence, are fuffered to drop from thence into 4 Bucket 
of cold Water, and in it to lye till they be grown fenfibly cold. 

Some of thefe I broke in the open air, by {napping off a little of the 
{mall {tem with my fingers, others by crufhing it witha fmall pair of Ply- 
ers; which I had no fooner done , then the whole bulk of the drop flew 
violently, witha very brisk noife, into multitudes of {mall pieces, forhe of 
which were as {mall as duft, though in fome there were remaining pieces 
pretty large,without any flaw at all;and others very much flaw'd, which 
by rubbing between ones fingers was eafily reduced to duft; thefe diz 
fperfed every way fo violently , that ome of them pierced my skin, | 
could nof find,either with my naked Eye,or a Afcrofcope, that any of the 
broken pieces were of a reguiar figure,nor any one like another , but for 

_ the moft part thofe that flaw'd off in large pieces were prettily bran: 
ched. 

The ends of others of thefe drops Inipt off whilft all the bodies and 
ends of them lay buried under the water,which, like the former; flew all 
to pieces with as brisk a noife, and as {trong a motion. 

Others of thefe I tried to break, by grinding away the blunt end, and 
though I took afeemingly good one, and had ground away neer two 
thirds of the Ball, yet wouldit not fly to pieces, but now and then fonte 
{mall rings of it would {nap and ef off, not without a brisk noife and 
quick motion, leaving the Surface of the drop whenceit flew very pretti- 
ly branehed or creafed, which was eafily difcoverable by the Adicrofcope, 
This drop,after I had thus ground it, without at all impairing the remnant 
that wasnot ground away, I caufed to fly immediately all into fand upon 
the nipping off the very tip of its {lender end. 

Another of thefe drops I began to grind away at the fmaller end , but 
had not worn away on the {tone abovea quarter of aninch before the 
whole drop flew witha brisk erack into fand or finall duft; nor would 
it have held fo long , had there not beena little flaw in the piece that I 
ground away, as] afterwards found. 

Several others of thefe drops I covered over with a thin but very tuff 
skin of Zethyocol/a, which being very tough and very tranfparent,was the 
moft convenient fubftance for thi tryals that I could imagine, having: 
dipt,l fay, feveral of thefe drops in this tranfparent Glue whilft hot , and 
futfering themto hang by a ftring tied about the end of them till they 
werecold, and the skin pretty tough; then wrapping all the body of the 

G “drop
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drop (leaving out only the very tip ) infine fupple Kids-leather very 
sokist oe off the final! ae found, asI expected, that notwith- 
ftanding this skin of Glue, and the clofe wrapping up in Leather, upon 
the breaking of the top, the drop gavea crack like the reft, and gave my 
hand a pretty brisk impulfe: but yet the skin and leather was fo {trong as 
to keep the parts from flying out of their former pofture 5 and, the skin 
being tranfparent , I found that the drop retained exactly itsformer fi- 
gure and polifh, but was grown perfeétly opacous and all over flaw'd, all 
thofe flaws lying in the manner of rings, from the bottom or blunt end, to 
the very topor {mall point. And by feveral examinations witha Agcro- 
JSeope, of feveral thus broken, I found the flaws, both within the body of 
the drop, and on the outward furface, to lye much in this order. 

Let AB in the Figure X of the fourth Scheme reprefent the drop cafed 
over with Ihyocolla or Hinglafi,and (by being ordered asis before pre" 
{cribed _) crazed or flawed into ees but by the skin or cafe kept in its former figure, and each of its flawed parts preferved exactly in its due pofture 5 the outward <peete of it fomewhat plainly to the naked eye, but much more con{fpicuous if viewed witha mall fen appeared 
much after this fhape. That is, the blunt endB fora pretty breadth, namely, asfar asthe Ring C C C feemed irregularly flawed with divers 
clefts, which all feemed to tend towards the Center of it, being, as T af terwards found , and fhall anon fhew in the defcription of the figure Y, 
the Bafis, as it were, of a Cone, which was terminated a little above the middle of the drop, all the reft of the Surface from CCC to A was flawed with an infinite number of {mall and parallel Rings. which as they 
were for the moft part very round , fo were they very thick and clofe together, but were not fo exactly flaw’d as to makea perfect Ring, but each circular part was by irregular cracks flawed likewife into multitudes of irregular oe or tiles; and this order was obferved likewife the 
whole length of the neck, 

Now though I could not fo exaGly cut this conical Body through the Axis, as is reprefented by the figure Y; yet by anatomizing, as it were, of feveral, and taking notice of divers particular circumftances, I was in- formed, that could I have artificially divided a flaw’d drop through the Axis or Center, 1 fhould with a Aficrofcope have found it to appear much of thisform, where A fignifies the Apex, and B the blunt end, CC the Cone of the Bafis,; which is terminated at T the top or end of it, which feems to be the very middle of the blunt end. in which, not only the co- nical body of the Bafis C C is terminated, but as many Of the parts of the dropas reach as high as DD. 
Andit feemed to be the head or beginning of a Pith, asit were, ord a part of the body which {eemed more {j pungy thenthe reft, and much more irregularly teat which from T afcended by EE, though lefs vi- fible, into the fmall neck towards A. The Grain, asit were, of all the flaws, that from all the outward Surface A DC CD A, was much the fame,as is reprefented by the black ftrokesthat meet inthe middle D Tf DT,DE,DE, &c. 

Nor
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Nor is this kind of Grain, asI may call it, peculiar to Glafs drops thus 

quenched 5 for (not to mention Coperas-ftones , and divers other Afar~ 
’ chafites and Minerals , which I have often taken notice of to be in the 

very fame manner flaked or grained, with a kind of Pith inthe'middle ) 

[have obferved the famein all manner of caft Iron , e{pecially the coar- 

fer fort, fuchas Stoves, and Furnaces, and Backs, and Pots are made of ¢ 

For upon the breaking of any of thofe Subftances.it is obvious to ob- 

ferve, how from the out-fides towards the middle, there is a kind of 

Radiation or Grain much refembling this of the Glafs-drops but this 
Grainis moft confpicuous in Iron-bullets , if they bebroken: the fame 
Phenomena may be produced by cafting regulus of Antimony into 

aBullet-mold, as alfo with Glas of Antimony, or with almoft any fuch 
kind of Vitrified fubflance, either caft into a cold Mold or poured into 
Water. 

Others of thefe Drops I heat red hot in the fire,and then fuffered them 
tocool by degrees, And thefe I found to have quite loft all their fili« 

nating or flying quality, asalfotheir hard, brittle and {pringy texture 5 
and to emerge of a much fofter temper, and much eafier to be broken or 

fnapt with ones finger;but its {trong and brittle quality was quite deftroy- 
ed, and it feemed much of the fame confiftence with other green Glafs 
well nealed inthe Oven. 

The Figure and bignefé of thefe for the moft part was the fame with 
that of the Figure Z; that is,all the furface of them was very {mooth and 
polifht,and for the moft part round, but very rugged or knobbed. about 
1d, andall the length of the ftem was here and there pitted or flatted, 

About D, which isat the upper part of the drop under that fide of the 

ftem which isconcave, there ufually was made fome one or more little 
Hillocks or Prominences. The drop it felf, before it be broken, appears 
very tranfparent, and towards the middle of it,to be very full of {mall 
Bubbles, of fome kind of aerial fubftance, which by the refraction of the 
outward furface appear much bigger then really they are3 and this may 
bein good part removed, by putting the drop under the furface of clear 
Water, for by that means moft part of the refraction of the convex Sur- 
face of the drop is deftroyed, and the bubbles will appear much {maller. 
And this, by the by, minds me of the appearing magnitude of the aper- 

ture of the iris, or pupil of the eye, which though it appear, and be there~ 
fore judged very large, is yet not above a quarter of the bignefs it ap- 

pears of, by the /enticwlar retraction of the Corvea. 
The caufe of all which Phenomena Limagine to be no other then this, 

That the Parts of the Glaf$ being by the exceflive heat of the fire kept 
off and feparated one from another, and thereby put irito a kind of flug- 
 gifh fluid confiftence , are fuffered to drop off with that heat or agitation 
remaining inthem, into cold Water; by which meansthe outfides of the 
drop are prefently cool’d and crafted , and are thereby made of a loofe 

_ texture,becaufe the parts of ithave not time to fettle themfelves leifurely 
together , and fo to lie very clofe together: And the inuermoft parts of 

the drop, retaining ftill much of their former heat and agitations, <— 
. G2 oO!
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of a loofe texture alfo,and,according asthe cold {trikes inwards from the 
bottom and fides, are quenched, asit were, and made rigid in that very 
pofture wherein the cold findsthem. For the parts of the erufé being 
already hardened , will not fuffer the partsto fhrink any more fromthe 
outward Surface inward 5 and though it fhrink a little by reafon of the 
fmall parcels of fome Aerial fubftances difperfed through the matter of 
the Glafs, yet that isnot neer fo much asit appears (as I juft now hint- 
ed ;,) nor if it were,would it be fufficient for to confolidate and condenfé 
the body of Glafs into a tuff and clofe texture, after it had been fo ex- 
ceffively rarified by the heat of the glafs-Furnace. 

But that there may be fuch an expanfion of the aerial fubftance con- 
tained in thofe little b/ebhs or bubbles inthe body of the drop , this fol- 
Jowing Experiment will make more evident. 

Take a fmall Glafs-Cane about afoot long, feal up one end of it her- 
metically,then put ina very {mall bubble of Glafs, almoft of the fhape of 
an Effence-viol with the open mouth towards the fealed end , then draw 
out the other end of the Pipe very fmall,and fill the whole Cylinder with 
water, then fet this Tube by the Fire till the Water begin to boyl, and 
the Air in the bubble be in good part rarified and driven out , then by 
fucking atthe {malling Pipe, more of the Air or vapours in the bubble 
may be fuck’d out, fo that it may fink to the bottom; when it is funk to 
the bottom,in the flame of a Candle,or Lamp,nip up the flender Pipe and 
let it cool : whereupon it is obvious to obferve, firft, that the Water by 
degrees will fubfide and fhrink into much lefSroom: Next, that the Air 
or vapours in the Glafs will expand themfelves fo, as to buoy up the little 
Glafs: Thirdly, that all about the infide of the Glafs-pipe there will ap- 

pear an infinite number of finall bubbles, which as the Water grows colder 
and colder will fwell bigger and bigger, and many of them buoy them- 
felves up and break at the top. 

From this Difceding of the heat in Glafs drops,that is, by the quenching 
or cooling Irradiations propagated from the Surface upwards and in- 
wards, by the lines CT, CT, DT, DE, cc. the bubbles inthe drop 
have room to expand themfelves a little, and the parts of the Glafs con- 
tract themfelvess but this operation being too quick for the {luggith parts 
of the Glafs, the contraction is performed very unequally and irregularly, 
and thereby the Particles of the Glafsare bent, fomeone way, and {ome 
another, yet foas that moft of them draw towards the Pithor middle 
TEEE, or rather from that outward: fo that they cannot extricate or 
unbend themfelves, till fome part of TE E E be brokenand loofened, 
for all the parts about that are placed inthe manner of an Arch, and {9 
till their hold at T EE E be loofened they cannot fly afunder, but up- 
hold, and fhelter, and fix each other much like the {tones in a Vault, 
where cach ftone does concurre to the ftability of the whole Fabrick, 
and no one {tone can be taken away but the whole Arch falls.And where- 
foever any of thofe radiating wedges DT D, cc. are removed, which 
are the component parts of this Arch,the whole Fabrick prefently falls to 

‘ pieces 3



MicroGraPnHia, . oF 
pieces; for all the Springs of the feveral parts are fet at liberty, which 
immediately extricate themfelves and fly afunder every way 3 each part 
by its {pring contributing to the darting of it elf and fome other contigus 
ous part. But if this drop be heat fo hot as that the parts by degrees can 
unbend themfelves, and be fettled and annealed in that pofture, and be 
then fuffered gently to fubfide and cools The parts by this nealing lo 
fing their {pringinefs , conftitute a drop of a more {oft but le& brittle texs 
ture,and the parts being notat all under a flexure, though any pait of the 
middle or Pith TEE E be broken, yet will not the drop at all fly to pieces 
as before. 

This Conjecture of mine I fhall indeavour to make out by explains 
’ ing each particular Affertion with avalogous Experiments : The Aflertions 

are thefe. 

Firft, That the parts of the Glafs, whilft in a fluid Confiftence and 
hot, are more rarified, or take up more room, then when hard and 
cold. 

Secondly , That the parts of the drop do fuffer a twofold contras 
Gion. 

Thirdly , Thatthe dropping or quenching the glowing metal inthe 
Water makes it of a hard, {pringing, and rarified texture. 

Fourthly , That there is a flexion or force remaining upon the parts 
of the Glafs thus quenched, from which they indeavour to extricate 
themfel ves. 

Fifthly, That the Fabrick of the drop, that isable to hinder the parts 
from extricating themfelves, is avalogws to that of an Arch. 

Sixthly, That the fudden flying afunder of the parts proceeds from 
their {pringinefs. 

Seventhly, That a gradual heating and cooling does anneal or reduce 
the parts of Glafstoa texture that is more loofe, and eafilier tobe bros 
ken, but not fo brittle. 

That the firft of thefe is true may be gathered from this, That Heat is 
a property of 4 body arifing from the motion or agitation of its parts 5 and 
therefore whatever body is thereby toucht mutt neceflarily receive fome 
part of that motion,whereby its parts will be fhaken and agitated, and fo 
by degrees free and extricate themfelves from one another , and each 
part fo moved does by that motion exert a comatus of protruding and dif 
placing all the adjacent Particles. Thus Air includedina veflel, by be- 
ing heated will burft it to pieces. Thus have] broke a Bladder held 
over the fire inmy hand, with fuch a violence and noife , that it almoft 
made me deaf for the prefent,and much furpafled the noife of a Musket: 
The likehave I done by throwing into the fire fmall glafs Bubbles het- 
mietically fealed , witha little drop of Water included inthem. Thus 
Water alfo,or any other Liquor,included in a convenient veflel,by being 
warmed , fianiiettly expandsit felf witha very great violence, fo asto 
break the ftrongeft veflel,if when heated it be narrowly imprifened 7 - 

is
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This is very manifeft by the fealed Thermometers, which Ihave, by feve- 
ral tryals, at laft brought to a great certainty and tendernefs : for I have 
made fome with {tems above four foot long , in which the expanding Li- 

_ quor would fo far vary,asto be very neer the very top in the heat of Sum- 
mer, and prety neer the bottomat the coldeft time of the Winter. The 
Stems I ufe for them are very thick,ftraight,and even Pipes of Glafs,with 
a very {mall perforation, and both the head and body I have made on 
purpofe at the Glafs-houfe, of the fame metal whereof the Pipes are 
drawn: thefe I caneafily in the flame ofa Lamp, urged with the blaft of 
a pair of Bellows, feal and clofe together, fo asto remain very firm, clofe 
and even; by this means I joynon the body firft,and then fill both it and 
a part of the ftem, proportionate to the length of the ftem and the * 
warmth of the feafon I fill it in,with the beft rectified spirit of Wine high- 
ly ting’d with the lovely colour of Cocheneel, which I deepen the more 
by pouring fome drops of common Spirit of Urine, which muft not be 
too well rectified , becaufe it will be apt to make the Liquor to curdle 
and ftick in the fmall perforation of the ftem. _ This ee upon 
tryal found the moft tender of any {pirituous Liquor,and thofe are much 
more fenfibly affected with the variations of heat and cold then other more 
flegmatick and ponderous Liquors, and as capable of receiving a deep 
tincture, and eevee it,as any Liquor whatfoever; and ( which makes 
it yet more acceptable ) is not fubject to be frozen by any cold yet 
known. When I have thus filled it,I can very eafily in the foremention- 
ed flame of a Lamp {eal and joyn on the head of it. 

Then, for stidcating the {tem, I fix that for the beginning of my di- 
vifion where the furface of the liquor in the ftem remains when the 
ballis placed in common diftilled water, that is fo cold that it juft begins 
to freeze and fhoot into flakes; and that mark I fix at aconvenient place 
of the ftem, to make it capable of exhibiting very many degrees of cold, 
below that which is requifite to freeze water: the reft of my divifions, 
both above and below this (which I mark with a [0] or nought) I place 
according to the Degrees of Expanlion, or Contrattion of the Liquor in 
proportion to the bulk it had when it indur’d the newly tietitioh' freez- 
ingcold. Andthis may be very eafily and accurately enough done by 
this following way; Prepare a Cylindrical vefiel of very thin plate Brais 
or Silver, AB C D of thefigure Z; the Diameter AB of whofe cavity 
let be about two inches, and the depth B C the fame; let eachend be 
cover’d with a flat and {mooth plate of the fame fubftance, clofely foder'd 
on, and in the midft of the upper cover make a pretty large hole E F, 
about the bignefs of a fifth part of the Diameter of the other 5 into this 
faften very well with cement a ftraight and even Cylindrical pipe of Glafs, 
EF GH, the Diameter of whofe cavity let be exactly one tenth of the 
Diameter of the greater Cylinder. Let this pipe be mark’d at GH with 
a Diamant, fo that G from E may be diftant jult two inches, or the fame 
height with that of the cavity of the greater Cylinder, then divide the 
length E G exaétly into 10 parts, {o the capacity of the hollow of each 
of thefe divifions will be ;2;; part of the capacity of the greater — 

der.
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der. Thisveflel being thus prepared, the way of tarking and eradu- 
ating the Thermometers may be very eafily thus performed : 

Fill this Cylindrical veflel with the fame liquor wherewith the They 
mometers are fill’d, then place both it and the Thersometer you are to 
graduate, in water that is ready to be frozen, and bring the furface of the 
liquor inthe Thermometer to the firtt marke or [0]; then fo proportion 
the liquor inthe Cylindrical veflel, that the furface of it may juft be at 
the lower end of the fmall glals-Cylinders then very gently and gradu- 
ally warm the water in which both the Thermometer and this Cylindrical 
vefiel ftand, and as you petceive the ting’d liquor to rife in both ftems, 
with the point of a Diamond give feveral marks on the {tern of the Ther= 
mometer at thofe places, which by comparing the expanfion in both 
Stems, are found to correfpond to the divifions of the cylindrical veftel, 
and having by this means marked fome few of the divifions on the 
Stem, it will be very eafie by thefe to mark all the reft of the Stem, 
and accordingly to aflign to every divifiona proper character. 

A Thermometer , thus marked and prepared, will be the fitteftIntiru- 
ment to make a Standard of heatand cold that can beimagined. For 
being fealed up, itis not at all fubjeé to variation or wafting, nor is it lias 
ble to be changed by the varying preflure of the Air, which all other 
kind of Thermometers that ate open to the Air are liable to. But to pro4 
ceed. 

This property of Expanfion with Heat, and Contraction with Cold, ig 
not peculiar to Liquors only, but to all kind of folid Bodies al, efpeci- 
ally Metals, which will more manifeftly appear by this Experiment. 

Take the Barrel of a Stopcock of Brafs, and let the Key, which is well 
fitted to it,be riveted into it,fo that it may {lip,and be eafily turned round, 
then heat this Cock inthe fire, and you will find the Key fo fwollen, that 
you willnot beable to turn it round ih the Barrel ; but if it be futiered 
to cool again, as {oon asit is cold it will be as movable, and as eafie to be 
turned as before. 

This Quality is alfo vety obfervable in Lead, Tin, Silver, Antimony, 
eS ne weenie the likes all which, if after they be melred 
you fuffer gently to cool, you fhall fitd the parts of the upper Surface 
to fubfide and fall inwards , lofing that plumpne® and fmoothnef it had 
whilftin fufion. The like I have alfo obferved in the cooling of Gla? 
of Antimony, which does very neer approach the nature of Glafs, 

But becaufe thefe are all Examples taken from other materials then 
Glafs,and argue only, that poflibly thete may be the like property alfo itt 
Glafs, not that really there is ; we fhall by three or four Expetinients ine 
deavour to manifeft that alfo. 

And the Firft isan Obfervation that is very obvious even in thefe very 
drops,to wit,that they are all of them terminated with an unequal of ir- 
regular Surface , efpecially about the finaller part of the drop, and the 
whole length of the ftem; as about D; and from thence to A, the whole 
Surface, which would have been round if the drop had cool'd leifurely, 
is, by being quenched hattily,very irregularly flatted and pitted 5 one
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Lfuppofé proceeds partly from the Waters unequally cooling and out 
fing the partsof the drop,.and partly from the felt-contracting or fubfi- 
ding quality of the fubitance of the Glafs: For the vehemency of the 
heat of the drop caufes fuch fudden motions and bubbles in the cold Wa- 
ter,that fome parts of the Water bear more forcibly againft one "ae then 
againft another , and confequently do more fuddenly cool thofe parts to 
which they are contiguous. ; 

A Second Argument may be drawn from the Experiment of cutting 

Glafles with a hot Iron. For in that Experiment the top of the Iron 

heats, and thereby rarifies the parts of the Glafs that lie juit before the 
crack, whence each of thofe agitated parts indeavouring to expand its 
felf and get elbow-room, thrufts off all the reft of the contiguous parts, 
and Sacae promotes the crack that was before begun. 

A Third Argument may be drawn from the way of producing a crack 
ina found piece or plate of Glafs, whichis done two wayes, either Firft, 
by fuddenly heating a piece of Glafs in one place more then in another, 
And by this means Chymifts ufually cut off the necks of Glafs-bodies, | 
by two kinds of Inftruments, either bya glowing hot round Iron-Ring, 
which juft incompafies the place thatis tobe cut, orelfe by a Sulphur'd 
Threed,which is often wound about the place where the feparation is to 
be made,and then fired. Or Secondly,A Glafs may be cracked by cooling 
it fuddenly in any place with Water, orthe like, after it has been all lei- 
farely and gradually heated very hot. Both which Phexomena fee ma- 
hifeftly to proceed from the expanfion and contraction of the parts of 
the Glafs, which is alfo made more probable by this cireumftance which 
Thave obferved , that a piece of common window-glafs being heated in 
the middle very fuddenly with alive Coal or hot Iron,does ufually at the 
firft crack fall into pieces,whereas if the Plate has been gradually heated 
very hot, and a drop of cold Water and the like be put on the mid- 
dle of it, it only flaws it, but docs not break it afunder immedi- 
ately. 

2 Fourth Argument may be drawn from this Experiments Take a 
Glafs-pipe, and fit into it a folid ftick of Glafs, fo.asit will but juft be mo- 
vedin it. Then by degreesheat them whilft they are one within ano- 
ther,and they will grow ftiffer, but when they are again cold,they will be 
aseafie to be turned as before. This Expanfion of Glafs is more mani- 
feft in this Experiment. 

Take a ftick of Glafs of aconfiderable length,and fit it fo between the 
two ends or ferews of a Lath,that it may but juft eafily turn,and that the 
very ends of it may be jufttouchtand fuftcined thereby 5 then applying 
the flame of the Candle tothe middle of it, and heating it hor, you will 
prefently find the Glafs to ftick very faft on thofe points, and not without 
much difficulty to be convertible onthem, before that by removing the 
flame for a while from it, it be fuffered to cool, andea you will find it 
as eafie to be turned round as at the firft. 

Fromall whichExperiments it is very evident, that all thofe Bodies, 
and particularly Glafs, fuffersan Expanfion by Heat, and that a very coms 

iderable
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fiderable one,whilft they areina ftate of Fufion. For Fluidity,as 1 clwhere 
mention, being nothing but an effect of a very firong and quick Shaking motion, 
ivhereby the parts are,as it were,loofened from cach other,ancd confequently leave 
an interjacent fpace or vacuity it follows, that all thofe fhaken Particles muft 
neceflarily take up much more room then when they were at reft, and lay 
quietly uponeach other. And this is further confirmed by a Pot of boyling 
Alabafter, which will manifeftly rife a fixth or eighth part higher in the Pot, 

whilft it is boyling, then it will remain at, both before and after it be boyl- : 
ed. The reafon of whichodd Phenomenon ( tohintit here only by the way) 
is this, that there is in the curious powder of Alabafter, and other calcining 
Stones, a certain watery fubftance, which is fo fixt and included with the 
folid Particles, that till the heat be very confiderable they will not fly away; 
but after the heat is increafed to fucha degree, they break out every way 
in vapours, and thereby fo fhake and loofen the {mall corpufles ofthe Pow- 
der frem each other, that they become perfectly of the nature of a fluid bo- © 
dy, and one may move a ftick to and fro through it, and ftir it as eafily as 
water, and the vapours burftand break out in bubbles juftas in boyling 
water,and the like; whereas, both before thofe watery parts are flying 
away, and after they are quite gone 3 that is, before and atter it have done 
boyling,all thofe effects ceafe, and a’ftick is as difficultly moved to and fro 
in it asinfand, or the like. Which Explication I could eafily prove, had I 
time; but thisisnot a fit place for it. 

To proceed therefore, | {ay,that the dropping of this expanded Body in- 
tocold Water, does make the parts of the Glafs {uffera double contraction : 
The firft is, of thofe parts which are neer the Surface of the Drop, For Cold, 
asI faid before,contracting Bodies, that is,by the abatement of the agitating fa- 
culty the parts falling neerer together; the parts next adjoying to the Water 
mutt needs lofe much of their motion , and impart itto the Ambient-water 
(which the Ebullition and commotion of it manifefts) and thereby become 
a folid and hard cruft, whilft the irinermoft parts remain yet fluid and ex- 
panded ; whence,as they grow cold alfo by degrees,thcir parts mutt necefla- 
rily be left at liberty to be condenfed , but becaufe of the hardnefs of the 

- outward cruft,the contraction cannot be admitted that way;but there being 
many very {mall, and before inconfpicuous, bubbles in the fub{tance of the 
Glafs,upon the fubfiding of the parts of the Glafs,the agil fub{tance contain- 

_ edinthem has liberty of expanding it felfa little,and thereby thofe bubbles 
grow much bigger;which is the fecond Contraction, And both thefe are con- 
firmed from the appearance of the Drop it felf: for as fur the outward parts, 
we fee, firft,that it is irregular and fhrunk, as it were, which is caufed by the 
yielding a little of the hardened Skin to a Contraction, after the very out- 
moft Surface is fettled 5 and asfor theinternal parts, one may with ones 
naked Eye perceive abundance of very confpicuous bubbles, and with the 
Microfcope many more: fs 

The Confideration of which Particulars will eafily make the Third Pofiti- 
_ on probable,that is,that the parts of the drop will be ofa very hard, thought 

_ of ararified Texture; for ifthe outward parts of the Drop, by reafon of its 
hard cruft, will indure very little ContraGtion, and the agil Particles, _ 
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ded inthofe bubbles, by the lofing of their agitation, by thedecreafe of the | 
Heat,lofé alfo moft part of their Spring and Expanfive powersit follows(the 

withdrawing of the heat being very fudden) that the parts muft be left ina 
very loofe Texture, and by reafon of the implication of the parts one about 

another, which from their {luggifhnes and glutinoufnefs I fuppofe to be much | 

after the manner of the {ticks in a Thorn-bufh,or a Lock of WoolsIt will fol- 

low, I fay, that the parts will hold each other very ftrongly together,andin- 

. deavour to draw each other neerer together, and confequently their Tex- 

ture muft be very hard and {tiff, but very much rarified. 
And this will make probable my next Pofition, That the parts of the Glafs 

are under a kind of tenfion or flescure,out of which they indeavour to extricate and 
free them{élves,and thereby all the parts draw towards the Center or middle, 
and would, if the outward parts would give way, as they do when the out- 

. ward parts cool leifurely (as in baking of Glafles) contract the bulk of the — 

drop intoa much lef compais. For fince.as I proved before,the Internal parts 
of the drop, when fluid,were of a very rarified Texture.and,asit were,tosd 
open like a Lock of Wool,and if they were fuffered leifurely to cool, would 
be again preft, as it were,clofe together: And fince that the heat,which kept _ 

them bended and open, isremoved , and'yet the parts not fuflered to getas 

neer together asthey naturally would It follows,that the Particles remain 

undera kind of tefiow and flexure , and confequently have an indeavour to 
free themfelves from that bewding and See, which they do, asfoon as 
either the tip bebroken, or as foon as by a leifurely heating and cooling, 
the parts are nealed into another pofture. 
And this will make my next Pofition probable,that the parts of theGlafs drops 

are contignated together in the form of an Arch,and cannot any where yield or _ 
be drawn inwards,till by the removing of fome one part ofit(as ithappensin 

the removing one of the {tones of an Arch)the whole Fabrick is fhatter d,and. 
falls to pieces,and each of the Springs is left at liberty,fuddenly to extricate it 
{elf: for fince have made it probable,that the internal parts of the Glafs have 
a contrattive power inwards, and the external parts are incapable of fuch a 
Contrattion,and the figure of it being {phericalsit follows,that the fuperficial 
parts muft bear againft eachother, and keep one another from being con- 
dens’d into a lefs room, in the fame manner as the ftones of an Arch conduce 
to the upholding each other in that Figure.And this is made more probable 
by another Experiment which was communicated to me by an excellent Per- — 
fon,whofe extraordinary Abilities in all kind of Knowledg, efpecially in that 
of Natural things,and his generous Difpofition in communicating, incouraged 
me to have recourfe to him on many occafions. The Experiment was this : 
Small Glafs-balls ( about the bignefs of that reprefented in the Figure &.) 
would,upon rubbing or {cratching the inward Surface, fly all infunder, with 
a pretty Brisk noifé; whereas neither before nor after the inner Surface had 
been thus {cratcht, did there appear any flaw or crack. And putting the pie- 
cesof one of thofe broken ones together again, the flaws appeared much 
after the manner of the black lines on the Figure, &. Thefe Balls were fmall, _ 
but exceeding thick bubblesof Glafs, whichbeing crack’d off from the | 
Puatilion whillt very hot, and fo fuffered to cool without nealing them in 

the
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the Oven over the Furnace, do thereby ( being made of white Glaf, 
which cools much quicker then green Glafs, and.isthereby made much 
brittler _) acquirea very porous and very brittle texture : fo that if with 
the point of a Needle or Bodkin, the infide of any of them be rubbed 
rety hard, and thenlaid ona Table, it will, within a very little while, 

Soeak into many pieces witha brisk noife, and throw the parts above a 
fpan afunder on the Table: Now though the pieces are: not fo {mall as 
thofe of a fulwinating drop, yet they as ae fhew, that the outward 
parts of the Glafs have a great Covatus to fly afunder,were they not held. 
together by the tevacity of the pve of the inward Surface : for we fee 

as foon as thofe parts are crazed by hard rubbing, and thereby their tena- 
city fpoiled, the {pringinefs of the more outward parts quickly makes a 
divulfion, and the broken pieces will, ifthe concave Surface of them be 
further {cratcht with a Diamond, fly again into fmaller pieces. 

From which preceding confiderations it will follow Sixthly ,, That the 
fudden flying afunder of the parts as foonas this Archis any where difor- 
dered or broken, proceeds from the fpringing of the parts; which ,indea- 
vouring to extricate themfelvesas {oon as they get the liberty , they per- 
form it with fuch a quicknefs,that they throw one another away with very 
great violence: for the Particles that compofe the Cruft have a) Conatus 
tolye further from one another, and therefore as foon as the external parts 
are locfened they dart themfelves outward with great violence, juft as fo 
many Springs would do, if they were detained and faftened to the body, 
as {oon as they fhould be fuddenly loofened; and the internal parts draw- 
ing inward, they contratt fo violently, that they rebound back again and 
fly into multitude of {mall fhiversor fands. Now though they appear 
not, either to the naked Eye, or the Aéicroféope, yet lam very apt to think 
there may be abundance of fmall flaws or cracks, which , by reafon the 
{trong reflecting Air is not got between the cowtigvous parts, appear not. 
And that this may be fo, I argue from this , that I have very often been 
able to make a crack or flaw, in fome soupomient pins of Glafs,to appear 
and difappear at pleafure, according as by prefling together, or pulling 
afunder the contiguous parts, Iexcluded or admitted the ftrong reflect- 
ing Air between the parts: And it is very probable, that there may be 
fome Body, that iscither very rarified Air, or fomething azalogous to it, 
which fills the bubbles of thefe drops 5 which I argue, firft, from the round- 
nefS§ of them, and next, fromthe vivid reflection of Light which they ex- 
hibite : Now though Idoubt not, but that the Air in them is very much 
rarified,yet that there is fome in them, to fuchas well confider this Expe- 
riment of the difappearing of a crack upon the extruding of the Air, I 
fuppofe it will feem more then probable. 

The Seventh and laft therefore that I fhall prove, is, That the gradual 
heating and cooling of thefe fo extended bodies dues reduce the parts of the 
Glafs to a loofer and Po temper. And this I found by heating them, and 
keeping them tor a prety while very red hot in a fire; for thereby I found 

_ themto growa little lighter, and the fmall Stems to be very ealily bro- 
kenand f{napt any where , without at all making the drop fly; whereas 
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before they were fo exceeding hard,that they could not be broken with- 
out much difficulty; .and upon their breaking the whole drop would 
fly in pieces with very great violence. The Reafonof which laft feems 
to be , that the leifurely heating and cooling of the parts doesnot only 
wait fome part of the Glafsit felf , but ranges all the parts into a better 
order, and gives each Particle an opportunity of relaxing its felf, and 
confequently neither will the parts hold fo ftrongly together as before, 
nor be fo difficult to be broken; The parts now more eafily yielding, 
nor will the other partsfly in pieces , becaufe the parts have no bended 
Springs. The relaxation alfo in the temper of hardned Steel, and ham- 
i Metals. by nealing them in the fire,feems to proceed from much the 
famecaufe. For both by quenching fuddenly fuch Metals as have vitri- 
feed parts interfpers'd, as Steel has,and by hammering of other kinds that 
do not fo much abound with them, as Silver, Bra& cc. the parts are put 
into and detained in abended pofture , which by the agitation of Heat 
are fhaken, and loofened, and fiffered tounbend themfelves. 

es 

Obferv. VIII. Of the fiery Sparks firuck from a Flint or 
Steel, : 

T isavery common Experiment , by ftriking with a Flint againft a 
2 ] Steel,to suike certain fay and Disicr Sparks - fly out from Feb 

thofe two comprefling Bodies. About eight years fince , upon cafually 
reading the Explication of this odd Phenomenon, by the moft Ingenious 
Des Cartes, (had agreat defire to be fatisfied , what that Subftance was 
that gave fuch a fhining and bright Light : And to that endI fpread a 
fheet of white Paper,and on it, obferving the place where feveral of thefe 
Sparks feemed to vanith, I found certain very {mall, black, but gliftering 
Spots of a movable Sub{tance, each of which examining with my AGfero- 
cope,t found to bea {mall round Globule ; fome of which, as they looked 
prety {mall, fo did they from their Surface yield a very bright and ftrong 
reflection on that fide which was next the Light; and each look’d almoft 
like a prety bright Iron-Ball, whofe Surface was prety regular, fuch asis 
reprefented by the Figure A. In thisI could perceive the Image of the 
Window prety well, or of a Stick, which I moved up and down between 
the Light and it. Others I found,which were, as to the bulk of the Ball 
prety regularly round, but the Surface of them,as it was nat very fmooth, 

ut rough,and more irregular, fo was the reflection from it more faint and 
confufed. Such were the Surfaces of B.C.D. and E. Some of thefel 
found cleft or cracked, asC, others quite broken in two and hollow, as 
D. which feemed to be half the hollow fhell of a Granado, btoken ire? 
gularly in pieces. Several others I found of other fhapes 5 but that 
which is reprefented by E, I obferved to be a very big Spark of Fire. 
which went out upon one fide of the FlintthatT ftruck fire withall i to 

: which 
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which it ftuck by the root F, at the end of which {mall Stem was faften- __ ed-on a Hemifphere, or half a hollow Ball,with the mouth of it open from 
the ftemwards, fo that it looked much like a Funnel, or an old fathioned 
Bowl without a foot. This night, making many tryals and obfervations 
of this Experiment,] met,among a multitude of the Globular ones which 
Thad obferved, a couple of Inftances, which are very remarkable to the 
confirmation of my Hypothefis. 

And the Firft was of a pretty big Bull fattened on to the end ofa fmall 
fliver of Iron,which Compolitum {eemed to be nothing elfe but a long thin 
chip of Iron,one of whofe ends was melted into a {mall round Globulsthe 
other end remaining unmelted and irregular, and perfectly Iron. 

The Second Inftance was not lefs remarkable then the Firft; for I 
found, when a Spark went out, nothing buta very {mall thin long fliver 
of Iron or Steel, unmelted at either end, So that it feems, that fine of 
thefe Sparks are the {livers or chips of the Iron vitrified , Others are on- 
ly the fireds melted into Balls without vitrification, And the third kind 
are only {mall flivers of the Iron, made red-hot with the violence of the 
{troke given on the Steel by the Flint. 

He that hall diligently examine the Phenomena of this Experiment, 
will, [doubt not, find caufe to believe, that the reafon [have heretofore 
given of it, isthe true and genuine caufe of it, namely, That the Spark 
appearing if bright in the falling,is nothing elfe but a fmalt piece of the Steel 
or Flint, but moft commonly of the Steel, which by the violence of the ftroke 
és at the fame time fever'd and heatt red-hot , and that fometimes to fiuch 4 
degree , a5 to make it melt together into a fall Globule of Steel; and fome- 
times allo is that heat fo very intenfe, as further to melt it and vitrifie it , but 
many timestheheat is fo gentle, as tobe able to make the fiver only red hot, 
which notwithftanding falling upon the tinder (that is only avery curious 
{mall Coal made of the {mall threads of Linnen burnt to coals and ; 
char'd_) it eafily fets it on fire, Nor will any part of this Hypothefis feem 
{trange to him that confiders, Firft, that either hammering, or filing, or 
otherwife violently rubbing of Steel, will prefently make it fo hot as to 
be able to burnones fingers. Next, that the whole force of the ftroke 
isexerted upon that {mall part where the Flint and Stecl firft touch: For 
the Bodies being each of them fo very hard, the puls cannot be far:com- 
municated, that is, the parts of each can yield but very little, and there- 
fore the violence of the concuffion will be exerted on that piece of Steel 
which is cut off bythe Flint. Thirdly, that the filings or {mall parts of 
Steel are very apt,as it were,to take fire, and are prefently red hot, that 
is,there feems to be a very conbuftible fulpbureous Body inIron or Steel, 
which the Air very readily preys upon, as foon as the body is a little vie~ 
lently heated. 

And this is obvious in the filings of Steel or Iron caft through the flame 
of aCandle 5 for even by that fudden tranfitus of the {mall chips of Iron, they are heat red hot, and that combuftible Jfulphureons Body is prefent- 
ly prey’d upon and devoured by the aereal incompafling Aenfirinm, 

nT office in this Particular I have fhewn inthe Explication ee, 
cole. ne
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And in profecution of this Experiment,having taken the ae of Iron 

and Steel, and with the point of a Knife caft them through the flame of a 
Candle , Lobferved where forme confpicuous fhining Particles fell, and 

looking on them with my Microftope , 1 found them to be nothing elfe 

but fuch round Globules, asI formerly found the Sparks ftruck from the | 

Steel by a ftroke tobe, only a little bigger 5 and fhaking togetherallthe 
filings that had fallen upon the fheet of Paper underneath, and obferving 
them withthe Adicrofcope, 1 found a et number of {mall Globules, fuch 
asthe former, though there were alfo many of the parts that had remain- _ 

ed untoucht, and rough filings or chipsof Iron. Sothat, it feems, Iron 
does contain a very combuftible fulphureows Body, whichis, in all likeli. 

hood, one of the caufes of this Phenomenon , and which may be perhaps 

very much concerned in the bufinefs of itshardening and tempering: of 
which fomewhat is faid inthe Defcription of Mufcovy-glafs. . 

So that, thefe things confidered, we need not trouble our felvesto find 
out what kind of Pores they are, both in the Flint and Steel, that contain | 
the Atoms of fire, nor how thofe Atoms come to behindred from run- 
ningallout , whena dore or paffage in their Pores is made by the con- 
cufon? nor need we trouble our {elves to examine by what Prometheus 
the Element of Fire comes tobe fetcht down from above the Regions of _ 
the Air, in what Cells or Boxesit is kept, and what Epimethens letsit go: 
Nor toconfider what it is that caufes fo great a conflux of the atomical | 
Particles of Fire,which are faid to fly to a flaming Body, like Vultures or | 
Eaglestoa putrifying Carcafs, and there to make a very great pudder. 
Since we have nothing more difficult in this Hypothefis to conceive, firft, 
asto the kindling of Tinder, then how a large Iron-bullet, let fallred or 
glowing hot upon a heap of Small-coal, fhould fet fire to thofe that are 
next to it firft : Nor fecondly, is this laft more difficult to be explicated, 
then that a Body, as Silver for Inftance, put into a weak Asenftruum, as 
unrettified Aqua fortis thould , whenit is put ina great heat, be there 
diflolved by it, and not before; which Hypothefis is more largely explica- 
ted in the Defcription of Charcoal, To conclude, we fee by thisIn- 
ftance, how much Experiments may conduce to the regulating of Philo- 
fophicalnotions, For if the moft Acute Des Carteshad applied himfelf 
experimentally to have examined what fubftance it was that caufed that 
fhining of the falling Sparks {truck from a Flint anda Steel, he would 
certainly havea little altered his Hypothefis, and we fhould have found, 
that his Ingenious Principleswould have admitted a very plaufible Ex- 
plication of this Phenomenon; whereas by not examining fo far as he 
ne 5 hehas fet downan Explication which Experiment do’s contra- | 

ict. 
But before [leave this Defcription, I muft not forget to take notice of | 

the Globular form into which each of thefe is a curioufly formed. 
And this Phenomenon, as Ihave elfewhere more largely fhewn, proceeds 
from a propriety which belongs to all kinds of fluid Bodies more or 
lefs,and is caufed by the Incongruity of the Ambient and included Fluid, 
which fo ats and modulates each other, that they acquire, asneerasis 

poffible,
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pofhble, a fpericalor globular form, which propriety and feveral of the 
Phenomena that proceed from it, [have more fully explicated in the fixth 
Obfervation. 

One Experiment, which does very much illuftrate my prefent Explica- 
~ tion, and is init felf exceeding pretty, I muft not pafsby: And thatis a 
way of making {mall Globules or Balls of Lead, or Tin, as {mall almoft as 
thefe of Tron or Steel, and that exceeding eafily and quickly, by turning 
the filings or chips of thofe Metals alfo into perfectly round Globules. 
The way, in fhort,as I received it ftom the Learzed Phyfitian Dotfor 1.G, 
isthiss |” 

Reduce the Metal you would thus fhape, into exceeding fine filings, 
the finer the filings are, the finer will the Ballsbe: stratifie thefe filings 
with the fine and well dryed powder of quick Lime in a Crucible propor- 
tioned to the quantity you intend to make: When you have thus filled 
your Crucible, by continual ffratifications of the filings and powder, fo 
that,as neer as may be, no one of the filings may touch another, place the 
Crucible in a gradual fire, and by degrees let it be brought to a heat big 
enough to make all the filings, that are mixt with the quick Lime,to melt, 
and no more ; for if the fire be too hot , many of thefe filings will joyn 
and run together 5 whereasif the heat be proportioned , upon wathing 
the Lime-dutt in fair Water , all thofe {mall filings of the Metal will fub- 
fide to the bottom in a moft curious powder , confifting all of exactly 
round Globules, which, ifit be very fine, is very excellent to make Hour- 

lafies of: 
E Now though quick Lime be the powder that this direction makes 
choice of} yetI doubt not, but that there may be much more convenient 
ones found out, one of whichI have made tryal of, and found very effe- 

_  ctual; and were it not for difcovering, by the mentioning of it, another 
_ Secret, which I am not free to impart, I fhould have here inferted 

it. 

Obferv. 1X. Of the Colours obfervable in Mufcovy Glafs, and 
other thin Bodies. ; 

Wicca Lapis fpecularis,is a Body that feenis to have as ma~ 
A ny Curiofities in its Fabrick as any common Mineral I have met 

_ with: forfirft, Itis tranfparent to a great thicknefs: Next, it is com- 
; pounded of an infinite number of thin flakes joyned or generated one 
_ upon another {0 clofe & fmooth,as with many hundreds of them to make 

one fmooth and thin Plate of a tranfparent flexible fubftance,which with 
care and diligence may be {lit into pieces fo exceedingly thin as to be 

| _ hardly perceivable by the eye, and yet even thofe, which I have thought 
the thinneft, [have witha good Aficrofeope found to be made up of many 

cther Plates, yet thinner; and itis probable, that, were our Microfe vr 
muc
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much better , we might much further difcover its divifibility. Nor are 

thefe flakes only regular asto the fmoothnefs of their Surfaces 5 but third- 

ly , In many Plates they may be perceived to be terminated naturally 

with edges of the figure of a Rhomboeid. This Figure ismuch more con- 

fpicuous in our Englifh talk, much whereof is found inthe Lead Mines, 

and is commonly called spar , and Kauck,, which is of the fame kind of 

fubftance with the Selenitis, but is feldom found in {0 large flakes as that 

is, nor isit altogether fo tuff, but is much more clear and tranfparent,and 

much more curioufly fhaped , and yet may be cleft and flak’d likethe o- 

ther selenitis. But fourthly, thisftone hasa property, which in refpect 

of the Aficrofcope, is more notable, and that is, that it exhibits {feveral ap- 

pearances of Colours, both tothe naked Eye, but much more confpicu- 

oully tothe Aficrofcope 5 for the exhibiting of which , Itook a piece of 

Mufcovy-glafi, and fplitting or cleaving it into thin Plates, Ifound that up 

and down in feveral parts of them{ could plainly perceive feveral white 

{pecks or flaws, and others diverfly coloured with all the Colours of the 

Rainbow; and with the Micro/cope I could perceive , that thefe Colours 

were ranged in rings that incompafied the white {peck or flaw, and were 

round or irregular, according to the fhape of the fpot which they termi- 
nated ; and the pofition of Colours, in refpect of one another, was the 

very fameasinthe Rainbow. The confecution of thofe Colours from the 
middle of the {pot outward being Blew, Purple, Scarlet, Yellow, Greens 
Blew, Purple, Scarlet, and fo onwards, fometimes half'a fcoretimesre- 
peated,that is,there appeared f1x,feven,cight.nine or ten feveral coloured 
rings or lines, each incircling the other, in the fame manner as I have of- 
ten feen avery vivid Rainbow to have four or five feveral Rings of Co- 
lours, that is, accounting al] the Gradations between Red and Blew for 
one: But the order of the Colours in thefe Rings was quite contrary to 
the primary or innermoft Rainbow, and the fame with thofe of the fecon- 
dary or outermoft Rainbow ; thefe coloured Lines or Jrifés, as [may fo 
call them, were fome of them much brighter then others , and fome of 
them alfo very much broader, they being fome of them ten,twenty, nay, 
Ibelieve , neer a hundred times broader then others; and thofe ufually 
were broadifh which were neereft the center or middle of the flaw. And 
oftentimes Ifound , that thefe Colours reacht to the very middleof the 
flaw, and then there appeared in the middle a very large fpot, for the 
moft part, all of one colour , which was very vivid , and all the other 
Coloursincompafling it, gradually afcending, and growing narrower to- 

wards the edges, keeping the fame order, as inthe fecundary Rainbow, 
that is,if the middle were Blew, the next incompafling it would be aPur- 

ple,the third aRed, the fourtha Yellow, cc. asabove ; ifthe middle 
were a Red,the next without it would be a Yellow,the third a Green, the 
fourth aBlew,and fo onward,. And this orderitalwayes kept whatfo- 
ever were the middle Colour. 

There was further obfervable in feveral other parts of this Body, ma- 
ny Lines or Threads,each of them of fome one peculiar Colour, and thofe 
fo exceedingly bright and vivid , that itafforded a very pleafant object 

through
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_ through the Microfcope. Some of thefe threads Ihave obferved al to 

be pieced or made up of feveral fhort lengths of differently coloured 
ends ( as I may fo call them ) asa line appearing about two inches long : 

through the Microfeope , has been compounded of about half an inch of 

a Peachcolour, ¢ of alovely Grafs-green, } of an inch more of a bright 

Scarlet,and the re{t of the line of a Watchet blew. Others of them were 

much otherwife coloured; the variety being almoft infinite. Another 

thing which isvery obferyable, is, that if you find any place where the 
colours are very broad andconfpicuous to the nakedeye, youmay, by 

prefling that place with your finger, make the colours change places,and 

go from one part to another. 
There is one Phenomenon more, which may, if care be ufed, exhi- 

bit to the beholder, as ithas divers times tome, an exceeding pleafant, 

and not lefsinftructive Spectacle 5 And that is, if curiofity a Daca 
be ufed , you may fo {plit this admirable Subftance , that you may have 

pretty large Plates (in comparifon of thofe {maller ones which you may 
obferve inthe Rings) that are perhapsan % ora 4 part of aninch over, 

each of them appearing through the A/crofcope moft curioutly, intirely, 
and uniformly adorned with fome one vivid colour: this, if examined. 

with the Aficrofcope, may be plainly perceived tobe in all parts of it e- 
qually thick. Two, three, or more of thefe lying one upon another, ex- 

hibit oftentimes curious compounded colours, which produce fuch a 
Compofitum , asone would {carce imagine thould be the refult of fuch ix- 
gredients: Asperhapsa faint yellowand a blew may produce avery decp 
purple. But when anon we come to the more {tri examination of thefe 

Phenomena, and to inquire into the caufes and reafonsof thefe producti- 
ons,we fhall,l hope, make it more conceivable how they are produced, 

and {hew them to be no other then the natural and neceflary effects ari- 

fing from the peculiar union of concurrent caufes. 
Thefe Phexomena being fo various, and fo truly admirable, it will cer- 

tainly be very well worth our inquiry , to examine the caufes and reafons 
of them,and to confider, whether from thefe caufes demonftratively evi- 
denced , may not be deduced the true caufes of the production of all 
kind of Colours. And I therather now do it, inftead of an Appen- 
dix or Digreffion to this Hiftory, then upon the occafion of examining 
the Colours in Peacocks, or other Feathers, becaufe this Subject , as it 

does afford more variety of particular Colours , fo does it afford much 

better wayes of examining each circumftance. And this will be made 
manifeft to him that confiders, firft, that this laminated body is more 

fimple and regular then the parts of Peacocks feathers, this confifting on- 
ly of an indefinite number of plain and fmooth Plates, heaped up, or ##- 
cumbent oneachother. Next, that the parts of this body are much more 
manageable, to be divided or joyned, then the parts of a Peacocks fea- 
_ther,or any other fubftance that I know. And thirdly, becaufe that in this 
we are able froma colourlefs body to produce feveral coloured bodies, 
affording all the variety of Colours imaginable : And feveral others, 
which the fubfequent Inquiry will make manifeft. - 
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To begintherefore, it is manifeft from feveral circumftances, that the 

material caufe of the apparition of thefe feveral Colours, is fome Lamina 
or Plate of atranfparent or pellucid body of a thicknefs very determi- 
nate and proportioned according to the greater or lefs refractive power 
of the pellucid body. And that this is fo,abundance of Inftances and pars 
ticular Circumftances will make manifeft. 

As fri, if youtake any {mall piece of the Aéfcovy-glafs , and witha 
Needle, or fome other convenient Inftrument,. cleave it oftentimes into 
thinner and thinner Lamina, you fhall find, that till you come toa deter» 
minate thinnefs of them, they fhall all appear tranfparent and colourlef, 
but if you continue to {plit and divide them further,you thall find at laft, 
that each Plate, after it comes to fuch a determinate thicknefs, fhall ap- 

ear moft lovely ting’d orimbued with a determinate colour. If further, 
by any means you {o flaw a pretty thick piece, that one part does begin 
to cleave a little from the other, and between thofe two there be by any 
means gotten fome pellucid #edum, thofle laminated pellucid bodies that 
fill that {pace, fhall exhibit feveral Rainbows or coloured Lines, the co- 
lours of which will be difpofed and ranged according to the various 
thicknefles of the feveral parts of that Plate. ‘That this is fo, is yet fiur- 
ther confirmed by this Experiment. 

Take two fmall pieces of ground and ‘polifht Looking-gla&-plate 
each about the bignefs of a fhilling, take thefe two dry , and with your 
fore-fingers and thumbs prefs them very hard and clofe together,and you 
fhall find, that when they can each other very near, there will aps 
pear feveral Irifés or coloured Lines, in the fame manner almoft asin the 
Mufcovy-glafs; and you may very eafily change any of the Colours of 
any part of the iaterpofed body, by preffing the Plates clofér and hard- 
er together,or leaving them more lax 5, that is,a part which appeared co- 
loured with ared, may be prefently ting’d with a yellow, blew, green 
purple , or the like, by altering the appropinquation of the terminating 
Plates.Now that air is not neceflary to be the interpofed body, but that 
any other tranfparent fluid will do much the fame, may be tryed by wet- 
ting thofe approximated Surfaces with Water, or any other tran{fparent 
Liquor, and proceeding withit inthe fame manner as you did withthe 
Air; and you will find much the like effet, only with this difference 
that thofe compreft bodies, which differ moft, in their refraGive quality, 
from the compreffing bodies, exhibit the moft ftrong and vivid tin- 
Gures. Nor is it neceflary , that this Jaminated and tingd body fhould 
be of a fluid fubftance , any other fubftance, provided it be thin enough 
and tranfparent, doing the famething : thisthe Lamine of our Mufcovy- 
glafshint 5 but it Inde confirm'd by multitudes of other Inftances. 

_ And firft, wefhall find, that even Glaf it {elf may, by the help of a 
Lamp, be blown thin enough to produce thefe Phenomena of Co- 
lours: which Phenomena accidentally happening, as I have been 
attempting to frame {mall Glafles withaLamp , did not alittle furprize 
me at fictt » having never heard or f€en any thing of it before $ 
though afterwards comparing it with the Phewomena > 1 had often 

obferved
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obferved in thofe Bubbles which Children ufe to make with Soap-water, 
I did the'lefs wonder 5 efpecially when upon Experiment I found, I was 
able to produce the fame Phenomena in thin Bubbles made with any 
other tranfparent Subftance. Thus have I prodticed them with Bubbles 
of Pitch, Kofi, Colophony,Turpentine, Solutions of {everal Gums, as Cum 
Arabick inwater; any glutinous Liquor.as Wort, Wine, Spirit of Wine, Oyl 

of Turpentine, Glare of Snails, &c. : 
It would be needlefs to enumerate the feveral Inftances , thefe being 

enough to thew the generality or univerfality of this propriety. Only I 
muft not omit, that we have inftances alfo of this kind even in metalline 
Bodies and animal 5 for thofe feveral Colours whichare obferved to fol= 
low each other upon the politht farface of hardned Steel, whe it isby a 
fufficient degree of heat gradually tempered or foftened, are produced 
from nothing elf but a certain thin Lamina of avitrnni ot vitrified part 
of the Metal, which by that degree of heat, and the concutring action of 
the ambient Air,is driven out and fixed on the furfaceof the Steel. 

And this hints tomea very probable ¢ at leaft, if not the true) caufe 
of the hardning and tempering of Steel, whichhasnot,Ithink, been yet 
given,nor, that I know of,been fo muchas thought of by any. And ihae 
1s this.that the hardnef of it arifes from a greater proportion of a vitrifi- 
ed Subftance interfperfed through the pores of the Steel. And that the 
tempering or foftning of it arifes from the proportionate or finallet parcels 
of it left within thofe pores. This will feeth the more probable, if we 
confider thefé Particulars. 

Firft, That the pure parts of Metals are of themfeltes very flexible 
and iff; thatis, will indure bending and hammering,and yet retain their 
continuity. 

Next, That the Parts of all vitrified Subftances, as all kinds of Glafs, 
the Scoria of Metals, ee. are very hard, atd alfo very brittle, being nei- 
ther flexible nor malleable, but may by hammering or beating be brokert 
into {mall parts or powders. ; 
Thirdly, That all Metals ¢ excepting Gold and Silver , which do not 

fo much with the bare fire, bitel affited by other faline Bodies ) do 
more or lefs witrifie by the ftrength of fire, tHatis, are corroded by a fa- 
line Subftance, which I elfewhere thew to be the truecaufe of fire; and 
are thereby, as by feveral other ea into Scoria 5 And 
this is called, calcining of them, by Chimifts. ThusIton and Copper by 
heating and quenching do turn all of themby degrees into scoria, which 
are evidently vitrified Subftances, and unite with Gla, and ate eafily 
Sfufible ; and when cold, vety hard, and very brittle. 

Fourthly, That moft Kind of Vitrificdtions or Calcinations ate made by 
Salts, uniting and incorporating with the metalline Particles. Nor dof 
know any one calcination wherein a Saline body may not, with very great probability, be faid to be an agent or cad jutor, 

: Fifthly, That Iron is cotiverted into Steel by means of the incorpora- 
tion of certain falts, with which it iskept a certain time in the fire. 

Ia Sixthly,
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Sixthly, That any Iron may, ina very little time, be cafe hardned, as 

Ste eee call it, by cafing the iron to be hardned with clay, and 
putting between the clay and iron a good quantity of a mixture of Urize, 
Soot, Sea-falt, and Horfes hoofs (all which contein great quantities of Sa- 
line bodies) and then putting the cafe into a good ftrong fire, and keep- 
ing it in aconfiderable degree of heat for a good while, and afterwards 
heating, and quenching or cooling it {uddenly in cold water. 
Seventhly, That all kind of vitrify'd fubf{tances,by being fuddenly cool’d, 
become very hard and brittle. And thence arifes the pretty Phenomena 
of the Glas Drops, which I have already further explained in its own 
lace. i 
Eighthly, That thofe metals which are not fo apt to vitrifie, do not ac- 

quire any hardnefs by quenching in water, as Silver, Gold, &c. 
Thefe confiderations premis’d, will, I fuppofe, make way for the more 

eafie reception of this following Explication of the Phenomena of hardned 
and temper'd Stee]. That Steel is a fubftance made out of Iron, by means 
of acertain proportionate Vitrification of feveral parts, which are fo cu- 
rioufly and proportionately mixt with the more tough and unalter’d parts 
of the Iron, that when by the great heat of the fire this vitrify’d fub- 
{tance is melted, and confequently rarify’d, and thereby the pores of 
theIronare more open, if then by means of dipping it in cold water it 
be fuddenly cold, and the partshardned, thatis, ftay’d in that fame de- 
gree of Expanfion they were in when hot, the parts become very hard 
and brittle, and that upon the fame account almoftas {mall parcels of 
glafs quenched in water grow brittle, which we have already explicat- 
ed. If after this the piece of Steel be held in fome convenient heat,till by 
degrees certain colours appear upon the furface of the brightned metal, 
the very hard and brittle tone of the metal, by degrees relaxes and be~ 
comes much more tough and foft; namely, the action of the heat does 
by degrees loofen the parts of the Steel that were before ftreached or fet 
atilt as it were, and ftayed open by eachother, whereby they become 
relaxed and fet at liberty, whence fome of the more brittle interjacent 
parts are thruft out and melted intoa thin skin on the furface of the Steel, 
which from no colour increafes toa deep Purple, and fo onward by thefe 
gradations or confecutions, White, Yellow, Orange, Minium, Scarlet, Purple, 
Blew,Watchet, &c. and the parts within are more conveniently, and pro- 
portionately mixt; and fo they gradually fubfide into a texture which 
as muchbetter proportion’d and clofer joyn’d, whence that rigidnefle « 
wee ceafes, and the parts begin to acquire their former duéfil- 
Heiss 
Now,that ‘tis nothing but the vitrify d metal that fticks upon the furface 

ofthe colour'd body, is evident from this, that ifby any means it be {cra- 
pe and rubb’d off,the metal underneath it is white and clear;and if it be 
ept longer in the fire, fo as to increafe to a confiderable thicknef&, it 

may, by blows, be beaten offin flakes. This is further confirm’d by this 
obfervable, that that Ircn or Steel will keep longer from rufting which 
is covered with this vitrify’d cafe : Thus alfo Lead will, by degrees, be 

alk
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all turn’dinto ‘a litharge; for that colour which coyersthe top being 
fcum’d or fhov'd afide, appears to be nothing elfe but a litharge or 
vitrify’d Lead. ' 

This is obfervable alfo infome fort , on Brafs, Copper, Silver; Gold, 
Tin, but is moft confpicuous in Lead: ll thofe Colours that cover the 
farface of the Metal being nothing elfe , but a very thin vitrifi'd part 
of the heated Metal. 

The other Inftance we have, is in Animal bodies, as in Pearls, Mother 
of Pearl-fhels, Oyfter-fhels, and almoft all other kinds of ftony thels 
whatfoever. Thishave I alfo fometimes with pleafure obferv'd even 
in Mufclesand Tendons; Further, if youtake any glutinous fubftance 
and runit exceedingly thin upon the furface of a fmooth glaf$ or a po- 
lifht metaline body, you fhall find the like effedts produced: and in 
general, wherefoever you meet with a tranfparent teas thin enough, 
that is terminated by reflecting bodies of differing refractions from it, 
there will be a production of thefe pleafing and lovely colours. 
_Norisit neceflary, that the two terminating Bodies fhould be both of 

the fame kind, as may appear by the vitrified Lamine on Steel, Lead, and 
other Metals,one furface of which Lamine is contiguous to the furface of 
the Metal, the other to that of the Air. ; 
Nor isit neceflary, that thefe colour'd Lamine fhould be of an-even 

thicknefs, that is, fhould have their edges and middles of equal thicknefs, 
as ina Looking-glafs-plate, which circumftance is only requifite to make 
the Plate appear all of the fame colour 5 but they may refemblea Lezs, 
that is, have their middles thicker then their edges5 or elfe a doxble con- 
cave, that is, be thinner in the middle then at the edges 5 in both which 
cafes there will be various coloured rings or Jines,with differing confecu- 
tions or orders of Colours; the order of the firft from the middle out- 
wards being Red, Yellow, Green, Blew, ees And the latter quite con- 
trary. ; . 

, But further, it is altogether neceflary, that the Plate, in the places 
where the Colours appear, fhould be of a determinate thicknefs: Firft, It 
mutt not be more then fuch a thicknefs, for when the Plate is increafed to 
fach athicknef$, the Colours ceafe 5 and befides, I have feen in athin 
piece of Atufcovy-glafs, where the two ends of two Plates, which appear- 
ing both fingle , exhibited two diftinct and differing Colours 5 but 
in that place where they were united, and conftituted one double Plate 
(asI may call it) they appeared tranfparent and colourlefs. Nor, Se- 
condly, may the Plates be thizner then fucha determinate cize5 for we 
alwayes find, that the very outmoft Rim of thefe flaws is terminated in 
a white and colourlefs Ring. 

Further, in this Production of Colours there isno need.of a determi- 
nate Light of fucha bignefs and nomore , nor of a determinate pofition 
of that Light,that it fhould be on this fide,and not on that fide; nor of a 
terminating fhadow, asin the Prifme, and Rainbow, or Water-ball : for 
we find, that the Light in the open Air, either in or out of the Sun-beams, 
and within a Room, either from one or many Windows, produces ie 

the
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the fame effe& : only where the Light is brighteft, there the Colours are 
moft vivid. $o does the light of a Candle, collected by a Glafs-ball. 
And further , it is all one whatever fide of the coloured Rings be to- 

wards the light; for the whole Ring he, its ee Colours from the 

middle outwardsin the fame order as I bef orerelated , without varying 

at all, upon changing the pofition of the light. : 
But above all itis moftobfervable, that here are all kind of Colours 

generated in a peucid body,where there is properly no fuch refraction as | 
Des Cartes fuppofes his Globules to acquiré a verticity by: For in the 
plain and even Plates it is manifeft, that the fecond refraction ( accord- | 
ing to Des Cartes his Principles inthe fifth Sedfion of the eighth Chapter 
of his Meteors) does regulate and reftore the fuppofed turbinated Glo- 

wles unto their former uniform motion. This Experiment therefore will 

prove fuch aone as our thrice excelent Verulam calls Experimentum Cru- 
cis, ferving as a Guide or Land-mark , by which to direct ourcourfein 
the fearch after the true caufe of Colours.. Affording us this particular | 
negative Information, that for the production of Colours there is not ne- | 
aéfaey cither a great refraction, as in the Prifme nor Secondly, a deter- 
mination of Light and fhadow , fuchas is both in the Prifme and Glafs- 
ball. Now that we may fee likewifé what afirmative and pofitive Inftru- 
Gionit yields,it will be neceflary, to examine it a little more particularly 
and ftriétly ; which that we may the better do, it will be requifite to 
or fomewhat in general concerning the nature of Light and Refra- 

ion. 
And firft for Light,it feems very manifeft, that there isno luminous Bo- 

dy but has the parts of it in motion more or lefs. | 
Firft, That all kind of fiery burning Bodies have their partsin motion, _ 

I think, will be very eafily granted me. That the fpark ftruck froma 
Flint and Steel is ina rapid agitation, I have elfewhere made probable, — 
And that the Parts of rottex Wood,rotten Fifh,and the like, arealfoinmo- 
tion, I think, will as eafily be conceded by thofe,who confider,that thofe 
parts never begin to fhine till the Bodies bein a ftate of putrefaction; _ 
and that is now generally granted by all, tobe caufed by the motionof 
the parts of putrifying bodies. That the Boxonian ftone fhines no lon- | 
ger then it is cither warmed by the Sun-beams, or by the flame of a Fire — 
or of aCandle, is the general report of thofethat write of it, and of 
others that have feen it. And that heat argues a motion of the internal 
parts,is ( as I faid before) generally granted. | 

But there is one Inftance more , which was firft fhewntothe Royal So- 
ciety by Mr. Clayton a worthy Member thereof, which does makethis AF 
fertion more evident then all the reft: And that is, That a Diamond be- 
ing rub'd, firuck, ox heated inthe dark, fhines for a pretty while after, fo 
long as that motion, whichis imparted by any of thofe Agents, remains 
Cin the fame manner as a Glafs,rubb’d,ftruck,or(by a means which I fhall 
elfewhere mention ) heated, yields a found which lafts as long asthe v- 
brating motion of that foxorous body ) feveral Experiments made on 
which Stone, are fince publifhed in a Difcourfe of Colours, by the truly 

, honou-
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honourable Mr. Boyle, What may be faid of thofe Ignes fatui that aps 
pear in the night,[ cannot fo well affirm, having never had the opportunid 
ty to examine them my felf, nor to be inform’d by any others that had 
obférv’d them: And the relations of them in Authors are fo imperfect, 
that ee be builtonthem. But I hope I fhall be able in another 
place to make itat leaft very gern that there is even in thofe alfoa 
Motion which caufesthis effect. That the thining of sea-mater procéeds 
from the fame caufe, may be argued from this, That it fhines not till ei- 
ther it be beaten againft a Rock, or be fome other wayes broken or agi- 
tated by Storms, or Oars, or other percuffing bodies. And thatthe A= 
nimal Exergyes or Spirituous agi! parts are very active in Cats eyes when 
they fhine, feems evident enough, becaufe their eyes never thine bur 
when they look very intenfly either to find their prey, or being hunted 
in a dark room, when they feek after their adverfary, or to find a way to 
efeape. And the like may be faid of the thining Beles of Gloworms, 
fince 'tisevident they can at pleafure either increafe or extinguith: that 
Radiation. E 

It would be fomewhat too long a work for this place Zetetioally to 
examine, and pofitively to prove, what particular kind of motion it is 
that muft be the efficient of Light ; for though it be amotion, yet ‘tis 
not every motion that producesit, fince we find there are many bodies 
very violently mov’d, which yet afford not fuchian effeét 5 and there 
are other bodies, which to our other fenfes, feem not mov'd fo much, 

- which yet fhine. Thus Water and quick-filver, and’ moft other liquors 
heated, fhine not; and feveral hard bodies, as Iron, Silver, Brafs,Cops 
per, Wood, é&c. though very often ftruck with a hammer, fhine not pres 
fently, though they will all of them grow exceeding hot 3 whereas rot+ 
ten Wood, rotten Fith, Sea water, Gloworms, Ge. have nothing of tan- 
gible heat inthem, and yet (where there is no ftronger light toaffect the 
Senfory) they fhine fome of them fo Vividly, that one may make a thift 
to read by them. 

It would be too long, Ifay, here to infert the difcurfive progrefs by 
_ which I inquir'd after the proprieties of the motion of Light, and there+ 

fore I fhall only add the refult. 
| And, Firft, I found it ought to be exceeding quick, fuch as thofe moti: 

ons of fermentation and putrefadtion, whereby, certainly, the parts are 
exceeding nimbly and violently mov’d5 and that, becaufe we find thofe 
motions are able more minutely to fhatter and divide the body,then the 
moft violent heats or #enffrunms we yet know. And'that fire is nothing 
elfe but fuch a diffolution of the Burning body, madeby the mott wxiver= 
fal menfiruum of all filphureous bodies, namely, the Air, we fhall in an 
other place ofthis Tractate endeavour to make probable. And that, 
in all extreamly hot fhining bodies, there isa very quick motionthat 
caufes Light, as wellas a more robuft that caufes Heat, may be argued 
from the celerity wherewith the bodyes are diflolv'd. 

Next, it muft be a Vibrative motion. And for thisthe newly mention’d 
Diamond affords us a good argument 5 fince if the motion ofthe parts did 

not
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not return,the Diamond muft after many rubbings decay and be wafted: 
but we have no reafon to fufpect the latter, efpecially if we confider 
the exceeding difficulty that is found in cutting or wearing away a Di- 
amond. And a Circular motion of the ee is much more improbable, 
fince, if that were granted,and they be {uppos'd irregular and Angular 
parts, I fee not how the parts of the Diamond fhould hold fo firmly to- 
gether, or remain in the fame fenfible dimenfions, which yet they do. 
Next, if they be Globular, and mowd only with a turbinated motion, I 
know not any caufe that can imprefs that motion upon the pelucid me- 
dium, which yet is done. Thirdly, any other zrregu/ar motion of the 
parts one amongft another, muft neceflarily make the negro! a fluid 
confiftence, from which it is far enough. It muft therefore be a Vibra- 
ting motion. 

And Thirdly, That it is avery jhort vibrating motion, 1 think the in- 
‘ftances drawn from the fhining of Diamonds will alfomake probable. 
For a Diamond being the hardeft body we yet know in the World, and 
confequently the Teal apt to yield or bend, muft confequently alfo have 
its vibrations exceeding fhort. 

And thefe, I think, are the three principal propricties of a motion, re- 
quifite to produce the effeé call'd Light in the Object. 

The next thing we are toconfider, is the way or manner of the traje- 
Gion of this motion through the interpos’d pellucid body to the eye: 

. And here it will be eafily granted, 
Firft, That it muft be a body /u/ceptible and impartible of this motion 

that will deferve the name of a Tranfparent. And next, that the parts of 
fach a body muft be Homogeneous, or of the fame kind. ‘Thirdly, that the 
eonftitution and motion of the parts mutt be fuch, that the appulfe of the 
luminous body may be communicated or propagated through it to the 
greateft imaginable diftance in the leaft imaginable time; though I fee 
no reafon to affirm, that it muft be in an inftant : For I know not any one 
Experiment or obfervation that does proveit. And, whereasit may be 
objected, That we fee the Sun rifen at the very inftant when it isabove 
the fenfible Horizon, and that we fee a Star hidden by the body of the 
Moon at the fame inftant, when the Star, the Moon, and our Eyeare all 
inthe fame line 5 and the like Obfervations, or rather fuppofitions, may 
be urgd. [have thisto anfwer, That I can as eafily deny as they affirm; 
for I would fain know by what means any one can be aflured any more 
of the Affirmative, then I of the Negative. If indeed the propagation 
were very flow, ‘tis poflible fomething might be difcovered by Eclyp- 
fes of the Moon but though we fhould grant the progre(s of the light 
from the Earth to the Moon, and from the Moon back to the Eartha- 
gain to be full two Minutes in performing, I know not any poffible 
means to difcover it 5 nay, there may be fome inftances perhaps of Ho- 
rizontal Eclypfes that may feem very much to favour this fuppofition of 
the flower progreffion of Light then moft imagine. And the like may — 
be faid of the’ Eclypfes of the Sun, &c. But of this only by the by. 
Fourthly, That the motion is propagated every way through an Homo- 

geneous
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geneous medium by diret or firaight lines extended every way like Rays 
from the center of aSphere. F ifthly, in an Homogeneous sedium this mo» 
tion is propagated every way with equal velocity, whence neceflarily eve: 
ry pulfe or vitration of the luminous body will generate a Sphere, which 
will continually increafe, and grow bigger, juftafter the fame manner 
(though indefinitely fwifter) as the waves or rings on the furface of the 
water do {well into bigget and bigger circles about a point of it, where, 
by the finking of a Stone the motion was begun,whence it neceflarily fol- 
Jows, that all the parts of thefe Spheres undulated through an Homogene- 
ons wedium cut the Rays at right angles, 

But becaufe all tran{parent mediums are not Homogeneous to one an- 
other,therefore we will next examine how this pulfe or motion will be 
propagated rink differingly tranfparent mediams. And. here, ac- 
cording to the moft acute and excellent Philofopher Des Cartes, I fup- 
pofe the fign of the angle of inclination in the firft wedium to be to 
the fign of refraction in the fecond, As the denfity of the firft, to the 
denfity of the fecond. By denfity, I mean not the denfity in refpect of 
gravity (with which the refractions or tranfparency of sedinus hold no 
proportion) but in refpect onely to the trajetfion of the Rays of light, in 
which refpeét they only differ in this; that the one propagates the pulfe 
more eafily and —— the other more flowly, but more ftrongly. But 
as for the pulfes themfelves, they will by the refraction acquire another 
propriety, which we fhall now endeavour to explicate. 

We will fuppofe therefore in the firft Figure AC F D to bea phyfical 
Ray, or ABC and D EF to be two Mathematical Rays, trajecfed from 
a very remote point of a luminous body through an Homogeneous tranfpa- 
rent medium LLL, and DA, EB, FC, to be {mall portions of the or- 
bicular impulfes which muft therefore cut the Raysat right angles 5 thefe 
Rays meeting with the plain furface NO ofa medium that yields an 
cafier tranfitus to the propagation of light, and falling obliquely on it, 
they will in the sedium MMM be tefratted towards the perpendicular 
of the furface. And becaufe this #edinm is more eafily trajetfed then 
the former by a third, therefore the point C of the orbicular pulfe FC 
will be mowd to H four {paces in the fame time that F the other end of 
it is movd to G three fpaces, therefore the whole refracted pulfe GH 
fhall be oblique to the refracted Rays CHK and G1; and the angle GHC 
thall be an acute, and fo much the more acute by how much the greater 
the refraction be, then which nothing is more evident, for the fign of the 
inclination is to be the figh of refraction as GF to’T € the diftance be- 
tween the point Cand the perpendicular from G on CK, which being as 
four to three, HC being longer then GF is longer alfothen T ©, there- 
fore the angle GH C is lef§thanG TC. So that henceforth the parts of 
= GH and IK are mov'd afcew, or cut the Rays at oblique 
angles; ‘ 

It is not my bufinefS in this place to fet down the reafons why this or 
that body fhould impede the Rays mote,others lefS: as why Water fhould 
tran{mit the Rays more eafily, though more weakly than air. Onely — 

K muc
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much in general I fhall hint,that I fuppofe the wedium MMM .tohave lefs 

of the tranfparent undulating fubtile matter, and that matter to be lef 

implicated by it, whereas LLL I fuppofe to contain a greater quantity 

of the fluid undulating fubftance,and this to be more implicated with the 

articles of that medium. 
: But to proceed, the fame kind of obliquity of the Pulfesand Rays will 
happen alfo when the refraction is made out of a more eafie into a more 

didkoult mediii 3 as by the calculations of GQ & CS R whichare refratted 

from the perpendicular. In both which calculations ‘tis obvions to obferve, 
that always that part of the Ray towards which the refraction is made 
has the end of the orbicular pulfe precedent to that of the other fide. And 

always,the oftner the refraétion is made the fame way,Or the greater the 
fingle refraction is, the more is this pate: progrefs. So that bering 

found this odd propriety to be an infeparable concomitant of arefratte 
Ray, not ftreightned by a contrary refraction, we will next examine the 

refractions of the Sun-beams, as they are fuffer’d onely to pafs througha 
{mall paflage, obliquely out of a more difficult,into a more ealie eedinm, 

Let us fuppofe therefore ABC in the fecond Figure to reprefent 
alarge Chimical Gla{s-body about two foot long, filled with very fair Wa- 
‘ter as highas A B, and inclin’d in a convenient pofture with B towards * 
the Sun: Let us further fuppofe the top of it to be cover'd with an opa- 
cous body, all but the hole a 6, through which the Sun-beams are fuffer'd 
to pafs into the Water,and are thereby refracted to ¢ def again{t which | 
part, if a Paper be expanded on the outfide, there will appear allthe co- 
lours of the Rain-bow, that is, there will be generated the two principal 
colours, Scarlet and Blue, and al} the intermediate ones whicharife from 
the compofition and dilutings of thefe two, that is, cd thall exhibit a 
Scarlet, which toward d is diluted into a Ye//ow 5 this is the refraction of 
the Ray, #&, whichcomes from the underfide of the Sun ; and the Ray 
ef thall appear of a deep Ble, which is gradually towards e diluted in- 
toa pale Watchet-blue. Between d and e the two diluted colours, Blue 
and TeVow are mixt and compounded intoa Green; and this I imagine to 
be the reafon why Gree is fo acceptable a colour to the eye, and that 
either of the two extremes are, if intenfe, rather a little offenfive, name- 
ly, the being plac’d in the middle between the two extremes, and com- 
pounded out of both thofe, diluted alfo, or fomewhat qualifi'd, for the 
compofitien, arifing from the mixture of the two extremes ##diluted, 
makes a Purple,which though it bea lovely colour,and pretty acceptable 
to the eye, yet isit nothing comparable to the ravifhing pleafure with 
which a curious and well tempered Gree affects the eye. If removing 
the Paper, the eye be plac'd againft ¢ d, it will perceive the, lower fide 
of the Sun (or a Candle at night which is much better, becaufeit offends 

not the eye, and is more eafily manageable) to be of a deep Red, and if 
againft ef it will perceive the upper part of the luminous body to be of 
a deep Blue 5 and thefe colours will appear deeper and deeper, accord- 
ing asthe Rays from the luminous body fall more ob/quely on the fur- 
face of the Water, and thereby firfler a greater refraction, and the 

more
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_ thoré diftindt, the further ¢ def is removed from the trajecting hole, 

So that upon the whole, we {hall find that the reafon of the Phenone-. 
za feems to depend upon theobliquity of the orbicular pulfé,to the Lines of 
Radiation,and in particular,that the Ray ¢ d which conftitutes the scar- 
fet hasitsinner patts, namely thofe which aré next to the middle of the ea 
luminous body, precédent to the outermoft which are contiguous to the 
dark and uxradiating fkie. And that the Ray ¢ f which givesa Blue, has 
its outward part,namely, that which is contiguiots to the dark tkie prece- 
dent to the pulfe from the intermoft, which borders oh the bright area 
of the luminous body. . ee 

. We may obferve further,that the caufé of the diluting of the colours to- 
wards the middle, proceeds partly from the widenefs of the hole through 
which the Rays pafs, whereby the Rays from feveral parts of the lumi- 
nous body, fall upon many of the fame parts between ¢ and fas is more 
manifeft by the Figure: And pattly alfo from the nature Of the refraction 
it felf, for the vividnefs or ftrength of the two terminating colours, arifing 
chiefly as we have feen, from the very gteat difference that is betwixt the 
outfides of thofe oblique undulations & the dark Rays circumambient,and 
that difparity betwixt the approximate he gradually : the fur- 
thet inward toward the middle of the limihous body they are remov'd, 
the more muft the colour approach to a white ot an undifturbed light. 

Upon the talculation of the refraction and reflection from a Ball of 
Water or Glafs,we have much the fame Phenomtna namely,an obliquity of 
the undulation in the {ame maaner as we have foutid it here. Which, be- 
caufe it is very much to our prefent purpofe, and affords fuch an Inftancia 
erueis, as no ohe that I know has hitherto taken notice of, I fhall farther 
examine. For it does very plainly and pofitively diftinguifh, and thew, 
which of the two Hypothefes,cither the Cartefiax or this is to be followed, 
by affording a generation of all the colors in the Rainbow, where accord- 
ing to the Cartefian Principles there fhould be none at all generated. And fecondly, by affording an inftance that does more clofely confine the 
caufe of thefe Phenomena of colotrs to this prefent Hypothefis. 
And firft,for the Cartefiae,we have this to obje& againtt it, That whereas he fays (Ateteornm Cap.8.5¢dt.5.)Sed jidicabam unicam befrattioné {eilicet ) ad minimit requiri,& quidem talem nt ejus offetius alid contraria (refraiti- 

one )non deftruatur : Nam expertentia docet fi fuperficies NM & NP (, nempe refringentes) Parallele forent, radios taktundem per alterain iterum eredos uantune per unarfrangerentur,nullos colores depitfuros 5 This Principle of fis holds true ihdeed in a prifme where the refracting furfaces are plain, butis contradi¢ted by the Ball or Cylinder, whethet of Water or Glafs, where the fefra¢ting furfaces are Orbiculat or Cylindrical. For if we ex- amine the paflage of any Globule or Ray of the primary Zris,we {hall find It to pafs out of the Ball or Cylinder again, with the fame inclination and refraction that it enter’d in withall, and that that laft refraction by means of the intermediate reflection fhall be the fame as if without any, reflection at all the Ray had been twice refracted by two Parallel furfaces; 
K 2 And
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And that this is true, not onely in one, but in every Ray that goes to 

the conftitution of the Primary Iriss nay, in every Ray, that fuffers only 
two refractions. and one reflection, by the furface of the round body, we 
fhall prefently fee moft evident, if we repeat the Cartefiaz Scheme, men- 
tioned in the tenth Seiox of the cighth Chapter of his Meteors, where 

Schem.6. EF K NP in the third Figure is one of the Rays of the Primary Iris, 
™& 3 ewice refracted at F and N, and once reflected at K by the furface of the _ 

Water-ball. For, firftitis evident, that KF and KN are equal, becaufe 
K N being the reflected part of K F they have both the fame inelination — 
on the furface K that is the angles F KT, and NK.V made by the two | | 
Rays and the Tangent of K are equal, which is evident by the Laws of re- / J 
flection 5 whence it will follow alfo, that K N has the fameinclination on 
the furface N, or the Tangent of it X N that the Ray KF hastothe fur. 
face F,or the Tangent of it F Y, whence it mutt neceflarily follow,that 
the refractions at F and N are equal, that is, KF Eand KNP are equal, 
Now, that the furface N is by the reflection at K made parallelto the furs 
face at F, is evident from the principles of reflection ; for reflection ner 
nothing but an inverting of the Rays,if we re-invertthe Ray KNP, and 
make the fame inclinations below the line T K V that it has above, it will 
be moft evident, that K H the inverfe of K N will bethe continuation of 
the line F K, and that LHI the inverfe of O X isparallelto FY. And 
HM the inverfe of NP is Parallel to EF for the angle KH1 is equal 
to KNO which is equal toK F Y, and the angle KH M is equal to K NP 
which is equal to K F E which was to be provd. 

So that according to the above mentioned Cartefiax principles there 
fhould be generated no colour at all in a Ball of Water or Glafs by two 
refractions and one reflection, which does hold moft true indeed, if the 
furfaces be plain, as may be experimented with any kind of prifme where 
the two refracting furfaces are equally inclin’d to the reflecting; but in 
this the Phexomena are quite otherwile. 

The caufe therefore of the generation of colour muft not be what Des 
Cartes afligns, namely, a certain rotation of the Globuli etherei,which are 
the particles which he fuppofes to conftitute the Pelucid medivn, But 
fomewhat elfe, perhaps what we have lately fuppofed, and fhall by and 
by further profecute and explain. 

But,Firft I fhall crave leave to propound fome other difficulties of his, 
notwith{tanding exceedingly ingenious Hypothefis, which I plainly: confels 
to me feem fuch; and thofeare, 

Firft, if that light be (as is affirmed, Diopt. cap. 1. §.8.) not (@ pro- 
perly a motion,‘as an action or propenfion to motion, I cannot conceive 
how the eye can come to be fenfible of the verticity of a Globule, which is 
generated ina drop of Rain, perhapsa mile off from it. For that Globule is 
not carry'd to the eye according to his formerly recited Principles and if 
not fo,I cannot conceive how it can communicate its rotation, or circular 
motion to the line of the Globules between the drop and the eye. It can- 
not be by means of every ones turning the next before him: for if fo, then 
onely all the Globwles that are in the odd places mutt be turned the fame 

way
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way with the firft, namely, the 3.5. 7..9.11,@¢. bur all the Clobyles 
interpofited between them in the even places namely,the 2.4.6.8.10.¢c, 
rutt be the quite contrary 5 whence, according to the Cartefian Hypothefis, 
there muft be no diftinét colour generated, but a confufion. Next,fince 
the Cartefian Globuli axe fuppos'd (Principiorum Philofeph. Part. 3,.§86.) 
tobe each of them continually in motion about their centers, I cannot 
conceive how the eye is able to diftinguifh this new generated motion 
from their former inherent one, if I may fo call that other wherewith they 
are mov d or turbinated, from fome other caufe than refraction. And 
thirdly, I cannot conceive how thefe motions fhould not happen fome- 
times to oppofe each other, and then, in {tead of a rotation, there would 
be nothing but a direct motion generated, and ppalearen no colour, 
And fourthly, I cannot conceive, how by the Cartefian Hypothefis it is pot- 
fible to give any plaufible reafon of the nature of the Colours generated 
in the thin /awine of thefe our Aficrofeopical Obfervations 3 for in many of 
thefe, the refracting and refleGing iurfaces are parallel to each other,and 
confeqnently no rotation can be generated, nor is there any neceflity of 
a fhadow or termination of the bright Rays, fuch as is fuppos’d (chap. 8. 
§.5- Et preterca obférvavi umbram quoque,aut limitationens luminis requiri ¢ 
and Chap. 8, §.9..) to be neceflary to the generation of any diftin& co- 
lours 5 Befides that, here is oftentimes one colour generated without any 
of ihe other appendant ones, which cannot be by the Cartefian Hy- 

Rees. 
“ Tene muft be therefore fame other propriety of refraction that caufes 
colour. And upon the examination of the thing, I cannot conceive any 
qne more general, infeparable, and fufficient, than that which I have be- 
fore aflignd. That we may therefore fee how exactly our Hypothefis 
agreesalfo with the Phezomena of the refracting round body, whether 
Globe or Cylinder , we hall next fubjoyn our Calculation or Examen 
of it. 

And to this end, we will calculate any two Rays: as for inftance 3 let sctem. é. 
EF beaRay cutting the Radius C D (divided into 20. parts) in G 16, Fis: 3- 
parts diftant from C, and ef another Ray, which cuts the fame Radius 
Ing 17. parts diftant,thefe will be refracted to K and &, and from thence 
redledhed, toN and », and from thence refracted toward P and p; there- 
fore the Arch F f will be 5.4 5°. The Arch F K 106.4 30’.the Arch f & 
ior." 2’. The line F G 6000.and f g 5267. therefore Af. 733. therefore 
Fe 980, almoft. The line F K 16024. and f & 15436. therefore Nd 196. 
and 7 0 147 almott, the line Nn 1019 the Arch Nw 5.4 51’. therefore 

_ the Angle N zo is 34.4 43’. therefore the Angle Nox. is 139.4 56’. 
which is almoft 50.4 more than a right Angle. 

It is evident therefore by this Hypothefis, that at the fame tine that ef 
touches f. EF is arrived at ¢. And by that time e fk is got to x, 

__ EFKN is got to d, and whenit touches N, the pulfe of the other Ray 
1s Zot to 9, and no farther, which is very fhort of the place it fhould have 

__ arriv'dto,to make the Ray p to cut the orbicular pulfe. No at right 
Angles: thereforethe Angle Nep is an acute Angle; but the quite con- 

) trary
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trary of this will happen, if 17.and 18.be calculated in ftead of 16.and 17; 

both which does moft exactly a with the Phenomena : For if the Sun, 

oraCandle (which is better) be placed about E e, and the eye about 

Pp, the Rays EF ef: at 16, aiid 17. will paint the fide of the luminous 

object toward 2p Blue,and towards N P Red. But the quite contrary will 

happen when E F is 17. and ef 18. for then towards N P fhall be a Blue, 

and towards #p a Red, exactly according to the calculation. And there 

appears the Blue of the Rainbow, where the two Blxe fides of the two 

Imagesunite, and there the Red where the two Red fides unite, that is, 

where the two Images are juft difappearing 5 which is, whenthe Rays 

EF and NP produc’d till they meet,make an Angle of about 41. and an 

half; the like union is there of the two Images in the Production of the 

Secundary tris, and the fame caufes, as upon calculation may appear 5 

onely with this difference, that it is fomewhat more faint, by reafon of the 

- duplicate reflection, which does always weaken the impulfe the oftner 

itis tepeated. 
Now, though the fecond refraction made at Nz be conyenient,that is, 

do make the Rays glance the more, yet is it not altogether requifite 5 for 

it is plain from the calculation, that the pulfe d» is fufliciently oblique to 

the Rays K Nand 4 7,as wel as the pulfefc is oblique to the Raysk K & fk, 

And therefore if a piece of very fine Paper be held clofe againft N and 

the eye look on it either through the Ballas from D, or from the other 

fide, as from B. there fhall appear a Rainbow, or colour'd line painted on 

it with the part toward X Pine Red, towards O, Blue ; the fame alfa 

fhall happen, if the Paper be placed about K 4, for towards T fhall ap- 

pear a Red, and towards V a Blue, which does — agree with this my 

: Hypothefis, as upon the calculation of the progrefs of the pulfe will moft 

eafily appear. 
Nor do thefe two obfervations of the colours appearing to the eye a- 

bout differing from what they appear on the Paper at N contradict each 

other ; but rather confirm and exactly agree with one another, as will be 

evident to him that examines the reafons fet down by the ingenious. 

Des Cartes in the 12. Sed. of the 8. Chapter of his Meteors, where he 

gives the true reafon why the colours appear of a quite contrary order 

to the eye, to what they appear'd on the Paper if the eye be plac'd in 

{teed ofthe Paper : And as in the Prifme, fo alfoin the Water, Drop, or 

Globe the Phenomena and reafon are much the fame. 
Having therefore fhewn that there is fach a propriety in the prifine 

and water Globule whereby the pulfe is made ob/ique to the progreflive, 

and that fo much the more, by how much greater the refraction is, I fhall 

in the next place confider, how this conduces to the production of co- 

lours, and what kind of impreflion it makes upon the bottom of the eye 5 

and to this end it will be requifite to examine this Hypothefis a little more 

particularly. 
Firft therefore, if we confider the manner of the progrefs of the pulfe, 

it will {eem rational to conclude, that that part or end ofthe pulfe which 

precedes the other,muft neceflarily be fomwhat more obtunded,or apes 
y
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by the refiftance of the tran{parent wedinw, than the other part or end of 
it which is fubfequent, vehi way is, asit were, prepated by the other; 
efpecially if the adjacent wedinm be not in the famé manner enlightned 
oragitated, And therefore(in the fourth Figure of the fixth Tconifiz the 
Ray AAAHB will have its fide HH more deadned by the refiftance 
of the dark or quiet medinm P P P, Whence there willbe a kind of dead« 
nefs fuperindue'd onthe fide HH H, which will continually increafe froni 
B, and ftrike deeper and deeper into the Ray by.the line BR.; Whence 
all the parts of the triangle, RBH O will be of a déad Blue colour, and 
{o much the deeper, by how much the nearer they lie to the line BH H, 
which is moft deaded or impeded, and {o much the more dilute, by how 
much the riearer it approaches the line BR. Next on the other fide of 
the Ray AAN, the end: A of the pulfe AH will be promoted, or made 
{tronger, having its paflage already prepar’d as twere by the othet parts 

| preceding,and {o its impreflicn wil be ftrongersAnd becaufe of its obliqui- 
_ tyto the Ray,there will be propagated a kind of faint motion into QQ, 

the adjacent dark or quiet a#edium, which faint motion will fpread fur- 
. ther and further into Q Q as the Ray is propagated further and further 

from A,namely,as far as the line M A,whehce all the triangle MAN will 
be ting’d with a Red, and that Red willbe the deeper the nearer it ap- 
ptoaches the line MA, and: the paler or yeower the nearer it isthe line NA. Andif the Ray be continued,fo that the lines AN andBR. (which 
are the bourids of the Redand Blue dilated) do meet and crof each other, 
there will be beyond that interfeétion generated all kinds of Greens. 

Now.thefe being the propricties of every fingle refracted Ray of light, 
it will be eafie enough to confider what mult be the refult of very. many 
fuch Rays collateral: As if we fuppofé infinite fach Rays interjacent be- 
tween AKSB and ANOB, which are the terminating: For in thiscafe 
the Ray A K § B will have its Red triangle intire,as lying next to the dark 
Or quiet #ediua, but the other fide of it BS will have no Blue, becaute 
the medinm adjacent to it $B O,ismovd or enli htned,and confequent- 
ly that light does deftroy the colour. So iihewile will theRay ANOB 
lofe its Red,becaufe the adjacent niedium is mov'd or enlightned,but the 
other fide of the Ray that is adjacent to the dark, namely, AHO will preferve its Blve entire, and thefé Rays mutt be fo far produe’d as cll AN and BR cut eachother, before there will be any Greew produc’d. 
From thefe Proprieties well confider'd, may be dedue’d the reafons of all the Phenomenaof the prifie, and of the Globules or drops of Water which 
conduce to the production of the Rainbow. 
Next for the impreflion they make onthe Retina, we will further ex- amine this eee : Suppofe therefore ABC DEF.in the fifth Figure, to reprefent the Ball of the eye: on the Coraca of which ABC two Rays GACH and KCAI (which are the terminating Rays of a himi- 

nous body) falling, are by the refraction thereof collefted or converg’d Into two points at the bottom of the eye. Now, becaufe thefe termi- 
nating Rays, and all the intermediate ones which cotie froth any part of 
the luminous body, are fuppos'd by fome fifticient refraction before they 

enter
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enter the eye, to have their pulfes made oblique to their progreffion, and 
confequently each Ray to have potentially fiperinduc'd two proprieties, 

or colours,viz. a Red on the one fide, and a B/ve on the other, which not- 

withftanding are never actually manifeft,butwhen this or that Ray has the 

one orthe other fide of it bordering on a dark or unmoy’d wedium,there- 
fore as foonas thefe Raysare entred intothe eye.and fo have one fide of 
each of them bordering on a dark part of the humours of the eye, they 
will each of them actually exhibit ome colour ; therefore ADC the pro- 
ductionG A CH will exhibit a Blve,becaufe the fide C Dis adjacent tothe 
dark medinmC QD C,but nothing ofa Red,becaufe its fide A Dis adjacent 
to the enlightned medium ADF A: And allthe Rays that from the points 
of the luminous body are collected on the parts of the Retina between D 
and F fhall have their B/ze fo much the more diluted by how much the far- 
ther thefe points of collection are diftant from D towardsF 5 and the Ray — 
AFC the production of KC AI, will exhibita Red, becaufe the fide AF — 
is adjacent to the dark or quiet #edinm of the eye APF A, but nothing — 
ofa Blue,becaute its fide CF is adjacent to the enlightned medium CF DC, 
and all the Rays from the intermediate parts of the luminous bedy that 
are collected between F and D fhall have their Red fo much the more di- 
luted, by how much the farther they are diftant from F towards D. 
Now,becaufe by the refraction in the Corvea,and {ome other parts of the 

eye, the fides of each Ray, which before were almoft parallel, are made 
to converge and meet in a point at the bottom of the eye, therefore that 
fide of the pul/é which preceded before thefe refraCtions, fhall firft touch 
the Retiza, and the other fide laft. And therefore according as this or 
that fide, or end of the pulfe fhall be impeded, accordingly will the izz- 
preffions on the Retina be varied; therefore by the Ray GACH re- 
fracted by the Cornea to D there fhall be on that point a ftroke or impref- 
fion confus'd, whofe weakeft end, namely, that by the line C D thall pre- 
cede, and the ftronger, namely, that by the line AD {hall follow. And 
by the Ray KCATI refratted to F, there fhall be on that part a confus'd 
ftroke or ook {trongeft part,namely,that by the line CF thal 
precede, and whofe weakeft or impeded, namely, that by the line AF 
fhall follow, and all the intermediate points between F and D will re- 
ceive impreffion from the converg'd Rays fo much the more like the im- 
= on F and D by how much the nearer they approach that 
or this. 

From the confideration of the proprieties of which impreffions,we may 
collect thefe fhort definitions of Colours : That Blue is ax impreffion on 
the Retina of an oblique and confus d pulfe of light, whofe weakeft part pre- 
cedes, and whofe ftrongedt follows. And, that Red is ax impre|fion on the Re- 
tina of an oblique and confus d pulfe of light, whofe fironge/t part precedes,and 
whofe weakeft follows. 

Which proprieties,as they have been already manifefted,in the’Prifme 
and falling drops of Rain, to be the caufes of the colours there generated, 
may be eafily found to be the efficients alfo of the colours appearing in 
thin /aminated tran{parent bodies; for the explication of which, all this has 
been premifed. And
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And that this is fo, a little cloier examination of the Phenomeza and 

the Figure ofthe body, by this Hypothefs, will make evident. = 
For firft (as we have already ebferved) the laminated body muft be 

of a determinate thicknefs, that is, it muft not be thinner then fuch a de- 
terminate quantity ; for I have always obfervd, that neer the edges 
of thofe which are exceeding thin, the colours difappear, and the pane 
grows white ; nor mutt it be thicker then another determinate quantity ; 
for have likewife obferv'd, that beyond fich a thicknefs,no colours ap= 
pear'd, but the Plate looked white, between which two determinate 
thicknefies were all the colow'd Rings; of which in fome fubftances I 
have found ten or twelve, in others not half {o many, which I fuppofe de- 
pends much upon the tranfparency of the awixated body. Thus though 
the confecutions are the fame in the feumm or the fkin on the top of me- 
tals; yet in thofe confecutions the fame colour is not fo often repeated 
as in the confecutionsit thin Glafs, or in Sope-water, or any other more 
tranfparentand glutinous liquor 5 for in thefe I have obferw'd, Red, rel- 
lom, Green, Blue, Purple, Red,Yelow,Green,Blue, Purples Red,TeHow,Green, 
Blue, Purple 3 Red, Yellow, &c. to fuceced each other,ten or twelve times, 
but in the other more opacors bodies the confecutions will not be half 
fo many. 

And therefore fecondly, the laminated body muft be tranfparent, and 
this Largue from this, that I have not been able to produce any colour 
at all with an epaceus body,though never fo thin, And this I have often 
ty d, by prefling a {mall Glebule of Adercury between two {mooth Plates 
of Glafs, whereby I have reduc’d that body toa much greater thinnefs 

_ then was requifite to exhibit the colours with a tranfparent body. 
Thirdly,there mutt be a confiderable refleGting body adjacent to the 

under or further fide of the /amina ox plate: for this lalways found,that 
the greater that reflection was, the more vivid were the appearing 
colours. 

From which Obfervations,it ismoft evident,that the refleGtion from the 
under or further fide of the bodyis the principal caufe of the production of 
 thefe colours 3 which,that it is fo,and how it conducesto that effect, fhall 
further explain in the following Figure,which is here defcribed ofa very 
great iobeeks, as ifit had been view'd through the Adierofcepe 5 and ‘tis 
indeed much thicker than any A4crofeope(Lhave yet us'd)has been able to 
fhew me thofe colour'd plates of Glafs, or Atu{covie-glafs, which L have not 
without much trouble view'd withit ; for though I have endeayoured to 
 magnifiethem as much as the Glafies were capable of, yet are they fo ex- 
ceeding thin, that I have not hitherto been able pofitively to determine 
their thicknefs. This Figure therefore I here reprefent, is wholy Hy- 
pothetical. 

| Let ABCDHFE in the fixth Figure be a frufluze of Mufcony-glafs, 
___ thinner toward the end A E, and thicker towards DF. Let us firlt{up- 

pofe the Ray 2¢44 coming from the Sun, or fome remote luminous 
_— object to fall obliquely on the thinner plate BAE, part therefore is re- 
| flected back, by cghd, the firft Superficies ; whereby the pangemnnes 

| L * pulfe 

; 
I
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pulle ab is after reflection propagated by ¢ d, ¢ d, equally remote from 

each other with 26, a4, fo that ag *gc, or bhthd are either of 

them equal to 4a, asis alfo cc, but the body B AE being tranfparent,a 

part of the light of this Ray is refracted in the furface AB, and propa- 

gated by g#k/A tothe furface EF, whence it is reflected and refracted 

again by the furface AB. So that after two refractions and one reflection, 

there is propagated a kind of fainter Ray e 7” f, whofe pulfe is not on- 

ly weaker by reafon of the two refractions in the furface AB, but by rea- 

foe of the time fpent in pafling and repafling between the two furfaces 

AB and EF, ef which isthis fainter or weaker pulfe comes behind the 
pulfe cd fo that hereby (the furfaces AB, and EF being fo neer toge- 

ther, that the eye cannot diferiminate them from one) this confus‘d or 

duplicated pulfe, whofe ftrongeft part precedes, and whofe weakeft fol- 

lows, does produce on the Retiva (or the optick nerve that covers the 

bottom of the eye) the fenfation of a Yellow. 
And fecondly, this Ye/ow will appear fo much the deeper, by how 

muchthe further back towards the middle between ¢d and cd the fpu- 

- rious pulfe ef is remov'd, as in 2 where the furface BC being further 
remov'd from EF, the weaker pulfe ef will be nearer to the middle, and 

will make an impreffion on the eye of a Red. 
But thirdly, if the two reflecting furfacesbe yet further remov'd afun- 

der'(as in 3 CD and EF are) then will the weaker pulfe be fo farr 
behind, that it will be more then half the diftance between ed and ed. 
And in this cafe it will rather feem to precede the following {tronger 

; pulfe, then to follow the preceding one, and confequently a B/ue will be 
generated. And when the weaker pulfe is juft in the middle beween two 

{trong ones, then is a deep and lovely Purple generated ; but when the 
weaker pulfe ef is very neer to ed, then is there generated a Green, 
which will be d/ver, or yelower, according as the approximate weak pulfe 
does precede or follow the ftronger. 

Now fourthly, ifthe thicker Plate chance to be cleft into two thinner 
Plates, as CDFE is divided into two Plates by the furface GH then 
from the compofition arifing from the three reflections in the furfaces 
CD, GH, and EF, there will be generated feveral compounded or mixt 
colours, which will be very differing, according as the proportion be- 
tween the thicknefles of thofe two divided Plates CD HG, and GHF E 
are varied. 

And fifthly, if thefe furfaces CD and F E are further remov'd afunder, 
the weaker pulfe will yet lagg behind much further, and not onely be 
coincident with the fecond, cd, but lagg behind that alfo, and that fo 
much the more, by how much the thicker the Plate be; fothat by de- 
grees it will be coizcident with the third ed backward alfo, and by de- 
grees, as the Plate grows thicker with a fourth, and fo onward to a fifth, 
fixth, feventh, or eighth; fo that if there be a thin tranfparent body,that 
from the greateft thinnefs requifite to produce colours, does, in the man- 
nér of a Wedge.by degrees grow to the greateft thicknefs that a Plate can 
be of,to exhibit a colour by the reflection of Light from fuch a body,there 

fhall
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fhall be generated feveral confecutions of colours, whofe ord’: from thé 
thin end towards the thick, fhall be YeV/om,Red, Purples Blue,Green ; teow, 
Red,Purple,Blue,Green 5 Yellow Red,Purple, Blue,Creens Yelow,&c. and thefe 
fo often repeated, as the weaker pulfe does lofe paces with its Primary: 
or firft pulfe, and is coine#dent with a {econd, third, fourth, fifth, fixth:c, 
fulle behind the firft. And this, as it is coincident, or follows from the 
firlt Hypothefis 1 took of colours,{o upon exeriment have I found iti mul: 
titudes of inftancesthat feem to prove it. One thing which feems of the 
greateft concern in this Hypothefis, is to determine the greateft or leaft 
thicknefs requifite for thefe effects, which, though T have not been want- 
ing in attempting, yet fo exceeding thin are thefe colotired Plates, and fo 
imperfect our Aficrofcope,that I have not been hitherto fuccefsfull,though 
if my endeavours hall anfwer my expettations,I thal hope to gratifie the 
curious Reader with fome things more remov'd beyond our reach 
hitherto. 

Thus have I,with as much brevity as I was able, endeavoured to expli- 
cate (Hypothetically at leaft) the caufes of the Phexonena 1 formerly re= 
cited, on the confideration of which I have been the more particular, 

Firft, becaufe I think thefe I have newly given are capable of expli- 
cating all the Phanomena of colours, not onely of thofe appearing in the 
Prifme, Water-drop, or Rainbow, and in laminated or plated bodies, but 
of all that are inthe world, whether they be fluid or folid bodies, whe- 
ther in thick or thin, whether tranfparent, or feemingly opacous, as I 
thall inthe next Obfervation further endeavour to fhew. And fecondly, 
becaufe this being one of the two ornaments of all bodies difcoverable 
by the fight, whether looked on with, or without a Microfcope, it feem’d 
to deferve (fomewhere in this Tract, which contains a defcription of the 
Figure and Colour of fome minute bodies) to be fomewhat the more in- 
timately enquir'd into. 

Obferv. X. Of Metalline, and other real Colours. 

Hr inthe former Difcourfe, from the Fundamental caufe of Co: 
) lour, made it probable, that there are but two Colours, and fhewn, 

that the Phaztafm of Colour is caus'd by the fenfation of the oblique or 
uneven pulfe of Light which is capable of no more’ varieties than:two 
that mie from the two fides of the ob/ique pulfe, though each of thofe 
be capable of infinite gradations or degrees (each: of'them beginning 
from Wéaite, and ending the one in the deepeft Scarlet or Yellow, the other 
inthe deepeft B/ve) I thall in this Seéfiox fet down fome Obfervations 

_ whichThave made of other colours, fuch as Metalline powders tinging 
_ orcolourd bodies and féveral kinds of tingtures or ting’d liquors, all 

which, together with thofe I treated of in the former Objervation will; 
I fuppofe, comprife the feveral fubjects in which colour is obferv'd’ to 

| beinherent, and the feyeral manners by which it izheres, or is acaner 
La a
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in them. And here! fhall endeavour to fhew by what compofition all kind 

of compound colours are made, and how there is no colour in the world 

but may be made from the various degrees of thefe two colours, together 

with the intermixtures of Black and White, 

And this being fo, as I fhall anon thew, it feems an evident argument 

to me, that all colours whatfoever, whether in fluid or folid, whether 

in very tranfparent or feemingly opacous, have the fame efficient caufe, 

to wit, fome kind of refraction whereby the Rays that proceed 

from fuch bodies, have their pulfe ob/iquated or confusd in the manner I 

explicated in the former Seion 5 that is, a Red is caus d by a duplicated 

or confus’d pulfe, whofe ftrongeft pulfe precedes,and a weaker follows : 

and a Blue is caus'd by a confus d pulfe,where the weaker pulfe precedes, 
and the ftronger follows. And according as thefe are, more or lefs, or 
varioufly mixt and compounded, fo are the fexfations,and confequently 

the phantafms of colours diverfified. 
To proceed therefore; I {uppofe, that all tranfparent colour 'd bodies, 

whether fluid or folid, do confift at leaft of two parts, or two kinds of 

fubftances, the one of a fubftance of 'a fomewhat differing refraction from 

the other. Thatone of thefe fubftances which may be call'd the tinging 

fabftance, does confift of diftin& parts, or particles of a determinate big- 

ne(g which are difféminated, or difpers'd all over the other: That thefe 
particles, if the body be equally and uniformly colour'd, are evenly 
yang'd and difpers'd over the other contiguous body ; That where the 

bene is deepeft ting’d, there thefe particles are rangd thickeft; and 
‘where ‘tis but faintly ting’d, they are rang'd much thinner, but uniformly. 
That by the mixture of another body that unites with either of thefe, 
which has a differing refraction from either of the other, quite differing 
effects will be produc’d,that is,the confecutions of the confus d pulles will 
be much of another kind, and confequently produce other femfations and 
phantafias of colours, and from a Red may turn toa Blue, or froma Blue 
to a Red, &c. 

Now, that this may be the better underftood, I fhall endeavour to ex- 
plain my meaning a little more fenfible by a Seheme + Suppofewe there- 
fore in the feventh Figure of the fixth Scheme, that ABCD reprefentsa 
Veflel holding a ting’d liquor, let IT 1 1 L,&c. bethe clear liquor,and let 

the tinging body that ismixt with it be EE, Gc. FF, @c.GG, Ge. 
HH, ec. whofe particles (whether round, or fome other determinate 
Figureis little to our purpofe)are firft of a determinate and equal bulk: 
Next, they are rang’d into the form of Quincunzx, or Equilaterotriangu- 
lar oxder,which that probably they are fo,and whythey are fo,] fhall elfe- 
where endeavour co tbeen Thirds. thoy are of fuch a naturesas does either 
moreeafily or more difficultly tranfmit the Rays of light then the liquors 
ifmore eafily,a Blue is generated, and if more difficultly, aRed or Scarlet. 

And firft, let us fuppofe the tinging particles to be of'a fubftance that 
does more impede the Rays of light , we thall find that the pulfe or 
wave of light mov'd from A D to.B C, will proceed on,through the con- 
taining medium by the pulfes or waves KK, LL, MM, NN, OO; ~~ 

becaufe
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becaufe feveral of thefe Rays that go tothe conftitution of thefe pulfes 
will be flugged or {topped by the tinging particles E,F,G,H3 therefore 
there fhall be a feeundary and weak pulfe that fhall follow the Ray, name- 
ly P P which will be the weaker: firft, becaufe it has fuffer’d many re- 
fractions in the impeding bodys next, for that the Rays will bea little 
difpersd or confus'd by reafon of the refraction in each of the particles, 
whether round or angular; and this will be more evident, if we alittle 
more clofely examine any one particulat tinging Globille. 

Suppofe we therefore AB in the eighth Fewre of thefixth Scheme, to 
reprefent a tinging Globule or particle which has a greater refraétion than 
the liquor in which it is contain’d : Let CD be a part of the pulfe of light 
which is propagated through the containing medium; this pulfe will bea 
little ftopt or impeded by the Globule, and {o by that time the pulfe is 
paft to E F that part of it which has been impeded by pafling through the 
Globule, will get but to LM, and fo that pulfe which hasbeen propa- 
gated through the Globule, to wit, LM, NO, PQ, will always come 
behind the pulfes EF, GH, IK, ec. 

Next, by reafon of the greater impediment in A B, and its Globular Fi- 
gure, the Rays that pafsthrough it will be difpers'd, and very much feat- 
ter'd.Whence C A and DB which before went dire and parallel,will after 
the refraction in A B, deverge and {pread by A P, and BQ ; fothatas the 
Rays do meet with more and more of thefe tinging particles in their 
way, by fo much the more will the pulfe of light further lagg behind 
 theclearer pulfe, or that which has fewer refractions, and thence the 
deeper will the colour be, and the fainter the light that is trajeéted 
throughit; for not onely many Rays are reflected from the furfaces of 
AB, but thofe Raysthat get through it are very much difordered. 

By this Hypohefés there isno one experiment of colour that Ihave yet 
met with, but may be, I conceive, very rationably folv'd, and perhaps, 
had I time to examine feveral particulars requifite to the demonftrationt 

_ of it, [might prove it more than probable, for all the experiments about 
the cha and mixings of colours related in the Treatife of Colours, 

| publithed by the Incomparable Mr. Boyle, and multitudes of others which 
__ Thave obferv'd, do fo eafily and naturally flow from thofe principles,that 
_ Yam very apt to think it probable, that they own their productionto no 

other fecnmdary caufe : Asto inftance intwo or three experiments. In the 
twentieth Experiment, this Noble Anthour has fhewn that the deep bhafh 
perple-colowr'of Violets, may be turn’d into a Greew, by Alcalizate Salts, 
and toaRedby acids thatis,a Purple confifts oftwo colours, a deep Red, 
anda deep Blue; whenthe Blveis diluted, or altered, or deftroy'd by 
acid Salts,the Red becomes predominant, but whew the Red is diluted by 
Alcalizate, andthe Blue heightned, there is generated a Green's for of 2 
Red diluted, ismadeate#om, and. teow and Blkemake aGreen, 

Now, becanfé the furious pulfes which caufe a Red and a Blue, do the 
one follow the clear pulfe; and the other precede it, it ufually follows, 
that thofe Saline refraéting bodies which do dilute the colour of the one, 
do deepen thar of the other: And this will be siade #anifett by = 

mo
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moft all kinds of Purples, and many forts of Greezs, both thefe colours 
confifting ofmixt colours; for if we fuppofe A and A in the ninth Figure, 
to reprefent two pulfes of clear light, which follow each other at acon- 
venient diftance, A A, each of which hasa fpurious pulfe preceding it, as 
BB, which makes a B/ve,and another following it, as CC, which makes4 
Red, the one caus d by tinging particles that have a greater refraction,the 
other by others that have a lefs refracting quality then the liquor or 
Men|trunm in which thefe are diflolv'd, whatfoever liquor does {0 alter 
the refraction of the one, without altering that of the other part of the 
ting’d liquor, muft needs very much alter the colour of the liquor 5 for 
if the refraction of the difolvent be increas‘d, and the refraction of the 
tinging particles not altered, then will the preceding fpurious pulfe be 
fhortned or ftopt, and not out-run the clear pulfe fo much; fo that BB 
will become EE, and the B/we be diluted, whereas the other fPurions 
pulfe which follows will be made to lagg much more, and be further be- 
hind AA than before, and CC will become f f, and fo the Tlow or 
Red will be heightned. 

A Saline liquor therefore,mixt with another ting’d liquor,may alter the 
colour of it feveral ways, either by altering the refraction of the liquor in 
which the colour {wims : or fecondly by varying the refraction of the co- 
loured particles, by uniting more intimately either with fome particular 
corpujcles of the tinging body, or with all of them, according as it hasa 
congruity to fome more efpecially, or toall alike: or thirdly, by uniti 
and interweaving it felf with fome other body that is already joy 
with the tinging particles, with which fubftance it may have a congruity, 
though it have very little with the particles themfelves: or fourthly, it 
may alter the colour of a ting’d liquor by dif-joyning certain particles 
which were before united with the tinging particles, which though they 
were fomewhat congruous to thefe particles, have yet a greater congruity 
with the newly infis'd Saline menfirunm. Yt may likewife alter the co- 
lour by further diffolving the tinging fubf{tance into fmaller and fmaller 
particles, and {0 diluting the colour 5 or by uniting feveral particles toge- 
ther as in precipitations, and fo deepning it, and fome fuch other ways, 
which many experiments and comparifons of differing trials together, 
might eafily inform one of. 

From thefe Principles applied, may be made out all the varieties 
of colours obfervable, either in liquors, or any other ting'd-bodies, with 
great eafe, and I hope intelligible enough, there being nothing in the zo- 
tion of colour, or in the fuppos’d production, but is very conceivable, and 
may be poflible. 

The greateft difficulty that I find againft this Hypothefis, is, that there 
feem to be more diftiné colours then two, that is, then Yellow and Blue. 
This Objection is grounded on this reafon, that there are feveral Reds, 
which dzluted, make not a Saffron or pale Yellow, and therefore Red, or. 
Scarlet feemsto be a third colour diftinét from a deep degree of Yellow. 

To which 1 anfwer, that Saffron affords us a deep Scarlet tinéture,which 
may be diluted into as pale a Yellow as any, either by making a weak {0- 

lution
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lution of the Saffron, by infifing a fmall parcel of it into a great quantity 
of liquor, asin {pirit of Wine, or elfe by looking through a very thin 
quantity of the tincture, and which may be heightn’d into the lovelieft 
Scarlet,by looking througha very thick body of this tin@ure,or through 
a thinner parcel of it,whichis highly #pregvated with the tinging bod Y5 
by having had a greater quantity of the Saffron diflolv'd ina fraller par- 
cel of the liquor. : 

Now, though there may be fome particles of other tinging bodies that 
givea lovely Scarlet alfo,which though di/zted never fo much with liquor, 
or looked on through never fo thin a parcel of ting’d liquor, will not yet 
afford a pale Yellow, but onely a kind of faint Red; yet thisis no argu- 
ment but that thofe ting dparticlesmay have in them the fainteft degree of 
Yellow,though we may be unable to make them exhibie itsF'or that power 
of being diluted depending upon the divifibility of the ting’d Buly, if I 
am unable to make the tinging particles fo thin as to exhibit that colour, 
it does not therefore follow,that the thing is impoflible to be done; now, 
the tinging particles of fome bodies are of fuch a nature, that unlefs there 
be found fome way of comminuting them into lefs bulks then the liquor 
does diflolve them into, all the Rays that pafs through them mutt necef: 
farily receive a tincture {o deep, as their appropriate refractions and bulks 
eompar'd with the proprieties of the diflolving liquor mutt neceflarily 
difpofe them to emprefs, which may perhaps bea pretty deep Yellow, 
or pale Red. 

And that thisis not gratis diffu, I {hall add one inftance of this kind, 
wherein the thing ismoft manifeft. 

If you take Blue salt, you fhall find, that to afford the deepeft Blue, 
which ceterés paribus has the greateft particles or fands; and if you fur= 
ther divide, or grind thofe particles on a Grindftone, or porphyry ftone, 
you may by comminuting the {ands of it, dilute the Blue intoas pale a one 
as you pleafe, which you cannot do by laying the colour thin ; for where- 

foever any fingle particle is, it exhibits as deep a Blue as the whole mafs. 
Now, there are other Blues, which though never fo much ground, will 
not be diluted by grinding, becaufe confifting of very {mall particles, ve- 
ry deeply ting’d,they cannot by grinding be actually feparated into fmal- 
ler particles then the operation of the fire, or fome other diflolving men- 
ftruum,hasreduc'd them to already. 

Thus all kind of Azetat/ine colours, whether precipitated, fublim’d, cal- 
cin'd, or otherwife prepar'd, are hardly chang’d by grinding, as wltra 
marine is not more diluted; nor is Vermilion or Red-lead made of amore 
faint colour by grinding; for the fmalleft particles of thefe which [have 
view’d with my greateft Magnifying-Glafs, ifthey be well enlightned, ap- 
pear very deeply ting’d with their peculiar colours; nor, thoughT have 
magnified ne enlightned the particles exceedingly, could I in many of 
them, perceive them to be tran{parent, or to be whole particles, but the 
fmallelt {pecksthat I could find among well ground Vermilion and Red- 
lead, {eem'd to bea Red maf, compounded of a multitude of lef and lef 
motes, which {ticking together, compos’d a bulk, not one thoufand thou- 
fandth part of the fmalleft vifible fand or mote. And.
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And this I find generally in moft A¢etalline colours, that though they 

confift of parts fo exceedingly {mall,yet are they very deeply ting’d,they 
being fo ponderous, and having fuch a multitude of terreftrial particles 
throng’d into a little room 5 fo that ‘tis difficult to find any particle tranf- 

parent or refembling a pretious ftone, though not impoflible; for [have 
obferv’d divers fuch fhining and refplendent colours intermixt with the 
particles of Cizzaber, both natural and artificial, before it hath been 

ground and broken or flaw'd into Vermilioz : As I have alfo in Orpiment, 
Red-lead, and Bife, which makes me fuppofe, that thofe metaline colours 
are by grinding, not onely broken and feparated adtually into {maller 
pieces, but that they are alfo flaw’d and brufed ,whence they, for the 
moft part.become opacous, like flaw'd Cryftal or Glace. But for Sazalts 
and verditures, Lhave been able witha Aficrofcepe to perceive their par- 

ticles very many of them tranfparent. 
Now, that the others alfo may be tranfparent, though they do not ap- 

pear fo to the Aticrofcopesmay be made probable by this Experiment: that 
if you take ammel that is almoft opacous, and grind it very well on 
a Porphyry, or Serpentine, the {mall particles will by reafon of their flaws, 
appear perfectly opacous, and that ‘tis the flaws that produce this opa- 
coufuef, may be armed from this, that particles of the fame 4zel much 
thicker if unflaw‘d will appear fomewhat tranfparent evento the eye; 
and from this alfo, that the moft tranfparent and clear Cryftal, if heated 
in the fire, andthen fuddenly quenched, fo that it be all over flaw‘d, 
will appear opacous and white. 

And that the particles of Azetal/ine coloursare tranfparent,may be argu- 
ed yet further from this,that the Cryftals,or Vitriols or all Metals,are tran{- 
parent, which fince they confift of metal/ive as well as faline particles, 
thofe ~etallive ones mu{t be tranfparent, which is yet further confirmd 
from this, that they have for the moft part, appropriate colours; {fo the 
vitriol of Gold is Yellow ; of Copper,Blue,and fometimes Green; of Iron, 
green; of Tinn and Lead, a pale White; of Silver,a pale Blue, @c, 

And next,the Selutiex of all Metals into enftruums are much the fame 
with the Vitriels, or Cryftals. It feems therefore very probable, that 
thofe colours which are made by the precipitation of tok articles out 
of the MERKEN by tranfparent precipitating liquors cal be tranfpa- 
rent alfo. Thus Gold precipitates with oyl of Tartar, or fpirit of Urine in- 
toa brown Yellow. Copper with {pirit of Urize into a Mucous blue, 
which retains its tranfparency, A hie of fublimate (as the fame I]- 
luftrious Authour I lately mention’d fhews in his 40. Experiment) precipi- 
tates with oyl of Tartar per deliquinm, into an Orange colour d preci- 
pitate; nor is it le{§ probable, that the calcivation of thole Vitriols by 
the fire,fhould have their particles tranfparent : Thus Saccarum Saturuz, 
or the Vitriol of Lead by calcination becomes a deep Orange-colour'd 
miniumwhich is a kind of precipitation by fome Salt which proceeds from 
the fire ; common Vitriol calcin'd, yieldsa deep Brown Red, ec. 

Athird Argument, that the particles of Metals are tranfparent, is, that 
being calei# d, and melted with Glafs, they tinge the Glafs with tran{pa- 

rent
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rent colours. Thus the Calx of Silvertinges the Glafs on which it is ans 
neal'd witha lovely Yellow,or Gold colour,éc. 

And that the parts of Metals are tranfparent, may be farther argued 
from the tranfparency of Leaf-gold, which held againft the light, both 
to the naked eye, and the @fcrofcope, exhibits a deep Green. And 

_ though I have never feen the other Metals /aminated fo thin, that Iwas 
able to perceive them tranfparent, yet, for Copper and Brafs, if we had 

_ the fame conveniency for /awizating them,as we have for Gold,we might, 
perhaps,through fuch plates or leaves.find very differing degrees of Blue, 
or Green; for it feems very probable, that thofe Rays that rebound from 
them ting’d, with a deep Yellow, or pale Red, as from Copper, or with 
a pale Yellow,as from Brafs, have paft through them ; for I cannot con- 
ceive how by reflection alone thofe Rays can receive a tincture, taking 
any Hypothefis extant. 

So that we fee there may a fufficient reafon be drawn from thefe in- 
ftances, why thofe colours which we are unable to dilute to the paleft 
Yellow, or Blue,or Green, are not therefore to be concluded not tobea 
deeper degree of them; for fuppofing we had a great company of {mall 
Globular clience Bottles,or roundGlafs bubbles,about the bignefs of aWal- 
nut, fill'd each of them with a very deep mixture of Saffron, and that 
every one of them did appear of a deep Scarlet colour, and all of them 
together did exhibit at a diftance, a deep dy'd Scarlet body. It does not 
follow,becaufe after we havecome nearer to this congeries,or mafs,and di 
vided it into itsparts, and examining each of its parts feverally or apart, 
we find them to have much the fame colour with the whole mafs; it does 
not, I fay, therefore follow, that if we could break thofe Globules {maller, 
or any other ways come to fee a fmaller or thinner parcel of the ting’d 
liquor that fill'd thofe bubbles,that that ting’d liquor muft always appear 
Red, or ofa Scarlet hue, fince if Experiment be made,the quite contrary 
willenfue 5 for it is capable of being diluted into the paleft Yellow. 

Now,that I might avoid all the Obje¢tions of thiskind, by exhibiting 
an Experiment that might by ocular proof convince thofe whom other 
reafons would not prevail with, I provided me a Prifmatical Glaf., made 
hollow, juft in the form of a Wedge, fuch as isreprefented in the tenth 
Figure of the fixth Scheme, The two parallelogram fides ABCD, ABEF, 
which met at a point, were made of the cleareft Looking-glafs plates well 
ground and poltfh'd that IJ could get;thefe were joyn'd with hard cement 
to the triangular fides, BCE, ADF, which were of Wood ; the Parallelo- 
grambafe BCEF, likewife was of Wood joyn‘d onto the reft with hard 
cement, and the whole Prifmatical Box was exattly ftopt every where, 
but onely a little hole near the bafe was left, whereby the Veflél‘could be 
fill'd with any liquor, or emptied againat pleafure. 

_ One of thefe Boxes (for! had two of them) [fill'd with a pretty deep 
tincture of Ales, drawn onely with fair Water, and then ftopt the hole 
with a piece of Wax, then,by holding this Wedge againft the Light, and 
looking through it, it was obvious enough to fee the tincture of the liquor 
near the edge of the Wedge where it was but very thin, to bea pale = 

M we
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well colour’d Yellow, and further and further from the edge, as the li. 
uor grew thicker and thicker,this tinéture appear’d deeper and deeper, 

$ that near the blunt end,which was feven Inches fromthe edge and three 

Inchés and an half thick; it was of a deep and well colour'd Red. Now, 

the clearer and purer this tincture be, the more lovely will the deep 
Scarlet be, and the fouler the tincture be, the more dirty will the Red 
appear; {o that fome dirty tinctures have afforded their deepeft Red 

* guch of the colour of burnt Oker or Spai/h brown;others as lovely a co+ 
lour as Vermilion, and fome much brighter 5 but feveral others, according 
asthe tinétures were worfe or more foul, exhibited various kinds of Reds, 
of very differing degrees. 

The other of thefe Wedges, I fill’d with a moft lovely tincture of Cop- 
per, drawn from the filings of it,with {pirit of Urine, and this Wedge held 
as the former againft the Light, afforded all manner of Blues, from the 
fainteft to the deepeft,fo that I was in good hope by thefe two,to have pro- 
due’d all the varieties of colours imaginable ; for I thought by this means 
to have been able by placing the two Paral/elogram fides together, and 
the edges contrary ways,to have fo mov'd them to and fro one by another, 
as by looking through them in feveral places, and through feveralthick- 
nefles, 1 {hould have compounded, and confequently have feen all thofe 
colours, Which by other like compofitions of colours would have enfued. 

Butinfteed of meeting with what I look’d for, I met with fomewhat 
more admirable; and that was, that Ifound my felf utterly unable to fee 
through them when placed both together, though they were tranfparent 
enough when afunder 3 and thoughI could fee through twice the thick- 
nefs, when both of them were fill’d with the fame colour'd liquors, whe- 
ther both with the Yellow, or both with the Blue, yet when one was filld 
with the Yellow, the other with the Blue,and both looked through, they 
both appear’d dark, onely when the parts near the tops were look’d 
ie they exhibited Greens, and thofe of very great variety, as I ex« 
pected, but the Purples and other colours, could not by any means make, 
whether I endeavour'd to look through them both againft theSun, or 
whether I plac’d them againft the hole of a darkned room. 

But notwithftanding this mif-ghefling, I proceeded on with my trial in 
a dark room, and having two holes near one another, I was able, by 
lecinaey Wedges again{t them to mix the ting’d Rays that paftthrough 
them, and fell on a fheet of white Paper tocidlne a convenient diftance 
from them as I ml 5 fo that] could make the Paper appear of what 
colour I would,by varying the thicknefles of the Wedges,and confequent> 
ly the tincture of thé Rays that paft through the two holes, and fome- 
times alfo by varying the Paper, that is, infteed of a white Paper, holding 
agray, ora black piece of Paper. 

Whence I experimentally found what I had before imagin’d, that all 
the varieties of colours imaginable are produc'd from feveral degrees of 
thefe two colours, namely, Yellow and Blue, or the mixture of them 
with light and darknefs, that is, white and black. And all thofe almoft 
infinite varieties which Limners and Painters are able to make by com: 
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pounding thofe feveral colours they lay on their Shels or Palads, areno= 
thing ote; but fome compofiinm, made up of fome one or more, oral] of 
thefe four. 

Now,whereas it may here again be ebjeéted,that neither cainthe Reds 
be made out of the Yellows, added together,or laid on in greater or lefg 
quantity, norcan the Yellows be made out of the Reds though laid ne~ 
ver fo thin; and as for the addition of White or Black, they donothing 
but either whiten or darken the colours to which they are added,and not 
at all make them of any other kind of colour: as for inftance, Vermilion, 

__ by being temper'd with White Lead, doesnot atall grow more ¥ellow, 
__ but onely there is made a whiter kind of Red. Nor does Yellow Oker, 
_ though laid never fo thick, produce the colour of Vermilion, northough 
_ irbetemper'd with Black, does itat all make aReds nay, though ‘abe 

temper'd with White, it will not afford a fainterkind of Yellow, fuch as 
sation but onely awhiten'd Yellow; nor will the Blues be diluted or 

_ deepned after the manner I fpeak of, as Zndico will never afford fo fine a 
Blue as Ultramarine or Bifé 5 nor will it,temper d with Vermilion, ever af: 

_ ford a Green,though each of them be never fo much temper’d with white. 
_  Towhich I anfwer,that there is a great difference between diluting a 

colour and whitening ofic ; for diluting a colour, istomake the colour’d 
_ parts more thin, fo that the ting’d light, which is made by trajecting 

thofe ting’d bodies, does not receive {6 deep a tinéture ; but white ning 
| a colour is onely an intermixing of many clear reflections of light 
_ among the fame ting’d parts; deepning alfo, and darkning or blacking a 
_ colour, are very different 5 for deepning a colour, is to make the light 
_ pais through a greater quantity of the fame tinging body , and darkning 

or blacking a colour, is onely interpofing a multitude of dark or black 
{pots among the fame ting’d parts, or placing the colour in a more faint 
light. 
eet therefore,asto the former of thefe operations,that is,diluting and 

deepning, moft of the colours us'd by the Limners and Painters are in- 
capable of, to wit, Vermilion and Red-lead, and-Oker, becaufe the ting'd 
parts arefo exceeding fall, that the moft curious Grindftones we have, 

_ are not able to feparate them into parts actually divided fo fmall as the 
| ting’d particles are; for looking on the moft curioufly ground Ver- 
_ wilion, and Oker, and Red-lead, 1 could perceive that even thofe {mall 
__ corpufcles of the bodies they left weré compounded of many pieces, that 

is, they feemd to be fimall pieces compounded of'a multitude of lefler 
ting’d parts : each piece feeming almoft like a piece of Red Glafs,or ting’d 
Cryftal all: flaw’ds fo that unle® the Grindftone could a¢tually divide 
them into finaller pieces then thofe flaw’d particles were, which com- 
pounded that ting'd mote could fee with my Aficrofcope, it would be 
impoflible to dilute the colour by grinding, which, becaufe the fineft we 
have will not reach to'do in Vermilion or Oker, therefore they cannot at 
all, orvery hardly be diluted, 

| Other coloursindeed; whofe ting’d particles are fach as may be made 
_ fimaller, by grinding their colonr, may be dauted. Thus feveral of the | M 2 Blues 
;
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Blues may be diluted,as Smalt and Bife and Mafticut,whichis Yellow,ma 
be made more faint : And even Vermilion it felf may,by too much enitile 
ing, be brought to the colour of Red-lead, whichis but an Orange colour, 
which is pote by all to be very much upon the Yellow. Now, though 
perhaps fomewhat of this diluting of Vermilion by overmuch grinding 
may be attributed to the Grindftone, or muller, for that fome of their 
parts may be worn off and mixt with the colour, yet there feems not ve- 
ry much, for I have done it ona Serpentine-{tone with a muller made of a 
Pebble, and yet obferv'd the fame effect follow. 

And fecondly, as to the other of thefe operations on colours, that is, 
the deepning of them, Limners and Painters colours are for the moft part 
alfo uncapable. For they being for the moft part epacous 5 and that opa~ 
coufnefs, as I {aid before, proceeding from the particles, being very much 
flaw’d, unlefs we were able to joyn and re-unite thofe flaw’d particles 
again into one piece, we fhall not be able to deepen the colour, which 
fince we are unable to do with moft of the colours which are by Painters 
accounted opacows, we are therefore unable to deepen them by adding 
more of the fame kind. 

But becaufe all thofe opacous colours have twokindsof beams orRays 
reflected from them, that is,Rays unting’d,which are onely reflected from 
the outward furface, without at all penetrating of the body.and ting’d 
Rays which are reflected from the inward furfaces or flaws after they 
have fuffer’d a two-fold refraction ; and becaufe that tranfparent liquors 

* mixt with fuch corpufcles, do,for the moft part, take off the former kind 
of reflection; therefore thefe colours mixt with Water or Oyl, appear 
much deeper than when dry, for moft part of that white reflection from the 
outward furface is remov’d. Nay, fome of thefe colours are very much 
deepned by the mixture with fome tranfparent liquor, and that becaufe 
they may perhaps get between thofe two eae and fo confequently joyn 
two ormore of thofe flaw’d pieces together ; but this happens but ina 
very few. 

Now, to fhew that all this is not gratis diGum, { thal! fet down fome 
Experiments which do manifeft thefe things to be probable and likely, 
which I have here deliver'd. 

For, firft, if you take any ting’d liquor whatloever, efpecially if it be 
pretty deeply ting’d, and by any means work it intoa froth,the congeries 
of that froth fhall feem an epacous body, and appear of the fame colour, 
but much whiter than that of the liquor out of which it is made. For the 
abundance of reflections of the Rays agniak thofe furfaces of the bubbles 
of which the froth confifts, does fo often rebound the Rays backwards, 
that little or no light can pafs through, and confequently the froth ap- 
pears opacons. . ; 

Again, if to any of thefe ting’d liquors that will endure the boiling 
there be added a frnall quantity of fine flower (the parts of which through 
the Microfcope are plainly enough to be perceiv'd to confift of tran{pa- 
rent corpyfcles) and fuffer'd to boy! till it thicken the liquor, the ae of 
the liquor will appear opasows,and ting’d with the fame colour, but very 
much whiten‘d. $ Thus
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Thus, if you takea piece of tranfparent Glafs that is well colour’d, and 

by heating it, and then quenching it in Water, you flaw it all over, 
it will become opacous, and will exhibit the fame colour with which the 
piece is ting’d, but fainter and whiter. 

Or, if you take a Pipe of this tranfparent Glafs, and in the flame of 4 
Lamp melt it, and then blow it into very thin bubbles, then break thofe 
bubbles, and collect a good parcel of thofe /amine together in a Paper, 
you fhall find that a fmall thicknefs of thofe Plates will conftitute an opa~ 
cous body, and that you may {ee through the mafs 6f Gla before it be 
thus /aminated, above four times the thicknefs: And befides, they will 
now afford a colour by reflection as other opacous (as they are call’d) 
colours will, but much fainter and whiter than that of the Lump or Pipe 
out of which they were made. i 

Thus alfo,if you take Putty, and melt it with any tranfparent colour’d 
Glafs,it will make it become an epacows colour’d lump, and to yield a pa- 
ler and whiter colour than the lump by reflection. 

The fame thing may be done by a preparation of Avtimony, ashas been 
fhewn by the Learned Phyficiax, D* €. 44. in his Excellent Obfervations 
and Notes on Nery’s Art of Glafs5 and by this means all tranfparent co- 
lours become opacous, or ammels. And though by being ground they lofe 
very much of their colour, growing much whiter by reafon of the multi- 
tude of fingle reflections from their outward furface, as I fhew’d afore, 
yet the fire that in the nealing or melting re-unites them, and {0 re- 
news thofe furious reflections, removes alfo thofe whitenings of the co- 
jour that proceed from them. 

As for the other colours which Painters ufe, which are tranfparent,and 
usd to varnifh over all other paintintings, ‘tis well enough known that 
the laying on of them thinner or thicker,does very much di/ute or deepen 
their colour. 

Painters Colours therefore confifting moft of them of {olid particles, 
fo {mall that they cannot be either re-united into thicker particles by 
any Art yet known,and confequently cannot be deepned ; or divided in- 
to particles fo fmall as the flaw'd particles that exhibit that colour, much 
lefs into fmaller, and confequently cannot be diluted ; It is neceflary that 
they whichare to imitate all kinds of colours, fhould have asmany de- 
grees of each colour as can be procur’d. 

And to this purpofe, both Limners and Painters have a very great va- 
riety both of Yellows and Blues, befides feveral other colour'd bodies 
that exhibit very compounded colours, fuch as Greensand Purples; and 
‘others that are compounded of feveral degrees of Yellow, or feveral de- 
grees of Blue, fometimes unmixt, and fometimes compounded with fe- 
veral other colour’d bodies. 

The Yellows, fromthe paleft to the deepeft Red or Scarlet, which 
has no -intermixture of Blue, are pale and deep Majticut, Orpament, 

___Englifh Oker, brown Oker, Red Lead, and Vermilion, burnt Englifh Oker, 
and burnt brown Oker, which lat have a mixture of dark or dirty parts 
with them, &e, 

| Their
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Their Blues are feveral kinds of swalts, and Verditures, and Bie, and 

Vitramarine, and Indico, which laft has many dirty or darks parts inter- 
mixt with it. 

Their compounded colour’d bodies, as Pi#k, and Verdigrefe,which are 

Greens, the one a Popingay, the other a Sea-greew; then Lac,which is a 

very lovely Purple. : i 

To which may be added their Black and White, which they alfo 
ufually call Colours, of each of which they have feveral kinds, fuch as 
Bone Black, made of Ivory burnt in'a clofe Veflel, and Blue Black, made 
of the {mall coal of Willow, or fome other Wood 3 and Cullens earth, 
which is a kind of brown Black, ee. Their ufual Whites are either ar- 
tificial or natural White Lead, the laft of which isthe beft they yet have, 

. and withthe mixing and tempering thefe colours together, are they able 
to make an imitation of any colour whatfoever: Their Reds or deep 
Yellows, they can ‘dilute by mixing pale Yellows with them, and deepen 
their pale by mixing deeper with them; for it is not with Opacous co- 
fours as it is with tranfparent, where by adding more Yellowto yellow, 
it is deepned, but in opacons diluted. They can whiten any colour oe mix- 
ing White withit, and darken any colour by mixing Black, or fome dark 
and dirty colour. And in a word, moft of the colours, or colour'd 
bodies they ufein Limning and Painting, are fuch, as though mixt with 
any other of their colours, they preferve their own hue, and by being in 
fuch very {mal parts difpers'd through the other colour'd bodies, they 
both, or altogether reprefent to the eye a compofitum of alls the eye be- 
ing unable, by reafon of their fmalnefs, to diftinguifh the peculiarly co- 
lour'd particles, but receives them as one intire compofitum : whereas in 
many of thefe, the Adicrofcope very eafily diftinguifhes each of the com- 
pounding colours diftinét, and. exhibiting its own colour. 

Thus have I by gently mixing Vermilion and Bifé dry, produc’da very 
fine Purple,or mixt colour,but looking on it with the Adicrofcope, 1 could. 
eafily diftinguifh both the Red and the Blue particles, which did not at 
all produce the Phantafm of Purple. 

To fumm up all therefore in a word, I have not yet found any folid 
colour'd body,that Ihave yet examin‘d,perfedtly opacous 5 but thofe that 
are leaft tranfparent are Aetal/ine and AGineral bodies, whofe particles ge- 
nerally, feeming either to be very fmall, or very much flaw'd, appear 
for the moft part opacous, though there are very few of them that I have 
look’d on with a Aicrofeope, that have not very'plainly or circumftanti- 
ally manifefted themfelves tranfparent. 

And indeed, there feem to be fo few bodies in the world that are iz 
minimis opacous, that think one may make ita rational Query, Whether 
there be any body abfolutely thus opacous 2 For I doubt notatall (and I 
have taken notice of very many circumftances that make me of this 
mind) that could we very much improve the Afcroftope, we might be 
able to fee all thofe bodies very plainly tranfparent, which we now are 
fain onely to ghels at by circumftances. Nay, the Object Glafies we 
yet make ufe of are fuch, that they make many tranfparent bodies to the 

eye,
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eye, feem opacous through them,which if we widen the Aperture a little, 
and caft more light on the objects, and not charge the Glafles fo deep, 
will again difclofe their tranfparency. 

Now, as for all kinds of colours that are diflolyable in Water,or other 
liquors, there is nothing fo manifeft, as that all thofe ting’d liquors are 
tranfparent 5\and many of them are capable of being diluted and com- 
pounded or mixt with other colours, and divers of them are ca pable of 
being very much chang’d and heightned, and fixt with feveral kinds of 
Saline menfirunms. Others of them upon compounding, deftroy or vi- 
tiate each others colours, and precipitate, or otherwife very much alter each otherstincture, Inthe true ordering and diluting, and deepning, 
and mixing, and fixing of each of which, confifts one of the greate(t my- 
fteries of the Dyers; of which parti culars,becaufe our Adicrojcope aflords 
us very little information, I thall add nothing more at prefent ; but onely 
that with avery few tinctures order'd and mixt after certain ways, too 
long to be here fet down, I have been able to makean appearance of all 
the various colours imaginable, without at all ufing the help of salts, ow 
Saline menflrunms to vary them. 

As for the mutation of Colours by Saline menfirnums, they have al- 
ready been fo fully and excellently handled by the lately mention’d In- 
comparable Amthour,that I can add nothing,but that of a multitude of tri« 
als thine Imade, Thave found them exactly to agree with his Rules and 
Theories; and though there may be infinite inftances, yet may they be 
redue’d under a few Heads, and compris‘ within a very few Rules. And 
generally I find, that Saline menftrunms ave moft operative upon thofe 
colours that are Purple, or have {ome degree of Purple in them, and up: 
on the other colours much les. The /purions pulfes that compofe which, 
being (as I formerly noted) fo very neer the middle between the true 
ones, that a fmall variation throws them both toone fide, or both to the 
other, and fo confequently muft make a vaft mutation in the formerly ap+ 
pearing Colour. 

fee te Stee ed ry ee oil le ccie dey bell la a, 

Obferv. XI. Of Figures obfero’d in finall Sand. 

os generally feems to be nothing elfe but exceeding {mall Pebbles, 
orat leaft fome very {mall parcels of a bigger ftone ; the whiter kind 

feems through the Azicrofope to confilt of finall tranfparent pieces of fomeé 
pellucid body, each of them looking much like apiece of Alum, or Salt Gem:and this kind of Sand is sels for the moft part irregularly, without any certain fhape,and the gramales of it are for the moft part flaw'd,though amongft many of them it is not difficult to fitid fome that are perfectly 
pelucid, like a piece of eléar Cryftal, and divers likewife moft curioufly fhap'd, much after the manner of the bigger Stirie of Cryftal, or like the {mall Diamants I obferv’d in certain Flints, of which I fhall by and by re- late; which laft particular feems to argue, that this kind of Sand is iM 

made
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made by the comminution of greater tranfparent Cryftaline bodies, but 
by the concretion or coagulation of Water, or fome other fluid body. 

There are other kinds of courfer Sands, which are browner, and have 

their particles much bigger; thefe, view d with a Adicrofcope, feem much 
oe and more opacous fubftances,and moft of them are of fome irregu- 
larly rounded. Figures; and though they feem not fo opacows as to the 
naked eye, yet they feem very foul and cloudy, but neither do thefe want 
curioully tranfparent, no more than they do regularly figur'd and well 
colour'd particles, as I have often found. i 

There are multitudes of other kinds of Sands, which in many particu- 
lars,plainly enough difcoverable by the A4icro/cope,differ both from thefe 
laft mention’d kinds of Sands, and from one another: there feeming to be 
as great variety of Sands,as there is of Stones. And'as amongft Stones fome 
are call’d precious from their excellency, fo alfo are there Sands which 
deferve the fame Epithite for their beauty; for viewing a {mall parcel of 
Eaft-India Sand (which was given me by my highly honoured friend, Mr. 
Paniel Colwall) and, fince that, another parcel, much of the fame kind, 
I found feveral of them, both very tranfparent like preciousStones, and 
regularly figur'd like Cryftal, Cormifh Diamants, fome Rubies, ce. and 
aie ting'd with very lively and deep colours, like Rubys, Saphyrs, Eme- 
valds, &c. Thefe kinds of granulsI have often found alfo in Exglifh Sand. 
And ’tis eafieto make fuch a counterfeit Sand with deeply ting’d Glafs, 
Enamels and Painters colours. 

It were endlefs to defcribe the multitudes of Figures [have met with 
in thefe kind of minute bodies, fuch as Spherical,oval,Pyrasidal, Conical, 
Prifmatical, of each of which kinds I have taken notice. 

But amongft many others, I met with none more obfervable than this 
pretty Shell (defcribed in the Figure X. of the fifth Scheme) which, 
though asit was lighton by chance, deferv'd to have been omitted (I 
being unable to direct any one to find the like) yet forits rarity was it not 
inconfiderable, efpecially upon the account of the information it may 
afford us. For by it we have a very good inftance of the curiofity of Na- 
ture in another kind of Animals which are remov'd, by reafon of their 
minutenefs,beyond the reach of our eyes; fo that asthere are feveral forts 
of Infeéts, as Mites, and others,fo fmall as not yet. to have had any names 5 
(fome of which I fhall afterwards defcribe) and {mall Fifhes, as Leeches 
in Vineger ; and fmal vegetables, as Mofs, and Rofe-Leave-plants 5 and 
fmall Mufhroms, asmould: fo are there, it feems, {mall Shel-fith like- 
wife, Nature fhewing her curiofity in every Tribe of Avimals, Vege- 
tables, and Minerals. 

I was trying feveral {mall and fingle Magnifying Glaffes, and cafually 
viewing a parcel of white Sand,when I perceiv'd one of the grains exactly 
fhap'd and wreath’d like a Shell, but endeavouring to diftiaguifh it with 
my naked eye,it was fo very {mall,that I was fain againtomakeufeofthe 
Glafsto find it; then,whileft I thus look’d on it, with aPinI feparatedall 
the reft of the granules of Sand,and found it afterwards to appear to the 
naked eye an exceeding {mall white {pot, no bigger than the point st a 

in, 
.
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Pin. Afterwards Lview'ditdvery way with abeetert@crofeope;and found 

ieon both fides, andiedge-ways, to refemble the Shell of a {mall Waters 

Sinai) with: a flac fpiral Shells it had ewelve wreathings) 2,.b,.¢; dy ey 8s 
all very proportionably growing ‘one’ lefs, than another towards ithe 
 tniddleor cenrer of the Shell, where there wasa very {malt round trhite 

_ fpot. Icould not certainly difcover whether the Shell were hollow or 
tot, but it-feem'd fill’d’ with fomewhat, and: tis probable: that litmighs 
be petrify'd’as other larger Shels often‘ave, fachas are mention dinthe 
feventeenth Obfervation. - if 

Obferv. XE}; Of Gravel im Urine. 

- Have often obferv'd the Sand or Gravel of Urine] Which (ems 46 be 
] a tartareous fub{tance, generated out of a Saline and a terreftrial fub= 
ftance crgftallix d together, in the form of Tartar, fometimes fticking te 
the fides of the Vrival, but for the moft part finking to the bottom, and 
there lying in the form of coorfe common Sand 5 thefe, through the 274+ 

crofcope, appear to be a company of fmall bodies, partly tranfparent, and 
ttly opacous, fome White, fome Yellow, fome Red, others of more 

oak and dufkie colours. 
The Figure of them is for the moft patt flat, in the manner of Slats, or 

fuch like plated Stones,that is,each of them feem to be made up of feve- 
ral other thinmer Plates, much like Afycovie Glafi,or Englifh Sparr,to the 
laft of which, the white plated Gravel feems moft likely ; for they feem 
not onely plated like that, but their fides fhap’d alfo into Rhombs, Rhom- 
bocids,and {ometimes into Redangles and /quares. Their bignefs and Figure 
may be feen in the fecond Figure of the {ixth P/ate,which reprefents about 
a dozen of them lying upon a plate ABC D,fome of which, asa, b, ¢, d, 
feem’d more regular than the reft, and_e¢, which wasa {mall one, ftick- 
ing onthe top of another, was a perfect Rhomboeid on the top, and had 
four ReFangular fides. 

The line E which was the meafure of the Aficrofcope, is + part of an 
Exglifh Inch, fo that the greateft bredth of any of them, exceeded not 
wav part of a Inch. 

Putting thefe into feveral liquors, I found Oy/ of Vitriol, Spirit of 
Urine,and feveral other Saline menfiruums to diflolve them; and the firft 
ofthefe in lefs than a minute without Ebw/lition,Water,and feveral other 
liquors, had no fudden operation upon them. This I mention, becaufe 

__ thofe liquors that diflolve them, firft make thet very white, not vitiating, 
__ but rather rectifying their Figure, and thereby rhake them afford a very 

| pretty object for the Aficrofcepe. 
| How great anadvantageit would be to fuch as are tronbled with the 

Stone, to find fome mexftruwarthat might diffolve them without hurting 
the Bladder.is eafily imagin'd, fince fome injeéfions made of fuch bodies 
might likewife diflolye de ftone, which feems much of the fame ulin 

N
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Itmay therefore, perhaps, be worthy fome Phyficians enquiry, whether 
there may not be fomething mixt with the Urine in which the Gravel 
or Stone lies, which may again make it diffolve it, the firft of which feems 
by it’s regular Figures to have been fometimes Cryftaliz'd out of it. For 
whether this Cngfballication be made in the manner as Alum, Peter,&c. are 
eryftallized out ofa cooling liquor, in which, by boyling they have been 
diffolv'd ; or whether it be made inthe manner of Tartarum Vitriolatum, 
that is, by the Coalition of an acid and a Sulphureons fubitance, it feems 
not impoffible,but that the liquor it lies in,may be again made a difolvent 
of it. But leaving thefe inquiries to Phyficians or Chymifts, to whom 
it doesmore properly belong, I fhall proceed. 

Obferv. XII1. Of the fmal] Diamants, or Sparks in Flints. 

Hancing to break a Flint {tone in pieces, I found within it a certain 
' cavity all crufted over with a very pretty candied fubftance, fome 
of the parts of which, upon changing the pofture of the Stone, in refpect 
of the Incident light, exhibited a number of fmall, but very vivid re- 
flections; and having made ule of my Aficrafcope, I could perceive the 
whole furface of that cavity to be all befet with a multitude of little 
Cryftaline or Adamantine bodies, fo curioufly fhap’d, that it afforded a 
not unpleafing objed. 

Having confidered thofe vivid repercuffions of light,I found them to be 
made partly from the plain external furface of thefe regularly figured 
bodies (which afforded the vivid reflections) and partly to be made 
from within the fomewhat peUucid body, that is,from fome furface of the 
body,oppofite to that fuperficies of it which was next the eye. 

And becaufe thefe bodice were fofmall, that I could not well come to 
make Experiments and Examinations of them, I provided me feveral 
{mall ftirie of Cryftals or Diamants, found in great quantities in Corn- 
wall,and are therefore commonly called Corwifh Diamants: thefe being 
very pelucid, and growing ina hollow cavity of a Rock (as Ihave been 
feveral times informed by thofe that have obferv'd them) much after the 
fame manner as thefe do in the Flint; and having befides their outward 
furface very regularly fhap’d, retaining very near the fame Figures with 
fome of thofe I obfery'd in the other, became a convenient help to me for 
the Examination of the proprieties of thofe kinds of bodies. 

And firft for the Reflections ; in thefe I found it very obfervable, That 
the brighteft reflections of light proceeded from within the pelucid bodys 
that is, that the Rays admitted through the pe/cid {ubitance in their 
getting out on the oppofite fide, were by the contiguous and ftrong re- 

ecting furface of the Air very vividly reflected, fo that more Rays were 
reflected to the eye by this furface, though the Ray in entring and getting 
out of the Cryftal had fuffer'd a double refraction, than there were from 
the outward furfaee of the Glafs where the Ray had fuffer'd no reflraction 
at all, And |
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| And that this was the furface of the Air that gave fo vivid a re-percu/- 
_ fron try'd by this means. I funk half of a ftéria in Water, fo that only 
_ “Water was contiguous to the under furface, and then the internal re- 
| fleétion was fo exceedingly faint, that it was {carce difcernable. Again, 
| I try'd to alter this vivid reflection by keeping off the Air, with a body 

not fluid; and that was by rubbing and holding my finger very hard 
__againft the under furface, fo as in many places the pulp of my finger did 
| touch the Glafs, without any ##terjacent air between; then obferving the 

reflection, I found,that wherefoever my finger or {kin toucht the furtace, 
| from that part there was no reflection, but in the little furrows or creafes 
_ of my fkin, where there remain‘d little fall lines of air,from them was 
— return'd a very vivid reflection as before. Itry’d furthet,by making the 

furface of very pure Quickfilver to be contiguous to the under furface 
of this pelncid body, and then the reflection from that was fo exceeding- 

_ ly more vivid than from the air, as the reflection from air was than 
__ the reflection from the Waters from all which trials I plainly faw, that 

the ftrong reflecting air was the caufe of this Phenomenon. 
| And this agrees very well with the Hypotbefis of light and Pel/ucid bo- 

dies which I have mention’d in the defcription of Atfcouy-glafe for we 
| there fuppofe Glats to be a medium,which does lef refift the pulle of light, 

and confequently,that moft of the Rays incident on it enter into it,and are 
__ refracted towards the perpendicular; whereas the air I fuppofe to be a 
| body that does more refiftit, and confequently more are re-percu/s'dthen 

do enter it: the fame kind of trials have I made, with Cry/taliine Glaf, 
with drops of fluid bodies, and feveral other ways,which do all feem to 
agree very exactly with this Theory. So that from this Principle well efta- 
blith'd, we may deduce feverall Corollaries not unworthy obfervation. 

And the firftis, that it plainly appears by this, that the produétion of 
| the Rainbow is asmuch to be afcribed to the reflection of the concave 
_ farface of the air, as to the refraction of the Globular drops: this will be 
| evidently manifeft by thefe Experiments, if you foliate that part of a 
_ Glafs-ball that isto reflect an Iris, as in the Cartefian Experiment, above 
_ mention’d, the reflections will be abundantly more ftrong, and the co+ 

jours more vivid : and if that part of the furface be touch’d with Watet, 
fearce affords any fenfible colour at all. 

Next we learn, that the great reafon why pellucid bodies beaten {mall 
_ arewhite, isfrom the multitude of reflections, not from the particles of 
_ thebody, but from the contiguous furface of the ait. And this is evident: 

oly rented; by filling the Interftitia of thofe powder'd bodies with 
__ Water, whereby their whitene& prefently difappears. From the fame 

reafon proceeds the whitenef$ of many kinds of Sands, which inthe Ag- 
crofope appear to be made up of a multitude of little pellucid bodies, 
whofe brighteft reflections may by the Microfcope be plainly perceiv’d 
to come from their internal furfaces ; and much of the whitene of it we 4 
be deftroy'd by the affufion of fair Water to be contiguous to thofe 
fiurfaces, 

The whitenef alfo of froth, is for the moft part to be afcribed to the 
N 2 reflection
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reflection of the light from the furface of the air within the Bubbles,and 
very little tothe reflection from the furface of the Water it felf: for this 
laft refleGtion does not return a quarter fo many Rays, as that which is 
made from the furface of the air,as1 have certainly found by a multitude 
of Obfervations and Experiments. | 

The whitenefs of Linmen, Paper, silk, &c. proceeds much fromthe . 

fame reafon, as the Adicrofcope will eafily difcover ; for the Paper is made 
up of an abundance of pel/ucid bodies, which afford a very plentifull re- 
fleétion from within, that is, from the concave furface of the air contigu- 
ous to its component particles ; wherefore by the affufion,of Water, Oy], 
Tallow, Turpentine,@c.all thofe reflections are made more faint,and the 
beams of light are fuffer'd to traject & run through the Paper more freely. 

Hence further we may learn the reafon of the whitenefs of many bo- 
dies, and by what means they may be in part made pe//ucid: As white 
Marble for inftance, for this body is compofed of a pellucid body ex- 
ceedingly flaw’d, that is, there are abundance of thin, and very fine 
cracks or chinks amongft the multitude of particles of the body,that con- 
tain in them {mall parcels of air,which do fo re-percuffand drive back the 
penetrating beams, that they cannot enter very deep within that body, 
which the Aicroféope does plainly inform us to be made up of a Congeries 
of pel/uctd particles. And I further found it fomewhat more evidently by 
fome attempts I made towards the making tranfparent Marble, for by 
heating the Stone a little, and foaking it in Oy], Turpentine, Oy] of Tur- 
pentine,@c, I found that I was able to fee much deeper into the body of 
Marble then before; and one trial, which was not with an unctuous fub- 
ftance,fcceeded better than the reft, of which, when] have a better op- 
portunity, I thal] make further trial. » 

This alfo gives us a probable reafon of the fo much admired Pheno- 
mena of the Oculus Mundi, an Oval {tone, which commonly looks like 
white Alabafter, but being laid a certain time in Water, it growspelucid, 
and tranfparent, and being fuffer'd to lie again dry, it by degrees lofes 
that tranfparency, and becomes white as before. For the Stone being of 
a hollow {pongie nature, hasin the firft and laft of thefe appearances, all 
thofe pores fill’d with the obtunding and reflecting air; whereas in the 
fecond, all thofe pores are fill'd with a #edinm that hasmuchthe fame _ 
refraction with the particles of the Stone, and therefore thofetwo being 
contiguous, make,as twere, one continued medium, of which more is faid. 
in the 15. Obfervation. | 

There area multitude of other Phaxomena,that are produc'd from this | 
fame Principle.{which as it has not been taken notice of by any yet that I | 
know, fol think, upon more diligent obfervation, will it not befound the 
leaft confiderable. But I have here onely time to hint Hypothefes, and not 
to profecute them fo fully as I could with; many of them having a vaft 
extent in the production of a multitude of Phenomena’, which have been 
by others,either not attempted to be explain’d, or elfe attributed to fome 
other caufe than what I have aflign'd, and perhaps than the right; and 
therefore fhall leave this to the profecution of fuchas have more leifure : 

51 onely
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_ onely before I leave it, I muft not pretermit to hint, that by this Prin- 
ciple, multitudes of the Phenomena of the air,as about AGfis, Clouds, Ate- 

teors, Haloes,&c. are moft plainly and vue truly explicable; multi- 
tudes alfo of the Phamomena in colour'd bodies, as liquors, @c. are de: 
ducible from it. 

And from this I fhall proceed to a fecond confiderable Phenouienon 
which thefe Diamants exhibit, and that is the regularity of their Figure, 
which isa propriety not lefs general than the former 3 It comprifing with- 
in its extent, all kinds of Azetals, all kinds of Adimerals,moft Precious ftoxes, 
all kinds’of Sa/ts,multitudes of Earths,and almoftall kinds of fluid bodies. 
And this is another propiety, which, though a little fuperficially taken 
notice‘of by fome, has not, that I know, been fo much as attempted to 
be explicated by any. ‘ 

This propriety of bodies,asI think it the moft worthy, and next in or- 
der to be confider'd after the contemplation of the Globular Figure, fo 
have I long had a defire as wel asa determination to have profecuted it ifI 
had had an opportunity having long fince propos'd to my felf the method. 
of my enquiry thercin, it ae all the allurements that I think any 
enquiry is capable of: For,firft Itake it to proceed from the moft fimple 
principle that any kind of form can come from, next the Globular, which 
was therefore the firft I fet upon, and what I have therein perform’d, I 
leave the Judicious Reader to determine. For as that form proceeded 
froma propiety of fluid bodies, which I have call’d Congruity, or Incon- 

| gruity, fol think, had I time and opportunity, I could make probable, 
that all thefe regular Figures that are fo confpicuoully various and curi- 
ous,and do fo adorn and beautifie fuch multitudes of bodies, as I have 
above hinted,arife onely from three or four feveral pofitions or poftures 
of Globular particles,and thofe the moft plain,obvious, and neceflary con- 
junctions of fach figur'd particles that are poflible, fo that fuppofing fuch 
and fuch plainand obvious caufes concurring the coagulating particles 
mutt necefiarily compofe a body of fuch a determinate en Figure, 
and no other 5 and this with as much neceflity and obviouinefs as a fluid. 
body encompaft with a Heterogeneous fluid muft be protruded into a 
Spherule or Globe. And this lhave ad ocwlum demonftated with acom- 
pany of bullets,and fome few other very fimple bodies; fothat there was 
not any regular Figure,which I have hitherto met withall, of any of thofe 
bodies that I have above named, that I could not withthe compofition of 

- bullets or globules, and one or two other bodies, imitate, evemalmoft 
by fhaking them together. And thus for inftance may we find that the 
Globular bullets will of themfelves,if put on an inclining plain,fo that they 
may‘run together, naturally run into a triangular order, compofing all 
the variety of figures that can be imagin’d to be made out of equzlateral 
triangles ; and {uch will you find,upon trial,all the furfaces of Alum.to be 
_compos'd of: For three bullets lying on a plain, as clofe to one another as 
they can compofe an equilatero-triangular form,|as in\A inthe 7:scheme. 
If afourth be joyn’d to them on either fide as clofely asit can,they four 
compof: the moft regularRhombus confifting of two equilateral triangles, 

as
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as B. Ifa fifth be joyn'd to them on either fide in as clofe a pofition asit 
can, whichisthe propriety of the Textare,it makes a Trapexinme, or fout= 
fided Figure, two of whofe angles are 120. and two 6o. degrees, as C, 
Ifa fixth be added, as before, either it makes an equilateral triangle,as D, 
ora Rhomboeid, as E, or an yp cae! Figure, as F, which is com- 
pos'd of two primary Rhombes. If a feventh be added, it makes either 
an egqnilatero-hexagonal Figure, as G, or fome kind of fix-fided Fis 
gure, as H, or I. And though there be never fo many placed together, 
they may be rang’d into fome of thefe lately mentioned Figures, all the 
angles of which will be either 60. degrees, or 120. as the figure K. 
which isan equiangular hexagonal Figure is compounded of 12. Globules, 
or may be of 25, or 27, or 36, or 42, @c. and by thefe kinds of texture, 
or polton of globular bodies,may you i all the variety of regular 
fhapes, into which the fmooth furfaces of Alum are form’d, as upon ex- 
amination any one may eafily find 5 nor does it hold only in fuperficies,but 
in folidity allan it’s obvious that a fourth Globule laid upon the third in 
this texture, compofes a regular Tetrahedron, which isa very wlual Figure 
ofthe Cryftals of Alum. And (to haften) there is no one Figure into which 
Alum is obferv'd to be cryftallized, but may by this texture of Globules 
be imitated, and by no other. 

I could inftance alfo in the Figure of Sea-/a/t,and Sal-gem,that it is com- 
pos'd of atexture of Globules, placed ina cubical form, as L, and that all | 
the Figures ofthofe Salts may be imitated by this texture of Globules,and 
by no other whatfoever. And that the forms of Vitriol and of Salt-Peter, 
asalfo of Cryftal,Hore-froit, &c. are compounded of thefe two textures, 
but modulated by certain proprieties: But I have not here time to in- 
fift upon, as I have not neither to thew by what means Globulescometo 
be thuscontext, and what thofe Globwles are, and many other particulars 
requifite toa full and intelligible explication of this propriety of bodies, 
Nor have [hitherto found indeed an opportunity of profecuting thein- 
uiry fo farr as] defign'd ; nor dol know when I may, it requiring abun- 
ar of time, and a great deal of afliftance to go through with what I 

defign’d 3 the model of which was this : 
Firft,to get as exact and full collection as I could, of all the differing 

kinds of Geometrical figur'd bodies, {ome three or four feveral bodies of 
each kind. 

Secondly, with them to get as exact a Hiftory as poffibly Icould learn 
of their places of Generation or finding, and to enquire after as many 
circumftances that tended to the Illuftrating of this Enquiry, as poflibly 
I could obferve. 

Thirdly, to make as many trials as upon experience I could find re- 
quifite,in Diflolutions and Coagulations of feveral cryftallizing Salts ffor 
the needful inftruétion and information in this Enquiry. 

Fourthly, to make feveral trials on divers caf boidice, as Metals, 
Minerals, and Stones, by diflolving them in feveral Menfirunms, and 
cryftalizing them, to fee what Figures would arife from thofe feveral 
Compofitums. 

Fifthly,
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Fitfthly, to make Compofitions and Coagulations of feveral Salis to 

gether into the fame mafs, to obferve of what Figure the product of 
them would be; and in all, to note as many circumftances as I fhould 
judge conducive to my Enquiry. : 

Sixthly, to enquire the clofenefs or rarity of the texture of thefé bo- 
dies, by examining their gravity, and their refraction, oc. ; 

Seventhly, to enquire particularly what operations the fire has upon 
feveral kitids of Salts, what changes it caufes in their Figures, Textures, 
or Energies. 

Eighthly, to examine their manner of diffolution, or ating upon thofe 
bodies difioluble in them ; The texture of thofe bodies before and after 
the procefs, And this for the Hiftory. 

Next for the Solution, To haveexamin’d by what, and how many 
means, fuch and fuch Figuiis, actions and effects could be produc’d 
oflibly. 
And laltly, from all circumftances well weigh’d, I fhould have endea= 

voured to have fhewn which of them was moft likely, and (ifthe infor- 
mations by thefe Enquiries would have born it). to have demonftrated 
which of them it muft be, and was. 

| But to proceed, As Ibelieve it nextto the Globular the moft fimple 5 
_ fodo I, inthe fecond place, judge it not lefs pleafant 5 for that which 

makes an Enquiry pleafant, are, firft a noble Inventnm that promifes to 
crown the fuccefsfull endeavour ; and fuch muft certainly the knowledge 
of the efficient and concurrent caufes of all thefe curious Geometrical 
Figures be,which has made the Philofophers hitherto to conclude nature 
in thefe things to play the Geometrician, according to that faying of 
Plato, “oO @:8¢ ytou'pa. Ornext, a great variety of matter in the Enqui- 
ry 5 and here we meet with nothing lefs than the Afathewaticks of nature, 
having every day a new Figure to contemplate,or a variation of the fame 
in another body, 

Which do afford usa third thing; which will yet more fweeten the En+ 
quiry,and that is,a multitude of information ; we are not {o much to grope 
in the dark, as in moft other Enquiries, where the Iventuz is great ; for 
having fucha multitude of inftances to compare, and {uch eafie ways of 
generating,or compounding and of deftroying the form,as in the Solution 
and Cryftallixation of Salts, we cannot but learn plentifull information to 
proceed by. And this will further appear fromthe univerfality of the 
Principle which Nature has made ufe of almoftinall inanimate bodies. 
And therefore, asthe contemplation of them all conduces to the know- 
ledg of any one; fo froma Scientifical knowledge of any one does follow 
the fame of all, and every one. 

And fourthly, for the ufefulnef§ of this knowledge, when acquir'd, 
certainly none can doubt, that confiders that it caries us a {tep for- 
ward into the Labirinth of Nature, in the right way towards the end 
we propofe our felves in all Philofophical Enquiries. So that know- 
ing what is the form of Inanimate or Mineral bodies, we fhall be the 
better able to proceed in our next Enquiry after the forms of Vegeta 

tive
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tive bodies 3 and laft of all, of Animate ones, that feeming to be the 
higheft ftep of natural knowledge that the mind of manis capable of. 

Obferv. XIV. Of feveral kindes of frozen Figures. 

Havé very oftén ina Morning, when there has been a great hodr-frof?, 
I with an indifferently magnifying Adicrofcope, obferv'd the {mall stirie, 
or Cryftalline beard, which then ufually covers thé face of moft bodies 
that ie open to the cold air, and found them to be genetally Héxangular 
prifmatical bodies, much like the long Cryftals of Salt-peter, fave onely 
that the erids of them were differing: for wheres thofe of Nitre are for 
the moft patt pyramidal, being variiinasfl eithet in a point or edge; 
-thefe of Froft were hollow, and the cavity in fome feemd pretty deep, 
and this cavity was the more plainly to be feen, becaufe ufually one or 
other of the fix parallelogram fides was wanting, or at leaft much fhorter 
then the reft. : 

But this was onely the Figure of the Bearded hoar-froft ; and as for the 
patticlés of other kinds of hoar-frofts, they feem‘d for the moft part itre- 
gular; or of no certain' Figure. Nay, the parts of thofe curious brarich+ 
ings, or vortices, that ufually in cold weather tarnifh the furface of 
Glafs, appear through the Afcrofcope very rude and unfhapen, as do 
oft other kinds of frozeh Figures, which to the naked eye feem exceed- 
ing neat arid curious, fuch asthe Figutes of Suom, frozen Urine, Hail, 
feveral Figures frozen incommon Water,cc. Some Obfervations of each 
of which I fhall hereunto annex, becaufe if well confider'd and ex- 
ami'nd, they may, perhaps, prove very inftructive for the finding out of 
what I have endeavoured inthe preceding Obfervation to fhew, tobe _ 
(next the Globular Figure which is caus'd by congruity, asthopé [have 
made probable in the fixth Obfervation) the moft fimple and plain opera- 
tion of Nature, of which, notwithftanding we are yet ignorant. 

I. 

Several Obfervables in the fix-branched Figures form'd on the fur 
face of Urine by freezing. 

schem.8,  & The Figures were all frozen almoft even with the furface of the 
Fig.3. rine inthe Veflel, but the bigger {tems were a little prominent above 

that furface, and the parts of thofe {tems which were neareft the center 
(4) .were biggeft above the furface. 

2 Ihave obierv'd feveral kinds of thefe Figures, fome fmaller, no big- 
ger then a Two-pence, others fo bigg, that Ihave by meafure found one 
of its {tems or branches above four foot long; and of thefe, fome were 
pretty found, having all their branches pretty neer alike 5 other of them 
were more extended towards one fide; asufually thofe very large ones 

were
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were, which I have obferv’d in Ditches which shave been full of foul 
water. 

3 Noné of all thefe Figures T have yet taken notice of, had ahy regu- 
lar pofition in refpect of one another, or of the fides of the Vellel's nor 
did I find any of them equally to exactnefs extended every way from 
the center a. 

4 Where ever there was a center,the branchings from it, 2b; ae, add, 
ae, af, ag, werenever fewer, or more then fix, which ufually coricurr'd, 
or met one another very neer in the fame point or center, \a5' though 
oftentimes not exactly ; and were enclin’d to each other by an angleyof 
very neer fixty degrees, I fay, very neer, becaufe, though having ‘en- 
deavoured to meafure them the moft acurately I was able, with the 
largeft Compafies I had, I chy not find any fenfible variation from that 
meafure, yet the whole fix-B¥anched Figure feeming to compofe afolid 
angle, they muft neceflarily be fomewhat lefs. 

5 The middle lines or {tems of thefe branches, ab, ac, ad, we, a flag, 
feem’d fomewhat whiter, anda little higher then any of the z#termediate 
branchings of thefe Figures; and the center 2, was the mott prominent 
part of the whole Figure, feeming the apex of a folid angle or pyramid, 
each of the fix plains beinga little enclin’d below the furface of the Uria. 

6 The lateral branchings ifluing out of the great ones, fuch as op, 
wm q, &c. were each of them inclin’d to the great ones, by the fame angle 
of about fixty degrees,as the great ones were one to another, and always 
the bigger branchings were prominent above the lefs, and the lefs above 
the leaft, by proportionate gradations. 

7 The /ateral branches fhooting out of the great ones, went allofthem 
from the center, and each of them was parallel to that great branch, next 
to which it lay; fo that as all the branches on one fide were parallel to 
one another, fo were they all of them to the approximate great branch, 
as p 0, qr, as they were parallel to each other,and fhot fromthe center, 
fo were they parallel alfo to the great branch 4b. 

8 Some of the {tems of the fix branches proceeded ftraight, and of a 
thicknefS that gradually grew fharper towards the end, as ag. 

g Others of the ftems of thofe branches grew bigger and knotty to- 
wards the middle, and the branches alfo as well as tems, from Cylinders 

_ grewinto Plates, in a moft admirable and curious ordér, fo exceeding re- 
gular and delicate, as nothing could be more, as is vifible in 4b, ac, ad, 
ae, af, but towards the end of fome of thefe ftems, they began again to 
grow finaller and to recover their former — as about A and #, 

10 Many of the /ateral branches had collateral branches (if 1 may fo 
call them) as ¢# had many fuch asf#, atid moft of thofe again /#b- 
collateral, as v w, and thefe again had others le&; which one may call /a- 

nee and thefe again others, and they others, &c. in greatet 
igures. 

11 The branchings of the main Stems joyn'd not together by any re- 
mew? line,nor did one fide of the one lie 6ver the other fide of the other, 
ut the fmall collateral and fubcollateral branches did lie at top of one 

O° another
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another according to a certain order or method, which I always obferv'd 
to be this. 

12 That fide of a collateral or fubcollateral, &c. branch, lay over the 
fide of the approximate (as the feathers in the wing of a Bird’) whofe 
branchings proceeded parallel to the laft biggeft {tem from which it 
fprung,and not tothe biggeft ftem ofall, unlefs that were a fecond ftem 
backwards. 

13 This rule that held in the branchings of the Sexangular Figure held 
alfo in the branchings of any other great or fmall ftem, though it did 
not proceed from a center. 

14 The exattnefs and curiofity of the figuration of thefe branches, 
was in every particular fo tranfcendent, that I judge it almoft impoffible 
for humane art to imitate. + 

15. Tafting feveral cleer pieces of this %e, Icould not find any Uriz- _ 
ous tafte inthem, but thofe few I tafted, feenrd as infipid as water. 

16 A figuration fomewhat like this, though indeed in fome particu- 
lars much more curious, | have feveral times obferv'd in regulws martis 
ftelatus, but with this difference, that all the {tems and branchings are 
bended in a moft excellent and regular order, whereas in Ice the ftems 
and branchings are ftreight, but in al] other particulars it agrees with | 
this, and feems indeed nothing but one of thele ftars,or branched Figures 
frozen on Urine, diftorted, or wreathed a little, with a certain propor- | 
tion: Leadalfo that has Arjenick, and fome other things mixt with it, I 
have found to have its furface, when fuffer'd to cool, figured fomewhat 
like the branchings of Urive, but much finaller. | 

17 But there is a Vegetable which does exceedingly imitate thefe 
branches, and that is, Fearv, where the main {tem may be obferv'd to 
fhoot out branches, and the ftems of each of thefe /ateral branches, to 
fend forth coMateral, and thofe fubcollateral, and thole latero fubcollate- 
val, &c. and all thofe much after the fame order with the branchings, di- 
vifions, and fubdivifions in the branchings of thefe Figures in frozen 
Urine 5 fo that if the Figures of both be well confider'd, one would ghefs 
that there were not much greater need of a feminal principle for the pro- 
duétion of Fearx, then for the production of the branches of Urine, or 
the Stel/a martis, there feeming to be as much form and beauty in the 
oneas in the other. 

And indeed, this Plant of Fearz, if all particulars be well confider'd, 
will feem of as fimple, and uncompounded a form as any Vegetable, next 
to Adould or Mufhromes, and would next after the invention of the forms 
of thofe, deferve to be enquir'd into 5 for notwithftanding feveral have 
affirm’d it to have feed, and to be propagated thereby 5 yet, though I 
have made very diligent enquiry after that particular, I cannot find that 
there is any part of it that can be imagin‘d to be more feminal then an- 
other : But this onely here by the by : 

For the freezing Figuresin Urine, I found it requifite, 
Firft, that the Superficies be not difturbed with any wind, or other 

commotion of the air, or the like. 
Secondly,
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Secondly, that it be net too long expofed, fo as that the whole bulk 

be frozen, for oftentimes,in fuch cafes,by reafon of the {welling the of Ze, 
or from fome other caufe, the curious branched Figures difappear. 

Thirdly, an artificial freezing with Svow and Salt, apply'd to the out- 
fide of the containing Veflel, fucceeds not well, unlefs there be avery: 
little quantity in the Vefiel. f 

Fourthly, If you take any cleer and {mooth Glafs, and wetting all the 
infide of it with Vive, you expofe it toa very fharp freezing, you will 
find it cover’d with a very regular and curious Figure. { 

PE 

Obfervablys in figur’d Snow. 

Expofing a piece of black Cloth, or a black Hatt to the falling szow, — 
I have often with great pleafure, obferv'd fuch an infinite variety of cu- ©” 
rioufly figur’d Som, that it would be as impodfible to draw the Figure 
and fhape of every one of them, as\to imitate exa¢tly the curious and 
Geometrical Mechanifme of Naturein any one. Some coorfe draughts, 
fuch as the coldnefs of the weather, and the ill provifions, I had by me 
for fucha purpofe, would permit me to make, I have here added inthe 
Second Figure of the Eighth Scheme. 

Inall which I obferv'd, that if they were of any regular Figures, they 
were always branched out with fix principal branches, all of equal length, 

_ fhape and make, from the center, being each of them inclin’d to either of 
| the next branches on either fide of it, by an angle of fixty degrees. 
| Now, asall thefe ftems were for the moft part in one flake exaGly of 

the fame'make, fo were they in differing Figures of very differing ones 
fo that in a very little time I have obferv'd above an hundred feveral cizes 
and fhapes of thefe {tarry flakes. 

The branches alfo out of each ftem of any one of thefe flakes, were ex- 
attly alike in the fame flake; fo that of whatever Figure one of the 

| branches were, the other five were fure to be of the fame, very exactly, 
that is, if the branchings of the one were {mall Peralelipipeds or Plates, 

| the branchings of the other five were of the fame; and generally, the 
branchings were very conformable to the rules and method obferv’d be- 
fore, inthe Figures on Urine, that is, the branchings from each fide of 
the ftems were parallel to the next {tem on that fide, and if the ftems 
were plated, the branches alfo were the fame; if the {tems were very 
long, the branches alfo were fo, &c. 

Obferving fome of thefe figur'd flakes with a Aficrofcope, I found them 
not toappear fo curious and exactly figur'd as one would have imagin'd, 
but like Artificial Figures, the bigger fhe were magnify d, the more ir- 
regularites appear'd in them; but this irregularity feem’d afcribable to 
the thawing and breaking of the flake by the fall, and not at all to the 
defect of the plaftick virtue of Nature, whofe curiofity in the formation 
of motft of thefkind of regular Figures,fuch as thofe of Salt, Adinerals,&c. 

O24 appears
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appears by the help of the Adicrofcope, to be very many degrees {maller 
then the moft acute eye is able to perceive without it. And though one 

ofthefe fix-branched Stars appear’d here below much of the fhape de- 

feribed in the Third Figure of the Eighth scheme , yet 1am very apt to 

think,that could we have a fight of one of them througha Adcrofcope as 
they are generated in the Clouds before their Figures are vitiated by 

external accidents,they would exhibit abundance of curiofity and neat- 

nef there alfo, though never fo much magnify’d: For fince | have ob- 
ferv'd the Figures of Salts and Afinerals to be fome of them fo exceeding 

fmall, that I have fcarcely been able to perceive them with the Aficrofcope, 
and yet have they been regular, and fince (as far as Ihave yet examin'd 
it) there feems to be but one and the fame caufe that produces both thefe 
effects, I think it not irrational to fappofe ghat thefe pretty figur’d Stars 
of Sow, whenat firft generated might be alfo very regular and exact. 

IIL 

Several kinds of Figures in Water frozen. 

Putting fair Water into a large capacious Veflel of Glaft,andexpofing 
it to the cold, f obferv'd after a little time, feveral broad, flat, and thin 
lamina, ox plates of Ice, crofling the bulk of the water and one another 
very irregularly, onely moft of them feem’d to turn one of their edges to- 
wards that fide of the Glafs which was next it, and feem’d to grow, as 
*twere from the infide of the Veflel inwards towards the middle, almoft 
like fo many blades of Ferw. Having taken feveral of thefe plates out of 
water on the blade of a Knife, I obferv'd them figur'd much after the 
manner of Herring bones, or Fern blades, that is, there was one bigger 
ftem in the middle like the back-bone, and out of it, on either fide, were 
a multitude of {mall /fzrie, or icicles, like the {maller bones,or the {maller 
branches in Ferz, each of thefe branches on the one fide, were parallel to 
all the reft on the fame fide, and all of them feem’d to make an angle 
with the ftem,towards the top, of fixty degrees, and towards the bot- 
tom or root of this ftem, of 120. See the fourth Figure of the 8. Plate. 

I obferv’d likewife feveral very pretty varieties of Figures in Water, 
frozen on the top of abroad flat Marble-{tone, expos'd tothe cold with 

; a little Water on it, fome like feathers, fome of other fhapes, many of 
them were very much of the fhape expreft in the fifth Figure of the 
8. Scheme, which is extremely differing from any of the other Figures. 

Tobferv'd likewife, that the fhootings of Ie on the top of Water, be- 
ginning to freez, were in ftreight prifinatieal bodies much like thofe of 
roch-peter, that they croft cack other ufually without any kind of order 
or rule, that they were alwaysa little higher then the furface of the Wa- 
ter that ay between them; that by degrees thofe interjacent {paces 
would be fill'd with Ze alfo, which ufually would be as high as the fur- 
face of the reft. 

In flakes of Ze that had been frozen on the top of Water to any con- 
fiderable
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fiderable thicknef, { obferv’d that both the uppet and the under fides 
of it were curioufly quill d, furrow'd, or grain’d, asit were, which when 
the Sun fhone on the Plate, was exceeding eafily to be perceiv'd to be 
much after the fhape of the lines in the 6. Figure of the 8. Scheme, thatis, 
they confilted of teveral ftreight ends of parallel Plates, which were of 
divers lengths and angles to one another without any certain order. 

The caufe of all which regular Figures (and of hundreds of others; 
namely of Salts, Afinerals, Metals, &c. which I could have here inferted; 
would it not have been too long) feemsto be deducible from the fame 
Principles,which Ihave (in the 13. 0bfervatior) hinted only, having not 
yet had timeto compleat a Theory of them. But indeed (which I there 
alfo hinted) I judge it the fecond ftep by which the Pyramid of natus 
ral knowledge (which is the knowledge of the form of bodies) is to 
be afcended: And whofoever will climb it, mutt be well furnith’d 
with that which the Noble Verulam calls scalar Intelledus 5 he muft 
have {ealing Ladders, otherwile the fteps are fo large and high, there 
will be no getting up them, and confequently little hopes of attaining 
any higher Becton, fuch as to the knowledge of the moft {imple principle 
of Vegetation manifefted in Mould and Mufhromes, which, as I elfe- 
where endeavoured to thew, feems to be the third fteps for it feemsto 
me, that the Intellect ef man is like his body, defticute of wings, and 
cannot move from a lower toa higher and more fublime {tation of know- 
ledg.otherwife then {tep by ftep,nay even there where the way is prepar'd 
and already made paflible ; as in the Elements of Geometry, ot the like, 
where it is fain to climb a whole feries of Propofitions by degrees, before 
it attains the knowledge of one Probleme. But if the afcent be high, dif 
ficult and above its reach, it muft have recourfe to a wouums organum, 
fome new engine and contrivance, fome new kind of Algebra, or Avaly- 
tick, Art before it can furmount it. 

Obferv. XV, Of Kettering-ftone, and of the pores of Inani- 
mate bodies. 

| Aa Stone whichis brought from Kettering in Northamptonhire,and Schem.9. 
z digg’d out of a Quarry, as 1 am inform’d, has a grain altogether "8: '- | by B 

admirable, nor have I ever feen or heard of any other ftone that has the 
like. It is made up of an innumerable company of finall bodies, not all 
of the fame cize or fhape, but for the moft part, not much differing from 
a Globular form, nor exceed they one another in Diameter above three 
or four times; they appear to the eye, like the Cobb or Ovary of a Her- 
ring, or fome finaller fithes, but for the moft part, the particles feem 
fomewhat lefs, and not fo uniform; but their variation from a perfeét 
“abe ball,feems to be only by the preflure of the contiguous bals which 

ave a little depreft and protruded thofe toucht fides inward, and a d 
the
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the other fides. as much outwards beyond the limits of a Globe 5 juft as 
it would happen,if a heap of exactly round Balls of foft Clay were heap'd 
upon one another; or, as I have often feen a heap of {mall Globules of 

Quicksilver, vedue'd to that form by rubbing it much in a glaz'd Vefiel, 
with fome flimy or {luggifh liquor, fuch as Spittle, when though the <— 
of the upper Globules be very neer fpherical, yet thofe that are pre 
upon by others, exactly imitate the forms of thefe lately mention‘d 

ains, ; 
Or Whete thefe grains touch each other, they are fo firmly united or 
fettled together, that. they feldom part without breaking ahole in one 
or th’other of them, fuch as 4, 4,4, b,c, ¢,&c. Some of which fractions, 
as a, 4, 4,4, wherethe touch has been but light, break no more then 
the outward crutft,' or firft fhell of the ftone, whichis of a white colour, 
alittle dafh’d with a brownifh Yellow,and is very thin, like the fhell of an 
Egg: and I have feen fome of thofe grains perfectly refemble fome kind 
of Eggs,both in colour and fhape : But where the union of the comtignous 
granules has been more firm, there the divulfion has made a greater 
Chafm, asat 4, 4,6, in fo much that I have obferv'd fome of them quite 
hroken in two, as at ¢, c, c, which has difcovered to me a further refem- 
blance they have to Eggs.they having an appearance ofa white and yelk, 
by two differing fubftances that envelope and encompafs each other. 

That which we may call the white was pretty whitifh neer the yelk, 
but more dufkie towards the fhell ; fome of them I could plainly per- 
ceive to be fhot or radiated like a Pyrites or fire-flone 3 the yelk in leas 
I faw hollow, in others fill'd with a dufkie brown and porous fub- 
ftance like a kind of pith. ? 
The fmall pores, or iwterfiitia e e e e betwixt the Globules, I plainly 

faw,and found by other trials to be every way pervious to air and water, 
for I could blow through a piece of this {tone of a confiderable thicknefs, 
as eafily asI have blown through a Cane, which minded me of the pores 
which Des Cartes allow his materia fubtilis between the ethereal globules. 

The object, through the Adicrofcope, appears like a Congeries or heap 
of Pibbles, fuch as I have often feen caft up on the fhore; by the work- 
ing of the Sea after a great ftorm, or like (in fhape, though not colour) 
acompany of {mall Globules of Quickfilver, look’d on ere | 
when reduc’d into that form by the way lately mentioned. And per- 
haps, this laft may give fome hint at the manner of the formation of the 
former : For fuppofing fome Lapidefcent fubftance to be generated, or 
fome way brought (either by fome commixture of bodies in the Sea it 
felf, or protruded in, perhaps, out of fome fubterraneous caverns) tothe 
bottom of the Sea,and there remaining in the form of a liquor like Quick- 
filver, heterogencows to the ambient Salize fluid, it may by the working 
and tumblings of the Sea to and fro be jumbled and comminuted into 
fuch Globules as may afterwards be hardned into Flints, the lying of 
which one upon another, when in the Sea, being not very hard, by rea- 
fon of the weight of the incompafling fluid, may caufe the undermoft to 
be a little,though not much, varied froma globular Figure. But this only 
by the by. After
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After what manner this Kettering-ftone fhould be generated I cannot 

learn, having never been there to view the place, and obferve the cir- 
cumftances 3 but it {eems tome from the ftrutture of it to be generated 
from fome fubftance once more fluid, and afterwards by degrees growing 
harder, almoft after the fame manner as I fuppofed the generation of 
Flints tobe made. 

But whatever were the caufe of its curious texture, we may learn this 
information from it; that even in thofe things which we account vile, 
rude,and coorfe, Nature has not been wanting to fhew abundance of cu- 
riofity and excellent Mechanifme. 

We may here find a Stone by help of a Aficrofcope, to be made up of 
abundance of {mall Balls, which do but juft touch each other, and yet 
there being fo many contacts,they make a firm hard mafs, or a Stone much 
harder then Free-{tone. : 

Next, though we can by a Aficrofcope difcern fo curious a fhapein the 
particles, yet to the naked eye there f{carce appears any fuch thing’; 
which may afford us a good argument to think, that even in thofe bodies 
alfo, whofe texture we are not able to difcern, though help'd with Aéicro- 
Scopes, there may be yet Jatemt fo curiousa Schematifme, that it may abun- 
dantly fatisfie the curious fearcher, who fhall be fo happy as to find fome 
way to difcover it. 

Next, we here find a Stone, though to the naked eyea very clo ‘one, 
yet every way perforated with innumerable pores,which are nothing elf@ 
but the zter/titia,between thofe multitudes of minute globular particles, 
that compote the bulk it felf; and thefe pores are not only difcover'd by 
the Microfcope, but by this contrivance. 

Itook a pretty large piece of this {tone, and covering it allover with 
cement, fave only at two oppofite parts, I found my felf able, by blowing 
in at oneend that was left open, to blow my fpittle, with which I had wet 
the other end, into abundance of bubbles, which argued thefe pores to 
be open and pervious through the whole {tone, which affords usa very 
pretty inftance of the poroufnefs of fome feemingly clofe bodies,of which 

_ kind I fhall anon have occafion to fubjoyn many more, tending to prove 
_ the fame thing. 

I muft not here omit totake notice, that in this body there is not a 
vegetative faculty that fhould {o contrive this ftructure for any peculiar 
ufe of Vegetation or growth, whereas in the other inftances of vegetable 
porous bodies, there isan anima, or forma informans, that does contrive 
all the Structures and Afechanifmes of the conftituting body, to. make 
them fubfervient and ufefull to the great Work or Function they are to 
perform. And fo I ghefs the pores in Wood, and other vegetables, in 
bones,and other Animal fubftances,to be as {o many channels,provided by 
the Great and Alwife Creator, for the conveyance of appropriated juyces 
to particular parts, And therefore,that this may tend, or be pervious all 
towards one part,and may have impediments,as valves or the like, to any 
other; but in this body we have very little reafon to fufpeét there fhould 
be any fuch defign, for it is equally pervious every way, not onnky fot: 

: ward,
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ward, but backwards,and fide-ways, and feems indeed muchrather to be _ 

Homogeneous or fimilar to thofe pores, which we may with great proba- — 

bility believe to be the channelsof pellucid bodies, not directed, or more 

open any one way, then any other, being equally pervious every way. 

And, according as thefe pores are more or greater in refpett of the iz- 

terftitial bodies, the more tranfparent are the fo conftituted concretes5 

and the fmaller thofe pores are, the weaker is the Jvpulfeof light com- | 

municated through them, though the more quick be the progrefs. | 

Upon this Occafion, Lhopeit will not be altogether unfeafonable, iff 

propound my conjedtures and Hypothefs about the medium and cons 
veyance of light. 

I fuppofe then, that the greateft part of the Interftitia of the world, 

that lies between the bodies of the Sun and Starrs, and the Planets, and 

the Earth, to be an exceeding fluid body, very apt and ready to be 

mov'd.and to communicate the motion of any one part to any other part, 

though never fo far diftant : Nor do I much concern my felf, to deter- 

mine what the Figure of the particles of this exceedingly fubtile fluid 
medium muft be; nor whether it have any interftitiated pores or vacui- 

ties,it being fufficient to folve all the Phenomena to fuppole it an exceed- 

ingly fluid, or the moft fluid body in the world, and as yet impoffible to 
determine the other difficulties. 

That being fo exceeding fluid a body, it eafily gives paflage to all other 

bodies to move to and fro init. 
That it neither receives from any ofits parts, or from other bodies; 

nor communicates to any of its parts, or to any other body, any impulfe, 

or motion in a direét line, that is not of a determinate quicknefs. And 

that when the motion is of fuch determinate fwiftnefs, it both receives, 

and communicates,or propagates an impulfe or motion to any imaginable 

diftance in ftreight lines, with an unimaginable celerity and vigour. 

That all kind of folid bodies confift of pretty maflie particles in re- 

fpedt of the particles of this fluid medium, which in many places do fo 

touch each other, that none of this fluid medium interpofes much after the 

fame mannner (to ufe a grofs fimilitude) asa heap of great ftones compafs 

one great congeries or mafs in the mid{t of the water. 
That all fluid bodies which we may call taxgible, are nothing but fome 

a fubtile parts of thofe particles, that ferve to conftiture all tangible 

ies, 
That the water, and fuch other fluid bodies, are nothing but a 

congeries of particles agitated or made fluid by it in the fame manner as 

the particles of salt are agitated or made fluid by a parcel of water, in 

which they are diflolv'd, and fubfiding to the bottom of it, conftitute a 

fluid body, much more maffie and denfe, and lefs fluid then the pure 
water it hic 

That the air on the other fide isa certain company of particles of quite 

another kind, that is, fuch as are very much fmaller, and more eafiely 

moveable 2 the motion of this fluid medinm, much like thofe very fub- 

tile parts of Cochenel,and other very deep tinging bodies,where by 7 
mall
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{mall parcel of matteris able to tinge andidiffufeit.{elfiover a.very, great 
uantity of the fluid diffolvent;. or fomewhat after, that manner, as 

fae, and fuch: like: minute| bodies; or {teams, are obferv'd to tinge a 
very great quantity’ of airs, onely, this. aft fimilitude is.deficient. in one 
propriety, and:that‘is: a perpetuity. or.continuance:in that {tate of com- 
mixture with the air, but the former, does more neerly approach to the 
nature-and mannerof the air’s| being. diffolv/d, by) this fluid’ or Zéther 
And:this Similitude will further/hold inthefe proprieties;, that. as thofe 
tinGures may be increaféd, by certain bodies,fo may they be precipitated. 
by others as'I {hall afterwards fhew it tobe very. probable, that the like 
accidents happen even to the Air it felfi ; 

Further; as thefe folutions:and: tinctures: do. alter the nature-of thefe 
fluid bodies,as to their aptnefs to propagate amotion or impulfe through 
them, even fo: does the: particlesof the Air, Water,, and other fluid. bo- 
dies; andof Glafs, Cryftal, @c.. which are commixt withthis bulk of the 
ther, alterthe motion of the propagated pulfe of light;, that is, where 
thefe more bulkie particles are more plentifull, and confequenily a lefler 
quantity of the ther between ther to be mov’d,there the motion muft 
neceflarily be the fwifter,rhough not fo, robuft, which willproduce thofé 
effetts, which I have (I hope) with fome probability, afcribed’ to itin 
the digreflion about Colours, at the end‘of the obperoadion on Miaf 
couy-glaff. 

oe cise other Stones, and thefe which have the clofeft and hardeft 
textures, and feem (as far as we ate able to difcover with our eyes; 
though help'd with the beft A4crofcopes) freeft from: pores, ate yet not= 
withitanding repleniftyd. with, them, an Inftance or two will, I fuppofe, 
make more probable: 

A very folid and unflaw’d piece of cleer white Amrble, if it be well 
polifh'd and glaz’d, has {fo curioufly {mooth a furface, that the beft and 
moft polith'd furface of any wrought-glafs, feems not tothe naked eye; 

_ hor througha A4crofeope, to be more {mooth, and lefs porous. And yet; 
that this hard clofe body is replenifh'd with abundance of pores, I think 
thefe following Experiments will fufficiently prove. 

_ The firft is, That if you take fuch a piece, and for a pretty while boy! 
it in Turpentine and Oy! of Turpentine, you fhall find that the ftone will 
be all imbu’d with it; and whereas before it look’d more white,but more 
Opacous, now it will look more greafie, but be much mote tranfparent, 
and if you let it lie but a little while, and then bteak off a part of it, you 
fhall find the unétuous body to have penetrated it to fuch a determinate 
depth every way within the furface. Thismay be yet eafier try'd with a 
piece of the fame Afarble, a little warm’d in the fire,and then a little Pitch 
or Tarr inelted onthe top of it; for thefe black bodies, by theit infinu- 
ating themfelves into the invilible pores of the ftone, ting it with fo black 
a hue; that there can be no further doubt of the truth of this affertion; 
that it abounds with finall impetceptible pores: 

Now, that other bodies will al fink into the pores of AZrble, befides 
dnéiuews, \ have try'd, and found; that a very Blue tirttture are 

P iri
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fpirit of Urine would very readily and eafily fink into it, as would alfo 

feveral tin@tures drawn with fpirit of Wine. 
Nor is Azarble the only feemingly clofe ftone,which by other kinds of 

Experiments may be found porous; for I have by this kind ofExperi- 
ment on divers other ftones found much the fame effect, and in fome, in- 

deed much more notable. Other {tones I have found fo porous, that with 
the Microfcope I could perceive feveral fmall winding holes, much like 
Worm-holes,asI have noted in fome kind of Purbeck-ftone, by looking on 
the furface of a piece newly flaw’d off; forif otherwife, the furface has 
been long expos'dto the Air, or has been fcraped with any tool, thofe 
{mall caverns are fill’d with duft,and difappear. 

And to confirm this Conjeéfure, yet further, fhall here infert an excel- 

lent account,given into the Royal Society by that Eminently Learned Phy- 
fician, Doctor Goddard, of an Experiment, not lefs inftructive?then curi- 
ous and accurate, made by Midwt on a very hard and feemingly clofe 
ftone call’d Oculus Mundi, as 1 find it preferv'd in the Records of that 
Honourable Society. 

A {mall ftone of the kind, call’d by fome Authours, Oculus 
Mundi, being dry and cloudy, weighd 5% Grains. , 

The fame put under water for a night, and fomewhat more, 
became tranfparent, and the fuperficies being wiped dry, 
weighed 6 2, Grains. 

The difference between thefe two weights, o Sof a Grain. 
The fame Stone kept out of water one Day and becoming 

cloudy again weighed, 52% Graines. 
Which was more then the firft weight, o-5 of a Grain. 
The fame being kepttwo Days longer weighed, 5**: Graines. 

Which was lefs then at firft, 07, of a Grain. 
Being kept dry fomething longer it did not grow fenfibly 

lighter. 
Being put under water for a night and becoming again tranf- 

parent and wiped dry, the weight was, 63; Grains, the fame 
with the firft after putting in water, and more then the laft 
weight after keeping of it dry, 04 of a Grain. 

Another Stone of the fame kind being variegated with milky 
white and gray like fome forts of Agates, while it lay under water, 
was alwaies invironed with little Bubbles, fuch as appear in 

water
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water a little before boyling, next the fides of the Veffel. 

There were alfo fome the like Bubbles on the Surface of the 

water juft over it,as if either fome exhalations came out of it, 

or that it did excite fome fermentation in the parts of the water 

contiguous to it. 
There was litle fenfible difference in the tranfparency of this 

Stone,before the putting under water, and after ;. To befure the 

milky-mbite parts continuedas before, but more difference in 

weight then in the former. For whereas before the putting 

into the water the weight was 18% Graines..« After ic had lyen 

in about four and twenty hours the weight was 20% Graines, fo 

the difference was, 125, Graines. - 

The fame Stone was infufed in the water fealding hot, and fo 

continued for awhile after it was cold, but gotno more weight 

then upon infufing in the cold, neither was. there any fenfible 

Difference in the weight both times, 

In which Experiment,there are three Obfervables,thatfeem very mani 

feltly to prove the poroufnels of thefe feemingly clole bodies: the firft 
is their acquiring a tranfparency, and lofing their whitenefs after fteeping 
in water, which will feem the more ftrongly to argue it, if what I have 

already faid about the making tranfparent, or clarifying of fome bodies, 
as the White powder of beaten Glafs,: and the froth of fome glutinous 
 tranfparent liquor be well confider'd «for thereby it will feem rational 

to think that this tranfparency arifes from the inlinuation of the water 
(which has much the fame refraction with fuch ftony particles, a8 may be 
difcoverd by Sand view'd with a Aficrofcope)into thole pores which were 

formerly repleat with air (that has a very differing refraction, and con- 

| fequently is very reflective) which feems to be confirm’d by the fecond 
 Obfervable, namely, ‘theincreafe of weight after fteeping, and decreafe 

| upon drying. And thirdly,feem’d yet more fenfibly confirm'd by the mul- : vine y z Mh : ; 
titude of bubbles in the laft Experiment. 

Wefind alfo moft Acid Salts very teadily to diffolve and feparate thé 
parts of this body one from another 5 which is yet a further Argument to 
confirm the a ot bodies, and will ferve as fuch, to thew that 

even Glafs allo has an abundance of pores itt ir,fmee there are feveral li- 
quors, that with long ftaying ina Gla, will {0 Corrode and eat into it, as 

at laft, to'make it pervious to the liquor it coritain’d, of which Thave 
feen very many Inftances. , 

Since therefore we finds by other proofs, that marty of thofe bodies 
P2 which
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which we think the moft folid ones, and appear fo to our fight, have not- 

withftanding abundance of thofe grofler kind of pores, which will ad- 

mit feveral kinds of liquors into them, why fhould we not believe that 
Glafs, and all other tranfparent bodies abound with them, fince we have 

many other arguments, befides the propagation of light, which feemto 

argue for it ? ; : ar 

And whereas it may be objected, that the propagation of light is no 
argument that there are thofe atomical pores in glafs, fince there are Hy- 

pothefes plaufible enough to folve thole Phenomena, by fuppofing the 
pulfe onely to be communicated through the tran{parent body. 

To this I anfwer, that that Hypothefis which the induftrious Aoreanws 

bas publifh’d about the flower motion of the end ofa Ray ina denfer 
geedinws,then in a more rare and thin,feems altogether unfufficient to folve 
abundance of Phenomena, of which this is not the leaft confiderable,that 

it is impoflible from that fuppofition, that any colours fhould be gene- | 
rated Peed the refra€tion of the Rays; for finee by that Hypothefis the 

undulating pulfe is always carried perpendicular, or at right angles with 
the Ray or Line of dire¢tion, it follows, that the ftroke of the pulfe of - — 
light, after it has been once or twice refracted (through a Prifme,for ex- 
ample) muft affect the eye with the fame kind of ftroke as ifit had not 
been refracted at all. Nor will it be enough tor a Defendant of that Hy- 
pothefis, tofay, that perhaps itis becaufe the refractions haye made the 
Rays more weak, for if fo, then two refractions in the two parallel fides 
of a Quadrangular Prifme would ptoduce colours, but we have no fuch 
Phenomena produc d. 

There are feveral Arguments that I could bring to evince that there 
are in all tranfparent bodies fuch atomical pores. And that there is fuch 
a fluid body as I am arguing for, which is the #edium, or Inftrument, by 
which the pulfe of Light is convey’d from the /xcid body to the en- 
lightn’d. But that it being a digreflion from the Obfervations I was re- 
cording, about the Pores of Kettering Stone, it would be too much fuch, 
if I fhould protra& it too long; and therefore I thall proceed to the 
next Obfervation. 

Obferv. XVI. Of Charcoal, or burnt Vegetables, 

Ce a Vegetable burnt black, affords an object;no lef pleafant 
than inftructive ; for if youtake a {mall round Charcoal,and break 

it fhort with ane fingers, you may perceive it to break with a very 
fmooth and fleck ca almoft like the furface of black fealing Wax 5 
this furface, if it be look’d on with an ordinary Afcrofcope, does manifett 
abundance of thofe pores which are alfo vifible to the eye in many kinds 
of Wood, rang’d round the pith, both a in kind of circular order, and a 
radiant one. Of thefe there are a multitude in the fubftance of the Coal, 
every where almoft perforating and drilling it from end to end; by 

means
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means of which, be the Coal never fo long, you may eafily blow through 
it 5 and this you may prefently find,by wetting one end of it with Spittle, 
and blowing at the other. 

But thisis not all, for befides thofe many great and confpicuous irre- 
gular {pots or pores, if a better Azicrofcope be made ufe of, there will ap- 
pear an infinite company of exceedingly {mall, and very regular pores, 
fo thick and fo orderly fet, and fo clofe to one ancther, that they leave 
very little room or fpace between them to be fill’d witha folid body, for 
the apparent ivterftitza, or feparating fides of thefe pores feem fo thinin 
fome places, that the texture of a Honey-comb cannot be more porous. 
Though this be not every where fo, the intercurrent partitions in 
fome places being very much thicker in proportion to the holes. 

Mott of thefe {mall pores feem’d to be pretty round, and were rang’d 
in rows that radiated from the pith to the bark; they all of them 
feem’d to be continued open pores, running the whol¢ length of the 
Stick 5 and that they were all perforated, I try'd by breaking off a very 
thin fliver of the Coal crefs-ways, and then with my A/icrofcope,diligent- 
ly furveying them againft the light, for by that means I was able to fee 
quite through them. 

‘Thefe pores were fo exceeding fmall and thick,that in a line of them, 
xm part of an Inch long, I found by numbring them no lefs then’ 150, 
{mall pores; and therefore in a line of them an Inch long, muft be no lef 
then 2700. pores, and in a circular area of an Inch diameter, muft be 
about 5725350. of the like pores; fo. that a Stick of an Inch Diameter, 
may containe:no lefs then feven hundred and twenty five thonfand; be- 
fides 5 Millions of pores,which would, I doubt not, feem even incredible, 
were not every one left to believe his own eyes. Nay, having fince ex- 
amin'd Cocws, black, and green Ebony, Lignum Vita, &c. 1 found, that all 
thefe Woods have their pores, abundantly fmaller then thofe of foft light 
Wood 5 in fo much, that thofe of Guajacum {eem'd not above aneighth 
part of the bignefs of the pores of Beech, but then the Interftitia were 
thicker 5 fo prodigioully curious are the contrivances, pipes, or fluces by 
which the Sucews nutritivs, or Juyce of a Vegetable is convey'd from 
place to place. 

This Obfervation feems to afford us the true reafon of feveral Phe- 
nomena ot Coals 5 as 

Firft, why they look black; and for this we need go no further then 
the scheme, for certainly, a body that has {o many pores in it as this is dif- 
cover'd to have, from each of which no light is reflected, muft neceflarily 
look black, efpecially, when the pores are fomewhat bigger in proporti- 
onto the intervals then they are cut in the Scheme, black being nothing 
elfe buta privation of Light, or a want of reflection; and wherefover 
this reflecting quality is deficient, there does that part look black, whe- 
ther it be from a poroufnefs of the body, asin ekisialfhlcesox ina deadning 
and dulling quality, fuch as I have obferv’d in the Scoria of Lead, Tin, 
Silver, Copper, ec. 

Next, we may alfo as plainly fee the reafon of its fhining quality, re 
that
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that is ftom the even breaking off of the ftick, the folid interftitia 
having a regular termination or furface, and having a pretty ftrong re- 
flecting quality, the many {mall reflections become united to the naked 
eye, and make a very pretty fhining {urface. 

Thirdly,the reafon of its hardnefs and brittlenefs {eems evident. for fince 
all the watery or _— fubftance that moiftn’d and toughn’d thofe Jnter- 
fritia of the more folid parts, are evaporated and remov'd, that which 
is left hehind becomes of the nature almoft of aftone, which will not at 
all, or very little,bend without a divulfion or folution of its continuity. 

Ic is not my defign at prefent, to examine the ufe and Atechanifine of 
thefe parts of Wood, that being more proper to another Enquiry 5 but 
rather to hint, that from this Experiment we may learn, 

Firft, what is the caufe of the blacknefs of many burnt bodies, which 
we may find to be nothing elfe but this; that the heat of the fire agi- 
tating and rarifying the waterifh, tran{parent, and volatile water that is 
contain d in them,by the continuation of that action,does fo totally expel 
and drive away all that which before fill'd the pores, and wasdifpersd 
alfo through the folid mafs of it, and thereby caus'd an univerfal kind of 
tranfparency, that it not onely leaves all the pores empty, butall thet 
terfiitia alfo fo dry and opacows, and perhaps alfo yet ae perforated, 
that that light onely is reflected back which falls upon the very outward | 
edges of the pores, all they that enter into the pores of the body, never 
returning, but being loft in it. 

Now, that the Shaiving or coaling of a body is nothing elfe, may be 
eafily believ'd by one that fhall confider the means of its production, 
which may be done after this, or any fuch manner. The body tobe 
charrd or coal’d, may be put into a Cracib/e,Pot,or any other Vetiel that 
willendure to be made red-hot ih the Fire without breaking, and then 
cover'd over with Sand, fo as no part of it be fuffer'd to be opetrto the 
Air, then fet into a good Fire, and there kept till the Sand has continu’d 
red hot for a quarter, half, an hour or two, or more, according to the 
nature and bignefs of the body tobe coal'd or charr’d, thentaking it out 
of the Fire,and letting it ftand till it be quite cold,the body may be taken 
out of the Sand well charr'd and cleans‘d of its waterifh parts; but in the 
taking of it out, care muft be had that the Sand be very neer cold, for 
elfe, when it comesinto the free air, it will take fire, and readily burn 
away. 

This may be done alfoin any clofe Veflel of Glaf, as a Retort, or the 
like, and the feveral fluid fabftances that come over may be'receiv'd in 
a fit Recipient, which will yet further countenance this Hypothefir : And 
their manner of charring Wood in great quantity comes much t6 the fame 
thing, ee an application of a great heat to the body, and prefervin: 
it ftom the free accefs of the devouring air; this may be extly Teant'd 
from the Hiftory of Charring of Coal, moft excellently: defetib’d and 
publifl’d by that moftaccomplifh’d Gentleman, Mr. ohn Evelin, in the 
100, IOI, 103, pages of his Sy/va, to which I fhall therefore refey the cus 
rious Reader that defires'a full information of it, pitt ‘ 

Next
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Next, we may learn what part of the Wood it is that is the friable 

matter 3 for fince we fhall on that none, or very little of thofe fluid fub- ’ 
_ ftances that are driven over into the Receiver are combuftible, and that 

moft of that which is left behind is fo, it follows, that the folid interftitia 
of the Wood are the combuftible matter. Further, the reafon why un- 
charr'd Wood burns with a greater flame then that which is charr'd, isas 
evident, becaufe thofe waterith or volatil parts iffuing out of the fired 
Wood, every way, not onely fhatter and open the ae the better for 
the fire to enter, but iffuing out in vapours or wind, they become like 
fo many little eolipiles, or Bellows, whereby they blow and agitate the 
fir'd part, and conduce to the more {peedy and violent confumption or 
diflolution of the body. 

Thirdly, from the Experiment of charring of Coals (whereby we fee 
that notwithftanding the great heat, and the duration of it, the folid 
parts ofthe Wood remain, whileft they are preferv'd from the free accefs 
of the air undiffipated) we may learn,that which has not,that I know of, 
been _publifh’d or hinted, nay, not fo muchas thought of, by any ; and 
that in fhort is this. 

Firft, that the Air in which we live, move, and breath, and which en- 
compafles very many, and cherifhes moft bodies it encompafles, that this 
Air is the menftruum,or univerfal diffolvent of all sulphureows bodies. 

Secondly, that this aéfion it performs not, till the body be firft fuffi- 
ciently heated, as we find requifite alfo to the diflolution of many other 
bodies by feveral other menfirnums, 

Thirdly, that this ation of diflolution, produces or generates a very 
great heat,and that which we call Fire 5 and this is common alfo to many 
diflolutions of other bodies, made by mexffrnums, of which Icould give 
multitudes of Inftances. 

Fourthly, that this aétion is perform'd with fo great a violence, and 
does fo minutely att, and rapidly agitate the fmalleft parts of the com- 
eee matter, thatit produces in the diaphanous medium of the Air, the 
action or pulfe of light, which what it is, I have elfe-where already fhewn. 

Fifthly,that the diffolution of fulphureous bodies is made by afubftance 
inherent, and mixt with the Air, that is like, if not the very fame, with 
that which is fixt in Sa/t-peter, which by multitudes of Experiments that 
may be made with Saltpeter,will, I think,moft evidently be demonftrated. 

Sixthly, that in this diffolution of bodies by the Air, a certain part is 
united and mixt, or diffolv’d and turn’d into the Air, and made to fly up 
and down with it in the fame manner as a metalline or other body dif- 
folv'd into any menfiruums, does follow the motions and progrefles of 
that zenftrunm till it be precipitated. 

Seventhly, That as there is one part that is difloluble by the Air,fo are 
there other parts with which the parts of the Air mixing and uniting, do make a Coagulum, or precipitation, as one may call it, which caufes 
it to be mptcaes from the Air, but this prectpztate is fo light, and in fo fmall and rarify’d or porous clufters, that it is very volatil, and is eafily 
carry d up by the motion of the Air,though afterwards,when the heat and 

agitation
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agitation that kept it rarify'd ceafes.it eafily condenfes,and commixt with 

other indiffoluble parts, it {ticks and adheres to the’ next bodies*it- meets 

withall; and thisis‘a certain sa/tthat maybe extracted out of Soot: 

Eighthly, that many indiffoluble parts being very apt and: prompt to 

berarify’d, and fo, whileft they continue in that heat ‘and agitation, are 

lighter then the Ambient Air, ate thereby thruft and carryd upwards 

with great violence, and by that means carry along with them, not onely, 
that Saline’ concrete mention’d before, but’ many terreftrial; or'indif= 
foluble and irrarefiable parts, nay, many partsalfo which are diffoluble, 
but aré not fuffer'd to ftay long enough in a fufficient heatto'make them —_ 

promipt arid aprfor that ation. And therefore we find in Soot; not onely’ 
a part, that being continued longer in a competent heat, will’ be dif+ 

foly'd by'the Ait, or take fireand burn; but apart alfo which is'fixt, ter- 
reftrial, and itraréfiable. 

Ninthly, that'asthere are thefe feveral parts that will rarifie and fly, 

of bé driven upby the heat, foare there many others; thatas they are 

indiffoluble by the aerial menftrunm,fo are they of fuch fluggith and grofs 
parts, that they are not eafily rarify’d by heat, and theretore cannot be 
rdisd by it ;the volatility or fixtnels ofa body feeming to confift only in 
this; that the-one is of a texture, or has component parts that will be 
eafily ratify'd into the form of Air, and the other, thatithas fuch’as will 

not,without much'ado,be brought to fich a conftitution; and this isthat 
part which remains behind in a white body call'd Afhes, which contains 
a fubftance,or Sal/t,which Chymifts call A/kali:what the particular natures 

of éach of thef€ bodies are, I fhall not here examine, intending it in’an- 

éther place, but fhall rather add that this Hypothefis does fo exactly agree 
with all Phexomena of Fire, and fogenuinely explicate each particular 
circumftance that I have hitherto obey a. that it is more then probable, 
that this caufé which I have affign’d is the true adequate, real, and onely 
caufé of thofe Phenowiena; And therefore I hall proceed a: little fur= 
ther, to fhew the nature and ufé of the Air. : 

Tenthly,therefore the diffolving parts of the Air are but few,that is,it 
feems of the nature of thofe Saline menftrunms, ox {pirits, that have very 
much flegme mixt with the fpirits, and therefore a fmall parcel of it is 
quickly glutted, and will diflolve no more 5 and: therefore unlefs fome 
frefh part of this wenfiruum be apply’d tothe body to be diffolv'd, the 
attion ceafes, and the body leaves tobe difloly’d and to thine, which is 
the Indication of it, though plac’d or kept inthe greateft heat; whereas 
Salt-peter is a menftrunm, When melted and red-hot, that abounds more 
with thofé Diffolvent particles, and therefore as a fmall quantity of it 
will diffolve a great fulphureous body, fo will the diflolution be very 
quick and violent. | 

Therefore in the Eleventh place, it is obférvable; that, asin othér 
folutions, ifa copious and quick fupply of freth ~enffrnum, though but 
Weak, be poured on; or applied to the diffoluble body, it sickly con- 
fumes it : So this #enftranm of the Air, if by Bellows, or any other fuch 
contrivance, it be copioufly apply’d to the thining body; is found to 

diflolve
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diflolve it as foon, and as violently as the more ftrong wenflruin of 

“melted Nitre. 
Therefore twelfthly, it {eemsreafonable to think that there isno fuch 

thing asan Element of Fire that fhould attract or draw up the flame, or 
towards which the flame fhould endeavour to afcend out of a defire or 
appetite of uniting with that as its Hormogeneal primitive and generating 
Element 5 but that that fhining tranfient body which we call Flame, is 
nothing elfe but a mixture of Air, and volatil ful phureous parts of diflo- 
luble or combuftible bodies, which are acting upon each other whibtt 
they afcend, that is, flame feems to be a mixture of Air, and the com- 
buftible volatil parts of any body, which parts the encompafling Air 
does diflolve or work upon, which action,as it does intend the heat of the 
aerial parts of the diflolvent,fo does it thereby further rarifie thofe parts 
that are acting, cr that are very neer them, whereby they growing much 
lighter then the heavie parts of that A/en/?ruum that are more remote,are 
thereby protruded and driven upward and this may be eafily obfery'd 
alfo in difiolutions made by any other #enffrunm, efpecially fuch as either 
create heat or bubbles. Now, this action of the A‘enflunm, or Air, onthe 
difloluble parts, is made with fuch violence, or is fuch, that it imparts 
fuch a motion or pulfe to the diaphanows parts of the Air, asI have elfe- 
where fhewn is requifite to produce light. 

This Hypothefis I have endeavoured to raife from an Infinite of Obfer- 
vations and Experiments, the procefs of which would be much too long 
tobe here inferted, and will perhaps another time afford matter copious 
enough for a much larger Difcourfe, the Air being a Subject which 
(though all the world has hitherto liv’d and breath’d in,and been uncon- 
verfant about)has yet been fo little truly examin’d or explain’d,that a di- 
ligent enguirer will be able to find but very little information from what 
has been (till of late) written of it: But being once well underftood, it 
will, { doubt not, inable a man to render an intelligible, nay probable, if 
not the true reafon of all the Phenomena of Fire, which, as it has been 
found by Writers and Philofophers of all Ages a matter of no {mall dif- 
ficulty, as may be fufficiently underftood by their ftrange Hypothefes, and 
unintelligible Solutions of fome few Phenomena of it ; fowill it prove a 
matter of no {mall concern and wfe in humane affairs, as {hall elewhere 
endeavour to manifeft when I come to fhew the ule of the Air in refpi- 
ration, and for the prefervation of the life, nay, for the confervation and 
reftauration of the health and natural conftitution of mankind as wellas 
all other aereal animals, asal{o the ufes of this principle or propriety of 
the Air in chymical, mechanical, and other operations. In this place I 
have onely time to hint an Hypothefis, which, if God permit me life and 

| opportunity, I may elfewhere profecute, improve and publifh, In the 
‘meantime, before I finith this Difcourfe, I muft not forget to acquaint the 

) Reader,that having had the liberty granted me of making fome trials on 
a piece of Lignum foffile (hewn to the Royal Society, by the eminently 
Ingenious and Learned Phyfician, Dottor Ext, who receiv'd it for a Pre= 
fent from the famous Ingeniofo Cavalliero de es being one of the ao 

an
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and beft pieces of Lignum foffile he had feen; Having (I fay) taken a 

{mall piece of this Wood, and examin‘d it, I found it to burn in the open 

Air almoft like other Wood, and infteed ofa refinous fmoak or fume, 

it yielded a very bituminous one, {melling much of that kind of fent: But 

that which I chiefly took notice of, was, that cutting off a {mall piece of 
it, about the bignefs of my Thumb, and charring it in a Crucible with 
Sand, after the manner I above prefcrib’d, 1 found it infinitely to abound 
with the {maller fort of pores, & extreme thick, and fo regularly perfo- 
rating the fubftance of it long-ways, that breaking it off a-crofs, I found 
it to look very like an Honey-comb; but as for any of the fecond, or 
bigger kind of pores, could not find that it had any 5 fo that it feems, 
whatever were the caufe of its production, it was not without thofe 
fmall kind of pores which we have onely hitherto found in Vegetable bo- 
dies : and comparing them with the pores which I have found in the Char- 
coals that I by thismeans made of feveral other kinds of Wood, I find it 
refemble none fo much as thofe of Firr, to which it is not much unlike in 
grain alfo, and feveral other propricties. 

And therefore,what ever is by fome, who have written of it,and parti- 
cularly by Francifco steluto,who wrote a Treatife in Italian of that Sub- 

ject, which was Printed at Rome, 1637. affirm’d that itis a certain kind of 
Clay or Earth, which in tract of time is turn’d into Wood,I rather fufpe& 
the quite contrary, that it was at firft certain great Trees of Fir or Pine, 
which by fome Earthquake, or other caftalty, came to be buried under 
the Earth,and was there,after a long time’s refidence(according to the fe- 
veral natures of the encompafling adjacent parts)either rotted and turn’d 
into a kind of Clay, or petrifyd and turn’d into a kind of Stone, or elfe 
had its pores fill’d with certain Mineral juices,which being f{tayd in them, 
and in tra&t of time coagulated, appear'd, upon cleaving out,like fmall 
Metaline Wires, or elfe i fome fianies or fcorching forms that are the 
occafion oftentimes,and ufually accompanyEarthquakes,might be blafted 
and turn’d into Coal, or elfe from certain fabterraneous fires which are 
affirm’d by that Authour to abound much about thofe parts (namely, in 
a Province of Italy, call'd Umbria, now the Dutchie of Spoletto, in the 
Territory of Todi,anciently call’d Tudor;and between the two Villages of 
Collefecco and Rofarenot far diftant from the high-way leading to Rome, 
where it is found in greater quantity then elfewhere are by reafon of their 
being encompafied with Earth, and fo kept clofe from the diflolving Air, 
charr'd and converted into Coal. It would be too longa work to de- 
feribe the feveral kinds of pores which I met withall, and by this means 
difcoveredin feveral other Vegetable bodies; nor isit my prefent defign 
to expatiate upon Inftances a the fame kind, but rather to give a Spe- 
cimen of as many kinds as Ihave had opportunity as yet of obferving, re- 
ferving the profecution and enlarging on particulars till a more fit op- 
portunity ; and in profecution of this defign, I fhall here add: 

Obferv. |
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Obferv. XVII. Of Petrify’d wood, and other Petrify'd bodies; 

O' this fort of fubftance, I obferv'd feveral pieces of very differing 
kinds, both for their outward fhape, colour; grain, texture, hard- 

nels, &c. fome being brown and redifhs others gray, like a Hone ; othets 
black, and Flint-like : fome foft, like a Slate or Whetftone, others as hard 

as aFlint, and as brittle. That which I more particular examin’d,was a 

piece about the bignefs of a mans hand, which feem’d to have been a part 

of fome large tree, that by rortenne/s had been broken off from it before 
it began to be petrify d. 

And indeed, all that Ihave yet feen, feem to have been rotten Wood 

before the petrifaction was begun ; and not long fince, examining and 

viewing a huge great Oak, that feem'd with meer age to be rotten as.it 

ftood, | was very much confirm’d in this opinion for I found, that the 

grain, colour, and fhape of the Wood, was exactly like this petrify'd fub- 

{tance ; and with a Adicroféope, I found, that all thofe Microfcopical pores, 

which in fappy or firm and found Wood are fill'd with the natural or in- 

nate juices of thofe Vegetables, in this they were all empty, like thofe 
of Vegetables charr'd ; but with this difference, that they {eem’d much 

_ Targerthen I have feen any in Char-coalss nay, even then thofe of Coals 

made of great blocks of Timber, which are commonly call'd Old-coals. 

The reafon of which difference may probably be, that the charring of 

Vegetables, being an operation quickly perform d,and whileft the Wood 

is fappy, the more folid parts may more eafily fhrink together, and con- 

tract the pores or interftitia between them, then in the rotten Wood, 

where that natural juice feems onely to be wath'd away by advextitions 

or unnatural moifture; and fo though the natural juice be wafted from 

between the firm parts, yet thofe parts are kept afunder by the adventi- 

tions moyftures, and fo by degrees fettled in thofe poftures. 

And this I likewife found in the petrify’d Wood, that the pores were 

fomewat bigger then thofe of Charcoal, each pore being neer upon half 

as bigg again, but they did not bear that difproportion which is expreft 

in the tenth Scheme, between the {mall {pecks or pores in the firft Fi- 

(which reprefenteth the pores of Coal or Wood charr'd) and the 

lack {pots of the fecond Figure (which reprefent the like Aicrofcopicat 

pores inthe petrify’d Wood) tor thefe laft were drawn by a Microfcopethat , 

magnify'd the object above fix times more in Diameter then the Aficro- 

feope by which thofe pores of Coal were obferv’d. 
. Now, though they were a little bigger, yet did they keep the exact 
figure and order of the pores of Coals ag@ of rotten Wood, which laft 
alfo were much of the fame cize. 

The other Obfervations on this petrify'd fubftance, that a while fince, 

by the appointment of the Royal Society, I made, and prefented to them 

anaccount of, were thefe that follow, which had the honour done er 
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108 MicroGRaAPHta. | 
by the moft accomplifh’d Mr. Evelix, my highly honour’d friend, to be 
inferted and publifhed among thofe excellent Obfervations wherewith 
his Sylva is replenifh’d, and would therefore have been here omitted,had 

not the Figure of them, asthey appear'd through the Adicro/cope been 

before that engraven. : 
This Petrify'd fubftance refembled Wood, in that 

Firft, all the parts of it feem’d not at all diffocated, or alter’d from 
their natural Pofition, whil’ft they were Wood, but the whole piece re- 
tain'd the exact fhape of Wood, having many of the confpictious pores 
of wood ftill remaining pores, and fhewing a manifeft difference vifible 
enough between the grain of the Wood and that of the bark, efpecially 
when any fide of it was cut {mooth and polite; for then it appear'd to 
havea very lovely grain, like that of fome curious clofe Wood. 

Next (it refembled Wood) in that all the fmaller and (if I may fo call 
thofe which are onely vifible with a good magnifying Glafs) Afcro/copi- 
cal pores of it ried (both when the fubftance is cut and polifh’d tram 
werfly and parallel to the pores of it) perfectly like the AGcrofcopical pores 
of {éveral kinds of Wood, efpecially like and equal to thofe of feveral 
forts of rotten Wood which I have fince obferv'd, retaining both the 
fhape,pofition and magnitude of fuch pores. It was differing from Wood : 

Firft, in weight, being to common water as 3% to 1. whereas there are 
few of our Exglifh Woods, that when very dry are found to be fullas 
heavie as water. 

Secondly, in bardmeff, being very neer as hard as 4F lint; and in fome 
places of it alfo refembling the grain of a Flint: and, like it, it would 
very readily cut Glafs, and would not without difficulty,’ efpecially in 
fome parts of it, be {cratch’d by a black hard Flint : It would alfo as rea- 
dily ftrike fire again{t a Steel, or again{t a Flint, asany common Flint. 

Thirdly, in the cloféweffof it, for though all the AG@crofcopical pores of 
this petrify’'d fubftance were very confpicuous in one pofition ,yet by al- 
tering that pofition of the polifh'd furface to the light, it was alfomani- 
feft, that thofe pores appear'd darker then the eft of the body, onely 
becaufe they were fill'd up with a more dufkie fubftance, anid not be- 
caufethey were hollow. 

Fourthly, in its cosbuftiblenef, in that it would not burninthe fires 
nay,though I kept ita good while red-hot in the flame of a Lamp, made 
very intenfe by the blaft of a {mall Pipe, and a large Charcoal, yet it 
feem’d not at all to have dimini{h‘d its extenfion; but only I found it to 
have chang'd its colour, and to appear of a more dark and dufkie brown 
colour 5, nor could perceivethat thofe parts which feem'dtolhavebeen 

Wood at firft, were any thing wafted, but the parts appear as/folid and 
clofe as before. It was further obfervable alfo, that as it did not confume 
like Wood, fo neither:did it erack and flie like a Flint, or fuch like hard : 
Stone, nor was it long before it appear’d red-hot. 

Fifthly, in its cdifolublene/'s for putting fome drops of diftill’d Vinegar 
aponthé Stone, J found it prefently to yield'vety many Bubbles, juft like 
thofe which may be obferv'd.in fpirit of Vinegar when it corrodes corals, 

though
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though perhaps many of thofe {mall Bubbles might proceed from fome 
{mall parcels of Air which were driven out of the pores of this betrify'd 
fubftance by the infinuating liquid menfirunm, 

Sixthly, in its rigidwefs and friability, being not at all flexible but 
brittle like ‘a Flint, infomuch that I could with one knock of a Hammer 
break off a piece of it, and with a few more, reduce that into a pretty 
fine powder. 

Seventhly, it feem’d alfo very differing from Wood to the touch, feels 
ing more cold then Wood ufually does, and much like other clofe {tones 
and Minerals. 

The Reafons of all which Phenomena feem to be, 
That this petrify'd Wood haying lain in fome place where it was well 

foak’'d with petrifying water (that is, fuch a water as is well impreenated 
with ftony and earthy particles) did by degrees feparate,cither i {train- 
ing and filtration, or perhaps,by precipitation, cohefion or coagulation,abuns 

' dance of {tony particles from the permeating water, which fton par- 
ticles,being by meansof the fluid vehicle convey d,not onely into so Mi- 
erofopical pores, and {o perfectly ftoping them up, but alfo into the pores 
or interflitia,which may. perhaps, be even in the texture or Schematifize 
of that part of the Wood, which, through the Adicro/cope,appears moft {o- 
lid, do thereby fo augment the weight of the Wood, as to make it above 
three times heavier then water, and perhaps, fix times as heavie as it was 
when Wood, 

Next, they thereby fo lock up and fetter the parts of the Wood, that 
the fire cannot eafily make them flie away,but the action of the fire upon 
them isonely able to Char thofe parts, as it were, like a piece of Wood,if 
it beclos‘d very faft up in Clay,and kept a good while red-hot in the fire, 
will by the heat of the fire be charr'd and not confum'd, which may, per- 
haps, alfo be fomewhat of the caufe, why the petrify'd fub{tance appear'd 
of a dark brown colour after it had been burnt, 

By this irene of the petrifying particles, this fubftance alfo becomes 
hard and friable; for the fmaller pores of the Wood being perfedly 
wedg'd, and {tuft up with thofe ftony particles, the {mall parts of the 
Wood have no places or pores into which they may flide upon bending, 
and confequently little or no flexion or yielding at all can be caus’d in 
fuch a Gmon ! 

The remaining particles likewife of the Wood among the ftony par- 
ticles, may keep them from cracking and flying when put into the fire, 
as they are very apt to doin a Flint, 

Nor is Wood the onely fubftance that may by this kind of tranfuuta- 
azon be chang’d into ftone 5 for J my felf have feen and examin'd very 
many kinds of fubftances, and among very credible Authours, we may 

* meet with Hiftories of fuch Asetamorphofes wrought almoft on all kind 
of fubftances, both Vegetable and Animal, which Hiftories, it is not my 
bufinefs at prefent, either to relate, or epitomife, but only to fet down 
fome Obfervation I lately made on feveral kind of pefrify’d Shels, found 
about Keinfbam, which lies within four or five miles of Briftol, which are 
¢ommonly call'd serpentine-ftones. Exami-
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Examining feveral of thefe very curioufly figur’d bodies (which are 

commonly thought to be Stones form'd by fome extraordinary Plaftich 

4 virtue latent in the Earth it felf) I took notice of thefe particulars : 
: Firft, that thefe figured bodies, or ftones, were of very differing fub- 

ftances, astohardnefs: fome of Clay,-fome Marle, fome foft Stone, al- 

moft of the hardnefs of thofe foft {tones which Mafons call Fire-ftone, 
others as hard as Portland ftone, others as hard as Marble, and fome as 
hard a a Flint or Cryftal. 

; Next, they were of very differing fubftances as to tranfparency and 
colour; fome white, fome almoft black, fome brown, fome Metalline, or 
like Marchafites; {ome tran{parent like white Marble, others like flaw’d 
Cryftal,fome gray, fome of divers colours 5 fome radiated like thefe long 
petrifyd drops, which are commonly found at the Peak, and in other 
Jfubterraneous caverns, which havea kind of pith inthe middle. 

Thirdly, that they were very different as to the manner of their out- 
s ward figuration; for fome of them feem’d to have been the fubftance 

‘ that had fill'd the Shell of fome kind of Shel-fifh; others, to have been 
the fubftance that had contain’d or enwrapp’d one of thofe Shels,on both 
which,the perfect impreflion either of the infide or outfide of fuch Shells 

* feem'd to be left, but for the moft part, thofe impreflions feem’d to be 
5 made by an imperfect or broken Shell, the great end or mouth of the 
: Shell being always wanting, and oftentimes the little end, and fometimes 

‘ half, and infome there were impreffions, juftas if there had been holes 
broken in the figurating, imprinting or eee Shell ; fome of them 
feem'd to be made by fuch aShell very much brufed or flaw'd, infomuch 
that one would verily have thought that very figur'd ftone had been 

d broken or brufed whilft a gelly, as ‘twere, and fo hardned, but within 
in the grain of the ftone, there appear'd not the leaft fign of any fuch 
brufe or breaking, but onely on the very uttermoft {uperficies. 

Fourthly, they were very different,as to their outward covering, fome 
having the perfect Shell, both in figure, colour, and fubftance, {ticking 

é on upon its furface, and adhering to it, but might very eafily be fepa- 
rated from it, and like other common Cockle or Scolop-fhels, which fome of 
them moft accurately refembled,were very difloluble in common Vinegar, 
others of them,efpecially thofe Serpentine, or Helical ftones were cover'd 
or retained the fhining or Pearl-colour'd fubftance of the infide of a Shel, 
which fubftance, on fome parts of them, was exceeding thin, and might 
very eafily be rubbed off; on other parts it was pretty thick, and re- 
tained a white coat, or flaky fubftance on the top, juft like the outfides 
of fuch Shells; fome of them had very large pieces of the Shell very 
a {ticking on to them, which were eafily to be broken or flaked off 

y degrees: they likewife, (ome of them retain’d all along the furface of 
them very pretty kind of futures, fuch as are obferv'd in the fkulls of fe * 
veral kinds of living creatures, which futures were moft curioully thap’d 
in the manner of leaves, and every one of them in the fame Shell, exaétly 
one like another, which I was able to’ difcover plainly enough with my 
naked eye, but more perfedly and diftinétdy with my Adicroféope 5 all 

thefe
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thefe fitures, by breaking fome of thefe ftones,I found to be the termini; 
or boundings of certain diaphragms,or partitions,which feem'd to divide 
the cavity of the Shell into a multitude of very proportionate and regu- 
lar cel/s or caverns, thele Diaphragms, in many of them, I found very per- 
fect and compleat, of a very diftiné& fubftance from that which fill’d the 
cavities, and exattly of the fame kind with that which covered the out- 
fide, being for the moft part whitith, or mother-of-pearl colour'd. 

As for the cavities between thofe Diaphragns, I found fome of them 

fill’d with Marle, and others with feveral kinds of ftones, others, for the 
moft part hollow, onely the whole cavity was ufually covered overt 
with a kind of tartareons petrify'd fubftance, which {tuck about the fides, 
and was there fhot into very curious regular Figures, juft as Tartar, or 
other diffolv’d Salts are obferv'd to ftick and eryftal/ixe about the fides of 
the containing Veflels; or like thofe little Oiamants which before ob+ 
ferved to have covered the vaulted cavity of a Flint; others had thefé 
cavities all lin’d with a kind of metalline or marchafite-like fubltances 
which with a Aficrofeope 1 could as plainly fee moft curioufly and regu 
larly figured, as [had done thofe in a Flint. 

From all which, and feveral other particulars which I obferv'd, I can- 
not but think, that all thefe, and moft other kinds of ftony bodies which 

are found thus ftrangely figured,do owe their formation and figuration, 
ot to any kind of Plaffick virtue inherent in the earth, but to the Shells 
of certain Shel-fifhes, which, either by fome Deluge, Inundation, Earth 
quake, or fome fuch other means, came to be thrown to that place, and 
there to be fill'd with fome kind of Mudd or Clay, or petrifying Water, 
or fome other fubftance, which in tract of tithe has been fettled toge- 
ther and hardned in thofe fhelly moulds into thofe fhaped fubftances we 
now find them ; that the great and thinend of thefe Shells by that Earth- 
a ot what ever other extraordinay canfe it was that brought them 
thither, wasbroken off, and that many others were otherwife broken, 
bruifed and disfigured ; that thefe Shells which are thus /pirallied and {e+ 

parated with Diaphragmes,were fome kind of Nautili or Porcelane poells 5, 
and that others were fhells of Cockles,Adufcles,Periwincles, Scolops,8tc. of 
various forts that thefe Shells in many, from the particular nature of the 
containing of enclos’d Earth, or fome other caufe, have in tract of time 

rotted and mouldred away, and onely left their impreffions, both on the 
containing and contained fubftances; and {6 Jeft them pretty loofe one 
within another, fothat they may be eafily {eparated by 2 knock.or two 
ofaHammer. That others of thefe Shells, according to the nature 
of the fubftances adjacent to them, have, by a long continuance in 
that pofture, been petrify'd and turt’d into the nature of ftone, juft as I 
even now obferv'd feveral forts of Wood to be. That oftentimes the Shell 
may be found with one kind of fubftance within, and quite another 
without, having, perhaps, been fill’d in one place, and afterwards ttanfla~ 
ted to another, which I have very frequently obferv’d in Cockle, atufele, 
Periwincle, and other fhells, which I have found by the Sea fide: Nay; 

farther, that fome parts of the fame Shell may be fill’d in one nat? and 
ome
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fome other caverns in another, and others in a third,or a fourth, or a fifth 
place, for fo many differing fubftances have I found in one of, thefe pe- 
trifyd Shells,and perhaps all thefe differing from the encom tits Fo 
or {tone ; the means how all which varieties may be caus‘d, I think, will 
not be difficult to conceive, to any one that has taken notice of thofe 
Shells, which are commonly found on the Sea fhore : And he that fhall 
throughly examine {everal kinds of fuch curioufly form'd ftones,will CL 
am very apt to think) find reafon to fuppofe their generation or forma- 
tion to be afcribable to fome fuch accidents as I have mention’‘d, and 
not to any Plaffick virtue: For it feems to me quite contrary to the in- 
finite prudence of Nature, which is obfervable in all its works and pro- 
duétions, to defign every thing toa determinate end, and for the attain 
ing of that end, makes ufe of fuch ways as are (as farr as the knowledge 
of man hasyet been able to reach) altogether confonant, and moft 
agreeable to man’s reafon, and of no way or means that does contradict, 
or is contrary to humane Ratiocination; whence it hasa long time been 
ageneral obfervation and maxime, that Nature does nothing in vain; It 
feems, I fay, contrary to that great Wifdom of Nature, that thefe prettily 
fhap'd bodies fhould have all thofe curious Figures and contrivances 
(which many of them are adorn’d and contriv'd with) generated or 
wrought by a Plaftick, virtue, for no higher end then onely to exhibite 
fach a form; which he that fhall throughly confider all the circumftances 
of fuch kind of Figur’d bodies, will, I think, have great reafon to be- 
lieve, though, I confefs, one cannot prefently be able to find out what — 
Nature's defigns are. It were therefore very defirable, that a good col- 
lection of fuch kind of figur'd ftones were collected ; and as many par- 
ticulars, circumftances, and informations collected with them as could be 
obtained, that from fuch a Hiftory of Obfervations well rang’d, ex- 
amin’d and digefted, the true original or production of all thofe kinds 
of ftones might be perfectly and furely knowns fuch as are Thunder- 
flones, Lapides SteWares, Lapides Fudaici,and multitudes of other, where- 
of mention is made in Aldrovandus Wormiws, and other Writers of 
Minerals. a 

Obferv. XVIII. Of the Schematifme or Texture of Cork, and 
of the Cells and Pores of fome other fuch frothy Bodies. 

I Took a good clear piece of Cork, and with a Pen-knife fharpen’d as 
keen as a Razor, I cut a piece of it off, and thereby left the furface of 

it exceeding {mooth, then examining it very diligently with a Aficro- 
Scope, me thought I could perceive it to appear a little porous; but I 
could not fo plainly diftinguith them, as to be fure that they were pores, 
much lefs what Figure they were of : But judging from the lightnefsand 
yielding quality of the Cork, that certainly the texture could not be fo 

: curious,
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curious, but that poflibly, if 1 could ufe fome further diligence, I might 
find it to be difcernable with a Afcroféope, I with the fame fharp Pen= 
knife, cut off from the former fmooth furface an exceeding thin piece of 
it, and placing it on a black object Plate, becaufe it was it felf a white 
body, and cafting the light on it with a deep plano-convex Glafs, Tcould 
exceeding plainly perceive it tobe all perforated and porous,much like 
a Honey-comb,but that the pores of it were not regular yet it wasnot 
unlike a Honey-comb in thefe particulars. 

Firft, in that it had a very little folid fubftance, in comparifon of the 
empty cavity that was contain’d between, as does more manifeftly appear 

_ bytheFigure A and B ofthe XI. scheme, for the Interftitia, or walls 
(asT may fo call them) or partitions of thofe pores were neer as thin in 

"Proportion to their pores, as thofe thin films of Wax ina Honey-comb 
(which enclofe and conftitute the fexangular cells) are to theirs. ‘ 

Next, in that thefe pores, or cells, were not very deep, but confifted. 
of a great many little Boxes, feparated out of one continued long pore, 
by certain Diaphragms, as is vilible by the Figure B, which reprefents a 
fight of thofe pores {plit the long-ways. ‘ 

T no fooner dilcern’d thefe (which were indeed the firft microfcopical . 
pores I ever {aw, and perhaps,that were ever feen, for [had not met with 
any Writer or Perfon, that had made any mention of them before this) 
but me thought I had with the difcovery of them, prefently hinted to me 
the true and intelligible reafon of all the Phenomena of Cork As, 

Firft, if 1 enquir'd why it was fo exceeding light a body? my Agiero- 
__ feepe could prefently inform me that here was the fame reafon evident that 

__ thereis found for the lightnefs of froth, an empty Honey-comb, Wool, 
___ aSpunge, a Pumice-{tone, or the like; namely, a very fmall quantity of a 
_ folid body, extended into exceeding large dimenfions, 
| Next, it feem’d nothing more difficult to give an intelligible reafon, 
| why Corkis a body fo very unapt to fuck and drink in Water, and con- 

fequently preferves it felf, floating on the top of Water, though left on it 
never fo long: and why itis able to {top and hold air ina Bottle,though 
it be there very much condens'd and confequently  preflés very {trongly 
to get a paflage out, without fuffering the leaft bubble to pais through 
its fubftance. For, asto the firft, fince our A¢icrofcope informs us that the 
fubftance of Cork is altogether fill’d with Air, and that that Air is per- 
fectly enclofed in little Boxes or Cells diftinét from one another. It feems 
very plain, why neither the Water, nor any other Air can eafily infinu- 
ate it felf into them, fince there is already within them an iatus exiftens, 
and confequently, why the pieces of Cork become fo good floats for 

__ Nets, and {topples for Viols, or other clofe Veflels. 
And thirdly, if we enquire why Cork has facha fpringinefs and fwel- 

Jing nature whem comprets'd? and how it comes to fuffer fo great a com 
preflion, or {eeming penetration of dimenfions, fo as to be made a fub- 
{tance asheavie again and more, bulk for bulk, asit was before compref 
fion, and yet fuffer'd to return, is found to extend it felf again into the 
fame {pace? Our Adicrofcope will eafily inform us, that the whole ne 

R sonhits
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confifts of an infinite company of {mall Boxes or Bladders of Air, which 
isa fubftance of a fpringy nature, and that will fuffer a confiderable con- 
denfation (as I have feveral times found by divers trials, by which I have 
moft evidently condens dit into lefs then a twentieth part of its ufual di- 
menfions neer the Earth, and that with no other ftrength then that of my 
hands without any kind of forcing Engine, fuch as Racks,Leavers, Wheels, 
Pullies, or the like, but this onely by and by) and befides, it feems very 
probable that thofe very films or fides of the pores,have in them a {pring- 
ing quality, as almoft all other kind of Vegetable fubftances have, fo as 
to help toreftore themfelves to their former pofition. 

And could we {0 eafily and certainly difcover the Schematifme and 
Texture even of thefe films,and of feveral other bodies,as we can thefe of 
Cork’; there feems no probable reafon to the contrary, but that we might 

‘ _asreadily render the true reafon of all their Phenomena; as namely,what 
were the caufe of the fpringinefs, and toughnefs of fome, both as to their 
flexibility and reftitution. What, of the friability or brittlenefs of fome 
others, and the likes but till fuch time as our AZcrofcope, or fome other 

. means,enable us to difcover the true Schemati/m and Texture of all kinds 
, of bodies, we mutt grope, as it were, in the dark, and onely ghefs at the 

true reafons of things by fimilitudes and comparifons. 
But, to return to our Obfervation. I told feveral lines of thefe 

pores, and found that there were ufually about threefcore of thefe {mall 
Cells placed end-waysin the eighteenth part of an Inch in length,whence 
I concluded there muft be neer eleven hundred of them, or fomewhat 
more thena thoufand in the length ofan Inch, and therefore in a fquare 
Inch above a Million, or 1166400. and in a Cubick Inch, above twelve 
hundred Millions, or 1259712000. a thing almoft incredible, did not our 
Microfcope afture us of it by ocular demonftration; nay, did it not difco- 
ver to us the pores of a body, which were they diaphragm'd,like thofe of 
Cork, would afford us in one Cubick Inch, more then ten timesasmany 
little Cells, as is evident in feveral charr'd Vegetables; fo prodigioufly 
curious are the works of Nature, that even thefe confpicuous pores of 
bodies, which feem to be the channels or pipes through which the Succus 
wutritivs, or natural juices of Vegetables are convey d, and feem to cor- 
refpond to the veins, arteries and other Veflels in fenfible creatures, that 
thefe pores I fay, which feem to be the Veflels of nutrition to the vafteft 
body in the World, are yet fo exceeding {mall, that the Atoms which Epi- 
curws fancy'd would go neer to prove too bigg to enter them, much more 
to conftitute a fluid body in them.And how infinitely {maller then muft be 
the Veflels ofa Mite, or the pores of one of thofe little Vegetables I have 
difcovered to grow on the back-fide of a Rofe-leaf, and {hall anon more 
fully defcribe, whofe bulk is many millions of times lefs then the bulk of 
the fmall thrub it grows on; and even that fhrub, many millions of times 
Iefs in bulk then feveral trees (that have heretofore grown in England, 
and are this day flourifhing in other hotter Climates, as we are very cre- 
dibly inform’d) if at leaft the pores of this fmall Vegetable fhould keep 
any fuch proportion to the body of it, as.we have found thefe pores 
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of other Vegetables to do to their bulk. But of thefe,pores I have fiid 
more elfewhere. B 4 tent 

To proceed then, Cork feems to be by the tranfverfe conftitution of 
the pores, a kind of Fungus or Mufhrome, for the pores lie like! fo; many 
Rays tending from the center, or pith of the tree, outwards; f6.thatif 
you cut off a piece from a board of Cork tranfverlly, to the flat df. ity 
you will, as it were, {plit the pores, and they will appear juft as/they are 
exprefs'd in the Figure B of the XI. Scheme. But if you thave, off. 
very thin piece from this board, parallel to the plain of it, youwillicut 
allthe pores tranfverfly, and they will appear almoft as they are exprefs’d 
inthe Figure A, fave onely the folid Ivterfiitia will not appear fo.thick 
as they are there reprefented. Highs 

So that Cork {eems to fuck its nourifhment from the fubjacent bark of 
the Tree immediately, and to be a kind of excrefcence, or ‘a fubftance 
diftin& from the fubftances of the entire Ty ee, fomething avalogus. to 
the Mufhrome, or Mofs on other Trees, or to the hairsion Animals. ,And 
having enquird into the Hiftory of Cork, I find) it, reckoned’.as_an 
excrefcency of the bark of a certain Tree, which is diftinct from the two 
barks that lie within it, which are common alfo to other trees 5 That. ’tis 
fome time before the Cork that covers the young and tender fprouts , 
comes to be difcernable; That it cracks,flaws,and cleaves into many great 
chaps, the bark underneath remaining entire 5 That it may be feparated 
and remov'd from the Tree, and yet the two under-barks (fuch:as are 
alfo common to that with other Trees). not at.all injur'd, butjrather 
helped and freed from an external injury. Thus fonffonns in Dendralogia\ 
{peaking de Subere, fays, Arbor ef procera, Lignum eft robufium, detupto 
corticein aquis non fiuitat, Cortice in orbem detrado juvatur, crafceftens 
enim praftringit & ftrangulat, intra triennium iterumrepletur : Canderubi 

_—-adolefcit crafus, cortex fuperior denfus carnofus,duos digitos craffus; fcaber, 
| rimofus, C- qui nifi detrahatur debifcit,. alioque fubnafcente, expellitur,intex 

rior qui fubeft novellus ita rubet ut arbor minio pika,videatur..; Which 
___ Hiftories,if well confider’d, and the tree, fubftance, and manner. of grow- 

ing, if well examin’d, would, Iam very. aptito believe, muchconfirm this 
my conjecture about the origination of Cork. 44 

Nor is this kind of Texture peculiar to Cork onely,; for upon exami; 
nation with my Adicrofcope, I have found that the pith of an Elder, oral- 
moft any other Tree, the inriex pulp ‘or pith ofthe! Cany hollow falksof 
feveral other Vegetables: :as of Fennel, Carrets, Daucus, Bur-dacks, 
‘Teafels, Fearn, fome kinds of Reeds, dc. have ititich fich’a Kind of 
Schematifine, as 1 have lately thewn thatof Corks fave,onely;that here 
the pores are rang’d the long-ways, or the fame ways with the length of 
the Cane,whereas in Cork they are tranfverfe. °° 8 

The pith alfo that fills tha part_of the ftalk of aFeather that isabove 
the Quil, hasthuch fch'a ica of textute, fave onely that which Way fo- 
ever Let this light fubftdrice, the poresfeem'doto be ent tranfvértly’y (fo 
that I ghef this pith which fills the Feather, not to confift ehabunrang 
of Jong pores féparated with Diaphragms, as Cork does, but tobea ki ‘ 
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of folid or hardned froth,or a congeries of very {mall bubbles confolidated 
in that form,into a pretty ftiffas well as tough concrete,and that each Ca- 
vern, Bubble, or Cell, is diftinétly feparate from any of the reft, without 
any kind of hole in the encompafling films, fo that I could no more blow 
through a piece of this kinde of fubftance,then I could through a piece of 
Cork, or the found pith of an Elder. 

But though I could not with myAfcrofcope, nor with my breath, nor 
any other way Ihave yet try’d, difcover a paflage out of one of thofe 
cavities into another, yet I cannot thence conclude, that therefore there 
are none fuch, by which the Succws nutritive, or appropriate juices of Ve- 
getables, may pafs through them; for, in feveral of thofe Vegetables, 
whil'ft green, E have with my A4icrofcope, plainly enough difcover'd thefe 
Cells or Poles fill’d with juices, and by degrees {weating them out: as I 
have alfo obferved in green Wood all thofe long Afcrofcopical pores 
which appear in Charcoal perfectly empty of any thing but Air. 

- Now, though I have with great diligence endeavoured to find whe- 
ther there be any fuch thing in thofe A4icrofcopical pores of Wood or 
Piths, as the Valves in the heart,veins,and other paflages of Animals,that 
open 'and give paflage to the contain‘d fluid juices one way, and fhut 
themfelves,and impede the paflage of fuch liquors back again,yet have I 
not hitherto been able to fay any thing pofitive in it; though,me thinks, 
itféems very probable,that Nature has in thefe paflages,as well as in thofe 
of Animal bodies,very many appropriated Inftruments and contrivances, 
whereby to bring her defigns and end to pafs,which ‘tis not improbable, 
but that fome diligent Obferver, if help’d with better AZicro/copes, may 
in time detect. 

And that this may be fo, feems with great probability to be argued 
from the ftrange Phenomena of fenfitive Plants, wherein Nature er 
to perform feveral Animal actions with the fame schematifm or Orginiza- 
tion that is common to all Vegetables, as may appear by fome no lefs 
inftructive then curious Obfervations that were made by divers Emi- 
nent Membersof the Royal Society on fome of thele kind of Plants,where- | 
of an account was delivered in to them by the moft Ingenious and Excel- 
lent Phyfician, Doctor Clark, which, having that liberty granted me by 
that moft Illuftrious Society, { have hereunto adjoyn‘d. 

Obfervations on the Humble and Senfible Plants in M* Chiffin’s 
Garden in Saint James's Park, made Augult the 9 1661. 
Prefent, the Lord Brouncker, Sr. Robert Moray, Dr. Wilkins, 
Mr. Evelin, Dr. Henfhaw, and Dr. Clark. 

There are four Plants, two of which are little fhrub Plants, 
with ia little fhort ftock, about an Inch above the ground, from 
whence are fpread feveral fticky branches, round, ftreight, and 

f{mooth,
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fmooth in the diftances between the Sprouts, but juft under the 

Sprouts there are two fharp thorny prickles; broad in the ler 
ting on, as in the Bramble, one juft under the Sprout, the other 
on the oppofite fide of the branch. . 

The diftances betwixt the Sprouts are ufually fomething | s+ 

more then an Inch, and many upon a Branch, according to its “ aco 

length, and they grew fo, that if the lower Sprout be on the left 
fide of the Branch, the next above is on the right, and foto the 

end, not {prouting by pairs. 
Attheend of each Sprout are generally four {prigs, two at 

the Extremity, and one on each fide, juft under it. At the firft 

{prouting of thefe ftom the Brancli to the Sprig where the leaves 
grow, they are full of little fhort white hairs, which wear off as 
the leaves grow, and then they are fmoothi as the Branch, 

Upon each of thefe fprigs, are, for the moft part, eleven pair 
of leaves, neatly fet into the uppermoft part of the little fprig, 
exactly one againft another, as it were in little articulations, fuch 
as Anatomitts call Enarthrofis, where the round head of a Bone 
is received into another fitted for its motion ; and ftanding very 
fitly to fhut themfelves and touch, the paits juft above them 
clofing fomewhat upon them, as in the fhut fprig; fo is the 
little round Pedunculus of this leaf fitted into a little cavity of 
the {prig, vifible to the eye ina {prig new pluck’d, or ina fprig 
withered on the Branch, from which the leaves eafily fall by 
touching. 

The leaf being almoft an oblong {quare, and fet into the Pe= 
dunculus, at one of the lower corners, receiveth from that not 
onely a Spine, as 1 may call it, which, pafling through the leaf, 
divides it fo length-ways that the outer-fide is broader then the 
inner next the fprig, but little fibres pafling obliquely towards 

the oppofire broader fide, feem to make it here a little mufcular, 
and fitted to move the whole leaf, which, together wich the 
whole fprig, are fet full with little fhort whitifh hairs. 

One.
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One of thefe Plants, whofe branch feem’d to be older and 

more grown then the other, onely the tender Sprouts of it, after 
the leaves are fhut, fall and hang down; of the other, the whole 

branches fall to the ground, if the Sun fhine very warm,upen the 
firft taking offthe Glafs, which therefore call the bumble Plant. 

The other two, which do never fall, nor do any of their 
branches flagg and hang down, fhut not their leaves, but upon 
fomewhat a hard ftroke ; the ftalks feem to grow up from a root,, 
and appear more herbaceous, they are round and {mooth, without 
any prickle, the Sprouts from them have feveral pairs of {prigs, 
with much lefs leaves then the other on them, and have on 
each fprig generally feventeen pair. 

Upon touching any of the {prigs with leaves on, all the leaves - 
on that {prig contracting themfelves by pairs, joyned their up- 
per fuperficies clofe together. 

Upon the dropping a drop of Aqua fortis on the fprig be- 
twixt the leaves, f f all the leaves above fhut prefently, thofe 
below by pairs fucceflively after, and by the lower leaves of the 
other branches, //, Kk, &c. and fo every pair fucceflively, 
with fome little diftance of time betwixt,to the top of each fprig, 
and fo they continu’d fhut all the time we were there. But I re- 
turning the next day, and feveral days fince,found all the leaves 
dilated again on two of the {prigs ; but from ff, where:the Aqua 
fortis had dropped upwards, dead and withered; but thofe be- 
low on the fame fprig, green, and clofing upon the touch; .and | 
are fo at this day, Auguft 14. Lal Ss 

With a pair of Sciflers, as fuddenly as it could, be done, one 
of the leaves 4b was clipped off in the middle,upon which that 
pair, and the pair above, clofed prefently, after a little interval, 
dd, then ee, and fo the reft of the pairs, to the bottom -of the 
{prig, and then the motion began in the lower pairs; LJ, on the 
other {prigs, and fo fhut them. by pairs upwards, though not 
with fuch diftin@;diftances. sis;ij dyisr HeP sk ore clich sloder 

: ~ Under
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Under a pretty large branch with its {prigs on, there lying 

a large Shell betwixt two and three Inches below it, there was 
rubbed on a ftrong fented oyl, after a little time all the leaves on 

_ that fprig were fhut, and fo they continued all the time of our . 
ftay there,but at my returne the next day, I found the pofition 
of the Shell alter'd, and the leaves expanded as before, and 
clofing upon the touch. 

Upon’ the application of theSun-beams by a Burning-plafs, 
the more umble Plant fell, the othér fhut their leaves. 

We could not fo apply the fmioak of Sulpher, as to have any 
vifible effe& from that, attwo or three times trial; but on ano- 
ther trial,the fmoak touching the leaves, it fucceeded. 

The bumble Plant fell upon taking off the Glafs wherewith it 
was covered. 

Cutting off one of the little Sprouts, two or three drops of ti= 
quor were thruft out of the part from whence that was cut,very 
cleer, and pellucid, of'a bright greenith colour, tafting at firft 4 
little bitterifh,but after leaving a licorifh-like tafte in my mouth: 

_ __ Since,going two or three times when it was cold, 1 took the 
 Glaffes from the more bumble Plantjand it did not fall as former- 
ly, but fhut its leaves onely, But coming afterwards, when the 
Sun fhone very warm, as foon as it was taken off, it fell as 
before. 

Since 1 pluck’d off another fprig, whofe leaves were all fhut, 
‘and had been fo fome time, thinking to obferve the liquor 

fhould come from that I had broken off, but finding none, 
though with prefling,to come, I,as dexteroufly as I could, pull’d 
off one whofe leaves were expanded, and then had upon the fhut- 
ting of the leaves, a little of the mention’d liquor, from the end 
of the fprig I had broken from the Plant. And this twice fuc- 
ceflively, as often almoft as I durft rob the Plant. 

But my curiofity carrying me yet further, I cut off one of 
__ the harder branches of the ftronger Plant, and there came of the 

liquor,
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liquor, both from that I had cut, and that I had cut it from, 
without preflure. 

Which made me think, that the motion of this Plant upon 
‘ touching, might be from this, that there being a conftanténter- 

courfe betwixt every part of this Plant and its root,either bya cir- 
culation of this liquor,or a conftant prefling of the fubtiler parts 
of it to every extremity of the Plant. Upon every preflure,from 
whatfoever it proceeds, greater then that which keeps it up, the 
fubtile parts of this liquor are thruft downwards, towards its ar- _ 
ticulations of the leaves, where, not having room prefently to get _ 
into the fprig,the little round pedunculus, from whence the Spine 
and thofe oblique Fibres 1 mention’d rife, being dilated, the 
Spine and Fibres (being continued from it) muft be congraéted — 
and fhortned, and fo draw the leaf upwards to joyn with its fel- | 
low in the fame condition with it felf, where, being clofed,they — 
are held together by the implications of the little whitifh hair, as 
well as by the ftill retreating liquor, which diftending the Fibres — 
that are continued lower to the branch and root, fhorten them 
above ; and when the liquor is fo much forced fromthe Sprout, 
whofe Fibres are yet tender, and not-ableto fupport themfelves, — 
but by that tenfnefs which the liquor filling their isterflices gives _ 
them, the Sprout hangs and flags. 7 

But, perhaps, he that had the ability and leifure togive you 
the exact Anatomy of this pretty Plant, to fhew you its Fibres, 
and vifible Canales, through which this fine liquor circulateth, + 
or is moved, and had the faculty of better and more copioufly _ 
exprefling his Obfervations and conceptions, fuch a one would 
eafily from the motion of this liquor, folve all the Phenomena, 
and would not fear to affirm, that it is no obfcure fenfation this 
Plant hath. But I have faid toomuch, I humbly fubmit, and am 
ready to ftand corretted. r 

I have not yet made fo full and {atisfactory Obfervations as I defire on 
this Plant, which feems to be a Subject that will afford abundance of 

information.
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information. But asfarras I have had opportunity to examine it,I have 
difcovered with my Adicrofcope very curious ftructures and contrivances; 
but defigning much more accurate examinations and trials,both with my 
Aticrofcope, and otherwife, as foon as the feafon will permit, I thall not till 
then add any thing of what Ihave already taken notice of; but as farr as 
Ihave yet obferv'd,I judge the motion of it to proceed from caufes very 
differing from thofe by which Gut-ftrings,or Lute-ftrings,the beard of a 
wilde Oat, or the beard of the Seeds of Geranium, Mofcatum, or Musk: 
grafs and other of kinds of Crazes-bill,move themfelves. Of which] fhall 
add more in the fub{equent Obfervations on thofe bodies. 

Obferv. XIX. Of a Plant growing in the blighted or yellow fhecks 
of Damask-rofe-leaves, Bramble-leaves, and fome other kind 

of leaves: 

J Have for feveral years together, in the Moneths of fuze, July, Auguft, 
and September (when any of the green leaves of Rofes begin to dry and. 

grow yellow) obferv’d many of them, efpecially the leaves of the old 
fhrubs of Dawask-Rofés, all befpecked with yellow ftains, and the under- 
fides juft againft them, to have little yellow hillocks of a gummous fub- 
{tance, and feveral of them to have {mall black {pots in the mid{t of thofe 
yellow ones, which, to the naked eye, appear'd no bigger then the point 
of a Pin, or the {malleft black {pot or tittle of Ink one is able to make 
with a very fharp pointed Pen. 

Examining thefe with a AZcrofcope, I was able plainly to diftinguith,up 
and down the furface, feveral {mall yellow knobs, ofa kind of yellowifh 
red gummy fubftance, out of which I perceiv'd there fprung multitudes 
of little cafes or black bodies like Seed-cods, and thofe of them that 
were quite without the hillock of Gumm, difclos'd themfelves to grow 
out of it with a fmall Straw-colour'd and tranfparent ftem, the which 
feed and {tem appear'd very likethofe of common Mofs (which I elfe- 

_ where defcribe) but that they were abundantly lefs, many hundreds of 
them being not able to equalize one fingle feed Cod of Mots. 

Ihave often doubted whether they were the feed Cods of fome little 
_ Plant, or fome kind of {mall Buds, or the Eggs of fome very fmall Infect, 

they appear'd of a dark brownifb red, {ome almoft quite black, and of a 
_ Figure much refembling the feed-cod of Mofs, but their {talks on which 

' they grew were of a very fine tranfparent fubftance, almoft like the ftalle 
of mould, but that they feem’d {omewhat more yellow. 
That which makes me to fuppofe them to be Vegetables, is for that 

perceiv'd many of thofe hillocks bare or deftitute, as if thofe bodies lay ; 
yet conceal'd,as G. In others of them,they were juft fpringing out oftheir «'< hem . 
gummy hillocks, which all {em’d to fhoot direétly outwards, asat A. In 414.2". 
others, asat B, I found them juft gotten out,with very little or no — 

$ an :
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and the Cods of an indifferent cize;but in others,as C, | found then begin 

to have little fhort ftalks, or ftems; in others, as D, thofe {tems were 

rown bigger, and larger 5 and in others, as at E, F, H, I, K, L, Oe. thofe 

Rens and Cods were grown a great deal bigger, and the ftalks were 

more bulky about the root, and very much taper'd towards the top, as 
at F and L is moft vifible. i 

I did not find that any of them had any feed in them, or that any of 

them were hollow, but as they grew bigger and bigger, I found thofe 
heads or Cods begin to turn their tops towards their roots, inthe fame 

manner as I had Gbfery'd that of Mok to do; fo that in all likelihood, 
Nature did intend in that pofture, what fhe does in the like feed-cods of 
greater bulk, that is, that the feed, when ripe, fhould be fhaken out and 
difperfed at the end oft, as we find in Columbine Cods, and the like. 

The whole Oval OOOO in the fecond Figure of the 12. Scheme 
reprefents a {mall part ofa Rofe leaf, about the bignefs of the little Oval 
in the hillock, C, marked with the Figure X. in which I have not par- 
ticularly obferv’d all the other forms of the furface of the Rofé-leaf, as 
being little to my prefent purpofe. 

Now, if thefe Codshave a feed in them fo proportion’d to the Cod, as 
thofe of Pixks, and Carnations, and Columbines, and the like, how unima- 
ginably {mall muft each of thofe feeds neceflarily be, for the whole 
length of one of the largeft of thofe Cods was not 33; part of an Inch 
fome not above ;;;, and therefore certainly, very many thoufand of 
them would be unable to make a bulk that fhould be vifible to the naked 
eye; and if each of thefe contain the Rudiments of a young Plant of the 
fame kind, what muft we fay of the pores and conftituent parts ofthat ? 

The generation of this Plant feems in part,a{cribable to a kind of 4ail- 
dew or Blight,whereby the parts of the leaves grow fcabby, or putrify'd, 
as it were, fo as that the moifture breaks out in little {cabs or {pots, which, 
as I faid before; look like little knobs of a red gummous fubftance. 

From this putrify’d {cabb breaks out this little Vegetable ; which may 
be fomewhat like a AZould or Moff; and may have its equivocal genera- | 
tion much after the fame manner as I have fuppofed Aso/s or Afouldto 
have, and to be a more fimple and uncompounded kind of vegetation, 
which is fet a moving by the putrifactive and fermentative heat, joyn'd 
with that of the ambient aerial, when (by the putrifaétion and decay of 
fome other parts of the vegetable, that for a while ftaid its progrefS) itis 
unfetter'd and left at liberty to move in its former courfe, bt reafon 
of its regulators, moves and atts after quite another manner then it did 
‘when a coagent in the more compounded machine of the more perfect 
Vegetable. j ‘ : 

And from this very fame Principle, I imagine the Azifleto of Oaks, 
Thorns, Appletrees, and other Trees, to have its original: It feldom or 

never growing on any of thofe Trees,til] they begin to wax decrepid,and 
decay with age, and are pefter’d with many other infirmities. . 

Hither alfo may be referr'd thofe multitudes and varieties of Aamfhroms, 
fuch as that,call'd Fews-ears, all forts ofgray and greem Moffes, &c. — 

infeft
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infeft all kind of Trees,fhrubs,and the like,efpecially when they come to 
any bignefs. And this we fee to bevery muchthe method of Nature 
throughout its operations, putrifadtive Vegetables very often producing a 
Vegetable ofa much lefs compounded nature, and of a much inferiour 
tribe 5 and putrefactive animal fubftances degenerating into fome kind of 
animal production of a much inferiour rank,and of a more fimple nature. 

Thus we find the humours and {ubftances of the bod y.upon putrifacli- 
on,to produce {trange kinds of moving Vermine: the patrifacfion of the 
{limes and juices of the Stomack and Guts, produce Worms almott like 
Earth-worms,the Wheals in childrens hands produce a little Worm,call'd 
alWheal-worm: Thebloud and milk, and other humours, produce other 
kinds of Worms, at leaft, if we may believe what is deliver'd tous by 
very famous Authors; though, I confefy, I have not, yet been able to dif- 
cover fuch my felf. 

And whereas it may feem ftrange that Vinegar, Meal, multy Casks , &c. 
are obfervd to breed their differing kinds of Infetts, or living creatures, 
whereas they being Nee fubftances, {eem to bz ofan inferiour kind, 
and fo unable to produce a creature more noble, or of a more com: 
pounded nature then they themfelves are of, and fo without fomecon- 
current feminal principle, may be thought utterly unfit for fiich an ope= 
ration 5 I muft add, that we cannot prefently pofitively fay, there are 
no animal fubftances, either mediately, as by the foil or fatning of the 
Plant from whence they {prung,or more immediately,by thereal mixture 
or compofition of fuch fubftances, join'’d with them ; or perchance fome 

_ kind of Infect, in fuch places where fuch kind of puarifying or ferment- 
__ ing bodies are, may, by a certain inftinct of nature, eject fome fort’ of fe- 
_ minal principle, which cooperating with various kinds ot putrifying fub- 
| ftances, may produce various kinds of Infects,or Animate bodies : For we 

find in moft forts of thofe lower degrees of Animate bodies, that the 
petrifying fubftances on which thefe Eggs, Seeds, or feminal principles 
are cait by the Infeét, become, as it were, the A/atrices or Wombs that 
conduce very much to their generation, and may perchance alfo to their 
variation and alteration, much after the fame manner, as, by ftrange and 
unnatural copulations, feveral new kinds of Animals are produc'd, as 
Mules, and the like, which are ufually call’d Monftrous, becaufe a little 
unufual, though many of them have all their principal parts as perfectly 
fhap'dand adapted for their peculiar ufes, as any of the moft perfect 
Animals. If therefore the putrifying body,on which any kind of feminal 
or vital principle chances tobe ca{t, become fomewhat more then meer- 
ly a nurfing and foftering helper in the generation and produétion of 
any kind of Animate body, the more neer it approaches the true nature 
of a Womb, the more power will it have onthe by-blow it inclofes, But 
of this fomewhat more in the defcription of the Water-gnat. Perhaps 
fome more accurate Enquiries and Ob(ervations about thefe matters 
might bring the Queftion to fome certainty, which would be of no fmall 
concern in Natural Philofophy. 

But that putrifying animal fub{tances may produce animals ofan ot 
Sa ind,
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kind, I (ee not any fo very great a difficulty, butthat one may, without 
much abfurdity,admit: For as there may be multitudes of contrivances 
that go to the making up of one compleat Animate body ; fo, That fome 
of thofe coadjutors,inthe perfect exiftence and life of it, may be vitiated, 
and the life of the whole deftroyed, and yet feveral of the conftituting 
contrivances remain intire,I cannot think it beyond imagination or poffibi- 
lity; no more then that a like accidental procefs,as I have elfwhere hinted, 
may alfo be fuppofed to explicate the method of Nature in the Afetamor- 
phofis of Plants. And though the difference between a Plant and an Ani- 
mal be very great, yet Ihave not hitherto met with any fo cogewt an Ar- 
gument, as to make me pofitive in affirming thefe two to be altogether 
Heterogencous,and of quite differing kinds of Nature: And befides,as there 
are many Zoophyts, and fenfitive Plants( divers of which I have feen,which 
are ofa middle nature,and feem to be Natures tranfition from one degree 
toanother, which may be obferv'd inall her other paflages, wherein fhe 
is very feldom obferv'd to leap from one ftep to another) {o have we,in 
fome Authors, Inftances of Plants turning into Animals, and Animals into 
Plants, and the like; and fome other very ftrange (becaufe unheeded) _ 
proceedings of Nature; fomething of which kind may be met with, in 
the defcription of the Water-Gxat, though it be not altogether fo direét 
to the prefent purpofe. 

But to refer this Difcourfe of Animals to their proper places, I fhall 
add, that though one fhould fuppofe, or it fhould be prov'd by Obferva- 
tions, that feveral of thefe kinds of Plants are accidentally produc’d bya 
cafuial putrifaction, Lfee not any great reafon to queftion, but that, not- 
withftanding its own production was as ‘twere cafual, yet it may germi- 
nate and produce feed, and by it propagate its own, that is,a new Species, 
For we du not kriow, but that the Omnipotent and All-wife Creator 
might as directly defign the ftructure of fuch a Vegetable, or fuch an 
Animal to be produc'd out of fuch or fuch a patrfacion or change of 
this or that body, towards the conftitution or ftruéture of which, he 
knew it neceflary, or thought it fit to make it an ingredient; as that the 
digeftion or moderate heating of an Egg, either by the Female, or the 
Sun, or the heat of the Fire, or the like, fhould produce this or that Bird 5 
or that Patrifaétive and warm fteams fhould,out of the blowings,as they 
call them, that is, the Eggs of a Flie,produce a living Magot, and that,by 
degrees, be turn'd into an Awrelia, and that, by a longer and a propor- 
tion’d heat, be tranfauted intoaFly. Norneed wetherefore to fuppofe 
it the more imperfeé inits kind, then the more compounded Vegetable 
or Animal of which it is a part; for he might as compleatly furnith it 
with all kinds of contrivances neceflary for its own exiftence, and the 
propagation of itsown Species, and yet make it a part of a more com- 
pounded pene as a Clock-maker might make a Set of Chimes to be a 
part ofa Clock, and yet, when the watch part or ftriking part are taken 
away, and the hindrances of its motion remov’d, this chiming part 
may go as accurately, and ftrike its tune as exactly, as if it were ftill a 

part of the compounded Astomaton, So, though the original na or 
Jee =s eminal
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— feminal ptinélple from whieh this mimite Plant oh Rofe leavesidid! pring 

were, before the corruption caus'd by the Milledéw; aicomponiniv pait 
of the leaf on Which it grew; and did'ferve asia coagent inithe produgl 
onand conftitution of it; yer pipe debe fo confummateyas to prod abea) 
feed which might have a ower of propagating the! famie(peciesth ewrskg 
Of the Creator feeming of fuchan exceHency,that though they ‘ate wnkble 
to help to the perfecting ofthe more compounded exiftedce of the ¢rehtes 
Plant or Animial,they ot norwithftanding an ability of acing finely 
upon their 6wn interhal principle, {6 as to produce’a Vegetableiedy, 
though of ae compounded nature, ahd to proceed farr th te Hes 
thod of other Vegetables, as to bear flowers and {eeds, which nay ibe eau 
pabale of propagating the like. “So thatthe little cafes which appent td 
grow on the top Of the flender ftalks, ‘nay, for ought Pknow; thought 
fhould fuppofe, them to {pring froth the perverting of the uftal coutle of 
the parent Vegetable, contain a feed, which, being Ratter don other 
leaves of the‘fame Plant, ‘may produce a Plant of much the faniekind., | 

_ Nor are Damatk-Rofe leaves the onely’ leaves that “piodtice thelé 
kinds of Vegetable fproutingss for I have obferv'é chem allo it @yeral 
other kinds of Rofe leaves, and on the leaves of {everal forts of Briers} 
and on Bramble leaves they are oftentimes to be fotnd in very preat 
clifters ; fo that I have found in oneclufter,three, four, or five hundied of 
them, making a very confpicuous black {pot or feab oh the back fide of 
the leaf 7° - : , ee oe ; 

Obferv. XX. Of blue Mould, and of the jir/) Principles of Ves 
\ getation arifing from Putrefaction. Eo 

He Bhie and White and feveral kinds of hairy thotldy fpots, which 
| are obfervable upon divers kinds of purify bodies, whether Anié 

mal {ubftances,or Vegetable,fuch as the fkin, raw or dref'd, flefh,bloud, 
humours, milk, green Cheefe, ce. or rotten fA ppy Wood, or Herbs, 
Leaves, Barks, Roots, @c. of Plants, are all of thein nothing elfe’ but f= 
veral kinds of {mall and varioufly figur’d Mufitoms, which, frotn conve- 
nient materials in thofe putrifjing bodies, are, by the concurreat'heat of 
the Air, excited to acertain kind of vegetation, which will not be uné 
worthy our more ferious {peculation and examination, as I thal by and 
by thew. But, firft,I muft premife a fhort defeription of this specimen, 
which I have added of this Tribe, in the firft Figure ofthe X11, Scheme, 
which is nothing elf but the appearance of a fitiall white {pot of haity 
mould multitudes of which I found to befpeck & whiten over the téd co- 
vers ofa fmall book,which, it feems, were of! Sheeps-fkin,that being mote 
apt to gather mould, even in a dry and clean rooth, then other leathers. 
Thefe fpots appear d,through a good Aficrofeope,to be a very pretty eit Vegetative body, which, from almoft the fame part of the Leather; fhot 

out
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out multitudes of {mall long cylindrical and tranfparent ftalks,not exact: 

ly ftreight,but a little bended with the weight of a round and white knob 

that grew on the top of each of them; many of thefe knobs Tobferv'd 

to be very round, and of a fmooth furface, fuch as A A, ce. others 

fmooth Tikewife,but alittle oblong,as B; feveral of thema little broken, 

orcloven with chops at the top, as C; others flitter’d as ’twere, or flown 

all to pieces, as D D. The whole fubftance of thefe pretty bodies was 

ofa very tender conftitution, much like the fubftance of the fofter kind 

of common white Mufhroms, for by touching them with a Pin, I found 
them to be brufed and torn; they feem’d each of them to have a di- 
ftin& root of their own; for though they grew neer together ina clutter, 

yet I could perceive each ftem to rife out of a diftinét part or pore of the 
Leather ; fome of thefe were {mall and fhort, as {eeming to have been but 
newly fprung up, of thefe the balls were for the moft part round, others 
were bigger,and taller,as being perhaps of a longer growth,and of thefe, 
for the moft part, the heads were broken, and fome much watted, asE 

what thefe heads contain’d I could not perceive; whether they were 
knobs and flowers, or feed cafes, I am not able to fay, but they feem'd _ 
moft likely to be of the {ame nature with thofe that grow on Mufhroms, 
which they did,fome of them, not a little refemble. 

Both their fmell and tafte, which are active enough to make a fenfible 
impreffion upon thofe organs, are unpleafant and noifome. 

{could not find that they would fo quickly be deftroy'd by the actual 
flame ofa Candle, asat firft fight of them I conceived they would be,but 
they remain’d intire after { had paft that 9 of the Leather on which 
they ftuck three or four times through the flame of a Candle; fo that, it 
feems they are not very apt to take fire, no more then the common white 
Mufhroms are when they are fappy.__ 

There area imaldeade of other fhapes, of which thefe Aticrofcopical 
Mufhroms are figur’d, which would have been a long Work to have de- 
fcribed,and would not have fuited fo well with my defign in this Treatife, 
onely,amongft the reft, I muft not forget to take notice of one that wasa 
little like to, or refembled, a Spunge, confifting of a multitude of little 
Ramifications almoft as that body Jock which indeed feems to bea kind 
of Water-Muthrom, of a very pretty texture, as I elfé-where manifeft. 
And a fecond, which I muft not omit, becaufe often mingled, and neer 
adjoining to thefe Ihave deferib’d,and this appear'd much like a Thicket 
of bufhes, or brambles, very much branch’d,and extended,fome of them, 
toa great length, in proportion to their Diameter,like creeping brambles. 

The manner of the growth and formation of this kind of Vegetable, is 
the third head of Enquiry,which, had I time,] fhould follow : the figure 
and method of Generation inthis concrete feeming to me, next after 
the Enquiry into the formation, figuration, or chryftalization of Salts, to 
be the moft fimple, plain, and eafie; and it feems to be a medinm 
through which he muft neceffarily pafs, that would with any likelihood. 
inveftigate ths (arm informans of Vegetables : for as I think that he fhall/ 
find it a very difficult tafk, who undertakes to difcover the form of Sa- 

, line
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line cryftallizations, without the confideration and prefeience of the na- 
ture and reafor’of.a Globular form, and as difficult to explicate this cons 
figuration of Mufhroms, without the previous confideration of the form 

| of Salts, fo will the enquiry into the forms of Vegetables be no le&, if 
— not much more difficult, without the fore-knowledge of the forms of 

Mufhroms, thefe feveral Enquiries having no lefs dependance one tip- 
onanother then any feleét number of Propofitions in Mathematical Ele- 
mentsmay be made to have. 

Nor doTimagine that the fkips from the one to another will be found 
very great, if beginning from fluidity, or body without any form, we 

+ defeend gradually,till we arrive at the higheft form of a bruite Animal’s 
Soul, aba bs the fteps or foundations of our Enquiry, Fluidity, Orbien- 
lation, Fixation, Angulization, or Cryftallization Germination or Ebullia 
tion, Vegetation Plantanimation, Animation, Senfation, Imagination, 

Now, that we may the better proceed in our Enquiry, It will be re- 
quifite to confider : 

Firft, that Mould and Mufhroms require no feminal property, but the 
former may be produc’d at any time from any kind of putrifying Animal; 
or Vegetable Subftance,as Fleth,@c. kept moift and warm,and the latter, 
if what Aathiolws relates be true, of making them by Art, are as much 
within our command, of which Matter take the Epitomie which Mr; 
Parkinfow has deliver'd in his Herbal, in his Chapter of Atwhroms, becaule 
Thave not Afathiolws now by me: Unto thefe Mufhroms (faith he) may 
alfo be adjoyn'd thofe which are made of Art (whereof Mathiolus makes men- 
tion) that grow naturally among certain ftones in Naples, and that the 
frones being digg’d up, and carried to Rome, and other places, where they 
fet them in their Wine Cellars, covering them with a little Earth,and fprink- 
ling a little warm water thereon, would within four days produce Mufhroms 
fit to be eaten, at what time one will: As allo that Mufbroms may be made 
to grow at the foot of a wilde ct Tree, within four days after, warn 
mater wherein fome leaves have been difole'd hall be pour'd into the Root 
(which muft be flit) and the ftock above ground. 

~ Next, that as Mufhroms may be generated without feed, fo does it 
not appear that they have any fuch thing as feed in any part of them; for 
having -confidered feveral kinds ofthem, I could never find any thing in 
them that I could with any probability ghefs to be the feed of it, fo that 
it does not as yet appear (that I know of) that Muthroms may be ge- 
nerated froma feed, but they rather feem to depend merely upon a con- 
venient conftitution of the matter out of which they are made, and a 
concurrence of either natural or artificial heat. 

Thirdly,that by feveral bodies (as Salts and Metals both in Watet and 
in the air, and by feveral kinds of ftiblimations in the Air) a€tuated and 
eee with a congruous heat, there may be producd feveral kinds of 

dies as curioufly, if not of a more compos’d Figure; feveral kinds of 
rifing or Ebulliating Figures feem to manifeft; as witnefS the oe 
in the Rettification of {pirits of Urine, Hart-born, Blond, &c. witnefs alfo 
the curious branches of evaporated diffolutions, fome of them gs 

the
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the fides of the containing Jar: others ftanding up, or growing an end, 
out of the bottom, of which I have taken notice of a very great variety, 
But above all the reft, it isa very pretty kind of Germination which is af: 
forded us in the Silver Tree, the manner of making which with Mercury 
and Silver, is well known tothe Chymifts, in which there is an Ebullition 
or Germination, very much like this of Muthroms, if I have been rightly 
inform’d of it. 7 

Fourthly, I have very often taken notice of, and alfo obferv'd witha 
Microfcope, certain excrefcencies or Ebullitions in the {nuff of a Candle, 
which, partly from the ene of the fmoaky particles as they are car- 
ryed upwards by the current of the rarify’d Air and flame, and partly 4 
alo from a kind of Germination or Ebullition of fome actuated unctuous 
parts which creep along and filter through fome fmall {tring of the Week, 
are formed into pretty round and uniform heads, very much refembling 
the form of hooded Muthroms, which, being by any means expos'd to the 
frefh’Air, or that air which encompaffes the flame, they are prefently — 
lick’d up and devour'd by it, and vanifh. dn 

The reafon of which Phexomenon feems to me,to be no other then this : 
That when a convenient thread of the Week is fo bent out by the fides 

of the fnuff that are about half an Inch or more, remov'd above the 
bottom,or loweft part of the flame,and that this part be wholly included 
in the flame; the Oyl (forthe reafon of filtration, which I have elfe- 
where rendred) being continualy driven up the fnuff, is driven like- 
wife into this’ nee bended-end, and this being remov'd a good 
diftance, as half anInch or more, above the bottom of the flame, the 
parts of the air that pafles by it, are already, almoft fatiated with the dif, 
folution of the boiling unctuous {teams that iffued out below, and there- 
fore are not onely glutted, that is, can diflolve no more then what they 
are already acting upon, but they carry up with them abundance of 
unctuous and footy particles, which meeting with that rag of the Week, 
thatis plentifully fill with Oy!, and onely fpends it as faft as it evapo- 
rates, and not at all by diflolution or burning, by means of thefe fteamy 
parts of the filterated Oy] iting out at the Pics of this ragg, and being 
inclos'd with anair that is already fatiated and cannot prey upon them 
nor burn them, the afcending footy particles are ftay'd about it and fix'd, 
fo as that about the end of that ragg or filament of the fnuff, whence the 
greateft part of the {teams iffue, there is conglobated cr fix'd around 
and pretty uniform cap, much refembling the head of a Mufhrom, which, 
if it be of any great bignefs, you may obferve that its underfide will be 
bigger then that which is above the ragg or ftem of it; for the Oy] that is 
brought into it by filtration, being by the bulk of the cap a little fhelter'd 
from the heat of the flame, does by that means iflue as much out from be- 
neath from the ftalk or downwards, as it does upwards, and by reafon of 
the great accefs of the adventitious fmoak from beneath, it increafes moft . 
that way. Thatthis may be the true reafon of this Phenomenon, I could 
produce many Arguments and Experiments to make it probable: As, 

Firft, that the Filtration carries the Oy] to the top of the Weck, at leaft 
as
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as high as thefe raggs, is vifible to one that will obferve the Inuffof 4 
burning Candle with a Afcrofcope, where he may fee an Ebullition o¢ 
bubbling ofthe Qy), as high as the fnufflooks black. : 
Next,that it does fteam away tore then burn; I could tell ‘you of the 

dim burning of a Candle, the longer the fnuff be which arifes trom the 
abundance of vapours out of the higher parts of it. ) 

And, thirdly, that in the middle of the flame of the Candle; ti¢et the 
top of the fnutf, the fire or diflolving principle is nothing neer fo ftrong,, 
as neer the bottom and out edges of the flame, which may be obferv’d by 
the burning afunder of a thread, that will firft break in thofe parts\that 
the edges of the flame touch, and not inthe middle. } 

And I could add feveral Obfervables that I havetaken notice of in the 
flame ofa Lamp actuated with Bellows, and very many others that’con 
firm mein my opinion, but that it is not {o much to my prefent'purpofe, 
which is onely to confider this concreet in the fnuff of a Candle, {o farr 
as it has any refemblance of a Mufhrom, to the confideration of which, 
that I may return, I fay, we may alfo obferve: 

Inthe firft place, that the droppings or trillings of Lapidefcent waters 
| inVaults under ground,feem to conftitute ‘a kind of petrify'd body,form’d 

almoft like fome kind of Mufhroms inverted,in fo much that I have feen 
_ fome knobb’d a little at the lower end, though for the moft part, indeed 
___ they are otherwife fhap’d,and taper’d towards the end; the generation of 

which {eemsto be from no other reafon but this, that the water by foak= 
ing through the earth and Lime (for I ghefs that fubftance toadd much 
to it petrifying quality) does fo impregnate it felf with ftony particles, 
that hanging in drops in the roof of the Vault ,-by reafon thaé the 
foaking of the water is but flow, it becomes expos'd to the Air, and there- 
by the outward part of the drop by degrees grows hard, by reafonthat 
the water gradually evaporating the {tony particles neet the outfides of 
the drop begin to touch, and by degrees, to dry and grow clofertoge+ 
ther, and at length conftitute a cruft or fhell aboutthe drop} and this 
foaking by degrees, being more and more fupply’d, the drop ' grows 
longer and longer, and the fides hatden thicker and thicker ‘into'a 
Quill or Cane, and at length, that hollow or pith becomes almoft ftop'd 
up, and folid: afterwards the foaking of the petrifying water, finding no 
longer a paflage through the middle, burfts out, and trickles down the 
outfide, and as the water evaporates, leaves new fuperinduc’d thells, 
which more and more {well the bulk of thofe Iceicles; and becaufle of 
the great fupply from the Vault, of petrifyixg water, thofe bodies: grow 
bigger and bigger next to the Vault, and taper or fharpen towards the 
point; for the accefs from the arch of the Vault being but very flowjand 
confequently the water being {pread very thinly over the furface of the 
Iceicle, the water begins to foals before it can reach to the bottotn, or 
corner end of it; whence, if you break one ‘of thefe, you would ‘almoft 
imagineit a ftick of Wood petrify'd, ‘it having {0 pretty a refemblance of 
pith and grain, and if you look oh’ the outfide of a piece; or of one 
whole,’ you would think no lefs, both from its’ vegetable roundnefs and 

. tapering
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tapering form; but whereas all Vegetables are obferv’d to fhoot and 
row perpendicularly upwards, this does fhoot or propend direttly 

feraeecs. ; 

. By which laft Obfervables, we fee that there may be a very pretty 
body fhap’d and concreeted by Mechanical principles, without the leaft 
fhew or probability of any other feminal formatrix. 

And fince we find that the great reafon of the Phenomena of this pret- 
ty petrifattion, areto be reduced from the gravity of a fluid and pretty 
volatil body impregnated with ftony particles, why may not the Phexo- 
mena of Ebullition or Germination be in part pohly enough deduc'd 
from the levity of an impregnated liquor, which therefore perpendicu- 
larly afcending by degrees, evaporates and leaves the more folid and 
fix'd parts behind in the form of a Mufhrom, whichis yet further diverfi- 
fy'd and fpecificated by the forms of the parts that impregnated the li- 
guor, and compofe or help to conftitute the Mufhrom. 

That the foremention'd Figures of growing Salts, and the Silver Tree, 
are from this principle, I could very eafily manifeft; but that I have not 
now a convenient opportunity of following it, nor have I made a fuffici- 
ent number of Experiments and Obfervations to propound, explicate,and 
prove fo ufefull a Theory as this of Mufhroms: for, though the con- 
trary principle to that ofpetrify'd Iceicles may be in part a caufe; yet 
I cannot but think, that there is fomewhat a more complicated caufe, 
though yet Mechanical, and poflible to be explain‘d. 

We therefore have further to enquire of it, what makes it tobe fucha 
liquor, and to afcend, whether the heat of the Sun and Air, or whe- 
ther that of firmentiation and putrifaéion, or both together 5 as alfo whe- 
ther there be not a third or fourth; whether a Saline principle be not a 
confiderable agent in this bufinefs alfo as well as heat ; whether alfo a fixa- 
tion, precipitation or fettling of certain parts out of the aerial Mafbrom 
may not be alfo a confiderable coadjutor in the bufinefs. Since we find 
that many pretty beards or ftiri¢ of the particles of Silver may be preci- 
pitated upon a piece of Brafs put into a folution of Silver very much di- 
luted with fair water, which look not unlike a kind of mould or hoar 
upon that piece of metal ; and the hoar froft looks like a kind of mould 5 
and whether there may not be feveral others that do concurr to the pro- 
duction ofa Mufhrom, having not yet had fufficient time to profecute ace 
cording to my defires, I muft referr thistoa better opportunity of my 
own, or leave and recommend it to the more diligent enquiry andexa> 
mination of fuch as can be mafters both of leifure and conveniencies for 
fuch an Enquiry. | 

And in the mean time, I muft conclude, that asfar as Ihave beenable 
to look into the nature of this Primary kind of life and vegetation, I can- 
not find the leaft_ probable argument to perfwade me there is any other 
concurrent, caufe then fuch as is purely Mechanical, and that the effects 
or produttions are asneceflary upon the concurrence of thofe caufes as 
that a Ship, when the Sails are hoift up, and. the Rudder is fet tofucha 
pofition,thould,when the Wind blows,’ be mov'din.fuch away or courfe 
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to that or tother place 3 Or, as that the brufed Watch, which I mens 

tion inthe defcription of Mofs, fhould, when thofe parts which hindred 

its motion were fallen away, begin to move, but after quite another man- 
ner then it did before. 

eee iat pie ab ae lubes i pra eap Eee ere ap Sede srieyet) Sotes 

Obferv. XXI. Of Mol, and feveral other finall vegetative Sub- 
flances. 

OG is a Plant, that the wifeft of Kings thought neither unworthy 
M his {peculation, nor his Pen, and though amongft Plants it be in 

bulk one of the fmalleft, yet itis not the leaft confiderable: For, as to its 

fhape, it may compare for the beauty of it with any Plant that grows; 
and bears a much bigger breadth; it hasa root almoft like a feedy Parf- 

nep, furnifh’d with {mall ftrings and fuckers, which are all of them finely 

branch’d, like thofe of the roots of much bigger Vegetables out of this 

{prings the ftem or body of the Plant, which ts fomewhat Quadrangular, 
rather then Cylindrical, moft curioutly fluted or {trung with {mall creafes, 
which run, for the moft part, paral/el the whole ftem 5 on the fides of this 
are clofe and thick fet, a multitude of fair,large,well-fhap'd leaves, fome 
of them of arounder, cthers of a longer fhape, according as they are 

younger or older when pluck’d5 as I ghefs by this, that thote Plants that 
had the ftalks growing from the top of them, had their leaves of a much 

longer fhape, all the furface of each fide of which, is curioutly cover'd 
with a multitude of little oblong tranfparent bodies, in the manner as 
you fee it exprefs'd in the leaf B, in the XIII. Scheme. 

This Plant, when young and {pringing up, does much refemble a Houf? 

leek, having thick leaves,almoft like that, and feems to be fomwhat of kin 

to it in other particulars 5 alfo from the top of the leaves, there fhoots out 

a {mall white and tranfparent hair, or thorn: This {tem, in time,come to 

fhoot out intoa long,roundand even ftalk, which by cutting tranfverfly, 
when dry, Imanifeftly found to be a ftiff, hard, and hollow Cane, or 

Reed, without any kind of knot, or ftop, from its bottom, where the 
leaves encompafs'dit, to the top, on which there growsa large feed cafe, 
A, cover’d with a thin, and more whitifh fkin, B. terminated ina long 
thorny top, which at firft covers all the Cafe, and by degrees, as that 
fwells, the fkin cleaves, and at length falls off, with its thorny top and all 
(which is apart of it) and leaves the feed Cafe to ripen; and by degrees, 
to fhatter out its feed at a place underneath this cap, B, which before 
the feedis ripe, appears like a flat barr’d button, without any hole inthe 
‘middle; but as it ripens, the button grows bigger, anda hole appearsin 
the middle of it, E, out of which, in all probability, the feed falls: For 
asit ripens by a provifion of Nature, that end of this Cafe turns down- 
ward after the fame manner as the earsof Wheat and Barley ufually do3 
and opening feveral of thefe dry red Cafes, F, I found them to be 

a3 quite
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quite hollow,without any thing at allin them; whereas when I cut them 
afunder witha fharp Pen-knife when green, I found in the middle of this 
great Cafe,another {maller round Cafe,between which two,the ivterflices 
were fill’d with multitudes of ftringie fbres, which feem’d to fufpend the 
lefler Cafe in the middle of the other, which (as farr as I was able to dif 
cern) feem’d full of exceeding {mall white feeds, much like the feed-bagg 
in the knop of a Carnation, after the flowers have been two or three 
days, or a week, fallen off; butthis I could not fo perfectly difcern, and 
therefore cannot pofitively affirm it. 

After the feed was fallen away, I found both the Cafe, Stalk,and Plant, 
all grow red and wither, and from other |i of the root continually to 
fpring new branches or {lips, which by degrees increafed, and grew as 
bigg as the former, feeded, nee fhatter'd, and wither'd. 

Tcould not find that it obferv’d any particular feafons for thefe feveral 
kinds of growth, but rather found it to be {pringing, mature, ripe, {eedy, 
and wither’d at all times of the year; But I found it moft to flourifh and 
increafe in warm and moift weather. 

It gathers its nourifhments,for the moft part out of fome Lapidefcent,or 
other fubftance corrupted or chang’d from its former texture, or fub- 
ftantial form; for! have found it to grow on the rotten parts of Stone, 
of Bricks, of Wood, of Bones, of Leather, &c. 

It oft grows on the barks of {everal Trees, fpreading it felf, fometimes 
from the ground upwards, and fometimes from fome chink or cleft of 
the bark of the Tree, which has fome patrify'd fubftance in it 5 but this 
feems of a diftin¢t kind from that which I obferv’d to grow on putrify'd 
inanimate bodies, and rotten earth. 

There are alfo great varieties of other kinds of Mofles, which grow on 
Trees, and feveral other Plants, of which] fhall here make no mention, 
nor of the Mofs growing on the fkull of a dead man, which much re- 
fembles that of Trees. 

Whether this Plant does fometimes originally {pring or rife out of cor- 
ruption, without any difleminated feed, Ihave not yet made trials enough 
che very much, either pofitive or negative; for as it feems very hard to 
conceive how the feed fhould be generally difpers’d into all parts where 
there is a corruption begun, unlefs we may rationally fuppofe, that this 
feed being fo exceeding {mall,and confequently exceeding light,is there- 
by taken up, and carried to and fro in the Air into every place,and by 
the falling drops of rain is wath'd down out of it, and fo difpers’d into all 
places, and there onely takes root and propagates, where it finds a con- 
venient {oil or matrix for it to thrive ins fo if we will have it to proceed 
from corruption, it isnot lefs difficult to conceive, 

Fir(t, how the corruption of any Vegetable, much lefs of any Stone or 
Brick, fhould be the Parent of fo curioufly figur'd, and fo perfed.a 
Plantas this is. But here indeed, I cannot but add, that it feems rather to 
bea product of the Rain in thofe bodies where it is ftay'd, then of the 
very bodies themfelves, fince I have found it growing on Marble, and 
Flint; but always the AZcrofcope, if not the naked eye, would difcover 
fome little hole of Dirt in which it was rooted. Next,
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Next,how the corruption ofeach of thofe exceedingly differing bodies 

fhould all confpire to the production of the fame Plant, that is,that Stones, 
Bricks, Wood, or vegetable fubftances, and Bones, Leather, Horns, or 
animate fubftances, unlefs we may with fome plaufiblenefs fay, that Air 
and Water are the coad jutors, or #en/firuums.,in all kinds of putrifactions, 
and that thereby the bodies (though whilft they retain’d their fubftan- 
tial forms,were of exceeding differing natures,yet)fince they are diflolv’d 
and mixt into another, they may be very Homogeneous, they being almoft 
refolv'd again into Air, Water,and Earth ; retaining,perhaps, one part of 
their vegetative faculty yet entire, which meeting with congruous af- 
fiftants, {uch as the heat of the Air, and the fluidity of the Water, and 
fuch like coadjutors and conveniences, acquires a certain vegetation for 
atime, wholly differing perhaps from that kind of vegetation it had 
before. 

To explain my meaning a little better by a grofs Similitude : 
Suppofe a curious piece of Clock-work, that had had feveral motions 

and contrivances in it, which, when in order, would all have mov’d in 
their defign'd methods and Periods. We will further fuppofe, by fome 
means, that this Clock comes to be broken, brufed, or otherwife difor- 
dered, fo that feveral parts of it being diflocated, are impeded, and fo 
ftand {till, and not onely hinder its own progreflive motion, and produce 
not the effect which they were defign’d for, but becaufe the other parts 
alfo havea dependence upon them, put a {top to their motion likewife 5 
and fo the whole Inftrument becomes unferviceable,, and not fit for any 
ufe. This Inftrument afterwards, by fome fhaking and tumbling, and 
throwing up and down, comes to have feveral of its parts fhaken out, and 
feveral of its curiousmotions, and contrivances, and particles all fallen 
afunder ; here a Pin falls out, and there a Pillar, and here a Wheel, and 
there a Hammer, and a Spring, and the like, and among the reft, away 
falls thofe parts alfo which were brufed and diforder’d, and had all this 

___ while impeded the motion ofall the reft; hereupon feveral of thofe other 
__-motions that yet remain, whofe {prings were not quite run down, being 

now at liberty, begin each of them to move,thus or thus, but quite after 
another method then before, there being many regulating parts and the 
like,fallen away and loft. Upon this, the Owner, who chances to hear 
and obferve fome of thefe effedts, being ignorant of the Watch-makers 
Art, wonders what is betid his Clock; and prefently imagines that - 
fome Artift has been at work, and has fet hisClock inorder, and madea 
new kind of Inftrument of it, but upon examining circumftances,he finds 
there was no fach matter, but that the cafual flipping out of a Pin had 
made feveral parts of his Clock fall to pieces, and that thereby the ob- 
ftacle that all this while hindred his Clock, together with other ufefull 

parts were fallen out, and fo his Clock was i at liberty. And upon 
winding up thofe {prings again when run down, he finds his Clock to go, 
but quite after another manner then it was wont heretofore. 

And thus may it be:perhaps in the bufinefs of Mofs and Mould, and 
Mutfhroms, and feveral other fponrancons kinds of vegetations, which 

may
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may be caus‘d by a vegetative principle, which was a coadjutor to the 
life and growth of the greater Vegetable, and was by the deftroying 
of the life of it ftopt and impeded in performing its office 5 but after- 
wards, upon a further corruption of feveral parts that had all the while 
impeded it, the heat of the Sun winding up, as it were, the fpring, fets it 
again into a vegetative motion, and this being fingle,and not at all regu- 
lated as it was before(whena partof that greater achive the priftine ve- 
getable)is mov'd after que a differing manner,and produces effects very 
differing from thofe it did before. 

But this I propound onely as a conjecture, not that I am more enclin’d 
to this Hypotkgs then the feminal, which upon gocd reafon 1 ghefs to be 
Mechanical alfo, as may elfewhere more fully fhew: But becaufe I may, 
by this, hint a poflible way how this appearance may be folv'd 5 fuppofing 
we fhould be driven to confefs from certain Experiments and Obfervati- 
ons made, that fuch or fuch Vegetables were produc'd out of the cor- 
ruption ofanother, without any concurrent feminal principle (as I have 
given fome reafon to fuppofe, in the defcription of a Asicrofcopical Muth- 
rome) without derogating at all from the infinite wifdom of the Creator. 
For this accidental production, as I may call it, does manifeft asmuch, if 
not very much more, of the excellency of his contrivance as any thing in 
the more perfect vegetative bodies of the world, even as the accidental 
motion of the Automaton does make the owner fee, that there was much 
more contrivance in it then at firft he imagin’d, But of this I have added 
more in the defcription of Mould,and the Vegetables on Rofe leaves, cic. 
thofe being much more likely to have their original from fuch a caufe 
then this which have here defcribed, in the 13. Scheme, which indeed I 
cannot conceive otherwife of, then as of a moft perfect Vegetable, want- 
ing nothing of the perfections of the moft confpicuous and vafteft Vege- 
tables of the world, and to be of a rank fo high, as that'it may very 
properly be reckon‘d with the tall Cedar of Lebanon, as that Kingly 
Botanift has done. 

We know there may be as much curiofity of contrivance, and excel- 
lency of form in a very fmall Pocket-clock, that takes not up an Inch 
fquare of room,as there may be ina Church-clock that fillsa whole room 5 
And I know not whether all the contrivances and Aechanifias requifite 
to a perfect Vegetable, may not be crowded into an exceedingly lefs 

* room then this of Mofs, as I have heard of a ftriking Watch fo {mall, 
that it ferv’d for a Pendant in a Ladies ear; and Ihave already given 
you the defcription of a Plant growing on Rofe leaves, that is abundant- 
ly {maller then Mofs; infomuch, that neer 1000. of them would hardly 
make the tite of one fingle Plant of Mofs. And by comparing the 
bulk of Mofs, with the bulk of the biggeft kind of Vegetable we meet — 
with in Story (of which kind we find in fome hotter climates, as Guine, 
and Brafile, the {tock or body of fome Trees to be twenty foot in Dia- 
meter, whereas the body or {tem of Mofs, for the moft part, is not above 
one fixtieth part of an Inch) we fhall find that the bulk of the one 
will exceed the bulk of the other, no lefs then 2985984 Millions, 

or
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or 2985984000000, and fuppofing the produttion‘oha Rok leaf tobe 
a Plant, we thall have of thofe indian Plants to exceed a production of 
the fame Vegetable kingdom no lef then 1000 tirnesthe formér nuthber 5 
{o prodigioully varicusare the works of the Creavor,aad fo All-fufficient 
is he to perform what toman would {cem unpoffible, they being both 
alike eafie to him, even as one day, aid a thoufand years are to him as 
one and the fame time. : 

Thave taken notice of fuch an infinite vatiety of thofe finaller kinds of 
vegetations, that fhould Ihave defcribed every one of them,they would 
almoft have fill'd a Volume,and prov d bigg enough to have made anew 
Herbal, fuch multitudes are there to be found in moift hot Weather, 
efpecially in the Summer time, on all kind of purifying fubltances, which, 
whether they do more properly belong to the Claffir of Aafhroms, or 
Moulds, or Mofés, \thali not now difpure, there being fome thac fee 
more properly of one kind, others of another, their colowts and 
magnitudes being as much differing as their Figures and fibftances, 

Nay, I have obferv'd that putting fair Warer (whether Rain-wateror 
Pump-water, or M4ay-derw, or Snow-water, it was almoft all one) Ihave 

_ often obferv'd, I fay, that this Water would, witha little {tanding, tarnifh 
and cover all about the fides of the Glaf that lay under water, with 4 
lovely green ; but though I have often endeavour’d to difeover with my 

_ Microfcope whether this green were like Mofs, or long ftriped Sea-weed, 
or any other peculiar form, yer fo ill and imperfect are our Adicrofopes, 
that [could not certainly diferiminate any. 

Growing Trees alfo, and any kinds of Woods, Stones, Bonies;cc, that 
have been long expos‘d to the Air and Rain, will be all over cover'd with 
agreenifh feted wich will very much foul and green any kind of cloaths 
that are rubb'd againft its viewing this, I could not certainly perceive 
in many parts ofit any determinate Somers in many I could perceive 
aBed as ‘twere of young Mofs, but in other parts it look’d almoft like 
green buthes,and very confus’d,but always of what ever irregular Figures 
the parts appear'd of, they were always green, and feem'd to be either 
fome Vegetable, or to have fome vegetating principle, 

Obferv. XXII. Of common Sponges, and feveral other Spongié 
fibrous bodies. i 

: Sponge is commonly teckon’d among the Zoop/yts, or Platt Ani- 
A mals; and the texture of it,which the ere to 
confirm its for it is of a form whereof I never obfervd any other Vege- 
table, and indeed, it feems impotlible thavany thould be of it, for it con- 
Gfts of an infinite number of {mall thore fibres; or nervons parts, mach of 
the fame bignefs, curioufly jointed dr: contex'd together in: the form 
ofa Net, as is more plainly mduifeft by the little Draught whicli I me 

4 aade
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added, in the third Figure of the IX. Scheme, of a ne of it, which you 

may perceive reprefents a confus'd heap of the fibrous parts curioutly 

jointed andimplicated. The joints are, for the moft part, where three 

fibres onely meet,for I have very feldom met with any that had four. 

At thefe joints there is no one of the three that {cems to be the ftock 
whereon the other grow, but each of the fibres are, for the moft part, of 

" anequal bignefs, and feemeach of them to have an equal fhare inthe 

joint ; the An are all ofthem much about the fame bignefs, not fmaller 
towards the top of the Sponge, and bigger neerer the bottom or root, as 
is ufuall in Plants, the length of each between the joints, is very irregu- 

lar and different; the diftance between fome two joints, being ten or 
twelve times more then between fome others. 

Nor are the joints regular, and of an equitriagonal Figure, but,for the 

moft part, the three fibres {o meet, that they compofe three angles very 

differing all of them from one another. 
The mefhes likewife, and holes of this reticulated body, are not lefs 

variousand irregular: fome bilateral, others trilateral, and quadrilateral 

Figures; nay, I have obferv'd fome mefhes to have 5, 6, 7,8, or 9. fides, 
and fome to have onely one, fo exceeding various is the Lafus Nature in 
this body. 

As to the outward appearance of this Vegetative body, they are fo 

ufuall every where, that I need not defcribe them, confifting of a foft 
and porous fubftance, reprefenting a Lock, fometimes a fleece of Wooll ; 
but it has befides thefe {mall microfcopical pores which lie between the 
fires, a multitude of round pores or holes, which, from the top of it, 
pierce into the body, and fometimes go quite through to the bottom, 

I have obferv'd many of thefe Sponges, to have included likewife in 
the midft of their fibrous contextures, pretty large friable ftones, which 
muft either have been inclos'd whil'ft this Vegetable was in formation,or 
—— in thofe places after it was perfectly fhap'd. The later of which 
cems the more improbable, becaufe I did not find that any of thefe ftony 
fubftances were perforated with the fibres of the Sponge. 

Ihave never feen nor been enform’'d of the true manner of the grow- 
ing of Sponges on the Rockswhether they are found to increafe from little 
to great, like Vegetables,that is, part after part, or like Animals, all parts 
equally growing together; or whether they be #atrices or feed-baggs of 
any kind of Fithes, or fome kind of watry Infect 5 or whether they are at 
any times more foft and tender, or of another nature and texture,which 
things, if knew, I fhould much defire to be informed of: but from a 
curfory view that I at firft made with my Ascrofeope, and fome other 
trials,I fuppofed it to be fome Animal fubftance caft out, and faftned up- 
onthe Rocks in thesform of a froth, or congeries of bubbles, like that 
which I have often obferv'd on’ Rofemary, and other Plants (wherein 
is included a little Infect) that all the little films which. divide thefe 
bubbles one from another, did prefently,almoft after the fubftance began 
to grow a little harder,break,and leave onely the thread behind, which 
might be, as ‘twere, the angle or thread between’ the bubbles, thatthe 

great
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great holes or pores obfervable in thefe Sponges wete made by the ert 
ption of the included Heterogeneous fubftance (whether air, cr fome other body, for many other fluid bodies will do the fame thing) which breaking out of the lefler, were colleed into very large bubbles, and fo might make their way out of the Sponge, and in their paflage might leave a round cavity ; and if it were large,might carry up with itthe ad+ _ jacent bubbles, which may be perceiv’d at the outfide of the Sponge, if it be firft throughly wetted, and fuffer'd to plump it felf into its natural form, or be then wrung dry, and fuffer'd to sib it felf again, which it will freely do whil’ft moift: for when it has thus plump'dit felf into its 
natural fhape and dimenfions, ‘tis obvious enough that the mouths of the larger holes havea kind of lip or rifing round about them, but the other fmaller pores have little or none. It may further be found, that each of thefe great pores has many other fmall pores below, that are united unto it, and help to conftitute it, almoft like fo many rivulets or final! ftreams 
that contribute to the maintenance of a large River. Nor from this Hypothefis would it have been difficult to explicate, how thofe little 
branches of Coral, {mal Stones, shells, and the like, come to be included by thefe frothy bodies : But this inded was but a conjecture ; and upon 
amore accurate enquiry into the form of it withthe Microfcope, it feems 
not to be the true origine of them; for whereas Sponges have onely 
three arms which join together at each knot, if they had been generated 
from bubbles they muft have had four. Y 

But that they are Animal Subftances, the Chymical’ examination of 
thei feems to manifeft, they affording a volatil Salt and fpirit,like Hurts- 
Horn, as does alfo their great ftrength and toughnefs, and their fmell 
when burn’d it the Fire or a Candle, which has a kind of flefhy fent,not 
much unlike to hair. And having fince examin’d feveral Authors ¢on- 
cerning them,among others,] find this account given by BeVonius,in the 
X I. Chap. of his 2° Book, De Aquatilibus. Spongie recehtes, fays he,/a ficcis 
longe diverfe,fcopulis aque marine ad duos vel tres cubitos,nonnunquam qua- 

_—«tnor tantum digitos immerfis, ut fungi arboribus adherent, ‘fordido quodan 
JSitcco aut mucofa potius fance refertenfque aded fetida,ut vel eminus nanfeant 

_—«excitet. continetur autem iis cavernis, quas inanes in ficcis G lotis Spangiis 
_— cerninus : Putris pulmonis modo nigra confpiciuntur, verim que in fiblinit 

aque nafcuntur multo magis opaca nigredine Jfuffnfe fumt. Vivere quidem 
_ Spongias adherendo Ariftoteles cenfét : abjolute vero minime : enfumaque 
__aliquem habere, vel eo argumento (exquit) credantur, quod difficillime ab+ 

— firabantur,nifi clanculum agatur:Atq; ad avulforis accefum ita contrahantur,, 
ub cas evellere difficile fit, quod idem etiam faciunt quoties flatus tempefta- | téfque urgent. Puto autem illis ficcum fordidum quem fupra (diximus car- 
wis loco ad natura attributum fuilfe : atque meatibws latioribas tan- 
quam inteftinis aut interaneis uti, Ca&terum pars ea que’ Spongia caitibus 
adherent eft tanquam: folii petiolus, quo veluti collum quoddam gracile in- 
cipit : quod deinde in latitudinem diffufum capitis globund facit. Recéntibus 
nihil off fiftulofure, hafitantque tanquam radicibus. Superne omnes ‘propento- 
dum meatus concreti latent : inferne verd quaterni aut quini patent, per qnos 
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eas fisere exiftimanus. From which Defcription, they feem to be a kind 
of Plant-Animal that adheres to a Rock, and thefe {mall fibres or threads 

which we have defcribed, feem to have been the Veflels which (‘tis very 

probable) were very much bigger whil{t the Ivter/fitia were fill'd (as 

he affirms) with a mucous,pulpy or flefhy fubftance ; but upon the drying 

were fhrunk into the bignefs they now appear. 
The texture of it is fuch, that I have not yet met with any other body 

in the world that has the like, but onely one of a larger fort of Sponge 
(which is preferv’d in the A&féwm Harveanum belonging to the moft 
Illuftrious and moft learned Society of the Phyficzans of London) which is 
ofahorney, or rather of a petrify’d fubftance. And of this indeed, the 
texture and make is exactly the fame with common Sponges, but onely 
that both the holesand the fibres, or texture of itis exceedingly much 
bigger,for fome of the heles were above an Inch and half over, and the 
fibres and texture of it was bigg enough to be diftinguifhed nee with 
ones eye, but confpicuoufly with an ordinary fingle Adicrofcope. And thefe 
indeed, feem'd to have been the habitation of fome Animal ; and ex- 
amining 4riffotle, I find a very confonant account hereunto, namely, that 
he Bc a certain little Animal, call’d Pisnothera, like a Spider, to 
be bred in thofe caverns of a SpRogestram within which,by opening and 
clofing thofe holes, he infhares and catches the little Fithes; and in ano- 
ther place he fays, That’tis very confidently reported, that there are cer- 
tain Moths or Worms that refide in the cavities of a Sponge,and are there 
nourifhed : Notwithftanding all which Hiftories,I think it well worth the 
enquiring into the Hiftory and nature of a Sponge; it {eeming to promife 
fome information of the Veflels in Animal fub{tances, which (by reafon 
of the folidity of theinterferted fleth that is not eafily remov'd, without 
deftroying alfo thofe interfpers'd Veflels) are hitherto undifcover'd; 
whereas here ina Sponge,the Parewchyma,it feems,is but a kind of mucous 
gelly, which is very eafily and cleerly wafh'd away. 

The reafon that makes me imagine, that there may probably be fome 
fuch texture in Animal fubftances, is, that examining the texture of the . 
filaments of tann’d Leather, I find it to be much of the fame nature and 
ftrength of a Sponge; and with my AdZicrofcope, | have obfery'd many fuch 
joints and knobs, asI have defcribed in Sponges, the fibres alfo in the hol- 
low of feveral forts of Bones, after the Marrow has been remov’d, I have 
found fomewhat to refemble this texture, though, I confefs, I never yet 
found any texture exactly the fame, nor any for curiofity comparable 
to it, 

The filaments of it are much fmaller then thofe of Silk, and through 
the AGicrofcope appear very neer as tranfparent, nay, fome parts of them 
Ihaveobferv'd much more. 

Having examin‘d alfo feveral kinds of Mufhroms, I finde their texture 
to be fomewhat of this kind, that is, to confift of an infinite company of 
{mall filaments, every way contex'd and woven together, fo as to te 
kind of cloth, and more particularly, examining a piece of Touch-wood 
(which isa kind of Fems-ear, or Muthrom, growing here in Ezgland alfo, 

i on
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on feveral forts of Trees, fuch as Elders, Maples, Willows, ec. and is 

commonly call’d by the name of spuxks but that we meet with to be! 

fold in Shops, isbrought from beyond Seas) J found it tobe made of an; 

exceeding delicate texture: For the fubftance of it feels, and. looks to 

the naked eye,and may be ftretch'd any way,exactly like a very fine piece 

of Chamois Leather, or wath’d Leather, but it isof fomewhata browner, 

hew, and nothing neer fo ftrong 5 but examining it with my A4crofcopes, 

I found it of fomewhat another make then any kind of Leather 5 for: 

whereas both Chamois, and all other kinds of Leather I-have yet view ds: 

confift of an infinite company of filaments, fomewhat like buthes inter- 

woven one within another, that is,of bigger parts or {tems, asit were, and 

{maller branchings that grow out of them; or like a heap of Ropes ends, 

where each of the larger Ropes by degrees feem, to {plit or untwift, into 

many-fmaller Cords, and each of thofe Cords into fmaller Lines, and 

thofe Lines into Threads, @c. and thefe ftrangely intangled, or inter- 
woveh one within another : The texttire of this Touch-wood feemg 

more like that of a Lock or a Fleece of Wool, for it confifts of an infinite 

number of {mall filaments, all of them, asfarr as I could perceive, ofthe 

fame bignefs like thofe of a Sponge, but that the filaments of this were 

not a twentieth part of the bignefs of thofe of a Sponge 5 and I could not 

{o plainly perceive their joints, or their manner of interweaving, though, 

asfarrasI was able to difeern with that A4icrofcopel had, I fuppofe itto 

have fome kind of refemblance, but the joints are nothing neer fo thick, 

nor without much trouble vifible. 
The filaments! could plainly enough perceive t6 be even,round,eylin- 

drical,tranfparent bodies,and to crofs each other every way, that is, there 

were not more fecin’d to lie horizontally then perpendicularly and thwart= 

way, fo that it isfomewhat difficult to conceive how they fhould grow 

in that manner. By tearing off a finall piece of it, and looking on the 

ragged edge, I could arnong feveral of thofe fibres perceive {mall joints, 

thatis, one of thofe hairs fplit into two, each of the fame bignefs with the 

other out of which they feem’d to grow, but having notlately had an 

opportunity of examining their manner of growth, I cannot pofitively af- 

firm any thing of them. : Pe 
But to proceed, The {welling of Sponges upon wetting, and the rifing 

of the Water in it above the furface of the Water that it touches, are 

both from the fame caufe, of which an account is already given inthe 

fixth Obfervation. ; 

The fubftance of them indeed, has fo many excellent propeities,fcatce 

tobemet with in any other body in the world, that I have often won- 

dered that fo little ufe is made of it, and thofe onely vile and fordid 5 
certainly, if it were well confider'd, it would afford much greater con- 

veniencies. ; 
That ufe which the Divers are faid to make of it , feems, if true, 

very ftrange, but having made trial of it my felf; by dipping a {mall piece 

of it in very good Sallet-oyl,and putting it im my mouth,and then keep- 
ing my mouth and nofe under water; could not find any {uch thing 5 fort 

v2 was
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was as foon out of breath,as if I had had no Sponge,nor could I fetch my 
breath without taking in water at my mouth; but Iam very apt to 
think, that were there a contrivance whereby the expir'd air might be 
fore’d to pafs through a wet or oyly Sponge before it were again infpir'd, 
it might much cleanfe, and ftrain away from the Air divers fuliginous 
and other noifome fteams, and the dipping of it in certain liquors might, 

rhaps, fo renew that property in the Air which it lofes in the Lungs,by 
bene breath’d, that one fquare foot of Air might lafta man for refpirati- 
on much longer, perhaps,then ten will now ferve him of common Air. | 

8 eS ee elena 

Obferv. XXIII. Of the curious texture of Sea-weeds. 
| 

Or curiofity and beauty, I have not among all the Plants or Vege- 
FE tables [have yet obferv d, feen any one comparable to this Sea-weed. | 
Thave here defcrib'd, of which I am able to fay very littlemorethenwhat 
is reprefented by the fecond Figure of the ninth Schewe: Namely, that | 
it isa Plant which grows upon the Rocks under the water, and increafes | 
and fpreads it felf into a great tuft, which is not onely handfomely 
branch’d into feveral leaves, but the whole furface of the Plant is cover’d 
over with a moft curious kind of carv'd work, which confifts of a tex- 
ture much refembling a Honey-comb ; for the whole furface on both fides 
is cover'd over with a multitude of very {mall holes,being no bigger then 
fo many holes made with the point ofa {mall Pinn, and rang d in the 
neateft and moft delicate order imaginable, they being plac’d in the man- | 
ner of a Quincunx, or very much like the rows of the eyes of a we the | 
rows or orders being very regular, which way foever they are obfervd: 
what the texture was, as it appear’d through a pretty bigg Magnifying 
Microfcepe, \ have here adjoind in the firft Figure of the 14. Scheme. 
which round-Area ABCD reprefents a part of the furface about one 
eighth part of an Inch in Diameter : Thofe little holes, which to the eye 
look’d round, likefo many little fpots, here appear’d very regularly 
fhap'd holes, reprefenting almoft the fhape of the fole of a round toed 
fhoe, the hinder part of which, is, as it were, trod on or cover'd by the 
toe of that next below itsthefe holes feem'd wall’d about with a very thin 
and tranfparent fubftance, looking of a pale ftraw-colour ; from the edge 
of which, againft the middle of each hole, were {prouted out four fmall 
tranfparent {traw-colour’d Thorns, which fae to protect and cover 
thofe cavities, from either fide two; neer the root of this Plant, were + 
{prouted out feveral {mall branches of a kind of baftard Coralline, curi- 
oufly branch’d, though fall. 

And to confirm this, having lately the opportunity of viewing the 
large Plant (if I may fo call it) of a Sponge petrify'd, of which made 
mention in the laft Obfervation, I found, that each of the Branches or 
Figures of it, did, by the range of its pores, exhibit jutt fach a — 

the
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the rows of pores crofling one another, much after/the manner agthe 
rows of eyes do, which are defcrib’d inthe 26.Scheme : Coraline allo, and 
feveral forts of white Corgi, have with a Asicrajcope oblerv'd, very cu- 
rioufly fhap'd. And I doubt not, but that he that fhall obferve thet 
feveral kinds of Plants that grow upon, Rocks, which the Sea. fome- 
times overflows, and thofe heaps of others which are vomited out of it up- 
on the fhore, may find, multitudes of little Plants, and, other bodigs,which, 
like this will afford very beautifull objects for the Adicrofcope 5 and this, 

——« Specimenhere is ad join'd onely to excite their Ce ee have op: 
- portunity ef obferving to examine and collect what they find worthy 
their notice; for the Sea, among terreftrial bodies, is alfo a prediich 

mother, and affords as many Inftances of fhomtancous generations as ci. 
ther the Air og Earth. 

— Obferv. XXIV, Ofthe furfaces of Rofemary, and other leaves; 

His which is delineated within the circle of the fecond Figure of the 
Ty 14. Scheme, is a {mall part of the back or under fide of a leaf of 
Rofemary, which I did not therefore make choice of, becaufe ithad any 
thing peculiar which was not obfervable with a Aficra/cape in fevergl 
other Plants, but becaufe it exhibits at one view, : “VG 

Firft, a fmooth and fhining furface, namely, A B, whichis a partof\the 
upper fide of the leaf, that by akind of hem or doubling of the leaf ap- 
pears on this fide. There are multitudes of leaves, whofe furfaces are 
like this fmooth, and as it were quilted, which look like a curious quilred 
bagg of green Silk, or like a Bladder, or fome fuch pliable tran{parent 
fubftance, full ftuffed out with a green juice or liquors; the furface of 
Rue, or Herbgrafs, is polith’d, and all over indented, or pitted, like the 
Silk-worm’s Egg,which I fhall anon deferibe 3 the fmooth furfaces of other 
Plants are otherwife quilted, Nature in, this, as it were, exprefiing ‘her 
Needle-work, or imbroidery. 

Next a downy or bufhy furface, fuch as is all the under fide almoft, 
appearing through the Adcrofcope much like a thicket of bufhes, and with 
thiskind of Down or Hair the leaves and ftalks of multitudes of Vege- 
tables are covered ; and there feems to be as great a variety in the fhape, 
bulk, and manner of the growing of thefe fecundary Plants, as I may call 
them (they being, as it were, a Plant growing out of a Plant, or fome- 
what like the hairs of Animals) as there is to be found amongft {mall 
fhrubs that compofe bufhes; but for the moft part, they confift of {mall 
tranfparent parts, fome of which grow in the thape of fmall Needles or 
Bodkins,as on the Thiftle,Cowag-ecod and Nettle; others in the form of 
Cat's claws.as in Cliders, the beards of Barley, the edges of feveral forts 
of Grafs and Reeds, ec. in other,as Coltsfoot,R ofe-campion, Aps, Poplar, 
Willow, and almoft all other downy Plants, they grow in the form of 
bufhes very much diverfify'd in cach particular Plant. That which eve 

exOFe
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before in the 19. Obfervation noted on Rofe-leaves, isofa quite differ- 
ing kind, and {eems indeed a real Vegetable, diftinét from the leaf. 

Thirdly, among thefe {mall bufhes are obfervable an infinite company 
of fmall round Balls, exa¢tly Globular, and very much refembling Pearls, 
namely, CCCC, of thefe there may be multitudes obferv'd in Sage, 
and feveral other Plants, which I fuppofe was the reafon why Athanafins 
Kircher fappofed them to be all cover'd with Spiders Eggs, or young 
Spiders, which indeed is nothing elfe but fome kind of gummous exfu- 
dation, which is always much of the fame bignefs. At firft fight of thefe,I 
confefs, I imagin’d that they might have been fome kind of matrices,"or 
nourifhing receptacles for fome fmall Infect, juft as 1 have found Oak- | 
apples, and multitudes of fuch other large excrefcencies on the leaves 
and other parts of Trees and fhrubs to be for Flyes, and divers other In- 
fects, but obferving them to be there all the year, and {carce at all to 
change their magnitude, that conjecture feem’d not fo probable. But 
what ever be the ufe of it, it affords a very pleafant object through the 
Microfcope, and may, perhaps, upon further examination, prove very 
luciferous. 

Obferv. XXV. Of the flinging points and juice of Nettles, and 
fome other venomous Plants. 

Nettle is a Plant fo well known to every one,as to what the appear- 
A ance of it isto the naked eye,that it needs no defcription;and there 
are very few that have not felt as well as feen it ; and therefore it will be 
no news to tell that a gentle and flight touch of the fkin by a Nettle,does 
oftentime, not onely create very fenfible and acute pain, much like that 
of a burn or feald,but often alfo very angry and hard fwellings and infla- 
mations of the parts, fuch as will prefently rife, and continue fwoln di- 
vershours. Thefe obfervations, I fay, are common enough; but how the 
pain is fo fuddenly created, and by what means continued, augmented 
fora time, and afterwards diminifhd, and at length quite exftinguith’d, 
has not, that I know, been explain‘d by any. 

And here we muft have recourfe to our Aécrofeope, and that will, if 
almoft any part of the Plant be looked on, fhew us the whole furface of 
it very thick fet with turn-Pikes, or fharp Needles, of the fhape ofthofe 

’ reprefented in the 15. Scheme and firft Figure by AB, which are vifible 
al to thenaked eye; each of which confifts of two parts very diftinc& 

for fhape,and differing alfo in quality from one another. Forthe part A, 
is fhaped very much like around Bodkin,from B tapering tillitendina 
very fharp point; it is of a fubftance very hard and ftiff, exceedingly 
tranfparent and cleer, and, as I by many trials certainly found, is hollow 
from top to bottom. 

This I found by this Experiment, Ihad.a very convenient _ 
cope
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MiIcROGRAPHIA: 143 
feope with a fingle Glafs which drew about half an Inch,this I had faftned 
into a little frame, almoft like a pair of Spedtacles, which I placed before 
mine eyes, and fo holding the leaf ofa Nertle at a convenient diftance 
from my eye, I did firft,with the thrufting of feveral of thefe briftles into 
my {kin, perceive that prefently after [had thruft them in I felt the burn- 

_ ing pain begin; next I obfervd in divers of them, that upon thrufting 
my finger againft their tops, the Bodkin (if I may fo call ir) did not in 
the leaft bend, but I could perceive moving up and down within it a cer- 

__ tain liquor, which upon thrufting the Bodkin againtt its bafis, or bagg B; 
_ I could perceive to rife towards the top, and upon taking away my hand, 

I could fee it again fubfide, and fhrink into the bagg 5 this I did very 
often, and faw this Phenomenon as plain as I could ever fee a parcel of 
water afcend and defcend ina pipe of Glafs. But the bafis underneath thefe 
Bodkins on which they were fait, were made of a more pliable fubftance, 
and looked almoft like a little bagg of green Leather, or rather refem= 
bled the fhape and furface of a wilde Cucumber, or cucumeris a 
and [ could plainly perceive them to be certain little baggs, bladders,or 
receptacles full of water, or as I ghefs, the liquor of the Plant, which was 
poifonous, and thofe {mall Bodkins were but the Syringe-pipes, or Gly- 
fter-pipes, which firft made way into the fkin, and then ferved to convey 
that poifonous juice,upon the preffing of thofe little baggs. into the in- 
terior and fenfible parts of the fkin,which being fo difcharg'd, does cor= 
rode, or, asit were, burn that part of the fkin it touches ; and this pain 
will fometimes laft very long, according as the impreflion ismade deeper 
or {tronger. 

The other parts of the leaf or furface of the Nettle, have very little 
confiderable, but what is common to moft of thefe kinds of Plants, as the 
ruggednefs or indenting, and hairinefs, and other roughnefles of the fur- 
face or out-fide of the Plant, of which I may fay more in another place. 
As I thall Jikewife of certain little pretty cleer Balls or Apples which I 
have obferved to ftick to the fides of thebe leaves, both on the upper and 
under fide, very much like the fmall Apples which Ihave often obfery'd 
to grow on the leaves of an Oak call’d Oak-apples which are nothing but 
the Aéatrices of an Infeét, as I elfewhere thew. 

The chief thing therefore is, how this Plant comes,by fo flight a touch, 
to create fo great a painsand the reafon of this feems to be nothing elfe,but 
the corrofive penetrant os contain’d inthe {mall baggs or bladders, 
upon which grow out thofe fharp re as I before noted 5 and 
very confonant to this, is the reafon of the pain created by the fting ofa 
Bee, Wafp, ec. as] elfewhere fhew: For by the Dart, which is likewife 4 . 
pipe, ismadea deep paflage into the fkin, and then by the anger of the : 
Fly, ishis gally poifonous liquor injected ; which being admitted among 
the fenfible parts, and fo mix’d with the humours or fagvating juices of 
that part, does create an Ebullition perhaps, or effervefcens, as is ufually 
obferv'd in the mingling of two differing Chymical faline liquors, by 
which means the parts Seaates fwell’d, hard, and very painfull; for 
thereby the nervous and fenfible parts are not onely ftretch’d and ae 

eyon
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beyond their natural tone, but are alfo prick’d, perhaps, or_corroded by 
the pungent and incongruous pores of the intruded liquor. 

And this feems to be the reafon, why Aqua fortis, and other faline li- 
quors, if they come to touch the fenfitive parts, as ina cut of the fkin, 
or the like, do fo violently and intollerably exerzciate and torment the 
Patient. And ‘tis not unlikely, but the Inventors of that Diabolical pra- 
ice of poifoning the points of Arrows and Ponyards, might receive 
their firft hint from fome fuch Inftance in natural contrivances, as this of 
the Nettle: for the ground why fuch poifon’d weapons kill fo infallibly 
as they do, feems no other then this of our Nettle’s {tinging 5 for the Pon- 
yard or Dart makes a paflage or entrance into the fenfitive or vital parts 
of the body, whereby the contagious fubftance comes to be diffolv'd by, 
and mix’d with the fluid parts or humours of the body,and wi that means 
fpreads it {elf by degrees into the whole liquid part of the body, inthe — 
ot manner, as a few grains of Salt,put into a great quantity of Water, 
will by degrees diffufe it felf over the whole. 

And thisI take to be the reafon of killing of Toads, Frogs, Effs, and 
feveral Fithes, by ftrewing Salt on their backs (which Experiment was 
fhewn tothe Royal Society by a very ingenious Gentleman, and a worthy 
Member of it) for thofe creatures having always a continual exfudation, 
as it were,of {limy and. watry parts,{weating out of the pores of their fin, 
the faline particles, by that means obtain a vehicle,which conveys them in- 
to the internal and vital parts of the body. 

This feemsalfo to be the reafon why bathing in Mineral waters are 
fuch foveraign remedies for multitudes of diftempers,e{pecially chronical; 
for the liquid & warm vehicles of the Mineral particles,which are known 
to be in very confiderable quantities in thofe healing baths,by the body’s 
long ftay in them, do by degrees fteep and infinuate themfelves into the 
pores and parts of the fkin,and thereby thofe Mineral particles have their 
waysand paflages open’d to penetrate into the inner parts, and mingle 
themfelves with the /Zagvant juices of the feveral parts 5 befides,many of 
thofe offenfive parts which were united with thofe flagzant juices, and 
which were contrary to the natural conftitution of the parts, and fo be- 
come irkfome and painfull to the body,but could not be difcharged, be- 
caufe Nature had made no provifion for fuch accidental mifchiefs, are, by 
means of this foaking, and filling the pores of the fkin with a liquor, af 
forded a paflage through that liquor that fills the pores into the am- 
bient fluid, ae thereby the body comes tobe difcharged. 

.. So that ‘tis very evident,there may be a good as wellas an evil applica- 
tion of this Principle. And the ingenious Invention of that Excellent 
perfon, Doctor Wrer, of injefting liquors into the veins of an ‘Animal, 
feems to be reducible to this head : I cannot ffay, nor is this a fit place, to 
mention the feveral Experiments made of this kind by the moft incom- 
parable Mr. Bayle, the multitudes made by the lately mention’d Phyfician 
Dottor Clark, the Hiltory whereof, as he has been pleas'd to commu- 
nicate to the Royal Society, {0 he may perhaps be prevail'd withto make 
publique himfelt: But I thall rather hint, that certainly, if this Principle 

were
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were well confider’d,there might, befides the further improving of Bath- 

ing and Syringing into the veins, be thought on feveral ways, whereby 

feveral obftinate diftempers of a humane body,furch as the Gout,Dropfie, 

Stone, Gc. might be mafter'd, and expell’d and good men might make 
as good a ufe of it, as evil men have made a perverle and Diabolical. 

And that the filling of the pores of the fkin with fome fluid vehicle, is 

of no {mall cflicacy towards the preparing a paflage for feveral kinds of 

penetrant juices, and other difioluble bodies, to infinuate themfelves 

within the ikin, and into the fenfitive parts of the body, may be, I think, 

prov'd by an Inftance given us by Bellonins, in the 26. Chapter of the ‘ 

fecond Book of his Obfervations , which containing a very remarkable 

Story I have here tranicrib’'d: Cum Chameleonis nigri radices (fays he) 

apud Pagum quendam Livadochorio nuncupatum erui curaremus, plurimi 

Graci & Turce fpetatune venerunt quid erverenmus, eas vero fiufiulatin fe- 

cabamus, & filo trajiciebartus ut facilins exficcari poffent. Turce in eo ne- 

gotio occupatos nos videntes, fimiliter eas radices tradare & fecare volue- 

runt: at cum fummus effet eins, © omnes Judore maderent, quicunque 

cam radicem manibus trakaverant fiudoremque abjterferant, aut faciem di- 

gitis fealpferant, tantam pruriginem iis locis quos attigerant poftea fenferunt, 

ut aduri viderentur. Chamelconis enim nigri radix ea virtute pollet, ut cue 

ti applicata ipfam adeo inflammet, ut nec fquille, nec urtice ulle centefima 

parte ita adurent : At prurigo non adeoceleriter fefe prodit. Poft unawz aut al- 

teram porro horans, linguli variis faciet locis cutem adeo inflammatan ha- 

bere capimus ut tota fanguinea videretur, atque quo magis eam confricaba- 

mustanto magis excitabatur prurigo. Font alfidebamus {ub platano,atque ini- 

tio pro Iudicro habebamus & ridebamus : at tandem illi plurimum indignati 

fint, & nifi affeveraffemus nunquam expertos tali virtute eam plantam polleres 

hand dubie male nos multaffent. Attamen noftra excnfatio fuit ab illis facili- 

ws accepta,cnm eodent incommodo nos affedtos confpicerent, Afirum jane quod 

in tantillo radice tam ingentem efficaciam noftro malo experti fumus. 

By which obfervation of his,it ieems manifeft,that their being all cover'd 

with fweat who gather'd and cut this root of the black Chameleon Thiftle, 

was the great reafon why they fuffer'd that inconvenience, foritfeemsthe 

like circumftance had not been before that noted, nor do I find any men- 

tion of fucha property belonging to this Vegetable in any of the Her- 

_ balsThave at prefent by me. 
| I could give very many Obfervations which I have made of this kind, 

| whereby I have found that the beft way to get a body to be infinuated 

into the fubftance or infenfible pores of another, is firft, to finda fluid 

vehicle that has fome congruity,both to the body to be infinuated,and to 

the body into whofe pores you would have the other convey'd. And in 

this Principle liesthe great myftery of ftaining feveral forts of bodies, as 

Marble, Woods, Bones, éc. and_of Dying Silks, Cloaths, Wools, Fea- 

thers, &c, But thefe being digreffions, I fhall proceed to : r 

Obferv. XX V1. Of Cowage,and the itching operation of fome bodies 

1 ot isa certain Down of a Plant,brought from the Eaft-Indies,call'd 

+ commonly, though very improperly, Com-itch, the reafon of which 
X miftake
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miftake is manifeft enough from the defcription of it,which Mr. Parkinfon 

{ets down in his Herbal; Tribe XI. Chap. 2. Phafiolus filiqua hirfiuta 5 The 
hairy Kidney-bean, called in Zurratte where it grows, Coubage: We have had 
(fayshe) another of this kind brought us out of the Eaft-Indies, which being 

planted, was in few like the former, but came not to perfection, the unkindly 
feafon not fuffering it to shew the flower 5 but of the Cods that were brought, 
fome were fiealler, fhorter, and rounder then the Garden kind, others much 

longer, and many growing together, as it were in clufters,and cover'd all over 

with a brown fhort hairine(s, fo fine, that if any of it be rubb'd, or fall onthe 

. back, of ones hand, or other tender parts of the skin, it will caufe a kind of 

itching, but not ftrong, nor long induring, but palfing quickly away, without 

either danger or harm the Beans were fialler then ordinary, and of a black, 
joining colour. : 

Having one of thefe Cods given me by a Sea-Captain, who had fre» 
quented thofe parts, [found it to be a {mall Cod, about three Inches 
long, much like a fhort Cod of French Beans, which had fix Beansinit, 
the whole furface of it was coverd over witha = thick and fhinin 
brown Down or Hair, which was very fine, and for its bignefs {tiffs 
taking fome of this Down, and rubbing it on the back of my hand, | 
found very little or no trouble, only I was fenfible that feveral of thefe 
little downy parts with rubbing did penetrate, and were funk, or ftuck 
pretty deep into my fkin, After [had thus rubb’d it for a pretty while, 
I felt very little or no pain, in fo much that I doubted, whether it were 
the true Couhage 5 but whil'ft I was confidering, I found the Down begin 
to make my hand itch, and in fome laces to {mart again, much like the 
ftinging ee aFlea or Gnat, and this continued a pretty while, fo that by 
degrees I found my {kin to be fwell’d with little red puftules, and to 
look as if it had been itchie. But fuffering it without rubbing or fcratch- 
ing, the itching tickling pain quickly grew languid, and within an hour 
I felt nothing at all, and the little protuberancies were vanith'd. 

The caufe of which odd Phenomenon, 1 fuppofe to be much the fame 
with that of the ftinging of a Nettle, for by the Adicrofcope, 1 difcover'd 
this Down to confift of a multitude of fmal] and flender cqnical bodies, 
much refembling Needles or Bodkins, fuch as are reprefented by AB. 
CD. EF. ofthe firft Figure of the XVI. Scheme; that theirends AAA, 
were very fharp, and the fubftance of them ftiff and hard, much like the 
fubftance of feveral kinds of Thorns and crooks growing on Trees. And 
though they appear’d very cleer and tranfparent, yet I could not per- 
ceive whether they were hollow or not,’ but to me they appear'd 

like folid tranfparent bodies, without any cavity in them; whether, 
though they might not be a kind of Cane, fill’d with fome tranfpa- 
rent liquor which washardned (becaufe the Cod which I had was very 
dry) I was not able to examine. 

Now, being fuch ftiff, fharp bodies, it is eafie to conceive, how with 
rubbing they might eafily be thruft into the tender parts of the skin,and 
there, by reafon of their exceeding finenefs and drinef, not create any 
confiderable trouble or pain, till by remaining in thofe places moiftned 
with the humours of the body, fome cauftick part fticking on them, or 

refiding
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¥efiding withinthem might be diffolv d and mix’d withthe ambient juices 
of that place, and thereby thofe fibres and tender parts adjoyning be- 
come afetred, and as it were corroded by it; whence, while that acti: 
on lafts, the pains created are pretty {harp and pungent, though fmall, 
which is the eflential property of an itching one. pti 

That the pain alfo caufed by the ftinging of aFlea, a Gnatj a Flieya 
Wafp, and the like, proceeds much fromthe very fame caufe, Ielfewhere 
in their proper places endeavour to. manifeft. The {tinging alfo of fhred 
Horf-hatr, which in meriment is often {trew'd between the theets ofa Bed, 
feems to proceed from the fame caufe. 

Obferv. XXVII. Ofthe Beard of a wilde Oat, and the ufe that 
may be made of it for exhibiting always to the Eye the temperature 
of the Air, as todrinefs and moiftures 

ve Hey Beard of a wild Oat, is a body of a very cutious {tructure,though 
to the naked Eye it appears very flight, and inconfiderable, it being 

only a finall black or brown Beard or Briftle,which grows out ofthe fide 
of the inner Husk that covers the Grain of a wild Oatsthe whole length of 
it,when put in Water, fo that it may extend it felf to its full lengeh,is not 
above an Inch and a half,and for the moft part fomewhat fhorter,but when 
the Grain‘is ripe, and very dry, which is ufualy in the Moneths of Neds 
and Auguft, this Beard is bent fomewhat below the middle, namely,about 
# from the bottom of it, almoft to a right Angle, and the under part of 
it is wreath’d lik a With 5 the fubftance of it is very brittle when dry, and 
it will very eafily be broken from the husk on whiclit grows. 

If you take one of thefe Grains, and wet the Beard in Water;you will 
prefently fee the {mall bended top to turn and move round, asif it were 

: tobele, and by degrees, if it be continued wet enough, the joint ot knee 
| will ftreighten it felf; and if it be fuffer'd to dry again, it will by degrees 

move round another way, and at length sare again into its former 
pofture. 

If it be view'd with an ordinary fingle Adicrofcope, it ‘will appear like 
a {mall wreath’d Sprig, with two clefts; and if'wet as before, and 
then look’d on with this Aécrofcope, it will appear to unwreath it felf; 

| and by degrees,to ftreighten its knee, and the two clefts will’ become 
ftrei At, and almoft on oppofite fides of the fmall é¢ylindrical body. 
If it be continued to Be look’d a litle longer’'witha Afcrofcope, it 

will within a little while begin to wreath it felf again, and foon after 
return to its former pofture, bending it felf again neer. the middle; into 
a kind of ktice or angle. 

Several of thofe bodies I exatnin’d with larger Asécrofcopes,' and there 
found them much of the make ofthofe two long wreath’d cylinders de- 
lineated in the fecond Figure of the 15. Scheme, which two cylinders re+ 

X 2 prefent
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prefent the wreathed part broken into two pieces,whereof the end AB is 
to be fuppos'd to have join‘d tothe end CD, fothat EA CF does repre, 
fent the whole wreath’d part of the Beard, and EG a {mall piece of the 
upper part of the Beard which is beyond the knee, whichas I had not 
room to infert, {0 wasit not very confiderable, either for its form,or any 

known property 5 but the under or wreathed part is notable for both: 
Asto itsform, it appear'd, if it were look’d on fide-ways, almoft likea 
Willow, or afinall tapering rod of Hazel, the lower or bigger half of 
which onely, is twifted round feveral times,in fome three, in others more; 
in others lefs, according to the bignefs and maturity of the Grain on 
which it grew, and according to the drinefs and moifture of the ambient 
Air, as I fhall fhew more at large by and by. 

The whole outward Superficies of this ie oem body is curioufly 
adorned of fluted with little channels, and interjacent ridges, or little 
protuberances between them, which run the whole length of the Beard, 
and are ftreight where the Beard is not twifted,and wreath’d where it is, 
juft after the fame manner: each of thofe fides is befet pretty thick with 
{mall Brifles or Thorns, fomewhat in form refembling that of Porcupines 
Quills, fuch as ¢ a4 aa in the Figure; all whofe points are directed like 
fo many Turn-pikes towards the fmall end or top of the Beard, which is 
the reafon, why, if you endeavour to draw the Beard between your fin- 
gers the contrary way, you will find it to ftick, and grate, as it were, 
againft the {kin. f 

The proportion of thefe {mall conical bodies 2a44a to that whereon 
they grow, the Figure will fufficiently thew, asalfo their manner of grow- 
ing,their thicknefs, and neernefs to each other, as, that towards the root 
tate of the Beard, they are more thin, and much fhorter,infomuch 

that there is ufually left between the top of the one, and the bottom of 
that next above it, more then the length of one of them, and that to> 
wards the top of the Beard they grow more thick and clofe (though 
there be fewer ridges) fo that the root, and almoft halfthe upper are 
hid by the tops of thofe next below them. | 

I could not perceive any tranfverfé pores, unlefsthe whole wreathd 
part were feparated and cleft,in thofe little channels,by the wreathingin« 
to fo many little ftrings as there were ridges, which was very difficult to 
determine ; but there were inthe wreathed part two very confpicuous 
channels or clefts, which were continued from the bottom F to the el- 
bow EH, or all along the part which was wreath’d, which feem'd to di- 
vide the wreath'd Cylinder into two parts, a bigger and a lefs; the bigger 
was that which was at the convex fide of the knee, namely, on the fide A, 
and. was wreath'd by OOOOOs this, as it feem'd the broader, fo 
did italfo the longer, the other P PP PP, which was ufually purs'd or 
wrinckled inthe bending of the knee,as about E, feem’d both the fhorter 
and narrower, fo that at firft I thought the wreathing and ynwreathing 
of the Beard might have been caus’d by the thrinking or {welling of that 
part 5 but upon further examination,] found that the clefts,K K,LL,were 
ftuft up with a kind of Spongie fubftance, which, for the moft part, was 

very
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very confpicuous neer the knee, as iri the cleft K K, when the Beard waa 
dry ; upon the difcovery of which, [began to think, that it was upoathe 
{welling of this porous pith upon the accefs of moifture or water that the 
Beard, being made longer inthe midft,was ftreightned,and by the fhrink- 
ing or fubfiding of the parts of that Spongie fubftance together, when 
the water or moifture was exhal'd or dried, the pith or middle parts 
growing fhorter, the whole became rwifted. 

But this] cannot be politive in, for upon cutting the wreath’d part in 
many places tran{vertly, I was not fo well: fatisfy’d with the thape and 
manner of the pores of the pith; for looking on thefe tranfverfe Sections 
with a very good Avecrofeepe, | found that the ends of thofe tranf 
verfe Sections appear'd much of the manner of the third Figure of the 
15. Scheme ABCEE, and themiddle or pith CC, feem’d very fullof 
pores indeed, but all of them feem'd torun the long-ways. 

This Figure plainly enough fhews in what manher thofe clefts, K and L 
divided the wreath’d Cylinder into two unequal parts, and alfo of what 
kind of fubftance the whole body confifts; for by cutting the fame Beard 
in many places, with tranfverfe SeCtians, I found much the fame ap-> 
pearance with this exprels'd 3 fo that thote pores feem to run, as in moft 
other fuch Cany bedies, the whole length of it. 

The clefts of this body KK, and LL, feem'd (as is alfo exprefs'd in 
the Figure) to wind very oddly in the inner part of the wreath; and 
in fome parts of them, they feem’d ftufled, as it were,with that Spongie 
fub{tance, which I juft now deferibed. , 

This fo oddly conftituted Vegetable fubftance, is firft (that I have 
met with) taken notice ofby Baptifie Porta, in his Natural Afagich, asa 
thing known to children and Juglers, and it has beencall’d by fome of 
hot laft named perfons, the better to cover their cheat, the Legg of an 
Arabian Spider, or the Lege of an inchanted Egyptiaw Fly, and has been 
ufed by them to make a {mall Index, Crofs, or the like, to move round 
mee the wetting of it with a drop of Water, and muttering certain 
words, 

| But the ule that has been miade of it, for the difeovery of the various 
_ conftitutions of the Air, as to drinefs and moiftnefs, is incomparably 

beyond any other 5 for this it does to admiration: The manner of con- 
__ triving it fo, as to perform this Ernie effect, is anely thus: 
| Providea good large Box of Ivoty, about four Inches over, and of 

what depth you fhall judge convenient (according to your intention’ 
of making wa of one, two,three,or more of thefe {mall Beards,ordered in 
the manner which I fhall by and by defcribe)let all the fides of this Box be 
turned of Bafket-work (which here in London iseafily enough procur'd) 
full of holes,in the manner almoft of a Lettice, the bigger, or more the 
holes are,the better,that fo the Air may have the more free paflage to the 
inclofed Beard,and may the more eafily pafs through the Inftrnment 5 it 
will be better yet,though not altogether fo handfom,if infteed of the Baf- 
ket-work on the fides of the Box,the bottom and top of the Box be join’d 
sogetheronely with three or four fmall Pillars, after’ the manner moet 

iente



BS. 

150 MicROGRAPHIA. 
fented inthe 4.Figure of the 15. Scheme. Or,if you intend to make ufe of 
many of thefe {mall Beards join’d together, you may have a fmall long 
Cafe of Ivory, whofe fides are turn’d of Bafket-work, full of holes, which 
may be ferew’d onto the underfide of a broad Plate of Ivory,on the other 
fide of which is to be made the divided Ring or Circle, to which divifi< 
ons the pointing of the Hand or Index, which is moved by the conjoin'd 
Beard, may fhew all the A¢imute variations of the Air. i 

There may be multitudes of other ways for contriving this {mall Inftru- 
ment, foas to produce this effe¢j, which any one may, according to his 
peculiar ufe, and the exigency’ of his prefent occafion, eafily enough con- 
trive and take, on which I fhall not therefore infift. The whole manner of 
making any one of themisthus: Having your Box or frame A ABB, fitly 
adapted for the free paflage of the Air through it,in the midft of the bot- 
tom BBB, you mufthavea very {mall hole C, into which the lower end of 
the Beard is to be fi'xd,the upper end of which Beard a b.isto pafs through 
a {mall hole of a Plate, or top A A, if you make ufe onely of a fingle one, 
and onthe top ofit e, is to be fix'd a {mall and very light Index fg, made 
of a very thin {liver of a Reed or Cane 5 butif you make ufe of two or 
more Beards, they muft be fix’d and bound together, either with a very 
fine piece of Silk, or with a very {mall touch of hard Wax, or Glew,which 
is better, and the Index fg, isto be fix'd on the top of the fecond,third, 
or fourth in the fame manner as on the fingle one. 

Now, becaufe that in every of thefe contrivances, the Index fg, will 
with fome temperatures of Air, move two, three, or more times round, 
which without fome other contrivance then this,will be difficult to diftin- 
guith,therefore I thought of this Expedient: The Index or Hand fg, be- 
ing raisd a pretty way above the furface of the Plate AA, fix in ata 
little diftance from the middle of ita {mall Pin 4, fo as almoft to touch 
the furface of the Plate AA, and then in any convenient place of the 
furface of the Plate,fix a fmall Pin, on which put ona fmall piece of Paper, 
or thin Paft-board, Vellom, or Parchment, made of a convenient cize, 
and fhap'd in the manner of that in the Figure exprefs'd by 24, fo 
that having a convenient number of teeth every turn or return ofthe 
Pin 4, may move this {mall indented Circle, a tooth forward or back- 
wards, by which meansthe teeth of the Circle, being mark’d, it will be 
thereby very eafie to know certainly, how much variation any change 
of weather will make upon the {mall wreath'd body. In the making of 

“this Secundary Circle of Vellom, orthe like, great careistobehad,that 
it be made exceeding light, and to move very eafily, for otherwifea {mall 

‘variation will fpoil the whole operation. The Box may bemadeofBraf, 
Silver, Iron, or any other fubftance, if care be taken to makeit open 
enough, to let the Air have a fufficiently free accefs tothe Beard. The 
Index alfo may be various ways contrived, {0 as to fhew both the number 
of the revolutions it makes, and the A@mute divifions of each revolution. | 

I have made feveral trials and Inftruments for difcovering the drine& | 
and moifture of the Air with this little wreath’d body,and find it to vary 
exceeding fenfibly with the leaft change in the conftitution of the Air, as | 

to @ 
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to drinefs:and moifture, fo that with one breathing upon ie, ‘Thave thadé 

qt untwift'a whole bout, and the Ivdex or Hand has’ thew'd or pointed ta 
various divifions on the upper Face of Ring of the Inftrument; according 
as it was carried neerer and neerer to the fire, or as'the heat of the Sun 
increafed upon it. i 

Other trialsT have made with Gut-{trings,but find them nothing néer 
fo fenfible, though they alfo may be {0 contriv’d’as to ‘exhibit the 
changes of the Air, as to drihefs and moifture? both by their ftretching 
and fbrinking in length, and ulfo by their wreathing and! unwreathing’ 
themfelves; but thefe are nothing neer {6 exact or fo tender, for'their va- 

__rying property will in a little time change very much. But there are fe- 
 veral other Vegetable fubftances that are much more fenfible then even 
this Beard of a wilde Oat; fuch have found the Beard of the feed of 
 Mutk-grafs, or Geranium mofthatum, and thofe of other kinds of Cranes- 
bil feeds, and the like. But always the finaller the wreathing fubftance 
be, the more fenfible is it of the mutations of the Air, a conjecture at 
the reafon of which I fhall by and by add. r 

The lower end of this wreath’d Cylinder being ftuck upright ina little 
foft Wax, fo that the bended part or Index of it lay horizontal, [have 
obferv'd it always’ with moifture to unwreath it {elf from the Eaft (For 
inftance)by the South to the Weft,and fo by the North tothe Eaft again, 
moving with the Sun (as we commonly fay) and with heat and drouth : 
to re-twift, and wreath it felf the contrary way, namely, ftom the Ealft, 
(for inftance) by the North to the Weft, and fo onwards. Dicencciad 

The caufe oF all which Phenomena, feems to be the differing texture 
_ of the parts of thefe bodies, each of them (efpecially the Beard of a wilde 

Oat, and of Mosk-grafs feed_) feeming to have two kind of fub{tances,oné 
that is very porous,loofe,and {pongie,into which the watry iteamis of the 
Air may be very eafily forced which will be thereby fwell'd andiextend- 
ed in its dimenfions, juft as we may obferve all kind of Vegetable fub- 
{tance upon fteeping in water to fwell and grow bigger and longer. Anda 
 fecond that is more hard and clofe,into which the water‘can very little,or 
not at all penetrate, this therefore tetaining always very neer the fame 

_ dimenfions, and the other ftretching and fhrinking, according as there 
_ ismore or Jefs moifture or water in its pores, by reafon of the make and 
_ fhape of the parts, the whole body muft neceffarily unwreath and 

wreath it felf & 
And upon this Principle, it is very eafie to make feveral forts of con= 

trivances that fhould thus wreath and unwreath themfelves, either by 
heat and cold, or by drinefs and moifture, or by any greater or lefs force, 
from whatever caufe it proceed, whether from gravity or weight, .or 
from wind which is motion of the Air, or from fome {pringing body,. 
or the like. ) 

This, had I time, I fhould enlarge much more upon’ for it feems to me 
to be the very firft footftep of Sexfation, and Animate motion, the moft 
plain,fimple,and obvious contrivance that Nature has made ufe of to pro- 
duce a motion, next to that of Rarefaétion and Condenfation by 2 

an
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and cold. And were thisPrinciple very well examin’d, I am very apt to 
think, it would afford us avery great help to find out the Avechanifiz 
of the Mufcles, which indeed,as farr as I have hitherto been able to ex- 
amine, feems to me not fo very perplex as one might imagine,efpecially 
upon the examination which I made of the Mufcles of Crebe kaon aul 
feveral forts of large Shell-fifh,and comparing my Obfervations on them, 
with the circumftances I obferv’d in the mutcles of terreftrial Animals. 

Now, as in this Inftance of the Beard of a wilde Oat, we fee there is 
nothing elfe requifite to make it wreath and unwreath it felf, and to 
ftreighten and bale its knee, then onely a little breath of moift or dry 
Air, or a {mall atome almoft of water or liquor, and a little heat to make 
it again evaporate; for, by holding this Beard, plac’d and fix’d as I be- 
fore directed, neer aFire, and dipping the tip of a fmall fhred of Paper 
in well rectify’d fpirit of Wine, and then touching the wreath’d Cylin- | 
drical part,you may perceive it to untwift it felf; and prefently again,up- 
on the avolatiow of the {pirit, by the great heat, it will re-twift it lf, 
and thus will it move forward and backwards as oft as you repeat the 
touching it with the fpirit of Wine fo may, perhaps, the fhrinking and 
relaxing of the mufcles be by the influx and evaporation of fome kind 
of liquor or juice. But of thisEnquiry I fhall add more elfewhere. 

Obferv. XXVIII. Of the Seeds of Venus looking-glaf?, or Corn 
Violet. 

Rom the Leaves, and Downs, and Beards of Plants,we come at laftto 
i the Seeds; and here indeed feems to be the Cabinet of Nature,where- 
inare laid up its Jewels. The providence of Nature about Vegetables,isin 
no part manifefted more,then in the various contrivances about the feed, 
nor indeed is there in any part of the Vegetable fo curious carvings, and 
beautifull adornments, as about the feed ; this in the larger forts of feeds 
is moft evident to the eye; nor is it lef manifeft through the Ascrofcope, 
inthofe feeds whofe fhape and ftructure, by reafon of their fmalnefs, the 
eye is hardly able to diftinguifh. 

Of thefe there are multitudes, many of which I have obferv’d through 
a Microfcope, and find, that on do, for the moft part, every one afford 
exceeding pleafant and beautifull objects. For befides thofe that have 
various kinds of carv’d furfaces, there are other that have fmooth and 
perfectly polifh'd furfaces, others a downy hairy furface; fome are 
cover'd onely witha fkin, others with a kind of thell, others with both, 
as is obfervable alfo in greater feeds. 

Of thefe feedsI have onely deferibed four forts which may ferveas a 
Specimen of what the inquifitive obfervers are likely to find among the 
reft.. The firft of thefe feeds which are deferibed in the 17. Scheme, are 
thofe of Corn-Violets, the feed is very fmall, black, and fhining, and, to 
the naked eye, looks almoft like a very fmall Flea; But through the 

; Microfeope
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MicROGRAPHIA. 152 
Atic rofcope, it appears lage body, cover'd with a tough thick and bright 
reflecting {kin very irregularly fhrunk and pitted, infomuch that it is als 
moft an impoffibility to find two of them wrinkled alike, {0 great a ya: 
riety may there be even in this little feed. , 

This, though it appear'd one of the moft promifing feeds fot beauty to 
the naked eye,yet through the Aficro/cope it appear’d but a rude mifhapen 
feed, which] therefore drew, that I might thereby manifeft how unable 
we are by thenaked = to judge of beauteous or lefs curious microfeopi- 
cal Objects; cutting fome of them in funder, I obferv’d them to be fill’ 
witha greenifh yellow pulp, and to have a very thick hufk, in propor- 

| tion to the pulp. 

fee ee 68 oat elegy ielg ip mols seiged) 

Obferv. XXIX. Of the Seeds of Tyme. 

ra retty fruits here reprefented, in the 18. Scheme, are nothing 
ele bi nine feveral feeds of Tyme they are all of them in differ: 

ing pofture,both as to the eye and the light; nor are they all ofthem ex: 
attly of the fame fhape, there being a great variety both in the bulk and 
figure of each feed ; but they all agreed in this,that being look’d on with 
a Microfcope, they each of them exactly refembled a Lemmon or Orange 
dry’d 5 and this both in fhape and colour. Some of them area little 
rounder, of the fhape of an Orange, as A and B, they have each of 
them a very confpicuous part by which they were join’d to their little 
ftalk,and one of them had a little piece of {talk remaining on ; the oppo 
fite fide of the feed, you may perceive very plainly by the Figure,is very 
copped and prominent, as is very ufual in Lemmons, which prominencies 
are exprefs'd in D, E and F. ; 

They feem’d each of them a little creas'd or wrinckled, but E was 
very confpicuoully furrow’d, asif the inward make of this feed had been 
fomewhat like thatof a Lemmon alfo, but upon dividing feveral feeds 
with a very fharp Pen-knife, and examining them afterward, I found 
their make to be in nothing but bulk differing from that of Peas,that is,to 
havea pretty thick coat,and all the reft an indifferent white pulp, which 
feem’d very clofe 5 {0 that it feems Nature does not very much alter her 
method in the manner of inclofing and preferving the vital Principlein 
the feed, in thefe very {mall grains, from that of Beans, Peas, @c: 

The Grain affords a very pretty Object for the Aicrofcope, namely, a 
Difh of Lemmons plac’d ina very little room 3 fhoulda Lemmon or Nut 
be proportionably magnify’d to what this feed of Tyme is,it would make 
it appear as bigg asa large Hay-reek,and it would be ‘to great wonder to 
fee Homers liad, and. Homer and all, cramm’d into fuch a Nut-fhell. We 
may perceive even in thefe {mall Grains, as well as in greater, how curl 
ous and carefull Nature is in preferving the feminal principléiof ver 
table bodies, in what delicate, {trong and — convenient aaa 

ays



154 MicrocRraputa. : 
lays them and clofes them in a pulp for their fafer protection from out- 
ward dangers, and for the fupply of convenient alimental juice, when 
the heat of the Sun begins to animate and ‘move thefe little automatons 
or Engines; as if fhe would, from the ornaments wherewith fhe has deckt 
thefe Cabinets, hint to us, that in them fhe has laid up her Jewels — 
and Mafter-pieces. And this, ifwe are but diligent in obferving, we 
fhall find her method throughout. There is no curiofity inthe Elemental 
kingdoms, if I may fo call the bodies of Air, Water, Earth, that are com= 
parable in form to thofe of Minerals; Air and Water having no format 
all, unlefs a potentiality to be form’d into Globules; and the clods and 
parcels of Earth are all irregular, whereas in Minerals fhe does begin to 
Geometrize, and prattife, as ’twere, the firft principles of Asechanicks, 
fhaping them of plain regular figures, as triangles, {quares, ec. and te- 
traedrons, cubes, Gc. But none of their forms are comparable to the | 
more compounded onesof Vegetables; Fer here fhe goes aftep further, 
forming them both of more complicated fhapes, and adding alfo multi- 
tudes of curious Mechanick contrivances in their ftructuresfor whereasin 
Vegetables there was no determinate number of the leaves or branches, 
nor no exattly certain figure of leaves, or flowers,or feeds, in Animals all 
thofe things are exactly defin'd and determin’d; and where-ever there 
is either an excefs or defect of thofe determinate parts or limbs,there has 
been fome impediment that has fpoil'd the principle which was moft re- 
ular: Here we fhall find, not onely moft curioufly compounded fhapes, 

Ce moft ftupendious Mechanifms and contrivances, here the ornaments 
are in the higheft perfection, nothing in all the Vegetable kingdom that 
is comparable to the deckings of a Peacock 5 nay,to the curiofity of any 
feather, asIelfewhere thew nor to that of the {malleft and moft defpi- 
eable Fly. But I muft not ftay on thefe {peculations, though perhaps it 
were very well worth while for one that had leifure,to fee what Informa- 
tion may be learn’d of the nature,or ufe,or virtues of | bodies,by their feve- 
ral forms and various excellencies and properties. Who knows but Adame 
might from fome fuch contemplation, give names to all creatures? If at 
leaft his names had any fignificancy in them of the creature’s nature on 
Which he impos‘d it; as many (upon what grounds I know not) have 
fuppos'd : And who knows,but the Creator may,in thofe chara@ers,have 
written and engraven many of his moft myfterious defigns and counfels, 
and aoe man a capacity, which, aflifted with diligence and awit i 
may be able to read and underftand them. But not to multiply my di- 
greflion more then I can the time, I will proceed to the next, whichis, 

J rc ttre edt ht a enna hin 6a | pe apncimgnmmennen i ctasintooey 

o Obferv. KXX. Of the Seeds of Poppy. 

“Tie fthall feeds of Poppy, which are deferibed in the 19. Scheme, both 
-* for their finalness, my and prettinefs, as alfo for their ad- 
tirable foporifick quality, deferye to'be taken notice of among the 

other
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MicROGRAPHIA 55 
other seicrofcopical feeds of Vegetables: For firft, though they grow ina 

Cafe or Hive oftentimes bigger then one of thefe Pictures of the mcro- 

feopical appearance, yet are they for the moft part fo very little, thatthey 

“exceed not the bulk of'a {mall Nitt,being not abdve $, part of an Inch in 

Diameter, whereas the Diameter of the Hive of them oftentimes exceeds 

two Inches.fo that it is capable of containing neer two hundred thoufand, 

and fo inall likelihood does contain a vaft quantity, though perhaps not 

thatnumber. Next, for their prettinefs, they may be compar'd to any 

wicrofcopical {eed 1 have yet feens for they are ofa dark brownifhred 

colour, curioufly Honey-comb’d all over with avery pretty variety of 

Net:work, or a fmall kind of imbofment of very orderly rais'd sled 

the farface of them looking not unlike the infide of'a Beev’s ftomack. But 

that which makes it moft confiderable of all, is, the medicinal virtues of 

it, which are fuch as are not afforded us by any Mineral preparation ; and 

that is for the procuring of fleep, a thing as neceflary to the well-being 

of acreature as his meat, and that which refrefhes both the voluntary 

and rational faculties, which, whil'ft this affection has feis'd the body,are 

for the moft part unmov'd, and at reft. And, methinks, Nature does 

 feem to hint fome very notable virtue or exccllency in this Plant from the 

curiofity it has beftow'd uponit. Firft, in its flower, it is of the higheft 

{carlet-Dye, whichis indeed the prime and chiefeft colour, and babar 

in all Ages of the world moft highly efteem’d: Next, it has as much cu- 

riofity fhew’d alfo in the hufk or cafe of the feed, as any one Plant I have 

yet met withall; and thirdly, the very feeds themfelves, the Aficrofcope 

difcovers to be very curioully fhap'd bodies; and laftly, Nature has 

taken fuch abundant care for the propagation of it, that one fingle feed 

ata into a Plant, is capable of bringing fome hundred icutbatie of 

feeds. 
It were very worthy fome able man’s enquiry whether the intention of 

Nature, as to the fecundary end of Animal and Vegetable fubftances 

might not be found out by fome fuch charaéters and notable impreffions 

as thefe, or from divers other circumftances, as the figure, colour, place, 

time of flourifhing, fpringing and fading, duration, tafte, {mell, Oc. For 

if fuch there are (as an able Phyfician upon good grounds has given me 

caufe to believe) we might then, infteed of ftudying Herbals (where fo 

little is deliver'd of the virtues of a Plant, and lefs of truth) have re- 

courfe to the Book of Nature it felf, and there find the moft natural, 

ufefull, and moft effectual and fpecifick Medicines, of which we have 

among{t Vegetables, two very noble Inftances to incourage fuch a hope, 

the one of the Jefite powder for the cure of swtermitting F eavers,and the 

other of the juice of Poppy for the curing the defect of fleeping. 

13 Obfery.
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Obferv. XX XI. Of Purflane-feed. 

SptHe Seeds of Purflane feem of very notable fhapes, appearing through 
the Adicrofcope {hap’d fomewhat like a vautilus or Porcelane fhell, as 

may be feen in the XX. Scheme, it being a {mall body, coy!'d round in 
the manner of a Spiral ; at the greater end whereof,which een the 
mouth or orifice of the Shell, there is left a little white tranfparent fub- 
ftance, like a fkin, reprefented by BBBB, which feemsto have beenthe — 
place whereunto the {tem was join'd. The whole furface of this Coclea 
or Shell, is cover’d over with abundance of little prominencies or buttons _ 
very orderly rang’d into Spiral rows, the fhape of each of whichfeem'd 
much to refemble a Wart upon a mans hand. The order, variety, and 
curiofity in the fhape of this little feed, makes it a very pleafant object 
for the AZicrofcope, one of them being cut afunder with a very harp Pen- _ 
knife, difcover'd this carved Cafket to be of a brownifh red, and fome- 
what tranfparent fubftance, and manifefted the infide to be fill'd witha 
whitifh green fubftance or pulp, the Bed wherein the feminal principle 
lies zvelop'd. 

There are multitudes of other feeds which in fhape reprefent or imi- 
tate the forms of divers other forts of Shells: as the is of Scurvy= 
graf, very much refembles the make of a Concha Venerea,a kind of Purce- 
lane Shell ; others reprefent feveral forts of larger fruits, fweat Marje- 
rome and Pot-marjerome reprefent Olives. Carret feeds are like a cleft _ 
of a Coco-Nut Hufk; others are like Artificial things, as Succory feeds 
are like a Quiver full of Arrows, the feeds of Amaranthus are of anex- 
ceeding lovely fhape, fomewhat like anEye: The fkin of the black and 
thrivled feeds of Onyons and Leeks,are all over knobbed like a Seals fkin. 
Sorrel hasa pretty black thining three-fquare feed, which is picked at both 
ends with three ridges, that are bent the whole length of it. It were al- 
moft endlefs to reckon up the feveral fhapes,they are fo many and {0 va- 
rious; Leaving them therefore to the curious ubferver, I fhall proceed to 
theObfervations on the parts of Animals. 

Obferv. XXXII. :Ofthe Figure of feveral forts of Bair, and of 
the texture of the tkin. 

Vie {ome of the Hairs of my Head with a very good Aficrofcope, 
I took notice of thefe particulars: 

1. That they were, for the moft part, Cylindrical, fome of them were 
fomewhat Pri/matical,but generally they were veryneer round, fuch as are 
reprefented in the fecond ig of the 5.Scheme,by the Cylinders EEE. 
nor could I find any that had fharp angules. 

2. That
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. 2 That that part which wasnext the top, was bigger ther that which 

was neerer the root. i 
3. That they were all along froin end to end tranfparent, though not 

very cleer, the end next the root appearing like a black tranfpareht piece 
of Horn, the end next the top more brown, fomewhat like tran{parent 
Horn. 

4. That the root of the Hairs were pretty fmooth, tapering inwards, 
almoft like a Parfnebs nor could J find that it had any filathents; or any 
other veflels, fuch as the fbres of Plants, s 

5. That the top when fplit (which is common ih long Hair) appear’d 
like the end of a ftick, beaten till it be all flitter’d, there being not onely 
two fplinters, but fometimes half a feore and more. 

6. That they were all, as farr as I was able to find, folid Cjlindrical 
bodies, not pervious, like a Cane or Bulrufhs for could I find that they 
had any Pith, or diftinction of Rind, or the like; fuch as [had obferv’d in 
Horfe-hairs, the Briftles of a Cat, the Ivdian Deer's Hair, &c, ; 

Obfervations on feveral other forts of Hair. 

For the Brifles of a Hogg, I found them to be firft a hard tran{parent 
horny fubftance, without the leaft appeatance of pores or holes init ; and 
this I try’d with the greateft care I was able, cutting many of them with a 
very fharp Razor, fo that they appear’d, even in the Glafs, to have a pret- 
ty {mooth furface, but fomewhat waved by the fawing to and fro of the 
Razor, as is vifible in the end of the Prifizatical body A of the fame 
Figure; and then making trials with caufing the light to be caft on theni 
all the various ways I could think of, that was likely to make the pores 
appear, if there had been any, I was not able to difcover any. 

Next, the Figure of the Brifles was very various, neither perfectly 
round, nor fharp edg'd, but Prifmatical, with divers fides, and round 
angles, as appears in the a A. The bending of them ii any part 
where they before appear'd cleer, would all flaw them, and make them 
look white. 

| The Muftacheos ofa Cat (part of one of which is reptefented by the 
fhort Cylinder B of the fame Figure) feem'd to have, all of them that I ob- 
ferv'd,a large pith in the middle, like the pith of an Elder, whofe texture 
was foclofe, that I was not able to difcover the leaft fign of pores; and 
thofe parts which feem to be pores,as they appear'd in one pofition to the 
light, inanotherI could find a manifeft reflectiom to be caft from them. 

ThisI inftance in,to hint that it is not fafe to conclude any thing tobe 
pofitively this or that, though it appear never fo plain and likely when 

_ look’d on with a Adicrofeope in one pofture, before the fame be examin’d 
by placing it in feveral other pofitions. 

And this Itake to be the reafon why many have believed and aflerted 
the Hairs of a man’s head to be hollow, and like fo many {mall pipes per- 
forated from end to end. 

Now, thoughI grant that by an dzalogie one may fuppofe them _ 
an
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and from the Poloziaz difeafe one may believe them fuch, yet think we 
have not the leaft encouragement to either from the Afcrofcope, much lef 
pofitively to affert them fuch, And perhaps the very eflence of the Plica 
Poloxica may be the hairs growing hollow, and of an unnatural con- 
ftitution. 

And as for the Azalogie, though I am ie enough to think that the hairs 
of feveral Animals may be perforated fomewhat like a Cane, or at leaft 
havea kind of pith in them, firft, becaufe they feem as ‘twere a kind of Ve- 
getable growing on an Animal, which growing,they fay, remains a long 
while after the Animal is dead, and therefore fhould like other Vege- 
tables hayea pith ; and fecondly, becaufe Horns and Feathers, and Por- 
cupine’s Quils, and Cats Brifles, and the long hairs of Horfes,which come 
very neer the nature ofa mans hair,feem all of them to have a kind of pith, 

me fome of them to be porous, yet I think it not (in thefe cafes,where we 
have fuch helps for the fenfe as the Adicrofcope affords) fafe concluding 
or building on more then we fenfibly know, fince we alpen exami- 
ning, find that Nature does in the make of the fame kind of fubftance, 
often vary her method in framing of it; In{tances enough to confirm this 
we may find in the Horns of feveral creatures: as what a vaft difference 
isthere between the Horns of an Oxe, and thofe of fome forts of Staggs 
as to their fhape ? and even in the hairs of feveral creatures, we find a 
vaft difference 5 as the hair of aman’s head feems, as I faid before, long, 
Cylindrical and fometime a little Prifwatical, folid or impervious, and 
very {mall ; the hair of an I#dian Deer (a part of the middle of which is 
dates inthe third Figure of the fifth Scheme, marked with F) isbig- 
ger in compafs through all the middle of it,then the Brifleof anHogg,but 
the end of it is fmaller then the hair of any kind of Animal (asmaybe 
feen by the Figure G) the whole belly of it, which is about two or three 
Inches long, looks to the eye likea thread of courfe Canvafs, that has 
been newly unwreath’d, it being all wav'd or bended toand fro, much | 
after that manner, but through the A4crofcope, it appears all perforated 
from fide to fide,and Spongie, like a finall kind of fpongy Coral, which is | 
often found upon the Exgli/h fhores; but though I cut it tranfverfly, I 
could not perceive that it had any pores that ran the long-way of the 
hair: the long hairs of Horfes CC and D, feem Cylindrical and fomewhat 
pithy 5 the Briflesof a Cat B, are conical and pithy: the Quils of Por- 
cupines and Hedghoggs, being cut tran{verfly, havea whitifh pith, inthe 
manner of a Starr,or Spur-rowel : Piggs-hair (A) is fomewhat triagonal, | 
and feems to have neither pith nor pore: And other kinds of hair have 
quite a differing ftrudure and form. And therefore! think it no way | 
agreeable to a true natural Hiftorian, to pretend to be fo fharp-fighted, 
as to fee what a pre-conceiv'd Hypothefis tells them fhould be there, where | 
another man, though perhaps as feeing, but not foreftall’d, can difcover 
no fuch matter. | 

But to proceed 5 I obferv’d fevera) kind of hairsthat had been Dyed, 
and found them to be a kind of horny Cylinder, being of much about the | 
tranfparency of a pretty cleer piece of Oxe horn; thefe appear’d quite 

through-
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_ througliout"ting’d with the colours they exhibited, And ‘tis likely,that 
- thofe hairs being boyl‘d or fteep’d in thofe very hot ting’d liquors in the 

Dye-fat, And the fubftance of the hair being much like that of an Oxes 
Horn, the penetrant liquor does {o far mollifie and foften the fubftance, 
that it finks into the very.center of it, and fo the ting’d parts came to be 
mix'd and united with the very body of the haix,and do not (as fome have 
thought) only ftick on upon the outward furface, And this,the boiling of 

_ Horn will make more probable 5, for we thal] find by that action, that the 
water will infinuate. it felf to a. pretty depth within the furface of it, 

_ efpecially ifthis penetrancy of the water be much helped by the Salts 
that are ufually mix’d with the Dying liquors. Now, whereas Silk may 
be dyed or ting’d into all kind of colours without aa ot dipping in- 
to hot liquors, I ghefs the reafon to be two-fold: Firft, becaufe the fila- 
ments, or {mall cylinders of Silk, ar¢ abundantly fmaller and finer, and fo 

_ have a much lets depth to be penetrated then moft kind .of hairs 5. and 
| next, becaufe the fubftance or matter of Silk, is. much more like a Glew 
) then the fubftance of Hair is. And that I have reafon to fuppofe; 

Firft, becaufe when it is {pun or drawn out of the Worm, itis a perfect 
glutinous fubftance, and very eafily fticks and cleaves to any adjacent 
body, as [have feveral times obferved, both in Silk-wormsand Spiders, 
Next, becaufe that I find that water does eafily diflolve and mollifie the 
fub{tance again, which is evident from their manner of ordering thofe 
bottoms or pods of the Silk-worm before they are able to unwind them, It 
isno great wonder therefote,if thofeDyes or ting’d liquors do very quick- 
jy mollifie and tinge the furfaces of \ {mall and {o glutinous a body. 
And weneed not wonder that the colours appear {0 lovely in the one, 
and fo dull in the, other, if we view but the ting’d cylinders of both 
kinds with a good Afierofcope 5 for whereas the fub{tance of Hair,at beft,is 
but a ditty dufkifh white fomewhat tranfparent, the filaments of Silk have 
amoft lovely tranfparency and sleeve, the difference between thofe 
two being not much lefs then that betweena piece of Horn, and a piece 
of Cryftal; the one yielding a bright and vivid refleétion from the con- 
cave fide of the cylinder, that is, fromthe concave furface of the Air 
that incompafles the back-part of the cylinder 5 the other yielding a dull 
and perturb‘d reflection from the feveral Heteregexeous parts that com- 
pole it. And this difference will be manifeft enough to the eye,if you get a 
couple of {mall Cylinders, the fmaller of Cryftal Glafs,the other of Horn, 
and then varnifhing them over very thinly with fometranfparent colour, 
‘which will reprefent to the naked eye much the fame kind of objeét which 
is reprefented to it from the filaments of Silk and Hair by the help of the 
Aticrofcope. Now, fince the threads of Silk and Serge are made up of a 
reat number of thefe filaments, we may henceforth ceafe to wonder at 
the difference. From much the fare reafon proceedsthe vivid and loye- 
ly colours of Feathers, wherein they very farr exceed the natural as well 
as Artificial colouis of hairsof which J thall fay more in its proper place. 

The Teguments indeed of creatures are all.of them adapted to the pe- 
culiar ufe and convenience of that ‘Animal which they inwrap3 and very 

much
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much alfo for the ornament and beauty of it, as will be moft evident to 
any onethat fhal! attentively confider the various kinds of cloathings 
wherewith moft creatures are by Nature invefted and cover'd. Thus I 
have obferved, that the hair or furr of thofe Northern white Bears that 
inhabite the colder Regions, is exeeeding thick and warm : the like have 
1 obferv'd of the hair of a Greenland Deer, which _— brought alive to 

London,\ had the opportunity of viewing 5 its hair was fo exceeding thick, 
long and foft, that I could hardly with my hand, grafp or a of 
his fkin, and itfeem’d fo exceeding warm, as I had never met with any 
before. And as forthe ornamentative ufe of them, it is moft evident ina 
multitude of creatures,not onely for colour, as the Leopards, Cats,Rhein 
Deer, cc. but for the fhape, as in Horfes manes, Cats beards,and feveral 
other of the greater fort of terreftrial Animals, but is much more confpi- 

cuous, in the Veftments of Fifhes, Birds, Infects, of which I fhall by and 
by give fome Inftances. 

As for the fkin, the Aicrofcope difcovers as great a difference between 
the texture of thofe feveral kinds of Animals, as it does between their 
hairs; but all that [ have yet taken notice of, when tann’d or drefs‘d, are 
of a Spongie nature, and feem to be conftituted of an infinite company 
offmall long fibres or hairs, which look not unlike a heap of Tow or 
Okum ; every of which fibres feem to have been fome part ofa Mufcle, 
and probably, whil'ftithe Animal was alive, might have its diftiné funéti- 
on, and ferve for the contraction and relaxation of the fkin, and for the 
ftretching and fhrinking of itthis or that way. 

And indeed, without fuch a kind of texture as this, which is very like 
that of spunk, it would feem very ftrange, how any body fo ftrong asthe 
fkin ofan Animal ufually is, and fo clofe as it feems, whil'ft the Animal is 
living, fhould be able to firffer fo great an extenfion any ways, without at 
all hurting or dilacerating any part oft. But,fince we are inform’'d by the 
Microfcope, that it confifts of a great many fmall filaments, which are im- 
plicated, or intangled one within another, almoft no otherwife then the — 
hairs in a lock of Wool, or the flakesin a heap of Tow, though not alto- 
gether fo loofe ; but the filaments are here and there twifted,as twere,or 
interwoven,and here and there they join and unite with one another,foas — 
indeed the whole fkin feemsto be but one piece,we need not much won- | 
der:And though thefe fibres appear not through aAicro/cope,exatly joint- 
ed and contex'd,as in Sponge; yet,as I formerly hinted, [am aptto think, — 
that could we find fome way of difcovering the texture of it, whil'ftitin- 
vefts the living Animal,or had fome very eafie way of ipa the pulp © 
or intercurrent juices, fuchas inall probability fill thofe Interftitia, with- 
out dilacerating, brufing, or otherwife fpoiling the texture of it (as it 
feems to be very much by the ways oftanning and dreffing now us'd) we | 
might difcover a much more curious texture then Ihave hitherto been — 
ible to find ; perhaps,fomewhat like that of Sponges. | 

That of Chamoife Leather is indeed very much like that of spunk, fave — 
onely that the filaments {eem nothing neer foeven and round, nor alto- — 
gether {0 {mall, norhas it fo curious joints as Spx#k has, fome of — | 

ve —
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have lately difcover'd like thofe of a Sponge, and perhaps all thefe three 
bodies may be of the fame kind offubftance, though two.ofthem indeed 
are commonly accounted Vegetable (which, whether they be fo of 
no, I fhall not now ‘difpute) But this feems common toall three, that 
they undergo atanning or drefling, whereby. the interfpers'd juices are 
waited and wafh’d away before the texture of them can be difcover'd. 

What their way is of drefling, or curing Sponges, Iconfefs, I cannot 
learn; but the way of dretling spwxk, is, by boiling it a good while ina 
{trong Lixivinm, and then beating it very well ; andthe manner of dref- 
fing Leather is fufficiently known. 

It were indeed extremely defirable, if fuch away could be found 
whereby the Parewchyma or flefh of the Mutcles, and feveral. other 
parts of the bod,ymight be wafh'd, or wafted clean away,without vitia- 
ting the form of the fbrows parts or vefiells of it, for hereby the texture 
of thofe parts, by the help ofa good Afcrofcope, might be moft accu+ 
rately found. 

But to digrefs no further, we may, from this difcovery of the Aficro- 
Jcope, plainly enough underftand how the fkin, though it looks fo clofe 
as it does, comes to givea paflage to fo vaft a quantity of excrementitious 
fubftances, as the diligent Sauitoriws has excellently obferved it to do, in 
his wedicina fiatica for it {eems very probable, from the texture after 
drefling,that there are an infinit of pores that every way pierce it,and that 
thofe pores are onely fill'd with fome kind of juice, or fome very pulpy 
foft fubftance, and thereby the {teams may almoft as eafily find a paflage 
through fucha fluid vehicle as the vaporous bubbles which are generated 

_ at the bottom of a Kettle of hot water do finda paflage through that 
fluid #edium into the ambient Air. 
Noris the fkin of animals only thus pervious,but even thofe of végetables 

alfo feem to be the famesfor otherwife I cannot conceive why, iftwo {prigs 
| _of Rofemary (for Inftance) be taken as exactly alike in all particulars as 

can be, and the one be fet with the bottom in a Glafs of water, and the 
other be fet juft without the Glaf,but in the Air onely, though you {top 
the lower end of that in the Air very carefully with Wax, yet fhall it 
prefently almoft wither, whereas the other that feems to have a fupply 
from the fubjacent water by its {mall pipes, or sicrofcopical pores, pre- 
ferves its greennefs for many days, and fometimes weeks, . 

___ Now, thisto me, feems not likely to proceed fromany other caufe then 
the,avolation of the juice through the fkin; for by the Wax,all thofe other 
poresjof the {tem are very firmly and clofely {top dup. And from the more 
or lefs poroufnefs of the fkins orrinds of Vegetables may, perhaps, be 
fomewhat of the reafon given, why they keep longer green, or fooner wi- 
ther ; for we may obferve by the adlderiog and craking ofthe leaves of 
Bays,Holly, Laurel, @c. that their fkins are very clofe, and do not fuffer 
fo free a paflage through them of the included juices, 

But of this, and of the Experiment of the Rofemary; I fhall elfewhere 
more fully confider,it feeming to me an extreme luciferous Experiment, 
fuch as feems indeed very plainly to prove the Schematifiz or inion. 

ZL oO
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of Vegetables altogether mechanical, and as neceflary, that (water and 
warmth being apply’d tothe bottom of the fprig of a Plant) fome of it 
fhould be carried upwards into the {tem, and thence diftributed into the 
leaves, as that the water of the Thames covering the bottom of the Mills 
at the Bridge foot of Londom, and by the ebbing aud flowing of it, pat 
fling ftrongly by them, fhould have fome part of it convey'd to the 
Cefterns above,and thence into feveral houfes and Cefterns up and down 
the City. ; 

Obferv. XXXII. Of the Scales of a Soal, and other Fifhes. 

Aving hinted fomewhat of the fkin and covering of terreftrial Ani- 
H mals, I fhall next add an ObfervationI made on the fkin and Scales 
of a Soal, a {mall Fifh, commonly enough known ; and here in Fifhes, as 
well as other Animals, Nature follows its ufual method, framing all parts 
fo, as that they are both ufefull and ornamental in all ics once 
mingling wtile and dulce ee and both thefe defigns it feems to 
follow,though our unaflifted fenfes are not able to peceive them : This is 
not onely manifeft in the covering of this Fith only, but in multitudes of 
others,which it would be too long to enumerate, witnefs particularly that 
fmall Sand Shell, whichI mention’d in the X I. Obfervation, and infinite 
other finall Shells and Scales, divers of which I have view'd. This fkin I 
view’d, was flead from a prettylarge Soa/, and then expanded and dry’d, 
the infide of it, when dry, to the naked eye, look'd very like a piece of 
Canva%,but the Azcrofcope difcover'd that texture to be nothing elfe,but 
the inner ends of thofe curious Scolop’d Scales I, I, I, inthe fecond Figure 
of the X XI. Scheme, namely, the partof GGGG (ofthe larger repre- 
fentation of a fingle Scale, in the firft Figure of the fame Scheme) which 
on the back fide, through an ordinary fingle Magnifying Glafs, look’d 
not unlike the Tyles on an houfe. 

The outfide of it, to the naked eye, exhibited nothing more of orna- 
ment, fave the ufual order of ranging the Scales into a triagonal form, 
ontely the edges feem’d a little to fhine, the finger being rubbd fromthe 
tail-wards towards the head, the Scales feem’d to ftay and raze it; But 
through an ordinary Magnifying glafs, it exhibited a moft curiontfly 
“ane and adorned furface, fick as is vifible in the fecond Figi#re, each 
of thofé (formerly almoft imperceptible) Scales appearing much of the 
fhape I, I, 1, that is, they were round, and protuberant, and fomew: 
fhap‘d like a Scolop, the whole Scale being creas'd with curioufly wa” 

and indented ridges,with proportionable furrows betweenseach of whic 
Wwasterminated with a very fharp tranfparent bony fubftance,which, like 
fo many edie beni feem‘d to arm the edges. | 

The back part KKK was the fkin into which each of thefe Scales 
were very deeply fix'd, in the curious regular order, vifible in the fecond 

- ; Figure, |
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MicroGRAPHia. 163 
Figure. The length and thape of the part of the Scale which was buried 
by the fkin,is evidenced by the firlt Figures which is the reprefentation of 
one of them pluck'd out and view'd through a good Aficrofcope, namely, 
the part LF G GFL, wherein is allo more plainly to be feen,the manner 
of carving of the fcclopt part of every particular Scale,how each ridge or 
barrEEE is alternately hollowed or engraven, and how every gutter 
between them is terminated with very tranfparent and hard pointed 
fpikes, and how every other of thefe, as AA A A, are much longer then 
the interjacent ones, DDD. 

The texture or form alfo of the hidden part appears, namely, the 
middle part,G GG, feems to confift ofa great number of {mall quills 
or pipes, by which, perhaps, the whole may be nourifhed; and the fide 
parts F F confift of a more fibrous texture, though indeed the whole 
Scale {eem’dto be of a very tough grilly fubftance, like the larger Scales 
of other Fifhes. i 

The Scales of the fkin of a Dog-fith (which is us'd by fuchas workin 
Wood, for the {moothing of their work,and confifts plainly enough to the 
naked eye,ofa great number of {mall horny points)through the A4icrofcope : 
appear d each of them curioully ridg’d, and very neatly carved ; and in- 
deed, you can hardly look on the fcales of any Fith, but you may difcover 
abundance of curiofity and beautifying; and not only inthefe Fifhes,but in 
the fhells and crufts or armour of moft forts of Adarize Animals {0 invefted, 

Obferv. XXXIV. Of the Sting of a Bee. 

apie Sting of a Bee, delineated in the fecond Figure of the XVI.Scheme, 
| feems to be a weapon of offence, and is as great an Inftance, that 
| Nature did realy intend revenge as any, and that firft, becaufe there 

feems tobe no other ufe of it. Secondly, by reafon of its admirable fhape, 
| feeming to be purpofely fhap’d for that very end. Thirdly,from the vi- 

__ rulency of the liquor it ejects, and the {fad effeéts and fymptoms that fol- 
low it. 

But whatever be the ufe of it,certain it is,that the ftructure of it is very 
admirable ; what it appears to the naked eye, I need not defcribe, the 
thing being knownalmoft to every one,but it appears through the AZcro- 
feope, to confift of two parts, the one a fheath, without a chape or top, 
ae almoft like the Holfter of a Piftol, beginning at d, and ending 
at b, this fheath I could moft plainly perceive to be hollow, and to con- 
tain in it, both a Sword or Dart, and the poifonous liqnor that caufes the 
pain. The fheath or cafe feem’d to have feveral joints or fettings together, 
marked by fg hik! mo, it was arm’d moreover neer the top, with fe- 
veral crooks or forks ( p q7f#) on one fide, and (p qr ft #) on the other, 
each of which feem’d like fo many Thorns growing on a briar, or rather 
like fo many Cat’s Claws; for the crooks themfelves feem‘d to be little 

fharp tran{parent points or claws, growing ” of little protuberancies » 
2 the



= 

164 MicroGRAHPIA. 
the fide of the fheath, which, by obferving the Figure diligently, is eafie 
enough to be perceiv'd; and from feveral particulars, I fuppofe the Ani- 
mal has’a power of difplaying them, and fhutting them in again as it 
pleafes, as a Cat does its claws, or as an Adder or Viper can its teeth 
or fangs. . 

The other part of the Sting was the Sword, as | may fo call it, which 
is fheath’d, asit were,in it, the top of which 2b appears quite through at 
the fmaller end, juft as if the chape of the fheath of a Sword were loft, 
and the end of it ee beyond the Scabbard ; the end of this Dart¢a) 
was very fharp, and it was armd likewife with the like Tenterhooks or 
claws with thofe of the fheath, fuchas (wxy, xy zx) thefe crooks, am 
very apt to think, can be clos'd up alfo, or laid flat to the fides of the 
Sword when it is drawn into the Scabbard,as I have feveral times obferv’d 
it to be, and can be fpred againor extended when ever the Animal 

leafes. 
E The confideration of which very pretty ftructure,has hinted to me,that 
certainly the ufe of thefe claws feems to be very confiderable, as to the 
main end of this Inftrument, for the drawing in, and holding the fting in 
the flefh ; for the point being very fharp, the top of theSting or Dagger 
(46) is very eafily thruft into an Animal's body,which being once entred, 
the Bee, by endeavouring to pull it into the fheath, draws (by reafon of 
the crooks (uxy) and (xyzz) which lay hold of the fkin on either _ 
fide) the top of the fheath (¢ fr v ) into the fkin after it, and the crooks 
t,s, and r,v, being entred, when the Bee endeavours to thruft out the 
top of the {ting out of the fheath again, they Jay hold of the {kin on ei- 
ther fide, and fo not onely keep the fheath from fliding back, but helps 
the top inwards, and thus, by an alternate and fucceflive retracting and 
emitting of the Sting in and out of the fheath, the little enraged creature 
by degrees makes his revengfull weapon pierce the tougheft and thickeft 
Hides of his enemies, in fo much that fome few of thefe ftout and refo- 
lute foldiers with thefe little engines, do often put to flight ahuge mafty 
Bear, one of their deadly enemies, and thereby fhew the world how 
much more confiderable in Warr a few fkilfull Engineers and refolute 
foldiers politickly order’d, that know how to manage fuch engines, are, | 
then a vaft unweildy rude force, that confides in, and atts onely by, its 
ftrength. But (to proceed) that he thus gets in his Sting into the fkin, 
T conjecture, Secalally when I have obferv'd this creature living, I have 
found it to move the Sting thus, to and fro, and thereby alfo, perhaps, 
does, as ‘twere, pump or force out the poifonous liquor, and make it 
hang at the end of the fheath about 6 in a drop. The crooks, I fuppofe 
alfo to be the caufe why thefe angry creatures, haftily removing them- 
{elves from their revenge, do often leave thefe weapons behind them, 
fheath’d, as ‘twere, in the fleth, and, by that means, caufe the painfull 
fymptoms to be greater,and more lafting,which are very probably caus‘, 
ony by the piercing and tearing of the fkin by the Sting, but chiefly 

y the corrolive and poifonous liquor that is by this Syringe-pipe con- 
vey’d among the fenfitive parts thereofand thereby more eafily ~ 

an
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and corrodes thole tender fibres: As I have fhewed in the defcription 
of a Nettle and of Cowhage. 

Obferv, XXXV. Of the contexture and fbape of the particles of 
Feathers. ri 

| Xamining feveral forts of Feathers, I took notice of thefe particulars 
E in all forts of wing-Feathers, e{pecially in thofe which fervd for the 

__ beating of the air in the action of flying. 
| That the outward furface of the Quill and Stem was ofa very hard, tiff, 

and horny fubftance, which is obvious enough, and that the part above 
| the Quill was filld witha very white and light pith, and,with the Adcro- 

ss feope, | found this pith to be nothing elfe, but a kind of natural congeries 
of {mall bubbles,the films of which feem to be of the fame fubftance with 
thar of the Quill, thatis, of a {tiff tranfparent horny fubftance. 
Which particular feems to me,very worthy a more ferious confiderations 

For here we may obferve Nature,as ‘twere,put to its fhifts, to make a fub- 
ftance,which fhall be both light enough,and very ftiffand ftrong, without 
varying from its own eftablifh’d principles, which we may obferve to be 
fuch, that very ftrong bodies are forthe moft part very heavie alfo, a 
{trength of the parts ufually requiring a denfity, and a denfity a gravity 5 4 
and therefore fhould Nature have made a body {0 broad and fo ftrong as 

_ a Feather, almoft, any other way then what it has taken, the gravity of it 
muft neceflarily have many times exceeded this; for this pith feems to be 
like fo many {tops or crofs pieces in a long optical tube, which do very 
much contribute to the {trength of the whole, the pores. of which were 
fuch, as that they feem’d not to have any communication with one ano= 
ther, as I have elfewhere hinted. 

But the Mechanifm of Nature is ufually fo excellent, that one and the 
fame {ubftance is adapted to ferve for many ends. For the chief ufe of 
this, indeed, feems to be for the fupply of nourifhment to the downy or 
feathery part of the ftem 5 fortis cbvious enough in all forts of Feathers, 
that ’tis plac’d juft under the roots of the branches that grow out of ei- 
ther fide of the quill or {talk, and is exactly fhap’d according to the rank- 
ing of thofe branches, coming no lower into the quill, then juft the be- 
ginning of the downy branches, and growing onely on the under fide of 
of the quill where thofe branches do fo. Now, ina ripe Feather (as one 
may call it) it feems difficult to conceive how the Succws nutritius fhould 
beconvey'd to this pith; for it cannot, I think, be well imagin’d to pafg 
through the fubftance of the quill, fince, having examin’d it with the 
greateft diligence I was able, I could not find the leaft appearance of 
pores; but he that fhall well examine an unripe or pinn’d Feather, will 
plainly enough perceive the Veflel for the conveyance of it to be the thin 
filmy pith (as tis call’d) which pafles through the middle of the quill. 

Asfor the make and contexture of the Down it felf, it is indeed very 
rare
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rare and admirable, and fuch asI can hardly believe,that the like is to be 
difcover'd in any other body in the worlds for there is hardly a large 
Feather in the wing of a Bird,but contains neer a million of diftin& parts, 
and every one of them fhap'd ina moft regular & admirable form,adapt- 
edto a particular Defign : For examining a middle ciz’d Goofe-quill, I 
eafily enough found with my naked eye,that the main ftem of it contain’d 
about 300. longer and more Downy branchings upon one fide, and as 
many on the other of more ftiff but fomewhat fhorter branchings. Many 
of thefe long and downy branchings, examining with an ordinary 14- 
crofcope, 1 found divers of them to contain neer 1200. {mall leaves (as TI 
may call them, fuch as EF of the firft Figure of the 23. Scheme) and as 
many ftalks ; onthe other fide, fuch as IK of the fame Figure, each of 
the leaves or branchings, E F, feem’d to be divided into about fixteen or 
eighteen {mall joints, as may be feen plainly enough inthe Figure, out of 
moft of which there feem to grow {mall long fibres, fuch as are exprefs'd 
in the Figure, each of them very proportionably thap’d according to its 
pofition, or plac’d on the ftalk E F 5 thofe on the under fide of it, name- ly, 1,2, 3545 526s 758; 9, Gc. being much longer then thofe directly op- 
pofite to them on the upper 5 and divers of them, fuch as 2535455 36578595 
€c. were terminated with {mall crooks, much refembling thofe final} 
crooks,which are vifible enough to the naked eye, in the feed-buttons of 
Bur-docks. The ftalks Fckwite, IK on the other fide, feem’d divided into neer as many {mall knotted joints,but without any appearance of ftrings 
or crooks,each of them about the middle K,feem'd divided into two parts 
by akind of fork, one fide of which, namely, K L, was extended neer the length of KI, the other, M, was very fhort. 

The tranfverfe Sections of the ftems of thefe branchings, manifefted 
the fhape or figure of it to be much like INO E, which confifted ofa 
horny fin or covering, and a white feemingly frothy pith, much like the make of the main {tem of a Feather. , 

af The ufe of this {trange kind of form,is indeed more admirable then all the reft, and fuch as cue to be much more ferioufly examin’d and confider'd, thenT have hitherto found time or ability to do; for certain- ly, it may very much inftruct usin the nature of the Air, efpecially as to 
fome properties of it. 

The {tems of the Downy branches INOF, being rang’d in the order 
vifible enough to the naked eye, at the diftance of I F > or fomewhat more, the collateral ftalks and leaves (if I may fo call thofe bodies I news ly defcribed) are fo rang’d, that the leaves or hairy ftalks of the one fide lie at top, or are incumbent on the ftalks of the other, and crofs each other, much after the manner expre(s'd in the fecond F igure of the 23. Scheme, by which means every of thofe little hooked fibres of the leaved ftalk get between the naked ftalks, and the ftalks being full of knots, and a prety way dif-join’d, fo as that the fibres can eafily get be- tween them, the two parts are fo clofely and admirably woven together, that itis able to impede,for the greateft pagt, the todo ten of the Air 5 and though they are fo exceeding fmall, as that the thicknef of oneof _ 

thefe
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MrcroGRaAaPHtTas 167 
thefe {talks amounts not to a 500. part of an Inch, yet do they compof 
fo ftrongatexture, as; notwith{tanding the exceeding quick and violent 
beating of them agaiuit the Air, by the ftrength of the Birds wing, they 
firmly hold together. And it argues an admirable! providence of Rasa 

~ jn the contrivance and fabrick of them; for their texture is fuch, that 
though by any external injury the parts of thenvare violently difjoyn’d, 
fo asthat the leaves and ftalks touch not one another, and confequent! 
feveral of thefe rents wouldimpede the Bird’sflying 5 yet, for the mol 
part, of themfelvesthey readily re-join and re-contex themfelves,and are 
eafily by the Birds ftroking the Feather, or drawing it through its Bill, all 
of them fettied and woven into their former and natural pofture; for 
there are fuch an infinite company of thofe {mall fbres in the under fide 
of the leaves, and moft of them have fuch little crooks at their ends,that 
they readily catchand hold the ftalks they touch. 

From which ftrange contexture,it feems rational to fuppofe that there 
is acertain kind of meth or hole fo fmall, that the Air will not very eafily 
pafs through it, as I hinted alfo in the fixth Obfervation about {mall Glafs 
Canes, for otherwife it feems probable, that Nature would have drawn 
cover fome kind of thin film which fhould have covered all thofe almoft 
fquare mefhes or holes, there feeming through the Aficrofope to be more 
then half of the furface of the Feather which is open and vifibly peryi- 
ous; which conjecture will yet feem more probable from the texture of 
the brufhie wings of the T#vea argextea, or white Feather wing’d moth, 
which [ fhall anone defcribe. But Nature, that knows belt its own laws, 
and the feveral properties of bodies,knows alfo beft how to adapt and fit 
them to her defigned ends,and whofo would know thofe properties, muft 
endeavour to trace Nature in its working, and to fee what courfe fhe 
obferves. And this I fuppofe will be no inconfiderable advantage which 
the Schematifis and Structures’ of Animate bodies will afford the dili- 
ent enquirer, namely, moft fure and excellent inftructions, both: as. to ; 

ae practical part of Afechanicks and to the Theory and knowledge of the 
nature of the bodies and motions. 

Obferv. XXXVI. Of Peacoks, Ducks, and other Feathers of 
changeable colours. 

The parts of the Feathers of this glorious Bird. appear, thtough the 
Microfcope, no leS gaudy then do the whole Feathers; for, as tothe 

naked eye ‘tis evident thatthe {tem or quill of each Feather in the tail 
fends out multitudes of Lateral branches, fuch 4s‘A B in the third Figure 
of the 23. Scheme reprefentsa {mall part of about’; part of an Inch long, 
and each of the /ateral'branches emit multitudes of little {prigs, threads 
or hairs on either fide of them; fuchas CD, CD, CD, fo each of thofe j 
threadsin the Adicrofeope appearsia large long body.conifting of a ~~ 

) tude



168 MicROGRAPHIA. 
tude of bright reflecting parts, whofe Figure ‘tis no eafie matter to de- 
termine, ashe that examinesit fhall find; for every new pofition of itto 
the light makes it perfectly feem ofanother form and fhape,and nothing 
what it appear'd alittle before; nay, itappear'd very differing oft- 
times fom bo {eemingly inconfiderable a circumftance, that the inter- 

" pofing of ones hand: between the light and it,makes a very great change, 

and the opening or fhutting a Cafement and the like, very much diverfi- 
fies the appearance. And though, by examining the form of it very many 
ways, which would be tedious here to enumerate, I fuppofe I have dif- 

cover'd the true Figure of it, yet oftentimes, upon looking on it in ano- 
ther pofture, I have almoft thought my former obfervations deficient, 
though indeed, upon further examination, I have found even thofe alfo 

to confirm them. 
Thefe threads therefore I find to be a congeries of {mall Lamine or 

plates, as ee e ee, &c. each of them fhap’d much like this of 4 6 ¢ d, in 
the fourth Figwre,the part 2c being a ridge, prominency, or {tem, and 
band d thecorners of two {mall thin Plates that grow unto the fmall 
{talk inthe middle.fo that they make a kind of little feather; each of thefe 
Plates lie one clofe to another,almoft like a company of floping ridge or 
gutter Tyles; they grow on each fide of the {talk oppofite to one another, 
by two and two, from, top to bottom,’ in the manner exprefs‘d in the 
filth Figure, the tops of the lower covering the roots of the next above 
them; theunder fide of each of thefe laminated bodies, is ofa very dark 
and opacous fubftance, and fuflers very few Rays to be trajected, but re- 
fleéts them all toward that fide from whence hey come, much like the 
foil of a Looking-glafs; but their upper fides feem to me to confift of 
a multitude of thin plated bodies, which are exceeding thin, and lie ve- 
ry clofe together, and thereby, like mother of Pearl fhells, do not one- 
ly reflect a very brifk light, but tinge that light in a moft curious man- 
ner; and by means of various pofitions, in iolpets of the light, they re- 
fleét back now one colour, and then another, and thofe moft vi- 
vidly. ; 

ae that thefe colours are onely fantaftical ones, that is, fuch as arifé 
immediately from the refractions of the light, I found by this, that water 
wetting thefe colour'd parts,deftroy’d their colours,which feem'd to pro- 
ceed from the alteration of the reflection and refraction. Now, though 
I was not able to fee thofe hairs at all tranfparent by acommon light, yet 
by looking on them againft the Sun, I found them to be ting’d with a 
darkifh red colour, nothing a-kin to the curious and lovely greensand 
blues they. exhibited. .' i 

What the reafon of colour feems to be in fuch thin plated bodies, I 
have elfewhere fhewn. But how.watericaft upon thofe threads deftroys 
their colours, I fuppofe.to be perform’d thus; The water falling upon 
thefe plated bodies from its having a greater congruity to Feathersthen 
the Air, infinuates it felf between thofe Piatosanil fo extrudes the ftrong 
reflecting Air, whence both thefe parts grow more tranfparent,as the 14- 
crofcepe informs, and colourlefs alfo, at beft retaining a very faint and 

dull
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Microcrar ial’ 469 
dull colour, But this wet being: waftediaway byithe continual evapora: 
tions and {teams that pafs through! them from ithe Reacock, whilt that 
Bird is yet alive, the colours agaim-appear in their former; luftery the ns 
terfiitia. of thele Plates being till'd with) the ftrongly reflecting Air. 

The beauteous and vivid colours ofthe Feathers; of this: Bird bei 
found to proceed from the curiousiand exceeding, fimalnefs, and! jaabel 
of the oefetbing parts,we have here the: reafongivenis:of all thofe-gans 
deries in the apparel of other Birds alfa,) arid How they ‘come to éxcced 
the colours of all other kinds of Animals, befidesIn{ects 5 for fincei(aswe 
here,and elfewhere alio thew) the vividnels of a colour; Mependstupon 
the finenefs and tran{parency of the reflecting and refracting parts} and 
fince our AGcrofcepe difcovers tovus, thatthe component pats of feathers 
are fuch, and that the \hairs of Animals are otherwife 5 and: fince we find 
alfo by the Experiment of that Noble and moft Excellent Perfon Iformet+ 
ly named; that the difference between Silk and Flax)as to its calour; is 
nothing elfe (for Flax reduc'd toa very great finenefs of Parts; ‘both 
white and colour’d, appears as white and as vividasany Silky but lofes 
that brightnefs and its Silken afpect as foon as it isitwifted into threadjby 
reafon that the component parts, though’ very: fmalland fines are yet plz 
able flakes, and not cylinders, and thence,by twifting, become united in 
to one opacous body, whereas the? threads of Silk arid. Feavbers: retain 
their luftre, by —- their cylindrical forny intive withoutinixe 
ing; fo that each reflected andirefracted beam that'compofes: the glof 
of Silk, preferves its own property of*modulating thelight intire);:And 
fince we find the fame confirm’d by many other Experiments elféwhere 
mentioned, I think we may fafely conclude this for an Axiome, that 
whetefoever we meet, with tranfparent: bodies, :{pum-out into 'very fine 
parts, either cleer, or any ways ting’d, the coloursrelilting fiotm{fudhia 
compofition mutt neceflarily be very glorious, vividpand cleer, like thofe 
of Silk and Feathers. This may perhaps hint fome ufefull: way.of making 
other bodies, befides Silk, befulteprible of bright:tin@ures, but of this 
onely by the by, i v1 MAES 19 10103 ida nord 

The changeable colour'd Feathers:alfo of Ducksj:and devetaloother 
Birds, Ihave found by, examination with my A@érofeape; to provéed.fiom 
much the fame caufes and textures.!\ 0 la i sce tlatslyr 

i 

Obfery, XXXVII. Of the Feet. of Flies,..and feveral other Ine 
fetts, ivan sis bows hs 68s 

} th on i fs DAB .O9ITi 

aoe foot of'a Fly (delineated in the fir’ Figwie of thé'sx:'scheme, 
._ which reprefents three joints, the tw Tallons, and the wo, Pittents 

in a flat pofture ; and inthe fecond Fignre of thefame Scherme;! whyich re- 
prefents onely one joint, the Tallons and Pattens itanother poftate) is 
of'amoft admirable and curious contrivance, for by this-the Fliés’are in- 
abled to walk againit the fides of Glals; perpendicularly upwards) and to 

A a contain
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contain themfelves in that pofture as long as they pleafesnay,to walk and 
fufpend themfelves againft the under furface of many bodies,as the teiling 
ofaroom, or the like, and this with-as great a feeming facility and firm- 
nefs, as if they werea kind of Amtipodes, andhada tendency upwards, a8 
weare fure they have the contrary, ‘which they alfo evidently difcover, 
inthat they cannot make themfelves fo light, as to ftick or fufpend them- 
felves on the under furface of a Glafs well polifh’d and cleans'd 5 their 
fufpenfion therefore is wholly to be afcrib’d to fome Mechanical contri- 
vance in their feet; which, what it is, we fhall in brief explain, by fhew- 
ing, that its Mechanifm cenfifts “se in two parts, that is, firftits 
two Claws, or Tallons, and fecondly, two Palms, Pattens, or Soles. 

The two Tallons are very large, in proportion tothe foot, and hand- 
fomly fhap’d in the manner defcrib’d in the Figures, by AB, and AC, 
the bigger part of them from A todd, is all hairy, or brifled, but to- 
ward the top, at Cand B fmooth, the tops or points, which feem very 
fharp turning downwards and inwards, are each of them mov'dona joint 
at A, by which the Fly is able to open or fhut them at pleafure, fo that 
the points B and C being entered in any pores, and the F ly endeavouring 
to fhut them,the Claws not onely draw one againft another,and fo faften 
eachother, but they draw the whole foot, GGA DD forward, fo that 
ona foft footing, the tenters or pointsG G GG, (whereof a Fly has about 
ten ineach foot, to wit,two in every joint)run into the pores,if they find 
any, oratleaftmake their way and this is fenfibleto the naked eye, in 
the feet ofa Chafer, which, if he be fuffer'd to creep over the hand, or 
any other part of the fkin of ones body, does make his {teps as fenfible to 
the touch as the fight. 

But this contrivance,as it often fails the Chafer, when he walks on hard 
and clofe bodies, fo would it alfo our Fly, though he be a much leffer, 
and nimbler creature, and therefore Nature has furnith'd his foot with 
another additament much more curiousand admirable, and that is, with 
a couple of Palms, Pattens or Soles D D, the ftructure of which is this: 

From the bottom or under part of the laft joint of his foot, K, arife two fmall thin plated horny fubftances, each confifting of two flat pieces, 
D D, which feem to be flexible,like the covers of a Book, about F F, by which means,the plains of the two fides E Edo not always lie in the fame 
plain, but may be fometimes fhut clofer, and fo each of them may takea 
little hold themfelves on a body; but that isnot all,for the under fides of 
thefe Soles are all befet with {mall brifles, or tenters, like the Wire teeth 
of a Card ufed for working’ Wool,’ the points of all which tend for- 
wards, hence the two Tallons drawing the feet forwards, as] before hinted, and thefe being applied to the foie of the body with all the paints looking the contrary way, that is, forwardsand outwards, ifthere any irregularity or yielding in the furface of the body, the Fly fu- {pendsit felfvery firmly and eafily,without the accefs or need of any fuch Sponges fill’d with an wnaginaty gluten, as many have, for want of good 
Glafles, perhaps, or a troublefome and diligent examination, fuppos'd. Now, that the Fly is ableto walk on Glafs, proceeds partly fromfome 

3209 ruggednefs
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ruggednef of the farface; and chiefly from a kind of tarnifh, or dirty 
{moaky fubftance, which adheres tothe furface of that very hard body 5 

and though the pointed parts cannot penetrate the fubftance of Glaf, yet 

may they find pores enough inthe tarnifh, or at leaft make them. 

This Stru@ure I fomewhat the more diligently furvey’d, becaufeI 

could not well comprehend, how, if there were fuch a glutinous matter 

in thofe fuppofed Sponges, as moft (that have obferv'd that Object ina 
Microfcope) have hitherto believ'd,how, I fay, the Fly could fo readily un- 

glew and loofenits feet: and, becaufe I have not found any other crea- 

ture to havea contrivance any ways like it; and chiefly, that we might 

not be caft upon unintelligible explications of the Phenomena of Nature, 

at leaft others then the true ones, where our fenfes were able to furnifh 

us with an intelligible, rationall and true one. 

Somewhat a like contrivance to this of Flies fhall we find in moft other 
Animals, fuch as all kinds of Flies and cafe-wing'd creatures nay, ina 

Flea, an Animal abundantly fmaller then this Fly. Other creatures, as 

Mites, the Land-Crab, @c. have onely one {mall very fharp Tallon 

at the end of each of their legs, which all drawing towards the center or 

middle of their body, inable thefe exceeding light bodies to fufpend and 

faften themfelves to almoft any furface. 
Which how they are able to do, will not feem ftrange, if we confider, 

firft, how little body there is in one of thefe creatures compar'd to their 

fuperficies, or outfide,their thicknefS, perhaps, oftentimes,not amountin 

to the hundredth part of an Inch: Next, the ftrength and agility of hele 

creatures compar'd to their bulk, being, proportionable to their bulk, 

perhaps, an hundred times ftronger then an Horfe or Man. And thirdly, 

if we confider that Nature does always appropriate the inftruments, fo 

as they are the moft fit and convenient to perform their offices, and the 

moft fimple and plain that poflibly can be 5 this we may fee further veri- 

fy'd alfoin the foot of a Loufe which is very much differing from thofe I 

have been defcribing, but more convenient and neceflary for the place 

of its habitation, each of his leggs being footed with a couple of fmall 

claws which he can open or fhut at pleafure, fhap’d almoft like the claws 

of a Lobfter or Crab,but with appropriated contrivances for his peculiar 

ufe, which being to move its body ‘to and fro upon the hairs of the crea- 

ture it inhabits, Nature has furnith’d one of its claws with joints, almoft 

like the joints of a man’s fingers, fo as thereby iris able to encompafs or 

grafpa hole as firmly asa man can a {tick or rope. 

Nor, is there a lef admirable and wonderfull AMechanifm in the foot 
of a Spider, whereby he is able to fpin, weave, and climb, or run on his 

curious 'tranfparent clew, of which | fhall fay more in the defcription of 

that Animal. 
And to conclude, we fhall in all things find, that Nature does not 

onely work Mechanically, but by fuch excellent and moft compendi- 

ous, as well as {tupendious contrivances, that it were impoffible for all 

the reafon in the world to find out any contrivance to do the fame thing 

that fhould have more convenient agai ee And can any be fo fottith, 

: a2 as
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as to think all thofe things the produttions of chance? Certainly, ei- 

ther their Ratiocination muft be extremely depraved,or they did never 
attentively confider and contemplate the Works of the Al-mighty. 

cls coe leat ceiltett ertanasme RAs th eee gp ond Ricans You eral edb 

Obferv. XXXVIII. Of the Struéture and motion of the Wings 
of Flies. 

THe Wings of all kinds of Infeéts, are, for the moft part, very 
beautifull Objects, and afford no lefs pleafing an Object to the mind 

to fpeculate upon, then tothe eye to behold. This of the blue Fly,among 
the reft, wants not its peculiar: ornaments and contrivances 3 it grows 
out of the Thorax, or middle part of the body of a Fly, and is feated a 
little beyond the center of gravity in the hace towards the head, but 
that Excentricly iscurioufly balanc‘d ; firft, by the expanded Area ofthe 
wings which lies all more backwards then the root, by the motion of 
them,whereby the center of their vibration is much more backwards to- 
wards the tail of the Fly then the root of the wing is. What the vibra- 
tive motion of the wings is, and after what manner they are moved, I 
have endeavoured by many trials to find out: And forthe firft manner 
oftheir motion, I endeavoured to obferve feveral of thofe kind of {mall 
fpinning Flies, which will naturally fufpend themfelves, as it were, pois'd 
and fteady in one place of the air, without rifing or falling, or moving 
forwards or backwards; for by looking down on thofe, I could by a kind 
of faint fhadow, perceive the utmoft extremes of the vibrative moti- 
on of their wings, which fhadow, whil'ft they fo endeavoured to fufpend 
themfelves, was not very long, but when they endeavour'd to flie for- 
wards, it was fomewhat longer ; next, I tried it,by fixing the leggs of a Fly 
upon the top ofthe ftalk of a feather, with Glew, Wax, @c. and. then 
making it endeavour to flie away ; for being thereby able to view it in 
any pofture, I collected that the motion of the wing wasafter this man- 
ner. The extreme limits of the vibrations were ufually fomewhat about 
the length of the body diftant from one another, oftentimes fhorter,and 
fometimes alfo longer; that the formoft limit was ufually a little above 
the back,and the hinder fomwhat beneath the belly sbetween which two 
limits, if one may ghefs by the found, the wing feem’d to be mov'd for- 
wards and backwards with an equal velocity : And if one may (from the 
fhadow or faint reprefentation the wings afforded, and from the confide- 
ration of the nature of the thing) ghefs at the pofture or: manner 
of the wings moving betweeen them,it feem’d to be this: The'wing 
being fuppos'd placed in the upmoft limit, feems to be put fo thatthe 
plain of it lies almoft horizontal, but onely the forepart does dip a little, 

: or is fomewhat more depreft; in this pofition is the wing vibrated 
or mov'd to the lower limit, being almoft arrived at the lower li- 
mit, the hinder part of the wing moving fomewhat fafter then the 

former,
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former, the rea of the wing begins to dip behind, ‘and in that. pofture 
feems it to be movd to the upper limit back again, and thence back’ 
again in the firft pofture,the former part of the.4rea dipping again,as itis 
moved downwards by means of the quicker motion of the main {tem 
which terminates or edges the forepart of the wing.’ And thefe vibrati« 
Ons Or motions to and fro between the two limits feem fo fwift, that ‘tisi 
very probable (from the found, it affords, if it be compar with the vi-. 
bration of a mufical {tring, tun’d unifon to it)! it makes many hundreds,; 
if not fome thoufands of vibrations in a fecond minute. of time: And, if 
we may be allow’d to ghefs by the found, the wing of a Beeis yet more) 
{wift, hes the tone is much more acute, and that, inall likelihood, pro- 
ceeds from the exceeding {wift beating of the air by the: fmall wing, 
And it feems the more likely too, becaufe the wing of a Bee is-lefsin pro- 
portion to its body,then the other wing to the bed ofa Fly 5 fothat for 
ought I know, it may be one of the quickeft vibrating fpontaneous moti- 
Ons of any in the world ; and though perhaps there may be many: Flies in 
other places that afford a yet more fhrill noife with their wings, yet ‘tis 
moft probable thatthe quickeft vibrating /paxtazeows motion. is, to be 
found in the wing of fome creature. Now, if we confider theiexceeding 
quicknefs of wae Animal fpirits that muft caufe thefé motions, we cannot 
chufe but admire the exceeding vividnefS of the governing faculty or 
Anima of the Infect, whichis able to difpofe and, regulate fo the the mo- 
tive faculties, as to caufe every peculiar organ, not onely to move oract 
fo quick, but to doit alfo fo regularly. Jorw ordriovo b'ewdiib 
Whil ft I was examining and confidering the curious’ Mechamifyr of the 

wings, 1 obferv'd that under the; wings of moft kind of Flies, Bees; ec.» 
there were plac'd certain pewdulums or extended | drops (as I may’ fo call 
them from their refembling motion and figure), for they siuch refembled 
a long hanging drop of fome tranfparent vifcous liquor ; and Lobferved 
them conftantly to moye juft before the wings of the Fly began to move, 
fo that at the firft fight I could not but.ghefs, that thete was fome excel- 
lent ufe, asto the regulation of the motion of the wing, and did'phancy, 
that irmight be fomething like the handle of a Cock, which \by vibra- 
ting to and fro,might,as ‘twere,open and {hut the Cock,and thereby give 
a paflage to the determinate influences into the Mutcles 5 afterwards,up- 
on fome other trials,I fuppos'd that they might be for fome ule in refpira~ 
tion, which for many reafonsI fuppofe thofe Animals to ufe,.and, me 
thought, it was not very improbable, but that they might have conve-) 
nient paflages under the wings for the emitting, at Jeaftjof the air; if not 
admitting, asin the gills of Fithes is moft evident siory perhaps,thisPen- 
dulum might be fomewhat like the ftaff to’a Pump;,whereby thefe;crea- 

tures cane exercife their Avalogus lungs, and not only dravy in sbut: force 
out,the air they liveby ; but thefe were but conjectures,and upon further 
examination feem’d le{s probable. xf r nao 

The fabrick of the wing,as it appears through a moderately magnify- 
ing Microfcope,feems to be a body confifting of two parts,asis vifible in the 
4.Figure of the 23.Schemezand by the 2.Figure of the 26.Scheme3 the <_ 

aquilly
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a quilly or finny fubftance,confifting of feveral long,flender and varioufl 
bended quills or wires, fomething refembling the veins of leaves} the 
are, as ‘twere,the finns or quills which ftiffen the whole Area, and keep 
the other part diftended, which is a very’ thin tranfparent {kin or mem- 
brane varioufly folded, and platted, but not very regularly, and is be- 
fides exceeding thickly beftuck with innumerable fmall brifles, which 
are onely perceptible by the bigger magnifying Afcrofcope, and not 
with that neither, but with a very convenient augmentation of fky- 
light projected on the Object with a burning Glafs, as Ihave elfewhere 
fhew’d, or by looking through it againft the light. 

In {teed of thefe fmall hairs, in {everal other Flies, there are infinite of 
{mall Feathers, which cover boththe under and upper fides of this thin 
film asin almoft all the forts of Butterflies and Moths: and thofe fmall parts 
are not onely fhap'd very much like the feathers of Birds, but like thofe 
variegated with all the variety of curious bright and vivid colours ima- 
ginable; and thofe feathers are likewife fo admirably and delicately 
rang’d,as to ‘compofe very fine flourifhings and ornamental paintings, like 
Turkie and Perfian Carpets,but of far more le gee asis evident 
enough to the naked eye, inthe painted wings of Butterflies, but much 
more through anordinary AZicrofcope. 

Intermingled likewife with thefe hairs, may be perecived multitudes 
of little pits, or black fpots,in the exended membrane, which feem to be 
the root of the hairs that grow on the other fide; thefe two bodies feem 
difpers'd over the whole furface of the wing. 

The hairs are beft perceiv'd, by looking through it againft the light, 
or, by laying the wing upon a very white piece of Paper, in aconve- 
nient light, for thereby every little hair moft aiaaietty appears; a 
Specimené of which you may obferve drawn in the fourth Figure of 
the 23. Scheme, AB, CD, EF whereof reprefent fome farts of the 
bones or quills of the wing, eack of which you may perceive to be 
cover'd} over with a multitude of fcales, or brifles > the former A B, 
is the biggeft ftem of allthe wing, and may be properly enough call'd 
the cut-air, it being that which terminates and ftiffens the formoft edge 
of the wing ; the fore-edge of this is arm’d with a multitude of little 
brifles, or Tenter-hooks, in fome ftanding regular and in order, in 
others not 3 all the points of which are directed from the bedy to- 
wards the tip of the wing:, nor is this edge onely thus fring’d, but 
even all the whole edge of the wing is cover'd with a fmall fringe, 
confifting of fhort and more {lender brifles, 

This Subject, hadI time, would afford excellent matter for the con- 
templation of the nature of wings and of flying; but, becaufeI may, - 
perhaps, get a more convenient time to profecute that fpeculation, and 
recollect {everal Obfervations that I have made of that particular. 1 hall 
at prefent proceed to 

Obfery.
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a pion 

Obferv. XXXIX. Ofthe Eyes and Head of a Grey dtone-Fly; 
and of feveral other creatures: id 

took a large grey Drove-Fly, that had a large;hedd, but'a: {mall and 
I {lender ode in proportion to it,and cutting off itshead,] fix’d-it with 
the forepart or face upwards upon my Object Plate (this I made choice! 
ofrather then the head ofa great blue Fly,becaufemy enquiry being now: 
about the eyes,I found this Fly ro have, firft the: biggeft clufters of eyes 
in proportion to his head, ofany {mall kind of Fly that have yet feeny, it 
being fomewhat inclining towards the make of the large Dragon-Flies. 
Next, becaufe there is a greater variety in the knobs or balls of each 
clufter,then is of any {mall Fly) Then examining it according to my uftal 
manner, by varying the degrees of light, and altering its pofition to each 
kinde of light, I drew that reprefentation of it which is delineated in 
the 24. ieee and found thefe things to be. as plain and: evident, as 
notable and pleafant. 

Firft, that rae part of the face,nay,of the head, was nothing elfe 
but two large and protuberunt bunches,or prominent parts,A BE DE A,the 
furface of each of which was all cover'd over, or fhap’d into a’multitude 
of fmall Hemifpheres,plac'd in a triagonal order,that being the clofeft and 
moft compacted, and in that order, rang’d over the whole ‘furface of the 
eye in very lovely rows,between éach of which, as is neceflaty; were left 
long and regular trenches, the bottoms of every. of which, were perfectly 
intire and not at all perforated or drill’d through, which Imoft certainly 
was aflured of, by the regularly reflected Image of certain Objects which 
Imov4d to and frobetween the head and the light: And by examining 
the Cornea or outward fkin, after I had ftript it off from the feveral fub= 
ftances that lay within it,and by looking both upon the infide and'againft 
the light. i te 
Nest, that of thofe multitudes of Hemifpheres, there were obfervable 

two degrees of bignefs, the half of them that were lowermoft,atid look’d 
toward the ground or their own leggs, namely, CDE, CDE being.a 
pretty deal feller then the other, namely, AB CE, AB CE, that: look’d 
upward, and fide-ways,or foreright,and backward, which variety have 
not found in any other {mall Fly. dine 29169 

Thirdly, that every one of thefe Hemifpheres,as they feem'd to be pret- 
ty neer the true fhape of a Hemifphere, fo was the furface exceeding 
{mooth and regular, reflecting as exact, regular, and perfect.an Image of 
any Object from the furface of them, as a {mall Ball of Quick-filver of 
that bignefs would do, but nothing neer fo vivid, the reflection from tHefe 
being very languid, much like the reflection from the outfide of Water, 
Glafs, Cryftal, ec. In fo much that in each of thefe Hemifpheres, 1 have! 
keen able to difcover aLand-fcape of thofe-things which lay before my 

window,
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window, one thing of which was a large Tree, whofe trunk and top I 
could plainly difcover, as I could alfo the parts of my window, and my 
chand and fingers, ifI held it between the Window and the Object; a 
fmall draught of nineteen of which, as they appear'd inthe bigger Mag- 
nifying-glafs to reflect the Image of the two windows of my Chamber, 
are delineated in the third Figure of the 23. Scheme. n 

Fourthly, that thefe rows were fo difpos'd, that there wasno quarter | 
vifible from his head that there was not fome of thefe Hempheres directed 
againft 5 fothat a Fly may be “seh faid to have az eye every may, and to 
be really circwm/pe. And it was further obfervable, that that way where 
the trunk of his body did hinder his profpect backward, thefe protube~ 
vances were elevated, as it were, above the plain of his fhoulders and 
back, fo that he was ableto fee backwards alfo over his back. 

. Fifthly, in living Flies, [have obferv'd, that when any {mall mote or 
duft,which flies up and down the air, chances to light upon any part of 
thefe knobs, asit isfure to ftick firmly to it and not fall, though through 
the Adicrofcope it appears likea large {tone or {tick (which one would ad= 
mire,efpecially fince it is no ways probable that there is any wet or gluti- 
nous matter upon thefe Hevi/pheres,but I hope I fhall render the reafon in 
another place) fo the Fly prefently makes ufe of his two fore-feet in head 
of eye-lids, with which, as with two Brooms or Brufhes, they being 

: all beftuck with Brifles, he often fweeps or bruthes off what ever hinders 
the profpect of any of his Hemipheres, and then, to free his leggs from 
that dirt,he rubs them one againft another.the pointed Brifles or Tenters 
of which looking both one way, the rubbing of them to and’fro one 
againft another, dees cleanfe them in the fame manner as I have obferv’d 
thofe that Card Wool, to cleanfe their Cards, by placing their Cards, (0 
as the teeth of both look the fame way,and then rubbing them one againft 
another. In the very fame manner do they bruth and cleanfe their bodies 
and wings, as] fhall by and by fhew’; other creatures have other contri- 
vances for the cleanfing and cleering their eyes. 

Sixthly, that the number of the Pearls or Hemifpheres in the clufters 
of this Fly, wasneer 14000. which I judged by numbering certain tows 
of them feveral ways, and cafting up the whole content , accountin 
each clufter to contain’ about’ feven thoufand Pearls, three dsputind 
of which were ofa ¢ize, and confequently therows not fo thick,:and 
the foure thoufand I accounted to be the number of the finaller Pearls 
next the feet and probofcis. Other Animals I obferv'd to have yet.a 
greater number, as the Dragon-Fly or Adderbolt » And others tohavea 
ae lefs company, as an Amt, &c. and feveral other fmall. Flies and 
nfects. 
Seventhly,that the order of thefe eies or Hemifpheres was altogether euri- 

ous and admirable.they being plac’d inall kind of Flies,and aersa/animals, 
ina'moft curious and regular ordination of triangular tows, in which or- 

they are rang’d the neereft together that poflibly they can, and‘con- 
fequently leave the leaft pits ortrenches between them. But in Shrimps, 
GCramfifhes, Lobfters, and fach kinds of ¢ruftaceous water Animals, Ihave 

yet
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yet obferv’dthem rang’d in a quadrangular order, the rows cutting each 
other at right angles,which as it admits of a lefs umber of Pearls in equal 
furfaces; {o have thofe creatures arecompence made them, by having 
their eyes a little movable in their heads, which the other altogether 
want. So infinitely wife and provident do we find'all the Difpenfations in 
Nature, that certainly Epiceurws, and his followers, mutt very little have 
confider'd them, who afcrib'd thofe things to the production of chance, 
that wil,to a more attentive confiderer;appear the produdts of the higheft 
Wifdom and Providence. 

Upon the Anatomy or Diffection of the Heads I obferv'd thefe par: 
ticulars: C 

Firft, that this outward fkin, like the Correa of the eyes of the greater 
Animals, was both flexible and tranfparent, and feem’d, through the 44- 
crofcope, perfectly torefemble the very fubftance of the Cornea ofa man’s 
eye; for having cut out the clufter, and remov'd the dark and szcous 
{tuff that isfubjacent toit, I could fee it tranfparent like a thin piece of 
fkin, having as many cavities in the infide of it, and rang’d in the fame 
order as it had protuberances onthe outfide,and this propriety,I found the 
fame inall the Animals that had it, whether Flies or Shell-Fith. 

Secondly, I found that all Animals that [have obferv'd with thofe kind 
of eyes, have within this Corvea, a certain cleer liquor or juice, though in 
a very little quantity, and, 

I obferv'd thirdly, that within that cleer liquor, they had\a kind of 
dark zucows lining, which was all{pread cant within the cavity ofthe 
clufter, and {eem’d very neer adjoining to it, the ‘colour of which, in 
fome Flies,was grey ; inothers, blacks in others red 5 in others,of a mix’d 
colour ; in cedar 3; and that the whole clufters, when look’d on 
whil'ft' the Animal was living, or but newly kill’d, appear’d of the fame 
colour that this coat (as Imay fo call it) appear’d of, when that outward 
fkin, or Cornea,was remov d. 

Fourthly, that the reft of the capacity of the clufters wasin fome, as 
in Dragon Flies, @c. hollow, or empty 3 in others fill’d with fome kind 
of fubitance ; in blue Flies,with a reddifh mufculous fubftance, with fibres 
tending from the center or bottom outwards 5 and divers other,with va- 
rious and differing kinds of fubftances. 

That this curious contrivance is the organ of fight to all thofe various 
Cruftaceous Animals, which are furnifl’d with it, I think we need not 
doubt, if we confider but the feveral congruities it has with the eyes of 
greater creatures. 

Asfirft, that it is furnifh’d with a Corzea,with a tranfparent humour,and 
with axvea or retiva, that the Figure of each of the {mall Hemifpheres are 
very Spherical, exactly polifh'd, and moft vivid, lively and plump,when 
the Animal is living,as in greater Animals,and in like manner dull,flaccid, 
and irregular, or fhrunk,when the Animal is dead. 

Next, that thofe creatures that are furnifl’d with it, have no 
other organs that have any refemblance to the known eyes of other 
creatures. 

Bb Thirdly,
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Thirdly,that thofe'which they call the eyes of Crabs,Lobfters,Shrimps, 

and the like, and are really {0, are Hemifpher'd, almoft in the fame man- 

neras thefe of Flies are. And that they really are fo, 1 have very often | 

try'd, by cutting off thefe little movable knobs, and putting the creature | 

again into the water, that it would fwim to and fro, and move up and | 

down as well as befere, but would often hit it felf againft the rocks or 

ftones; and though I put my hand juft before its head, it would not at 

all ftart or fly back till I touch’d it, whereas whil’{t thofe were remain- 

ing, it would ftart back,and avoid my hand or a ftick ata good diftance 

before it touch’d it. | And if in cruffaceous Sea-animals, then it feems very 

probable alfo,that thefe knobs are the eyes in cruftaceowsinfects, which are 

alfo of the fame kind, onely ina higher and more active Element 3 this the 
conformity or congruity of many other parts common to either of them, 

will ftrongly argue,their cruffaceows armour,their number of leggs,which 

are fix, befide the two great claws, which anfwer to the wings in Infects 5 

and in all kind of Spiders, as alfo in many other Infects that want wings, 
we fhall find the compleat number of them, and not onely the number, 
but the very thape, figure, joints, and claws of Lobfters and Crabs, as is 
evident in Scorpions and Spiders, as is vifible in the fecond Figure of the 
3 1. Scheme,and in the little Mite-worm,which I call a Land-crab,defcrib'd 

in the fecond Figure of the 33. Scheme,but in their manner of generation 
being oviparous, @c. And it were very worthy obfervation, whether 
there be not fome kinds of transformation and metamorphofis in the fe- 
yeral {tates of cruftaceous water-animals, as theres in feveral forts of In- 
fedts ; for if fuch could be met with,the progrefs of the variations would 
be much more confpicuous in thofe larger Animals, then they can be in 
any kind of Infects our colder Climate affords, 

Thefe being their eyes, it affords us a very pretty Speculation to con- 
template their manner of vifion, which, as it is very differing from that of 
biocular Animals, fo is it not lefs admirable. 

That each of thefe Pearls or Hevsifpheres is a perfect eye, I think we 
need not doubt, if we confider onely the outfide or figure of any one of 
them, for they being each of them cover'd witha tranfparent protube- 
rant Cornea, and containing a liquor within them, refembling the watry 
or glaflie humours of the eye, muft neceffarily refra&t all the parallel 

Raysthat fall on them out of the air, into a point not farr diftant within 
them, where (in all probability) the Retiza of the eye is placed,and that 
opacous, dark, and mucous inward coat that (I formerly fhew'd) I found 
to fubtend the concave part of the clufter is very likely to be that t- 
nicle or coat, it appearing through the Afcrofcope to be plac’d a little 
more than a Diameter of thofe Pearls below or within the t#sica cornea. 
And if fo, then is therein all probability, a little Picture or Image of the 
objeéts without, painted or made at the bottom of the Retina again{t 
every one of thofe Pearls, fo that there are as many impreflions on the 
Retina or opacous fkin, asthere are Pearls or Hemipheres on the clufter. 

But becaufe it isimpoflible for any protuberant furface whatfoever, whe- 
ther /pherial or other, fo to refract the Raysthat come from farr remote 

lateral
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lateral points of any Object as to colle&t them again,and unite them e4ch 

* . an a‘diftiné point,and that onely thofe Rays which come from fome point 
that lies in the Axis of the Figure produc’d, are fo accurately rea 
fracted to one and the fame point again, and that the /atera/ Rays,thefur- 
ther they are removd, the more imperfect is their refracted confluence 
It follows therefore, that onely the Picture of thofe pies of the external 
objects that lie in, or neer, the Axis of each Hemi/phere, ‘are:difcernably 
painted or made on the Retina of each Hemiifphere, and that therefore 
each of them can diftinétlyfenfate or fee onely thofe parts which are very 
neer perpendicularly cppos'd to it, or lie in or neer its Optick Axis, 
Now, though there may be by each of thefe eye-pearls,a reprefentation 
to the Animal ofa whole Hemz/phere in the fame manner asin a man’s eye 
there is a picture or fenfation in the Retiva of all the objects lying almoft 
inan Hemiphere 5 yet, asin a man’s eye alfo, there are but fome very 
few points which iyng in, or neer, the optick Axi are diftinély dif 
cern'd: So there may be multitudes of Pictures made of an Object in 
the feveral Pearls, and yet but one, or fome very few that are difting; 
The reprefentation of any object that is made in any other Pearl, but that 
which is directly,or very neer directly,oppos d,being altogether confus'd. ‘ 
and unable to produce a diftinét vifion. fur wy 

So that we re that though it has ee the All-wife Creator;,to in- 
due thiscreature with fuch multitudes of eyes, yet-has he not indued it 
with the faculty of feeing more then another creatures for whereas this 
cannot move his head,at leaft can move itvery little,without moving his 
whole body, brocular creatures can in an inftant (or the twinkling of um 
eye, which, being very quick, is vulgarly ufed in the fame fignification) 
move their eyes fo aso direct the! optick Axis to any points nor is it: 
probable, that they are able to feelattentively at one time more then one 
Phyfical point ; for though there:be.a diftin€elmage made in every: eye, 
yet ‘tis very likely,that the obferving faculty is only imploy’d about fome 
one object for which they have moftconcern. '; 

Now, as we accurately diftinguifh the fite. or: pofition of an Object 
by the motion of the Mutcles of the eye requifite to put the optick Line 
in a direct pofition,and confufedly by the oliion ofthe imperfect Picture 
of the object at the bottom of thé eyes Ge are thefe cruftaceows creatures 
able tojudge confufedly of the pofition of objects by the Picture or im- 
preflion made at the bottom of the oppofite Pearl, and diftinétly bythe 
removal of the attentive or obferving faculty, from one Pearl to:another, 
but what this faculty is,as it requires another place, fo a much deeper fpe= 
culation. Now,becaufeit were impoflible,even with this multitude ofeye- 
balls,to fee any object diftinét(for as I kinted before, onely thofe parts that 
lay in,or veryneer,the optick Lines could be fo)the Infinitely wife Creator 
has not left the creature without a power of moving the head a little in 
Aerial cruflaceows animals,and the very eyes alfo in cruftaceows Sea-animalss 
fo that by thefe means they are inabled to direét fome optick lire or other 
again{t any object,and by that means they have the vifive faculty as éom- 
pleat asany Animal that:can move its eyes. »NFO7 S : 

Bb 2 Diftances 

|
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Diftances of Objects alfo, ‘tis very likely they diftinguifh, partly by 

the confonant impreffions made in fome two convenient Pearls, one in 
each clufter; for, according as thofe congruous impreffions affect, two 
Pearls neerer approach’'d to eachother, the neerer is the Object, and 
the farther they are diftant, the more diftant isthe Object: partly alfo 
by thealteration of each Pearl, requifite to make the Senfation or Picture 
perfect 5 for ’tis impofhible that the Pictures of two Objects, varioufly 
diftant, can be perfectly painted, or made onthe fame Retiza or bottom 

of the eye not altered, as will be a evident to any one that fhall atten- 
tively confider the nature of refraction. Now, whether this alteration 

may ie inthe Figure of the Corzea,in the motion of accefs or recefs of the 
Retina plastics Cornea, or in the alteration of a cruftaline humour, if 
fuch there be, I pretend not to determine; though Ithink we need not 
doubt, but that there may be as much curiofity of contrivance and ftru- 
@ure in every one of thefe Pearls, as in the eye of a Whale or Elephant, 
and {thefalmighty’s Fiat could as eafily caufe the exiftence of the one as 
the other; and as one day and a thoufand years are the fame with him,fo 
may one eye and ten thoufand. 

° This we may be fure of, that the filaments or fenfative parts of the 
Retina mutt be moft exceedingly curious and minute, fince the whole 
Pidure it felf is fuch what muft needs the component parts be of that 
Retina which diftinguifhes the part of an object's Picture that “muft be 
many millions of millions lefs then that ina man’s eye? And how exceed- 
ing curious and fubtile muft the component parts of the #edinm that 
conveys light be, when we find the inftrument made for its reception or 
refraction to be fo exceedingly {mall ? we may,] think, from this {pecula- 
tion be fufficiently difcouraged from hoping to difcover by any optick or 
other inftrument the determinate bulk of the parts of the #edinm that 
conveys the pulfe of light, fince we find that there is not lefs accurate- 
nefs fhewn in the Figure and polith of thofe exceedingly minute lenti- 
cular furfaces, then in thofe more large and confpicuous furfaces of our 
own eyes. And yetean I not doubt, but that there is a determinate bulk 
of thole parts, tee I find them unable to enter between the parts of 
Mercury, which being in motion, muft neceffarily have pores, as I fhall 
elfewhere fhew, and here pafs by, as being a digreffion. 

Asconcerning the horns FF, the feelers or fmellers, GG, the Pro- 
bafeis Hy and I, the hairs and brifles, KK, 1 fhall indeavour to de- 
{cribe inthe 42. obfervation. 

Obferv. XL. Of the Teeth of a Snail. 

J Have little more to. add of the Teeth of a Snail, befides the Pidture 
of it, which is reprefented in the firft Figure of the 25. Scheme, fave 

that hisbended body, ABC DEF, which feem’d fafhioned very much 
like a row of {mall teeth, orderly plac’d in the Gums, and looksas if it 

were
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were divided into feveral {maller and gteater black teeth, was nothing 
but one {mall bended hard bone,which was plac’d in the upper jaw of the 
mouth ofa Houfe-Snail, with which I obferv'd this very Snail to feed on 
the leaves of a Rofe-tree, and to bite out pretty large and half round 
bits, not unlike the Figure of a (C) nor very ich differing from itin 
bignefs, the upper part ABCD of this bone, I found to be much whiter, 
and to grow out of the upper chap of the Snail.G G G,and not to be any 
thing neer fo much creas’d as the lower and blacker part ofitH HK KH 
which was exattly fhap’'d like teeth, the bone growing thinner, or taper- 
ing to an edge towards KK K. It feem'd to have nine teeth, or prominent 
parts IK, 1K, IF, &e. which were join’d together by the thinner inter= 
pos'd parts of the bone. The Animal to which thefe teeth belong, is a 
very axomalous creature, and feems of akind quite diftin&t from any 
other terreftrial Animal or Infect, the Anatomy whereof exceedingly difs 
fering from what has been hitherto given of it! fhould have inferted,bue 
that it will be more proper in another place. Ihave never met with any 
kind of Animal whofe teeth are all join’d in one, fave onely that I lately 
obferv'd, that all the teeth of a Rhinocerot, which grow on either fide 
of its mouth, are join’d into one large bone, the weight of one of which 
I found to be neer eleven pound Haverdupois. Sothat it feems one of 
the biggeft fort of terreftrial Animals, as well as one of the fmalleft, 
has his teeth thus fhap’d. 

Obferv. XLI. Of the Eggs of Silk-worms,and other Injedts. 

He Eggs of Silk-worms(one of which I have defcrib’d in the fecond 
I Figure of 25. Scheme) afford a pretty Objet for a Adicrofcope that 

magnifies very much, efpecially if it be bright weather, and the light of a 
window be caft or collected onit by a deep Convex-glafs, or Water-ball: 
For then the whole furface ofthe Shell may be perceivd all cover'd over 
with exceeding {mall pits or cavities with interpofed edges, almoft in the 
manner of the firtice ofa Poppy-feed,but that thefe holes are not an hun- 
dredth part fcarce of their bignefs; the Shell,when the young ones were 
hatch’d (which I found an eafie thing to do, if the Eggs were kept ina 
warm place) appear’d no thicker in proportion to its bulk,then that of 
an Hen’s or Goos's Egg isto its bulk,and all the Shell appear’d very white 
(which {eem’d to proceed from its tranfparency) ectice all thofe pit- 
tings did almoft vanifh, fo that they could not, without much difficulty, 
be difcern’d, the infide of the Shell {eem’d to be lin'd alfo with a kind of 
thin film,not unlike (keeping the proportion to its Shell)that with which 
the fhel! of an Hen-egg is lin’d 5 and the fhell it felf feem’d like common 
Egg-thells, very brittle, and crack’d. In divers other of thefe Eggs I 
could plainly enough, through the fhell, perceive the fmall Infect lie 
coyled round the edges of the fhell. The fhape of the Egg it felf, the 
Figure pretty well reprefents(though by default of the Graver it does 

nok
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not appear fo rounded, and lying above the Paper, as it were,asit oughe | 
to do) that is, it was for the moft part pretty oval end-ways, fomewhat 
like an Egg, but the other way it was a little flatted on two oppofite fides, 
Divers of thefe Eggs, as is common to moft others, I found to be bar- 
ren, or addle, for they never afforded any young ones. And thofe ] 
ufually found much whiter then the other that were prolifick. The 
Eggs of other kinds of Oviparous Infects I have found to be perfectly 
round every way,like fo many Globules,of this fort I have obferv’d fome 
forts of S oe Eggs; and chancing the laft Summer to inclofe a very 
large aot curioufly painted Butterfly in a Box, intending to examine its 
gaudery with my 4“@crofcope, I found within a day or two after I inclos’d 
her, almoft all the inner furface of the Box cover'd over with an infinite 
of exaétly round Eggs, which were ftuck very faft to the fides of it, and 
in fo exaétly regular and clofe an order, that made me call to mind my 
Hypothefis, which 1 had formerly thought on for the making out of all the 
regular Figures of Salt,which [have elfewhere hinted 5 for here I found 
all of them rang’d into a moft exact triagonal order, much after the man- 
neras the Hewifpheres are place on the eye of a Fly; all which Eggst 
found after a little time to i hatchd, and out of them to come a multi- 
tude of {mall Worms, very much refembling young Silk-worms, leaving 

j all their thin hollow fhells behind them, fticking on the Box in their trz- 
agonal pofture 3 thefe I found with the AZcrofcope to have much fuch a 
fub{tance as the Silk-worms Eggs, but could not perceive them pitted. 
And indeed, there is as great a variety in the fhape of the Eggs of Ovi- 
parous Infects as among thofe of Birds, 

Of thefe Eggs, a large and lufty Fly willat one time lay neer four or 
five hundred, fo that the increafe of thefe kind of Infe&ts mutt needs be 
very prodigious, were they not prey'd on by multitudes of Birds, and de- 
{troy d by Frofts and Rains; and hence ‘tis thofe hotter Climates between 
the Tropicks are infefted with fuch multitudes of Locufts, and fuch other 
Vermine. 

Obfery. XLII. Of a blue Fly. 

co kind of Fly,whereofa Aficroféopical Picture is delineated in the 
firt Figure of the 26. Scheme, isa very beautifull creature, and has 

many things about it very notable ; divers of which J have already partly 
defcrib'd, ‘namely, the’ feet, wings, eyes, and head, in the preceding 
Obfervations. 

And though the head before deferib’d be that of a grey Drone-Fly, 
yet for the mainit ‘is very agreeable to this. The things wherein they 
differ moft, will be eafily enough found by the following particulars : 

Firft; the clufters of eyes of this Fly, are very much fmaller then thefe 
of the Drox-Fly,in proportion to the head. ; 

And
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MicroGRaPHtas 1189 
And next, all the eyes of each clufter feém’dimuchiof thé fame bignets 

one with another, not differing as the:other; but rang’d:in the fameireé 
agonal order. t {3 idotio ddst3 so 

Thirdly, between thefe two clufters, itheré: wasia>fealy:-prominent 
front B, which was arm’d and adorn’d with Jaige tapering: fharp, black 
brifles, which growing out in rows on either fide, wereda bent: toward 
each other neer the top, as tomake a kindof arched arbour of Brifles, 
which almoft cover'd the former frovt. carted .8e ont nt b'nois 

Fourthly, at the end of this Arch, ‘about the middle ofthe face, ona 
prominent part C, grew two fmall oblong bodies; D Dy iwhith through 
a Microfcope look'd not unlike the Pendants in Lillies, thefefeem’d to:be 
jointed on to two {mall parts at C, each, of which feem’d again jointed, 
into the front. gs lo 231 Ils 

Fifthly, out of the upper part and outfides of thefe-horns (as. I may 
call them, from) the Figure they are of, in the 24. Scheme, | where they 
are marked with FF) there grows a fingle feather, or brufhy-Brifle; EE, 
fomewhat of the fame kind with the tufts of a Gnat, which’, havé before 
defcribed. 1a de 

What the ufe of thefe kind of horned and tufted bodies fhould beyst 
cannot well imagine,unlefs they ferve for fmelling or hearing,though how 
they are adapted for either, it feems very difficult to deferibe they. are 
inalmoft every feveral kind of Flies of fo variousa fhape; though certains 
ly they are fome very eflential part of the head, and have fomeé,very: 
notable office aflign’d them by Nature, fince in all Infeéts they-are to be 
found in one or other form. ; {3 2: 

Sixthly, at the under part ofthe face F F, were feveral of the former 
fort of bended Brifles; and below all, the mouth, out of the middle of 
which, grew the probofcis G H I, which,by means of feveral joints,where- 
of it feem’d to confift, the Fly was able to move toand fro, and thruft it 
inand outas it pleas'd; the end of this hollow body (which was all over 
cover'd with {mall fhort hairs or brifles) was, as*twere, bent at H, and 
the outer or formoft fide of the bended part HI, flit, as it were, into 
two chaps, HI, HI, all the outfide of which where cover'd with hairs; 
and pretty large brifles; thefe he could, like two chaps, wee readily 
open and fhut, and when he feem’d to fuck any thing from the furface of 
a body, he would fpread abroad thofe chaps, and apply the hollow part 
of them very clofe to it. ifs i 

From either fide of the Probofcis, within the mouth, grew two other 
{mall horns, or fingers, K K, which were hairy, but fmall in this Figures 
but ofanother fhape, and bigger in proportion, in the 24. Scheme, where 
they are marked with GG, which two indeed feem‘d a kind of {mellers, 
but whether fo or not, I cannot pofitively determine... . 

The Thorax or middle part of this Fly, wascas'd, both aboveand be- 
neath, with a yery firm cruft of armour, the upper part more round, and. 
covered over with long conical brifles,all aoe ends pointed backwards; 
out of the hinder and under part ofthis grew out in a clufter fix leggs, 
three of which are apparent in the Figure, the other three were hid by ros 

Oey.



184 MircroGRAHPIA. 
body plac'd ini that pofture:: The leggs were all much of the fame make, 
beingall ofthem cover'd with aftrong hairy fcale or rit like the legs 

of a Crabb or Lobfter,and the contrivance of the joints feem’d much the 
fame 5) each lege feem'd made up of eight parts, 1, 2,3, 4, 5.6, 7, 8, to 

the eighth or'laft of which, grew the foles and claws, defcribed before 
inthe 38..0bfervation. 

© Out of the upper part of this trunck grew the two wings, which I men- 
tion'd in the 38. Obfervation, confifting of a film, extended on certain 
fall ftiff wires or bones: thefe ina blue Fly, were much longer then 
the body, butvin other ‘kind of Flies they: are of very ee propor 
tidnsto the body. Thefe'films,in many Flies,were fo thin, that, like feveral 
other plated bodies (mention’d in the ninth Obfervation) they afforded 
all varieties of fantaftical or tranfient colours (the reafon of which Thave 
here endeavoured to explain) they feem’d’to receive their nourifhment 
from the ftalks or wires, which feem'd to be hollow, and neer the upper 
part of the wing LL feveral of them feem’d jointed, the fhape of which 
will fufficiently appear by the black lines in the fecond Figure of the 
26. Scheme, which is a delineation of one of thofe wings expanded di- 
tectly to'the eyes. 
wAll the hinder part of its body is cover'd with a moft curious blue fhi- 
ning armour,looking exaétly like a polifh’d piece of fteel brought to that 
blue’ colour by annealing, all which armour is very thick beftuck with 
abundance of tapering brifles, fuch as grow on its back, as is vifible 
enough by the Figure. 

Nor was the infide of this creature lefs beautifull then its outfide, for 
cutting off a part of the belly, and then viewing it, to fee if I could dif- 
cover any Veflels, fuch as are to be found in a greater Animals, and even 
in Snails exceeding manifeftly,I found,much beyond my expectation,that 
there were abundance of branchings of Milk-white veflels,no lefs curious 
thenthe branchings of veins and arteries in bigger terreftrial Animals,in 
one of which,I found two notable branches, joining their two main ftocks, 
asit were, into one common duéfws 5 now, to what veins or arteries thefe 
Vellells were axalogus, whether to the vewz porta, or the meferaick vef- 
Jells; or the like, or indeed, whether they were veins and arteries, or vafa 
lattea, properly fo called, I am not hitherto able to determine, having 
not yet made fufficient enquiry 5 but in all particulars, there feems not to 
be any thing lefs of curious contrivance in thefe Infeéts, then in thofe 
larger rerfefirial Animals, for I had never feen any more curious branch- 
ings of Veffells, then thofeI obferv'd in two or three of thefe Flies thus 
opened. 

It isa creature active and nimble, fo as there are very few creatures 
like it, whether bigger or fmaller, in fo much, that it will {cape and 
avoid a {mall body, though coming on it exceeding {wiftly, and ifit fees 
any thing approaching it, which it fears, it prefently {quats down, as it 
were;that it may be the more ready for its rife, 

Nor is it lefs hardy in the Winter, then active in the Summer, induring 
all the Frofts, ‘and furviving till the next Summer, notwithftanding the 

x bitter
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MicROGRAPHLA. 185 
bitter cold of our Climate; nay, this creature will indure to be frozen, 
and yet not be deftroy’d,for I have taken one of them out of the Snow 
whereon it has been frozen almoft white, with the Ice about it, and yet 
by thawing it gently by the warmth of a fire, it has quickly reviv’d and 
flown about. 

This kind of Fly feems by the fteams or tafte of fermenting and. 
putrifying meat (which it often kifles,as twere, with its probojcis as it trips 
over it) to be ftimulated or excited to eject its Eggs or Seed on it, per- 
haps, from the fame reafon as Dogs,Cats,and many other brute creatures 
are excited to their particular lufts, by the {mell of their females, when 
by Nature prepared for generation; the males feeming by thofe kind 
of fmells, or other incitations, to be as much necefflitated thereto, as 
Aqua Regis trongly ates with a folution of Gold,is forced to pre- 
cipitate it by the affufion of {pirit of Urixe, or afolution of sat of 
Tartar. 

One of thefe putin fpirit of Wine, was very quickly feemingly kill'd, 
and both its eys and mouth began to look very red, but upon the taking 
of it out, and fuffering it to lie three or four hours, and heating it with 
the Sun beams caft through a Burning-glafs, it again reviv'd, {eeming, as 
it were, to have been all the intermediate time, but dead drunk, and af- 
ter certain hours to grow frefh again and fober. 

a 

Obferv. XLIII. Of the Water-Infe& or Gnat. 

Bis little creature, defcribed in the firft Figure ofthe 27. Scheme, 
| wasa {mall fcaled or crufted Animal, which Ihave often obferv’d 

to be generated in Rain-water 5 I have alfo obferv’d it both in Pond and 
River-water. It is fuppos'd by fome, to deduce its firft original from the 
putrifaction of Rain-water, in which,if it have ftood any time open to the 
air, you fhall feldom mifs,all the Summer long, of ftore of them frifking 
too and fro. 

"Tisa creature, wholly differing in fhape from any I ever obferv'd 5 nor 
is its motion lefs{trange: It has a very large head, in proportion to its 
body, all covered with a fhell, like other teffaceons Animals, but it dif- 
fers in this, that ithas, up and down feveral parts’ of it, feveral tufts of 
hairs, or brifles, plac'd in the order exprefs'd in the Figure; It has two 
horns,whichfeem’d almoft like the horns of an Oxe,inverted,and, as neer 
asI could ghefs, were hollow, with tufts of brifles,likewife at the top;thefe 
horns they could move eafily this or that way,and might, perchance, be 
their noftrils, It has a pretty large mouth, which feem'd contriv’d much 
like thofe of Crabs and Lobfters,by which, have often obférv'd them to 
feed on water, orfome smiperteptle nutritive fubftance in it. 

I could perceive, through the tranfparent fhell ,while the Animal fur- 
viv'd, feveral motions in the head, Pee and belly, very pees 
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of differing kinds which I may, perhaps, elfewhere endeavour more ac- 
curately to examine, and to thew of how great benefit the ule ofa a4- 
crofcope may be for the difcovery of Nature's courfe in the operations per- 

form’d in Animal bodies, by which we have the opportunity of obferving 
her through thefe delicate and pellucid teguments of the bodies of Infects 
acting according to her ufual courfe and way, undifturbed, whereas, 
when we endeavour to pry intoher fecrets by breaking open the doors 
upon her, and diflecting and mangling creatures whil ft there is life yet 
within them, we find her indeed at work, but putinto fuchdiforder by 
the violence offer’d, as it may eafily be imagin’d,how differing a thing we 
fhould find,if we could,as we can witha A/icrofcope,in thefe {maller crea- 
tures, quietly peep in at the windows, without frighting her out of her 
ufual byas. 

The form of the whole creature, as it appear'd in the Afcrofcope, may, 
without troubling you with more defcriptions, be plainly enough per- 
ceiv’'d by the scheme, the hinder part or belly confifting of eight feveral 
jointed parts, namely, ABC DEF GH, of the firft Figure, from the 
mid{t of each of which,on either fide,iffued out three or four {mall brifles 
or hairs, 1,1, 1, 1,1, the tail was divided into two parts of very differing 
make; one of them, namely, K, having many tufts of hair or brifles, which 
feem’d to ferve both for the finns and tail, for the Oars and Ruder of this 
little creature, wherewith it was able, by frifking and bending its body 
nimbly to andfro,to move himfelf any whither,and to fkull and fteer him- 
felfas he pleas’d;the other part, L, feem’d to be,as ‘twere,the ninth divifi- 
on of his belly,and had many fingle brifles on either fide. From the end V, 
of which, through the whole belly, there was a kind of Gut of a darker 
colour, MMM, wherein, by certain Per#ftaltick motions there was a kind 
of black fubftance mov’d upwards and downwards through it from the 
orbicular part of it, N,(which feem’d the Ventricle,or {tomach)to the tail 
V,and fo back again, which per#ffaltickh_ motion Ihave obferv'd alfo in a 
Loufe, a Gnat, and feveral other kinds of tranfparent body'd Flies. The 
Thorax or cheft of this creature OO OO, wasthick and fhort, and pret- 
ty tranfparent, forthroughit I could fee the white heart (which is the 
colour alfo of the bloudin thefe, and moft other Infects) to beat, and 
feveral other kind of motions. It was beftuck and adorn’d up and down 
with feveral tufts of brifles, fuch as are pointed out by P,P, P, P, the 
head Q was likewife beftuck with feveral of thofe tufts, $$$; it was 
broad and fhort, had two black eyes, T T, whichI could not perceive at 
all pearl'd, as they afterwards appear’d, and two {mall horns, R R, fuch 
as I formerly defcrib’d. 

Both its motion and reft is very {trange, and pleafant, and differing 
from thofe of moft other creatures I have obferv’d; for, where it ceafes 
from moving its body, the tail of it feeming much lighter then the reft 
of its body, and a little lighter then the water it {wims in, prefently boys 
it up to the top of the water, where it hangs fufpended with the head al- 
ways downward 5 and like our Autipodes, if they do by a frifk get be- 
low that fuperficies, they prefently afcend again unto it, if they ceale 
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moving, until they tread, as it were, under that fuperficies with their 
tails ; the hanging of thefe in this pofture, put me in mitid of a cet- 
tain creature T have feen in Lowdon, that was brought out of America, 
which would very firmly fufpend it elf by the tail, with the head down: 
wards,and was faid to fleep in that pofture, with Ket young ones in her 
falfe belly, which is a Pure, provided by Nature for the production, 
nuttition, and prefervation of het youtig 6nés, which is deferibed by Pifo 
in the 24. Chapter of the fifth Book of his Natutal Hiftory of Brafil. 

The motion of it was with the tail forwards,drawing its felf backwatds, 
by the frifking to atid fro of that ttift which grew out of one of the 
ftumps of its tail. It had atiother thotion,which was more {iitable to that 
of other creatures, and that is, with the head forward 5 for by the movitig 
of his chaps (if I may fo call the parts of his mouth) it was able to move 
it elf downwards very gently towards the bottotii, and did,as ‘twere,eat 
up its way through the water. 

But that which was nioft obfetvable in this creattite, was; its Meta: 
tiorphofis or change:for having kept feveral of thefe Anitnalsin a Glafsof 
Rain-water,in which they Were produe'd, I found after about a fortnight 
or three weeks keeping, that feveral of them Hew away in Ghats,leaving 
their hufks behind them inthe water floating wider the furface; the 
place where thefe Animals were wont to refide, whil’ft they wete in 
habitants of the watér: this made me moré be to watch them; to 
fee ifT could find them at the time of their transformation § and fot long 
after, I obferv'd feveral of them to be chatiged into ‘ah unuftial fhape, 
wholly diffeting from that they were of before, theit head and body bee 
ing grown much bigger and deeper; but not broader, and theit belly, or 
hinder part fmaller, ahd coyl'd, about this gfeat body much of the fathi- 
onreprefented by the prick’d line in the Reon Figire of the 27. Scheme, 
the head and horns now fwani uppermoft, and the whole bulk of the bo- 
dy feem’d to be grown much lighter 5 for when by my frighting of it, it 
would by ae out of itstail (in the maiiher éxpref'd in the Figure 
byB C) fink it felf below the futface towards the bottom ; the body 
would more fwiftly re-aftend, then when it was in its forttier fhape. 

I ftill marked its progrefs from time to titné,and found its body ftill t6 
a bigger and bigger, Nature, as it were, fitting and accoutting it 
or the lighter Element, of which it was now going to be an inhabitant ; 
for.by obferving one of thee with my Aticrofcope, I found the eyes of it 
tobe altogether differing from what they {eettt'd before, appearing now 
all over pearl'd or knobb’d, like the eyes of Gnats. as #8 vifiblé it 
the fecong Figure by A. At length; I faw part of this creature to fwim 
above, and part beneath the farfacé of the water, below which though 
it would quickly plunge it felfifT by any means frighted it,and préfently 
re-afcend into its former poftures after a little longer expectation, I 
found that the head and body of a Gnat,began to! appear and ftand cleer 
above the furface, and by dégreésit drew out its leggs, firft the two for- 
moft,then the other,at length its whole body perfect and entire appéar'd 
out of the hufk (which it left in the water) ftanding on its leggs gee 
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thetop ofthe water, and by degrees it began to move, and after flew 
about the Glafs a perfect Gnat. 

L have been the more particular, and large in the relation of the tranf- 
formation of divers of thefe little Animals which I obferv’d, becaufe I 
have not found that any Authour has obferv d the likes and becaufe the 
thing it felf is fo ftrange and heterogeneous from the ufual progrefs of 
other Animals, that I judge it may not onely be pleafant, but very 
ufefull and neceflary towards the compleating of Natural Hiftory. 

There is indeed in Pifo, a very odd Hiftory, which this relation may 

make the more probable; and that isin the 2. Chapter of the 4. Book of 
his Natural Hiftory of Brafil, where he fays,Porre preter tot documenta fer- 
tilitatis circa vegetabilia & fenfitiva marina telluris amula,accidit & illud, 
quod paucis a Paranambucenfi milliaribus.pifcatoris uncum citraintentionem 
contingat infigi vadis petrofis,& loco pifcis fpongia,coralla,aliafque arbufculas 
marinas capt. Inter hac innfitate forme prodit fhongiofa aS, fefquipedis 
longitudinis, brevioribus radicibus, lapideis nitens vadis, © rupibus infixa, 
erigiturque in corpus fpongiofim molle oblongum rotundum turbinatum: intus 
miris cancellis & alveis fabricatum, extus autem tenaci glutineinftar Apum 
propolis undique veftitum, oftio fatis patulo G» profundo in fummitate relitfo, 
ficut ex altera iconum probe depitta videre licet ({ce the third and fourth 
Figures of the 27. Scheme.) Ita ut Apiavinum marinum vere dixeris 3 primo 
enim intuitu & Mare ad Terram delatum,vermiculis catebat ceruleis parvis, 
qui mox & calore folis inMufcas,vel Apes potius,ca/qs exignas & nigras tranf- 
formebantur, circnmvolantefque evanefcebant,ita ut de eornm mellificatione 
nihil certi con|pici datum fuerit, cum tamen carofa materia propolis Apum- 
que celle manifelte apparerent,atque ipfa mellis qualifcunque fubftantia procul- 
dubio urinatoribus patebit, ubi curiofius inquifiverint hac apiaria, eaque in 
natali folo & falo diverfis temporibus penitins luftrarint. 

Which Hiftory contains things fufficiently ftrange to be confider’d, as 
whether the hufk were a Plant, growing at the bottom of the Sea before, 
of it felf, out of whofe putrifaction might be generated thefe ftrange kind 
of Magots 3 or whether the feed of certain Bees, finking to the bottom, 
might there naturally form it felf that vegetable hive, and take root; 
or, whether it might not be placed there by fome diving Fly; or, 
whether it might not be fome peculiar propriety of that Plant,whereby 
it might ripen or form its vegetable juice into an Animal fubftance 5, or, 
whether it may not be of the nature of a Sponge, or rather a Sponge of 
the nature of this, according to fome of thofe relations and‘conjecturesI 

: formerly made of that body, is a matter very difficult to be determined. 
: But indeed, in this defcription,the Excellent P2/o has not been fafficiently 

particular in the fetting down the whole procefs, as it were to be wifh’d: 
There are indeed very odd progrefles in the production of feveral kinds 
of Infects, which are-not lefs inftructive then pleafant, feveral of which, 
the diligent Goedartius has carefully obferv'd and recorded, but among 
all his Cbierrstious he has none like this, though that of the Hemerobins 
be fomewhat of this kind, which is added as an Appendix by johannes 
Mey. 
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» Thave, formy own particular, befides feveral of thofe mention’d by 
him, obferv'd divers other circumftances,perhaps, not much taken notice 
of, though very common, which do indeed afford us.a very coercive argu- 
ment to admire the goodnefs and providence of the infinitely wife Crea< 
tor in his moft excellent contrivances and difpenfations.I have obferv d,at 
feveral times of the Summer,that many of the leaves of divers Plants have 
been {potted, or, asit were fcabbed, and looking on the underfides of 
thofe of them that have been but a litte irregular, I have'perceiv'd them 
to be fprinkled with divers forts of little Eggs,which letting alone,I-have 
found - degrees to grow bigger, and become little Worms with leggs, 
but ftill to keep their former places,and thofe places, of the leaves,of their 
ownaccords, to be grown very protuberant upwards, and very hollow, 
and arched underneath, whereby thofe young creatures are, as it were, 
fhelter’d and houfed from external injury ; divers leaves I have obferv’d 
to grow and fwell fo farr, as at length perfectly to inclofe the Animal, 
which, by other obfervations I have made, I ghefs to contain it, and be- 
come, as it were a. womb to it, fo long, till it be fit.and prepar'd to be 
tran{lated into another ftate, at what time, like (what they fay of) Vi- 

pers, they gnaw their way through the wombthat bred them; diversof 
thefe kindsfhave met with upon Goofberry leaves, Rofe-tree leaves, 
Willow leaves, and many other kinds, 

There are often to be found upon Rofe-trees and Brier buthes, little 
red tufts,which are certain knobs or excrefcencies;growing out from the 
Rind, or barks of thofe kinds of Plants, they are cover with ftrange 
kinds of threads or red hairs, which feel very foft; and look-not unplea- 
fantly. In moft of thefe, if it hasno hole init, you fhall find certain little 
Worms, which I fuppofe to be the caufes of their production; for when 
that Worm has eat its way through, they, haying performed what they 
were defign’d by Nature to do, by degrees die and wither away. 

Now,the manner of their production, fuppofe to be thus; that the Al- 
wife Creator has as well implanted in every creature. a faculty of know- 
ing what place is convenient for the hatching, nutrition, and prefervati- 
on of their Eggs and of-{prings,whereby they are ftimulated and directed 
to convenient places, which becom, as ‘twere the, wombs that perform 
thofe offices: Ashe has alfo fuited and adngiedsa property to thofe 
places wherby they grow and inclofe thofe feeds, and having inclofed 
them, providea convenient nourifhment for them, butas foonas they 
have done the office of a womb, they die and. wither. 

The progrefs of inclofure I have often obferv'd in leaves, which in 
thofe places where thofe feeds have been caft, have by degrees fwell’d 
andinclos'd them, fo perfectly round, as not to leave any perceptible 
paflage out. ; 

From this fame eaufe, I fappofe that Galls, Oak-apples, and feveral 
other productions of that kind, upon the branches and: leaves of Trees, 
have their original ; for if you open any of them, when almoft ripe, you 
fhall find a little Wormin them.. Thus, if you open never fo many dry 
Galls, you fhall find either a hole whereby the Worm has eat its paflage 
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_ out, or if you find no paflage, you may,by breaking or cutting the Gall, 

find in the middle of it a fmall cavity, and in it a {mall body, which does 
plainly enough yet retain a fhape, to manifeft it once to have been a 
Worm, though it dy’d by a too early feparation from the Oak on which 
it grew, its navel-ftring,as ‘twere,being broken off from the leaf or branch 
by which the Globular body that invelop'd it, received its nourifhment 
from the Oak. 

And indeed, if we confider the great care of the Creator in the difpen- 
fations of his providences for the propagation and increafe of the race,not 
onely of all ind of Animals, but even of Vegetables, we cannot chufe 
but admire and adore him for his Excellencies, but we fhall leave off to 
admire the creature, or to wonder at the ftrange kind of aéting ih feveral 
Animals, which feem to favour fo much of reatbn 3 it feeming to me moft 
manifeft,that thofe are but actings according to their ftructures, and fuch 
operations as fuch bodies, fo compos, muft neceflarily, when there are 
fuch and fuch circumftances concurring, perform : thus,whenwe find Flies 
fwarming,about any piece of flefh that does begin a little to ferment;But- 
terflies about Colworts,and feveral other leaves,which will ferve to hatch 
and nourifh their young 5 Gnats, and feveral other Flies about the Wa- 
ters, and marifhy places,or any other creatures, fecking and placing their 
Seeds in convenient repofitories, we may, if we attentively confider and 
examine it, find that there are circumftances fufficient upon the fuppofals 
of the excellent contrivance of their machine,to excite and force them to 
act after fuch or fuch a manner; thofe fteams that rife from thefe feveral 
places may, perhaps, fet feveral parts of thefe little Animals at work,even 
asin the contrivance of killing a Fox or Wolf with a Gun, the movin 
of a ftring, isthe death of the Animal ; for the Beaft, by moving the fletb 
that is laid to entrap him, pulls the {tring which moves the trigger, and 
that lets go the Cock which on the fteel ftrikes certain {parks of fire 
which kindle the powder in the pann, and that prefently fies into the 
barrel, where the powder catching fire rarifies and drives out the bullet 
which kills the Animal ; in all which actions, there is nothing of intention 
or ratiocination to, be afcrib’d either to the Animal or Engine, but all to 
the ingenioufnefs of the contriver. 

But to return to the mote immediate confideration of our Gnat: 
We have in it an Inftance, not ufual or commonyof a very ftange’ amphi- 
bious creature, that being a creature that inhabits the Air, does yet pro- 
duce a creature, that $e Binks time lives in the water as a Fifh, though 
afterward (which is as ftrange) it becomes an inhabitant of the Air, like 
its Sire,in the form of aFly. And this, methinks, does prompt me to pro- 
pofe certain conjectures, as Queries, having not yet had Gifficlerit oppor- 
tunity and leifure to anfwer them my felf from my own Experiments 
or Obfervations. 

And the firft is, Whether all thofe things that we fuppofe to be bred 
from corruption and putrifaction, may not be rationally Ripbotd to have 
their origination as natural as thefe Gnats, who, ‘tis very probable, 
were firft dropt into this Water, in the form of Eggs. Thofe Seeds or 
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Eggs muft certainly be very fmall, which fo fmall a creature 4s. a Gnat 
yields, and therefore: we need not wonder, that we find not the Eggs 
themfelves, fome of the younger of them, which Ihave obferv’d, havin 
not exceeded a tenth part of the bulk they have afterwardscometo ; iol 
next,I have obferved fome of thofe little ones which muft have been gene- 
rated after the Water was incloféd in the Bottle, and therefore moft pro- 
bably from Eggs, whereas thofe creatures have been fuppos'd tobe bred 
of the corruption. of the Water, there being not. formerly known any 
probable way how they fhould be generated. nasi 

A {econd is, whether thefe Eggs are immediately dropt into the: Water 
by the Gnats themfelves, or, mediately, are brought down by the falling 
rain; for it {eems not very improbable,but that thofe {mall feeds of Gnats 
may (being, perhaps, of fo light a nature, and. having fo great a propor- 
tion of furface to fo {mall a bulk of body) be ejected into the Air, and 
fo, perhaps, carried for a good while too and fro in it, till by the drops 
of Rain it be waflrd out of it. 

A third is, whether multitudes of thofe other little creatures that are 
found to inhabit the Water for fome.time, do not, at certaintimes, take 
wing and fly into the Air, others dive and hide themfelves in the Earth, 
and fo contribute to the increafe both of the one and the other Element. 

Pofifeript. 
A good while fince the writing of this Defcription, I was prefented by 

Doctor Peter Ball, an ingenious Member of the Royal Society,with a little 
Paper of Nuts, which he told me was fent him from a Brother of his out 
of the Countrey,from Atamhead in Devonfbire, fome of them were loofe, 
having been, as I fuppofe, broken off, others were ftill growing faft on 
upon the fides of a {tick, which feem’d by the bark, pliablenef§ of it, and 
by certain ftrings that grew out of it, to be fome piece of the root of 
aTree; they were allof them dry’d, and alittle fhrivell’d, others more 
round, ofa brown colours their thape was much like a Figg, but very 
much fmaller,fome being about the bignefs of a Bay-berry others,and the 
biggeft, of a Hazel-Nut. Some of thefe that had no hole in them, I care- 
fully opened with my Knife, and found in them a good large round white 
Maggot, almoft us bigg as a {mall Pea, which {eem’d fhap’d like other 
Maggots, but fhorter. I could not find them to move, though I ghefs’d 
themto be alive, becaufe upon pricking them witha Pinn, there would if 
fue out a great deal of white ucows matter,which feem’d to be froma vo- 
Juntary contraction of their fkin 5 their hufk or matrix confifted of three 
Coats,like the barks of Trees, the outermoft being more rough and {pon- 
gie, and the thickeft, the middlemoft more clofe, hard, white, and thin, 
the innermoft very thin,feeming almott like the fkin within an Egg’s fhell. 
The two outermoft had root in the branch or ftick, but the innermoft 
had no ftem or procefs, but was onely a fkin that cover'd the cavity of 

_ the Nut. All the Nutsthat had no holes eaten in them, I found to con- 
tain thefe Maggots, but all that had holes, I found empty; the Maggots, 
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it feems, having eaten their way through, taken wings and flown away, 
as this following account (whichI receiv d in writing from the fame per- 
fon, as it was ar him by his Brother) manifefts. I 2 moorifh black 
Peaty mould, with fone fmall veins of whitifh yellow Sands, upon occafion 
of digging ahole two or three foot deep, at the head of a Pond or Pool, to 

fet a Tree in, at that depth, were found, about the end of October 1663. in 
thofe very veins of Sand, thofe Buttons or Nuts, flicking to a little loofe 
fick, that is, not belonging to any live Tree, and fowe of them alo free by 
themfelves. ‘ 

Four or five of which being then open'd, fome were found to contvin 
live Infetts come to perfection, moft like to flying Ants, if wot the fame; in 
others, Infects, yet imperfed, having but the head and wings form'd, the reft 
remaining a foft white pulpy fubfiance. 

Now,as this furnifhes us with one odd Hiftory more,very agreeable to 
what I before hinted, foI doubt not, but were men diligent obfervers, 
they might meet with multitudes ofthe fame kind, both inthe Earth and 
in the Water, and inthe Air, on Trees, Plants, and other Vegetables, all 
places and things being,asit were,avimarum plena. AndThave often,with 
wonder and pleafure,in the Spring and Summer-time, look’d clofe to,and 
diligently on, common Garden mould, and in a very fmall parcel of it, 
found fuch multitudes and diverfities of little reptz/es,fome in hufks,others 
onely creepers, many wing’d, and ready for the Air 5 divers hufks or ha- 
bitations left behind empty. Now, ifthe Earth of our cold Climate be fo 
fertile of animate bodies, what may we think of the fat Earth of hotter 
Climates? Certainly,the Sun may there, by its activity, caufe as great a 
parcel of Earth to fly on wingsin the Air, as it does of Water in fteams 
and vapours. And what {warms muft we fuppofe to be fent out of thofe 
plentifull inundations of water which are poured down by the fluces of 
Rain in fuch vaft quantities ? So that we need not much wonder at thofe 
innumerable clouds of Locufts with which Africa, and other hot coun- 
tries are fo peftred, fince in thofe places are found all the convenient 
caufes of their production, namely, genitors, or Parents, concurrent re- 
ceptacles or matrixes,and a fufficient degree of natural heat and moifture. 

I was going to annex a little draught of the Figure of thofe Nuts fent 
out of Devonfhire, but chancing to examine Mr. Parkinfon’s Herbal 
for fomething elfe, and particularly about Galls and Oak-apples, I found. 
among no lefsthen 24. feveral kinds of excrefcencies of the Oak, which I 
doubt not,but upon examination, will be all found tobe the zatrixes of 
fo many feveral kinds of Infeéts ; I having obferv’d many ofthem my felf 
to be fo,among 24.'feveral kinds, I fay,I found one defcribed and Figur’d 
direétly like that which I had by me,the Scheme is there to be feen,the de- 
{cription, becaufe but fhort, Ihave here adjoin’d Theatri Botanici trib.16. 
Chap. 2. There groweth at the roots of old Oaks in the Spring-time, and 
Semetimes alfo in the very heat of Summer, a peculiar kind of Mufbrom or 
Excrefcence, call’ Uva Quercina, fivelling ont of the Earth, many growing 
one clofé unto another, of the fafhion of a Grape, and therefore took 
the name, the Oak-Grape, and is of a Purplifh colour on the es 
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antl white within like Milk, and in the end of Summer becometh hard 
and woody. Whether this be the very fame kind, I cannot affirm, but 
both the Picture and Defcription come very neer to that I have, 
but that he feems not to take notice of the hollownefsor Worm, for 
which ‘tis moft obfervable. And therefore ‘tis very likely, if men 
did but take notice, they might find very many differing Species of thefe 
Nuts, Ovaries, or A@atrixes, and all of them to have much the fame 
 defignation and office. And I have very lately found feveral kinds of Ex- 

_ crefcencies on Trees and Shrubs, which having endured the Winter, up- 
on opening them, I found moft of them to contain little Worms, but 
dead, thofe things that contain’d them being wither'd and dry, 

Obferv. XLIV. Of the tufted or Brufb-horn'd Gnat. 

His little creature was one of thofe multitudes that fill our Ezeh 
a airall the time that warm weather lafts, and is exactly of the fhape 
of that lobferv’d to be generated and hatch’d out of thofe little Infeéts 
that wriggle up and down in Rain-water. But,though many were of this 
form, yet Iobferv'd others to be of quiterother kinds; nor were all 
of this or the other kind generated out of Water Infects; for whereas I 
obferv’d that thofe that proceeded from thofe Infeéts were at their ful] 
growth, Ihave alfo found multitudes of the fame fhape,but much fmaller 
and tenderer feeming tobe very young ones, creep up and downupon 
the leaves of Trees, and flying up and down in {mall clufters, in places 
very remote from water; and this Spring, I obferv'd one day, when the 
Wind was very calm, and the afternoon very fair, and pretty warm, 
though it had fora long time been very cold weather, and the wind con- 

, tinued ftillin the Eaft, feveral {mall {warms of them playing to and fro 
in little clouds in the Sun, each of which were not a tenth part of the 
bignefs of one of thefe Ihere have delineated, though very much of the 
fame fhape, which makes me ghefs, that each of thefe {warms might be 

' the of-{pring of one onely Gnat, which had been hoorded up in fome fafe 
repofitory all this Winter by fome provident Parent, and were now, by 
the warmth of the Spring-air, hatch’d into little Flies. 

And indeed, fo various, and feemingly irregular are the generations or 
productions of Infects, that he that fhall carefully and diligently obferve 
the feveral methods of Nature therein, will have infinitely caufe further 
toadmire'the wifdom and providence of the Creator; for not onely the 
fame kind of creature may be produc'd from feveral kinds of ways, but 
the very fame creature may produce feveral kinds : For,as divers Watches 
may be made out of feveral materials, which may yet have all the fame 
appearance,and move after the fame manner,that is,fhew the hour equally 
true, the one as the other, and out of the fame kind of matter, like 
Watches,may be wrought differing wayss = sas one and the fame Watch 

Dd may,
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may, by being diverfly agitated, or movd,by this or that agent, or after. 
this or that manner, producea quite contrary effect : So may it be. with 
thefe moft curious Engines'of Tnfeét’s bodies; the All-wife God of Nature, 
may have fo ordered and difpofed the little Automatons, that when nou- 
rifhed, aéted, or enlivened by this caufe, they produce one kind ofeffed, 
or animate fhape, when by another they act quite another way, andano- 
ther Animal is produc’d. So may he fo order feveral materials, as to 
make them,by feveral kinds of methods, produce fimilar Automatons. | 

But to come to the Defcription of this Infect,as it appearsthrougha Afi- 
crofcope,of which a reprefentation is made in the 28.Scheme. Its head A, is | 
exceeding fmall, in proportion to its body, confifting of two clufters of 
pearl'd eyes BB, on each fide of its head, whofe pearls or eye-balls are | 
curioufly rang’d like thofe of other Flies ; between thefe,in the forehead 

ofit, there are plac'd upon two {mall black balls, CC, two long jointed 
horns, tapering towards the top, much refembling the long horns of 
Lobfters, each of whofe {tems or quills, DD, were brifled or brufhed 
with multitudes of {mall {tiff hairs, ifluing out every way from the feve- 
ral joints, like the ftrings or {proutings of the herb Horjé-tail, which is 
oft obferv’d to grow among Corn, and for the whole fhape, it does very 
much refemble thofe brafhy Vegetables, befides thefe, there are two other 
jointed and brifled horns, or feelers, E E, in the forepart of the head, and 
a probofcis, F, underneath,which in fome Gnats are very long, ftreight 
hollow pipes, by which thefe creatures are able to drill and penetrate 
the fkin, andjthence, through thofe pipes fuck fo much bloud asto ftuff 
their bellies fo full till they be ready to burft. : 

This fmall head, with its appurtenances, is faftned on by a fhort neck,G, 
to the middle ofthe #horax, whichis large, and feems cafed with a {trong 
black thel,H 1K, out of the under part of which, iflue fix long and flender 
legs, LL LLLL, fhap‘d juft like the legs of Flies, but {pun or drawn out 
longer and flenderer,which could not be exprefs'd in the Figure,becaufe 

‘of their great length ; and from the upper part, two oblong, but flender 
tran{parent wings, MM, fhaped fomewhat like thofe of a Fly,underneath 
each of which, asI have obferv'd alfo in divers forts of Flies, and other 
kinds of Gnats, was placed a fmall’ body, N, much refembling a drop 
of fome tranfparent glutinous fubftance, hardned or cool’d, asit wasal- 
moft ready to fall, for ithasa round knob at the end, which by degrees 
grows flenderer intoa {mall ftem,and neer the infertion under the wing, 
this {tem again grows bigger 5 thele little Pexdulums,as 1 may fo callthem, , 
the litle creature vibrates to and fro very quick when it moves its wings, 
and [have fometimes obfery'd it to move them alfo, whil {t the wing lay | 
{till, but always their motion {eem’d to further the motion of the wing 
ready to follow; of what ufe they are, asto the moving of the wing, or _ 
otherwife, Ihave not now time to examine. | 

Its belly was large,as it is ufually in all Infects, and extended intonine — 
lengths or partitions, each of which was cover’d with round armed rings 
or thells;_ fix of which, OP QRS T were tranfparent, and divers kinds 
of Periftaltick, motions might be very eafily perceiv'd, whil’{t the Animal 

was
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Was alive, but efpecially a fnall cleer white pattV; feemed to beatlike 

the heart ofa larger Animal. The laft three divifios, W X ¥, wereco- 
ver'd with black and opacous fhells. To conclude, take this creature 
altogether, and for beauty and curious contrivances, it may be compared. 

with the largeft Animal upon the Earth. Nordoth the Alwife Creator 

feem tohave fhewn lefscare and providence inthe fabrick of it, themin 
thofe which feem moft confiderable. 

a i 

Obferv. XLV. Of the great Bellyd Gnat or female Gnat. 

He fecond Gnat , delineated in the twenty ninth Scheme, is of a 

I very differing fhape from the formersbut yet of this fort alfo,I found 
feveral of the Gnats, that were generated out of the Water Infect : the 

wings of this, were much Jarger then thofe of the other, and the belly 

much bigger, fhorter and ofan other thape 5 and, from feveral particu- 

lars,I gheft it to be the Female Gnat, and the former to be the Male. 
The thorax of this,was much like that of the other,having a very {trong 

and ridged back-piece, which went alfo on either fide of its leggs; about 

the wings there were feveral joynted pieces of Armor, which feem’'d cus 

tioufly and conveniently contriv’d, for the promoting and_ftrengthning 

the motion of the wings:its head was much differing from the other,being 

much bigger and neater fhap'd, and the horns that grew out between his 

eyes ontwo little balls, were of a very difiering fhape from the tufts of, 

the other Gnat, thefe having but a few knots or joynts, and each of 

thofe but a few, and thofe fhort and ftrong, brifles. The formoft horns 

or feelers, were like thofe of the former Gnat. 

One of thefe Gnats I have fuffer’d to pierce the fkin of my hand, with 

its probofeis, and thence to draw out as much blood as to fill its belly 

‘as fullasit could hold, making it appear very red and tranfparent 5 and 

this without any further pain, then whil ft it was finking in its probocis, as 

it is alfo in the {tinging of Fleas: a good argument, that thele creatures 

do not wound the fkin, and fuck the blood out of enmity and revenge, 

but for meer neceflity, and to fatisfy their hunger. By what means this 

creature is able to fuck, we fhall fhew in another place. 

oe 

Obferv. XLVI. Of the white featherwing'’d Moth or Tinea 

Argentea, 

T His white long wing’d Moth, which is delineated in the 30.Schemes 

afforded a lovely objeét both tothe naked Eye,and through a A@- 

crofcope: to the Eye it appear a fmall Milk white Fly with four white 
D4 2 Wings
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‘Wings,. the two formoft:fomewhat longer then the two hindermoft, and 
thetwo fhorter aboutihalfan Inch long, each of which four Wings feem’d 
to.confift of two {mall.long Feathers, very curioufly tufted, or hairedion 
each fide, with purely white, and exceedingly fine and fmall Haires, pro 
portion’d to the ftalks or ftems, out of which they grew, much like the 
ufts of along’ wing-feather of fome Bird, and their ftalks or {tems ‘were, 
like thofe, bended backwards and downwards, as may be plainly fen by 
the draughts of them in the Figure. 

Obferving one of thefe in my AZicrofcope,I found; in the firft place, that 
all the Body,Legs, Horns.and the Stalks of the Wings, were covered over 
with various kinds of curious white Feathers, which did; with handling | 
or touching, eafily rubb off and fly about, in fo much that lookingonmy 
Fingers, with which! had handled this Moth, and perceiving on them lit- 
tle white fpecks, I found by my Adicroféope, that they were feveralofthe 
{mall Feathers of this little creature, that {tuck upand down in the Fae 4 
Sofities of my Skin. 

. Next, I found that underneath thefe Feathers, the pretty Infect wasco- 
. _ veredallover witha crufted Shell, like other of thofe Animals, but with 

one much thinner and tenderer. ! 
Thirdly, Ifound, asin Birds alfo is netable, it had differing and ap- 

propriate kinds of Feathers, that covered feveral parts of its bedy. 
Fourthly; furveying the parts of its body, with amore accurate and 

" better Magnifying Azcrofcope, I found that the tufts or haires ofits Wings 
were nothing elfe but a congeries, or thick fet clufter of {mall vimina or 
twiggs, refembling a {mall twigg of Birch, ftript or whitned, with which 
Bruthes are ufually made, to beat out or bruth off the duft from Cloth 
and Hangings. Every one of the twiggs or branches that compofed the 
Bruth of the Feathers, appeared in this bigger Magnifying Glafs Cot which 
EF which reprefents ;4 part of an Inch, is the {cale, asG is of the leffer, 
which is only +) likethe figureD. The Feathers alfo that covereda 
part of his Body,’ and were interfperfed among the brufh of his Wings, I 
found, in the bigger Magnifying Glafs, of the fhape A, confifting of a alk 
or {tem in the middle, and afeeming tuftednefs or brufhy part oneach ~ 
fide. The Feathersthat cover'd moft part of his Body and the ftalk of 
his wings, were,in the fame Microfcope, much of the figure B, appearing of 
the fhape of a fmall Feather, and {eemed tufted : thofe which covered 
the Horns and {mall parts of the Leggs, through the fame Aficrafcope, ap- 
peardofthe fhapeC. Whether the tufts of any or all of thefe {mall 
Feathers, confifted of fuch component particles as the Feathers of Birds, 
1 much doubt, becaufe I find that Nature does not alwaies keep, or ope- 
rate after the fame method’, in fmaller and bigger creatures) ‘And 
of this, we have particular Inftances in the Wings of feveral creatures. 
For whereas, in Birds of all kinds, it compofes each of the Feathers of which its Wing confifts, of fuch an exceeding curiousand moft admirable 
and ftupendious texture, as I elfe where fhew, in the Obfervations ona 
Feather; we find it to alter its method quite, in the fabrick of the Wings 
of thefe minute creatures, compofing fome of thin extended membranes 4 

or
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or fkins, fuch as the Wings of Dragon-flys3, in others;thofe fkins aresall; 
over-grown, or pretty. thick beftuck, with fhort-brifles, as in Fleth-fies 5 
in others; thofe filmes are.covered, bothon the upper and under fide, 
with fall Feathers, plac’d almoft like the tyles on a Houfe, and. are 
curioufly rang’d and adorn’d, with moft lively colours, as, is ob- 
fervable in Buttet-tlies, and feveral kinds of Moths}; Inothers, inftead of 
their films, Nature has provided nothing, but;d,niatter of half a feore 
ftalksCif Twell remember the numbers for [have not lately met with any, 
ofithefe flys, and did not,when I firft obferv’d them, take fufficient notice 
of divers particulars ) and each of thefe ftalks,’ with a few fingle branch 
ings on each fide; refembling much the branched back-bone of a Herring 
or the like Fifh, or a thin hair'd Peacocks feather, the top, or the eye 
being broken off. With a few of thefé oneither fide(which it was ableto. 
fhutup or expand at pleafure, much like a Fann, or rather, like the po- 
fture of the feathers in a wing, whichly. all one under another, when 
fhut,and by the fide: of each other, when expanded) this pretty little 
grey Moth (for fuch was the creature I obferv'd, thus wing’d) could ve- 
ry nimbly, and asitfeem’d very eafily move its, corpuféle , through the 
Air,from place to place. Other Infects have their wings cas d, or coyer'd 
over, with certain hollow fhells, fhap'd almoft like thofe hollow Trayes, 
in which Butchers carry meat, whofe hollow fides being turn’d down- 
wards, do not only fecure their folded wings from injury of the earth, 
‘in which moft of thofe creatures refide, but, swhilftythey fly, fervesas a 
help to fuftain and bear them up. “And thefe'are obfervablein Scarabees 
and a multitude of other terreftrial a Infe&s ; in which we may 
yet further obferve a particular providence of Nature. : 

Now in all thefe kinds of wings, we obferve thisparticular, as a “7 
moft worthy remark ; that where'ever a wing’ confifts of difcontinue 
parts, the Pores or sterftitia between thofe parts are'very feldom, either 
much bigger,or much {maller, thenthefe which wehere find between the 
particles of thefe brufhes, fo that it fhould {éem to intimate, that the 
parts of the Air are fuch, that they will not eafily orreadily, if at all, pafs 
through thefe Pores, fo that they {¢em to be ftrainers fine enough to hin 
der the particles of the Air (whether hinder’d by their bulk, or by their 
agitation, circulation, rotation or undulation’, 1 {hall hot here determine) 
from getting through them,and,by that means,ferve the Animal as well,if 
not better, then if they were little films. I fay, if riot better, becaufeE 
have obferv'd that all thofe creatures, that have film’d wings, move them 
aboundantly quicker and more ftrongly,fuch as all kind of Flies and Sea- 
rabees and Batts, then fuch ashave their wings covered with feathers, as 
Butter-flies and Birds, or twiggs,' as Moths,. which have each-of thema 
much flower motion of their wings; That little ruggedniefs perhaps of 
their wings helping them fomewhat,by taking better hold of the parts of 
the Air, or not {uflering them {0 eafily to pafs by, any other way then one.’ 

But what ever be the reafon of it, ‘tis moft evident, that the fmooth 
wing’d Infetts have the ftrongeft Mufcles or movent parts of their wings, 
and the other much weaker; and this very Infe@, we are now inlay 

a
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had a very {mall thorax or middle part of his body, if compar’d tothe 
Tength and number of his wings ; which therefore, as he mov'd them ve- 
xy Howiy fo mufthe movethem very weakly. And this laft propriety do 
we find fomewhat obferv d alfo in bigger kind of Flying creatures,Birds 3 
fo that we fee that the Wifdom and Providence of the All-wife Creator, 
isnot lefs fhewn in thele {mall defpicable creatures, Flies and Moths, 
which we have branded with a name ofignominy, calling them Vermine, 
then in thofe greater and more remakable animate bodies, Birds, 

I cannot here ftand to add any thing about the nature of flying, 
though, perhaps, on another oceafion, I may fay fomething on that fub- 
ject, it being fuch as may deferve a much more accurate examination and 
ferutiny then it has hitherto met with; For tomei there feems nothing 
Wanting to make a manableto fly, but what may be eafily enough fup- 
ply'd from the Mechanicks hitherto known, fave onely the want of 
{trength, which the Mufcles of a man feem utterly uncapable of, by rea- 
fon of their imalnefsand texture, but how even ftrength alfo may be me- 
chanically made, an artificial Mufcle fo contriv d,that thereby a man fhall 
be able to exert what ftrength he pleafes, and to regulate it alfo to his 
own tind, I may elfewhere endeavour to manifeft, 

Obferv. XLVII. Of the Shepherd Spider, or long legg'd 
Spider, 

T He Carter,Shepherd Spider,or long-legg'd Spider,has, for two parti- 
cularities, very few fimilar creatures that I have met with; the firft, 

which is difcoverable onely by the A4icrofcope, and isin the firft and fe- 
cond Figures of the 31. Scheme, plainly defcrib'd, is the curious contri- 
vance of his eyes, of which (differing from moft other Spiders) he has 
onely two, an thofe plac’d upon the top of a {mall pillar or hillock, rifing 
out of the middle of the top of its back, or rather the crown of its head, 
for they were fix’d on the very top of this pillar (which is about the 
heighth of one of the ecartfrente Diameters of the eye, and look’d on in 
another pofture,appear'd much of the fhape, BC D) The two eyes, BB, 
were placedback to back, with the tranfparent parts,or the pupils, look- 
ing towards either fide, but fomewhat more forward then backwards. 
€ was the column or neck on which they ftood, and D the crown of the 
head out of which that neck {prung. : 

Thefe eyes,to appearance, henid to be of the very fame ftructure with 
that of larger binocular creatures, {eeming to have a very {mooth and ve- 
ry protuberant Corzea,and in the midft of it to have a very black pupil, 
incompaffed about with a kind of grey Iris, as appears by the Figure 5 
whether it were able to move thefe eyes to and fro, [have not obferv’d, 
but ’tis not very likely he fhould,the pillar or neck C, feeming to be co- 
ver'd and ftiffen’d with a crufty thell ; but Nature,in probability,has for: 

Py,
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MrcrocGRapnia, 199 
ply'd that defeét, by making the Cornea fo very protuberant, ind fetting it {0 cleer above the fhadowing or obftructing of its profpect by the body, 
that 'tis likely each eye may perceive,though not fee diftinétly, almoft 4 
Hensifpkere, whence having {o {mall and round a body plac’d upon fuch 
Jong leggs, it is quickly able fo to wind, and turn it, as to fee any thing 
diftinét. This creature, as do all other Spiders I have yet examnin'd, does 
very much differ from moft other Infects in the Figure of its eyes; for : F cannot, with my beft Afcrofcepe, difcover its eyes to be any ways 
knobb’d or pearl'd like thofe of other Infeéts. 

' The fecond Peculiarity which is obvious to the eye, is alfo very re- 
markable, and that is the prodigious length of its leggs, in proportion to 
its {mall round body, each legg of this I drew, being above fixteen times 
the length of its whole body, and there are fome which have them yet 
longer, and others that feem of the fame kind,that have them a great deal 
fhorters the eight leggs are each of them jointed, juft like thofe of a 
Crab, but.every, of the parts. are: {pun out prodigioufly longer inpro- 
portion ; each of thefe leggs are terminated ina {mall cafe or fhell,fhap'd 
almoft like that of a Mufle-fhell, as is evident in the third Figure of the 
fame Scheme (that reprefents the appearance of the under part orbelly ~ 
ofthe creature) by the fhape of the protuberant conical body, III, ec. 
Thefe are as twere plac’d or faften’d on to the protuberant body of the 
Infect, which is to be fuppos'd very high at M,making a kind of blunt cone 
whereof M is to be fuppos‘d the Apex, about which greater cone of the 
body,the fmaller cones of the leggs are plac’d,each of them almoft reach- 
ing to the top info admirable a manner, as does not a little manifeft the 
wifdom of Nature in the contrivance; for thefe long Leavers (asI may fo 
call them of the legs, havingnot the advantage ofa long end on the other 
fide of the Aypomochlion or centers on which the parts of the leggs move, 
muft necefiarily require a vat {trength to move them, and keep the 
body ballanc’d and fufpended, in fo much, that if we fhould fuppofe a 
mans body fufpended by fuch a contrivance, an hundred and fifty 
timesthe ftrength of a man would not keep the body from falling on the 
breaft. To fupply therefore each of thefe leggs with its proper {trength, 
Nature has allow'd to eacha large Cheft or Cell, in which is included a 
very large and ftrong Mufcle, and thereby this little Animal is not onely 
able to foes its body upon lef then thefe eight, but to move it very 
{wiftly over the tops of grafs and leaves. 

Nor are thefé eight leggs fo prodigioufly lorig, but the ninth, and 
tenth, which are the two claws, K K, are as fhott, and ferve in fteed of a 
probofeis, for thofe feem’d very little longer then his mouth; each of them 
had three parts, but very fhort, the joints K K, which reprefented 
the third, being longer then both the other. This creature, feenis 
(which Ihave feveral times with pleafure obferv’d) to throw its body 
upon the prey, infteed of its hands, not unlike a hunting Spider, which 
leaps like a Cat at a Moufe. The whole Fabrick was a very pretty one, 
and could I have diflected it, doubt not but Ifhould have found as ma- 
ny fingularities within it as without,perhaps, for the moft part,not amie 

the
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the parts of a Crab, which this little creature does in many things, very 
much refemble; the curiofityof whofe contrivance, have in another place 
examin’d. I omit the defcription of the horns, AA, of the mouth, L L, 

which feem’d likethat of a Crab ; the fpecklednefS of his thell, which 
proceeded from a kind of feathers or hairs, and the hairinefs of his leggs, 
his large thorax and little belly, and the like, they being dunicaer is 
the Figure 5 and fhall onely take notice that the three parts ofthe body, 
namely, the head,breaft,and belly,are in this creature ftrangely confus'd, 
fo that ‘tis difficult to determine which is which,as they are alfo ina Crab ; 
and indeed, this feemsto be nothing elfe, but an Air-crab, being made 
more light and nimble, proportionable to the medium wherin it refides 
and as Air feems to have but one thoufandth part of the body of Water, {fo 

. does this Spider feem not to be a thoufandth part of the bulk of a Crab. 

Obferv. KL VIII. Of the bunting Spider,and feveral other forts 
of Spiders. 

qe hunting Spider is a fmall grey Spider, prettily befpeck’d with 
black {pots all over its body, which the Aficrofcope difcovers to be a 

kind of feathers like thofe on Butterflies wings, or the body of the 
white Moth I lately defcrib’d. Its gate is very nimble by fits, fometimes 
running, and fometimes leaping, like a Grafhopper almoft,then ftanding 
ftill, and fetting it felf on its hinder leggs, it will very nimbly turn its 
body, and look round it felf every way : It has fix very confpicuous 
eyes, two looking directly forwards, plac’d juft before ; two other, on 
either fide of thofé, looking forward and fide-ways3and two other about 
the middle of the top of its back or head, which look backwards and 
fide-wards ; thefe feem’d to be the biggeft. The furface of them all was 
very black,fpharical, purely polifh’d, reflecting a very cleer and diftin® 
Image of all the ambient objects, {uch as a window,a man’s hand,a white 
Paper, or the like. Some other properties of this Spider, obferv'd by the 
moft accumplifh’'d Mr. Evelyx, in his travels in Italy, are moft empha- 
tically fet forth in the Hiftory hereunto annexed, which hewas pleasd 
upon my defire to fend me in writing. 

Of all the forts of Infeéts, there is none has afforded me 
more divertifements then the Venatores, which are a fort of Lupi, 
that have their Denns in the rugged walls, and. crevices of our 
houfes ; a {mall brown and delicately fpotted kind of Spiders, 
whofe hinder leggs are longer then the reft. 

Such I did frequently obferve at Rome, which efpying a Fly 
at three or four yards diftance,upon the Balcony (where I ftood) 

would
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would not make direétly to her, but craul under the Rail, till 
being arriv’dto the Antipodes, it would fteal up, feldom miffing 
its aim ; but if it chanced to want any thing of being perfectly 
oppofite,would at firft peep, immediatly flide down again, till 
taking better notice, it would come the next time exactly upon 
the Fly’s back: But, if this hapn’d not to be withina compe- 
tent leap, then would this Infect move fo foftly, as the very 
fhadow of the Gnomon feem’d not to be more imperceptible; 
unlefs the Fly mov'd; and then would the Spider move alfo in 
the fame proportion, keeping that juft time'with her motion,as 

if the fame Soul had animated both thofe little bodies ; and 
whether it were forwards, backwards, or to either fide, without 
at all turning her body, like a well mannag’d Horfe: But, if 

the capricious Fly took wing, and pitch’d upon another place 
behind our Huntrefs, then would the Spider whirle its body fo 
nimbly about, as nothing could be imagin’d more fwift; by 
which means,fhe always kept the head towards her prey,though ' 
to appearance, as immovable,. as if it had been ‘a Nail driven 
into the Wood, till by that indifcernable progrefs. (being ar- 
riv’d within the fphere of her'reach) fhe made a fatal leap 
(fwift as Lightning) upon the Fly, catching him in the pole, 
where fhe never quitted hold till her belly ‘was full, and then 
carried the remainder home... I have beheld them inftruting 
their young ones, how to hunt, which they would fometimes 

difcipline for not well obferving ; but, when any of the‘old 
ones did (as fometimes) mifs.a leap, they would run, out; of 
the field, and hide them in their crannies, as afham’d, and 
haply not be feen abroad for four or five hours after ;. for fo 
long: have I watched the nature of this ftrange Infeét, the cons 
templation of whofe fo wonderfull fagacity and  addrefs ‘thas 
amaz'd me; nor do I find in any chafe whatfoever, more.cuns 
ning and Stratagem obferv’d: I have found fome of thefe Spix 
ders in my Garden, when the weather (towards the Spring) 

pre is
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is very hot, but they are nothing fo eager of hunting as they 

are in Italy, | 

There are multitudes of other forts of Spiders, whofe eyes, and moft 
other parts and properties, are fo exceedingly different both from thofe 
Thave defcrib'd, and from one another, that it would be almoft endlefs, 
at leaft too long for my prefent Eflay, to defcribe them,as fome with fix 
eyes, plac’d in quite another order 5 others with eight eyes; otherswith 
fewer, and fome with more. They all feem tobe creatures of prey,and 
to feed onother fall Infedts, but their ways of catching them feemvery 
differing : the Shepherd Spider by running on his prey; the Hunting Spi- 
der by leaping on it,other forts weave Nets, or Cobwebs, whereby they 
enfnare them, Nature having both fitted them with materials andtools, 
and taught them how to work and weave their Nets, and to lie per- 
due, ae to watch diligently to run on any Fly, as foon as ever en- 
tangled. 

Their thread or web feems to be fpun out of fome vifcous kind of 
excrement, lying in their belly, which, though foft when drawn out, is, 
prefently by reafon of its fmalnefs, hardned and dried by the ambient 
Air. Examining feveral of which with my AZcroféope,I found them to. ap- 
pear much like white Horf-hair, or fome fuch tranfparenthorny fubftance, 
and to be of very differing magnitudes; fome appearing as bigg asa 

, Pigg'sbrifle, others equal toa Horfs-hair ; other no bigger then a man’s 
hair; others yet {maller ‘and finer. 1 obferv'd further, that the radia- 
ting chords of the web were much bigger, and {moother then thofe that 
were woven round, which feem’d fmaller,and all over knotted or pearl'd, 
with fmall tranfparent Globules, not unlike {mall Cryftal Beads,on feed 
Pearls, thin ftrung on a Clew of Silk; which, whether they were fo {pun 
by the Spider, Gr be the adventitious moifture of a fogg CwhichT have 
obferv'd to cover all thefe filaments with fuch Cryftalline Beads) I will 
not now difpute. » : 
_Thefe threads were fome of them fo fmall, that I could very plainly, 

with the AZicrofcope, difcover the fame confecutions of colours as in a 
Prifme, and they feem'd to proceed from the fame-caufe with thofe co- 
Jours which I have already deferibrd in thin plated bodies. 

Much refembling a Cobweb, or a conftis’d lock of thefe Cylin- 
ders, is a certain white fubftance which, after afogg, thay be'obferv’d 
to fly up and down the Air; catching feveral of thefe, and examining 
them with my Azi¢rofcope, 1 found them to be much of the fame'form, 
looking moft like to a flake of Worfted prepar'd to be {puny though 
by what means they fhould be generated, or produc’d, is not eafily 
imagined : they were of the fame weight, or very little heavier then the 
Ait 5 and ‘tis not unlikely, but that thofe great white clouds; that appeat 
all the Summer time, may be of the fame Eaton 

Obferv.
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Obferv. XLIX. Of an Ant or Pifmire. » 

His was acreature, more troublefom to be drawn, then any of the 
i reft, for I could not, for a good while, think of a wayto makeit 

fuffer its body to ly quiet ina natural pofture; “but whil ft 1t was alive, 
if its feet were fetter’d in Wax or Glew , it would fo twift and: wind its 
body, that I could not any wayes get a good view of it 5 andif I killed 
it, its body was folittle, that I did often f{poile the fhape of .it, before I 
could throughly view it: for thisisthe nature of thefe minute Bodies , 
that as foon,almoft, as ever their life is deftroy'd, their parts immediate- 
ly thrivel, and tole their beauty; and {0 is it alfo with {mall Plants, asI 

inftanced before, in the de{cription of Mofs.. And thence alfo is the rea- 
fon of the variations inthe beards of wild Oats, and in thofe of Mufk- 

grafs feed, that their bodies, being exceeding fmall, thofe {mall variations 
which are made inthe furfaces of all bodies, almoft upon every change 
of Air, efpecially if the body be porous, do here become fenfible, where 
the whole body is fo fall, that it is almoft nothing but furface; for asin 

vegetable fubftances, I fee no great reafon to think, that the moifture of 
the Aire(that, fticking to a wreath’d beard, does make it untwift )fhould 

evaporate, or exhale away, any fafter then the moifture of other bodies, 

but rather that the avolation from, or accefs of moifture to, the furfaces 

of bodies being much the fame, thofe bodies become moft{enfible.of it, 
which have the leaft proportion of body to.their furface. »So'isit alfo 
with Animal fubftances ; the dead body of an Ant, or fuch little creature, 

does almoft inftantly thrivel'and dry, and your object fhall, be quite an~ 
other thing, before you can half delineate it, which proceeds not from the 
extraordinary exhalation, but from the fmall proportion of body and. jui- 
ces, to the ufual drying of bodies in the Air; efpecially if warm... For 
which inconvenience, where I could not otherwife remove it, .[ thought 
of this expedient. iD 

I took the creature, [had defign’d to delineate, and put it into.a drop 
of very well rectified {pirit of Wine,this I found would prefently difpatch, 
as it were, the Animal, and being taken out of it, and Jay’d ona paper, 
the fpirit of Wine would immediately fly away, and» leave the Animal 
dry, in its natural pofture, or at leaft, in'a ‘conftitution, that it might eafi- 
ly witha pin be plac’d, in what pofture you defired to draw it, and the 
limbs would fo remain, without either moving, or fhriveling. And thus I 
dealt with this Ant, which Thave here delineated, which wasoneiof ma- 
ny, of a very large kind, that inhabited under the Roots of a Tree, from 
whence they would fally out in great parties, and make moft grievous 
havock of the Flowers and‘Fruits;: inthe ambient Garden, and return 
back again very expertly, by the fame wayes and paths they went« |: 

It wasmore then half the bignefs of an Eatwig;' of a dark brown, or 

reddifh colour, with long legs, onthe hinder of which it would ftand 
ica up,
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up,and raife its head as high as it could above the ground, that it might 
ftarethe further about it, juft after the fame manner as! havealfo ob- 
ferv'd a hunting Spider to do: and putting my finger towards them, 
they have at firftall run ‘towards it,till almoft at it s.and then they would 
ftand round about it, ata certain diftance, and fmell, as it were, and con- 
fider whether they fhould any of them venture any further, till one more 
bold then the reft venturing to climb it,all the reft, if | would have fuffer- 
ed them, would have immediately followed ; many fuch other {eeming- 
ly rational actions I have obferv'd in this little Vermine with much plea- 
fore,wibich would be too long to be here related 5 thofe that defire more 
of them may fatisfie their curiofity in Ligows Hiftory of the Barbadoes, 

Having infnar’d feveral of thefe into a {mall Box, I made choice of the 
talleft grownamong them, and feparating it from the reft,I gave ita Gil] 
of Brandy, or Spirit of Wine, which after a while een knock'd him down 
dead drunk, fo that he became movelefs, though at firft putting in he 
ftruggled for a pretty while very much, till at laft, certain bubbles iffa- 
ing out of its mouth, it ceafed to move 5 this (becaufe I had before 
found them quickly to recover again, if they were taken out prefently ) 
I fuffered to lye above an hour in the Spirit; and after I had taken it 
out, and put its body and legs into a natural pofture, remained moye- 
Jef about an hour; but then , upon a fudden, asif it had been awa- 
ken out of adrunken fleep, it fuddenly revivd and ran away; be- 
ing caught, and ferv’d as before, he for a while continued {truggling and 
ftriving,till at laft there iflued feveral bubbles out of its mouth,and then, 

_tangquam animam expirafet, he remained movelefs for a good while ; but 
at length again recovering, it was again redipt, and Galtcad to lye fome 
hours in the Spirit 5 notwithftanding which, after it had layen dry 
fome three or four hours, it again recovered lifeand motion: Which 
kind of Experiments, if profecuted, which they highly deferve, feem 
to me of no inconfiderable ufe towards the invention of the Latent 
Scheme, (asthe Noble Verulam calls it) or the hidden, unknown Texture 
of Bodies. 

Of what Figure this Creature appear’d through the Jdicrofcope ; the 
32. Scheme ( though notfo carefully graven as it ought ) will repre- 
fent to the eye, namely , Thatit had a/large head AA, atthe upper 
end of which were two protuberant eyes, pearl d like thofe of a Fly, 

but fniallerB B 5 outof theNofe,or foremoft part, iflued twohornsCC, 
of a fhape fufficiently differing from thofe of a blew Ely, though indeed 
they feem tobe both the fame kind of Organ, and to ferve for a kind 
of {melling 3 beyond thefe were two indented jawsD D, whichheo- 
pend fide-wayes, and. was able togapethem afundervery wide 3 and 
the endsiof them being armed with teeth, which meeting went between 
each other, it was able-to-grafp and hold aheavy body, three.or four 

times the bulk and weight of its own body;: It had only fix legs, fhap'd 
like thofe of aFly, which, asIfhewed before, is an Argumentthat itisa 
—. Infect, and thoughI could not, perceive any fign of them inthe 
middlepart of its body (which feem‘d to. confift of three jointsyor pie- 
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ces EF G, out of which fprung two legs, yet ‘tisknown that thete are 
of them that have long wings, and fly up and down inthe air, 

The third and laft part of its body I1I was biggerand larger then 
the other two, unto which it was joyn'd by a very finallmiddle, and 
had a kind of loofe fhell, oranother diftin& part of its bod H, which 
feem’dto be interpos'd, and to keep the thorax and belly desin touch 
ing. 
The whole body was cas'd over witha — ftrong armour, and the 

belly L1I was covered likewife with multitudes of finall white fhining 
brifles; the legs, horns, head, and middle parts of its body were beftuck 
with hairs alfo, but fmaller and darker. , 

Obferv. L. Of the mandring Mite. 

N September and OGober, 1661. 1 obfervd in Oxford feveral of thefe 
] little pretty Creatures to wander to and fro,and often t6 travel over 
the plainsof my Window. And in September and Ofober, 1663. I ob- 
fervd likewife feveral of thefe very fame Creatures traverfing a window 
at London, and looking without the window upon the fubjacent wall, I 
found whole flocks of the fame kind running toand fro among the fmall 
gtovesand thicketsof green mofs, and upon the curioufly {preading ve 
getable blew or yellow mofs, which is a kind of a Mufhrome or Fewest 
ear. 

Thefe Creatures to the naked eye feemed to be a kind of black Mite, 
but much nimbler and ftronger ‘then the ordinary Cheefe-Mites; but 
examining themin a Afcrofcope, Ifound themto'be a very fine crufted 
or fhell’d Infect, much like that reprefented in the firft Figure of the 
threeand thirtieth Scheme, with a provuberant oval fhell A, indented 
or pitted with an abundance of fmall ~~ 5 all covered over with tittle 
white brifles, whofe points all direéted backwards, 

Ithad cight legs, each of them provided witha very fharptallon, or 
claw at the end, which this little Animal, inits going, faftned into the 
pores of the body over which it went. Each of thefe legs were beftuck 
in every joynt of them with multitudes of {mall hairs, or ¢ if we re- 
{pect the proportion they bore to the bignefs of the leg) turnpikes, all 
pointing towardsthe claws. 

The Thorax,or-middle parts of the body of this‘Creature,was exceed- 
ing fmall, in refpect both of the head and belly , it being nothing but 
that part which was covered by.:the two fhells BB, though it feem’d to 
grow thicker underneath: And indeed, if we confider the great 
variety Nature ufes in proportioning the three parts of the body, 
the Head, Thorax, and Belly ) we fhall not wonder at the {mall pro- 
portion of this Thorax , nor at the vafter bulk of the ‘belly, for could 
we exactly anatomife this little Creature, and obferve the particular de- 
figns of cach part, we fhould doubtlefs, as we do in all her more ma- 

nageable
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nageable and tractable fabricks , find much more reafonto admire the 
excellency of her contrivance and. workmanthip, then to wonder, it was 
not made otherwife. 

The head of this little Infect was fhap'd fomewhat like a Mite’s, that 
is,it had along fnout, in the manner of a Hogs, with a knobbed ridge 
running along the middle of it, which was beftuck on cither fide with 
many fall brifles, all pointing forward, and two very large pikes or 
horns, which rofe from thetop of the head, juft over each eye, and 
pointed forward alfo. It had two pretty large black eyes on cither fide 
of thehead EE, from one of which I could fee a very bright reflection 
of the window, which made me ghefs, that the Corzea of it was {mooth, 
like thofe of bigger Infects. Its motion was pretty quick and ftrong, 
it being able very eafily to tumblea {tone or clod four timesas big as its 
whole body. 

At the fame time and place, and divers times fince, [have obferved 
with my Aicrofcope , another little Infect , which, though I have not an- 
nexed the picture of, may be worth noting, for its exceeding nimblenefs 
as well as fmalnefS; it was as {mall as a Mite, with a body deep and 
ridged, almoft like aFlea 5 it had cight blood-red legs, not very long, 
but flender; and two horns or feelers before. Its motion was fo exceed- 
ing quick, that I have often loft fight of oneI have obferved with my 
naked eye; andthough, when it was not frighted, I was able to follow 
the motionsof fome with my Afcrofcope ; yet if it vvere never fo little 
ftartled, it pofted avvay wvith fuch fpeed, andturn’d and wvinded it felf 
fo quick, that I fhould prefently lofe fight of it. 

When I firft obferv’d the former of thefe Infects, or Mites, I began to 
conjecture, that certainly I had found out the vagabond Parents of thofe 
Mites we find in Cheefes, Meal, Corn, Seeds, mufty Barrels, mufty Lea- 
ther, ec. thefe little Creatures, vvandring to and fro every vvhither, 
might perhaps, as they vvere invited hither and thither by the mufty 
{teams of feveral putrifying bodies, make their invafions upon thofe new 
and pleafing territories , and there fpending the remainder of their life, 
which might be perhapsa day, or thereabouts, in very plentiful and rio- 
tous living, might leave their off-{pring behind them, which by the 
change of the foil and Country they now inhabite, might be quite al- 
terd from the hew of their progenitors, and, like Jores tranflated into 
Northern Evropean Climates, after a little time, change both their skin 
and fhape. And this feems yet more probable inthefe Infects, becaufe 
that the foil or body they inhabit, feemsto be almoft half their parent, 
for it not only hatches and brings thofe little eggs, or feminal principles, 
to perfection, but feemsto augment and nourifh them alfo before they 
are hatch'd or fhaped 5 forit isobvious enoughto be obferv'd, that the 
epes! of many other Infects, and particularly of Mites, are increas‘d in 
bulls after they are laid out of the bodies of the Infetts, and: plump'd 
fometimes into many times their former bignefs , fo that the bodies they 
are laidin being, asit were, half their foeabeiiy we thall not wonder that 
it fhould have fuch an attive powerto change their forms. We findby 

relations,.
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relations how much the Negro Women do befmeer the of-{pring of the Spaniard, bringing forth acither white-fkinn’d nor black, but tawny hided Atlattos. 

Now, though I propound this as probable, I have not yet been fo farr certify'd by Obfervations as to conclude any thing, either pofitively or negatively,concerning it. Perhaps,{ome more lucky diligence may pleafe the curious Inquirer with the difcovery of this;to be a truth,which I now conjecture, and may thereby give him a fatisfactory account of the caufe of thofe creatures,whofe original feems yet fo cbfcure, and may give him caufe to believe,that many other animate beings, that feemalfo to be the mere produét of putrifaction, may be innobled witha Pedigree as anci- ent as the firft creation, and farr exceed the greateft beingsintheir nus. merous Genealogies. But on the other fide, if it fhould be found that 
thefe,or any other animate body,have no immediate fimilar Parent,I have _ In another place fet down a conjectural Hypothefis whereby thofe Phas nomena may likely enough be folv'd, wherein the infinite wifdom and : providence of the Creator is no lefs rare and wonderfull, 

TEE eee 

Obferv. LI. Of the Crab-like bet. 

Revs one day in Septemb. I chanced to obfervea very {mal creature creep over the Book I was reading,very flowly 5 having a Aficrofcepe by me,I obferv'd it to be a creature of a very unutual form,and that not lefs notable 5 fuch as is defcrib’d in the fecond Figure of the 33. &cheme. Tt was about the bigne(s of a large Mite,or fomewhat lohgeryit had tet legs, 
eight of which, A AA A, were topt with veryfharp claws, and were thole upon which he walk’d, feeming thap’d much like thofe of a Crab, which in many other things alfo this little creature refernbled; for the two 
other claws,B B, which were the formoft ofall the ten,and feem’‘d to grow 
out of his head,like the horns of other Animals,were exactly form’d in thé 
manner of Crabs or Lobfters claws, for they were fhap'd and jointed much like thofe reprefened in the Scheme,ahd the ends of them were fur 
nilld with a pair of claws or pincers,C C,which this little animal did open 
and fhut at pleafuure : It feem’d to make ufé of thofe two horns or claws 
both for feelers and holders 5 for in its motion it carried thefe aloft ex4 
tended before, moving them to and fro, juft as a man blindfolded 
would do his hands when he is fearfull of running againft a wall; and if I 
put a hair to it, it would readily take hold of it with thefe claws, 
and feem to hold it faft. Now, though thefe horns feem’d to ferve him 
for two ufes,namely,for feeling and holding §-yet he feem'd neither blind, 
having two fall black {pots, D Dy which by the make of them,and the 
bright reflection from them feem’d to be hig eyes nor did it'want other 
hands, having another pair of claws, EE, very fieer plac’d to its mouth; 
and feem’d adjoining to it. iilven 

The whole body was cafed over with artour-fhells, as ig uftiall in a 
thofe
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thofe kinds of cruffaceous creatures, efpecially about their bellies, and 

feem’d of three kinds; the head F feem’d cover'd with a kind of fealy 

fhell, the thorax with two fmooth fhells, or Rings, G G, and the belly 

with eight knobb’d ones. Icould not certainly find whether it had under 

thefe laft hells any wings, but I fufpect the contrary ; for Ihave mot found 
any wing’d Infect with cight leggs, two of thofe leggs being always con- 
verted into wings, and, for the moft part, thofe that have but fix, have 

wings. 
This creature, though I could never meet with more then one of 

them, and fo could not make fo many examinations of it as otherwife I 
would,Idid notwithftanding,by reafon of the great curiofity that appear’d 

. to me in its fhape, delineate it, to fhew that, in all likelihood, Nature had 

crouded together into this very minute Infect, asmany, and as excellent 
contrivances, as into the body of avery large Crab, which exceeds it in 
bulk,perhaps,fome Millions of times 5 for as to all the apparent parts,there 

: is a greater rather then a lefs multiplicity of parts,each lege has as many 
parts, and as many joints as a Crabs, nay,and as many hairs or brifles 5 and 
the like may be in all the other vifible parts; and ’tis very likely,that the 

internal curiofities are not lef8 excellent : It being a general rule in Na- 
ture’s proceedings, that where fhe begins to difplay any excellency, if 
the fubject be further fearch’d into, it will manifeft, that there is not lefs 
curiofity in thofe parts which our fingle eye cannot reach, then in thofe 
which are more obvious. 

eters tee peat LA ee i el op tt 

Obferv. L11. Of the fmall Silver-colour'd Book-worm. 

S among greater Animals there are many that are fcaled, both for 
A ornament and defence, fo are there not wanting fuch alfo among the 
lefler bodies of Infects, whereof this little creature gives us an Inftance. 
It is a {mall white Silver-fhining Worm or Moth,which I found much con- 
verfant among Booksand Papers, and is fuppos'd to be that which cor- 
rodes and eats holes through the leaves and covers; it appears to the 
naked eye, afmall gliftering Pearl-colour’d Moth,which upon the remov- 
ing of Books and Papers in the Summer, is often obferv'd very nimbly to 
feud, and pack away to fome lurking cranney, where it may the better 
protect it felf from any appearing dangers. Its head appears bigg and 
blunt, and its body tapers from it towads the tail, fmaller and {maller,be- 
ing fhap’d almoft like a Carret. 

This the Adicrofcopical appearance will more plainly manifeft,which'ex- 
hibits,in the third Figure of the 33. Scheme, a conical body, divided into 
fourteen feveral partitions,being the appearance of fo many feveral fhels, 
or fhields that cover the whole body, every of thefe fhells are again co- 
verd ortiled over with a multitude of thin tranfparent fcales, which, 
from the multiplicity of their reflecting furfaces,make the whole Animal 
appear of a perfect Pearl-colour. 

Which
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Which,by the way,may hint us the reafon of that fo much admired ape 

pearance’ of thofe {o highly efteem’d bodies, ayalfo of the like in méther 
of Pearl-fhells, and in multitudes of other fhelly Sea-fubftances;, for they 
each of them confifting of an infinite numberof very» thin: fhells. or 14 
minated orbiculations, caufe fich multitudes of reflections, that the¢éom- 
pofitions of them together with the reflections of others that are'fo thih 
as to afford colours (of which I elfewhere give the reafon) gives ave 
ry pleafant reflection of light. And that this is the:true caufe,feems likely, 
firft, becaufe all thofe fo appearing bodies are compounded of multitudes 
of plated fubftances. And next that,by ordering'any tra{parent fabftanee 
after this mannér,the like Phewomena may be produc'd 5 this willbe made 
very obvious by the blowing of GlafS into: exceeding thin thellsy ‘and 
then breaking them into {cales,which any lamp-worker will prefently dos 
for'a goodquantity of thee {cales,laid in a ‘heap together,have ‘much the 
fame refemblance of Pearls. Another way, not lefs inftructive and plea- 
fant, is a way which | have feveral times done, which is by working and 
tofling,as twere, a parcel of pure cryftalline glafs whilft it is kept glowing 
hot in the blown flame of a Lamp, for,by that meays,that purely tranfpa- 
rent body will be fo divided into an infinite number of plates, or fmall 
‘{trings, with interposd aerial plates and fbres, that from the multiplicity 
of the reflections from each of thofe internal furfaces, it may be‘drawn 
out into curious Pearl-like or Silver’ wire, which though fmall, ‘will yet 
be opacous'; the fame thing I have done with a compofition of réd Colo- 
phon and Turpentine, and a little Bee’s Wax,'and’ may be'done likewifé 
withBirdlime, and fuch like glutinous and tranf{parent bodies :’But to re: 
turn to our defcription. eee oS ee 

The {mall blunt head of this Infect was furnifh’d On either fide’ of it 
witha clufter of eyes, each of which {eem'd’to contain but 'a very few, in 
comparifon of what Thad obferv’d the clufters of other Infets to’ abound 
with 5 each of thefe clufters were befet with’ a ‘row ’ of fmall' briflés, much 
like’ the c7lfa or hairs onthe eye-lids, ‘and perhaps, they ferv'd for the 
fame purpofe. It had two long’ horns before, which were freight, and 
tapering towards the top, curioully ring’d or kiebb’d) atid brifled much 
like the Marfh Weed, call’d Horfe-tail, or’ Catstail; having ‘at’ each knot 
a fring’d Girdle,as I may fo call it, of fmaller haits, and feveral eet 
larger brifles,here and there difpers'd among thém:’ befides thefe, it had 
‘two fhorter horns, or feelers, which were knottéd’and fring’d; jut 'as the 
former, but wanted brifles, and were blunt'at the'ends3 the hinder pait 
of thecreature was terminated with three tails,’ ih every’ phrtictlar ree 
fembling the twolonger horns that grew out of thehead 2TH Lopes of 
it were {cal’d and hair'd much like the reft) but’are note raat in this 
Figure, the Moth being intangled all ‘in Glew, and fo thé Teges'6F this 
appear'd not through the Glaf’ which loéked perpendigalarty tipdn 
the back.) 3 9" , he eee 
“This Animal probably feeds upon the Paper and covers SPBBORY, ‘anid 

‘perforates in them feveral fmall round holes; ‘finding, perhaps, 2 covve- 
‘nient nourifhment in thofé-hufks of Hemp’ and’Flax, which have pafs'd 

tis3 Et through :
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through fo many {courings, wathings,drefiings and dryings,” as the parts 

ofold Paper muft neceflarily have fuffer'd; the digeftive faculty,itfeems, 
of thefe little creatures being able yet further to work uponthofe ftub- 

born parts, and reduce them into another form. : 

_. And indeed, when Iconfider what a heap of Saw-duft’ or chips this 

fittle creature (which is one of the teeth of Time) conveys into its in- 

trals. [cannot chufe but remember and admire the excellent contrivance 

of Nature, in placing in Animals fuch a fire, as is continually nourifhed and 

fupply'd by the materials convey'd into the ftomach, and fomented by the 

bellows of the lungs; and. in fo contriving the moft admirable fabrick of 
Animals, as to pe the very {pending and wafting of that fire, to be 
jnftrumental to the procuring and collecting more materials to augment 

and cherith it {elf, which indeed feems to be the principal end of all the 

contrivances obfervable in bruit Animals. 

Obferv. LILI. Of Flea. 

ae He ftrength and beauty of this fmall creature, had it no other rela- 
tion at all to man, would deferve a defcription. 

For its ftrength, the Aficrofcope is able to make no greater difcoveries 
of it then the naked eye, but onely the curious. contrivance of its leggs 
and joints, for the exerting that {trength,is very plainly manifefted, fuch 
as no other creature, I have yet obferv’d, has any thing like it; for the 
joints of it are fo adapted,that he can,as *twere,fold them fhort one with- 
in another, and fuddenly {tretch,or {pring them out to their whole length, 
that is, of the fore-leggs, the part A, of the 34. Scheme, lies within. B, 
and B within C, parallel to, or fide by fide each other; but the parts 
of the two next, lie quite contrary, that is, D without E, and E with- 
out F, butparallelalfo; but the parts of the hinder leggs, G, H and J, 
bend one within another, like the parts of a double jointed Ruler, or 
like the foot, legg and thigh of a man; thefe fix leggs he clitches up al- 
together, and when he leaps, fprings them all out, and thereby exerts 
his whole ftrength at once, 

But, as for the beauty ofit, the AZicrofcope manifefts it to be all over 
adorn’d witha curioully polifh’d fuit of /2b/e Armour, neatly jointed, 
and befet with multitudes of carp pinns, fhap’d almoft like Porcupine's 
Quills, or bright conical Steel-bodkins 5 the head is on either fidebeau- 
tify’d with a quick and round. black eye K, behind each of which alfo 
appears a {mall cavity, L, in which he feems to move to and fro. a.cer- 
tain thin film befet'with many {mall tranfparent hairs,which probably. may 
behis ears; in the forepart of hishead, between the two fore-leggs, he 
hastwo {mall long jointed feelers, or rather {mellers, MM, which have 
four joints,and are hairy, like thofe of {everal other creatures ; between 
thefe, it hasa fmall probofcis, or probe, NNO, that feems to confift ofa 

tube,
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tube NN, and a tongue orfuckerO, which I have perceiv’d him to flip 
in and out. Befidesthefe, it hasalfo two chaps or bitersP P, which are 
fomewhat like thofe of an Ant, but I could not perceive them tooth’d . 
thefe were fhap'd very like the blades of a pair of round top d Scizers, 
and were opened and fhut juft after the fame manner 5 with thefe Inftru. 
ments does this little bufie Creature bite and pierce the fkin, and fuck 
out the blood of an Animal, leaving the fkin inflamed with a {mall round 
red{pot. Thefe parts are very difficult to be difcovered, becaufe, for 
the moft part, they lye covered between the fore-legs. ‘There are many 
other particulars, which, being more obvious, and affording no great 
matter of information, I fhall pafs by, and refer the Reader to the Fi- 
gure. 

DOH etl aviegisa vinisig bigoy Pagd _ilivor 

Obferv. LIV. Of a Lowfe. 

an Hisis a Creature fo officious , that ‘twill be known to every one at 
one time er other, fo bufie, and fo impudent, that it will be intruz 

ding it {elf in every ones company, and fo proud and afpiring withall, 
that it fears not to trample on the beft, and affects nothing fo much as 4 _ Crown; feeds and lives very high, and that makes it fo faucy, as to pull 
any one by the cars that comes inits way, and will never be quiet till it 
has drawn blood: it is troubled at nothing fo much as at a man that 
{cratches his head, .as knowing that man is plotting and contriving fome 
mifchief againftit, and that makes it oftentime {culk into fome meaner 
and lower place, and run behind a mans back, thoughit fo very much 
againft the hairs which ill conditions of it having made it better known 
then trufted, would exempt me from making any further defcription of 
it, did not my faithful Afercury, my Microfcope, bring me other infor- 
mation of it. For this has difcovered tome, by means of a very bright 
light caft on it, that it isa Creature of a very odd fhape 5 it hasa head 
fhap'd like that expreft in 35. Scheme marked with A; which feems al- 
moft Conical, but isa little flatted on the upper and under fides, at the 
biggeft part of which, on either fide behind the head (as it were, be+ 
ing the place where other Creatures ears {tand) are placed its two black 
thining goggle eyes BB, looking backwards, and fenced round with fe- 
veral {mall cé/ia or hairs that incompafs it,fo that it feems this Creature 
has novery good forefight : It does not feemto have any eye-lids , and 
therefore perhaps its eyes were {o placed, that it might the better cleanfe 
them with its fore-legs; and perhaps this may be thereafon, why they 
fo much avoid and run from the light behind them, for being made to 
live in the fhady and dark recefles of the hair, and thence probably their 
eye having a great aperture, the open and clear light, efpecially that 
of the Sun, muft needs very much offend them; to fecure thefe re 
from receiving any injury from the co through which it pafles, it has 
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two hornsthat grow before it, in the place where one would have 
thought the eyes fhould be; each of thefe CC hath four joynts, which 
are fringed, as ‘twere, with {mall brifles, from which to the tip of its 
fnout D, the head feems very round and tapering, ending in a very 
fharp nofe D, which feems to havea {mall hole, and to be the paflage 
through which he fucks the blood. _Now whereas if itbe plac’d on its 
back, with its belly upwards, as itis in the 35. Scheme, it {eems in feve- 
ral Pofitions to have a refemblance of chaps, or jaws, asis reprefented 
in the Figure by EE, yet in other poftures thofe dark ftrokes difappear 5 
and having kept feveral of them in a box for two or three dayes, aes 
for all that time they had nothing to feed on, Ifound, uponletting one 
creep on my hand, that it immediately fell to fucking, and did neither 
feem to thruft its nofe very deep into the fkin, nor to open any kind of 
mouth, but I could plainly perceive afmall current of blood, which 
came directly from its fnout, and paft into its belly; and about A there 
feem'd a contrivance, fomewhat refembling a Pump, pair of Bellows, or 
Heart, for by a very fwift /jffole and diaffole the blood feem’d drawn 
from the nofe, and forced into the body. It did not feem at all,though 
I viewed ita good while as it was fucking, to thruft more of its nofe in- 
to the fkinthenthe very {nout D, nor did it caufe the leaft difcernable 
pain, and yet the blood feem’d to run through its head very quick and 
freely, fo that it feems there isno part of the fkin but the blood is di- 
fpers'd into, nay, even into the cwticula 5 for had it thruft its whole nofe 
infrom D to CC, it would not have amounted to the fuppofed thick- 
nefs of that tegument,the length of the nofe being not more then a three 
hundredth partof aninch. It hasftxlegs, covered witha very tranfpa- 
rent fhell, and joynted exaétly like aCrab’s, or Lobfter’s; each legis 
divided into fix parts by thefe _ > and thofe have here and there 
feveral {mall hairs; and at the end of each leg it has two claws, ver 
properly adapted for its peculiar ufe, being thereby inabled to wl 
very fecurely both on the fkin and hair and indeed this contrivance of 
the feet is very curious, and could not be made more commodioufly and 
compendioufly, for performing both thefe requifite motions, of walking 
and climbing up the hair of a manshead, thenitis: for, by having the 
leffer claw (a) fet fo much fhort of the bigger (b) when it walks on 
the fkin the fhorter touches not, and then the feet are the fame with 
thofe of a Mite, and feveral other fmall Infets, but by means of the 
{mall joynts of the longer claw it can bend it round, and fo with both 
claws take hold of a hair, inthe manner reprefented in the Figure, the 
long tranfparent Cylinder F FF, being a Man’s hair held by it. 

The Thorax feem'd cas‘d with another kind of fubftance then the bel- 
ly, namely, witha thin tranfparent horny fubftance, which upon the 
fafting of the Creature did not grow flaccid; through thisI could plain- 
ly fee the blood, fuck’d from my hand, to be varioully diftributed, and 
movd to and fro; and about G there feem'd a pretty big white fub- 
ftance, which feem'd to be moved within its thorax; befides, there ap- 
pear’d very many fmall milk-white veflels, which croft over the breaft 
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MLICROGRAPHIAs Psi 
between the legs, out of which, on either fide, were many {mall bran- 
chings,thefe feem'd to be the veins and arteries, for that which is analogus 
to blood in all Infects is milk-white. ! : : 

The belly is covered witha tranfparent fubftance likewife, but more 
refembling afkinthen a fhell, for ‘tis grain’d all overthe belly jut like 
the skin in the palms of a man’s hand, and'when the belly is empty,grows 
very flaccid and wrinkled; at the upper end of thisis placed the fto-; 
mach HH,and perhaps alfo the white {pot I | may be'the liver.or pancreas, 
which, by the periftaltick, motion of the guts, isa little mov’d to and fro, 
not witha /jfole and diaftole, but rather with a thronging or juitling : 
motion. Viewing one of thefe Creatures, after it had fafted two dayes, : 
all the hinder part was lank and flaccid , and the’ white {pot LI hardly; =.” 
mov'd, moft of the white branchings difappear’d., and moftalfo of the 
rednefs or fucked blood in the guts, the périfaltick motion of which: 
was fearce difcernable; but upon the fuffering it to fuck , it prefently 
fill’d the fkin of the belly, and of the fix f{colop'd embofments on either: 
fide, as full as it could be ftuft 5 the ftomach and guts were as: full as 
they could hold; the perifialtick motion of the gut grew quick,and the 
juftling motion of Il accordingly; multitudes of milk-white veflels 
feem’d quickly filled, and ee which were perhapsthe veins andar- 
teries, and the Creature was fo greedy, that though it could not contain 
more, yet it continued fucking as faftasever, and as fat emptying it felf 
behind: the digeftion of this Creature muft needs be very quick, for 
though I perceiv'd the blood thicker and blacker when ifuck'd, yets: 
when in the guts, it was of a very lovely ruby colour, and that part of 
it, which was digefted into the veins, feemed white; whence!itappears, 
that a further digeftion of blood may make it milk, at leaft of-arefems 
bling colour: What is elfe obfervable in the figure of this Creature, may 
be feen by the 35. Scheme. isteltie 

Obferv. LV. Of Mites. 

re leaft of Reptiles I have hitherto met with, isa Mite, a Creature 
whereof there are fome fo very {mall , that the tharpeft fight, un- 

affifted with Glafles, isnot able to dilcern them, though, being white of 
themfelves, they move on a black and {mooth furface; and. the Eggs, 
out of which thefe Creatures feem to be hatch’d, are yet fmaller, thofe 
being ufually not above a four or five hundredth part of a well grown 
Mite, and thofe well grown Mites not much above one hendeedti 
of aninch inthicknefs; fo that according to this reckoning there may be 
no lefs thena million of well grown Mites contain’d in a ones inch, and 
five hundred times as many Eggs. 

Notwithftanding which minutenefS a good Aicrofcope difcovers thofe 
{mall movable fpecks to be very prettily fhap'd Infects; each of sher far! 
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214 MicroGRaAPHia. 7 
nifh’d with eight well fhap’d and proportion’d legs, which are each oft 

: them joynted or bendable in eight feveral places, or joynts, each of 
whichis covered, for the moft part, with a very tranfparent fhell, and 

the lower end of the fhell of each joynt is fringed with feveral {mall 
hairs ; the contrivance of the joynts feems the very fame with that of 
Crabsand Lobfters legs, and like thofe alfo, they are each of them ter- 
minated witha very fharp claw or point ; four of thefe legs are fo pla- 
ced, that they feem to draw forwards, the other four are placed ina 

uite contrary pofition, thereby to keep the body backwards when 
dees is occafion. 

Fig. 1. The body, as in other larger Infects, confifts of three regions or 
Schem, 36 parts; the hinder or belly A, feems covered with one intire fhell , the 

middle, or chett, feems divided into two fhells B C. which running one 
within the other, the Mite is able to fhrink in and thruft out asit finds 
occafion, as it can alfo the fnout D. . The whole body is pretty tranfpa- 
rent, fo that being look'd on againft the light, divers motions within its 
body may be perceived 5 as alfo all the parts are much more plainly de- 
lineable, then in other poftures, tothe light. The fhell, efpecially that 
which covers the back, is curioufly polifht, fo that’tis eafie to fee, asina 
convex Looking-glafs, or foliated Glafs-ball, the picture of all the ob- 
jects round about ; up and down, in feveral parts of its body, it has fe- 
veral {mall long white hairs growing out of its fhell, which are often 
longer then the whole body, and are reprefented too fhort inthe firft 
and fecond Figures; they mn all pretty ftraight and plyable, fave only 

* twoupon the fore-part of its body, which feem tobe the horns, as may 
be feeninthe Figures; the firft whereof isa profpect of a {maller fort of 
Mites ( which are ufually more plump ) as it was pa/fant to and fro; the 
fecond is the profpect of one fixt onits tail ( by means of a little mouth- 
glew rub’d on the object plate) exhibiting the manner of the growing of 
the legs, together with their feveral joynts. 

This Creature is very much diverfify’d in fhape, colour, and divers 
other properties, according to the nature of the fub{tance out of which 
it feems to be ingendred ati nourifhed,being in one fubftance more long, 
in another more round, in fome more hairy, in others more {mooth, in 
this nimble, in that flow, here pale and whiter, there browner, blacker, 

; more tranfparent, ¢c. I have obferved it to be refident almoft on all 
kinds of fubftances that are mouldy, or putrifying, and have feen it very 
nimbly mefhing through the thickets of soled: and fometimesto lye 
dormant underneath them; and ’tis not unlikely, but that it may feed on 
that vegetating fubftance , fpontaneous Vegetables feeming a food proper 
enough for fpoxtaneous Animals, 

But whether indeed this Creature, or any other, be fuch or not, I can- 
not pofitively, from any Experiment, or Obfervation, Ihave yet made, 
determine. But,asT formerly hinted, it feems probable, that fome kind 
of wandring Mite may fow, as ‘twere, the firft feeds, or lay the firft eggs, 
inthofe places, which Nature has inftru¢ted them to know convenient 
for the hatching and nourifhing their young 5 and though perhaps the 

prime
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MricroGRapPuia, 215 
prime Parent might be of a fhape very diffeting from what the off. 
ipring, aftera little while, by reafon of the fub{tance they feed on, or 
the Region (as ‘twere ) they inhabites, yet perhaps even one of thefe 
alter'd progeny, wandering again from its native tod and lighting on by 
chance the fame place from whence its prime Parent:came, and there fet= 
tling, and planting, may produce a generation of Mites of the fame 
fhapes and properties with the firft wandring Mite: And from fomefuch 
accidents asthefe, I am very apt to think, the moft fortsof Animals, ge- 
nerally accounted fpoxtancous , have their origination, and all thole yas 
rious forts of Mites, that are to be met with up anddown in divers pu 
trifying fub{tances, may_perhapsbe albof the fame kind, and have fprung 
fromene and the fame fort of Mitesatithe firtt. 

Obferv. LVI. Of a fmall Creature barch'd on a Vine: 

_ is, almoft allthe Spring and Summer time, a certain fmall, 
; Bo round, white Cobweb, as ‘twere, about the bignefs of a Pea,which 
fticks very clofe and faft to the ftocks of Vines nayl'd againft a warm 
wall : being attentively viewed,they feem cover'd, upon the upperdide 
of them, witha fmaH husk, not unlike the {cale, or fhell.of.a Wood- 
loufe, or Hog-loufe, a {mall Infed ufaally found about rotten wood, 
which upon touching prefently rouls it felf into the form of a pepper 
corn: Separating feveral of thefe frem the ftock , I found them, with 
my Aficrofcope, to confiftof a hell, which now feemed more likely to be 
the hufk of one of thefe Infects: And the fur feem'd a kind of cobweb, 
confifting of abundance of {mall filaments, or {leaves of cobwebs, In 
the midit of this, if they were not hatch’d,and runaway before, the time 
of which hatching was ufually about the latter end of June, or begin 
ning of Fly, have often found abundance of {mall brown Eggs, ca 

as Aand B in the fecond Figure of the 36. Scheme, much about the big- 
nefs of Mites Eggs3 and at other times, multitudes of fmallInfedts, fha- 
ped exattly like that in the third Figure marked with X. Itshead large, 
almoft half the bignefs of its body, which is ufual in the fetus of moft 
Creatures. It had two {mall black eyes aa, and two {mall long joynted 
and brifled horns # b.\\ The hinder part of its bodyfeem'd to confit of 
nine fcales, and the laftended ina forked tayl, much like that of a Cy- 
#20, or Wood-loufe, out of which grew two long hairs; they ran to 
and fro very fwiftly, and were much of the bigectl of a common Mite, 
but fome of them lefs: The longeft of them feem’d not the hundredth 
part of an inch, and the Eggs ufually notabovehalf asmuch. » They 
feemed tv have fix legs, which were not vifible in this Ihave here deline- 
ated, by reafon they were drawn under itsbody. 
Ifthefe Minute creatures were Wood-lice(as indeed from their owh fhape 

and frame, the fkin,or fhell,that grows on them,one may with oe 
pability
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bability ghefs) itjaffords us an Inftance, whereof perhapsthete are not 
many.like in Nature,and that is,of the prodigious increafe of thefe Crea- 

tures,after they are hatch’d and run about :for a common Wood-loufe,of 

about half an inch long, isno lefs then a hundred and twenty five thou- 

fand times bigger then one of thefe, which though indeed it feems very 
{trange, yet have obferved the young ones of {ome Spiders have almoft 
kept the fame proportion to their Dam. i 

This, methinks, if it be fo, does in the next place hint a Query,which 
may perhaps deferve a little further examination : And that is,Whether 

there be not many of thofe minute Creatures,fuch as Mites, and the like, 
which, though they are commonly thought of otherwife, are only the 
pully, or young ones, of much bigger Infects, and not the generating, 
or parent Infect, that has ie thofe Eggs ; for having many times ob- 
ferv'd thofe Eggs, which ufually are found in great abundance where 
Mites are found , it feems fomething ftrange, that fo {mall an Animal 
fhould have an, Egg-fo big in proportion to itsbody. Though on the 
other fide, I muft confefs, that having kept divers of thole Mites inclofed 
ina box fora good while, I did not find them very much augmented be- 
yond their ufual bignefs. 

What the husk and cobweb of this little white fubftance fhould be, I 
cannot imagine, unlefsit be, that the old one, whenimpregnated with 
Eggs, fhould there ftay, and fix it felf on the Vine, and dye, and all the 
body by degrees fhould rot, fave only the husk, and the Eggsin the bo- 
dy: And the heat, orfire, as it were, of the approaching Sun-beams 
fhould vivifie thofe Relics of the corrupted Parent , and out of the 
afhes, as ‘twere, (asit is fabled of the Phewix ) fhould raife a new off 
{pring for the perpetuation of the fpecies. Nor will the cobweb , asit 
were, in which thefe Eggs are inclos’d, make much againit this Conje- 
ture 3 for we may, by thofe cobwebs that are carried up and downthe 
Airafter aFog (which with my Afcroféope | have difcovered to be made 
up of an infinite company of {mall filaments or threads) learn, that 
fach a texture of body may be otherwife made then by the {pinning of 
a Worm. 

Obferv. LVII. Of the Eels in Vinegar. 

Cy thefe fmall Eels, whichare to be found in divers forts of Vine- 
gar, I have little to add befides their Picture, which you may 

find drawn in the third Figure of the 25. Scheme: That is, they were 
fhaped much like an Eel, fave only that their nofe A, ( which wasa lit- 
tle more opacous then the reft of their body ) was a little fharper, and 
longer, in proportion to their body, and the wrigling motion of their 
body feem'd to be onely upwards and‘ downwards, whereas that of 
Eels is onely fide wayes: They feem’d to have a more opacous part 

about
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about B, which might, perhaps,be their Gills; it feeming always thé fae 
proportionate diftant from their nofe, from which, to the tip of their 
tail, C, their body feem’d to taper. 

Taking feveral of thefe out of their Pond of Vinegat, by the net of g 
{mall piece of filtring Paper, and laying them ona black fmooth Gla 
plate, I found that they could wriggle and winde their body, as much 
almoft as a Snake, which made me doubt, whether they were a kind of 
Eal or Leech. 

I fhall add no other obfervations made on this minute Animal, being 
prevented herein by many excellent ones already publith’d by the inge- 
nious, Doctor Power, among his Microfcopical Obfervations, fave onely 
that a quantity of Vinegar repleat with them being included in a {mail 
Viol, and ftop'd very clofe from the ambient air, all the included Worms 
in a very hort time died, as if they had been ftifled. 

And that their motion feems (contrary to what we may obferve in the 
motion of all other Infects) exceeding {low. But the reafon of it feems 
plain, for being to move to and fro after that manner which they do, by 
waving onely, or — their body; the tenacity, or glutinoufnets, 
and the denfity or refiftance of the fluid edinm becomes {o exceeding 
fenfible to their extremely minute bodies, that it is to me indeed a greater 
wonder that they move them fo faft as they do,then that they move then 
no fafter. For what a vaftly greater proportion have they of their fuper- 
ficies to their bulk, then Eels or other larger Fifhes, and next, the tena- 
city and denfity of the liquor being much the fame to be moved,both by 
the one and the other, the refiftance or impediment thence arifing to 
the motions made through it, mult be almoft infinitely greater to the 
{mall one then to the great. This we find experimentally verify d inthe 
Air, which though a edu a thoufand times more rarify'd then the wa- 
ter,the refiftance of it to motions made through it,is yet{o fenfible to ve- 
ry minute bodies,that a Down-feather(the leaft of whofe parts feem yet 
bigger then thefe Eels, and many of them almoft incomparably bigger; 
fuch as the quill and ftalk) is fufpended by it, and carried to and fro as if 
it had no weight. 

Obferv. L VIII. Of a new Property in the Air, and feveral other 
tranfparent Mediums nam'd Inflettion, whereby very many con 
Siderable Phenomena are attempted to be fold, and divers other 
ufes are hinted. 

Cie the Invention (and perfecting in fome meafitre) of Tele/copes, it has 
been obferv'd by feveral, that the Sun and Moon neer the Horizon, 

are disfigur'd ( lofing that exactly-fmooth terminating circular limb, 
which they are obferv'd to have when fituated neerer the Zenith) and 

are balan with an edge every way (efpecially upon the right and left 
; 1G a fides)
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fides) ragged and indented like a Saw : which inequality of their limbs, I 

have further obferv'd, not to remain always the fame, but to be conti- 

nually chang’d bya kind of fluétuating motion, not unlike that of the 

waves ofthe Sea; fo as that part of the limb, which was but even now 

nick’d or indented in, is now protuberant, and will prefently be finking 

again 5 neither is this all,but the whole body of the Luminaries, do in the 

Telefcope, feem to be deprefs'd and flatted, the upper,and more efpecially 

the under fide appearing neerer to the middle then really they are,and the 

right and left appearing more remote:whence the whole 4rea {eems to be 

terminated by a kind of Oval.It is further obferv'd,that the body, for the 

moft part, appears red, or of fome colour approaching neer unto it, as 

fome kind of yellow; and this I have always mark’d, that the more the 

limb is Hatted or ovalled,the more red does the body appear, though not 

always the contrary. It is further obfervable, that both fix’d Stars and 

Planets, the neerer they appear to the Horizon, the more red and dull 

they look, and the more they are obferv'd to twinkle; in fo much, that 

I have feen the Dog-ftarr to vibrate fo ftrong and bright a radiation of 

light, as almoft to dazle my eyes, and prefently, almoft to difappear. 

It is alfo obfervable, that thofe bright {cintillations neer the Horizon, are 

not by much fo quick and fudden in their confecutions of one another, as 
the nimbler twinklings of Stars neerer the Zenith. This is alfo notable, 

that the Starrs neer the Horizon, are twinkled with feveral colours; fo as 

fometimes to appear red.fometimes more yellow,and fometimes blue,and 

this when the Starr is a pretty way elevated above the Horizon. Ihave 
further, very often feen fome of the fmall Starrs of the fifth or fixth ma- 

gnitude, at certain times to difappear for a fmall moment of time, and. 
again appear more confpicuous, and with a greater lufter. I have feveral 
times,with my naked eye, feen many fmaller Starrs, fuch as may be call'd 
of the feventh or eighth magnitude to appear for a fhort fpace, and then 
vanifh, which, by direéting a {mall Tele/cope towards that part they ap- 

pear'd and difappeard in; [could prefently find to be indeed fmall Starrs 
fo fituate.asI had feen them with my naked eye, and to appear twinkling 
like the ordinary vifible Stars; nay, in examining {ome very notable parts 
of the Heaven,withathree foot Tube , me thought Inow and then, ‘in 

feveral parts of the conftellation, could perceive little twinklings of 
Starrs, making avery fhort kind of apparition,and prefently vanilhing, 

but noting diligently the places where they thus feem’d to play:at boe- 
peep, Imade ule of avery good twelve foot Tube, and with that it was 

not uneafie to fee thofe, and feyeral other degrees of {maller Starrs,, and 

fome finaller yet, that feem’d again to appear and difappear, and thefe 
alfo by giving the fame Object-glafs a much bigger aperture, Deould 
plainly and conftantly fee appear in their former places; fo that Thave 
obferv'd fome twelve feveral magnitudes of Starrs Jefs then thofe-of the 
fix magnitudes commonly recounted in the Globes. I 

It has been obferv'd and confirm’d by the accurateft Obfervari- 
ons of the beft of our modern Aftronomers, that all the Luminous bodies 

appear above the Horizon, when they really are below it. So that ay 
un
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Sun and Moon have both been feen above the Horizon, whil'ft the Mooi has been in an Eclipfe. I fhall not here inftance in the great refractions; that the tops of high mountains, feen at a diftance, have been found to 
have ; all which feem to argue the Horizontal refraction, much greater 
then it is hitherto generally believ'd. 

Thave further taken notice, that not oniely the Sun, Moon and Starrs, and high tops of mountains have fuffer'd thefe kinds of refraction, but Trees, and feveral bright Objects on the ground : I have often taken no- tice of ‘the twinkling of the refleétions of the Sun from a Glafs-window at a good diftance, and ofa Candle in the night, but that is not fo con: {picuous.and in'obferving the fetting Sun,I have often taken notice of the tremulation of the Trees and Bufhes, as well as ofthe edges of the Sun Divers of thefe Phenomena have been taken notice of by feveral, who have given feveral reafons of them, but I have not yet met with any alto- 
gether fatisfactory, though fome of their conjeCtures have been partly true,but parly alfo falfe.setting my felf therfore upon the inquiry of thefe Phenomena, | firft endeavour'd to be very diligent in taking notice of the feveral particulars and circumftances obfervable in them 3 and next; in making divers particular Experiments, that might cleer fome doubts, and ferve to determine, confirm, and illuftrate the true and adzquate caufe of each and upon the whole, I find much reafon to think, that 
the true caufe of all thefe Phenomena is from the infleion, or multi- plicate refraction of thofe Rays of light within the body of the Atmofphere, 
and that it does not proceed from a refraction caus'd by any terminating Juperficies of the Air above, nor from any fach exactly defin'd {uperficies 
within the body of the tmojphere. 

This Conclufion is grounded upon thefe two Propofitions : 
Firft, that a wedmm, whole parts are unequally dene, and mov'd by various motions and tranfpofitions as to one another, will produce all thefe vifible effects upon the Rays of light, without any other coefficient 

caufe. 
Secondly, that there is in the Air or Atmofphere, fach a variety in the 

conftituent parts of it, both as to their denfity and rarity, and as to their 
divers mutations and pofitions one to another. 

By Denfity and Rarity, Lunderftand a property of a tranfparent body, 
that does either more or lef refract a Ray of light (coming obliquely 
uponits fuperficies out ofa third medium) toward its perpendicular : As 
Icall Glafs a more denfe bod y then Water, and Water a more rare body 
then Glafs. becaufe of the refractions (more or lefs deflecting towards the perpendicular) that are made in.them, of a Ray of light out of the Air that has the fame inclination upon either of their fuperficies, 

Soas to the bufines of Refraction, fpirit of Wine is a more denfe body 
then Water,it having been found by an accurate Inftrument that meafures 
the anglesof Refiactions to Minutes that for the fame refracted angle of 
30+00' in both thofe azediums, the angle of incidence in Water was 
but 41°. 3'5. but the angle of the incidence in the trial with {pirit of 
Wine was 42°: 45'. But as to gravity, Water is a more denfé body then : 

Gga {pirie



220 MicROGRAPHIA. 
{pirit ‘of Wine, for the proportion of the fame Water, to the fame very 

well rectify d {pirit of Wine was, as 21. to 19. 

So as to Refraction, Water is more Denfe then Ice; forI have found 

by a moft certain Experiment, which 1 exhibited before divers illuftrious 

Perfons of the Royal Society, that the Refraction of Water was greater 

then that of Ice, though fome confiderable Authors have affirm’d the con- 

trary, and though the Ice be avery hard, and the Water a very fluid 

body. . 
That the former of the two preceding Propofitions is true,may be ma- 

nife(ted by feveral Experiments:As firft,if you take any two liquors differ- 

ing from one another in denfity,but yet fuch as will readily mix:as SaltWa- 

ter,or Brine,& Frefh;almoft any kind of Salt diflolv'd in Water, and filtra- 

ted, fo that it be cleer,{pirit of Wine and Water 5 nay, {piritof Wine,and 

fpirit of Wine, one more highly rectify d then the other, and very many 
other liquors; if(I fay) you take any two of thefe liquors, and mixing 

them ina Glafs Viol, againft one fide of which you have fix'd or glued a 

{mall round piece of Paper, and fhaking them well together (fo that the 

parts of them may be fomewhat difturb’d and move up and down)you 

endeavour to fee that round piece of Paper through the body of the li- 

quors; youfhall plainly perceive the Figure to wave; and to be indented 

much after the fame manner as the limb of the Sun through a Te/efcope 

{eemsto be,fave onely that the mutations here,are much quicker. And if, 

in fteed of this bigger Circle, youtake a very {mall {pot, and faften and 

view it asthe former, you will find it to appear much like the twinkling 

of theStarrs, though much quicker: which two Pienomena (for I fhall 

take notice ofno more at prefent, though I could inftance in multitudes 

of others) mutt neceflarily be caus'd by an znfledfion of the Rays within 

the terminating fuperficies of the compounded medium, {ince the furfaces 

ofthe tranfparent body through which the Rays pafs to the eye, are not 

at all altered or chang ‘d. 
This inflection (if1 may {0 call it) imagine to be nothing elfe, buta 

multiplicate reftattion, cauled by the unequal deafity of the conftituent 

parts of the #edinw , whereby the motion, action or progrefs of the Ray 

of light is hindred from proceeding in a {treight line, and inflefed or de- 

A fletted by a curve. Now, that itis a curve line is maniteft by this Expe- 

riment : [took a Box,fuch as A D GE, in the firft Figure of the 37.Scheme, 

whole fides ABCD, and EF GH, were made of two fmooth flat 

plates of Glafé, then filling it half full with avery {trong {olution of 

Salt, I filled the other half with very fair frefh water, then expofing 

the opacous fide, D HG C, to the Sun, J obferv'd both the refraction and. 

inflection of the Sun beams, D & KH, and marking as exactly as I.could, 

the points, P, N, O, M, by which the Ray, KH, pafled through the com- 

pounded medium, | found them to bein a cwrve line; for the parts ofthe 
medium being continually more denfe the neerer they were to the bot- 

tom, the Ray p f was continually more and more deflected downwards 
from the ftreight line. 

This Inflection may be mechanically explained, either by Monfieur 
Des
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Des Cartes principles,by conceiving the Globuls vf the third Element to - 
find lefs-and lefs refiftance againft that fide of themwhich is downwards, 
or bya way, which I have further explicated inthe Inquifition about Co. 
lours, tobe from an obliquation of the pulfe of Aight, whence the ruder 
part is continually promoted, and socikequndel i refracted towards the 
perpendicular, which cuts the Orbs at right angles. What the particu: 
lar Figure of the Curve line, defcrib'd by this way of light, is, I tral not 
now ftand to examine, efpecially fince there may be fo many forts:of ita 
there may be varieties of the Pofitions of the i#termediat degreesiof den- 
fiyand rarity between the bottom and the top of the inflecting Medium: 

I could produce many more Examples and Experiments, ‘toilluftrate 
anid prove this firlt Propofition, vz. that theres fiich a conftitution of 
{ome hedies as will caufe inflection. As not to mention thofe I have ob- 
ferv'd in Horn, Tortorfe-frell, tranfparent Gums, and refinows Subjtances + 
The veizsof Glafs, nay, of melted Cry/al, found, and much complained 
of by Glafs-grinders, and others, might fafficiently demonftrate the 
truth of icto any diligent Obfervator. 

But that, I prefume, [ have by this Example given proof fufficient 
( viz., ocular demonftration ) to evince, that there is fuch a modulation, 
or bending of the rayes of light, as I have eall’d inflettion; differing 
both from reflection, and refraction (fince they.are:both made in the fa- 
perficies, thisonly inthe middle ); and likewife, that this is able or fut: 
ficient to produce the effects Ihave alcribed to it. 

Itremains therefore tothew , that there is fuch a propertyinthe Air, 
and ¢hat itis fufficient to produce all the above mentioned Phexomena, 
and therefore may be the principal, if notthe only caufe of them. 

Firlt, That thereisfucha property, may be proved from this, that the 
parts of the Air are {ome of them more condens'd, others more rarified, 
either by the differing hear, or differing preflure itfuftains, orby the 
fomewhat heterogeneous vapours inter{pers'd through it. For asthe Ait 
is more or lefSrarified, fo doesit more or lef refract a ray of light ( that 
comes out of a denfer medium) from the perpendicular. This you may 
find true, if you make tryal of this Experiment. 

Take a {mall Glaf&-bubble, made in the form of that in the fecond 
Figure of the 37. Scheme, and by heating the Glafs very hot, and there- 
by very much rarifying the included Air, or, whichis better, by rarify- 
ing a {mall quantity of water, included init, into vapours, which will 
expel the moft part, if not all the Air, and thenfealing up the fmall 
neck of it, and Jetting it coo), you may find, if you place it in a conve- 
nient Inftrument, that there will be a manifeft difference, as to the refra- 
ction. 

As if inthis fecond Figure you fuppofe A to reprefent a finall fight or 
hole, through which the eye looks upon an objett, as C, through the 
Gla{s-bubble B, and the fecond fight L5 all which remain exactly fixt 
in their feveral places, the cbject C being fo cized and placed, that it 
may juft feem to touch the upper and under edge of the hole L: and 
fo all of it be {een through the {mall Glafs-ball of rarified Air oe by 

reaking
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breaking off the fmall feal’d neck of the Bubble ( without at all ftirring 
the fights, object, or glafs_.) and admitting the external Air, you will 

find your felf unable to feethe utmoft ends of the obje&t; but the termi- 
nating rayes AE and A D (which were before refracted to G and F 
by the rarified Air ) will proceed almoft direétly tol and H; which al- 

teration of the rayes ( feeing there is no other alteration made in the 
Organ by which the Experiment istryed, fave only the admiffion, or ex- 
clufion of the condens’d Air ) muft neceflarily be caufed by the variation 
of the wedium contain’d inthe GlafsB; the greateft difficulty in the ma- 
king of which Experiment, is from the uneven furfaces of the bubble, 
which will reprefent an uneven image of the objett. 

Now, that there is fuch a difference of the upper and under parts of the 
Airis clear enough evine'd from the late improvement of the Torriceliian 
Experiment, which has been tryed at the ee and feet of Mountains; 
and may be further illuftrated , and inquired into, byameans, which 
fome whiles fince I thought of, and us'd, for the finding by what degrees 
the Air pafles from fuch a degree of Denfity to fuch a degree of Rarity. 
And another, for the finding what preflure was requilite to make it pafs 
from fuch a degree of Rarefaction to a determinate Denfity: Which 
Experiments, becaufe they may be ufeful to illuftrate the prefent Inqui- 
ry, I fhall briefly defcribe. 

Fig. 3+ Itook then a fmall Glafs-pipe A B, about the bignefs of a Swans quill, 
and about four foot long, which was very equally drawn, fothat, as far 
asI could perceive, no one part was bigger thenanother: This Tube 
( being open at both ends ) I fitted into another{mall Tube DE, that 
had a{mall bore juft big enough to contain the fmall Pipe, and this was 
feal'd up at one, and open at the other, end; about which open end I 
faftned a {mall wooden box C with cement, fo that filling the bigger 
Tube, and part of the box, with Quickfilver, T could thrutt the {maller 
Tube intoit, till it were all covered with the Quickfilver - Having thus 
done, I faftned my bigger Tube againft the fide of a wall, that it might 
ftand the fteadier , and plunging the {mall Tube cleer under the Afercu- 
zy in the box, I ftopt the upper end of it very faft with cement, then 
lifting up the {mall Tube, I drew it up by a {mall pully, and a ftring that 
Ihad faftned to the top of the Room, and found the height of the 4@r- 
curial Cylinder to be about twenty nine inches. 

Then letting down the Tube again, I opened the top, and then thruft 
down the {mall Tube, till I perceived the Quickfilver to rife within it to 
a mark thatI had plac’d juft an inch from the top;and immediately clap- 
ping on a fmall peice of cement that [had kept warm, I witha hot Iron 
{eal'd up the top very faft, then letting it cool (that both the cement 
might grow hard , and more efpecially, that the Air might come toits 
temper, natural for the Day I try'd the Experiment in) I obferv’d dili- 
gently, and found the included Air to be exactly an Inch. 

Here you areto take notice, that after the Air is feal'd up, thetop of 
the Tube is not to be elevated above the fuperficies of the Quickfilver 

in
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in the box, till the furface of that within the Tube be equal to it, for 
the Quickfilver (as I have clfewhere prov'd.) being more heterogene-. 
ous to. the Glafs then the Air, will not naturally rife up fo high within 
the {mall Pipe,as the fuperficies of the Aercury in the box; and therefore’ 
youare toobferve, how much below the outward fuperficies of the 
Mercury in the box, that of the fame in the Tube does {tand, when the 
top being open, free ingre{s is admitted to the outward Air, © 01) 1 

Having thus done, I permitted the Cylinder, or {mall Pipe, to rife out; 
of the box, till I found the furface of the Quickfilver inthe Pipe tobe 
two inches above that inthe box, and found the Airto have’ expanded 
it felf but one fixteenth part of an inch; then drawing up the {malt 
pipe, till [found the height of the Quickfilver within to be four inches 
above that without, Iobferved the Air to be expanded only £ ‘of an inch 
more then it was at firft, and totakeuptheroom of 1} inch: then I 
raifed the Tube till the Cylinder was fix inches high, and found the Air 
to takeup 13 inches of room in the Pipes then to8, 16,42. che. 
the expantion of the Air that I found to each of which Cylinders are 
fet down in the following Table; where the firft row fignifies the 
height of the Afercurial Cylinder 5 the next, the expanfion of” the Air 5 
the third, the preflure of the Atmofphere,sor the higheft Cyhinder of 
Mercury, which was then neer thirty inches ; The Jaft fignifies the force 
of the Air fo expanded , which is found by fubftracting the firft row of 
numbers out of the third; for having found; that the outward Air would 
then keep up the Quickfilver to thirty inches, look whatever of that 
height is wanting muft be attributed to the Elater of the Air depreffing. 
And therefore having the Expanfion in the fe¢ond row,and the height of 
the fubjacent Cylinder of Mercury in the firft; and the greatefbheight of 
the Cylinder of Mercury, which of it felf counterballances th whole 
preflure of the Atmofphere ; by fubftracting the numbers of the fir row 
out of the numbers of the:third, you will have the meafure ofthe Cylin- 
ders fo depreft, and confequently the foree.of the Air,in the {eyeral Ex- 
panfions, regiftred. : re 
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I had feveral other Tables of my Obfervations , and Calculations. 

' which I then made ; but it being above atwelve month fince I nade 
them; and by that means having forgot many circumftances and par- 
ticulars , T was refolved to make them over once again, which Idid 
Augufi the fecond. 1661. with the very fame Tube which Iufed theyear 
before, when | firft made the Experiment ( for it being a very good 
one, I had carefully preferv'd it: ) And after having tryed. it over and 
over again; and being not well fatisfied of fome particulars, I, at lait, 
having put all things in very good order, and being as attentive, and. 
obfervant, as poflibly | could, of every circumftance requifite to be ta= 
ken notice of,. did regifter my {€veral Obferyations inthis following 
Table. In the making of which, I did not exactly follow the mocked 
that [had ufed at firft 5 bur, having lately heard of Mr. Townly’s Hypa- 
thefis, Ifhap'd my courfeinfuch fort, as would be moft convenient for 
the examination of that Hypothefis; the event of which you have in the : 
latter part of the laft Table. : 

_ The other Experiment was, to find what degrees of force were requi- 
fite to comprefs, or condenfe, the Air into fuch or fuch abulk. ~ 

The manner of proceeding, therein was this: I took a Tube about ; 
five foot long, one of whofe ends was fealed up, and bended in the form i 
of a Syphon , much like that reprefented in the fourth Figure of the 7 
37. Scheme, one fide whereof AD, that was open at A, was about fifty 
inches long, the other fide BC, fhut at B, was not much above feven in 
ches long; then placing it exatly perpendicular , I pour’d in a little : 
Quickfilver, and found that the Air B C was 62 inches, or'very nearto 
feven 5 then pouring in Quickfilver at the longer Tube, I continued. 
filling of it till the Air inthe fhorter part of it was contracted into half 
the former dimenfions, and found the height exactly nine and twenty in- . 
chess and by making feveral other tryals, in feveral other degrees of 
condenfation of the Air, I found them exactly anfwer the former Hypo- 
thefis. . 

Bie having (by reafon it wasa good while fince 1 firft made) forgot- 
ten many particulars,and being much unfatisfied in others, I madethe Ex- = 
periment over again, and, fromthe feveral tryals, collected the former 
part of the following Table : Where in the row next the left hand 24. 
fignifies the dimenfions of the Air, fu(taining only the preflure of the 4#- 
mofphere, which at that time was equal to a Cylinder of Aéercury of nine 
and twenty inches: The next Figure above it (20) was the dimenfi- 
onsof the Air induring the firft compreflion, made by a Cylinder of Mer- 
cury 5% high, to which the preffure of the Atmofpbere nine and twenty 
inches being added , the elaftick ftrength of the Airfo compreft will be 
found 34%, ee. F 
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A Table of the Elaftick, power of the Air, — 
both Experimentally and Hypothetically calculated, 

according to its various Dimenftons. 

The dimén- The height | The Mercu- |The on ee 
fions of the ‘of the Mer- | rial Ojlinder | or diffe-| ought to 
included —curial Gylin- | added , or|rence of | be accor- 

Air. | der counter- jpeken = ol to 
pois’d j by | the former. | Cylinders. | the Fypo- 
ithe. Atmo- | | thefis. 
Sphere. | 

12 29 + eV 58 58 

13 29s een eee 
14 29 + 20;5= 49s ae 
16 29 4a 43 43> 
18 29 + 9-= 38; 38; | 
20 29 + Se= 348 BAF 
24 29 o— 29 29 
48 29— 14} — 4° 14> 
96 29— ae 6; ae 

192 20—  . 25h= 3} 35 
384 29—. 252 ‘. 1% 

576 29— 27= es 
768 29— 285= o7. o : 

960 29— 28)— 0}. oe ¢ 
1152 29— 284= 3. «of Se 

From



MicRoGRAPHtAs 997 
From which Experiments, Ithink, we may fafely conclude, that the 

Elater of the Air is reciprocal to its extenfion, or at leaft very neer, So 
that to apply it to our prefent purpofe ( which was indeed the chief 
caufe of inventing thefe wayes of tryal ) we will fuppofe a Cylinder in- 
definitely extended upwards, [I faya Cylinder, not a piece of a Cone, 
becaufe, asI may elfewhere fhew in the Explication of Gravity, that tri- 
plicate proportion of the fhels of a Sphere, to their refpective diameters, 
I fuppofe to be removed in this cafe by the decreafe of the power of Gra- 
vity | and the preffure of the Airat the bottom. of this Cylinder to be 
{trong enough tokeep up a Cylinder of Mercury of thirty inches: Now 
becaufe by the moft accurate tryals of the mott illuftrious and incompa+ 
rable Mr. Beyle, publifhed in his defervedly fanious Pneumatick Book, 
the weight of Quickfilver, to that of the Air’ here below, is found neer 
about as fourteen thoufand toone: If we fuppofe the parts of the cy- 
linder of the Atmofphere to be every where of an equal denttey, we fhall 
(as he there deduces } find it extended to the height of thirty five 
thoufand feet, or feven miles: But becaufe by thefe Experiments we have 
fomewhat confirm’d the hypothefis of the reciprocal proportion of the 
Elaters to the Extenfions we fhall find, that by fuppofing this Cylinder of 
the Atmofphere divided into a thoufand parts, each of which being equi- 
valent to thirty five feet, or feven geometrical paces,that is,each of thefe 
divifions, containing as much Air as is fuppos’d in a Cylinder neer the 
earth of equal diameter,and thirty five foot high, we fhall find the lower- 
moft to prefs againft the furface of the Earth with the whole weight of 
the above mentioned thoufand parts; the preflure of the bottom of the 
fecond againft the top of the firft to be 1coo —1 ==999. of the third 
againft the fecondto be 1000-2998. of the fourth againft the third 
to be 1000 — 3-997. of the uppermoft againft the 999. or that next be- 
low it, to be 1coo—999—=1. fo that the extenfion of the lowermoft 
next the Earth, will be tothe extenfion of the next below the upper- 
moft, «as 1. to 999. for asthe preflure fuftained by the 999. is to the 
preflure fuftain'd by the firft, fo is the extenfion of the firft to the ex- 
tenfion of the 999. fo that, from this hypothetical calculation, we fhall 
find the Air to be indefinitely extended : Forif we fuppofe the whole ° 
thicknefs of the Air to be divided, as I juft now inftanced, intoa thou- 
fand parts, and each of thofe under differing Dimenfions, or Altitudes, 
to contain an equall quantity of Air, we fhall find, that the firlt cylinder, 
whofe Bafe is fropated to lean on the Earth, willbe found to be exten- 
ded 3535, foot; the fecond equal Divifion, or Cylinder, whofe bafis is 
fuppofed to lean on the top of the firft,{hal! have its top extended higher 
by 353583 the third 353°? the fourth 353425 and fo onward, each e- 
qual quantity of Air having its dimenfions meafured by 35. and fome 
additional number expreft alwayes in the manner of a fraction, whofe 
numerator is alway the number of the place multiplid by.35. and 
whofe denominator isalwayesthe preflure of the Atmojphere futtain'd by 
that part, fo that by this means we may eafily calculate the height of 999. 
divifions of thofe 1600, divifions, I fuppos'd5 whereas the uppermoft 

Hh 2 may
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may extend it felf more then as high again,nay, perhaps indefinitely, or 

beyond the Moon 5 for the Elaters and Expanfions being in reciprocal 

proportions, fince we cannot yet find the plus ultra, beyond which the Air 

will not expandit felf, we cannot determine the height of the Air: for 

fince, as we have fhewn, the proportion will be alway asthe preffure 

fattain'd by any part is to 35. fo 1000. to the expantion of that parts 

the multiplication or product therefore of the preflure, and expanfion, 

that is, of the two extream proportionals, being alwayes equal to the 

roduét of the means, or 35000. it follows, fince that Rectangle or 
Produdt may be made up of the multiplication of infinite diverfities of 

numbers, that the height of the Air is alfo indefinite 5 for fince (as far as 

I have yet been able to try) the Air feems capable of an indefinite Ex- 
panfion, the preflure may be decreafed in infizitum, and ccnfequently its 
expanfion upwards indefinite alfo. 

There being therefore fuch a difference of denfity, and no Experi- 

ment yet known to proyea Saltws, or tkipping from one degree of rari- 

ty to another much differing from it, that is, that an upper part of the 

Air fhould fo much differ from that immediately fubjacent toit, as to 

make a diftinét fuperficies, fuch as we obferve between the Air and Wa- 
ter, @&e. Butit being more likely, that there isa continual increafe of 

rarity in the parts of the Air, the further they are removed from the 

furface of the Earth: It will hence neceflarily follow, that (as in the 
Experiment of the fale and frefh Water) the ray of Light pafling ob- 
liquely through the Air alfo, which isof very different denfity, will be 

continually, and infinitely inflected, or bended, froma ftreight, or dire¢t 
motion. 

This granted , the reafon of all the above recited Phenomena, con- 
cerning the appearance of the Celeftial Bodies, will very eafily be de- 
duced. As, 

Firft, The rednefsof the Sun, Moon, and Stars, will be found to be 
caufed by the inflection of the rays within the Atmojphere. . That it is 
not really in or near the Iuminous bodies, will, [fuppofe, be very eafily 
granted, feeing that this rednefs is obfervable in feveral places differing 
in Longitude, tobe at the fame time different, the fetting and rifing Sun 
of all parts being for the molt part red : 

And {econdly, Thatit is not meerly the colour of the Air interpos'd, 

will, Ifuppofe, without much more difficulty be yielded, {ceing that we 
may obfervea very great interftitium of Air betwixt the Object and the 

Eye, makes it appear of a dead blew, far enough differing from a red, 
or yellow. 

But thirdly, That it proceeds from the refraction,or inflection, of the 

raysby the Atmofphere, this following Experiment will, [fuppofe, fiuffici- 
ently manifeft. 

Take a {phazrical Cryftalline Viol, fiich asis deferib’d in. the fifth Fi- 
gure ABCD, and, having fill'd it with pure clear Water, expofe itto 
the Sun beams; then taking a piece of very fine Venice Paper, apply it 
againft that fide of the Globe that is oppofite to the Sun, as jae ths 

ide
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fide BC, and you thail perceive a bright red Ring to appear, cats'd by 
the refractiorofthe Rays, A_A A A, which is made by the Globe; in 
which Experiment, ifthe Gla& and Water be very cleer, fo that there be 
no Sands nor bubbles in the Glafs, nor dirt in the Water, you fhall not 
perceive any appearance of any other colour. To apply which Experi- 
ment, wemay imagine the Atma/phere to be a great tranfparent Globe, 
which being of a fubftance more denie then the other, or (which comes 
to the fame) that has its parts more denfe towards the middle, the Sun 
beamsthat are tangents, or next within the tangents of this Globe,will 
be refracted or inflected from their dire&t paflage towards the center of 
the Globe, whence, according to the Jaws of refractions made ina trian 
gular Prifm, and the generation of colour fet down in the defcription of 
Mufcovi-glafs,there muft necefiarily appeara red colour in the tranfitus 
or paflage of thofe tangent Rays. To make this more plain, we will fup- 
pofe (in the fixth Frgure) ABCD, to reprefent the Globe of the t- 
mofphere, EF GH to reprefent the opacous Globe of the Earth, lying 
in the midft of it, neer to which, the parts of the Air, fuftaining avery 
great preflure, are thereby very much condens'd, from whence thofe 
Rays that are by inflection made tangents to the Globe of the Earth,and 
thofe without them, that pafs through the more condens’d part of the At- 
mofphere, as fappofe between A and E, are by reafon of the inequality 
of the wedinm, inflected towards the center, whereby there mutt necef- 
farily be generated a red colour, as is more plainly {hewn inthe former 
cited place ; hence whatfoever opacous bodies (as yvapours,or the like ) 
{hall chance to be elevated into thofe parts,will refleét a red towards the 
eyes and therefore thofe evenings and mornings appear reddeft,that have 
the moft {tore of vapours and halituous fub{tances exhaled to a conve- 
nient diftance from the Earth; for thereby the infleétion is made the 
greater,and thereby the colour alfo the more intenfesand feveral of thofe 
exhalations being opacous, reflect feveral of thofe Rays, which, through 
an Homogeneous tran{parent medixw: would pafs unfeen; and therefore we 
fee, that when there chances to be any clouds fituated in thofe Regions 
they reflect a ftrong and vivid red. Now, though one great caufe of 
the rednefs may be this inflection, yet I cannot wholly exclude the colour 
of the vapours themfelves, which may have fomething of rednefs in them, 
they being partly nitrous,and partly fuliginous; both which fteams tinge 
the Rays that pafsthrough them, as ismade evident by looking at bodies 
through the futnes of Aqua fortis, or fpirit of Nitre [as the newly menti- 
oned I] luftrious Perfon has demonftrated } and alfo through the {moak of 
a Fire or Chimney. 

Having therefore made it probable at leaft, that the morning and 
evening rednefs may partly proceed from this inflection or refraction of 
the Rays,we thall next thew, how the Oval Figure will be likewife eafily 
deduced. i 

Suppofe we therefore, EF GH in the fixth Figure of the 27: Scherwe, 
to reprefent the Earth; ABCD, the Atmofpere; ET, and EL, two Rays 
coming from the Sun, the one from the upper,the other from the ane 

imb;
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Limb, thefe Rays, being by the Atmofphere inflected, appear to the eye 
at E, as if they had come from the points, N and O;5 and becaufe the 

: Ray L has a greater inclination upon the inequality of the Atmofphere 
then I, therefore mutt it fuffera greater inflection, and confequently be 
further elevated above its true place, then the Ray I, which has a lefg 
inclination, will be elevated above its true place; whence it will 
follow, that the lower fide appearing neerer the upper then really it is, 
and the two Jateral fides, viz. the right and left fide, fuffering no fenfible 
alteration from the inflection, at leaft what it does fuffer, does rather 
increafe the vifible Diameter then diminifh it, as [fhall fhew by and by, 
the Figure of the luminous body muft neceflarily appear fomewhat 
Elliptical. 
This will be more plain, if in the feventh Figure of th 37. Scheme we 

fuppofe AB toreprefent the fenfible Horizon; CD EF, the body of the 
Sun really belowit; GHIK, the fame appearing above it, elevated 
by the inflection of the Atmofphere : For if, according to the beft obfer- 
vation, we make the vifible Diameter of the Sunto be about three or 
four and thirty minutes,and the Horizontal refraction according to Ticho 
be thereabout,or fomewhat more,the lower limb of the Sun E,will be ele- 
vated to I; but becaufe,by his account, the point C willbe elevated but 
29. minutes, as having not fo great an inclination upon the inequality of 
the Air, therefore IG, which willbe the apparent refracted perpendicu- 
lar Diameter of the Sun, will be lefs then C G,which is but29. minutes,and 
confequently fix or feven minutes fhorter then the unrefracted apparent 
Diameter. The parts, D and F, will be likewife elevated to H and K, 
whofe refraction, by reafon of its inclination, willbe bigger then that of 
the point C,though lefs then that of E:therefore will the femidiameter TL, 
be fhorter then L G, and confequently the under fide of the appearing 
Sun more flat then the upper. 

Now, becaufe the Rays from the right and left fides of the Sun, ec. 
have been obferv'd by Kicciolo and Grimaldus, to appear more diftant 
one from another then really they are,though(by very manyObfervations 
that Ihave made for that purpofe,with a very good Tele/cope,fitted witha 
divided Ruler) I could never perceive any great alteration, yet there be- 
ing really fome,it will not be amif3,to fhew that this alfo proceeds from the 
refraction or inflection of the Atofphere ; and this will be manifett,if we 
confider the Atmofphere as a tran{parent Globe, or at leaft a tranfparent 
thell, encompafling an opacous Globe,which, being more denfe then the 
medium encompatiing it, refracts or infle¢ts all the entring parallel Rays 
into a point or focus,{o that wherefoever the Obfervator is plae’d within 
the Atmofphere, between the focus and the luminous body, the /ateral 
Rays mutt neceflarily be more converg’d towards his eye by the refraGti- 
on or inflection, then they would have been without it; and’therefore 
the Horizontal Diameter of the luminous body muft neceflarily be aug 
mented. 

This might be more plainly manifeft to the eye by the fixth Figures 
but berate it would be fomwhat tedious, and the thing being obvious 
. enough
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enough to be imagin’d by any one that attentively confidersit, I fhall ra< ther omit it, and proceed to fhew, that the maf of Airneer the furface of theEarth,confifts,or is made up,of; parcels,which do very muchdiffer from one another in point of denfity and rarity ; and confequently the Rays of light that pafs through them will be varioufly inflected,here one way,and there another, according as they pas fo or fo through thofe differing partss and thofe parts being always in motion,either upwards or downwards,or to the right or left, or infome way compounded of thefe, they do by'this their motion inflect the Rays, now this way, and prefent] y that way. This irregular,unequal and unconftant inflection of the Rays of light, is the reafon why the limb of the Sun, Moon, Fupiter, Saturn, Mars, and Venus, appear to wave or dance; and why the body of the Starrs appear * to tremulate or twinkle, their bodies,by this means, being fometimes ma- gnify’d,and fometimes diminifhed 5 fometimes elevated, otherwhiles de- prefs now thrown to the right hand, and then to the left. And that there is fuch a property or unequal diftribution of parts, is manifeft from the various degrees of heat and cold that are found in the Airs from whence will follow a differing denfity and rarity, both as to quantity and refraction; and likewife from the vapours that are inter- posd, (which,by the way, Timagine,as to refraction or inflection, to do the fame thing, asif they were rarify d Air ; and that thofe vapours that afcend,are both lighter, and lefs denfe, then the ambient Air which boys themup3; and that thofe which defcend, are heavier and more denfe) The firft of thefe may be found true, if you take 4 good thick piece of Glafs,and heating it pretty hot in the fire, lay it upon fuch another piece of Glafs, or hang it in the open Air by a piece of Wire, then looking upon fome far diftant Obje& (fuch asa Steeple or Tree) fo as the Rays from that Object pafs direétly over the Glafs before they enter your eye, you fhall find fuch a tremulation and wavering of the remote Object, as will very much offend your eye: The like tremulous motion you may obferve to be caus'd by the afcending {teams of Water, and the like. Now, from the firft of thefe it is manifeft, that from the rarifaction of the parts of the Air,by heat,there is caus’d a differing refraction,and from the afcenfion of the more rarify'd parts of the Air, which are thruft up by the colder, and therefore more condens’d and heavie, is caus'd an undula- 
tion or wavering of the Objet; for I think, that there are very few will grant, that Glafs, by as gentle a heat as may be endur'd by ones hand, fhould fend forth any of its parts in {teams or vapours, which does 
not feem to be much wafted by that violent fire of the green Glafs-houfe 5 
but, if yet it be doubted, let Experiment be farther made with that bo- dy that is accounted, by Chymifts and others, the moft ponderous and fix'd in the world; for by heating of a piece of. Gold, and proceeding in the fame manner, you may find the fame effects, 

This trembling and fhaking of the Rays, is more fenfibly caus'd by an actual flame, or quick fire, or any thing elfe heated glowing hot 5 asby 
a Candle, live Coal, red-hot Iron, or a piece of Silver, and the like: the 
fame alfo appears very confpicuous, if you look at an Object To . 

whic’
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. which and your eye, the rifing fmoak of fome Chimney is interpos'd ; 

which brings into my mind what I had once the opportunity to obferye, 
which was, the Sun rifing tomy eye juft over a Chimney that fent forth 
a copious {team of fmoak 5 and-taking a fhore Telefeope, which fhad then 

by me, I obferv'dthe body of the Sun, though it was but juft peep d 
above the Horizon, to have its underfide, not onely flatted, and pretsd 
inward, as it ufually is when neer the Earth ; but to appear more pro- 
tuberant downwards then if it had fuffered no refraction at all; and 
befides all this, the whole body of the Sun appear’d to tremble or dance, 
and the edges or limb to be very ragged or indented, undulating or wa- 
ving, much in the manner of a flag in the Wind. . 

This I have likewife often obferv’d in a hot Sunthiny Summer's day, 
that looking on an Object over a hot ftone,or dry hot earth,I have found 
the Obje& tobe undulated or fhaken, much after the fame manner. And 
if you look upon any remote Object through a Te/efcope (ina hot Sum- 
mer's day efpecially ) you thall find it likewife to appear tremulous. And 
further, if there chance to blow any wind, or that the air between you 
and the Objeét bein a motion or current, whereby the parts of it, both 
rarify’d and condens'd, are fwiftly remov’d towards the right or left, if 
then you obferve the Horizontal ridge of a Hill far diftant,through a ve’ 
good Telefcope, you thall find it to wave much like the Sea, and thole 
waves will appear to pals the fame way with the wind. 

From which,and many other Experiments, ‘tis cleer that the lower Re- 
gion of the Air,efpecially that part of it-which lieth neereft to the Earth, 
has, for the moft part,its conftituent parcels varioufly agitated, either by 
heat or winds, by the firft of which, fome of them are made more rare, 
and fo fuffer a lefs refraction ; others are interwoven, either with afcend- 
ing or defcending vapours 3 the former of which being more light, and 
fo more rarify'd,have likewife a leG refraction’, the latter being more hea- 
vie, and confequently more denfe,have a greater. 

Now, becaufe that heat and cold are equally diffus'd every ih 3 and 
that the further it is fpread, the weaker it grows; hence it will follow, 
that the moft part of the under Region of the Air will be made up of fe- 
veral kinds of /evtes, fome whereof will have the properties of Convex , 
others of Concave glajéss which, that! may the moreintelligibly make 
out, we will fuppofe in the eighth Figure of the 37. Scheme, that A re- 
prefents an afcending vapour, which, by reafon of its being fomewhat 
Heterogencous to the ambient Air,is thereby thruft into a kind of Globular 
form, not any where terminated, but gradually finifhed, that is, itis moft 
rarity'd in the middle about A, fomewhat more: condens’d about B B, 
more then that about C C3 yet further,about D D, almoft of the fame 
denfiry with the ambient Air about EE; and laftly, inclofed with the 
more denfe Air F F, fo -thatfrom A, to FF, there is a continual in- 
creafe of .dentity. The reafon of which will be manifelt, if we confider the — 
rifing vapour to be much warmer then the ambient heavie Air; for by 
the coldnefs of the ambient Air, the thell E E will be more refrigerated 

‘then D D,and that then C C,which will be yet more thenB B, and that 
more
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more then A 3 fothat from F to A, there is a continual increae of heat, 
and confequently of rarity ; from whence it will neceflarily follow, that 
the Rays of light will be inflected or refracted in it, in the fame man 
her as they would beina ee 3 for the Rays GKI, G KI will 

. beinflefted by GK H, GK H, which will eafily follow from whatl be- 
fore explained concerning the inflection of the Atmofphere, 9. 

On the other fide, a defending vapour,or any part of the air included’ 
by an afcending vapour,will exhibit the fame effects with a Convex lens 5 
for, if we fappofe,in the former Figure,the quite contrary conftitution to: 
that laft defcrib’d ; that is, the ambient Air F F being hotter thet any: 
partof that matter within any circle, therefore thé coldeft part mutt: 
neceflarily be A, as being fartheft remov'd from the heat 5 all the 
intermediate {paces will be gradually difcrintinated by the continual 
mixture of heat and cold, fo that it will be hotter at EE, then D D, ity 
DD then CC, inCC thenBB,andia BB then A; From which, like 
refraction and condenfation will follows and conlequently a leffer or 
greater refraction, fo that every included part will refraat more then the 
including, by which means the Rays, GK I, GK 1, coming from a Starr, 
or fome remote Object, are fo inflected, that they: will again concurr and 
meet, in the point M. By the interpofition therefore of this defcending 

. vapour the vifible body of the Star, or other Objet, is very much aug: 
mented, as by the former it was diminifhed. i 

From the quick confecutions of thefe two,one after another, betweeri 
the Object and your eye,caufed by their motion upwards or downwards; 
proceeding from their levity or gravity, or to the right ot left, proceeds 
ing fromthe wind, aStarr may appear, now bigger, now lefs, then really 
it would otherwife without them; and this is that property of a Starr; 
which is commonly call'd twinkling, or {cintillation. 

The reafon why a Star will now appear of one colour,tiow of. another, 
which for the moft part happens ne ‘tis neer the Horizon, may very 
eafily be deduc'd from its arpenive now in the middle of the vapour; 
other whiles neer the edge s ‘for if you look againft the body of a Starr 
with a Tele/cope that has a pretty deep Convex Eye-glals, and {6 order it, 
that the Star may appear fometimes in one place,and {ometimes in another 
of itsyou may perceive this or that particular colour to be predominant 
in the apparent Figure of the Starr, according asitis more or lef remotd 
from the middle of the Lews. This I had here further explain’d, but that 
it does more properly eee to another place. 

Ifhall therefore onely add fome few Queries, which the confiderationt 
of thefe particulars hinted, and fo finith this Section: 

And the firftI thall propound is, Whether there may not be made ati 
artificial tranfparent body of an exact Globular’ Figure that fhall fo 
inflect or refraé all the Rays, that,coming from’ one point, ee any 
Hemifphere of its that every one of them may meet on the oppofite fide; 
and crofs one another exaétly in a points and that it may do the like alfo 
with all the Rays that, coming from.a Jateral point, fall upon any other 
Hemifphere for if fo, there were to be hoped a perfection of ——— 

Vi an
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and a tran{migration into heaven, even whil’ft we remain here upon earth 
inthe flefh, and a deacrtes or penetrating into the center and inner- 
moft recefles of the earth, and all earthly bodies; nay, it would open not 
onely acranney, but a large window (as I may {o {peak) into the Shop of 
Nature, whereby we might be enabled to fee both the tools and Opera- 
tors, and the very manner of the anghs it felf of Nature 5 this, could 
it be effected, would as farr furpafs all other kind of perfpettives as the 
vaft extent of Heaven does the {mall point of the Earth, which diftance 
it would immediately remove, and unite them, as twere, into one,at leaft, 
that there fhould appear no more diftance between them then the length 
ofthe Tube, into the ends of which thefe Glaffes fhould be nferted: 
“Now, whether this may not be effected with parcels of Glafs of feveral 
denfities, I have fometimes proceeded fo farr as to doubt (though in 
truth, as to the general, | have wholly defpair'd of it) for I have often 
obferv'd in Optical Glafies a very great variety of the parts, which are 
commonly called Veins; nay, fome of them round enough (for they are 
forthe moft part, drawn out into ftrings) to conftitute a kind of Jens. 

This I fhould further proceed to ope, had any one been fo in- 
quifitive as to have found out the way of making any tranfparent body, 
either more denfe or more rare; for then it might be poffible to compofe 
a Globule that fhould be more denfe in the middle of it, then in any 
other part, and to compofe the whole bulk, fo as that there fhould bea 
continual gradual tranfition from one degree of denfity to another 3 fach 
as fhould be found requifite for the defired inflection of the tranfmigra- 
ting Rays; but of this enough at prefent, becaufe I may fay more of it 
when I fet down my own Trials concerning the melioration of Dioptricks, 
where I fhall enumerate with how many feveral fubftances I have made. 
both Aficrofcopes, and Telefcepes, and by what and how many, ways : Let 
fuch as have leifure and opportunity farther confider it. 

The next Query fhall be, whether by the fame collection of a more 
denfe body thenthe other, or at leaft, of the denfer part of the other, 
there might not be imagin'd a reafon of thé apparition of fome new fix'd 
Stars, as thofe in the Swan, Caffiope's Charr, Serpentariws, Pifcis , Ce- 
tus, Ke. 

Thirdly, Whether it be poflible to define the height of the Atmofphere 
from this inflection of the Rays, or from the Quickfilver Experiment of 
the rarifaction or extention of the Air. 

Fourthly, Whether the difparity between the upper and under Air be 
not fometimes fo great, as to make a reflecting fuperficies; I have had fe~ 
veral Obfervations which feem to have proceeded from fome fuch caufe, 
but it would be too long to relate and examine them. An Experiment, 
alfo fomewhat analogous to this, I have made with Salt-water and Frefh, 
which two liquors,in moft Pofitions,feem’d the fame, and not to be fepa- 
rated by any determinate fuperficies,which feparating furface yet in fome 
other Pofitions did plainly appear. 

And iffo, Whether the reafon of the equal bounding or terminus of 
the under parts of the clouds may not proceed from this caufe ; whether, 

fecondly,
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fecondly, the Reafon of the apparition of many Suns may not be found 
out, by confidering how the Rays of theSun may fo be reflected, as to 
defcribe a pretty true Image of the body,as we find them from any regu- 
lar Superficies. Whether alfo thismay not be found to caufe the appa- 
rition of fome of thofe Pare/i, or counterfeit Suns, which appear colou- 
red,by refracting the Rays fo, asto make the body of theSun appear in 
quite another place then really itis. Butof this more elfewhere: 

5. Whether the Phenomena of the Clouds may not be made out by 
this diverfity of denfity in the upper and under parts of the Air, by 
fuppofing the Air above themto be much lighter then they themfelves 
are, and they themfelves to be yet lighter then that which is fubjacent 
tothem, many of them feeming to be the fame fubftance with the Cob= 
webs that fly in the Air after a Fog. 

Now that fuch a conftitution of the Air and Clouds, if fuch there be, 
may be fufficient to perform this effect, may be confirm’d by this Expe- 
riment. 

Make as ftrong a Solution of Salt as you are able, then filling a Gla 
of fome depth half full withit, fill the otherhalf with frefh Water, and 
poyfe alittle Glafs-bubble, fo as thatit cay fink pretty quick in frefh 
Water, which take and put into the aforefaid Glafs, and you fhall find 
it to fink tillit comes towards the middle, where it will rethain fixt, 
without moving either upwardsor downwards. And by afecond Ex- 
periment, of poifing fuch a bubblein water, whofe upper part is warmer, 
and confequently lighter, then the under, which is colder and heavier 5 
the manner of which follows in this next Query, which is, 

6. Whether the rarifaction and condenfation of Water be not made 
after the {ame manner, as thofe effects are produc’d in the Air by heat 5 
for Lonce pois'da feal’d up Gla&-bubble fo exactly, that never fo {mall 
an addition would make it fink, and as {mall a detraction make it {wim 
which fuffering to reft in that Veflel of Water for fome time , Talwayes 
found it about noon tobe at the bottom of the Water, and at night, and 
in the morning, at the top: Imagining this to proceed from the Rari- 
faction of the Water, caus d by the heat , I madetryal, and found moft 
true; for Iwas able at any time, either to deprefs, or raife it, by heat 
and cold ; for if I let the Pipe ftand for fonie time in cold water, I 
could eafily raife the Bubble from the bottom, whither I had a little a- 
fore detruded it, by putting the fame Pipe into warm Water. And this 
way [have been able, fora very confiderable time, to keep a Bubble fo 
poys’din the Water, as that it fhould remain in the middle, and neither 
fink, nor {wim : For gently heating the upper part of the Pipe with a 
Candle, Coal, or hot Iron, till] perceived the Bubble begin to defcend, 
then forbearing, [have obferved it to defcend to fuch or fuch a ftation, 
and there toremain fufpended for fome hours, till the heat by degrees 
were quite vanifhed , when it would again afcend to its former place. 
This [have alfo often obferved naturally performed by the heat of the 

Air, which being able to rarifie the upper parts of the Water fooner 
then the lower, by reafonof its immediate contact, the heat of the oe 

ti2 as
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has fometimes fo {lowly increafed, that I have obferved the Bubble to be 
fome hours in pailing between the top and bottom. 

7. Whether the appearance of the P7ke of Tenerif, and feveral other 
high Mountains, at fo much greater a diftance then feems to agree with 
their refpective heights, be not to be attributed to the Curvature of the 
vifual Ray, that is made by its pafling obliquely through fo differingly 
Denfe a Medium from the top to the eye very far diftant in the Hori- 
zon: For fince we have already, I hope, made it very probable, that 
there is fuch an inflection of the Rays by the differing denfity of the 
parts of the Air; and fince Ihave found , by feveral Experiments made 
on places comparatively not very high, and have yet found the preffure 
fuftain’d by thofe parts of the Air at the top and bottom, and. alfo their 
differing Expanfions very confiderable : Infomuch that I have found the 
preflure of the Atmofphere lighter at the top of St. Paal’s Steeple in Lon- 
dow (which isabout two hundred foot-high ) then at the bottom by a 
fixtieth or fiftieth part, and the expanfion at the top greater then that at 
the bottom by neer about fo much alfo ; for the Afercurial Cylinder at the 
bottom was about 39. inches, and at the top halfaninch lower; the Air 
alfo included in the Weather-glafs,that at the bottom fill'd only 155. {pa- 
ces, atthe top fill’d 158. though the heat at the top and bottom was 
found exadtly the fame witha fcal'd Thermometer: I think it very rational 
to fuppofe , that the greatef{t Curvature of the Rays is made neareft the 
Earth,and that the inflection of the Rays, above 3. or 4. miles upwards, is 
very inconfiderable, and therefore that by this means fuch calculations ef 
the height of Mountains, as are made from the diftance they are vifible in 
the Horizon,from the fuppofal that that Ray isa {traight Line (that from 
the top of the Mountain Is, as'twere, a Tangent to the Horizon whence it 
isfeen) which really is a Curve, is very erroneous. Whence, I fuppofe,pro- 
ceeds the reafon of the exceedingly differing Opinions and Aflertions of 
feveral Authors, about the height of feveral very high Hills. 

8. Whether this Inflection of the Air will not very much alter the fup- 
pofed diftances of the Planets, which feem to have a very great depen- 
dence upon the Hypothetical refraction or inflection of the Air, and that 
refraction upon the hypothetical height and denfity of the Air: For 
fince (as I hope) Ihave here fhewn the Air to be quite otherwife then 
has been hitherto fuppos'd, by manifefting itto be, both of a vaft, at 
Jeattan uncertain, height, and of an unconftant and irregular denfity ; 
It muft neceflarily follow, that its inflection muft be varied accordingly : 
And therefore we may hence learn, upon what fure grounds all the A- 
{tronomers hitherto have built, who have calculated the diftance of the 
Planets from their Horizontal Parallax; for fince the Refraction and Pa- 
rallax ave {o nearly ally’d, that the one cannot be known without the 
other, efpecially by any wayes that have been yet attempted, how uncer- 
tain mutt the Parallax be,when the Refraction is unknown? And how eafie 
is it for Aftronomers to aflign what diftance they pleafe to the Planets,and 
defend them,when they have fuch a curious /abterfuge as that of Refratti- 
on,wherein a very little variation will allow them liberty enough to place 
the Celeftial Bodies at what diftance they pleafe. If
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If therefore we would come to any certainty inthis point; we mutt go 

other wayesto work ; and asI have here examined the height and refra- 
Give property of the Air by other wayes then are ufual, fo mutt we 
find the Parallax of the Planets by wayes not yet prattiled 5 and to this 
end, I cannot imagine any better way, then the Obfervations of them by 
two perfonsat very far diftant parts of the Earth, that lye as heer as may 
be under the fame Meridian, or Degree of longitude , but differing as 
muchin latitude, as there can be places conveniently found: Thefe two 
perfons, at certain appointed times, fhould (asnear as could be) both 
atthe fame time, obferve the way of the Alon, Afars, Venus, Jupiter, 
and Saturz, amongft the fixt Stars, witha good large Telefcope, and ma- 
king little Iconifmes, or pictures, of the {mall fixed Stars, that appear to 
each of themto lye in or near the way of the Center of the Planet, and 
the exact meafure of the apparent Diameter; ftom the comparing of 
fuch Obfervaticns together, we might certainly know the true diftance, 
or Parallax, of the Planet. And having any onetrue Parallax of thefe 
Planets, we might very eafily have the other by their apparent Diame- 
ters, which the Tele/cope likewife affords us very accurately. And thence 
their motions might be much better known, and their Theories more ex- 
actly regulated. And for this purpofe I know not any one place more 
convenient for fuch an Obfervation to be made in, then in the Ifland of 
St. Heleva, upon the Coaftof 4frick,, which lyes about fixteen degrees 
to the Southwards of the Line, and is very near, according to the lateft 
Geographical Maps, in the fame Meridian with London 5 for though 
they may not perhaps lye exa¢tly in thefame, yet their Obfervations, 
being ordered according to what I fhall anon fhew, it will not be diffi- 
cult to find the true diftance of the Planet. But were they both under 
the fame Meridian, it would be much better. 

And becaufe Obfervations may be much eafier, and more accurately 
made with good Tele/copes, then with any other Inftrunients, it will not, 
Ifuppofe, feem impertinent to explain a little what wayes! judge moft 
fit and convenient for that particular. Such therefore as fhall be the 
Obfervators for this purpofe, fhould be furnifhed with the beft Zelefcopes 
that canbehad, the longer thebetter and more exaé will their Obl. 
vations be, though they are fomewhat the more difficultly manag’d. 
Thefe fhould be fitted with a Rete, or divided Scale, plac’d at fucha di- 
{tance within the Eye-glafs,that they may be diftinétly feen, which thould 
be the meafures of minutes and feconds; by this Inftrument each Ob- 
fervator fhould, at certain prefixt times, obferve the Moon, or other 
Planet, in, or very near, the Meridian 5 and becaufe it may be very diffi- 
cult to find two convenient ftations that will happen to be juft under the 
fame Meridian, they hall, each of them, obferve the way of the Planet, 
both for an hour before, and an hour after, it arrive at the Meridian 5 
and bya line, or ftroke, amongft the fmall fixed Stars, they fhiall denote 
out the way that each of them obferv’d the Center of the Planet to be 
mov'd in for thofe two hours: Thefe Obfervations each of them fhalf 
repeat formany dayestogether, that bothit may happen, that hots 

them



238 MicroGRAPHIA. 
them may fometimes make their Obfervations together, and that from 
divers Experiments we sip be the better aflured of what certainty and 

exattnefS {uch kind of Obfervations are like to prove. And becaufe ma- 
ny of the Stars which may happen to come within the compafs of fuch 

an mitt fa or Map, may be fuch as are only vifible through a good Tele- 
feope, whofe Pofitions perhaps have not been noted, nor their longitudes, 
or latitudes, any where remarked; therefore each Obfervator fhould in- 
deavour to infert fome fixt Star,whofe longitude, and latitude, is known 5 
or with his Telefcope he fhall find the Pofition of fome notable tefe/copical 
Star, inferted in his Map, to fome known fixt Star, whofe place in the Zo- 
diack is well defin’d. 

Having by this means found the true diftance of the Moon, and ha- 
ving obferved well the apparent Diameter of it at that time with a good 
Telecope, it is eafie enough, by one fingle Obfervation of the apparent 
Diameter of the Moon with a good Glaf%, to determine her diftances 
in any other part of her Orbit, or Dragon, and confequently, fome few 
Obfervations will tell us, whether fhe be mov'd in an EZipfis, (which, by 
the way, may alfo be found, even now, though] think we are yet igno- 
rant of her true diftance) and next ( which without fuch Obfervati- 
ons, Ithink, we fhall not be fure of ) we may know exactly the bignefs of 
that E/4pfis, or Circle, and her true velocity in each part, and thereby be 
much the better inabled to find out the true caufe of all her Motions, 
And though, even now alfo, we may, by fuch Obfervations in one ftati- 

on, as here at London, obferve the apparent Diameter and motion of the 
Moon in her Dragon, and confequently be inabled to make a better 
ghefs at the Species or kind of Curve, in which fhe is mov, that is, 
whether it be fphzrical, or e//iptical, or neither, and with what propor- 
tional velocities fhe is carried in that Curve; yet till her true Parallax 
be known, we cannot determine either. 

Next, for the true diftance of the Sun, the beft way will be, by accu- 
rate Obfervations, made in both thefe forementioned ftations, of fome 
convenient Eclipfe of the Sun, many of which may fo happen, as tobe 
feen by both; for the Pexumbra of the Moon may, if fhe befixty Semi- 
diameters diftant ftom the Earth, and the Sun above feven thoufand, ex+ 
tend to about feventy degrees on the Earth , and confequently be feen 
by Obfervators as far diftant as Lowdox, and St. Helena, which are not 

full fixty nine degrees diftant. And this would much more accurately, 
then any way that has been yet ufed, determine the Parallax, and di- 
ftance, of the Sun; for asfor the Horizontal Parallax I have already 
thewn it fufficieritly uncertain ; nor is the way of finding it by the Eclipfe 
of the Moon any other then hypothetical 5 and that by the difference of 
the true and apparent quadrature of the Moon is lefs not uncertain, wit- 
nefs their Dedutions from it,who have made ufe of it ; for Vendeline puts 
that difference to be but 4’. 30". whence he deduces a vat diftance of 
the Sun, asT have before fhewn. Ricciolo makes it full 30’. co. but Rez 
zoldw, and Kircher, no lefs then three degrees. And no wonder, for if 
we examine the Theory, we thall find it fo complicated with —— 

ties, Firft,
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Firft, From the irregular furface of the Moon, and from feyeral Paral- faxes, that unlefs the Dichotomy happen in the Nonagefimus of the Eclip- 

tick, and thatin the Meridian, eis all which happen fo very feldom, 
that it is almoft impoffible: to make them otherwife then uncertainly. 
Befides, we are not yet certain, but that there may be fomewhat about 
the Moon analogus to the Air about the Earth, which may caufe a refra- 
Gtion of the light of the Sun, and confequently makea great difference 
in the apparent dichotomy of the Moon. Their way indeed is very 
rational and ingenious 5 and fuchasis much to be preferr’d before the 

. way by the Horizontal Parallax, could all the uncertainties be remov'd, 
and were the true diftance of the Moon known. 

_ But becaufe we find by the Experiments of Vendiline, Reinoldus, &c. 
that Obfervations of this kind are very uncertain alfo: It were to be 
witht, that fuch kind of Obfervations, made at two very diftant {tati- 
ons, were promoted. And itis fo much the more defirable, becaufe, from 
what Ihave now fhewn of the nature of the Air, itis evident, that the 
refraction may be very much greater then all the Aftronomers hitherto 
have imagined it: And confequently, that the diftance of the Moon, and 
other Planets, may be much lefle then what they have hitherto made 
it. 

For firft, this Inflection, I have here propounded, will allow the tha: 
dow of the Earth to be much fhorter then it canbe made by the other 
Hypothefis of refraction, and confequently, the Moon will not fuffer an 
Eclipfe, unlefs it comes very much nearer the Earth then the Aftronomers 
hitherto have fuppofed it. 

Secondly, There will not inthis Hypothefis be any other fhadow of the 
Earth, fuch as Kepler fuppofes, and calls the Penumbra, which is the fha- 
dow of the refracting Atmofphere ; for the bending of the Rays being al- 
together caus'd by Inflection, as [have already thewn, all that part 
which is afcribed by Kepler, and others after him, to the Penumbra, or 
dark part, which is without the ubra terre, doesclear vanith; for in 
this Hypothefis there is no refracting furface of the Air, and confequently 
there can be no fhadows, fuch as appear inthe ninth Figure of the 37. 
Scheme, where let ABCD reprefent the Earth, and EF GH the at: 
mofphere,which according to Keplers {uppofition,is like a Sphare of Water 
terminated with an exact furface EF GH, Jet the lines MF, LB, ID, 
KH, reprefent the Rays of theSun; ’tismanifeft, that all the Rayes be: 
tween LB, and ID, will be reflected by the furfaee of thé Earth 
BAD, and confequently, the conical fpace BOD would be dark and 
obfcure; but, fay the followers of Kepler, the Raysbetween MF, and 
LB, and between ID, and KH, falling on the Atmofphere , are re- ; 
fracted, both at their ingrefs and egrefs out of the Atmofphere, nearer to: 
wards the Axis of the {perical fhadow CO, and confequently, inlighten 
a great part of that former dark Cone, and fhorten, and contra¢t, its top 
toN. And becaufe of this Reflection of thefe Rays, fay they, there is 
fuperinduc’d another hell of adark Cone F P H, whofe ApexP is yet 
further diftant from the Earth: By this Pexumbra, {ay they, the Moon 

is
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is Eclipfed, for it alwayes pafles between the lines r 2, and 

; To which I fay, That ifthe Air befuch, asI have newly thewn it to 
be, and confequently caufe fuchan inflection of the Rays that fallinto 
it, thofe dark Penwmbra's FYLQ, HX VT, andORP S. willall va- 
nifh.. For if we fuppofe the Air indefinitely extended, and to be no 
where bounded. with a determinate tefracting furface, as [have thewn 
it uncapable of having, from the nature of it; it will follow, that the 
Moon will no where be totally obfcured, but when it is below the Apex 
N, of the dark blunt Cone of the Earth’s fhadow:Now,from the fuppofi- . 
tion, that the Sunis diftant about feven thoufand Diameters, the point 
N, according to calculation, being not above twenty five terreftrial Se- 
midiameters from the Center of the Earth: It follows, that whenfoever 
the Moon eclipfed is totally darkned, without affording any kind of 
light, it muft be within twenty five Semidiameters of the karth, and con- 
fequently much lower then any Aftronomers have hitherto put it. 

This-will feem much more confonant to the reft of the {ecundary Pla- 
nets 5 for the higheft of ‘Jupiter's Moons is between twenty and thirty 
Fovial Semidiameters diftant from the Center of Fupiter ; and the Moons 
of Saturn much about the fame number of Saturuial Semidzameters from 
the Center of that Planet. 

- But thefe are but conjectures alfo,and mutt be determin'd by fuch kind 
of Obfervations asI have newly mention’d. : 

Nor willit be difficult, by this Hypothefis,tofalve allthe appearances 
of Eclipfes of the Moon, for in this Hypothefis alfo, there will be,on each 
fide of the fhadow of the Earth, a Pexwmbra, not caus'd by the Refracti- 
onof the Air, as in the Hypothefis of Kepler, but by the faint inlight- 
ning of it by the Sun : For if, inthe fixth Figure,we fuppofe ES Q., and 
GSR,to be the Rays that terminate the chad dae from either fide of the 
Earth 5 E$Q_ coming from the upper limb of the Sun, and G $Rv from 
the under 3 it will follow, that the fhadow of the Earth, within thofe 
Rays, that is, the Cone GSE, willbetotally dark. But the Sun Being 
not a point, but a large ‘area of light, there will be a fecondary dar 
Cone of fhadow EPG, which willbe caus'd by the carth’s hindring 
part of the Rays of the Sun from falling on the parts GPR, and EP Q. 
of which halved fhadow, ot Perumbra, that part will appear brighteft 
which lyes neareft the terminating Rayes G P, and EP, and thofe dar- 
ker that lye neareft to .G S$, and ES: whentherefore the Moan ap- 
pan quite dark in the middle of the Eclipfe,fhe muft be below S,that 1s, 
etween § and F; when fhe appears lighter near the middle of the 

Eclipfe, fhe muft. pafs fome where between R Q and $3 and when fhe 
eas light through the whole Eclypfe, the muft pafs between RQ, 

Obferv.
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—— Obfery. LIX. Of multitudes of {mall Stars difcoverable by the 
) Telefcope. i 

Hs in the laft Obfervation, premis'd {ome particulars obfervable 
, in the wedinm,through which we mutt look upon Cele/tial Objects 
} Ifhall here add one Obfervation of the Bodies themfelvés 5 and fora 

Specimen\ have made choice of the Pleiades, or feven Stars, commonly fo 
called ( though in our time and Climate there appear no more thenfix 

_ tothe naked eye ) and this I did the rather, becaufe the defervedly fa- 
| mous Galileo, having publifht a Pitture of this 4fferifize, was able, it 

feems, with his Glafs to difcover no more then thirty fix, whereas with a 
pretty good twelve foot Telefcope,by which I drew this 38 Iconi{7z,1 could 
very plainly difcover feventy eight, placed in the order they are ranged 
in the Figure, and of as many differing Magnitudes as the Aferishs, 
wherewith they are Marked, do fpecifie ; there being no lef$ then four- 
teen feveral Magnitudes of thofe Stars, which are compris’d within the 
draught, the biggeft whereof isnot accounted greater then one of the 
third Magnitude; and indeed that account ismuch too big, if it be com- 
pared with other Stars of the third Magnitude, efpecially by the help of 
a Telefcope ; for then by it may be perceivd, that its{plendor, to the na- 
ked eye, may be fomewhat augmented by the three little Starsimmedi. 
ately above it, which are nearadjoyning to it. The Telecope alfo difco. 
vers a great variety, evenin the bignefs of thofe, commonly reckon’d, of 
the firft, fecond, third, fourth, fifth, and fixth Magnitude 5 fo that fhould 
they be diftinguifh’d thereby, thofe{tx Magnitudes would, at Jeaft, af 
ford no lef$ then thrice that number of Magnitudes, plainly enough di- 

'  ftinguifhable by their Magnitude, and brightnefs; fe thata good twelve 
foot Glafs would afford us no lefs then twenty five feveral Magnitudes. 
Nor are thefeall, but a longer Glafs does yet further, both more nicely 
diftinguifh the Magnitudes of thofe already noted, and alfo difcover fe- 
veral other of {maller Magnitudes, not difcernable by the twelve foot 
Glafg: Thus have I been ales witha good thirty fix foot Glafs, to difco- 
ver many more Stars in the Pleiades then are here delineated, and thofe 
of three or four diftin&t Magnitudes lefs then any of thofe {potsof the 
fourteenth Magnitude. And by the twinkling of divers other places of 
this Afferifize, when the Sky was very clear, 1 am apttothink, that with 
longer Glafies, or fuch as would beara bigger aperture, there might be 
difcovered multitudes of other fmall Stars, yet inconfpicuous. And in- 
deed, for the difcovery of fmall Stars, the bigger the aperture be, the 
better adapted isthe Glafs; forthough perhaps it does make the feveral 
fpecks more radiant, and glaring, yet by that means, uniting more Rays 
very near to one point, it does make many - ee radiant pointscon{pi- | 

, cnous,
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cuous, which, by putting on a lefs aperture, may be found to vanifhs 

and therefore, both for the difcovery of the fixt Star, and for finding the 

Satellites of Jupiter, before it be out of the day, ortwilight, Lalwayes 

leave the Object-glafs as clear without any apertureas Tcan , and have 

thereby been able to difcover the Satellites a long while before 31 was 
able to difcernthem, whenthe fmaller apertures were put on; and ato- 

ther times, to {ee multitudes of other fmaller Stars, which a fmaller aper- 

ture makes to difappear. 
Inthat notable 4/teri/m alfo of the Sword of Orion, where the ingeni- 

ousMonfieur Hugens van Zulichem has difcovered only three little Stars 

ina clufter, [have with a thirty fix foot Glafs,without any aperture (the 

breadth of the Glafs being about fome three inches and a half )difcover'd 

five, and the twinkling of divers others up and down in divers partsof 

that {mall milky Cloud. ; 

So that ‘tis not unlikely, but that the meliorating of Tele/copes will af- 

ford as great a variety of new Difcoveriesin the Heavens, as better 24~ 

crofcopes would among {mall terreftrial Bodies, and both would give us 

infinite caufe, more and more to admirethe omnipotence of the Crea- 

tor: 7 

tiie of ti aielt Wee ae gyi hls ind ie Toye ee 

Obferv. LX. Of the Moon. 

Ha pretty large corner of the Plate for the feven Starrs, void, 

for the filling it up, I have added one {mall specimen of the ap- 

pearance of the parts of the Moon, by defcribing a {mall {pot of it,which, 

though taken notice of, both by the Excellent Hevelins, and called Afons 

Olympus (though I think fomewhat improperly, being rather a vale) and 

reprefented by the Figure X, of the 38. scheme, and alfo by the Learn'd 

Ricciolus, who calls it Hipparchws, and defcribes it by the Figure Y, yet 

how far fhort both of them come of the truth, may be fomewhat per- 

ceiv'd by the draught, which Ihave here added of it, inthe FigureZ, 

( which I drew bya thirty foot Gla, in OGober 1664. juft before the 

Moon washalf inlightned) but much better by the Reader's diligently 

obferving it himfelf, at a convenient time, witha Glafs of that length, 

and much better yet with one of threefcore foot long 5 for through thefe: 

it appears a very fpacious Vale, incompafled with a ridge of Hills, not 

very highin comparifon of many other in the Moon, nor yet very fee 

The Vale it felf ABCD, is much of the figure of a Pear, and from fe- 

veral appearances of it, feems to be fome very fruitful place, that is, to 

have its furface all covered over with fome kinds of vegetable fubftan- 

ces; forin all pofitions of the light on it, it feems to give a much fainter 

reflection then the more barren topsof the incompafling Hills, and thofe 

amuch fainter then divers other cragged, chalky, or rocky Mountains 

_ of theMoon. Sothat! am not unapt to think, that the Vale may have 
Vegetables
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Vegetables azalogu#'to our Grafs, Shrubs,and Trees’; and moft of thefe 
incompafling Hills may be covered with fo thina vegetable Coat, as we 
may obferve the Hills with us to be, fuch asthe fhort Sheep pafture which 
covers the Hills of Salisbury Plains. ws Haq : 

Up and down in-feveral parts of this place here defcrib'd Casthere 
are multitudes in other places all over the furface of the Moon). may 
be perceived feveral kinds of pits; which are fhap'd almoft. likea difh; 
fome bigger, fome lefs, fome fhallower, fome deéper, that is; they fem 
to be a hollow Hemifphere, incompafled with around rifing bank, as if 
the fubftance in the middle had been digg’d up; and thrown on either 
fide. Thefe feem to me to have been the effectsof fome motions within 
the body of the Moon, avalogus to our Earthquakes, by the eruption 
of which, as it has thrown up a brim, or ridge,round about, higher then 
the Ambient furface of the Moon, fohasit left ahole, or depreffion, in 
the middle, proportionably lowers divers places refembling fome of 
thefe, I have obierv'd here in England, on the tops of fome Hills; which 
might have been caus'd by fome Earthquake in the younger dayes of the 
world. But that which does moft incline me to this belief, is, firft, the 
generality and diverfity of the Magnitude of thefe pits all over the bo» 
dy of the Moon. Next, the two experimental wayes, by which I have 
made a reprefentation of them. 

The firft was with avery {oft and well temper'd mixture of Tobacco: 
pipe clay and Water, into which, if I let fallany heavy body, asa Bul- 
let, it would throw up the mixture round the place, which for a while 
would make a reprefentation, not unlike thefe of the Moon; but con- 
fidering the {tate and condition of the Moon, there feems not any proba- 
bility to imagine, that it fhould proceed from any caufe azalogus to this 3 
for it would be difficult to imagine whence thofe bodies fhould come 3 
and next, how the fubftance of the Moon fhould be fo foft 3 but if a 
Bubble be blown under the furface of it, and fuffer'd to rife, and break 5 
or if a Bullet, or other body, funkinit, be pull’d out fromit, thefe de~ 
parting bodies leave animpreflion on the furface of the mixture, exactly 
like thefe of the Moon, fave that thefe alfo quickly fubfide and yanith. 
But the fecond, and moft notable, reprefentation was, what I obferv'd 
in a pot of boyling Alabafter, for there that powder being by the erupti- 
on of vapours reduc’d toa kind of fluid confiftence, ifwhil’ft it boyls, it 
be gently remov'd befides the fire , the Alabafter prefently ceafing to 
boy], the whole furface, efpecially that where fome of the laft Bubbles 
haverifen, will appear all over covered with fmall pits, exaétly fhap’d 
like thefe of the Moon, and by holding a lighted Candle in a large dark 
Room, in divers pofitions to this furface, you may exaétly reprefent all 
the Phenomena of thefe pitsinthe Moon, according'asthey are moré or 
lefs inlightned by the Sun. 

And that there may have been in the Moon fome fuch motion as 
this, which may have made thee pits, will feem the more probable, 
if we fuppofe it like our Earth, for the Earthquakes here with usfeem 
to proceed from fome fuch caufe, as the boyling of the pot of Ala- 

Ke 3 bafter,
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bafters: there’ feeming to be generated in the Earth from fome fubter- 
raneous fires, or heat, great quantities of vapours, that is, of jexpan- 

ded aerial fubftances, which not prefently finding a_paflage through the 

. ambient parts of the Earth, do, as they are increafed by the fupplying 

and ae principles, and thereby (having not fufficient room to 
expand themfelves ) extreamly condens'd, at laft overpower’, with 
their elaffick properties, the refiftence of the incompafling Earth, and 
lifting it up, or cleaving it, and fo fhattering of the parts of the Earth 
above it, do at length, where they find the parts of the Earth above them 
more loofe, ‘make their way upwards, and carrying a great part of the 

Earth before them, not only raife a {mall brim round about the place,out 

of which they break , but forthe moft part confiderable high Hills and 
Mountains, and when they break from under the Sea, divers times, 
mountainous Iflands; this feems confirm'’d by the Fuleaws in feveral 

places of the Earth, the mouths of which, for the moft part, are incom- 

pafled witha Hill of aconfiderable height, and the tops of thofe Hills, 
or Mountains, are ufually thap'd very much like thefe pits, or dithes, of 
the Moon - Inftances of this we have in the defcriptions of Ata in si- 

cily, of Heclain Iceland, of Tenerif inthe Canaries, of the feveral Vul- 
cans in New-Spain, defcrib’d by Gage, and more efpecially in the erupti- 
onof late yearsin one of the Cazary Iflands.  Inall of which there is not 

only a confiderable high Hill raifed about the mouth of the Vulcan , but, 

like the {pots of the Moon, the top of thofe Hills are like a difh, or ba~ 

fon. And indeed, if one attentively confider the nature of the thing, 
one may find fufficient reafon to judge , that it cannot be otherwile 5 for 
thefe eruptions, whether of fire, orfmoak, alwayesrayfing great quan- 
tities of Earth before them, mutt neceflarily, by the fall of thofe parts 
on either fide, raife very confiderable heaps. 

: Now, both from the figures of them, and from feveral other cir- 

cumftances; thefe pits in the Moon feem to have been generated 
much after the fame manner that the holes inAlabafter, and the Ful- 
cans of the Earth aremade. For firft, itis not improbable, but that 

: the fubftance of the Moon may be very much like that of our Earth, 
that is, may confift of anearthy, fandy, or rocky fubftance, in feveral of 
itsfuperficial parts, which parts being agitated, undermin'd, or heav d 

up, by eruptions of vapours, may naturally be throwninto the fame 

kind of figured holes, as the {mall duft, or powder of Alabafter. Next, 

it isnot improbable, but that there may be generated, within the body 
of the Moon, divers fuch kind of internal fires and heats, asmay pro- 

duce fuch Exhalations; for fince we can plainly enough difcover with a 
Telefcope, that there are multitudes of fuch kind of eruptions in the 
body of the Sun it elf, which is accounted the moft noble #Etherial bo- 

dy, certainly we need not be much feandaliz’d at fuch kind of altera- 

tions, or corruptions, in the body of this lower and lefs confiderable 

part of the univerfe, the Moon, which is only fecundary, or attendant, 

on the bigger, and more confiderable body of the Earth. Thirdly, ‘tis 

not unlikely, but that fuppofing fucha fandy or mouldring fubftance = 
e
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be there found, and fuppofing alfo a poffibility of the generation of the 
internal elaffical body (whether you will call it: air or vapours ) ‘tis 
not unlikely. I fay, but that.there isin the Moon a principle of gravitas 
tion, fuch as inthe Earth. And to make this probable, I think, we need 
ho better Argument, then the roundne&&, or globular Figure of the bo- 
dy of the Moon itfelf, ‘which we may perceive’ very plainly by the Te- 
lefeope, to be (bating the fmall inequality of the Hills and Vales in it, 
which are all of them likewife fhap'd, or levelled, as it were, to anfwer 
to the center of ‘the Moons body ) perfectly of a Spherical figure, that 
is, all the parts of it areforang’d (bating the comparitively fmal] rug- 

* gednefs of the Hills and Dales) that the outmoft bounds of themare 
equally diftant. from the Center of the Moon, and confequently, it is 
exceedingly probable alfo, that they are equidiftant from the Center of 
gravitation; and indeed, the figure of the fuperficial parts of the Moon 
are fo cxattly thap'd, according as they fhould be, fuppofing it had a 
gravitating principle as the Earth has, that even the figure of thofe 
parts themfelves is of fufficient efficacy to make the gravitation, and the 
other two fuppofitions probable: fo that the other fuppofitions may be 
rather provd by this confiderable Circumftance, or Obfervation, then 
this fuppos'd Explication can by them ; for he that fhall attentively 
obferve with an excellent Te/e/éope, how all the Circumftances, notable in 
the fhape of the fuperficial parts, are, as it were, exactly adapted to 
fuit with fuch a principle,will,if he well confiders the ufual method of Na- 
ture in its other proceedings, find abundant argument to believe itto have 
really there alfo fuch a principle; for I could never obferve,among all the 
mountainous or prominent parts of the Moon ( whereofthere isa huge 
variety ) that any one part of it was plac’d in fucha manner,that if there 
fhould be a gravitating, or attracting principle in the body of the Moon, 
it would make that part to fall, or be movd out of its vifible pofture, 

. Next, the fhape and pofition of the parts is fuch, that they all os, put 
into'thofe very fhapes they are in by a gravitating power - For firft,there 
are but very few clifts, or very {teep declivities inthe afcent of thefe 
Mountains; for befidesthofe Mountains, which are by Hevelius call’d the 
Apennine Mountains, and fome other, which feem to border on the Seas 
of the Moon, and thofe only upon one fide, asis common alfoin thofe 
Hills that arehere on the Earth; there are very few that feemto have 
very fteep afcents, but, for the moft part, they are made very round, 
and much refemble the make of the Hills and Mountains a of the 
Karth 5 thismay be partly perceived by the Hills incompaffing this Vale, 
which [have here deferibd 3 and as on the Earth alfo, the middlemoft 
of thefe Hills feems the higheft, {0 is it obvious alfo, through a good Te- 
lefcope, in thofe of the Moon ; the Vales alfo inmany are much fhap'd 
like thofe of the Earth, and Iam apt to think, that could we look upon 
the Earth from the Moon, with a good Telefcope, we might eafily enough 
perceive its furface to be very much like that of the Moon. : 

Now whereas in this {mall draught, (as there would be multitudes if 
the whole Moon were drawn after this manner) there are feveral little 

Ebullitions, 
:
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Ebullitions, or Difhes, even in the Vales themfelves,and in the incompaf- 
fing Hillsalfo 5 this will, from this fuppofition, (which I have, I think, up- 
on very good reafon taken) be exceeding eafily explicable; for, as I 
have feveral times alfo obferv'd, inthe furface of Alabafter {0 ordered, 
as I before defcrib’d, fo may the later eruptions of vapours be evenin the 
middle, or on the edges of the former 5, and other fucceeding thefe alfo 
in time may be in the middle or edges of thefe, Ge. of which there are 
Inftances enough in divers parts of the body of the Moon, and bya 
boyling pot of Alabafter will be fufficiently exemplifi'd.. 

To conclude therefore, it being very probable, that the Moon has a 
principle of gravitation, it affords an excellent diftinguifhing Inftance - 
in the fearch after the caufe of gravitation, or attraction, to hint, that it 
does not depend upon the diurnal or turbinated motion of the Earth, as 
fome have fomewhat inconfiderately fuppofed and affirmed it to dos for 
if the Moon has an attractive principle, whereby it is not only fhap'd 
round , but does firmly contain and hold all its parts united, though 
many of them feem as loofe asthe fand on the Earth, and that the Moon 
isnot mov'd about its Center; thencertainly the turbination cannot be 
the caufe of the attraction of the Earth; and therefore fome other 
principle muft be thought of, that will agree with all the fecundary as 
wellas primary Planets. But this, Iconfefs, is but a probability, and 
nota demonftration, which (from any Obfervation yet made) it feems 
hardly capable of, though how fuccefsful future indeavours (promoted 

' by the meliorating of Glafles, and obferving particular circumftances) 
may bein this, or any other, kind, muft be with patience expected. ° 

Po Diag §,
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gx tisftellatus, and of Fern. Of the Fi- \ ticular examination and explicati- 
g2 sures of Snow. Of frozen water. on of one very notable piece of petri- 

fied Wood 5 and fome Conjectures a- 
Obferv. 15. Of Kettering Stone. | bout the cauje of thofe produdions « 

Jeveral obfervations made on other y 09 
93 _ 4 defcription of the Figure of the petrified Bodies, as Shells, &c. Aud 415 
94 Particles, and of the Pores, and of the \ fome probable Conclufions thence de- yyy 
95 Contexture. Several Obfervations and | ducd, about the original caufe of 11> 
96 Confiderations thereupon : fomeCon- | thofe Bodies. 

jeures about the medium and pro- 
g7 pagation of light, and the conftitution | Obferv.18. Of the Pores of Cork, 113 

of fiuid and tranfparent Bodies. Se- and other Bodies. 
g8 veral Experiments to prove the po- ; 

roufnel of ¢Marble, and fome other Several obfervations and Conf- 
Stones. An account of fome Experi- | derations about the nature of Cok: ie 
ments to this purpofe made on an | the number of Pores ix a cubical 

s { Inch,



The Taser. 
Inch, and feveral Coufider ations a- Moffes, upon this cccafion feveral 115 bout Pores. Several Experiments Conjectures about the mannep ofthe ~ | and Obfervations about the nature prodution of thefe kinds of Bodies, of Cork: the Texture and Pores of \ are hinted, and fome of them expli- the Pith of an Elder, and feveral o- \ cated by a Similitude taken from a 133 ther Trees : of the Stalks of Bur- | piece of Clock-work. The vaft diffe- 34 docks Teafels,Daifies,Carret,Fennel, | rence of the bignefof vegetable Bo~ 116 Ferne,Reeds, &C. of the frothy tex- | dies; andthe probability that the ' ture of the Pith of a Feather : fome | leaf? may comprehend curious Conjedures about the probability of | contrivances as the greateft. Of mul- x ay values in thefe Pores. Argued aljo | titudes of other Moulds, Moffes,and frou the Phenomena of the fenfi~ Mufbromes,. and other vegetating 117 ble and humble Plant : fone Objer- Principles, in Water, Wood, &e. 120 vations on which are inferted. 

Obferv. 22. Of Sponges,and other 
fibrous Bodies. 121 Obferv. 19. Of a Vegetable 

growing on blighted Leaves. Several Obfervations and Conje- 16 
Cures about the waking of thefe Bo- 3 122 Several Obfervations and Exa- dies and feveral Hiftories out of 123 minations made of them: feveral | suthors.Scarce an other Body hath 137 124 Confiderations about fpontaneous fach atextures she Sibrows texture 138 125 generation arifing from the putre- of Leather, Spunk, &c. (which are 139 fattion of Bodies. there defcrib'd ) come neareft toit. 
That upon tryal with a piece of Obferv. 20. Of Blew Mould and Spunge and Oyl the necelfity of re- 1 40 f Mufhromes. [piration conld not be alter d, 

126 The defcription of feveral kinds | Obfery. 23. Of the Form of Sea- 127 of Moulds. The method of proceed- weed, . ing in natural Inquiries. Several ; 
Confiderations about the nature of | ryoyy the curionfly fhap'd sur Mould and AMdufbromes. . That face of this Sea-weed, and fome o» they may beproduc'd without feed. thers,is conjeured the palfibility of t41 2. That they feem to have none. multitudes of the like. 3. That Salts,&c. are fhap d into as 

128 c#rions figures without a feed. 4-OfF | Obferv. 24. Of the Surfaces of akind of Mufhrome growing in a fome Leaves. Candle: A more particular explica- 
tion of this laft fort of Mufhr ome’. | The defeription, 1. Of the bald 129 5+ Of the figure and m anner of the Surfaces of Leaves, 2. Of the dow- production of petrified Iceicles:{eve- xy Surfaces of feveral others. ral deduttions from thefé coment 3. Of the gummous exfindation, or 3 130 tions, about the nature of the vege- fuall tranfparent Pearls, difcovered - : tation of Mould and Mufhromes. wile Microfcope iz several o- 

thers. An Inftance of all which is 131 Obferv. 21. Of Mof. afforded in ae Leaf, 
The defcription of feveral forts 0 a2 ann feta Statens . Obferv.
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*  Obfery. 25. Of the ftinging | Obferv. 31. Of Purflane Seeds, 156 

Points of a Nettle. : 
A defcription of thefé and man 

143, 4 de{cription of the Needles and | other ste Ae . 
feveral other contrivances in the leaf 

144 of a Nettle: how the flinging pain ws Obferv. 32. Of Hair. 
created : upon this feveral confidera- 157; 

tions about poyfoning Darts are fet The defcription of feveral forts of 1 58 
down. An Experiment of killing Effs, | Hair ; their Figures and Textures : 

and Fifhes with Salt.Some conjectures | thereafon of their colours,A de(criptt~ 150 
at the efficacy of Baths; the ufe that | onof the texture of the skin, andof 160 
may be made of injetting into the | Spunk and Sponges: by what paf- 16x 

145 Veins. Avery remarkable Fiftory | [ages and pores of the skin tran/pira. 
out of Bellonius; and fome Confide- | tion feems tobe made. Experiments 
rations about (haining and dying of | to prove the poroufne/s of the skin of 
Bodies. Vegetables, 

Obferv. 26. Of Cowage. | Obferv. 33. Of the Scales of a yz 
Soale. 

The defcription of it out of Parkin- 
146 fon:an Experiment made of it: a de- A defeription of their beauteous 

feription, and fome conjeétures at the t form. 
cau/e of the Phenomena. 

Obfery.34.Of the Sting of a Bee. 56 
Obferv. 27. Of the Beard of a ' 4 

wild Oat. A defcription of its foape, mechaz y¢ 3 
147 nifime, and ue. 
148 The defeription of its Joape and 
149 Properties: the manner of making a Obferv. 35. Of Feathers. 165 
150 Hygrofcope with it5 anda Cone 166 
x51 Sure at the caufes of thefe motions, A defeription of the Joape and cu- 167 
152 4nd of the motions of the Mufcles, | rtous contexture of Feathers : and 

[ome conjeftures thereupon. 
Obferv. 28. Of the Seeds of Ves 

nice Looking:glafs. Obfer. 36. Of Peacocks Feathers. 

153 The defcription of them. A defcription of their curious form 168 
and proprieties 5 mith a conjecture at 169 

Obfer.29. Of the Seeds of Time. | the caufe of their variable colours, 

154 A defoription of them. A digreffion | Obfer. 37. Of the Feet of Flyes, 
abont Natures method, and other Infects. 

Obferv. 30. Of Poppy Seeds. A deferigtion of their figure,parts, yo 
«| and wfes and fome confiderations 71 

15s The defeription and ufe of | thereupon, 
them. 

Obferv.
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: reffivesand transformation, A 'Hiffo~ 1% 

172 Obfer.38, Of the Wings of Flyes, a enh meatapes cited out of . 
Pifo. Several Obfervations aboiit the 188 After what manner,and how [wift- | various twayes of the generations of 

173 ly the wings of Infetls move: A de- Infetts : by what means they aft fo 18 
feription of the Pendulums under the feemingly wifely and. prudently’ Seve: 19 174 re - , and their motion: the foape ral Queries propounded. Poft/éript, #9 fe and frutture of the parts of the wing. containing a relation of anether very 92 

odd way of the generdtton of In/ests. 
175 Obfer. 39. Of the Head of'a Fly. | 4n Obfervation about the feredlity of 

of the Earth of our Climate tn producing 
1. Al the fase of a Drone-fly is no- Infetts, and of divers otber wayes'of 193 

thing almoft but eyes, 2. Thofe are | their generation, \ 
176 of two magnitudes, 3. ‘They are Wray R02 

' Hemifpheres, and very refledive and | Obferv, 44. Ofthe tufted Gnat, 
[mooth. 4. Some dire&ed towards eve- ; 
ry quarter. 5. How the Fly clean/es Several Obfervables about Infefls, . 
them.6 ‘Their number. 7.Their order : | and a more particular defiription of oh 

177 divers particulars obferu'd inthe di/: | theparts of this Gnat, 
178 /eéting ahead. That thefe are very ‘ 

probably the eyes of the Creatures ars | Ob.45.Of the great belly’d Gnat, , 9F 
gued from feveral Obfervations and 

179 Experiments, that Crabs, Lobjters, A fort de[eréption of it, 
Shrimps,feem to be water In[e&s,and 
to be framed much like Air Infeits. | Obfer. 46, Of awhite Moth. 

180 Several Confiderations about their 
manner of vifion. ~ A defcription of the feathers and 196 

wings of this, and feveral other In- , 97 
Obfer.40.Of the Teeth ofa Snail. | /eéts. Divers Confiderations aboutthe 198 

wings, and the flying of Infetts and 
181 A brief defcription of it. Birds. 

? Obferv. 41. Of the Eggs of Silk- | Obf. 47. Of the Shepherd Spider. 
worms, 

, A defeription of tts Eyes : and the 
182 Several Obfervables about the | fockets of its long legs: anda Conje- 199 

Eggs of Infeéts: : dure of the mechamcal reafon of its: : 
fabrick; together with a [wppoftion, 

183 Obferv. 42. Of ablue Fly. | chat'tis not anlikely,but Spiders may 
have the make of their inward parts 

184 A de(cription of its outward and | exattly like a Crab, which may be smo 
inward parts. Its bardine/s to indure | call’da water Spider... is 

185 freexing,and fleeping inSpirit of wine. 
* | Obfer.48. Of the hunting Spider, 

Obferv. 43. Of a water Infect. 
A Jhort defcription of it sto which 

186 A de(cription of its foape, tran[pa- | is annext an excellent Fiffory of it, 2°* 
rency, motion, both internal and pro-' made by Mr, Evelyn. Some further 

Mm Obfers
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202 Obferwations au other Spiders , and | mation of the variety of forms im other 

their Webs , together with anexami- Mites, with a Conjeéture at the reas 213 

nation of awhite Subftance flying up | fon. 
and down in the Air after a Fog. 

Ob, 56. Of {mall Vine-Mites. 
«49. Of an Ant. 

808 Obes 49 A defeription ef thems aghef at 

That all (mall Bodies, both Vege- | their original ; their exceeding (mal- 
table and Animal, do quickly dry and | nefs compar’d with that of a Wood- 216 

wither. The beft remedy 1 found to bin- | loufe,from which they may be [uppos'd 
der itjand to make the Animal lye iil | to come. 

204 to be obferu'd, Several particulars re- 

lated of the attions of this Creature ; Obferv. 57. Of Vinegar-worms. 

205 and a hhort de[cription of its parts. wy 
A defeription of them, with fome 217 

Obf. 50. Of the wandring Mite. | confderations on their motions. 

206 A defeription of this Creature, and | Obf. 58. Ofthe Infledtion of the | 
of another very {mall one, whieh ufu- Rays of Light in the Air. 

207 ally bore it company. 4 Conjefiure at 

the original of Adites. A Short rebearfal of feveral Phee- 218 
homena. <Anattempt toexplicate 219 

Obferv.51. Of a Crab-like Infect. | them:the /uppofition founded on two 
Propofitions both which are indea- 

208 A brief defeription of it. voured to be made out by feveral Ex- 
periments. What denfty and rarity 

Obferv, 52. Of aBook-worm. } isin refpett of refrattion: the refratti- 
on of Spirit of Wine compared with 

209 Adefeription of it 3 where by the | that of common Water : the refrattion aoe 
way is inferted a digreffion, experi- | of Ice. n Experiment of making an 

mentally explicating the Phenome- | Undulation of the Rays by the mixing 

210 naof Pearl. A confideration of its | of Liquors of differing denfity, The — 
digeftive faculty, explication of inflection, mechani 

cally and hypothetically : what Bodies 
Obferv. 53. Of-a Flea, have (uch aninflettion. Several Ex- 

periments to foew that the Air has 
A hore defcription of it. this propriety 3 that et proceeds from 222 

i. he J the siffering denfty of I Air ie 

Obferv.54. Of a Loufe. the upper and under part of the Atr 
are of differing denfity . fome Experi- . 23 

212 A deferiptionof its parts,and fome | ments to prove this, A Table of the 
213 notable circumftances. Strength of the [pring of the Air, an. 

Jmering toeach degree f extenfion 
QObfery. 55. Of Mites, when fof made , and when repeated. 224 

Another Esxperiment of compreffing 225 
The exceeding fmalnef of fome | the Air,.A Table of the firength of the 426 

Mitesand their Eggs. Adefeription | Air, anfiwering to each compreffion 
a1 4 the Mites of Cheefe: and an inti. | and expanfion 5 from which the ia 

0
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227 of the Air may be [uppos'dindefinites \ certain. That the diftance of the 
228 to what degree the Air is rarifi'd at | Moon may be le[s then it has been 

any diftance above the Surface of the | bitherto /uppos'd. Kepler's Suppofti- 
Earth :-how, from this, Inflettionis | onnot fo probable: the explication of 240 

29 inferr’ds and feveral Phenomena | the Pha:nomena by another Hypo- 
230 oneee boa 2 rics . the | thefis, 

Earth is compos'd of parts of differin 
agx denfity — eee by ee Obferv. §9. Of the fixt Stars, agi 
232 Experiments and Obfervations ; bow Of the multitudes of Stars difco- 

this propriety produces the effects of | verable by the Telefcope, and the 
the waving and dancing of Bodies § | varcety of their magnitudes: 78.Stars 

and of she twinkling of the Stars. | diftinguifbe an the Pleiades:that there 
233 Several Phenomena explicated. are degrees of bigue/s even in theStars 

Some Queries added. accounted of the ame magnitude: the 
1, Whether this Principle may not | longer the Glafes are, andthe bigger 

be made ufe of, for perfecting Optick | apertures they will indure, the more 
234 Glaffes £ What might be hoped from \ fit they are for thefe difcoveries : that 

it of it were tobe done? | ts probable, longer Glaffés would yet 
2. Whether from this, Principle | make greater. diféoveries. 5. Stars 443 

the apparition of [ome net Stars may | diftover'd in the Galaxie of Orion's . 
not be et ° Sword. 

3. Whether the height of the Air 
may be defin'd by it? Obfery, 60. Ofthe Moon. 

4. Whether. there may not fome. | A defertption of a Vale in the - 
times be fo great a difparity of den- | Moon; mbat call'd by Hevelius and 
jfity between the upper and under parts | Ricciolus,and how jeri by them: 
of the Air, as to make a@ refletting | with what fubftances the bills of the » 43 
Surface ? | Moon may be cover'd. A defeription 

235 5° Whether, of (0, this will not ex. | of the pits of the Moon, and aconje- 
3 plicate the Phenomena of the | Gure attheir can[e: two Experiments 

Clouds. An Experiment to this pur- | that make ct probable, that of the fur: 
poe? face of boyltd Alabafter duft feeming 244 

236 7: Whether the Rayes from the | the moft lthely tobe refembled by eru. 
top of Mountains are not bended into | ptions of vapours out of the body of the 

~ Cerve-lines by inflefion? An Argu- | Moon: that Earthquakes feem to be 
ment for tt,taken from an Experiment | generated much the fame way, and 
made on St, Paul's Steeple. their effeéts feemvery fimilar.An Ara 

8. Whether the diflance of the | gument that there may be {uch varia- 
Planets wilk not be more difficult to | tions inthe Moon, besaufe greater 

237 be found? What wayes are moft like- | have been obferu'd in the Sun:becau/e 24§ 

ly torefifie the diftance of the Moon: | the /ubjtance of the Moon and Earth 
the way of fitting Telefcopes for | fem much alike: and becau/e ‘tis pro- 

: fuch Obfervations. Howto make the | bable the Moon has a gravitating 
2g Qbfervations , andhow from them to | principle : thts is argued from feverab 

3 find the true diftance of the Moon at | particulars, Thereafon why feveral 446 
any time, How the diftance of the Sun | pits areone within another. The ufé 
may be found by two Obfervators.The | that may be made of this Inftance of 

739 rway by the Dicotomy of the Afoon un-' a gravityinthe Moon, 
ERRATA.
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Nhe Preface, Page 7. line 18. read feet : line 24, read Gilbert, Harey. 

I Page r3.Tinewle. read tafe : p.34.L18.r.fmall tens 21, penult. 1, that ‘proceeds from : p.40.1.44.t.mben you? 
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p. 161. 1.03.0, body? P- 1621.17, dele only: p. 166.101.0222 1. 12, delethe Semicolon: 1, 17. 1, places 

p-167.1,40.r.22:p-172.1 184, and firfl for the > p. 198.1.07.r-and an artific, p-215.lule.c. and fromthe 
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